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PREFACE 

This document has been issued in two volumes to facilitate handling. 
Volume I is a narrative description of the code's algorithms, as well as logic, 
input and output information. Volume II is an appendix of Volume I, providing 
a listing of the BNW-II dry/wet ammonia heat rejection optimization code. 
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APPENDIX I 
BNW-II COMPUTER CODE LISTING 

Figure 1.1 is a subroutine linkage chart indicating which subroutines 

may call or may be called by others. This chart should be of assistance in 
using the listing making up the remainder of this appendix . 

1.1 



AMCIRC ! CALC ~T 1 CHNGE 
CMARTIN 11 CONSLMP 
COSlEX 
DElBAW 

rlT DElUG 
DElUGEP 
DElUGT r-..; 
DPCON T : T DPFFF 
DPlMNB I J. .••• 
ERRMSG 
FAN 
FlhlFF 

ITT 
FLUID 
FRICT 
HEADER III Hl.AMMO 
HOTERV 
HTCLO 
HYDlOS 
INPSlM 
LIMIT 
MTCH 
NOYART 
ourz 
OUT4 
PIPtLR 
PIPCLS 
PNlIM 
PRPERT 
PlMI.£C 
PLMPtST 
RP1tT2 
RPOO. 
RPlfAH 
RPTHXC 
RPTHXD 
RPTRET 
Rmup 
SCAlP 
SERCH 
SETUP 
SHOT 
SIGlAW 
SPOES 
SSCAU 
STQIIE 
SJlW 
SIMCOS 
SIJIlMARY 
SIItCON 
TlPMAX 
TCAlC 
llU 
TOTAlP 
lIIEL 
VARIl 
XlEND 

• • 'INDICATES CAlliNG PIIOGRAM 

- INlICATES CAllED PROGRAM 

FIGURE 1.1. Dry/Wet Ammonia (NH3) Model Subroutine 
Linkages 
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PROGRA"I A~CIRC 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 

PROGRAM AMCIRC IS A PROGRAM WHICH DETERMINES THE OPTIMUM 
D~SIr,N O~ A WET/DRY COOLED POWER PLANT WITH AMMONIA AS THE 
INTERMIDIATE ~LUID. THE OPTIMUM DESIGN IS DETERMINED BY 
REPEATING THE DESIGN O~ THE COOLING SYSTEM OVER A ~ANGE 
OF DESIGN CONDITIONS INORDER TO ~INo THE COOLING SYSTEM 
WITH THE SMALLEST INCREMENTAL COST. THIS IS ACCOMPLISHED 
~V VARYING .IVE PARAMETERS O~ THE PLANT AND COOLING SYSTE~ 
OVER RANGES O~ VALUES. THEiE PARAMETERS ARE-VARIED 
SVSTEMATICALLY ACCORDING TO TECHNIQUES THAT PERFORM PATTERN 
ANn GRADIENT SEARCHES. -
THE DRY COOLING SYSTE~ OPTI~IZED BY PROGRAM AMcIRC IS 
eO~POSED O~ A CONDENSER/REaOILER (CONDENSATION O~ sTEAM 
AND BOILING O~ AMMONIA). PIPING SYSTEM (TRANSPORTS AMMONIA 
VAPOR OUT AND AMMONIA LIQUID FROM THE WET/DRY COOLING 
TOWERS), AND POLYGONAL SHAPED TOWER SYSTEM (HORIZONTAL 
O~E·PASS HOTERV HEAT EXCHANGERS ~ORMING THE ~ENGTH O~ THE 
SIDES O~ THE TOWERS WITH COCURRENT AMMONIA ~~OW I~ THE TURES 
O~ THE HEAT EXCHANGER . 

DTM~NSION PCST(16) 
LoGICAL ~IRST,~RST,FXTEMP,~XTVAq.~XTTTD,~XTLNG 
C[,M"10"J 

S A.rR, ALPHA, ANG(3) 
* .BPLP1(16) -
S ,CAp~, CSSPKW, CON~, CONL, COSTL, CAPCHG, CONMAT, CONMA2,CA~ 
S ,CqJ, CTURB, CDANG, CLUVR. CHAILS, CVM 
S ,D.1N.DEEPL,DESVEL,DESVELV,DESVELD,DENSIF 
~ ,E~~P, E~S 

S '~CR,FIRST,~lXL'~COS,FFHX,~XTEMR,~ACTOR,~RST,~ACTORD,~S~OT,~DELUG 
$ .~IXV •• IXTTD,~XTVAR,~xTTTD,~XTLNG -
S .G~E~~ 
S ,HXNP,HPCST,HCD 
$ ,!T,dX, ITMIN 
$ .JCONS 
S .KCONV, KALExT 
S ,MXEXT 
$ ,NT~,NSIDES,NBUNHI 

Cn"'''ION 
! OD~ 
$ .PSIZE. PER. pweos. PLANC. PFACT. POMDPL 
$ ,PnH~6F, POH~AN, POHLEC, POHCIR, POHCND, POHSTC, POHSCL 
S • oeP.REDUCE, REDUCV, ROOFl. RHOUT 
S • OREJ. QREDUCE, OREDUCV 
S .SIGMAG. SAA~, SEGL 
S ,Tn, TPO(4), TE~F, TLIM, TH~IN, TLPRA, TFIX 
S ,TCO, TW 
S ,ues, LJWS 
s ,W.V' WATCONA, WATCOST 
$ .VASfS) 
S • X r'),::PA , XW, XD 

COM "ION /SINK/ VAR(S). 
$ nIN1. CLAN]. REAI1, 
S .Powl, DErCl, WIDT1, 
S Rr.WAl, NW1, NT1, 
S SPCl, PTOTl,PLNC3l, 
s BP2MIN,NW2MIN, TcOSl, 

CPLN1, CPIP1, CCOSl, W31, 
Z1,HRFA2S. W4l, u1, 

ELENl, VAI~l, VWAT1, HI1, 
NPl,Z~LNc2tZSIZl2, ZSP~P, 

A~RD1, AAIR1,Y~PMIN' SPCDl, 
DEPAl, DPI/Tl. DPWCl,CONBAl, 

COSIU, EFn, 
DEPwl, PPOIrII, 

HoI, T~l, 
SII/41 , SW31, 

SPS13,WT214IN, 
XNTSl, VELDl 

BN""l B 
BNW19 
BNrl19 
BNJl13 
I3NWlB 
BNW1B 
BNJllS 
BNWIB 
BNW1B 
BNWIS 
BNrllB 
BNl/lS 
BNWl~ 

BN"'18 
BNW19 
BNIII19 
6NIII19 
BNW18 
BNW1B 
BNl/lB 
BNI/l9 
BIGCOM 
BIGCD"I 
BIGCO"l 
BIGCD"I 
8IGC0lo4 
BIGCD"I 
BIGCO"l 
BIGCD~ 
BIGCD"I 
BIGCDM 
BIGCDIo4 
BIGCDIo4 
BIGCD"I 
BIGC:J"I 
BIGCD"I 
BIGCD"I 
BIGCOIo4 
BIGcO"l 
BIGCD"I 
BIGCO"l 
8IGCDM 
BIGCDM 
BIGCO"l 
BIGCO"l 
BIGCO"l 
BIGCDM 
BIGCD"I 
BIGCD"I 
BIGCDM 
BIGCD"I 
SINK 
SI~K 
SI ~K 
SINK 
SI ~K 
SINK 

2 
3 
4 
5 
6 
7 
B 
9 

10 
11 
12 
13 
14 
15 
16 
17 
IB 
19 
20 
21 
22 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
21 
28 
29 
30 
31 

2 
3 
4 
5 
6 
1 



PPOGRA4 AMCIRC OPT=l 

$. TLAI. UCONI. PMCSI. FMCSI. r:SACl. EFFCI. C~l. Ctd. CSI 
~ • CLTCI. CFC1. CPCCl.FITCOl. CSCl.CEPRE1.OEPI Pl. ASTl.0LDCSl 
$.CA~CSl.XNFANl,BLDANl.CPLENl.DPFELl. W~l. WTTUI. ADII. ABLl 
$. WT~Dl, WTFRl.STRUCl,CFMPFl. ~~PFl.TOTCFI. TPl,EFFINl, ANTUI 
$. AlpF.l. WATFFI. XNMODl, TCTPFl, FOCPFI. F~TRCI. ACTTPI. AOJTPI 
$. ACT8 Pl. AOJ8Pl. ACTV~I, AOJVHl, ADJPPI, TMPAIl, TCTFI • AFCSTI 
$. CSlll, WATERI. trlSTRCl, CFOU"Il. HUBOI 1. TOWLEl, NUMTol, CTOWOl 
$ .S~QJl.SCRJSI,ATUBCl.CBAl,TTOll.TT021.DELPSl.CSTLVl.PIPCTOI 
$ ,CSTMSI. CYLR~l. CFANEI. PSTACI, P~FITI. PMPCSl, RpTPLI. SEPCSI 
~ .plt/Ol !l6) .WATCWOl (lb) .0EPERl CIb) .DEPEROI (16) 
s .W~Rl'HTO~l,NTOWDEl,CSTIFI.CSJl,CVFl.CDPl.WSI 

CnMMoN ISCALER/HRFAC1, ATUB, CP~RA. SSCD.PLANCl.CASSSl, 
~ GA!R, FA!Il. HPAIR, HPwAT, WL~TP. PLANCTI -

CI")MI.!('IN ISUPPLYI VAL(5). CPLN. CPIP. CCOS, W3, COS.... EFF, 
$ OIN. CLAND. REAIR. Z.HRFAC2, trl4, U. OE~P~, PPO~, 
S FP('IW. OELFC. WIDT~, ELENG, VAIR, VWAT, HI, HO, T4, 
$ ~FWAT. NW, NT, NP.PLANC2,PSIZ12, SPBP. SW4, Sw3. 
$ ~PC.pToTAL.PLANC3,SAFRON, AAIR. YFp, SPCD,PSIZ13, WT2, 
$ AD?. NWZ, TCOS. OELPA.DELPtrlT.OELPWC.CONBAS, XNTS~. VELDX 
$. TLAX. UCON. PMCST. FMCST. FBACC. EFFC, CH. CA. CS 
$. cLTC. CFC. CPCC. FITCD. cSt.CEPIlEp.DELPIP, AST.OLOCST 
$.CAPCST. XNFAN.BLOANG. CPLEN. OPFEL~ trlHX. WTTUB. AOIA. ABLN 
$. WT~DR. WTFRM.STRUCC,CFPERF,HP~ERF. TOTCF, TPC,EFFI~, ANTU 
$. AIR.F. trlATFF. XNMOO. TCTPF, FOCPF. FMTRC, ACCTTP. ADJTP 
$, ACTAPD. ADJBPD, ACTVH, AOJVH, ADJPPF. THPAIR. TCTF. AFCST 
$. C~IlD. trlATERW, WSTRCT. CFOUND. Hu80IA. TOWLEN. NUMTOW, CTOWD 
$ .SQPJ'SQRJS.ATUBC.CBA.TTOl.TTD2,OELPS.CSTLVR.PIP~STO 
S .CSTHS. CYLRNG, CFANEL, PSTACS, PUFITC, PMPCST. RPTPL. SEPCST 
$ .PWD(16) ,WATCWD(16) .DEPER(16) .!)EPERQ(l6) 
$ .WeR,HTOtrl.NTOwDE.CSTIF,CSJ.CVF,CDP,wS 

CnMI.!nN IVARVARI TPER(16). TA(16); TAtrlB(16 
COMMON 11"10151 OIST 
COMMON ITINEI XNS, TLA. XNTS. ARPS. TTD2QE. L!NOR. XNp, XQUALY 

81 Fl)lh'ATIIIITO USE'O IN THE FDLLOtrlI"IG CALCULAT!ONS IS .. "F8,3) 
930 FORMATIT02."AMBIENT TURBINE", TZS."HEAT". TB3."COST TO". 

$ T93."POWER COST", TIOS,,,PCT TI~E".Tl15,"PORT!ON OFII) 
931 FOR'1AT!T(l4."TEMP". T~O."OUTLET". -T20,"BACK", T28."RATE".T50."HX" 

$.T57."HX". Tb4."POwER". T7Z."CHANGE IN". TB3,"REPLACE". 
$.T93,"AT AMBIE"IT". Tl04,"AT AMBIENT". Tl15."INCRE'MENTAL"l 

q32 FnR~ATCTl1."TEM,,".T18,"PRESSUREI'T27'''FACTOIlI. T35."RANGEII 
$.T42."TTI)PII. T49."LMTO", T57."ITO". T62."GENERATED" 
$.T7?""'UEL COST". TB3."LOST CAP". T9S."TEMP", TIOb."TEMP" 
$.Tlp:;,"POWER COST") - -

933 F"R'IATI T02.1311 .. • .. '. T9." ".T17,11 ". T2b," ". T33." ". T40."" 
~.T4·'." ". T54." ". T61." ". T71." ". T8l." ". T92'" ", T103." " 
$. Tl14." II) 

934 Fe>R'1ATI T03,"DEG F". T11."D[G F". Tlg,"IN. HG". T35."OEG F" 
$.T41.""EG F". T48,IIOEG F". T56."OEI3 FI', T6c,""lEGAWATTS" 
$. T1?""'!LL.S/KWH". T~2.""'ILLS/I(WH". T93."MILLS/KwHII 
$.Tl~6."PERCENTII. Tl15,"MILLS/KWMIt) 

944 F('lRMAT(lHO.T 91."FINAL INCRE~E"ITAL COST".Gll.5) 
q45 FOR'IATI1HO.T9b"CAPAC!TY CHARGE S".GlS,9) 
946 FOP4ATCII.T2,"PERCEI\JT OF ... T13.'It)ERCENT OF".I.Tc.IIHX DEL.lJGED".T13. 

l"HfdT REJECT".I.T13."BY wET HX".T26"\OATER EVdPORATEO") 
947 FOR'IdTfT?42111.II).Tll." ... T24." II) 

q48 FOP'HTfTi?6. II ACRE FEET") 
949 FnR~AT(T2.FIO.4,T13.FIO.4.T2b.F10.4' 

.' 
OblOS/11< 07,59.59 

SI"1K 8 
SINK 9 
SINK 10 
SINK 11 
SINK 12 
SINt< 13 
SINK 14 
SI Nt< 15 
SINK 16 
SINK 17 
SINK 18 
SCALER 2 
SCALER 3 
SUPPLY 2 
SUPPI..Y 3 
SUPP:,y 4 
SUPPl,.Y 5 
SUPPLY 6 
SUP?L"Y 7 
SUPPLY 8 
SUPPLY 9 
SUPP:'Y 10 
SUPPLY 11 
SUPP!.Y 12 
SUPPl.Y 13 
SUPPLY 14 
SUPPLY 15 
SUPPLY 16 
SUPPL"Y 17 
SUPPLY 18 
BNtrllB 27 
BNtrllB 2e 
BNWIB 29 
BNwlB 30 
BNWIB 31 
8NWIB 32 
BNiti19 33 
BNtrllB 34 
BNr.'lB 35 
BNWIB 3b 
BNWIB 37 
BNWIB 38 
BNWIB 39 
B"IW1B 40 
BNtrllB 41 
BNWlS 42 
B~JloIl B 43 
BNtrl19 44 
BNtrllB 45 
eNlIilB 46 
8NwlB 47 
BNwlB 48 
BNttllB 49 
BNIIIIB 50 
BNIIIIB 51 t 
BNIIIIB 52 
BNWlS 53 
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PpOGRA" A~CIRC 

C 
C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

C 

C 
C 
C 

C 
C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 

rI'~ST •• TRUE. 
rPST •• TI:IUE. 

READ IN THE ExTERNALLY FIXED VARIABLES OF THE AM~DNrA 
D~Y COLING TOWER SYSTEM AND THE INITIAL STARTING POINT FOR 
TH~ OPTIMIZATION ROUTINE A DESCRIPTION Or THE INPuT CARDS 
!S GIVEN TN SUBROUTINE SETUP 

CALL SETUP(TSTAR,TEND) 

INPUT SUMMARY AND CASE DESCRIpTION 

CALL yNPSUM 
DO 7 15-1,5 

7 VARe!SI .. n.o 
TD=Tc;TAR 
lomITE (b,81) TO 
K.,4 

SCALE uP THE STEAM SUPPLY SYSTEM OF THE POWER pLANT BECAUSE 
OF OrF.RATING CONDITIONS 

CALL SC;CALE 

IFerSHOT .EQ. "CONSTANT ") GO TO 10 
IFeFSHOT.NE."SKIP SHOT ") GO TO ~ 
CAF ~ 10. 
TeOS • l,E.37 
TCOSl • 1.E.37 
DO 44 I • 1, 5 
VAReII - VASel) 
VALCyl ., VAS(I) 

44 CONTINUE 
GO TI') Z<' 

COARSE PATTERN SEARCH FOR OPTIMUM POINT 

4 CALL SHOT(1) 

Ir LOWEST COST COOLING SYSTEM HAS INCREMENTAL cOST ABOVE 
?ERO GO TO 5 IF IT IS LESS THAN ZERO REDUCE FRONTAL AREA 
OF THE HEAT EXCHANGER BY 75 PERCENT 

IFCTCOC;l.GT.O.O) GO TO 5 
VASC4'·VAS(4)/4. 
GO TO • 

5 L.,O 

EXTEND THE AREA OF INVESTIGATION FOR THE fIVE VARIABLES 
I~ THE SEARCH fOR ANOTHER MINIMUM 

CALL XTENDCLl 

IF A NEW MINIMU~ HAS BEEN FOUND START WITH THE COARSE 
PATTERN SEARCH ONCE AGAIN 

Ob/05/71\ 07.59.51l 

BNWIB 54 
BNWIB 55 
BNWIS 56 
bNWIB 57 
BNWIB 58 
BNWIB 59 
BNWIB 60 
BNWIB 61 
BNWIB 62 
BNwlB 63 
8NWIB 64 
BNWIB 65 
BNWIB 66 
BNWIS 67 
BNWIB 68 
BNWIB 69 
BNltIlB 70 
BNWlB 71 
BNw1B 72 
BNWIB 73 
BNWIB 74 
BNwlB 75 
BNwlB 76 
BNWIB 77 
BNWIB 78 
BNWIB 79 
BNWIB ~O 

BNWIB 81 
BNWIB 82 
BNWIB 83 
BNWIB 84 
BNWIB 85 
BNWIB 86 
BNWIB 87 
BNWIB B8 
BNWIB 89 
BNwlB 90 
BNWIB 91 
BNWIB 92 
BNWIB 93 
BNWIB 94 
BNWIB 95 
BNWIB 96 
BNWIB 97 
BNWlB 98 
BNWIB 99 
BNWIB 100 
BNwlB 1 0 1 
BNWIB 102 
BNWIB 103 
BNWIB 104 
Bt.JwIB 105 
BNW1B 106 
BNWIB 107 
BNlrilB lOB 
BNIoIIB 109 
BNWIB 110 
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c 
C 'INE PATTER~ SEARCH FOR OPTI~U~ POINT 
C 

C 

CALL SHOT(2) 
DO 21 I • 1. 5 
YALI!l • YAR(I) 

21 CONTINUE 
22 CALL CALCIYAL(ll.YAL(2l.YAL(3l.YAL(4).YAL(5).1) 

CALL STORE 
2 JCONSo:O 

C GRADIENT SEARCH FOR OPTIMUM POINT 
C 

C 

CAL!... SERCH 
COST! • COST2 
COST? • TCOSI 

C IF SERCH HAS DETERMINED AN OPTIMU~ GO TO 10 cUT IF IT 
C HAS N0T FOUND AN OPTIMU~ CALL SERCH AGAIN 
C 

C 

II'"(JCONS .EQ. 0) GO TO 20 
1<.1<-1 
IF(I(.GT.Ol G0 TO 2 
IF(A~S(COSTI - COST2)/COST2 .LT. 0.00) GO TO 20 

po( .. I 
G(\ Tn ? 

10 CONTINUE 
CALL CALC(TFIX,fIXy,FIXTTD.FIXL,DEEPL'I) 
CALL STORE 

20 CnNTINUE 

C. PRI~TOuT OF OPTIMUM DESIGN OF THE COOLING SYSTEM 
C 

C 

CALL OUT?(RBP,HRFAC1.SS CD,CASSSI,PLANCT1,PLANCI.CTURB.TCDl 
CALL n'JT4(1) -
CALL OUT4(2) 
CALL I:IPTHXD 
CALL RPTHXCIAFROll 
CALL RPTDEL 
CALL I:IPTSUP(DESYELV,NUMTOI,CTOWOI,WBBI,HTOWI,NTOWOEI) 
CALL RPTRETICT0WDI, POHCIR, PSTACI, PUFITl, PMPCSI. RPTPLI, 

$ SE~CSl,PIPCTDll 
CALL PPPT2(EFFCI,CONMAT.CONMA2) 

CALL RPTFAN 
CALL EPRMSG(3) 
WRITECl)tlOO) 

100 F"OR'IATCIHll 

C PRINTOuT OF OPERATING PARA~ETERS AND CONDITIONS OF THE 
C PLA~T VERSUS AMBIENT TEMPERATuRE ALSO PRINTOUT OF INCRE-
C MENTAL POSER PRODUCTION COSTS ATTRIBUTED TO EACH AM~IF.NT 
C TEMPERATURE AND THE TOTAL INCREMENTAL POWER PRODUCTION COSTS 
C 

WRITE(b,Q3C) 
loIpITECI"Q31) 
WPITEC6,Q32l 
loIRITECI.,Q33l 

06/05/79 07.59.59 

BNWI9 
BNWI9 
BNWIB 
BNWIB 
BNWIB 
8NWIB 
BNWI!! 
BNWIB 
BNwlB 
BNoIIB 
BNJlIB 
BNoIIB 
8NwlB 
BNwl!! 
BNoIIB 
BNoIIB 
BNWIB 
BNWIB 
BNoIIB 
BNoIIB 
BNwlB 
BNoII9 
BNWIB 
BNwlB 
BNWIB 
BNWI3 
BNI/IB 
BNWIB 
8NoIIB 
BNI/IB 
BNoIIB 
8NwlB 
BNWIB 
BNwlB 
cNwlB 
BNI/IB 
BNWIB 
BNwlB 
BNwlB 
BNIfIIB 
BNWIB 
BNwlB 
BNWIB 
BNWIB 
BNWIB 
BNwlB 
BNJlIB 
BNIII19 
BNWIB 
BNIfIIB 
BNwlB 
BNrllB 
BNlilB 
BNJlIB 
BNoIIB 
BNJlIB 
BNWIB 

III 
112 
113 
114 
115 
116 
117 
lIB 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
13'1 
138 
13Q 
140 
141 
142 
143 
144 
145 
146 
147 
148 
14'1 
150 
151 
152 
153 
15. 
155 
15& 
157 
158 
159 
160 
161 
162 
163 
16' 
165 
166 
167 

.. 
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C 
C 
C 
C 

W~ITE(6,934) 
WpITE(6,933) 
CLSllM-O,(I 
FCS\JM - 0,0 
DO 3 I-l,NTA 

3 CALL VAPIT(TA(I),TPER(I) ,PCST(I),I,CLSUM,FCSUM) 
WpITE(6,9461 -
WPITE(6,941) 
W~ITF:(6,94B) 
WpITE(6,947) 
DO Q I " l,NTA 
\oiPITE'16,(49) DEPERI (U-IOO"OEPERQl (I)*lOO"WATCiJlD1 (1)/2 7 19015. 

9 C('INT!~UE 

ACOS"O;o 
DO ~ I-1,'1iA 
AC05=AeOS·PCST(II 

B CONTT~UE 
WRITE(6,944) ACOS 
W~ITE(6,945) CAPCSl 
TD"'TO • 5, 
FIRST - ,TRUE, 
KALEXT "' 0 
IF (Tn.LE. TEND) GOTO 1 

6 CONnllll~E 

PRINTOUT OF THE CAP!TAL ANJ UNIT ENERGY COST~ OF THE DRY 
COOLING TOWER SYSTEM 

CALL SUMCOSCFCR, PSIZE, CAPF, CCOS1, CPIP1, CONBA1, ATUBe1, CPLE'II 
!i ,FSAC1, FMCS1, STRUC1, CFOUN1, CAPcsl, SPCD1, SSCD, HRFAC1 
i ,HPFA2s, YFPMIN, PLANC, CLAN1, CLSUM, FCSUM, COSM1. CSTLV1 
~ ,CSTHSI,CFANE1*XNFAN1/(YFPMIN.1,1 ,CYLRN1-XNFAN1,WATCONA,WATCOST) 

CALL SUIA"ARY 
E \l0 

BlllooI18 
En, .. 1 3 
8111 .. 16 
BNW1B 
BNw1S 
BNW1B 
BNw18 
8111iJ11B 
BNw19 
BNW1B 
B~jw 1 B 
BNiJl18 
BNiJl1B 
8N~'lB 
BNW1:; 
BNW1B 
BNw1B 
8Nw1B 
BNW1B 
BNw1B 
BNw1B 
BNI/1B 
BNW1B 
BNIII1B 
BNiJl1B 
BNW1B 
8NW1B 
BNW1S 
8N':18 
flNw18 
BNI/IS 
8NooI18 
BNri18 
BNw1B 

168 
169 
170 
1 71 
172 
173 
174 
175 
17f. 
177 
17B 
179 
180 
181 
182 
1B3 
184 
1B5 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
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200 
201 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

06/05/78 07.59.59 

SUB~nlrTINE CALC (TI.~VAIR,TTD.ELE~H.ZD'M) 

SUB~OUTINE CALC IS USED FOR THE ANALYSIS OF THE A"I~ONIA 
WET/DRY COOLING SYSTEM. I~ T~is SUBROUTINE THE CONDENSER/ 
REROILER, PIPING SYSTEM, HEAT EXCHANGER, TOWERS. A~D DELUGE 
SYSTEM ARE DESIGNED. THE COSTS FOR ALL OF THESE SySTEMS ARE 
FOUND ALONG WITH THE INCRE"1ENTAL COST FOR OPERATING THE pLA~T 
WITH THE DRY/WET COOLING SYSTEM OVER THE ENTIRE YEAR. 

THE FOLLOWING FIVE VARIABLES ARE THE FIVE INDEPENDENT 
VARIABLES THAT ARE USED TO DESIGN THE AMMONIA COOLI~G SYSTE"I. 

Tl 
TTDI 

FVAIR 

ELENH 
ZD 

• TURBINE OUTLET TEMpE~ATURE (DEG F) 
- TE"IpERATURE DIFFERENCE BETWEEN THE OUTLET TEMPERA­

TURE OF THE TURBI~E AND THE TEMPERATURE OF THE 
AMMONIA IN THE CO~DENSER/RE80ILER (DEG F) 

• VELOCITY OF THE AIR ENTERING THE HEAT EXCHANGER 
(FT/SEC) -

• LENGTH OF THE HEAT EXCHANGER TUBES (FT) 
- HEAT EXCHANGER DEPTH IN NUMBER OF TUBES 

(DIMENSIONLESS) 

DEFINITION OF VARIABLES 

AA IR 
AFC 
AFR"N 
A'JTtI 

C:>ANG 

CONF 

CONL 

CPA 
CPIp 
Cr:lW 
CTOWD 
DEL~A 

DELI'S 

DELI'''' 

DELP"'T 

- AIRSIDE AREA OF T~E HEAT EXCHANGER (SQ FT) 
• ANNUAL COST OF THE FAN SYSTE"I (S/YEAR) 
• FRONTAL AREA OF THE HEAT EXCHANGER- (sa FT) 
• NUMBER of TRANSFER UNITS IN T~E HEAT EXCHANGER 

(DIMENSIONLESS) 
• AREA PER SHELL OF THE CONDENSER/REBOILER (SQ FT) 
• SURFACE AREA OF THE BARE TURES OF THE HEAT 

EXCHANGER (SQ FT) -
- ANGLE OF THE HEAT EXCHANGER BU~DLES FROM THE 

CIRCUMFERENCE O~ THE COOLING TOWERS (DEGREES) 
- THERMAL CONDUCTIVITY OF THE FINS IN THE HEAT 

EXCHANGER (BTU/HR-FT-DEG F 
- THERMAL CONDUCTIVITy OF THE TURE LINER 

(BTU/HR-FT-DEG F) 
• SPECIFIC HEAT OF THE AIR (BTU/LB"I-DEG F) 
- COST OF THE pIPI~G SYSTEM IS) 
- SPECIFIC HEAT OF THE AMMONIA (BTU/LBM-DEG F) 
- DIAMETER OF CIRCULAR COOLING TOWERS (FT) 
- AIRSIDE PRESSURE DROP ACROSS THE HEAT EXCHANGEI' 

(LBF/SQ FT) -
- PRESSURE DROP OF THE AMMONIA THROUGH THE 

SUPPLY AND RETUR~ PIPING (LBF/SQ FT) 
- PREsSURE DROP OF LIQUID FROM TOWERS TO TURBINE 

BUILDING (LBF/SQ rT) 
• PRESSURE DROP OF ~ApOR FROM TURBINE BUILCING TO 

THE TOWERS (L8F/S9 FT) -
• PRESSURE DROP OF THE AMMONIA THROlJGH THE WHOLE 

PIPING SYSTEM (LBF /SQ FT) 
- PRESSURE DROP IN THE CONDENSER/REBOILER 

(LBF/sa FT) 
- PRESSURE DROP THROUGH THE TUBES OF THE HEAT 

EXCHANGER (L8F /SGI FT) 

AMCALC 
A~CA~C 

A"I:ALC 
A~:A~C 
AMCALC 
AM:ALC 
AMCALC 
AMCALC 
AMCALC 
A"ICALC 
AMCALC 
AMCALC 
A"ICAL: 
A"ICALC 
AMCALC 
AMCALC 
A"4CALC 
AMCALC 
AMCA~C 

AMCALC 
AMCALC 
AMCALC 
AM CALC 
AMCA,-C 
AMCALC 
AMCALC 
AMCALC 
AM:ALC 
Af'I:ALC 
AMCALC 
AMCALC 
AMCA,-C 
AMCALC 
AMCALC 
A"1CALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
A"1CALC 
AMCALC 
A"ICALC 
AMCALC 
AMCALC 
AMCALC 

2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
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DENAV 

DENIN 

DENOUT 

DENSIF 

DENSIV 
DENSI'" 
nEPTI-f 
DES VEL 
DES VELD 

DESVELV 
DF'IN 

nI 

DIST 

EFF' 
EFFIN 

EL.:ENG 
ELEV 
ENG"" 
FACTORD 

FAIR 

GAIR 

GioiA" 

I-fI 

1-f0 

HPWAT 
I-fPWATD 
HPWATl 

HRF'AC2 
HTOI.! 
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- AVERAGE DENSITY OF' THE AIR IN THE HEAT EXCHANGER 
(LBF'/SQ F'T) 

- DENSITY OF THE AIR ENTERING TI-fE HEAT EXCHANGER 
(LBM/CU F'T) 

- DENSITY OF THE Alij LEAVING THE HEAT EXCHANGER 
(LBM/CU FT) 

- DENSITY OF THE AIR ENTERING THE HEAT EXCHANGER 
(LBM/CU FT) 

- DENSITY OF AMMONIA VAPOR (LBM/CU FT) 
- DENSITY OF AMMONIA LIQUID (LB~/CU ~T) 
- DEPTH OF THE HEAT EXCHANGER (FT) 
- DESIGN VELOCITY OF' AMMONIA LIQUID (FT/SEC) 
- DESIGN VELOCITY OF THE DELUGE WATER IN TI-fE DELUGE 

PIPING (FT/SEC) 
- DESIGN VELOCITY OF AMMONIA VAPOR (FT/SEC) 
- FIN DIAMETER OF T~E TUBES IN THE H~AT EXCHANGER 

( TN) 
- INSIDE DIAMETER OF THE TUBES IN TH~ HEAT EXCHANGE~ 

( IN) 
- DISTANCE FROM TURBINE BUILDING TO ~OOLING TOWERS 

(FT) 
- AIRSIDE PRESSURE DROP ACROSS THE HEAT EXCHANGER 

lIN H20) 
- EFFECTIVENESS OF T~E HEAT EXCHANGER (DIMENSIONLESS) 
- FIN EFFECTIVENESS OF THE TUBES IN THE HEAT 

EXCHANGE~ (DIMENSID~LESS) 
- PUMP EFFICIENCY (DIMENSIONLESS) 
- OVERALL SURFACE EFFICIENCY OF THE FINNED TUBES 

(DIMENSIONLESS; 
- LENGTH OF THE HEAT EXCHANGER TUBES 1FT) 
- ELEVATION OF THE PLANT SITE 1FT) 
- LENGTH OF THE HEAT EXCHANGER TUBES (IN) 
- RATIO OF THE AMOUNT OF' DELUGE WATER PUT ON THE 

HEAT EXCI-fANGER TO THE AMOUNT OF WATER EVAPORATED 
(nIMENSIONLESS) 

- FRICTION FACTOR OF THE PRESSURE DROP THROUGH THE 
HEAT EXCHANGER (DI~ENSIONLESS) 

- MASS FLUX OF THE AIR IN THE HEAT EXCHANGER 
(LBM/HR-SQ F'T) 

- MASS FLUX OF THE A~MONIA ON THE I"lSIDE OF THE TUBES 
IN THE HEAT EXCHANGER (LBM/HR-SQ FT) 

- HEAT OF VAPORIZATION OF THE AMMONIA (BTU/LBM) 
- AIRSIDE PRESSURE DROP OF THE HEAT EXCHANr,ER 

AT "I-fE REFERENCE TEMPERATURE OF 70 DEG F 
(IN H20) 

- INSIDE HEAT TRANSFER COEFFICIENT OF THE TUBES OF 
THE HEAT EXCHANGER (BTU/HR_SQ FT-DtG F) 

- OUTSIDE !-fEAT TRA~iFER COEFFICIENT OF THE HEAT 
EXC!-fANGER (RTU/HP-SQ F'T-DEG F) 

- HOPSEPOWER LOSS FOR T!-fE TOTAL PIPTNG SYSTEM (HP) 
- HORESPOWER LOSS THROUGH THE DELUGE PIPING (HP) 
- HORSEPOWER LOSS THROUGH THE SUPPLY AND RETURN 

PIPING AND THF' TJ~ES OF THE HEAT ~XCHANGE~ (HP) 
- HORSEPOWER LOSS THROUGH THE TURING OF THE CON­

DENSER/RESOILER (I-fP) 
- HEAT RATE FACTOR OF THE TURBI~E (DIMENSIONLESS) 
- HElr,I-fT OF THE COOLING TOWERS (FT) 

AMCALC 
AM CALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
A"1CALC 
A"1CALC 
AM CALC 
AMCALC 
AMCALC 
AMCALC 
A"-CALC 
AMCALC 
AMCALC 
AMCALC 
AMCALr: 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
A'1CALC 
AMCALC 
AM CALC 
AMCALC 
AMCALC 
AM CALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCAL.C 
AMCA:'C 
A'"'CAL.C 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
A"'CAL.C 
AMCAL.C 
AMCALC 
AMCALC 
AMCALC 
AMCAi.C 
AMCAL.C 
AMCALC 
AMCALC 
AMCALC 

59 
bO 
61 
62 
63 
b4 
bS 
bb 
b7 
bB 
b9 
70 
71 
72 
73 
74 
75 
H 
77 
78 
79 
80 
81 
82 
B3 
B4 
B5 
86 
E7 
88 
B9 
90 
91 
92 
93 
94 
95 
9b 
97 
98 
99 
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102 
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III 
112 
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lilt 
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HYD~IA - HYDRAULIC DIA~ETER OF THE TUBING ARRANGEMENT 
( IN) 

N~UN~I - NU~9ER OF HEAT EXCHANGEI' BUNDLES HIGH THE COOLI~G 
TOWER ARE (DIMENSIOIIILESS) 

NSIDES - NUMBER OF SIDES THE POLYGONAL CODLING TOWERS HAVE 
(DIMENSIONLESS) 

NTA - NUMBER OF TEMPERATURE INCREME~TS IN THE A~RIENT 
TEMPERATURE RANGE OF THE PLANT SITE (DIMENSIONLESS) 

NTOWOE - NUMRER OF THE COOLIIIIG TOWERS THAT ARE DELUGEn 
(DIMENSIONLESS) 

NUMTOw - NUMBER OF CIRCULAR COOLING TOWERS 
(DIMENSIONLESS) 

I' 
P~ 

PIpCSTD 

- NUMBER OF TUBES IN wIDTH OF THE HEAT EXCHANGER 
(DIMENSIO~ILESS) 

- OUTSIDE DIAIolETER OF THE TUBE LINER (IN) 
• ROOT DIAMETER OF FINNED TUBE IN THE HEAT EXCHAIIIGE~ 

(I N) 
- BACK PRESSURE OF THE TURBINE (IN HGA) 
• FIN pITCH OF THE TUBES IN THE HEAT EXCHANGER (1111) 
• COST OF THE pIPI~G USED TO DELUGE THE HEAT 

EXCHANGER ($) 
PlpCSTL • LIQUID pIpING COST (S) 
PlpCSTV - VAPOR PIPING COST (S) 
PL • LONGITUDINAL PITCM OF THE TU9ES (IN) 
P~PCST • COST OF THE pUMpI~G SYSTEM (S) 
pnHCIR - INDIRECT COST FACTOR FOR THE CIRCULATION PIPING 

(DIMENSIONLESS) 
POHLEC - INDIRECT COST FACTOR FOR THE ELECTRICAL SYSTEMS 

(OIIoIENSIONLESS) 
- PUMP POWER (HI') 1'1'01>' 

PPOIIID 
PRW 
PSIZE 
PUFITC 

QIN 
QREJ 
RIINGE 

REAIR 

REwAT 

RpTPL 
SF 
TA IRAV 

Teos 
TCWFCS 
TO 
TEFF 

• PUMP POWER FOR TH~ DELUGE PIPING (Hp) 
- PRANDTL NUMBER OF THE AIoIMONIA (DIMENSIONLESS) 
- SIZE O~ THE PLANT (MGW) 
- PUMp FITTING COSTS FOR THE THE AMMONIA SYSTEM 

(1000 S) 
• HEAT INPUT TO THE PLANT (RTU/HR) 
- HEAT REJECTION TO THE ENVIRON~ENT (BTU/HI') 
- TEMPERATURE DIFFERENCE OF THE AIR ENTERING AND 

EXITING THE HEAT EXC~ANGER (DEG F) 
- REYNOLDS NUMBER or THE AIR IN THE HEAT EXCHANGER 

(DIMENSIONLESS) 
- REYNOLDS NUMBER OF THE AMMONIA FLOW THROUGH THE 

TUBES OF THE HEAT EXCHANGER (DIMENSIONLESS) 
- PUMP MOTOR ELECTRICAL COST ($) 
- SPACE BETWEEN THE FINS OF THE HEAT EXCHANGER (IN) 
- AVERAGE TEMPERATURE OF THE AIR IN THE HEAT 

EXCHANGER (DEG F) 
• INCREMENTAL POWER PRODUCTION COST (S/KWHI 
• TOTAL COST OF THE PIPING SYSTEM (S) 
• AMBIENT DESIGN TEMPERATURE (DEG F) 
- THERMAL EFFECTIVENESS OF THE PLANT AT THE DESIGN 

RACK PRESSURE (DIMENSIONLESS) 
TEFF'" • THERMAL EFFECTIVE~ESS OF THE PLANT (DIMENSIONLESS) 
THCCNW - THERMAL CONDUCTIVITY OF THE A~MONIA LIQUID 

THFIN 
(BTU/HR.FT-DEG F) . 

- THICKNESS OF THE FINS OF THE TUBES IN THE 
HEAT EXCHANGER (IN) 

AMCALC 
AMCALC 
AMCALC 
A~CALC 

AMCA~C 

AMCALC 
AMCA~C 

AMCALC 
AMCAL,C 
AMCAL,C 
AMCALC 
AMCALC 
AMCAL,C 
~MCA~C 
AMCAI.C 
At.1CAI.C 
A"'CAL~ 
AIo1CALC 
A"1CAI.C 
AMCAL,C 
AMCAI.C 
AMCALC 
AMCA~C 

AMCALC 
AMCA~C 
AMCALC 
AIo'CAI.C 
A!oICALC 
A!oICALC 
AMCAL,C 
AMCALC 
A4CALC 
AMCAL,C 
AMCAI.C 
AMCAL,C 
AMCAL,C 
AMCIILC 
AMCALC 
At-'ICALC 
AMCAI.C 
AM:AI.C 
AMCAL,C 
AMCAL,C 
AMCALC 
AMCALC 
AMCAL,C 
A~CALC 
AMCALC 
AMCAL,C 
AMCAI.C 
AMCALC 
AMCALC 
AMCAI.C 
AMCALC 
AMCALC 
AMCA.LC 
AMCAL,C 

116 
1 1 7 
11 B 
119 
120 
121 
122 
123 
124 
125 
126 
127 
126 
129 
130 
131 
132 
133 
13. 
135 
136 
137 
138 
139 
140 
141 
142 
143 
141. 
145 
146 
147 
148 
J49 
150 
151 
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159 
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161 
162 
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164 
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TlNHX 

T~A 
TTDI 

TTD2 

TIoIATAV 

T4 

u 

VAI~ 

VELD 

VE~DD 

VISA 
V!SV 
V1S\II 
VOL 
VIII AT 

IIIATCONA 

1111'1 

f/IDTH 
II/LRfl.T 
1113 
W4 
wr; 

XD 

XDG 

XrlJP 

XIllTS 
XQUA~Y 

XW 
ZD 

- TEMPERATURE Or T~~ AMMONIA ENTERIN~ THE SUPP~Y 
PIPING (DEG r) 

- TEMPEPATURE OF A~MONIA ENTERING THE HEAT 
EXCHANGER (DEG F) 

- ~ENGTH Or THE TUBES IN THE CONDENS~R/REBOI~ER (rT) 
- TEMPERATURE DlrrE~ENCE BETWEEN THE SATURATED 
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STEAM AND AMMONIA IN-THE CONDENSER/REBOI~ER (DEG F) 
- TEMPERATURE DROP Or THE AMMONIA IN THE SUPPLY 

PIPING (DEG r) 
- TEMPERATURE Or THE AMMONIA IN THE ~ONDENSER/ 

REBOILER (DEG F) -
- TEMPERATURE Or THE AIR EXITING THE HEAT EXCHANGER 

(DEG r) -

• OVERALL HEAT TRANSrER COErFICIENT Or THE HEAT 
EXCHANGER (8TU/HR-SQ rT-DEG F) 

- VELOCITY Or THE AIR IN THE HEAT EXCHANGER CrT/SEC) 
- INLET VELOCITY OF THE AMMONIA ENTERING 

THE CONDENSER/REBOILER (rT/SEC) 
- OUT~ET VE~OCITY OF THE AMMONIA LEAVING THE 

CONDENSER/REBOILER (rT/SEC 
- VISCOSITY Or AIR IN THE HEAT EXCHANGER (L8M/rT-HR) 
- VISCOSITY Or AMMONIA VAPOR (LBM/rT-HR) 
• VISCOSITY Or THE A~MONIA (L8M/rT-HR) 
- VOLUMF Or THE HEAT EXCHANGER (CU rT) 
- VAPOR VELOCITY Or THE AMMONIA IN THE ENTRANCE OF 

THE TUBES Or THE HEAt EXCHANGER (FT/SEC) 
- AMOUNT OF WATER AL~Of/ED TO BE EVAPORATED OVER THE 

WHOLE YEAR WHEN DELUGING THE HEAT EXCHANGER 
(LBM/YEAR) -

- BUNDLE WIDTH Or HEAT EXCHANGER (rT) 
- WIDTH OF THE HEAT-EXCHANGER (FT) 
- WIDTH LENr.TH RATIO Of THE HEAT EXCHANGER (rT/FT) 
- MASS FLO~ RATE OF THE AMMONIA (LB~/HP) 
- MASS rLOW RATE OF THE AIR (LBM/HR) 
- MAXIMUM AMOUNT Or WATER PUMPED THROUGH THE DE~UGE) 

PIPING SYSTEM (GPM) 
- LONGITUDINAL PITCH OF THE TUBES IN THE HEAT 

EXCHANGER (IN) 
- DIAGONAL PITCH Or THE TUBES I~ THE HEAT EXCHANGER 

(I N) 

- NUMBER OF PASSES IN THE CONDE~SER/~EBOILER 
(DIMENSIONLESS) 

- NUMBER OF SHELLS IN THE CONDENSER/REBOILER 
(DIMENSIONLESS) 

- NUMBER OF TUBES PER SHELL (DIMENSIONLESS) 
- EXIT QUALITY OF T~E AMMONIA LEAVING THE 

CONDENSER/REBOILER (DIMENSIONLESS) 
- TRANSVERSE PITCH OF THE TURES (IN) 
- TUBE DEPTH OF THE HEAT EXCHANGER (DIMENSIONLESS) 

DErINITION OF ARRAYS 

AMCALC 
AMCALC 
AMCA~C 

AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCA~C 
AMCA~C 

AMCA~C 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCA~C 
AMCALC 
A'~CALC 
AMCALC 
AMCALC 
AMCALC 
A~CALC 

AMCALC 
AMCA~C 

AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCA~C 

AMCA~C 
AMCALC 
AMCALC 
AMCALC 
A"ICALC 
AMCALC 
AMCALC 
AMCALC 
AMCA~C 

AMCA~C 

AMCAl..C 
AMCA~C 
A"ICALC 
AMCA~C 
AMCA~C 

AMCALC 
AMCA~C 

AMCALC 
AMCA~C 

AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCA~C 
AMCA~C 

AMCALC 
AM CALC 
AMCA"C 
AMCALC 

173 
174 
175 
176 
177 
178 
179 
180 
1 B 1 
182 
1B3 
184 
185 
Ib& 
167 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
201. 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
2211 
225 
226 
227 
228 
229 

DE PER 

- THE ANGLE OF THE HEAT EXCHANGER TUBES FROM THE 
HORIZONTAL (DEG) AND THE SINE AND COSINE Or THAT 
ANGLE (DIMENSION~ESS) -

- FRACTION Or THE HEAT EXCHANGER THAT IS DE~UGED 
rOR EACH AMBIENT TEMPERATURE INCREMENT 
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(DIMENSIONLESS) 
TPE~ - f~ACTION Of THE YEAR THAT THE AMBIENT AND WET BUL3 

Tf~PERATURE CURVES EXIST (DIMENSIONLESS) 
TPO - ARRAY Of COEffICIENTS fOR THE CUBIC CURVE fIT 

Of HEAT RATE AS A fUNCTION Of TURBINE AACK PRESSURE 
(DIMENSIONLESS) 

WATCWD • WATER CONSUMPTION Of THE HEAT EXCHANGER OVER THE 
WHOLE YEA~ fOR EACH AMBIENT TEMPERATuRE YNCREMENT 
(LAM/YEAR) -

LoGICAL fYRST,f~ST,fXTEMP,fXTVAR.fXTTTD,fXTLNG 
CnMI.40N 

5 A~TR, ALPHA, ~NG(3) 

• ,BpLIM(16) 
5 ,cAif, CsspK~, CONf, CONL, COSTL, CAPCHG, CONMAT, CONMA2,CAr 
S ,CRJ, CTURB, CDANG, CLUVR, CHAI~S, CVM 
$ ,DryN,DEEPL,DESVEL,DESVELV,DESvELD,DENSIr 
$ ,Erfp, EfS 
$ ,fcb,rIRST,fIXL,fcos,rfHx,fXTEMR,rACTOR,fRST,fACTORD,fSHOT,rDEL~G 
$ ,fIXV,fIXTTD,fXTVAR,fXTTTD,fXTLNG 
$ ,G~l':fF 
$ ,HXNP,HPCST,HCD 
$ .ITMU, ITMIN 
~ ,JCONS 
$ ,KeoNV, KALEXT 
$ ,MXEXT 
$ ,NTA,NSYDES,NBUNHI 

CClMI.40N 
$ nDR 
$ ,PSIZE, PER, PWCOS, PLANC, PfACT, POMDPL 
$ ,PnH~Af, POHfAN, POHLEC, POHCIR, POHCND, POHSTC, POHSCL 
S , RRP,REDUC~, REDUCV, ~OOfL, RHOUT 
$ , DREJ, QREDUCE, QREOUCV 
$ ,SIG~AG, SAAf, SEGL 
$ ,n), TpO(4), TEfF, TLIM, THF"lN, TLPRA, TrIX 
$ ,TCD' Tw 
5 ,UeSt UWS 
S ,Wrv, WATCONA, WATCC'ST 
$ ,VAS/s) 
5 ,XQr PA , XW, Xt'l 

Cr.MI.40N /SUPPLY/ VALIS), CPLN, CPIP, CCOS, 013, COSM, Eff, 
$ GIN, CLAND, REAIR, Z,HQfAC2, W4, u, DELPW, PPOW, 
5 fPOW, DELfC. WIDTH, ELENG, VAIR, vwAT, HI, HO, T4, 
$ REWAT, NW, NT, NP'PLANC2,PSIZ12, SPBP, SW4, sw3, 
$ SPC,PToTAL,PLANC3,SAfRON, AAIR, ypp, SPCD,PSIZ13, WT2, 
S BP2, NW2, TCOS, DELPA,OELpwT,DELPWC,CONBAS, XNTSX, VELOX 
S, TLAX, UCON, PMCST, FMCST, fBACC, EfFC, CH, CA, CS 
$, CLTc, CfC, CPCC, FITCO, CSC,CEPREP,DELPIP, AST,OLDCST 
$,CApCST, XNfAN,BLDANG, CPLEN, DPrEL~ WHX, WTTUB, ADIA, ABLN 
$, wTHOR, WTfRM,STRUCC,CfPERF,HPPERf, TOTCf, TPC, ErrIN, ANTU 
$, AIRff, wATff. XNMOD, TCTPr, fDCPF, fMTRC,-ACCTTP, ADJTP 
$, ACTRPD. ADJBPD, ACTVH, ADJVH, ADJPPF, THpAIR. TCTf, AfCST 
$, CSRD, WATERW, wSTRCT, CfOUND, HuBDIA, TO-LEN, NU~TOw, CTOWD 
S ,S'PJ'SQRJS'ATUBC,CRA,TTDI,TTD2,DELPS,CSTLV~,PIPCSTD 
$ .CST~S, CYLRNG, CfANEL, PSTACS, PUfITC, PMPr.ST, RPTPL, SEPCST 
$ ,pwi)(lf,) ,WATCwO(lo) ,DEPER(}6) ,DEpER~(161 
$ ,Wq~,HT0.,NTOWDE,CSTlf,CSJ,CVF,CDp,w5 
COM~ON /SINK/ VAR(5), CPLN1, C~Ip1, eCOSl, 0131, COSM1, Erfl, 

AMCALC 
A"'CA~C 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCA~C 
SIGCO'" 
BIGCOM 
SIGCO"" 
BIGCO~ 

BIGCO"" 
SIGCO'" 
SIGCO"" 
BIGCO~ 

SIGCO~ 

BIGCO~ 

SIGCO~ 
BIGCO"" 
BIGCO~ 
BIGCOM 
BIGCO'" 
BIGCO~ 

BIGCOM 
BIGCOM 
BIGCO~ 
SIGCOM 
BIGCOt-! 
BIGCOM 
BIGCOM 
BIGCD'" 
BIGCO'" 
BIGCO~ 
BIGCOIooI 
BIGCOM 
SIGCO'" 
SIGCO'" 
SUPP~Y 
SUPPLY 
SUpP .. Y 
SUPP~Y 
SUPPI,.Y 
SUPPLY 
SUPPI.Y 
SUpP"Y 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPP~Y 

SUPP~Y 
SUPPL.Y 
SUPPI,.Y 
SUPP~Y 
SI~K 

230 
231 
232 
233 
234 
235 
236 
237 
238 

2 
3 

" 5 
E> 
7 
8 
'1 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2B 
29 
30 
31 

2 
3 

" 5 
6 
7 
8 
9 

1 0 
11 
12 
13 
14 
15 
16 
17 
IB 

2 

• 
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C 

S QINI. CLANI. REAlI. Zl,~RPA2S. W41. Ul. OEPwl. PPowl. 
$ ~p~.l. OE~Cl. WIOTI. ELENI. VAIRl, VwATl, HII. ~Ol. T41. 
$ ~EwAl, NWI. NTI. N~1.ZPLNC2.ZSlZ12. ZSPBP. Sw41. SW31. 
$ SPCl. PTOTl.PLNC31. ArROl. AAIRl.VrPMIN. SPCDl, SPS13,wT2MIN. 
$ Bg,~lN,NW2MIN, TCOSI. DEPAl, DpwTl. DPWCl,CONBAl, XNTSI. VELDI 
$, TLAl, UCDNl, PMCS1. PMCSI. PBACI. EPrCl, CHI. CAl, CSI 
5 • CLTCl, CPCl, CpCCl,rlTCOl. -CSCl,CEPREl,DEPIPl, ASTl,OLDCSl 
5.CAPCSl,XNrA Nl,BLOANI,CPLENl,OPPELl, WH1. wTTUl' ADIl' ABLI 
S, WTHDl, WTrRI.STRUCl.CrMPPl. HPprl.TOTCP1, TPl'ErrINl. ANTUI 
5, AYRrrl. WATrrl, XNMODI. TCTPPl, PDCPrl, PMTRCl, ACTTPl, ADJTPI 
5. ACrBPl. ADJBPl, ACTVHl, ADJVHl, AOJPPl, THPAIl, TCTrl , ArCSTl 
5. CSR1. WATERl, IfISTRCl, CrOUN1, ~UBDI1, TowLEl, NUMTOI. CTowDl 
$ .S1PJ1,SQRJ51,ATUBC1,CBAl.TTDll,TTD21,DELPSl,C5TLVl,PIPCTDI 
S .CSTHSl, cvLRNl. C~ANElt P5TACl, PUrITl, pMPCSl. RPTPLl, 5EPCSl 
$ .pwolllf') ,WATCWDI (ll'l) .DEPERlI161.DEPERQl (16) 
5 ,W~91'~TOWl'NTOWDEl.CSTIrl,C5Jl,CVPl.CDP1,wSl 
cnM~oN 15CALER/HRrACl, ATUB, CPERA.- 55CD.PLANCl.CA5551. 

S GAIR, ~AIR, HPAlR. HPWAT. WLRTP, PLANCTI -
COMMON/DJB/DI,XDG.SP 
COMMON IINDISI OI5T 
COMMnN ILACALLI 5RN 
COMMON ITINEI XN5, TLA, XNTS, AR P5, TT02QE. LINOR, XNP, XQUALY 
COM~nN IHEADEXI CHH,CN.CHM.CMw.CRJ,CwJ,C5T,CMO,C5R.C5M,PITCHr,CPM. 

1 PR~SS.HEDMAT,HEDTVP,NpA55,WB.T5P,CSH,CSHP 
COM~ON ISURPEXI ODL.DUMLST(15) 
COM~ON IHXDI AI,ATOT,S~A,RrA,ACS 

LOGICAL LOOPER 
COM~ON/PANI rANDAPc153.10),PANDA~(153.10) ,fMCPr,rBCPf,P2,R,S, 

$ VEL~EC, ArC, ELEV, EHR, LOOPER, CTMAX 
COM~ON 1 PROPI CPW, THCONW, DENStW. VISw, HfG, 

• CPV, THCONV, DEN5Iv, VISV,SIGMA, 
• CPA. THCONA, DENSIA, VISA 

COMMON/VARVAR/TPER(16),TA(16,;TAWB(16) 
DATA P1/3.14159/, GC/32.01 

1002 rORMATISX,IIAI,pr,SfA.EfA,RrA "".SG12.6/5X,IATOT,~XVOL,APT,Ar,AC5 • 
1",SGi2;6/SX,IArTR.ALPHA.SIGMAG .II,3G12.61 

KCO"lV. n 
LOOpl"R •• rALSE. 
CTMAX • 0.0 
IrII"XTLNG) ELENH • pIXL 
TTDI • TTD 
WRB • IIIR 
COUNT" COUNT. 1.0 

C H!AT REJECTED BV THE TURBINE 
C 
C BACK PRESSURE Or TUPBINE AS A rUNCTION Or THE SATURATION 
C TEMPERATURE 

C 

P.ExPC17.16S-9240./(Tl.460." 
BPz.6 

C HEAT RATE rACTOR Or THE PLA~T AT THE DESIGN BACK PRESSURE 

C 
C 

C 

~RrAC~.TPO(l' .TPO(2).P .TPO(3).P •• 2 • TPO(4).P •• 3 

EFrICIENCV Or THE PLANT AT THE DESIGN BACKPR~SSURE 
T~rPM.TE~r/~RrAC2 

SIt-.lK 3 
SI NK 4 
SINK 5 
SINK 6 
SI NK 7 
SI NK 8 
SINK 9 
SINK 10 
SINK 11 
SI NK 12 
SINK 13 
SINK 1/1 
SINK 15 
SI NK 16 
SINK 17 
SINK 18 
SCALER 2 
SCALER 3 
AMCALC 243 
AMCALC 244 
AMCALC 245 
AMCALC 246 
AMCALC 247 
AMCALC 248 
AMCALC 249 
AMCALC 250 
rANDEK 2 
rANDEK 3 
rANDEK 4 
AMCALC 252 
AMCALC 253 
AMCALC 254 
AM CALC 255 
AHCALC 256 
AMCALC 257 
AMCALC 258 
AM CALC 259 
AMCALC 2bO 
AMCALC 261 
AMCALC 262 
AMCALC 263 
AMCALC 264 
AMCALC 265 
A"1CALC 266 
AMCALC 267 
AMCALC 268 
AMCALC 269 
AMCALC 270 
AMCALC 271 
AMCALC 272 
AMCALC 273 
AMCALC 274 
AM CALC 275 
AMCA~C 276 
AMCALC 277 
AMCA:"C 278 
AMCALC 279 



c 

C 
C 

C 
C 
C 

C 
C 
C 

c 
C 
C 
C 

C 
C 

C 
C 

C 
C 

C 
C 

C 
C 

C 
C 

C 
C 

C 
C 

C 
C 

C 
C 

C 
C 

C 

14/74 

~E6T PUT IN By THE BOILER (BTu/HR) 
QIN=3413 •• PSIZE.IOOO./TEFF~ 

~EAT REJECTED TO THE ENVIRO~MENT (BTU/HR) 
QREJ.QIN.(1.·TEFF~) 

S(JRJ • QREJ 

CALCU~ATION OF THE A~~ONI6 HEAT OF VAPORIZATION 

TAIRAV c TO 
TwATAV c Tl • TTDI 
C6L~ PRPERT(TwATAV,TAIRAV,ELEV) 
[lENSyr .. DENSI6 
PpW z CPw.VISW/THCON~ 

~ASS rLO~ PATE OF A~MONIA THROUGH THE HEAT EXCHANGEP 

••••• lJ~IT GEOMETRIES OF THE HEAT EXCHANGER ..... 

I~SIDE 6REA PER rOOT (FT •• 2/FT) 
Al .. PI.~I.12.0/144.0 

FIN PITCH (nNS/IN) 
PI" • 1.01(51" • THFIN) 

SIDE 1"1"1 ARE6 (FT •• 2/FT) 
S_A .. ?.~.pr.(Xw.xD - PI.OOR •• 2/~.)/12. 

ROOT -IN ARE6 (n"2/FT) 
RFA • PI-ODR.(l.OO • PF.THFIN)/12.0 

TOTAL SUR-ACE AREA (FT •• 2/rT) 
ATOr "' srA • RFA 

~EAr EXCHANGER VOLUME (FT •• 2/FT) 
HXVOL • xw.XD.l./144. 

CROSS-SECTIONAL ROOT TUBE AREA (FT •• 2/rT) 
ApT" ODR/12.0 

CROSS-SECTIONAL FIN TUBE AREA (FT •• 2/FT) 
AF .. PF.(XW .OOR).THFIN/12. -

CROSS.SECTIONAL AREA (FT •• 2/FT) 
ACS .. XW1l2.0 

AFTP _ AIR SIDE FIN AREA/TOTAL AIR SIDE AREA 
AFT~ .. SFA/(SF6 • RFA) 

ALPHA - AIR SIDE HEAT TRANSFER AREA/H. x. VOLUME 
ALPHA. ATOT/HXVOL 

SIGMAG • FREE FLOW AREA/FRONTAL ARE6 
SIG"'AG", 1 •• (ART. AF)/ACS 

0&105/79 07.59.59 

AMCA.LC 
A~CALC 

AMCALC 
AIo1CALC 
A~CALC 

AMCALC 
AMCALC 
AM CALC 
AMCALC 
6MCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
A!-ICA ... C 
A"CALC 
t."1CALC 
A0.4CALC 
AMCAl,.C 
A"'CALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AIo1CALC 
AMCAL.C 
AMCALC 
AMCA~C 

A"'CALC 
AMCA~:: 
AMCALC 
AMCALC 
AMCAL.C 
AMCA.L.C 
AMCA .. C 
AHCAL,C 
AMCAL.C 
A"ICALC 
AMCALC 
AMCALC 
AMCA~C 
AMCAL,C 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
A"ICALC 
AMCALC 
AMCALC 
AIo1CALC 
AMCAl.,C 
AMCAL,C 
AIo1CALC 
A~CAL,C 

280 
281 
282 
283 
284 
285 
286 
287 
28ti 
289 
290 
291 
292 
293 
294 
295 
296 
297 
296 
299 
300 
301 
302 
303 
30 .. 
305 
30f, 
307 
30B 
309 
310 
311 
312 
313 
314 
315 
31& 
317 
318 
319 
32C 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 
336 

• 
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C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

c 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 

C 
C 

C 
C 

c 
C 

C 
C 

c 

I~(~DEBUG.NE.O) WRITE(6,1002) AI. PF, SFA, E~A. R~A, ATOT. HXVOL. 
$ ART. AF. ACS. A~TR. ALPHA, SIG~AG 

DESIGN OF THE CONDENSER/RE80IL;R 

CALL SPDES(Tl.TTD1,XNS,XNP,QREJ.TLA'XQUALy,VELD,V~LDO.ARPS.XNTS, 
1 DEL owC. LI N(lR) 

CHEC~ I~ NUMBER OF TUBES I~ DEPTH IS TO BE H~LD CONSTANT 

GUESS THE TE~PERATURE DROP IN THE PIPING FROM THE 
CONOENSER/REBOILER TO THE HEAT EXCHANGER 

TTD2 • 2. 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
••••• eEGINNING OF ITERATION LOOo THAT DETER~rNES THE HEAT ••••• 
••••• EXCHANGER. TOWER, AND FAN CONFIGURATIONS ••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

160 C~w ~ QREJ/(FVAIR.3600 •• 0ENSIF.ELENH.(XW/1Z.).(T1 - TTD1 - TTD2 -
ITO) •• 9·CPA) 

KNI ., 0 
XIljWl • CNW 

...... -................•.......................................... 
••••• BEGy~NING OF ITERATION LOOP FOR DETERMINING THE NUMBER ••••• 
••••• nF HEAT EXCHANGER TUBES IN ~IOTH ••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

EFFECTIVENESS OF THE HEAT EXCHANGER 
EFF • RANGE/(Tl - TTD1 - TTD2 - TO) 
I~(!~F~GE.l •• OR.EFF.LE.O.O) GO TO 250 
TAIRAV a TO • RANGE/Z.O 
TWATAV • Tl • TTDI - TTDZ 
CALL oRPERT(TWATAV.TAIRAv,ELEV) 

NU~BER OF TRANSFER UNITS IN THE HEAT EXCHANGER 
ANTU ., - ALOG(1.0 _ EFF) 

DEPTH OF THE HEAT EXCHANGER 
IF(ZD .FQ. 0) GO TO Z50· 
DF.PTH ., ZD.XD/IZ.0 

LENGTH OF TUBES AND FRONTA~ AREA OF THE HEAT EXCHANGER 
ELE"G • ELENH 
ENGTH • ELENG.12.0 
wyDTH • CNW.XW/12.0 
WLRAT • WIDTH/ELENG 
A~RnN • ELENG.WIDTH 
Nw2 .. eN.' 
IoIT2 • WIDTH 

AMCAL.C 
AMCALC 
AMCAL.C 
AMCAL.C 
AIo1CAL.C 
AMCAL,C 
AMCAL.C 
AMCAL,C 
AMCAL.C 
AMCAL.C 
AMCAL.C 
AMCAL,C 
AMCAL.C 
AMCAL.C 
AMCALC 
AMCAL.C 
AMCAL,C 
AMCAL,C 
AMCALC 
AMCAL.C 
AMCALC 
AMCALC 
AMCAL,C 
AMCAL,C 
AMCAL.C 
AMCALC 
AMCAL,C 
AMCALC 
AMCA~C 
AMCALC 
AMCALC 
AMCAL.C 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCAL,C 
AMCA~C 
AMCALC 
AMCAL.C 
AMCALC 
AMCAL.C 
AMCAL.C 
AMCAL.C 
AMCALC 
AMCALC 
AMCALC 

• A~CALC 
AMCALC 
A~CALC 
AMCAL.C 
AMCA~C 
AM CALC 
AMCAL.C 

337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
3&1 
3&2 
363 
3&4 
3&5 
3&6 
367 
3&8 
369 
370 
311 
312 
373 
374 
375 
376 
377 
318 
379 
380 
381 
382 
383 
384 
385 
38b 
387 
388 
389 
390 
391 
392 
393 



OPT:1 

C AIR SIDE ~RICTION FACTOR A~O HEtT TRANSFER COEFFICIENT 
C O~ THf HEAT EXCHANGER 
C 
C MAXIMU~ A!~ VE~OC!TY AND TDTA~ M~SS FLOW THROUGH THE HEAT 
C EXCHANGER 

VAIQ ~ FVAI~/SIGMAG 

w4 • FVAIP.AFRON.OENSIF.3600.0 
C 
C MAXIMU~ MASS F~UX THROUGH T~E HEAT EXCHANGEP 

GAIQ K VAIR.OENSIF.3600.0 
C 
C AIRSIQE HEAT TRANSFER AND ~RICTION FACTOR CO~FFICIENTS 

REAYQ • GAIP.4 •• SIGMAG/(ALPHA.VI'A) 
CA~L HOTERV(FAIR,HO.SIGMAG.A~PHA.XD.GAIR) 

C 
C FIN EFFICIENCY OF THE FIN~ED TUBES OF THE HEAT EXCHANGER 

ca~~ FINEFF(HO.EFFIN) 
C 
C OVERA~L SURFACE EFFICIENCY SF THE FINNED TU~~S OF THE 
C HEAT EXCHANGER 

EFS = 1.0 • AFTR.(l.O • EFFIN) 
C 
C •••••••••••••••••••••••••••••••••••••••••••• * •••••••••••••••••• 
C ••••• REGINNING OF ITERATION ~OOD THAT DETERMYNES THE TUBE ••••• 
C ••••• DEPTH OF THE HEAT EXCHANGER ••••• 
e •••• ~ ••••••••••••••••••••••••••••••••••••••••••••••••• ••••••••• 
C 

C 

KN ,. 0 
ZO 1 • 2. 

C MASS F~UX OF AMMONIA IN TUBES OF THE HEAT EXCHANGE~ 
225 GWAT • W3/( (ZD1/HXNP).CNW.PI.DI.bI/(4 •• 144.)) 

C 
C VAPOR VE~OCYTY OF AMMONIA AT IN~ET OF THE TUBES OF THE 
C HEAT EXCHANGER 

VwAT ,. GWAT/(DENSIV.3600.) 
c 
C INSIDE AMMONIA HEAT TRANSFER COEFFICIE~T OF THE TUBES 
C OF THE HEAT EXCHANGER 

CALL HTC~O(DI.ENGTH.ANG.GWAT.1 •• 0 •• PRW.DENSIW.OENSIV.VISW •• 41338, 
1VTSV.,41338,THCONW,CPW.HI,HTC,HTB,HTN,HTK,PEWAT) 

C 
C nVEPA~~ HEAT TRANSFER COEFFICIENT OF THE HEAT EXCHANGER 
C 

PEFF • ATOT/(2.0.PI) 
U • 1,0 / (1.0/(EFS.HO) • 

• REFF.ALOG(OD~/DI)/CON~. 
• ~TOT/(AI·HI)) 

C 
C AlpSIDE AREA OF THE HEAT EXCHANGER 

AAIQ • ANTU.CPA.w4/U 
C 
r VOLU~N OF THE HEAT EXCHANGER 

Vo~ • AA!R/A~PHA 

C 
C TlJl3f DEPTH OF THE HrAT EXCHANGER 

DEPTHl • VOL/AFRON 

.. 
(\6/05/79 07,59.59 

AMCA~C 3~4 

AM:::Ai.,.C 395 
AMCALC 391, 
AMCAi..: 397 
AMCA~C 398 
A"ICA~C 399 
AMCA ... C 400 
AMCA .. C 401 
A"'CALC 402 
A~CALC 403 
AMCA~C 404 
AMCA~C 405 
AMCA~C 406 
AMCA~C 407 
A~CA~C 408 
A "'1C A ... C 409 
AMCA~C 410 
A'1CA~C 411 
AMCA:..C 412 
AMCA!..C 413 
AMCA~C 41« 
AMCA!..C 415 
AIoICA ... C 416 
A"ICA ... C 417 
AMCA"'C 416 
A"1CA ... C 41Q 
AMCA!..C 420 
AMCALC 421 
A "1:::I>.;.C 422 
A'1CALC 423 
A~CALC 424 
AMCA~C 425 
AMCA~C 426 
AMCA ... C 421 
AhlCA~C 426 
AMCA!..C 42Q 
A"'CALC 43r. 
AM::A"':: 431 
AMCALC 432 
A"1CALC 433 
A"'CALC 4 34 
AMCA!..C 435 
AhlCA!...C 436 
AMClI!..C 437 
AMCA~C 438 
AMCA~C 439 
AMCA~C 440 
A"1CA~C 441 
AMCALC 442 
AMCA;"': 443 
AMCA!..C 444 
A"1CALC 1045 
AMCA~C ,,46 
~MCA~C 441 
Aa..,CAl.,.C 448 -. 
A"1CA~C 449 
~"ICA:"C 450 



• 
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PZD z lDl 
ZOI ~ 12.0.DEPTHI/XD 

c 
C CONVERGENCE CRITERIA Of THE TUBE DEPTH Of THE HEAT 
C EXCHANGER 
C 

C 

I'(ABS(ZDl - PZDlIZD1.LT •• 000011 GO TO 230 
KN II KN • 1 
I'(~N.GT.701 WRITE(6.10001 KN,PZD,ZD1,AfRON 

1000 .CR\04ATI5l(."K'-,PZO.ZD1,AfRON ""oI3,3GI2.t-1 
rF'(~"I ;GT. 80) GO TO 250 
Z II lDI 
GO TO 225 

C •••• ~* •••••• * ••••••••• * ••••••••••••••••••••••••••••••• •••••••••••• 
r ••••• END Of ITERATION LOOP fOR DETERMINING THE TUBE DEPT~ Of ••••• 
C ••••• T~E HEAT EXCHANGER - ••••• 
C •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C 
C S~OPE FINDING TECHNIQUE fOR fI~DING THE WIDTH OF THE HEAT 
C EXCHANGER THAT MATCHES Irs DEPTH 

C 

230 I'(~Nl.GE.l) GO TO 240 
YNWI • ZDl 
XNW2 • CNW • 500. 
CNW • CNW • 500. 
KNl ~ I(N1 • 1 
GO TO 170 

240 C/)NTrNUE 
YNW2 • ZDl 
NW • X'IIW 
SLOPE. CYNWl - YNW21/(XNWI .. XNW21 
BLOPE • CYNW2.XNWl .. XN WZ.YNWIl/IXNWI .. XNW21 
XNW • (ZD - BLOPEl/SLOPE 
I.CXNW;LE.O.OOl XNW • XNW2 - 1000.0 
r'(xNw.LE.O.OO) GO TO 320 
YNWI • YNW2 
XNWI • XNW2 
X"Iw2 • X"IW 
CNW • l(NW 

C CnNVERGENCE CRITERIA fOR THE HEAT EXCHANGER WIDTH 
C CCO"lVERGENCE IS DONE BY CO~PARING THE ACTUAL VERSUS THE 
C DESIRED-TUBES IN DEPTH OF' THE HEAT EXCHANGER fOR THE 
C CORRESPONDING HEAT EXCHANGER WiDTHl 

C 

InABSCZ[,) .. ZDll.LT •• OOII GO TO 300 
KNI ~ I(NI • 1 -
I.CKN1.GT.701 WRITE(6,10301 KN1,~W,AfRON,WIDTH,ZD1,YNW2,YNW1.XNW2. 

lX"IWI -
1030 fOR~ATI5x."KN1.Nw,A.RON,WIDTH .. ".I3,II2,7GI2.61 

r.(~Nl.GT.eOI GO TO 250 
Gel Tn 170 

C. •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C ••••• END Of ITERATION LOOP fOR DETERMINING THE WIDTH OF' THE ••••• 
C ••••• HEAT EXCHANGER - ••••• 
C •••• ~ ••••••••••••••••••••••••••••••••••••••••••••••••• ••••••• * •••• 
C 

AMCAL.C 
AMCALC 
AMCALC 
AMCALC 
AMCAL.C 
AMCALC 
AMCALC 
hlCALC 
AMCALC 
AMCAl.C 
AMCALC 
AM CALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCAl.C 
AMCAI.C 
AMCALC 
AIoICALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
A~CALC 
AMCALC 
A~CALC 

AMCALC 
AMCALC 
AIoICALC 
AM CALC 
A"ICALC 
AMCALC 
AM CALC 
AMCALC 
AMCAL,C 
A~CALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCAL.C 
AIoICA .. C 
AMCALC 
AMCALC 

451 
452 
453 
454 
455 
456 
457 
458 
459 
460 
461 
.. 62 
463 
464 
465 
466 
467 
468 
469 
470 
471 
472 
473 
474 
475 
476 
477 
478 
479 
480 
481 
482 
483 
484 
485 
486 
487 
488 
489 
490 
491 
492 
493 
494 
495 
496 
497 
498 
499 
500 
SOl 
502 
503 
504 
505 
506 
507 



C 

250 KCO"lV .. 1 
LVC ,;, M 
GO TO 320 

300 z • ion 

OPT-1 

C AIR SIDE PRESSURE DROP ACRO&S THE HEAT EXCHANGER 
C 
C AVERAGE DENSITY OF THE AIR IN THE HEAT EXCHANGER 

C 

T4 c TD • RANGE 
DE'NDUT .. FLUID(7,2,T4,ELEV,"CALC.") 
DENIN • FLUID(7,2,TD,ELEV,"CALC ~") 
DENAV .. (DENIN • DENOUT)/2.0 

C ~AXI~U~ VELOCITY IN THE HEAT EXCHANGER BASED ON THE 
C AVERAGE DENSITY OF THE AIR 

C 

VAI~ .. GAIR/(3600.0-DENAV) 
AIR~F • FAIR 

C PRESSURE DROP ACROSS THE HEAT EXCHANGER 

C 

DEL~A .. DENAV .. FAIR" ZD .. VAIR •• 2 1 GC 
DOTIN~ .. DELPA/5.2022 

C DESIGN OF THE FAN SYSTEM 
C 

C 

HGMAX • DPTI NW.O.07495/DENOUT 
IF(Iofr,~AX .GT. 1.35) GO TO 320 

C COST ANAYLSIS OF THE HEAT EXCHANGER 
CALL COSTEX(AFRON,ATOT) 

C 
C DESIGN OF THE LEAST COST FAN SYSTEM FOR THE ABOVE HEAT 
C EXCHANGER DETERMINATION OF THE NUMBER AND DIAMETER 
C OF THE TOWERS IS ALSO DONE -

C 

CALL F'AN(DPTINW.AFRON) 
JF(.NOT. LOOPER .AND. AFC .EQ. 5.E.8) CALL ERRMSG(l) 
IF (l,.nOPER) CALL ERRMSG(2) 
WBB",HTO~/NBUNHI 

C IF AFC IS GREATER THAN .49E.9 IT ~EANS NO SUITABLE FAN 
C ~~S FOUND BY SUAROUTINE FAN IF THIS EXISTS TCOS IS 
C SET EQUAL TO A HIGH VALUE I~ORDER TO THROW OUT THIS 
C POINT IN THE SEARCH FOR A ~INIMUM 

IF(AFC;GT •• 49E.9) KCONV .. 1 
IF(AFC .GT •• 49E.9) GO TO 320 

C 
C DESIGN OF THE SUPPLY PIPING SYSTEM 
C 

C 

TIN II: Tl - TTDl 
XTOW II: NUMTOW 
DENSjV c FLUID(7,I,TIN,ELEV,"CALC5") 
VJSV" FLUID(8,l,TIN,ELEv,"CALC6") 
CALL PTPCLS( XT OW,CTOWD.W3,TIN,DIST.DESVELV,W9B,REDUCV.QREDUCV, 

$ POHCIR,NSIDES,HTOW,NBUNHI,ELENG,DELPS,PIPCSTV,TINHX) 

C C~NVERGENCE CRITERIA ON THE TEMPERATURE DROP OF THE 
C SUPPLY PIPING 
C 
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AMCALC 
AMCALC 
AMCALC 
AMCA!.C 
AMCALC 
AMCALC 
AM CALC 
AM CALC 
AM CALC 
AMCALC 
AliCALC 
AMCALC 
AMCALC 
AMCALC 
AliCA!.C 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AM CALC 
AliCALC 
AMCALC 
AM CALC 
AMCALC 
AM CALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCA!.C 
AMCALC 
AMCALC 
A"1CALC 
AMCALC 
A"1CALC 
AMCALC 
AM CALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCAl.C 
A"lCALC 
AMCALC 
AM CALC 
AM CALC 
A~CALC 

508 
509 
510 
511 
512 
513 
514 
515 
51b 
517 
518 
519 
520 
521 
522 
523 
524 
525 
526 
527 
528 
529 
530 
531 
532 
533 
534 
535 
536 
537 
538 
539 
540 
541 
542 
543 
5104 
545 
54~ 

547 
5 .. e 
5109 
S50 
551 
552 
553 
551t 
555 
556 
557 
558 
559 
5bO 
5~1 
Se2 
563 
564 

• 



• 

• 

• 

;1I8ROUTINE CALC 

C 

OPh:1 

TTD~2 - T1 • TTD1 _ TINHX 
TTD23 - TTD2 
TTD? - TTD22 
I.fTINHX.LE.TDl KCONV a 

IFITT02.GT,20,l KCONV • 
IFI~CnNV,EQ.ll RETURN 
I.(A!'I5ITTD23 - TTD22l.LT .. ll GO TO ~10 
CALL pRpERTfTINHX.TAIRAV.ELEVl 
pRW • CpW.VISW/THCONW 
GO Tn 160 

C ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C ••••• END OF ITERATION LOOP FOR D~TER~INING THE HEAT EX- ••••• 
C ••••• CHANGER. TOWER. AND FAN CO~FIGURATIONS . • •••• 
C ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C 

C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

C 

310 CONTINUE 

DESIGN OF THE RETURN PIPING SySTE~ 

CALL pIpCLR(XTOW,CTOWD.W3.DIST.DESVEL.W8B.~EDUCE.QREDUCE.poHCIP, 
$ NSIDES.HTOW.NBUNHI,ELENG,DELpR,pIPCSTLl 

PRESSURE DROP OF THE A~MONIA THROUGH THE TUSES OF THE 
HEAT EXCHANGER -

CALL OPCO~IGOSW.DI.ENGTH.ANG,GWAT,1 •• 0 •• DENSIW.DENSIV,V!SW •• 41338. 
$VISV •• 41338.DELpWT,DpF.DpG.DpM.XLM,pHIL,pHIL2.VF,WATFF,~L.RVl 
DFLP~T ~ DELPWT.144, 

COST OF PUMPS TO CIRCULATE A~MONIA AROUND TH~ PIPING 

CALL PUMPCSTI W3, DELI'S, DELPR, DELPWT, DELpwC, XQUALY. DESVEL. 
$ PMPC~T, PU.ITCl 

TCW.CS • PIPCSTL • PIPCSTV • PMPCST.POHCIR 

HORSEPOWER DISSIPATED BY THE AMMONIA FLOWING THROUGH 
THE SYSTEto! 

DELPIP • DELI'S • DELPR 
O~LPw • DELpWT • DELPWC • DELI'S • DELPp 
HoWAT1 • IDELpWT • DELI'S. DELPRl*W3/IDENSIW.3600!.550,1 
HOWAT2 ~ DELPWC.W3/(DENSIW.XQUALV.3600 •• 550,l 
HoWAT - HpWAT1 • HpWAT2 

E~ECTRI~AL COST OF THE CIRCULATION PUMPS 

CALL pUMLECIPOHLEC. HpWAT. DIST. EF.p. RPTPLl 

PlIMP POWER REQUIRED TO DRIVE THE AMMONIA THROUGH THE 
SVST£to! 

PPOW z HpWAT/(I.341.EF.Pl 
C=1./1365 •• 24 ,.3600 •• 550.l 
C=5,76S4t:-ll 
HPWATD-C.HTOW·FACTORD.WATCONA 
PPOWD_HpWATD!ll.3 41·EFFPl 

AMCALC 565 
AMCALC 5t.6 
AMCALC 5b7 
AMCALC 568 
AMCALC 569 
AMCALC 570 
AM CALC 571 
AMCALC 572 
AMCALC 573 
AMCALC 574 
AM CALC 575 
AM CALC 576 
AMCALC 517 
AMCALC 578 
AMCA~C 579 
AMCALC 5BO 
AM CALC 581 
AMCALC 5B2 
AMCALC 563 
AMCALC 584 
AMCALC 585 
AMCALC 586 
AMCALC 587 
AMCALC 588 
AIo4CALC 589 
AMCALC 590 
AMCALC 591 
AMCALC 592 
AMCALC 593 
AMCALC 594 
AMCALC 595 
AMCALC 596 
AMCALC 597 
AMCALC 598 
AMCALC 599 
AMCA1.C 600 
AM CALC 601 
AMCALC 602 
AMCALC 603 
AMCA1.C 604 
AMCALC 605 
AMCA .. C b06 
AMCALC 607 
AMCALC 608 
AMCA .. C 609 
AMCALC 610 
AMCALC 611 
AMCALC 612 
AMCALC 613 
AMCALC 614 
AMCALC 615 
AMCALC 616 
A"'CALC 617 
AMCALC 618 
AMCAl..C 619 
AMCALC 620 
AMCALC 621 



74/74 

PPOW .. PPOW.PPOIriD 
ATU~ • (1.0 • AfTR).AAIR 

c 
C COSTING OF THE PLANT. LAND. PIPING, AND COND~NSERI 
C REROILER 
C 

C 

CALL SCALP(Tl,RANGE,AfRON,wLRAT,TCIrIFCS,NUMTOIrI) 
DEN5IV .. FLUID(7ol,TIN,ELEV,"CALf 7 il ) 

C DETER~INATION OF THE BACK PRESSURE CURVE THAT THE TUPRINE 
C CAN DPERATE AT OVER THE A~BIENT TEMPERATURE RANGE ~ITH THE 
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C A~OUNT OF WATER AL~OCATED ~OR DELUGGING Of THE HEAT EXCHANGER 

AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AM CALC 
A"ICA~C 

A"1CALC 
A"ICALC 
AMCALC 
A~CALC 

AMCALC 
AMCALC 
AM CALC 
AMCALC 
A"!CALC 
AMCALC 
A~CALC 
A"ICALC 
AMCALC 
'MCALC 
AMCALC 
A"ICALC 
AMCALC 
AMCALC 
AMCALC 
A"ICALC 
A"!CALC 
AMCALC 
AMCALC 
AIo1CALC 
AMCALC 
A"ICALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
AMCALC 
A~CALC 
AMCALC 

622 
623 
624 
625 
626 
627 
628 
629 
630 
631 
632 
633 
634 
635 
636 
637 
638 
639 
640 
641 
642 
643 
644 
645 
646 
647 
648 
649 
650 
651 
652 
653 
654 
655 
656 
657 
65B 
659 
660 
661 
662 

c 

C 

CALL CONSUMP 
IF'(KCt:l NV.EQ.1) RETURN 

C CALCULATE THE NUMBER OF' TOwERS THAT HAVE DELUGE PIPING AND 
C COST THE DELUGE PIPING 
C 

C 

NTOWOE K DEPER(1).XTOIri •• 99999 
XTOIrI~E • NTOIriDE 
WATIoIAX • 0.0 
DO 315 I c 1,NTA 
IrIATcON~ • IrIATCWD(I).F'ACTORD/(TPER(I).S760,) 
If(IrIAT~AX.LT.IrIATCONM) IrIATMAX K IrIATCONM 

315 CONTINtJE 
iriS • IrIATMAX/(60 •• 62.2 •• 13368) 
EVAOMX-WS/fACTORD 
CALL OELUGEP(XTOIrIDE.CTO~D,DESVELD,W5,IrIS/fACTORD,DlST.PlPCSTD) 
PIPCSTD • PIPCSTO.POHCIR 
CpIo • CPIP • PIPCSTD-1000. 

C I~CREASED COST Of OOERATING THE PLANT WITH THE ABOVE 
C DESIGNED COOLING SYSTEM THROUGHOUT THE ~HOLE YEAR 
C 

C 

CALL NOVARTCTCOS,RANGEI 
LVC.M 

320 CONTINUE 

• 

, 

• 



.. 

I 

C 
C 
C 
C 
C 

O~T·l 

SUBROUTINE CHNGE(M) 

T~IS R~UTI~E IS CALLED BY SUBROUTINE SERCH WHEN ~RESSURE DRO~ RE­
STRICTION IS ENCOUNTERED. IT SEARCHES BY CHANGING A VARIA8LE 
OTHER THAN THAT SELECTED BY SUBROUTINE SERCH. 

DI"IENSION D~ (5) ,DV (5) ,VAJ (5) 
C~M~ON ISCALER/HRFACl, ATUB, CPERA, SSCD.~LANCl'~ASSSl, 

$ GAIR. FAIR. H~AIR. H~WAT. WLRTP. ~LANCTI 
LOGICA~ FIRST.FRST.FXTEM~.FXTVAR,FXTTTD,FXTLNG 
CnM~oN 

$ A~TR. A~PHA. ANG(3) 
• .BpLI"I(16) 
S .CADF. CSSP~W. CONF. CONL, COSTL, CA~CHG. CONMAT, CONMA2,CAF 
S ,C~J, CTURB, CDANG, CLUVR, CHAILS,-CVM 
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CHNGE 2 
CHNGE 3 
CHNGE 4 
CHNGE 5 
CHNGE 6 
CHNGE 1 
CHNGE 8 
SCALER 2 
SCALER 3 
BIGCOloi 2 
BIGCOM 3 
BIGCO~ 4 
BIGCDM 5 
BIGCOM 6 
BIGCDIo1 7 
BIGCO~ B 
BIGC()M 9 

$ .D~IN.DEE~L'DESVEL,DESVELV,DESVELD'DENSIF 
$ ,EFF~. E'FS 
S ,FCp,FIRST,FIXL,FCOS,FFHX,FXTEMR,FACTOR,FRST,FACTORD,FSHOT,FDELUG 
$ .FIXV.FIXTTD,FXTVAR.FxtTTD,FXT~NG -

BIGCO~ 10 

$ ,GSEFF 
S ,HXN~.HPCST.HCD 
$ .lTIAAX, ITMIN 
S ,JCONS 
" ,KCONV, KALEXT 
$ ,MxEXT 
$ ,NTA,NSIDES,NBUNHI 

COM"10N 
$ ODR 
$ .~ST1E, ~ER, ~WCOS. PLANC, ~FACT, ~OMD~L 
S ,~OH~AF. ~OHFAN, ~OHLEC,~OHCIR, ~OHCND, ~OHSTC, POHSCL 
S • RqP.REDUCE. REDUCV. ROOFL, RHOUT 
$ • QREJ. QREDUCE. QREDUCV 
$ .SIGMAG, SAAF, SEGL 
S .TD, T~O(4)' TEFF. TLIM, THFIN, TL~RA. TFIX 
I ,TCO' TW 
$ .ueS, UIriS 
i ,WFV' WATCONA, WATCOST 
$ .VAS(S) 
$ ,XDF'PA, XW, XD 
COM~ON ISUPPLYI VAL(5), CPLN, C~IP, CCOS, 113, COSM, EFF. 

S ~IN. ClAND. REAIR. Z,HRFAC2, W4. U, DELDW, PPow, 
$ F'~~W. DELFC, wIDTH, ELENG, VAIR, VWAT, HI. HO. T4. 
$ REWAT. NW, NT. N~'~LANC2,PSIZ12. S~A~. SW4. Sw3. 
$ SPC.PTOTAl.PlANC3.SAFRON. AAIR. YF~. S~CD.~SIZI3. WT2. 
$ BP2. N1I2. TCOS. DEL~A.DELPWT,DELPWC,CONBAS. XNTSX. vE~DX 
$. TlAX, UCON. PMC5T. FMCST. F'BACC. EFFC. CH, CA. CS 
$, CLTC. CFC. CPCC. FITCO. - CSC.CE~REP'DEL~IP. AST.OLDcST 
$.CAPC5T. XNFAN.BLDANG. C~LEN. DPFEl' WHX. WTTUB' ADIA, ABLN 
$. IrITHDR. WTFRM.STRUCC.CF~ERF.HDPERF. TOTCF, T~C, EFFI~. ANTU 
$, AIR~F, WATFF. XNMOD, TCTPF. FDC~F, FMTRC, -ACCTT~. ADJT~ 
$. ACrBPD. ADJRPD. ACTVH. ADJVY. ADJPPF', THPAIR. TCTF, AFCST 
S. CSRD. WATERW. WSTRCT. CFOUND, HUBDIA. TOWLEN. NUMTOW. CTOWD 
$ .S~~J.SQRJS.ATUBC.CBA.TTDl.TT02.DEL~S.CSTLVR.PIPCSTD 
$ .C~THS. CYlRNG. CFANEL. PSTACS. PUFITc. PMPCST, R~T~L. SEPCST 
$ .~wD(16) .WATCWD(16).DE~ER(16) .~EPERQ(16) 
f .WqR.HT~IrI.NTOWDE.CSTIF.CSJ.CVF,CDP.w5 

COMMON 15INKI VAR(S). CPLNI. C~IPl. CCOSI. 1131. CoS~I. EFFI. 

BIGCO~ 11 
BIGCO~ 12 
BIGCO~ 13 
BIGCOIo1 Itt 
BIGCO"1 15 
BIGCOIo1 16 
BIGCOM 17 
BIGCO"1 18 
BIGCOIol 19 
BIGCO"1 20 
BIGCO~ 21 
BIGCO'1 22 
BIGCO"1 23 
BIGCO"1 24 
BIGCO'1 25 
B I GCO"1 26 
BIGCO"l 27 
BIGCO"1 28 
B I GC()M 2'1 
BIGCOM 30 
131 GC ()"1 31 
SU~Pi.Y 2 
SUPPLY 3 
SUPPLY it 
SUFP",Y 5 
SU~PLY 6 
SU~PLY 7 
SU~P~'I' B 
sUPP",Y 9 
SU~PLY 10 
SUPPLY 11 
SUFPLY 12 
SUPPLY 13 
SU~PL.Y 14 
5U~PLY 15 
SUPPL.Y 16 
SUP~LY 17 
5UP~L.Y 18 
51 "lK 2 



I)~Rr)UTIN:: CHNGE OPT:l 

$ QINl, CLANl, REAIl, Zl,HQF'A2S, IWlq, Ul, DEPWl, PPOwl, 
$ ~pOWl, DEF'Cl, WIDT1, ELENl, VAIRl, VWATl, Hl1, HOi, T41, 
5 QEIWAl, NIWl, NTl, NP1,ZPLNC2,ZSIZl2, ZSPBP, SIW41, SW31, 
$ SPC1, PTOT1,PLNC3l, AF'R01, AAIRl,YF'PMIN, SPCD1, SPS13,WT2MIN, 
$ BP2MIN,NW2 MIN, TCOSl, DEPA1, DPWT1, DPWCl,CONBAl, XNTS1, VELDI 
5, TLA1, UCON1, PMCS1, F'MCS1, rBAC1, ErF'Cl, CHI, CAl, CSl 
$ • CLTC1, CF'Cl, CPCC1,F'ITCOl. CSC1,CEPREl,DEP1Pl, ASTl,OLDCSl 
S.CAPLSl.XNF'A N1,BLDANl,CPLENl,DPF'ELl, WHI, WTTUI' ADI1' ABLl 
$, wTHD1. WTF'Rl.STRUC1,CF'MPF'1, ~PPF'l,TOTCF'l. TP1,EF'F'INl, ANTUl 
$, AlQF'F'l, WATF'F'I, XNMODi, TCTP~I' rDCPF'l, FMTRCl, ACTTP1, ADJTPl 
s. ACTBP1, ADJBPI. ACTVH1, ADJVH1, ADJPP1, THPAI1. TCTF'l , AF'CSTI 
$, CSR1, WATERI. WSTRCl, CF'OUN1, HUBDI1, TOWLEI. NUMT01, CTOWDl 
S .SQRJl.SQRJS1,ATUBCl,CBAl.TTDll,TTD21,DELPSl,CSTLV1,PIPCTDI 
$ ,CSTHSl, CYLRNl, CrANE1, PSTACl, PUF'IT1, pMPCS1, RPTPL1. SEPCSl 
$ ,Pwol(16) ,WATCWDl (16) ,DEPEPl (16) ,DEPERQlll&) 
$ ,WB91,HTOWl,NTOWDEl,CSTI F1,CSJ1,CVF'I,CDP1,WSl 
C~M~ON /LACALL/SRN -
COMMON /TINE/ XNS, TLA. XNTS. AQPS. TTD2QE. LINOR. XNP, XQUALY 
IDB·O 
LaO 
Kl·O 
Dn 1 1-1,3 
DV(l)-,OS 
DV (2', - 0,20 
DV(4) & 2.00 
DV(S', - 1,0 
DO 3 1.1,5 
VAJCII·VARCI) 

3 VALci).VAR(1) 
4 VALCM)&Cl •• DV(M».VARCM) 

IF'CF'XTEMP) VAL(ll .. TF'IX 
IF'CF'XTL'NG) VAL(4) .. F'IXL 
IF' (F'xTVAR) VAL (2) • F'IXV 
IF' (F'XTTTD) VAL (3) .. F'IXTTD 
IF'(VALfM).LE.O,O) GO TO 36 
IF'("I.GT,3) GO TO 10 
!F'eVALIl) .LE. 0.0) GOTO 3& 

10 SRN."/CHNGE-l/ " 
CALL CALC(VAL(1).VAL(2),VALC3),VALCIQ,VAL(S),I) 
IF'(I(CONV.EQ.l) GO TO 36 
PA·DELPA 
PAl .. "EPAl 
DPCM,.DELPA-DEPAl 
IIC ~ 5 
IF'CF'XTEMP) IIC. 4 
lIB ~ 1 
IF'C~EEPL.GT.O.OO) lIB. 2 
DO 3~ II • IIB,IIC 
h6.II 
IF'C!.EQ.S.AND,[W(1).GT •• 00S) GO TO 35 
IF'Cl.EQ.L1) GO TO 35 

11 VALCl).Cl •• DVCI».VARCI) 
IF'CVALII).LE.O.O) GO TO 34 
VAJCY'·VALCI) 
IF'CF'XTEMP) VAJ(1) • TF'IX 
I~ C~)(TL'NC;) VAJ (4) • F'IXL 
IF'CF'XTVAP) VAL(2) .. F'!XV 
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SI NK 
SINK 
SINK 
SINK 
SINK 
SINK 
SI NK 
SINK 
SINK 
SI NK 
SI NK 
SINK 
SINK 
SINK 
SINK 
SINK 
CHNGE 
CHNGE 
CHNGE 
CHNGE 
CHNGE 
CHNGE 
CHNGE 
CHNGE 
CHNGE 
CHNGE 
CHNGE 
CHNGE 
CHNGE 
CHNGE 
CHNGE 
CHNGE 
CHNGE 
CHNGE 
CHNGE 
CHNGE 
CHNGE 
CHNGE 
CHNGE 
CHNGE 
CHNGE 
CHNGE 
CHNGE 
CHNGE 
CHNGE 
CHNGE 
CHNGE 
CHI\jGE 
CHNGE 
CHNGE 
CHNGE 
CHNGE 
CHNGE 
CHNGE 
CHNGE 
CHNGE: 
CHNGE 

3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 
13 
14 
15 
16 
11 
18 
13 
14 
15 
16 
11 
18 
19 
20 
21 
22 
23 
24 
25 
26 
21 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
4f, 

41 
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II'" (I'"x'T'TTDl VALD) " F"IXTTD 
IF'(J.GT.3) GO TO 17 
II'"IVAJ(I) .LE. 0.01 GOTO 12 
Go T0 17 

12 VAJ(ll.VAR(I) 
GrJ TO 14 

17 J .. I 
II'"(IoI.LT.Il JcM 
SPN."/CH"JGE"·21 " 
CALl. CALC(VAJ(ll,VAJI2).VAJI3),VAJ(4)'VAJI5),J) 
VAJIIl·VIIRII) 
IF(l(rnNV.EQ,l) GO TO 34 
PA"~E"LPA 
PAl-AEI>Al 
DPI!)cDE"LPA-DEPAI 
[.0. 
C .. l. 
D:l. 

IB VALlrl.(l •• DV(I).IE-DP(M»/DP(l»).VARII) 
II'"II'"XTEIoII» VAl(ll .. TF"IX 
IF'(I'"XTlNG) VAL(4) .. F'IXL. 
II'" InTVAR) VAL (2) c F'IXV 
n(F'XTTTO) VAL. (3) : F'IXTTD 
II'"(VALII).LE.O.O) GO TO 34 
II'"(I.GT.3) GO TO 24 -
IF' (vAlli) .LE. 0.0) GOTO 34 

24 SRN,,"/CHNGE.31 " 
CflLL CALC(VAL(l),VAL(2).VAL(3),VAL(4),VALI5).J) 
IF (I<CONV.EQ.l> GO TO 34 
IF'(DELPA.G[.XDEPA.AND.DELPA.LE.l.Ol·XDEPA GO TO 26 
IF(~rLPA,GE.l.Ol.XDEPAl GO TO 25 
C.D/10; 
IF"(C.LT •• OOll GO TO 34 
E .. E·C 
GO TO 18 

25 D",C/10~ 
IF(D.LT •• Ooll GO TO 34 
E"E.FI 
Gn TO 1 B 

26 IF'(T~OS.G::.TCOSl) GO TO 34 
CALL STORE 
L .. I 
DO 27 IJ-I,5 

27 VAJ(IJI_VARIIJI 
VflL(~l·(l.·DV(~»)·VAR(M) 
IF'(F'XTEMC) VAJ(ll • TF'IX 
IF' (F"XTE~P) VAL(l) c TF'Ix 
IF'IF'XTLNG) VAL (101 .. F'IXL 
IF"II'")(-TVAR) VAL.(21 .. FIxV 
II'" (C'XTTTnl VAl(3) .. F'IXTTD 
II'"(VAL0011.LE.0.Ol GO TO 36 
I'(~.GT.3) GO TO 33 
IF'(VALlI!.GE.170 .. 0R.VALI1l.LT.1l0.) GO TO 36 

33 SRN.,"/CH"JGE-4/ " 
CAL.L CALC(VAL(l! ,VALl21 ,VAL(3) ,VAL(4) ,VALIS) ,M) 
IF'{!<cO"lV.Ea,l) GO TO 36 -
PA1.DEPAI 
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510 
55 
56 
57 
58 
59 
60 
61 
62 
63 
610 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
7S 
76 
77 
7B 
79 
BO 
81 
82 
83 
84 
B5 
86 
B7 
B8 
89 
90 
91 
92 
93 
94 
9S 
91:> 
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98 
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PA-DELPA CH"IGE 111 
.. 

DP(~I-DELPA.OEPAl CHNGE 112 
GO TO 11 CHNGE 113 

34 VAL(II.VAR(I) CH"IGE 114 
35 C/j"'TyNUE CHNGE 115 
36 DO 37 h1,5 COotNGE 116 
37 DV (y') ... OV (1 I CHNGE 117 

11'1-1(1.1 CHNGE 118 
IF"(I(j".!:Q.Il GO TO 4 CHNGE 119 
Kl'"O CHNGE 12C 
IF"(DV(l).LE •• OOsl GO TO 39 CH"IGE 121 
DO 3A hI,S CHNGE 122 

38 DV(II.OV(II/s. CHNGE 123 
GO T(I 4 CHNGE 124 

39 1F(L.EQ.l.AND.IDB.NE.O) RETURN CHNGE 125 
103 F"M~"1AT fll AND CHANGES MADE") CHNGE 126 

RF"T')Qf\I CHNGE 127 
E"-IO CH"IGE 128 



~UNCTIDN CMARTIN 

C 
C 
C 
C 

C 
C 
C 
C 
c 
r: 

-C 
C 
C 
C' 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

C 

C 

C 

C 
C 

C 
C 

c 
C 
C 
C 

c 

C 

CMART 

FUNCTION CMARTIN SUPPLIES T~E MARTINELLI COE~FICIENTS FOR 
TwO-P~ASE FLOW 

CMART 
CMART 
CMART 

DEFINITION OF MARTINELLI INDICES FOR DATA SUPPLY 

PHI(IMART,JMART,KMART) 
!~ART - COEFFICIENTS OF CURVE FITS (1 • 9) 

JMART - FLOW REGIME (1 - 4) 
1 VISCOUS - VISCOUS 
2 -. TURBULENT - VISCOUS 
3 -- VISCOUS - TURBULENT 
4 -~ TURBULENT - TURBULENT 
HOLDUP CORRELATIONS (5 • 6) 
S ~. MARTINELLI PARAMETER (X) 

6 -~ MARTINELLI PARAMETER (Xl 

KMA~T - FLUID 
1 - .. LIQUID 
2 -. VAPOR 

LESS THA"J ONE 
GREATER THAN ONE 

MARTI"JELLI FUNCTIONAL COEFfICIENTS ~OR THE LIQUID 

DATA( (PH! (IMART,JMARTtll, IMART • 1, 9), JMART • 1, 6)/ 
VISCOUS - VISCOUS 

• 0.~79~5, -0.42951, 0,09563, -0.00547, 0.00142, 
• 0,00000, 0.00000, 0,00000, 

TURBULENT - VISCOUS 
• 1.24907. -0.44314, 0.06680, -0.00521 , -0.00057 , 
• 0.00000, 0.00000, 0.00000, 

VISCOUS - TURBULENT 
• 1.238 07, -0.46844, 0,071B9. -0.00444 , -0.00070 , 
• 0.00000, 0.00000, 0.00000, 

TURBULENT - TURBULENT 
• 1.44065 -0.50445, 0.06212, -0.00106 , -0.00101 , 
• 0.00000. 0,00000, 0.00000, 

CMART 
CMART 
CMART 
CMART 
CMART 
CMART 
CMART 
CMART 
CMART 
CMART 
CMART 
CMART 
CMART 
CMART 
CMART 
CMART 
CMART 
CMART 
CMART 
CMART 
CMART 
CMART 
CMART 
CMART 
CMART 

0.00011 , CMART 
CMART 
C"URT 

0,00012 , CMART 
CMART 
CMART 

0.00012 , CMART 
CMART 
CMART 

0.00003 , CMART 
CMART 

RL HOLDUP CORRELATION - MARTINELLI PARAMETER LESS 
THAN ONE -

CMART 
CMART 

• 0.22206, 0.04251, -0.00127, 0.00002, 0.00000, 0.00000 
• 0,00000, 0.00000, 0.00000. 

RL HOLDUP CORRELATION ~ MARTINELLI PARAMETER 
GREATER THAN ONE 

• 0.2291~, 0.11270, 0.01113. -0.00431, 0.00050, 0.00099 
• -0.00013 , -0,00007, 0.00001 / 

MARTINELLI FUNCTIONAL COEFFICIENTS FOR THE VAPOR 

1,9), JMART., 1, 6)/ 

, CMART 
CMART 
CMART 
CMART 

, CMART 
CMART 
CMART 
CMART 
CMART 
CMART 
CMART 
CMART 

• 
• 

DATA( (QHI IIMART,JMART,2), IMART • 
VISCOUS - VISCOUS 

1.10 310. 1.49456, -0.01132 • 
0.00000. 0.00000, 0.00000, 

TURBULENT - VISCOUS 

0,00014 , 0.00000 , 0.00000 , CMART 
CMART 
CMART 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2& 
29 
30 
31 
32 
33 
34 
3S 
36 
37 
38 
39 
40 
41 
42 
43 
44 
4S 
46 
41 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
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• 1,~4906 , -0,55672 , 0.06678 , -0.00518 , -0.00057 , 0.00012 CMART 59 
!'" , 

• O,onooo , 0,00000 , 0.00000 , C"4ART 60 
C VISCOuS - TURBU~E~T CMART 01 

• 1.;'3~50 , 0,53139 , O.071Bl , -0.00442 , -0.00069 , 0.00012 , CMART 62 
• o.onooo , 0.00000 • 0.00000 , CMART 63 

C TURBU~ENT - TURBUL.ENT CMART 64 
• 1.44105 , 0,49541 , 0.06153 , .0.00113 , -0.00095 , 0.00003 • CMART 65 
• 0.00002 • 0.00000 • 0.00000 , CMART 66 

C RG HOLDUP CORRELATION - MARTINELLI PARAl.1TER LESS CMART ~7 
C THAN ONE CMART 6P 

• -0.255 22 , -0,10583 , -0,02893 , -O,OOBB4 , 0.00000 , 0.00000 , CMART 69 
• 0.000(10 , 0.00000 , 0.00000 , CMART 7{j 

C MARTlNEL~I PARAMETER GREATER THAN ONE CMART 71 .. -0.?5522 , -0.10573 , -0.02893 , -0.008R4 , 0.00000 , 0.00000 , CMART 72 
• O,onoOO • 0.00000 , 0.00000 I CMART 73 

C Cl.1ART 74 
C "'IAPTlNEL~! PARA~ETER CALCULATION C"1ART 75 
C CMART 76 

IMARi' • 9 C"1ART 77 
J • JMART CMART 78 
I( " KMAPT CMART 79 
SUM • 0.00 CMART BO 
I~ (J .~a. 1 .AND. K .Ea, 21 GO TO 75 C"1ART 81 
IF' (J .Ea. 5 ~AND. K .Ea. 1) GO TO 75 CMART B2 
DO 5n I " 1 , IMART CMART 83 
511"1 " SUM • PH!(I,J,K).ALOG(XMART).oO(I - 1 ) CMART 84 

SO CONTrNllE C,..ART 85 
C",ApTIN .. EXPISUM) CMAFH 86 
IF' (J .Ea. 6 .AND. I( .Ea, II CMAPTIt./ • SUM CMART B7 
RETuPN CMART B8 

75 DO 100 I " 1 , IMART CMART 89 
SLIM " su~ • PHI (I,J,K).XMART"'(I - 1 ) C"1ART 90 

100 CONTI"'UE CMART 91 
CMAPTIIIl • SUM C"'ART 92 
Rnuplll CM4RT 93 
OlD CMART 94 
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SUR~OUTINE CONSlJ"1P 

SUB~OUTINE CONSU"1P IS USED TO DETERMINE THE BACK PRESSURE 
CURVE THAT THE TURBINE CAN OPERATE AT OvrR THE ENTIRE YEAw 
WITH THE TOTAL AMOUNT or A~LOCATED WATER EVAPORATED IN 
DELUGING THE WET/DRY TOWERS. Ir DELUGING THt TOwER DOES NOT 
CONSUME ENOUGH WATER TO "1A~E IT ABOVE THE AMOUNT ALLOWED TO 
BE CONSUMED THE DESIGN IS TER"1INATED. THE SAME OCCURS If 
THERE IS ~OT ENOUGH WATER TO KEEP THE BACK pRESSURE AT THE 
RAC~ PRESSURE LIMIT CURVE. 

DErINITION Of VARIABLES 

ePLZ - STORAGE VARIABLE USED IN THE SLOPE FINDING 
TECHNIQUE FOR THE CORRECT WET/DRY BACK 
PRESSURE <IN HGAi -

BPLZI • STORAGE VARIABLE, USED IN THE SLOPE rINDING 
TECHNIQUE rOR THE CORRECT WET/DRY RACK PRESSURE 
(IN HGA) 

BPLZII • STORAGE VAIABLE, USED IN THE SLOPE FINDING 
TECHNIQUE fOR THE CORRECT WET/DRY BACK PRESSURE 
(IN HGA) 

NTA - NUMBER Of TEMPERATURE DIVISIONS IN THE YEA~LY 
TEMPERATU~E PROFILE (DIMENSIONLESS) 

WATCONA- AMOUNT Of WATER THAT CAN BE EVAPORATED DURING THE 
YEAR (LBM/YEAR) - -

WATCWDT- STORAGE VARIABLE, USED IN THE SLOPE FINDI~G 
TECHNIQUE FOR THE CORRECT WET/DRY BACK PRESSURE 
(LBM/YEAR) .-

WATC12 - WATER EVAPORATED sY THE HEAT EXCHANGER OVER THE 
WHOLE YEAR WHEN THE BACK PRESSURE IS AT THE BACK 
PRESSURE SEPARATING ZONE 1 AND ZONE 2 (LBM/YEAR) 

WATC123- WATER EVAPORATED BY THE HEAT EXCHANGER OVER THE 
WHOLE YEAR WHEN THE BACK PRESSURE IS AT THE RACK 
PRESSURE SEPARATING ZONE 1 FROM ZONE 3 OR ZONE 2 
fROM ZONE 3 (LBM/YEAR) 

WATDET • A~OUNT OF WATER CONSUMED IF THE HEAT EXCHANGf.R IS 
DELUGED COMPLETELY YEA~ AROUND (LBM/YEAR) 

WATWDTl- STORAGE VARIABLE, USED IN THE SLOPE fINDING 
TECHNIQUE FOR THE CORRECT WET/DRY BACK PRESSURE 
(LBM/YEAR) 

DEfINITION OF ARRAYS 

- MAXIMUM 8ACK PRESSURE LIMIT CURVE (IN HGAI 
p BACK PRESSURE CURVE (IN HGA 
• fRACTION OF THE HEAT EXCHANGER THAT IS DELUGED fOR 

EACH AMBIENT TEMPERATURE INCREMENT (DIMENSIONLESS) 
CEPERQ • rRACTION or THE HEAT LOAD THAT IS CA~RIED DFF BY 

THE DELUGED PART OF THE HEAT EXCHANGER FOR EACH 
AMBIENT TtMPERATURE INCREMENT (DIMENSIONLESS) 

POELUG • BACK PRESSURE CURVE WHEN THE HEAT EXCHANGER IS 
DELUGED COMPLETELY· (IN HGA) 

PMAXDRY~ ALL DRY BACK PRESSURE CURVE (I~ HGA) 
pWD - RACK PRESSURE CURVE WHICH CAN INCLUDE ALL DRy DR 

ALL WET BACK PRESSURES (IN HGA) 
TDELUG - TURBINE STEAM TEMPERATURE CURVE WHEN THE HEAT 
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CO"JSUMP 
CONSU'1P 
CONSU"1 P 
CONSUMP 
CO"JSUOoIP 
CONSUMP 
CONSUMP 
CONSU"1P 
CONSU"4P 
CONSUMP 
COI,jSUM;:> 
CONSU"1P 
CONSU"1P 
CONSU"1 P 
CONSU"1 P 
CONSU"1P 
CONSUMP 
CONSUMP 
CONSUMP 
CO"lSU"1 P 
CONSUIo4P 
CONSUMP 
CONSUIo4P 
CO"lSUMP 
CONSUMP 
CONSUMP 
CONSUMP 
CONSUMP 
CONSU"1 P 
CONSUMP 
CONSUMP 
CONSUMP 
CONSUMP 
CONSUMP 
CONSUMP 
CONSUMP 
CONSUMP 
CONSUMP 
CONSUIoIP 
CONSUMP 
CONSU"'P 
CONSUMP 
CONSUMP 
CONSUMP 
CONSUMP 
CONSU"4P 
CO'JSU'1P 
CONSUIo4P 
CONSUMP 
CONSUMP 
CONSUMP 
CONSUMP 
CDNSUMP 
CONSU"IP 
CONSUIolP 
CONSUt.lP 
CO,I,jSJMP 
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EXCHA~GER IS DELU3ED COMPLETE~Y (OEG F) 
T~AXDPY. ALL DRY TURBINE STEA~ TEMPERATURE CURvE (DEG F) 
TWD • TURBINE STEAM TE~ptRATURE CURVE W~ICH CAN INCLUDE 

ALL DRY OR ALL WET TURBINE STEA~ TEMPERATuRES 
(DEG F) 

WATCWD - WATER CONSUMPTION OF THE HEAT EXCHANGER OVER THE 
WHOLE YEAR FOR EACH AMBIENT TEMPERA!URE INCREMENT 
(LBIol/YEAR) 

W4TDE - WATER CONSUMPTION OF THE HEAT EXCHANGER WHEN IT IS 
COMPLETELY DELUGED OVEP THE WHOLE yEAR FOR EACH 
AMBIENT TEUPERATURE INCRE~ENT (LBM/YEAR) 

LoGyCAL .IRST,FRST,.XTEMP,FXTVA~,FXTTTD.FXTL~G 
COM"ION 

5 A~TP, ALPHA, ANG(3) 
• ,BpLyr~(16) 

f ,CAP.' CSSPKW, CONF. CONL. COST~, CAPCHG, CONMAT, CONMA2,CAF 
$ ,C~J' CTUR~, CDANG, CLUVR, CHAILS,-CVM 
$ ,D·IN'DEEPL,DESVE~,DESVELV,DESVE~D,DENSIF 
$ .E~FP. EFS 
$ .Fep,fIPST,FIXL,FCOS,FFHX,FXTE"IP,FACTOR,FRST,FACTORD,FSHOT,FDELJG 
f ,FIXV'FIXTTD,FXTVAR,FXTTTD,FXT~NG 
S ,GqrFf 
$ ,H~NP.HPCST,HCD 
$ .lTuAX, IT~IN 

$ ,JeONe; 
$ ,KenNV. KA~EXT 

f .MxEXT 
$ .NTA,NSIDES,NBUNHI 
COM"IO~I 

$ nD~ 

$ .Psr7E. PER, pWCOS, PLANC, PFACT, POMDPL 
$ ,POH~4F, POHFAN, POHLEC, POHCIR, POHCND, POHSTC. POHSCL 
$ • Q~P,REDUCE. REDuCV. ROOFL, PHOUT 
$ • ~PEJ, QREDUCE, QREDUCV 
$ ,Syr,MAG, SAAF, SEGL 
$ ,TD. TPO(4), TEFF, TLIM, THF'YN, TLPRA. TFIX 
$ ,Tcn, hi 
$ ,ues, UWS 
$ ,W.V' WATCONA, WATCOST 
f ,VAStS) 
" .XJFPA, XW. X[' 

COMMON /SUPPLY/ VAL(S), CPLN, CPIP. CCOS, w3. COSM, EFF, 
S OIN, CLAND. REAIR, Z.HRfAC2. W4, u. DELP~, PPOW. 
$ FPOW, DELFC. WIDTH. ELENG. VAIR. VwAT. HI, HO, T4, 
$ REWAT, NW, NT, NP,PLANC2,PSIZ12, SPBP, SW4, Sw3, 
$ SPC,PTOTAL,PLANC3,SAFRON, AAIR, yfP, SPCD,PSIZ13, WT2, 
$ BP2, ~W2. TCOS, DELPA,DELRWT,DELPWC,CONBAS, XNTSX, VELD X 
$ TLAX, UCON, PMCST, fMCST, FBACC, EFfC, CH, CA, CS 
$, CLTC, CFC, CPCC, FITCO, CSC,CEPREP,OELPIP, AST,O~DCST 
$,CAPCS T, XNFAN,BLDANG, CPLEN, DPFEL, WHX, wTTUq, ADIA, ABLN 
$. WTHOP, WTFRM.STRUCC,CFPERF,HP~ERF, TOTCf, TPC, EFfyN, ANTU 
$, AIRFF. WATFF. XNMOD, TCTPF, fDCPF, FuTRC. ACCTTp, ADJTP 
$, AeTB~D, ADJBPD. ACTVH. ADJVH, ADJPPF, THPAIR, TCTF, AFCST 
$, es pn • WATERw, WSTRCT, CFOUND, HUBDIA, TOWLEN, NUMToW, CTowD 
$ ,S~RJ,SORJS'ATUBC,CRA,TTD1,TTD2,DELPS,CSTLVR,PIPCSTD 
$ ,CSTHS, CYLRNG, CFANE~, PSTACS, PUFITC, PMPCST, RPTPL, SEPCST 
$ .PI<IDcl6) ,WATCWD(16) ,DEPER(l6) ,~EPERQ<l6) 

CO'JSJ~p 

CO'JSJ~p 

COIljSU~~ 

CONSU~P 
CONSU~P 
CONSU~P 

CONSUIolP 
CO'llSLlroIP 
CONSUOoiP 
CO.'\!SU~p 

CONSUMP 
BIGCO~ 

BIGCOM 
BIGCD~ 
BIGCO'" 
8IGCDu 
BIGCO"l 
8IGCOu 
BIGCO'l 
BIGCO~ 

BIGCO'" 
BIGCO~ 

BIGCOM 
8IGCO"l 
BIGCO"l 
BIGCO"l 
BIGCOu 
BIGCO"l 
BIGCO'" 
BIGCO'" 
SIGCO"l 
8IGCOu 
BIGCOu 
BIGCO~ 
BIGCO~ 

BIGCO"l 
BIGCO"l 
8 I GCO'" 
BIGCO'" 
BIGCO"l 
BIGCO~ 

SUPPLY 
SUPP~Y 
SUPPLY 
SUPPLY 
SU~PLY 

SUPP~y 

SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SJPPLY 
SUPPLY 
SUPP"-Y 
SUPP;"Y 
SUPPLY 
SUPp~y 

59 
6(1 
61 
62 
63 
64 
65 
66 
61 
6B 
69 

2 
3 
4 
:-
6 
1 
A .. 

10 
11 
12 
13 
14 
15 
H 
17 
1 S 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

2 
3 
4 
5 
b 
7 
~ 

9 
10 
11 
12 
13 
14 
15 
16 
17 

... 
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C 
C 

c 
C 
C 

C 
C 

C 
C 

C 
C 

c 
C 
C 
C 
C 
C 
C 

C 
C 

c 
C 
C 
C 

C 
C 

C 
C 

$ ,W~B,~TOW,NTOWDE,CSTIF,CSJ,CV·,CDP,W5 
OI~ENSION RPLIM(16), PDELUG(16),-TDELUG(l6), "'ATDU1o), 

1 PMAXWD(16), TMAXwD(l6), WATMBP(16), PMAXDRY(16), 
2 TMAXDRY(16), RPLZ1(16), TWD(16) 

NDBUGl ., 0 
NDBUG2 .. 0 

DETERMINATION OF THE ALL WET BACK PRESSURE CURVE 
CALl OELUGTCPDELUG,TDELUG,WATDE,WATOET,8PLIM) 
IFC(C~~V.EQ.l) RETURN 
PMAxDE., PDELUG(l) 

DETERMINATION OF THE ALL ORY 8ACK PRESSURE CURVE AND THE 
WATER CONSUMPTION AT THE BACK PRESSURE LIMIT CURVE 

CALL T~PMAX(BPLIM,pWD,TWD,OEPER,DEPERQ,WATCWO,WATCWDT,P~AXDFlY, 
ITMAXDPV,PDELUG,TDELUG,WATDE,O; -

IF(I(CO"JV.EO.l) RETURN 
IF(~DBUG1.EQ,l)WRITE(6,190) PDELUGCl),PDELUGCNTA),WATDET, PWD(l) 

1, pWD(NTA),PMAXDqV(l),pMAXDRY(NTA),WATCWDT 

RETIJRN IF THE ALL DRY MODE IS ENCOUNTERED 
IF(WATCO~A.EQ.O.O) RETURN 

WATER CONSUMPTION CONVERGENCE CRITERIA 
IFCA8S(WATCWOT - WATCONA)/WATCO~A.LT •• 005 RETURN 

IF BACK PRESSURE LIMIT CURVE IS A FLAT CURVE GO TO REGION TWO 
H"(9pLYMCNTA).EQ.BpLYMC1ll GO TO"bO 

REGION ONE 

DETERMINE IN wHICH STEP OF THE BACK PRESSURE CURVE THAT THE 
TOTAL AMOUNT OF WATER CONSUMPTION IS OBTAINED 

INCREMENTING THE STEPS 
DO 20 .JK .. l,NTA 
J C "ITA .. JK • 1 
IF{JK.EQ.l) GO TO 5 
IF(~PL1M(J) .EQ.BPLPHJ.l) GO TO 20 

FILLING THE BACK pRESSURE ARRAY WITH THE STEP BACK PRESSURE 
5 On 10 IK = JK, NTA 

I c IIlTA _ IK • 1 
BPLZ}(!) ., BPLI~(J) 

IF INSIDE THE BACK pRESSURE LIMIT STEP THE MAXIMUM BACK 
PRESSURE IS ENCOUNTERED THE BACK PRESSURE ARRAY IS FILLED 
wITH THAT PRESSURE 

10 IF(RPLIIo1CJ).GT.p"IAXDRY!1loAND.JK.GT.1) BPL!l(I) .. PMAXDRY/l) 
CALL TBPMAX(BPLZl,PWO,TWD,DEPER,DEpERQ.WATCWD,WATCWDT,PMAXDRV, 

ITMAXDRY,PDELUG,TDELUG,WATDE,lj - -

wATER CONSU~PTION CONVERGENCE CRITERIA 
IF(AAS(WATCWDT - WATCONA)/WATCO~A.LT •• 005 RETURN 

CPIT~PIA FOR STAYING IN ZO~E 1 OR GOING TO ZONE 2 
IF(JK.EQ.l.AND.WATcwDT.LT.WATCO~A) GO TO 60 

SUPPLY 
CONSUMP 
CO~SUMP 

CONSUMP 
CO~SU"IP 
CONSU"I P 
CONSUIoIP 
CONSUMP 
CONSUMP 
COI,ISUMP 
COI,ISUMP 
CONSUMP 
CO~SUMP 

CONS~I.\P 

CONSUMP 
COI,ISUMP 
COI,ISUMP 
CONSUMP 
CONSUMP 
CO"iSUMP 
CONSU"IP 
CONSUMP 
CONSUMP 
CONSUMP 
CONSUMP 
CONSUMP 
CONSUMP 
CONSUMP 
CONSUMP 
CONSUMP 
CONSUMP 
CONSUMP 
CONSUMP 
CONSUMP 
CONSUMP 
CONSU"1P 
CO"iSUMP 
CONSUMP 
CONSUMP 
CONSUMP 
CON5UMP 
CONSU"IP 
CONSUMP 
CONSUMP 
CONSUMP 
CONSUMP 
CONSUMP 
CONSUMP 
CONSUMP 
CONSUMP 
CONSUMP 
CONSUMO 
CONSUMP 
CONSUMP 
CONSUMP 
CONSU"IP 
COI,IS~MP 

18 

"' 2 73 
14 
15 
16 
17 
78 
19 
80 
Bl 
82 
83 
84 
85 
86 
81 
88 
89 
90 
91 
92 
93 
94 
9S 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
lOB 
109 
llC 
111 
112 
113 
1U 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
121 
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C 
C CRITERIA FOq DETER~INING W~ICH STEP IN ZONE 1 HAS THE BA~K 
C PRESSlJRE WHICH WILL CONSU"1E THE REQUIRED AIoIOUNT OF "'ATER 

IF(JK.GT.l.AND.WATCWDT.LT.WATCO~Al GO TO 30 
20 WATwDTl • WATCWDT -
30 BPLZ • BPLZ1(J.ll 

C 
C PREOICTING WHICH BACK PRESSURE IN THE STEP O~ ZONE 1 WILL 
C CONSUME THE REQUIRED AIoIOUNT OF WATER 

C 

40 BPL7I • «BPLZI (Jl • BPLZl/CWATCwDT • WATWOT]»).CwATCONA • 
lIliAhl!)Tl) • BPLZ 
rF(ND~UG2.EQ.ll WRITE(6.200) BO~ZI.BPLZ1(Jl,9PLZ1(J.ll'WATC\oIOT. 

lWATwrSTl 
BPLZ • BOLZl (Jl 
WATWDT1 • wATCwDT 

C FILLING THE BACK PRESSURE ARRAY PAST THE AIoI9IENT TE~PERATURE 
C W~ERE THE STEP IN BACK PRESiURE STARTS wITH THE PREDICTED 
C 8~CK PRESSURE 

C 

DO 50 IKK • JK.NTA 
I = NTA • IKK • 1 

50 BPLZl (I) • BPLZI 

C DETERMINATION OF THE WATER ~ONSUMPTION AT THE ESTIMATED 
C BACK PRESSURE 

C 

CALL T6PMAX(BPLZ1,PWD,TWD.DEPER,OEPERQ,WATCWD,WATCWoT,PMAXoRY, 
ITM AXDRY.PDELUG.TOELUG,WATDE,ll -
Ir(~DBlJG2.EQoll WRITE(6,2bOl (DEPER(IltI-l.Blt (WATCWO(IltI-l,B) 

260 FI"IR"1ATf4l(."OEP[R(Ila ll .1t4X,BG15.5./.4li.,"WATCWOIIl.llt1.4X .8G15.5/) 

C WATER CONSUMPTION CONVERGENCE CRITERIA 

C 

IF(AB5fWATCWoT - WATCONA)/WATCO~A.LT •• 005 RETURN 
GO TO 40 

C REGION TWO 
C 
C IF THE MAXIMUM ALL WET BACK PRESSURE IS LARGER THAN THE 
C MINllolUM BACK PRESSURE LIIoIIT ZO~E 2 DOES NOT EXIST THEREFORE 
C GO TO ZONE 3 

C 

60 IFloDELUG(1).GE.BPLIM(NTA» GO TO 130 
WATC12 a WATCWDT 

C FILLING THE BACK PRESSURE ARRAY WITH THE B~CK PRESSURE THAT 
C SEPARATES ZONES 2 AND 3 . 

DO 70 I • I. NTA 
70 BPLZilll = PoELUG(ll 

C 
C oETERIoIINATION OF THE W~TER CONSUIoIPTION FOR THE BACK PRESSURE 
C THAT SEPARATES ZONES 2 AND 3 . 

CALL TRP~AXIBPLZ1'PWD,TWO,oEPER,oEPERQ.WATCWD.WATCWDT,PMAXDRY, 
ITM AXO RY ,PDELUG,TDELUG,WATDE,l) -

C 
C WATER CONSUMPTION CONVERGENCE CRITERIA 

IFI6BSIWATcwDT - WATCONA)/WATCONA.LT •• 005 RETURN 
C 
C CRITERIA FOP STAYING IN ZONE 2 OR GOING TO ZONE 3 

IrIWATCWDT.LT.WATCONA) GO TO 130 
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CONSU"P 
CONSUMP 
CONSU"IP 
CONSU"I O 
CONSU"1 o 
CO"lSU"1P 
CONSU"IP 
CONSU~P 

CONSUIo\P 
CO'lSUIo\P 
CONSU"I P 
CONS:')"1 P 
CONSU'1P 
CONSu"lP 
CONSLI'1 P 
CONSulo\P 
CONSU>04P 
CO"lSU"1P 
CONSUJoIP 
CONSU"1P 
CONSUOoIP 
CONSUIoIP 
CONSU"P 
COI.JSUIo1P 
CONSU"1P 
CONSUlo\P 
COIIISUOoIP 
CONSUlo\P 
CONSU"1 P 
CONSu"lP 
CONSUIo1P 
CONSU"IP 
CONSU"1P 
CONSU"IP 
CONSU"'P 
CONSU"IP 
CONSUJolP 
CONSJIoIP 
CONSU,",P 
CONSUJoIP 
CONSU"1P 
CONSU"IP 
CONSU"IP 
CONSu"lP 
CO"lSUIoIP 
CONSU,",P 
CONSU"1 P 
CO"lSU"IP 
CONSU"I P 
CONSU"I P 
CONSU"1P 
CONSU"I P 
CO"lSu"' P 
CONSUIo1P 
CONSUIo\P 
CONSUIo1P 
CO'lSU"1 P 

12& 
129 
130 
131 
132 
133 
13" 
135 
136 
137 
138 
139 
1'+0 
141 
142 
143 
144 
145 
14b 
147 
l .. r 
149 
150 
151 
152 
153 
154 
155 
15b 
157 
1~8 
159 
160 
161 
162 
163 
164 
Ib5 
166 
167 
16e 
169 
170 
171 
172 
173 
174 
175 
176 
177 
17B 
179 
1 BO 
181 
182 
183 
184 
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C 

WATwDTl • wATCWDT 
8PL? • PDELUG(l) 

C DERTER~INE WHICH ORy RACK PRESSURE IS A30VE THE MAXI~UM ALL 
C wET BACK PRESSURE 

C 

DO flO J = !oNTA 
I = NTA • J • 1 
I'(P~h~DRY(I).GT.PDELUG(l)) GO TO 90 

eo cnNTINLJE 

C FILLING THE BACK PRESSURE ARRAY WITH THE DRY BACK PRESSURE 

C 

gO Do 100 II = I, NTA 
100 81'Ll1(II) E Pto1AXDRY(Il 

BpLZI c I'~AXDRY(I) 

C DETER~INATION OF THE WATER ~ONSUMPTION FOR THE DRY 8ACK 
C P~ESSURE 

CALL T~P~AX(BPLZ1,PWD,TwD,DEPER,DEPERQ.WATCWD.WATCWDT.PMAXDRY. 
1T~AXDRY.P'ELUG.TDELUG.WATDE.1) -

C 
C WATER CONSUto1PTION CONVERGENCE CRITERIA 

IF(ABS(WATCWDT - WATCONA)/WATCONA.LT •• 005 RETURN 
C 
C CRITERIA FOR DETERMINING WHICH DRY BAC~ PRESSURE STEP 
C CONTAINS THE BACK PRESSURE WHICH WILL REQUIRE THE ALLOCATED 
C AMOUNT OF WATER -

I.(WATCWDT.LT.WATCONA) Go TO 110 
WATwnTl • WATCWDT 
BI'LZ .. BPLZI 

C 
C !NCREMENTING TO THE NEXT DRY BACK PRESSURE 

C 
C SETTING THE WATER CONSU~PTION AND BACK PRESSURE AT THE 
C UPPER LIMIT OF ZONE 2 

C 

I'(P~AXDRY(Il.GT.APLIM(NTA)) WATCI/DT. WATC12 
I",I'~AXDRY(Il.GT.BPLI~(NTA)) BPI.ZI c BPLIM(NTA) 
I'(PMAl(DRY(I) .GT.BPLIM(NTA)) GO To 110 
Gr:> TO 90 

C I'REDIcTING WHIC~ BACK PRESSURE IN THE DRY BACK PRESSURE STEI' 
C WILL CONSUME THE REQUIRED A~OUNT OF WATER ~ 

C 

110 AI'LZII = «BPLZI - BPLZ)/(WATCWDT • WATWDTl)).(WATCONA • WATWDTl) 
l.clP: Z -
IF(~DBnG2.EQ.1) WRITE(6.220) BI'LZII.BPLZI,BPLZ,WA!CWDT,WATWDT1 
BI'LZ • BI'LZI 
BPLZI • BPLZII 
WATWDTl • WATCWDT 

C FILLING THE BACK PRESSURE ARRAY WITH THE PREDIcTED BACK 
C PRESSURE 

c 

DO 120 II E I, NTA 
120 BPLZ1(!I) .. BPLZII 

C DETERMINATION O' THE WATER CONSUMPTION AT TH~ ESTIMATED BAC~ 
C PRESSURE 

CALL THPMAX(BPLZl'PWD,TWD,DEP~R,DEPERQ.WATCWD,WATCWDT.Pto1AXDPY. 
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CONSUMP 
CONSJlo1p 
CONSU,,\P 
CONSU.,,, 
CONSUMP 
CONSUIo1P 
CONSUMP 
CONSU.,p 
CO~SUMP 

CONSU~P 

CONSUM" 
CONSUMP 
CD"ISUlo1c 
CONSU~P 
CONSUMP 
CONSU,,\P 
CONSUMP 
CONSUMP 
CONSUIo1P 
CONSUIo1P 
CONSU~P 
CONSUMP 
CONSUIo1P 
CONSU~P 

CONSUMP 
COIIISUMP 
CONSUMP 
COIIISUMP 
CONSUMP 
CONSUIo1P 
CONSU~P 

CONSU~P 

CONSVM" 
CONSUMP 
COIIISUIo1P 
CO"lSiJMP 
CONSU"IP 
CONSUMP 
CONSUMP 
CONSU'1P 
CONSUIo1P 
CONSUMP 
CONSU'-lP 
CONSUMP 
CONSUIo1P 
CONSUMP 
CONSU~P 
CONSUIo1P 
CONSUMP 
CONSJ~p 

CONSU"IP 
CONSiJMP 
CONSUIo1P 
CONSJMP 
CONSUt.1 P 
CONSUMP 
CONSJ"P 

185 
186 
It!7 
18e 
189 
190 
191 
192 
193 
1910 
195 
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199 
200 
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237 
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239 
2'+0 
241 
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IT~Ax~~V,PDELUG,TDELUG,WATDE,11 
IF'('.JD~'JG2,EQ,ll WRITE(0,2001 (DEPER(I1tI=1,Blo (wATCIliD(Ilt!KloBI 

C 
C W~T~R CONSUMPTION CONVERGENCE CRITERIA 

C 

IF(AAS(WATCWDT • WATCON AI/WATCONA,LT •• 005 RETURN 
GO TO 110 

C ZONE :3 
C 
C FILLING THE BACK PRESSURE ARRAY WITH THE DRY BACK PRESSURE 

c 

130 WATC123 • WATCWDT 
BPLZ K PDELUG(NTAI 
WATWDTI • WATDET 
Dn 135 IJ ~ I,NTA 
I z NTA • IJ • I 
IF'(~MAl(DRY(I' .GT. PDELUG(I)) GO TO 136 

t 3S C(lNTI NUE 
136 CONTyNUE 
140 DO 150 II = I, NTA 
150 BPL71(III ~ PMAXDRY(II 

PPLZI • P~AXDRY(II 

C DETERMINATION OF THE WATER CONSUMPTION FOR THE DRY BACK 
C PRESSURE -

C 

CALL T8PMAX(BPLZl'PWD'TWD'DEPER,OEPERQ'WATCWD,WAT~WDT,PMAXDRY, 
ITM AXDRY,PDELUG,TDELUG,WATDE,11 

C WATER CONSUMPTION CONVERGENCE CRITERIA 
IF'(ARS(WATCWDT.WATCONAI/WATCONA.LT •• OOSI RETURN 

C 
C CRITERIA FOR DETERMINING W~ICH DRy BACK PRESSURE STEP 
C CONTAINS THE BACK PRESSURE WHICH WILL REQUIRE THE 
C ALLOCATED AMOUNT OF WATER -

IF'(WATCWDT.LT.WATCONAI GO TO 160 
WATwOTl K WATCWDT 
ElF'LZ .. BPLZI 
I .. I • 1 
GO TO 140 

C 
C P~EDICTING WHICH BACK PRESSURE IN THE DRY BACK PRESSURE STE~ 
C WILL CONSUME THE REQUIRED AMOUNT OF WATER -

C 

100 BPL7I1 • ((BPLZI • BPLZI/(WATCWDT • WATWDTll).(WATCONA • WAT~DTII 
1. B~L Z 

IF (NDBI IG2. EQ.l I WRITE (6,240 I BPLZI I, BPLZI ,BPL.Z, WA !CWDT, wI> TWDTl 
RPLZ • RPLZI 
SPLZI • BPLZII 
WATWDTl • WATCWDT 

C FILLING THE BAcr PRESSURE ARRAY WITH THE PREDIcTED BACK 
C PRESSURE 

C 

DO 170 If .. 1, NTA 
}70 SClL71 (II I .. SPLZI I 

C DETERMINATION OF THE WATER CONSUMPTION AT THE ESTIMATED BAC< 
C P~ESSURE 

CALL T~PMAX(BPLZl'PWO,TWD,DEClER,OEPERQ'WATCWD,WATCWDT,PWAXD~Y, 
IT~AxDPy,PDELUG,TDELUG'WATDE,I) 

CO"JSUMP 
CO"lSUMP 
CO,"ISUMP 
CONSUMP 
CONSU,",P 
CONSU"lP 
CONSU"1~ 

CONSU"1P 
CONSUMP 
CONSUMP 
CONSUMCI 
CONSUMP 
CONSUMP 
CONSJM~ 

CONSUMP 
CONSUMp 
CONSU""P 
CONSUMP 
CONSUJol~ 

CONSUJolP 
CO"JSU~CI 

CONSU~P 
CONSUJolP 
CONSUMp 
CONSUMP 
CO"JSUJolP 
CONSUMP 
CO"lSU~P 
CONSUJolP 
CONSUMP 
CONSUJolP 
CONSUMP 
CONSUJolP 
CONSUJolP 
CONSUJolp 
CONSUMP 
CONSUMP 
CONSUJolP 
CO"lSUMp 
CONSUMP 
CO""SUJolP 
CONSUJolCl 
CONSU"1P 
CONSUMP 
CONSUJolP 
CONSUJolP 
CONSU"'p 
CONSUJolP 
CONSU~p 
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CONSU'1p 
CO "IS U""P 
CONSUJolP 
CONSLIMp 
CONSUJolP 
CO"J5UMP 
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290 
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c 
C WAT~~ CONSUMPTION CONVE~GENCE CRITERIA 

IF(AqSfWATCWDT - WATCONA)/WATCO~A.LT •• 005 ~ETU~N 
G~ TO 160 . 

190 FQR~iT(2X,HPDELUG(1-NTA),WATDET,P~AXWD(1-NTA),PMAXDRY(1-NTA),WAT~B 
1PT=H,/,2X,8G12.5/) 

200 FnR~AT(2l1."BPLZI.BCLZ1 (J) ,BPLZ1 (J-1) ,WATCWDT,WATWDTla ll ,5G12.bl 
220 FOR~AT(2X,1I9PLZII'BPLZI'BPLZ,WATC:WlDT,WATWDTlI:",5G12.6) 
240 FOR~AT(2X'''BPLZII'BPLZI'BPLZ.WATtWDT,WATWDT1'2.''tSG12.6, 

END -

nIAGNOSIS OF PROBLEM 

CONSUMP 
CONSUMP 
CO"JSU"IP 
CONSU"1P 
CONSUMP 
CONSUMP 
CONSUMP 
CO"lSUMP 
CONSU"I P 
COIIISU"I P 
CONSU"'P 

SEVERITy DETAILS 

BPLlM PREVIOUSLY DIMENSIONED AR~AY. FIRST DIMENSION~ WILL BE ~ETAI~ED. 

299 
300 
301 
302 
303 
3010 
305 
30b 
307 
308 
309 
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e 
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C 
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SUB~OUTINE COSTEX(AF~ON.ATOT) 

SU~~OUTINE COSTEX DETE~~INES THE COST O~ THE HEAT EXCHANGE~ 
RUNDLES OF THE D~Y COOLING TOWE~S. THE COST OF THE HEAT 
F.~CHANGE~ BUNDLE IS B~O~EN DOWN INTO SEVE~AL SUBCO~PONENTS 

1. HEADE~ 
2, TUBING 
3, TUBING SEALANT 
4, SPACE~S 
5. BUNDLE F~AME 
6, BUNDLE ASSE~BLY 

THE WEIGHT OF THE HEAT EXCHANGE~ BUNDLE AND THE WATER A~E 
ALSO CALCULATED. 

DEFINITION OF VA~IABLES 
A~e 
AT 

"lSEeF' 

CA 
e'H 
CBJ 
CELA5T 
CEP~EP 

CFS 
CH 
CHC 
CHF 
CHX 
COATe 

CPCC 
CI'lJ 
CS 
esc 
CSEALP 
CwJ 
nF'IN 
D1 
El.ENG 
E~~EPC 
FA 
FACT 

FITCO rp 
F'l 
r2 
HD 
IoIED~AT 
HEDTUB 
HEOTYP 
HEDVOL 
HF 
Hoi 
H~NP 

- HOLE FACTOR FOR T~E HEADE~ COSTS (DIMENSIONLESS) 
C~OSS-SECTIONAL AREA OF THE TUBE (SQ IN) 

• BUNDLE SHIPPING A~D E~ECTION FACTOR OF THE HEAT 
EXCHANGE~ (DECI~AL) 

• BUNDLE ASSEMBLY AND F~AME COSTS ($) 
BUNDLE ASSEMBLY COST- (5) 

- COST OF BOLTED HEADE~ JOINT (SIFT) 
- COST OF THE ELASTOME~ (S/LBF) 
- COST OF END PREPARATION FO~ EACH TUBE (S/TUBE) 

UNIT FRAME COSTS (S/LBF) 
COST OF' THE HEADER F'O~ EACH BUNDLE 
STEEL HEADE~ COSTS (S/LBF) 

- BUNDLE FRAME COST ($) 
- COST OF THE HEAT EXCHANGE~ (S) 
- COST OF COATING TME AIR SIDE SURFA~E A~EA 

($/SQ FT) 
- COST OF COATING TME HEAT EXCHANGE~ TUBES (S) 

COST OF ROLLED JOINTS FO~ THE HEADE~ (S/TUBE) 
- COOLING SURFACE COST (5) -

- TUBE SPACE~ COSTS ($/TURE-SPACER) 
COST OF SEAL PLATE IS/LBF) 
COST OF WELDED JOINT F'o~ THE 'iEADER IS/TUBE) 

- OUTSIOE DIAMETER OF FIN lIN) 
- INSIDE DIAMETER OF TUBE lIN) 

LENGTH of THE HEAT EXCHANGER TUBES (FT) 
- END PREPARATION COSTS ($lTUBE) 
- TOTAL TuBE FLOW AREA PE~ PASS SQ (IN) 

HEADE~ FACTO~ WHICH DEPENDS ON THE TYPE OF HEADER 
(DIMENSIONLESS) 
TUBING COST (SIFT) 
P~ESSURE FACTO~ (DIMENSIONLESS) 

• HEADE~ DEPTH MATERIAL FACTOR (IN) 
HEADER WIDTH MATERIAL FACTO~ lIN) 

- HEADE~ DEPTH PER PASSIIN) 
TYPE OF HEADE~ ~ATEI'lIAL (DIMENSIONLESS) 

• NUMBE~ OF TUBES PE~ HEADER 
• TYPE OF HEADE~ 

HEADE~ VOLUME (C~ FT) 
- FIN HEIGHT (IN) 

HEADER wIDTH lIN) 
• NUMBER OF PASSES TH~OUGH THE HEAT ~XeHANGER 

(DI"'ENSIONLESS) 
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COSTEX 
COSTEx 
COSTE X 
COSTEx 
COSTEx 
COSTEx 
COSTEX 
COSTEX 
COSTEX 
COSTEX 
COSTEX 
COSTEX 
COSTEx 
COSTEx 
COSTEX 
COSTE>; 
COSTEX 
COSTEx 
COSTE X 
COSTEX 
COsTE x 
COSTEX 
COSTEX 
COSTEX 
COSTEx 
COSTEX 
COSTEx 
COsTEx 
COSTE>; 
COSTEX 
COSTEX 
cosTEx 
COSTE>; 
COSTE x 
COSTEl' 
COSTEX 
COSTEX 
COSTE.:.. 
COSTEx 
COSTEx 
COSTEx 
COSTE X 
COSTE':" 
COSTE.:.. 
COSTEx 
COSTE.:.. 
COSTEX 
COSTEx 
COSTEX 
COSTEx 
COSTEx 
COSTEX 
COSTEX 
COSTEx 
C(')STEX 
COSTEX 
COSTEX 

2 
3 
4 

5 
6 
7 
B 
9 

10 
11 
12 
13 
110 
15 
16 
17 
18 
1t) 
20 
21 
22 
23 
210 
25 
26 
27 
2B 
29 
30 
31 
32 
33 
310 
35 
3b 
37 
36 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
so 
51 
52 
53 
510 
55 
56 
57 
5R 



.. 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
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C 
C 
C 
C 
C 
C 
C 
C 
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C 
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ODL 
OOLI NE 
~CF 

F'f)HAIlF 
F'F' 

RnEL 
SF 
SS 
TMFIN 
TR 
TIJf\VOL 
T" 
W4TE~w 

IoItl 

W~ 

WMX 
WL 
WTF~~ 

WTHDR 
WTTU8 
)(0 

XNBLJN 
)(01 

Z 

ZINCC 

ARRAYS 

- NUMBER OF HEAT EXCHANGER TUBES IN wIDTH 
(DI"IENSIONLESS) 

- OUTSIDE DIAMETER OF TUBE (IN) 
- OUTSIDE DIAMETER OF THE LINER (IN) 
- F'ROCURMENT COST FACTOR (DECI~AL) 
- INDIRECT CONSTRUCTION COST FOR HEAT EXCHANGER 
- FIN PITCH (FINS/PI) - -

BUNDLE (DECI~ALl 
• TUBING MATERIAL DENSITY (LBM/CU IN) 
• SPACING BETwEEN FINS (IN) 
• SF'ACING BETwEEN SPACERS (FT) 
• FIN THICKNESS (I~) 
- THICKNESS OF THE FIN AT THE ROOT O~ THE FIN (IN) 
- VOLUME OF WATER INSIDE THE TUBES (CU FT) 
- THICKNESS OF THE MEADER WALLS (IN) 
- TOTAL WEIGHT OF THE WATEP IN THE HEAT EXCHANGER 

BUNOLE (LBF) -
- wIDTH OF THE HEAT EXCHANGER BUNDLE IF) 
- WEIGHT OF THE FI~S OF THE HEAT EXCHANGER (LAF) 
• WEIGHT OF MATERIAL MAKING UP THE EXCHANGER (LBF) 
- WEIGHT OF MATERIAL IN THE HEAT EXCHANGER (LAF) 
- WEIGHT OF THE HEAT EXCHANGER FRAME (LBF) 
- WEIGHT OF THE HEAT EXCHANGER HEADER (LBF) 
- WEIGHT OF THE TUBES IN THE HEAT EXCHANGER (LBF) 
- LONGITUDINAL TUBE SPACING BETWEEN 'UBE ROWS (IN) 
• NUMBER OF HEAT EXCHANGER BUNDLES (DI"'ENSIONLESS) 
- TRANSVERSE TUBE ~!TCH NORMAL TO AIR FLOW (IN) 
- NUMBER OF HEAT EXCHANGER TUBES IN OEF'TH 

(DIMENSIONLESS) - -
- COST OF THE ZINC FOR THE TUBE SF'ACERS (S/LB"') 

TUSMA • LINER "'ATF.RIAL 
CL - LINER FIXED COSTS ($) 

ClM - LINER MATERIAL COSTS IS/LS) 
ROEL - DENSITY OF LINER MATERIALS ILB/CU IN) 
GAGLI - LINER GAGE 
TMKLIN- THICKNESS OF LINE~ lIN) 
FINTY - TYF'E OF FIN 
CFM • FIN ~ATERIAL COSTS (S/LS) 
CF - F'INNING FIXED COSTS IS/FT) 
nOLINE- COMMON DIAMETERS OF LINER lIN) 
MAXFH • MAXI"'UM FIN HEIGHT 1IN) 
STANFT- STANDARD FIN THICKNESS lIN) 
FPL • LOWEST FIN F'ITCH- IFPI) 
FPM • HIGHEST FIN F'ITCH IFPI) 
HEDTY - TYF'E OF HEADER -
HEDMA - HEADER MATERIAL 
ROEMM - HEAOER MATERIAL DENSITY (LS/CU IN) 
CHM - COST OF HEADER MATERIAL IS/LS) 
CMW - COST OF HEADER ~ACHINING AND wELDING 151FT) 
CN NOZZEL AND ATTACHING COST IS/HOLE) 
CHH - TUBE AND F'LUGHOLE ~REF'ARATION (S/HOLE) 
FF - COST LENGTH FACTOR FOR TUBES (DIMENSIONLESS) 
FINMA - TYPE OF FIN MATERIAL 
FPL - LOwER LIMIT ON STANDARD FIN PITCHES THAT ARE 

COMMERCIALLY AVAILABLE IFINS/IN) 

COSTEX 
COSTEX 
COSTEX 
COSTEX 
COSTEX 
COSTEX 
COSTEX 
COSTEX 
COSTEX 
COSTEX 
COSTEX 
COSTEX 
COSTEx 
COSTEX 
COSTEX 
COSTEX 
CDSTEX 
COSTEx 
COSTE X 
COSTEx 
COSTEx 
COSTE X 
COSTEX 
COS TEll. 
COSTEX 
COSTEx 
COSTEx 
COSTEX 
COSTEX 
COSTElI. 
COSTEx 
COSTElI. 
COSTEx 
COSTEX 
COSTEx 
COSTEX 
COSTEX 
COSTEX 
COSTEX 
COSTEX 
COSTEX 
COSTEX 
COSTEx 
COSTEX 
COSTEX 
COSTEx 
COSTEX 
cosn:x 
COSTE X 
COSTEX 
COST[X 
COSTEX 
COSTEx 
COSTEX 
COSTEX 
COSTEX 
COSTEX 

59 
60 
61 
62 
63 
61t 
65 
66 
67 
68 
be; 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
Sb 
87 
88 
89 
90 
91 
92 
93 
94 
9S 
9b 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
11 1 
112 
113 
1 lit 
115 



C 
C 
C 
C 
C 
C 
C 

C 

~PH • UPPER LIMIT ON STANDARD ~IN PITCHES THAT ARE 
COMMERCIALLY AVAILABLE (~INS/I~) 

~AX~H • MAXIMUM ~IN HEIGHT FOUND COMMERCIALLY (I~) 
POE~ • DENSITY O~ FIN MATERIAL (LBM/CU IN) 
STAN~T- FIN THICKNESS LIMITS ~OUND COMMERCIALLY (IN) 

LoGICAL ~IRST,~RST,~XTEMP,~XTVAR'FXTTTD,~XTL~G 
Co"'''nN 

S A~TR, ALPHA, ANG(3) 
* ,APLI"1(lb) 
$ ,CAD~' CSSPKW, CONF, CONL, COSTL, CAPCHG, CON ... AT, CONMA2,CAF 
S ,C~J, CTURB, CDANG, CLUVR, CHAILS,·CVM 
S ,D~TN,DEEPL,DESVEL,DESVELV,OESVELD,DENSI~ 
$ ,E~~D, E~S 

Obl05/78 07.59.59 

11b 
1 1 7 
118 
119 
120 
121 
122 
123 
124 

2 
3 
4 
5 
/; 

7 
B 
9 

$ ,~CR,FIRST,~lXL,FCOS,~~HX,~XTEIoIP,~ACTOR,~PST,~ACTORD,F5HOT,~DELUG 

COSTEX 
COSTEX 
COSTEX 
COSTEX 
COSTEX 
COSTEX 
COSTEx 
COSTEX 
COSTEX 
BIGCOIoi 
BIGCOIoI 
BIGCOM 
BIGCO'" 
BIGCOIo1 
BIGCOIo1 
BIGCO"l 
BIGCOIol 
BlGCO"l 
BIGCOIo1 
BlGCO'" 
BIGCO'" 
BlGCO'" 
BIGCO'" 
BlGCOM 
BIGCOIo1 
BIGCO"! 
BIGCOIoi 
BI GCOIo1 
B I GC DOL 
BIGCOIo1 
BIGCO'" 
BIGCO,", 
BlGCOIoi 
BIGCOIo1 
BIGCOIoi 
BIGCD'" 
BIGCOlol 
BIGCOIo1 
BIGCO'" 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPP~Y 
SUDPLY 
COSTEX 

10 
11 
12 
13 
14 
15 
1b 
17 
IS 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

s ,~IXV'~IXTTD,~XTVAR,~XTTTD,~XTLNG -
S ,G~E'~F 
S ,HXNP,HPCST,HCD 
S ,IT"'AX, IT"IIN 
S ,JCONS 
$ ,KCONV, KALEXT 
$ ,MXEXT 
$ ,NTA,NSIDES,NBUNHI 

COM'-10N 
$ ODR 
S ,PsjlE, PEP, PWCOS, PLANC, P~ACT, POMDPL 
$ ,POHRA~, POHFAN, POHLEC, POHClR, POHCND, POHSTC, POHSCL 
$ , RqP,QEDUCE, REDUCV, ROO~L, RHOUT 
S , OREJ, QREDUCE, OREDUCV 
$ ,SIG~AG, SAA~, SEGL 
$ ,TD, TPO(4), TEF~, TUM, TH~lN, TLPRA, T~lX 
$ ,TCD' T'" 
S ,UCS, UWS 
S ,W~V' WATCONA, WATCOST 
$ ,VAStS) 
$ ,XDEPA, XW, XD 
COM~ON ISUPPLYI VALIS), CPLN, CPIP, CCOS, W3, COS"" E~~, 

S OIN, CLAND, REAIR, Z,HRFAC2, W4, U, DELPW, PPow, 
$ ~pow, DEL~C, WIOTH, ELENG, VAIR, VWAT, HI, HO, T4, 
$ DEWAT, NII/, NT, NP,PLANC2,PSIZ12, SPBP, SW4, SW3, 
S SPC,PTOTAL,PLANC3,SA~RON, AAIR, Y~P, SPCD,PSIZ13, WT2, 
S RP2, NW2, TCOS, DELPA,DELPWT,DELPWC,CONBAS, XNTSX, VELDX 
$, TLAX, UCON, PMCST, FMCST, ~BACC, E~~C, CH, CA, CS 
S, CLTC, CFC, CPCC, ~ITCO, CSC,CEPREp,OELPIP, AST,DLDCST 
$,CAPeS T, XNFAN,BLDANG, CPLEN, OP~EL' WHX, WTTUB; ADIA, ABLN 
$, WTHOR, WT~RM,STRUCC,C~PER~,HPPER~, TOTCF, TPC, EFFIN, ANTU 
$, 6iR~~, WAT~F, XNMOD, TCTPF, FDCPF, FIoITRC,-ACCTTP, ADJTP 
$, ACTRPD, ADJBPD, ACTVH, ADJV~, ADJPPF, THPAIR, TCTF, AFCST 
$, C~RO, WATERW, WSTRCT. CFQUND, HUBDIA, TOWLEN, NU~TOW, eTOWO 
$ ,S~RJ.SQRJS'ATUBC,CBA,TTD1,TTD2,DELPS,CSTLVQ,PIPCSTD 
s ,CS~HS, CYLRNG, CFANEL, PSTACS, PUFITC, P"'PCST, ~PTPL' SEPCST 
$ ,PwD(i6) ,WATCWD(l6) ,DEfJER(l6) ,OEPERQ(16) 
$ ,W~R,HTnw,NTOWDE,CSTIF,CSJ,CVF,CDP,W5 

COM"'ON IDJBI DI,XDG,~F . 

2 
3 
4 
5 
b 
7 
8 
9 

10 
11 
12 
13 
14 
15 
1b 
17 
18 

127 

.. 



~1I8POUTI~!~ COSTEX 14/74 Obl05/78 07.59.59 

C 

C 
C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 

CO~~O~ IPLCOSTI WPL 
COM~ON ISCALERI HRFACl,ATU8,CPERA,SSCD'PLANCl,CAS~1,GAIP'FAIR' 

• HPArP,HPWAT,WLRTP 
COM~ON IHEADEXI CHH,CN,CHM,CMW,CRJ,CwJ,CST,C~O,CSR,CSM,PITCHF,cP~, 

.PRESS. HEDMAT, HEDTVP, ~PASSt W9, TSP, CSH, CSHP 
COM~ON ISURFEXI ODL,GAGLIN,NTUB,TUBMAT,FINTVp,FINMAT'CFB'APLATE' 

$COATC,ZINCC,CASTC,SS,EPREPC,XTU3MA,XHEDTV,XFINTV 

* 
* 

COMMO"l IPPRT31 
COMMoN IE SCALI 
COM~ON I PROPI 

TURCST,SHLCST,FETCST,CHX 
BSECF -
CPw, THCONW. DENS!w, VISW, HFG. 
CPV, THCONV, DENSlv, VISV,SIGMA, 
CPA, THCO~A, DENSIA, VISA 

DI~E"J~ION TUBMA(8) ,CL(8) ,CLM(B) ,POEL(8) ,GAGLI (13) ,THKLI"I(13), 
$ n",TVf7,. CFM(7,2), CF(7),ODLI~E(6), MAXFH(6.7,2), STA"IFT(6,7.2" 
$ FP~((,,7,2), FPH(6,7,2), FINMA(2), ROEF(2 

1 
2 

~IM~NSIO"l HEDTV(4), HEDMA(3), ROEHM(3), CHC(4), C~MAT(31 
QIM~NSION FF(8,6), CPSJ(3) 

DATA 
DATA 
DAB 
DATA 

TABLE I 
LINFR TUBING COSTS AND DENSITV 

CL 10.0. 0.0. 0.0, 0.0, 0.05, 0.12. 0.3B. 0.201 
eLM I 1.30, 1.34, 1.52. 1.B~, 1.04. 0.32, 0~44' 1,631 
ROEL I .308 •• 323, .323 •• 323 •• 09751 •• 284, - .2B4, .291 
TURMA I "ADMIRALTV II, "COPPER ", "CU-I0 "II ", 

"CLI-30 NI ","ALUMINUM ", "STEEL wELDII, 
"STEEL SEAMII,"WELDED SST"I 

TABLE II 
STANDARD TUBE WALL THICKNESS 

DATA GAGLI/22.,20.,19.,lB.,17 •• 16.,15.,14.5,14.,1 3 .,12.,11. ,10.1 
DATA T~KLIN I 0.026. 0.035, 0.042, 0.049. 0.05B, 0.Ob5, 0.072, 

• 0.07R. 0.OB3, 0.095, 0.109, 0.120, 0.134 I 

TABLE III 
COST FACTORS FOR TUBE FINNING 

FINTV I "STRAIGHT FII, "SINGLE FOO", "DOUBLE ~OO", 
"EMBEDDED II, "EXTRUDED ". "PLATE ", 
"NO LINER II I 

DATA (ICFM(I,J), I", 1, 6), J c: 1,2) 14*0.90. 1.~b, 1.00.3*0.00, 
• 2*0.24, 0.00 I 

DATA ICFM(7,I),r.l.2) 11.46,1.E.501 
DATA CF 13*0.10, 0.20, -0.11, 0.20. -0.111 
DATA CPBS 10.95/. CPSJ 10.65, 1.20, 0.651 

TABLE IV 
COMMEPCIALLV AVAILABLE FINNED TUBES 

DATA OOLINE I 0.625, 0.750, 1.000, 1.250, 1.500, 2.000 I 
DATA(II MAXFH(I,J,K),I .. l,6), Jc:lt7), K=1,2) I 

$ .4bATS, .56250, .75000, .93750, 1.1250. 1.5000 
$,.50000 •• 625000, .75000, .87500, 1.0000, 1.0000 
$,.50~00, .625000, .15000, .81500, 1.0000, 1.0000 

COSTO 12/1 
cOSTEX 129 
cOSTEX 130 
COSTEx 131 
COSTEx 132 
COSTEX 133 
COSTEX 134 
COSTEX 135 
COSTEX 136 
COSTEx 137 
COSTEX 138 
COSTEx 139 
COSTEX 140 
COSTEX 141 
COSTEX 142 
COSTEx 143 
COsTEx 144 
COSTEX 145 
COSTEx 146 
COSTEX 147 
COST EX 148 
COSTEX 149 
COSTEX 150 
COSTEX 151 
COSTEx 152 
COSTEx 153 
COSTEx 154 
COSTEX 155 
COSTEX 156 
COSTEx 157 
COSTEx 15B 
COSTEX 159 
COSTEX 160 
COSTE X 161 
cOSTEX 162 
COSTEx 163 
COSTE X Ib4 
COST EX 165 
COSTE X Ib6 
COSTEX 167 
COSTE X 168 
COSTEX 169 
COSTEX 170 
COSTE X 171 
COSTE X 172 
COSTEX 173 
COSTEX 114 
COSTEX 175 
COSTEx 176 
COSTEX 117 
COSTEX 178 
COSTEX 179 
COSTEX 180 
COSTEx 181 
COSTE X 182 
COSTO 183 
COSTEx 164 



~uBRnUTINE COSTE X OPT=1 

C 
C 
C 
C 

C 
C 
C 
C 
C 
C 

c 
C 

C 
C 

C 
C 

C 
C 
C 

$ •• 43750 •• 50000. 4 •• ~2S 
$ •• 43 750 •• 50000. 4 •• 625 
$.6.0. 0 
$ •• 43750 •• 50000. 4-.625 
$.6·0·0 
$.6·0.0 
$.6.0. 0 
S •• 3]250 •• 37500 •• 50000. 3 •• 625 
$ •• 3]250 • • 37500 •• 50000. 3 •• 625 
s.6.n.o 
$ •• 31250 •• 37500 •• 50000. 3 •• 625 
s 1 

DATA C I (STANFT (I .J.K) 011:1.6) .J z l .7) .K-l.2 1 42 •• 016. 42 •• 030 1 
DATA (I(FPL(I.J.K).I z 1.6).Jz l.7).K_l.2) 1 

$ 6.2. 0 '18.7.0.1 8 .5.0.18.0.0.6.7.0.18.5.01 
DATA C«FPf·qI.J.K).I a l.6).Jl:l.7).Kl:l.2) 1 

S ~.27 •• 36.11 •• lR-O.O. 6.9.0. 18.11.0 1 
DATA rIN~A 1 IIALU"'IINUM ". "STEEL II 1 
DATA ~OEF 1 0.09751. 0.2840 1 

TABLE V 
HEADER FABRICATION COSTS 

DATA HEDTY 1 "IriELD REMOVII, IIIrIELD PLUG ", "FOQM REMOV". 
• IIFORM PLUG II 1 

DATA CHED~A(I) tIl:l.3)/"STEEL ","ALUMINU'" ",IIGALVANIZED"I 
DATA ROEH'" 1 .2B4, .09751 • • 2841 
DATA CHMAT 1 .53. 1.3 • • 571 
DATA CHC 1 1.05, 1.00, 0.95, 0,90 1 

TABLE VI 
TUBING LENGTH PENALTIES 

FOR COPPER ALLOYS 
DATA (FF'(1.J).Jl:l.6)1 0.00. 0.00. 0.00. 0.07. 0.08. 0.09 1 
DATA 1F'F'(2.J).J=1.6)1 0.00. 0.00. 0.00. 0,07. 0.08. 0,09 1 
DATA (FF(3.J).Jal.6)1 0.00. 0.00. 0.00. 0.07. 0.08. 0.09 1 
DATA (FF'(4.J).Jzl.6)1 0.00, 0.00, 0.00. 0,07. 0.08, 0.09 1 

,.OR 4LUMINU'" 
DATA (rF'(5.J).Jel,6)1 1.00. 1.06. 1.10. 1.14. 1.18. 1.22 1 

FOR STEEL 
DATA (F'F(6.J).Jzl.6)1 1.00. 1.09. 1,13, 1.17, 1.21, 1.25 1 
DATA (Fr(7.J),Jzl,6)1 1.00, 1.09. 1.13, 1.17, 1.21. 1.25 1 

FOR STAINLESS STEEL 
DATA (FF(8.J),Jel.6)1 1.00. 1.00, 1.04. l,OS, 1.12, 1.16 1 

DEFINING THE TYPE OF TUBING U~DER CONSIDERATIO~ 

JF'C.NOT.FIRST) GOTO 55 
DO 10 1_1,8 
JTU~MA • I 
IF (TU9MAT .EQ. TUBMA (I» GO TO 15 

10 CONTINUE 

06/05/7B 07.59.5Q 

COSTEX 
COSTEX 
COSTE X 
COSTEX 
COSTEX 
COSTEx 
COSTEX 
COSTE X 
COSTE X 
COSTEx 
COSTEX 
COSTEx 
COSTEX 
COSTEX 
COSTE X 
COSTEX 
COSTEx 
COSTE X 
COSTEx 
COSTEX 
COSTE X 
COSTEx 
COSTEx 
COSTEX 
COSTEX 
COSTEX 
COSTEX 
COSTEx 
COSTE X 
COSTEX 
COSTEX 
tOSTEX 
COSTEX 
COSTEX 
COSTEX 
COSTEX 
COSTEx 
COSTEX 
COSTEx 
COSTEx 
COSTEx 
COSTEx 
COSTE X 
COSTEx 
COSTEX 
COSTEX 
COSTEX 
COSTEX 
COSTEx 
COSTEx 
COSTEX 
COSTEX 
COSTEX 
COSTE X 
COSTEx 
COSTEx 
COSTEX 

185 
186 
187 
188 
189 
190 
191 
192 
193 
lQ4 
195 
196 
197 
19B 
1 9 9 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
21R 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
23B 
239 
240 
241 

.. 



.. ~URROUTINE COSTEX OPT=1 

C 

PRI~T 11 
STOP 

11 F"(,!Rt.1AT(5X."NO MATCH FOR LINE" MATEi=lIAL") 
15 DO 20 J=I.13 

IGAGLI .. J 
IF"(AR5(GAGLIN-GAGLI(J)).LT .. OOl) GOTO 25 

20 C('!NTINUE 
Pi=lI'll 21 

21 F"OR ... AT(5X."NO MATCH FOR LINER GAGE") 
STOP 

25 Dr) 3(1 1(=1.7 
IF"I"lTY = K 
IF" (F"IIIJTVP .Ea. F"INTY (K)) GO TO 35 

30 CONTIIIJIjE 
PRI"T 31 

31 FOR ... AT(5X."NO MATCH F"OR TVPE OF" FIN") 
35 DO 40 Lel.2 

IF"I\jMA " L 
IF" (F"IN~AT .Ea. FINMA (Ll) GO TO 45 

40 CONTINUE 
PRI"ll ~1 

41 FOR"'AT(5X."NO MATCH F"OR F"IN MATEHIAL'" 
45 IF" (IFINTV .Ea. 7) GO TO 59 

DO 50 hl,6 
IQDLyN " I 
IF(ODL .LE. ODLINE(I)) GO TO 55 

50 CONTINUE 
PpINT 51 

51 F"OR"1i.T(5X."NO MATCH FOR OUTSIDE DIAMETER OF LINER") 
STOP 

55 CONTINUE 
IF"(IFlNTV .EO, 7) GOTO 59 
IF" (F"IRST) GO TO 59 

C..... F"INNED TUBE COSTS 
C 
C LINER TUBING COSTS 
C 

C 

C 
C 
C 

C 

LI"F> 
0('1 57 1=3.8 

IF"(ELENG.GE, !lO.I)) LI"I-2 
57 CONTiNUE 

F"=FI'" (!TUBMA, L I) 
AOOER=O.O 
IF(ITtlBMA.LT.5) ADDER" F 
IF"(IrUBMA.LT.5) ."1.0 
CLTC" (CLM(ITUBMA) • \TIL. CL(ITUBMA)' * F. ADDER 
PC. = 1.10 
CLTC .. CLTC*PCF 

FINNING COSTS 

59 PF" " 1;/(51'" • THFIN) 
G0TO (60.70. 8 0.90.100,110,105) • IFINTV 

06/05/78 07.59.59 

COSTEX 
COSTEX 
COSTEx 
COSTEX 
COSTEX 
COSTEX 
COSTEX 
COSTE X 
COSTEX 
CosTEx 
COSTEx 
COSTEx 
COSTO 
COsTEX 
COST EX 
COSTEX 
COSTEl( 
COSTEx 
COSTEX 
COSTEX 
COSTEX 
COSTEX 
COSTEl( 
COSTEX 
COSTEX 
COSTEx 
COSTEX 
COSTEx 
COsTEX 
COSTE X 
COSTEX 
COSTEx 
COSTEX 
COSTEX 
COSTEX 
COSTEx 
COSTEX 
COSTEX 
COsTEx 
COSTEX 
COSTEX 
COSTEx 
COSTEX 
COSTE X 
COSTEX 
COSTE X 
COSTEx 
COSTEX 
COSTEl( 
COSTEl( 
COSTEX 
COSTE X 
COsTEX 
COSTE X 
COSTEX 
COSTE X 
COsTEx 

242 
243 
244 
245 
2'>6 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
2 7 3 
274 
275 
276 
277 
278 
279 
260 
28 1 
282 
283 
21:i4 
265 
286 
287 
2BB 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 



<;l)8ROUTIN£ COsTEx OI'T=1 

C 
C 
C 

C 
C 

c 
c 

c 
C 

c 
C 

c 
C 

FIN \IIEIGHTs 

STRAIGHT F"IN 
60 OOR=ODL 

HF"cCDF"IN.ODR)/2,0 
\IIF" = 37 .69911.ROEF"CIF"INMA).THF"IN.ODL.PF"aHF" 
Gn TO 120 

F"OOTED FIN 
70 ODRzODL • 2 •• THF"IN 

HF" K cOF"IN-ODR)/2,O 
WSF" • 37.69911.ROEF"CIF"INMA).THF"I~.ODL.I'F".MF" 
\IIF" ~ \IISF".CSF"-I./PF").WsF"/HF" 
GO Tn 120 

DOUBLE F"OOTED F"IN 
BO ODR: ODL • 4,.THF"IN 

HF"=COF"IN.ODR)/2.0 
Wc;F" ~ 37.69911.ROEF"CIF"INMA).THF"lN.ODL.PF".HF" 
WF" • wSF"-CSF"-2,/1'F").wSF"/HF" 
Go TO 120 

E"'BEDDED F"IN 
90 ODR .. ODL 

HF"zCDF"lN.OOR)/2.0 
wSF" ~ 37,69911.ROEF"CIF"INMA).THF"INaODL.PF".Hf 
wF" ~ O~94.WSF" . 
GrTO 120 

EXTRUDED fINS 
100 CONTINI)E 

TR .; 0.035 
ODR.ODI. • 2,.TR 
HF"=CDF"IN.ODR)/2. 
WF"=37,69911· ROEF"CIF"INMA).CTHF"INaPF.HF"·CODR.HF").CODL.TR).TR) 
Go TO 120 . 

EXTRUDEO F"INS WITHOUT LIN~R 
IDS Tp a THKLINCIGAGLI) 

OrlR • nOL 
HF" • COF"IN-ODR) / 2. 
WF" =37~69911·ROEF"CIF"INMA).CTH~I"I.pF"aHF.CODR."!F") • IODL-TI') • TR) 
GOTO 120. 

I'LATE F"t"lS 
liD OOR.ODL.2 •• THF"IN 

APLATE • Xw.XD - 3.14159.0DR •• 2/4.O 
WF" .. 12,0.ROEF"CIF"INMA).CAPLATE.THFIN • 3,14159.0DR.ODR.THfIN/4,O). 

5 pF" 
AR .. 37,69911.0DL.PF".THF"IN 
G(\ TO 121 -

120 IF"CHF".GT.~AXF"H(IODLIN,IF"INTY,IF"INMA» PRINT lIS 
liS F"OR~ATI5X,IIHEIGHT OF" F"IN IS LARGER THAN TME MAXIMUM ALLOWABLE VA~U 

·E") 
IF" CT~FIN ,LT, STANF"TCIODLIN,IF"INTY,I» PRINT 116 

116 FOR~ATISX."F"IN THICKNESS IS LESS THAN THE SPECIF"IED LI~ITII) 
IF" CTMF"IN .GT. STANF"TCIOOLIN,IF"INTV.2» PRINT 117-

COSTEX 
COSTEX 
COSTEX 
COSTEX 
COSTEx 
COSTE X 
COSTEX 
COSTE X 
COSTE>. 
COSTEX 
COSTEx 
COSTEx 
COSTEX 
COSTEX 
COSTE X 
COST EX 
COSTD 
COSTEX 
COSTEX 
COSTEX 
COSTE X 
COSTEX 
COSTEX 
COSTE X 
COSTEx 
COSTE X 
COSTEx 
COsTEX 
COSTEX 
COSTEx 
COSTEX 
COSTEx 
COSTEX 
COSTEX 
COSTEX 
COSTE X 
COSTEX 
COSTEx 
COSTEX 
COSTEX 
COSTEx 
COSTEx 
COSTEx 
COSTEX 
COSTEX 
COSTEx 
COSTEX 
COSTEx 
COSTEX 
COSTEX 
COSTEx 
COSTEX 
COSTEX 
COSTEX 
COSTE X 
COSTEX 
COSTEX 

299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
32!l 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
34(\ 
3'+1 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 



• 
C::lJ9ROUTINE COSTEX OOT=l 

117 FelR"IAT(5X,IIFIN THICKNESS IS GREATER THAN THE SPECIFIED L.IMIT") 
IF (PF .LT. FPL(IODLIN,IFINTY,IFINMA)) PRINT 118 

lIB FOR"IATf5x,"FIN PITC~ IS L.ESS THA~ THE SPECIFIED LIMIT"1 
IF (oF .GT. FPH(IODL.IN,IFINTY,IFINMAII PRINT 119 

119 FOR"IAT!5X,"FIN PITCH IS GREATEP THAN THE SPECIFIED L.IMIT") 
121 CONTINUE -

IF (FIRSTI GOTO 125 
C 
C COST OF BONDING THE FIN TO THE TUBING - IF THERE IS NO 
C BONDING TO BE DONE, CF9 SHOUL.D BE EQUAL. TO Z~RO 

CFC = CF~(IFINTY,IFINMAI .. WF.(CF(IFINTYI.CFB"ABI 
C 
C PROTECTIVE COATING COSTS 
C 
C IF A PROTECTIVE COATING IS NOT WANTED, COATC IS SET 
C EQUAL. TO ZERO IN THE INPUT 
C 

C 
C 
C 

C 

C 

AS = ATOT .. EL.ENG .. Z .. NW 
CPCc • COATC·AS 

COST OF THE TUBING AND FINS PER fOOT 

TUBE SPACER COSTS 

CSC - ZINCC • 0.1 .. (xw ... ? - ODR-.?l • CASTC 

C .......... 
C 

END PREPARATION COSTS 

CEPREP = EPREPC 
C 
C· ........ TOTAL. COOLING SURFAC~ COSTS 
C 

C 
C 
C 

C 

CS = Z·NW"(FITCO.EL.ENG.CSC"(EL.ENG-,S.SSI/SS).CEpREP) 
CS .. cS .. POHBAF 

DEFINING THE CASE FOR THE HEADER 

1?5 IF (.NelT. FIRST) GOTO 145 
DO 130 1-1,4 
IHEJTY .. I 
IF (HEDTYo .EQ, HEDTY(I») GO TO 135 

130 CONTINUE 
PRINT 131 
STOI> 

131 FOR"IATI5X,"NO MATCH FOR HEADER TYPE"1 
135 DO 140 1-1,3 

IHEDMhI 
IF(HEnMAT.EQ,HEDMA(II) GO TO 142 

140 CONTINUE 
PRINT 141 
STOP 

141 FORMAT(5x,"NO MATCH FOR HEADER MATERIAL."1 
142 FIRST-;FA~SE, 

RnuRN 
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cosn:x 
COSTE X 
COSTEX 
COSTEX 
cOSTEX 
COSTEx 
cOSTEx 
cOSTEX 
cOSTEx 
COSTEx 
COSTEX 
cOSTEX 
COSTEX 
COSTEx 
COSTEX 
cOsTEX 
cOsTEx 
COSTEX 
cOSTEx 
CosTEx 
COSTEX 
cOSTEX 
cOSTEX 
COSTEX 
cOSTEX 
cOSTEX 
COSTEX 
COSTE X 
cOSTEX 
cOSTEX 
COSTEX 
cOSTEX 
cOsTEx 
cOsTEx 
COSTEX 
cOSTEx 
COSTEX 
cOSTEX 
COSTEX 
cOSTEX 
COSTEX 
COSTEX 
cOSTEX 
COSTE X 
COSTEx 
COSTEX 
COSTEX 
cosTEX 
COSTEX 
cOSTEX 
cOSTEX 
COSTEX 
COSTEX 
COSTEx 
COSTE X 
COSTEx 
COSTEx 

350 
357 
3se 
359 
360 
361 
362 
363 
364 
365 
366 
367 
3M3 
369 
370 
371 
372 
373 
374 
375 
376 
377 
37P 
379 
)80 
381 
382 
3~3 

384 
3B5 
386 
387 
381\ 
3B9 
390 
391 
392 
393 
394 
395 
39& 
397 
39B 
399 
400 
401 
40? 
403 
404 
405 
406 
407 
408 
409 
410 
411 
412 



OPT=1 06/05/78 07,59,59 

c ••• •• HEAD~R AND NOZZEL COSTS 
c 

C 
C NU~BER OF TU8ES PER BUNDLE 

HEDTUB ~ 12,O.Z.~BB/XW 

C 
C FLOw AREA PER TUBE BUNDLE ~ER PASS 

FA = 0;7A5398.DI.DI.HEDTUB/HXN~ 
C 
C HEADER SIZE ~ATERIAL COR~ECTION FACTOP 

F .. 5~RT(FA.O,S)/7,0 

C 
C N"MCiEP OF BUNDL.ES IN THE COO~ING TOWERS 

XNBUN • N~.X~/(12.0.IoIBB) 
C 
C NNM3EP OF TUSE RO~S PER PASS 

RP .. ZIHXNP 
C 
C HEADER DEPTH 

HD .. (XD.RP • 1,0).~XNP • 2,0.F.Tw 
C 
C HEADER WIDTH 

Hiol .. FA/(2,O-XD.RP • 1,0) 
C 
C LONGITUDINAL wELD FACTOR 

A • 4,0.(HXNP • 1.0) 
IF(yHEr:lTV ,EQ, 3 .ClR, IHEDTV .EQ, 4) A " 4,0.HXNP 

C 
C THICKNESS OF THE HEADER WALL 

C 

IF(TIol ,GT, 0,00) GO TO 146 
PpESS • 250,0 
TWA = U,500 • 0,0014.PRESS 
IF(IHED~A ,EQ, 2) TWA = 0,500 • O,0027.PRESS 
Tiol c TWA 

146 CONTINLlE 

C HoLE FACTOR 
8 .. 1,0 
IF"(IHEDTY ,EQ, 2 ,OR. IHEDTV ,E~, 4) B • 2,5 

C 
C COST OF NOZZEl AND ATTACHING 

CN .. 5;0 • 4,0.SQRT(FA/3,14159) 
C 
C COST OF" HEADERS 
C 

C 
C 
C 

CHP " CHMAT(IHEDMA).ROEHM(IHED~A'-(12,0.IoIBB.(4,O.HD • 2,0. 
• IHXNP • 1,O).HW) • 2,0·HXNP.F"A).F".T~ • CMW.(A.WB8 • (B,O.HD • 
• 4,O.(HX~I~ • 1,O).HW)/12,0) .-4,O.CBJ.(HD/12.0 • 1oI8B) • 
• CHH.R.HEDTUB • 4,0.CN.SQRT(FA/3,14159) 

CH .. CHP.XNBUN.POHBAF" 
IF (lolA ,GT, 14,0) PRINT 150 

150 F"OR~AT(Sx,I'THE SPECIFIED HEADER LEN~TH IS BEVOND THE PRACTICAL LI~ 
.IT") 

CilJNDlE STIF"F"NER COSTS FOR ~lATE F"IN BUNDLES 

COSTEX 413 
COSTEX 411.0 
COSTE X 415 
COSTEX 416 
COSTEX 417 
COSTE X 418 
COSTEX 419 
COSTEX 420 
COSTEX 421 
COSTE X 422 
COSTEx 423 
COSTEx 424 
COSTEx 425 
COSTEx 42b 
COSTE X 427 
COSTEx 428 
COSTEX 429 
COSTEX 430 
COSTEX 431 
COSTEX 432 
COSTEX 433 
COSTEX 434 
COSTEX 435 
COSTEX 436 
COSTEx 437 
COSTEX 438 
COSTEX 439 
COSTEX 440 
COSTEX .'>1 
COSTEX 442 
COSTEX 1.043 
COSTEX 44~ 

COSTE X 445 
COSTEX 41.06 
COSTE x 4q 
COSTEX 448 
COSTEX 449 
COSTE X 450 
COSTEX 451 
COSTEX 452 
COSTEX 453 
COSTEX 454 
COSTEX 455 
COSTEx 456 
COSTEX 457 
COSTEX 458 
COSTEX 459 
COSTEX 4bO 
COSTEX 461 
COSTEX 402 
COSTEX 463 
COSEX .04 
COSTEX 465 
COSTEx 466 
COSTElI 467 
COSTE X 468 
COSTEX 469 

.. 



• 
~U8ROUTINE COSTEX OPT:1 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 

C···· 
C 

C 

IF'IIFJIIITY .NE. 6) GO TO 160 
C5P • e~8S.IXW.HD/Z).TS~.ROEHM(IHEDMA) • CSH 
N~ECT • ELENG/SEGL 
CSTIF • CSP.(ELENG/SS).HEDTUB·X~BUN.POHBAF 

SECTION JOINT COST 

C5J = 12.0.ICPSJIIHEDMA).IXW·HO/Z).TW.ROEHMIIHEOMA) • CSHP). 
• HEaTUS • 2.0.CBJ.IHD/1Z.0 • WBB) ).NSECT.XNBUN.POHBAF 

RIJNDLE FRAME COST 

ALUMINUM DRAIN PLATE COSTS 

WP : 4.0 
TP = 0.Z50 
COP: CP8S.ROEHM(Z).ELENG.WP.IZ.0.TP.XNBUN.POHBAF' 

RIINDLE ASSEMBLY COST 

C~A • (CRJ • CWJ).HEDTUB.NSECT.XNBUN.POHBAF 
CA • Cf4A • CVF 

TOTAL COST OF THE PLATE FINNED HORIZONTAL HEAT EXCHANGER 

CHX • CS • CH • CSTIF • CSJ • CVF • COP. CBA 
GO TO 110 

C· •• •• 
C 

BUNDLE ASSEMBLE AND FRAME COSTS 

C 

C 

C 

C 

160 C(1NTINUE 
CA = HEDTUS.ICRJ • CWJ) • 20.0.ELENG.IZ.O • WBB/IZ.O.SS,). 

• ~QRT(Z/6.01·CST 
CA • CA • XNBUN • POHBAF 

TOTAL COST OF VERTICAL HEAT EXCHANGER BUNDLE 

CHX • CA • CH • CS 

WEIGHT OF HEAT EXCHANGER 

C MATERIAL TUBE WEIGHT OF THE COOLING TOWER 
170 WTTUB • Z.NW*ELENG.IWL • WF) 

C 
C MATERIAL HEADER WEIGHT OF THE COOLING TOWER 

WTHnR • ROEHMIIHEDMAI·TW.IZ4,0·,WBB·IHW • HO) • 1Z.0*HW*HDI • 
• FA,.XNRUN . 

C 
C T~TAL FRAME WEIGHT OF THE HEAT EXCHANGER 

WTFQM. 20.0*ELENG.IZ.0 • WBB/IZ.0.SS»*SQRTIZ/6.0).XNBUN 
C 
C TOTAL WEIGHT OF WATER IN THE HEAT EXCHANGER 

TUBVOL = Z.NW.ELENG.3.14159.DI.ol/1144.0.4.0) 
HEDVOL = Z.O·HO.HW*WBB/14 4 .0 • XNBUN -
WATERW • TUBVOL.DENSIV • IHEDVOL/Z.)*DEN5!W • IHEDVOL/Z.)*OEN5IV 
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CDsTEX 
COSTEX 
COSTE X 
COSTEx 
COSTEX 
COsTEx 
COsTEX 
COSTE X 
COsTEx 
COST EX 
COSTEX 
CDsTEX 
COsTEX 
COSTEX 
COSTEX 
COsTEX 
COSTEX 
CosTEX 
COsTEX 
COSTEX 
COSTEX 
COSTEX 
COsTEX 
COST EX 
COSTE X 
COsTEX 
CosTEX 
COSTEX 
COSTEx 
COSTEX 
COSTEX 
COSTEX 
COsTEX 
COSTEX 
COsTEx 
COsTEX 
COsTEX 
COsTEX 
COsTEX 
COsTEX 
COSTEX 
COsTEX 
COsTEX 
COSTEX 
COsTEX 
COSTEX 
COsTEX 
CDSTEX 
COsTEX 
COSTE X 
COsTEX 
COsTEX 
COSTEX 
COsT::X 
COsTEX 
CDsTEX 
COSTEX 

410 
411 
412 
413 
414 
415 
416 
477 
418 
419 
460 
481 
482 
483 
484 
485 
4H6 
487 
4BB 
489 
490 
491 
492 
493 
494 
495 
496 
497 
49A 
499 
500 
501 
502 
503 
504 
505 
506 
507 
50B 
509 
510 
511 
512 
513 
514 
515 
516 
511 
518 
519 
520 
521 
52Z 
523 
524 
525 
526 



~UBROUTINE COSTEX OPhl 

c 
C 

C 

~EIGHT or THE HEAT EXCHANGER 
wHX • WTTUB • WTHDR • WTrR~ 

06/05/78 07.59.59 

COST~X 
COSTEX 
COSTEX 
COSTEX 
COSTEX 
cosn:x 

527 
528 
529 
530 
531 
532 

• 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

14174 OPT"1 06/05/18 07.59.59 

SUBqOUTINE DELBAW 

SUBROUTINE DELBAW CALCUALTES THE HEAT TRANSFER AND THE WATER 
EVAPORATED FOR A DELUGED HEAT EXCHANGER. THE BAND W 
COMPUTATIONAL METHOD IS USED. THE DRIVING FORCE 
U~ED TO CALCULATE THE HEAT TRANSFER ts THE ENTHALPy 
taTU/LS OF DRY AIR) AS IS COMMONLY USED IN wET TOWER 
OESIGN METHODS. ALL CONDUCTIVE AND CONVECTIVE TERMS ARE 
APPROPRIATELY TRANSFORMED FROM- A LINEAR TEMPERATURE 
OEPENDENCE TO A ENTHALPIC DEPENDENCE, 

SUBROUTINE OELBAW OBTAINS THE HEAT TRANSFER By TA~ING 
T~E AVERAGE OF THE NUMBER OF TRANSFER UNITS AT THE LEADING 
EDGE AND AT THE TRAILING EDGE OF THE HEAT EXCHANGER AND 
CALCULATING A HEAT EXCHANGER EFFECTIVENESS. -THIS EFFECTIVE~ 
NESS IS THEN USED TO DETERMINE-THE HEAT TRANSFERRED AND THE 
OUTLET TEMPERATURE OF THE AIR. THE EVAPORATION RATE OF 
WATER IS OBTAINED FROM THE CHANGE IN ABSOLUTE HUMIDITY OF THE 
AIR AND FROM THE MASS FLOwRATE OF THE AIR, -

THE COMPUTATION OF THE EXIT CONDITIONS OF THE AIR 
EXITING THE HEAT EXCHANGER IS ~ONDUCTED BY SUCCESSIVE 
APPROXIMATIO"lS. 

A NOMENCLATURE OF SOME OF T~E MORE FREQUENTLY USED 
TERMS FOLLOWS. 

AB 
AF 
AHI 

AHIN 

AHLVC; 

AHWB 

AlI 
ArM 
AW 
8ETAF 
BETAI 
CSI 

CSIN 

CSLVG 

CSlliB 

01 
ODL 
EFF 

- AREA OF THE TUBES BETwEEN THE ~INS, SO. FT. 
- AREA OF THE FINS, SQ. FT. 
- ABSOLUTE HUMIDITY OF SATURATED AIR AT THE 

TUBESIDE TEMPERATURE, LB OF WATER/LB OF AIR 
- ABSOLUTE HUMIDITY OF THE AIR ENTERING THE 

HEAT EXCHANGER, LB. WATER/LB. AIR 
• ABSOLUTE HUMIDITY OF THE AIR LEAVING THE 

HEAT EXCHANGER, LB OF WATER/LB-OF AIR 
- ABSOLUTE HUMIDITY OF SATURATED AIR AT THE 

WET ~ULB TEMOERATuRE, LB OF WATER/LB OF AIR 
TUBESIDE AREA, SQ. FT. -

- BAROMETRIC PRESSURE, ATMOSPHERES 
• AVERAGE TUBE WALL AREA, SQ. FT~ 
- AIR SIDE FDULING COEFFICIENT, STU/HR.SQ.FT •• F 
- TUSESIDE FOULING COEFFtCIENT, BTU/HR.SQ.FT •• F 
- HEAT CAPACITY OF SATURATED AIR AT THE TUBESIDE 

TEMPERATURE, BTU/LB. OF DRY AIR_F 
HEAT CAPACITY OF THE AIR ENTERI"IG 
THE HEAT EXCHA"IGER, BTU/LA OF DRy AIR-F 
HEAT CAPACITY OF THE AIR LEAVING THE HEAT 
EXCHANGER, BTU/LB. OF DRY AIR-F 
SPECIFIC HEAT OF SATURATED AlP-AT THE WET 
BULB TEMPERATURE, BTU/LB OF DRY AIR-nEG F 
INSIDE DIAMETER OF TUBE, FT. 

- ouTSIDE DIAMETER OF TuBE LINER, FT. 
• DELUGED HEAT EXCHANGER EFFECTIVENEss 

DELBAW 
DELBAW 
DELElAW 
DELBAw 
DELBAW 
DELBAW 
DELBh' 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
DELRAIoi 
DELBAW 
DELBAW 
DELBAW 
DELAAW 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
DELBAlri 
DELBA\JI 
DELBAW 
DELBAW 
DELBh' 
DELBh/ 
DELBAW 
DELBAW 
DELBAW 
DELBAw 
DELBAW 
DELBAW 
DELBAlri 
DELBAW 
DELBAW 
DELBAIrI 
DELBAW 
DELBA\JI 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
DELBA\JI 
DEL8AVi 
DELBAloi 
DELBA .. 
DELBAw 
DELBAw 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2S 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 



c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
C 

OPh1 

(EQUAL TO T~~ DIFFERENCES BETWEEN T~E ENTHALPY 
OF THE EXITI~G AND ENTERING AIR DIVIDED BY TH~ 
DIFFERENCE BETWEE~ THE ENTHALPY OF SATURATED 
AIR AT THE TUBESIDE TEMPERATURE AND THE 
ENT~ALPY OF THE ENTERING AIR), DIHENSIONLESS. 

FDO - QUANTITY USED FOR CONVERGENCE TEsT, EQUAL TO 
THE DIFFERENCE IN THE WATER EVAPORATION RATE 
COMPUTED BY THE CURRENT AND BY-THE PREVIOUS 
ITERATION, DIVIDED BY THE WATER EVAPORATION 
RATE COMPUTE~ By THE CURRENT I!ERATIO~, 
DIMENSIONLESS, 

HD - METAL TO DELUGEATE HEAT TRANSF~R COEFFICIENT, 
BTU/HR-SQ,"T •• F -

HI - TUBES IDE HEAT TRANSFER COEFFICIENT,BTU/HR-S~. 
FT,-F 

ppI - PARTIAL PRESSURE OF WATER AT SATURATION AT THE 
TLJBESIDE TEMPERATURE tIN. HG. 

PPIN - PARTIAL PRESSURE OF WATER IN THE ENTERING 
AIR, IN. HG. 

PPLVr, - PARTIAL PRESSURE OF WATER IN THE AIR LEAVING 
THE HEAT EXC~ANGER, IN, HG. 

PPWB - PARTIAL PRESSURE OF WATER AT THE WET BULB 
TEMPERATURE (iATURATED CONDITIONS) IN. HG. 

PSATIN - PARTIAL PRESSURE OF SATURATED AIR AT THE 
TEMPERATURE OF THE ENTERING AIR, IN-HG 

QSEC - HEAT TRANSFER RATE, LB/HR. 
OSEC1 - HEAT TRANSFER RATE COMPUTED BY CURRENT 

ITERATION, LB/HR. 
QSEC2 - HEAT TRANSFER RATE COMPUTED BY PREVIOUS 

ITERATION,-LB/HR. 
RHIN - RELATIVE HUMIDITY OF THE AIR 

ENTERING THE ~EAT EXCHANGER 
RHLVG - RELATIVE HU~IDITY OF THE AIR LEAVING THE 

HEAT EXCHANGE~ 

RHOUT ~ RELATIVE HUMIDITY OF THE EXITING AIR, 
DiMENSIONLESS 

RII - ENTHALPY OF T~E SATURATED AIR AT THE TUAESIDE 
TEMPERATURE BTU/LB. OF DRy AIR-

RIIN - ENTHALPY OF THE ENTERING AIR, BTU I LB 
OF DRy AIR 

RIL - ENTHALPY OF THE AIR LEAvING THE HEAT 
EXCHANGER, BTU/LB OF DRy AIR 

RILOUT - ESTIMATE OF THE ENTHALPy OF THE AIR LEAVING 
THE HEAT EXCHANGER, BTU/LB OF DRY AIR 

RILVG - ENTHALPY OF THE AIR LEAVING THE HEAT EXCHANGER, 
BTU/LB OF DRy AIR -

RIMAX - ENTHALPY OF SATURATED AIR AT TMAX, BTU/LB 
OF DRy AIR 

R!MIN • ENTHALPY OF S~TURATED AIR AT THIN, BTU/BL 
OF DRy AIR-

RIWB - ENTHALPY OF SATURATED AIR AT TWBIN, BTUILB 
Or: DRy AlP 
LB/HR 

RKW - THERMAL COND~CTIVITY OF T~E TUBE WALL' BTU/HR-
SO.FT,-F/FT. 

PMA - MASS r:LOw RATE OF AIR, LB/HR 

DELBAW 
DELBh 
DELSAw 
DELflAW 
DELBAIoi 
DELBAW 
DELBAw 
DELSAW 
DELBA'" 
DELBAW 
DELSAw 
DELBAIoi 
DELBAW 
DELBAw 
DELBA .. 
DELBAw 
DELBAIoi 
DELBAw 
DELBAW 
DELBAw 
DELBAIri 
DELSAW 
DELBAw 
DELBAW 
DELBAIoi 
DELBAIoi 
DELBAIoi 
DELBAW 
DELBAW 
DELBAW 
DELSAw 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
DELBAIo 
DELBAW 
DELBAW 
DELBAw 
DELBAIoi 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
DELBAiII 
DELBAW 
DELBAW 
DELBAw 
DELBAW 
DELBAW 
DELBAW 
DELBh 

59 
bO 
61 
62 
63 
b4 
65 
6b 
~7 
bB 
69 
70 
71 
72 
73 
H 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
8~ 

67 
B8 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

IDe. 
101 
102 
103 
104 
105 
106 
107 
lOB 
109 
110 
1 1 1 
112 
113 
114 
115 
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• 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

OPT=l 06/05/78 07.59.59 

LOGICAL 
LoGICAL 
COM~ON 

RMEVAP - WATER EVAPORATION RATE, LB/HR 
~MEVAP1- WATER EVAPORATION RATE COMPUTED DURING CURRENT 

ITERATION, LS/HR 
RMEVAP2- WATER EVAPORATION RATE COMPUTED DURING PREVIOUS 

ITERATION, LB'HR 
RNTUAV - ARITHMETIC AVERAGE OF THE NUMBER OF (DELUGE) 

TRANSFER UNITS AT THE LEADING AND AT THE 
TRAILING EDGE OF THE HEAT EXCHANGER, 
DIMENSIONLESS 

RNTUIN - NUMBER OF (DELUGE) TRANSFER UNITS AT THE 
LEADING EDGE OF THE HEAT EXCHANGER, 
DIMENsIONLESS 

RNTULV - NUMBER OF ~DELUGE) TRANSFER UNITS AT THE 
TRAILING EDGE OF THE HEAT EXCHANGER, 
DIMENsIONLESS . 

SIGIN - TUBESIDE TO AIR MASS TRANSFER COEFFICIENT 
EVALUATED FOR CONDITIONS AT TH~ LEADING EDGE 
OF THE HEAT EXCHANGER, LB MASSiSQ.FT,-HR 

SIGLVG - TUBESIDE TO AIR MASS TRANSFER COEFFICIENT 
EVALUATED FOR CONDITIONS AT THE TRAILING 
EDGE OF THE HEAT EXCHANGER, -
LB. OF DRY AIRISQ.FT.FT_HR 

SIGMA - MASS TRANSFER COEFFICIENT BETWEEN THE DELUGEATE 

T 
TAIN 

TAL 

TEST 

THW 
TI 
TMAX 

TMIN 

TOUT 

AND THE AIR, LB. OF DRY AIRISQ~FT.-HR. 
- TEMPERATURE, DEG. F. 
- TfMPERATURE OF THE AIR ENTERING THE HEAT 

EXCHANGER, F . 
- TEMPERATURE OF THE AIR LEAVING THE HEAT 

EXCHANGER, F - . 
- ESTIMATE OF T~MPERATURE USED AS AN A FIRST 

APPROXIMATION BY SUBROUTINE TCAlC 
- TUBE WALL THICKNESS,FT. 
- TUBESIDE TEMPERATURE 
- MAXIMuM TEMPERATURE ALLOWED DUE TO CONSTRAINTS 

UPON THE ANALOGy UPON WHICH TH~ HEAT TRANSFER 
CALCULATION IS BASED,F 

- MINIMUM TEMPERATURE ALLOWED TO PREVENT 
POSSIBLE INSTABILITIES WITHIN THE 
SUBROUTINES, F . 

- TEMPERATURE OF AIR LEAVING THE HEAT EX_ 
CHANGER, DEG.r: 

TWBIN - WET BULB TEMP~RATURE OF THE AIR ENTERING THE 
HEAT EXCHANGER, DEG. F 

FRST1, FRST2, FRST3 
FIRST,FRST,FXTEMP,FXTVAR,FXTTTD,FXTLNG 

$ AFTR. ALPHA, ANG(31 
•• BPLP4(l61 
$ .CAPF, CSSPKW, CONF, CONL, COSTL, CAPCHG, CONMAT, CON~A?,CAF 
$ ,CBJ' CTURR, CDANG, CLUVR, CHAILS,-CVM 
$ ,DFIN,DEEPL,DESVEL,DESVELV,DESVELD,DENSIF 
$ ,EFFP, EFS • 
~ ,FCR,FIRST,FIXL,FCOS,FFHX,FXTEMP,FACTOR,FRST,FACTORD,FSHOT,FDELUG 
$ ,FIXV,FIXTTD,FXTVAR,FxTTTD,FXTLNG 
$ ,GgEFF 
$ ,HXNP,HPCST,HCD 
~ ,ITMAX, ITMIN 

DELBh 
DELBAw 
DELBAW 
DELBAIri 
DELBAw 
DELBAIo/ 
DELBAW 
DELBAW 
DELBAw 
DELBAW 
DELBAW 
DELBAw 
DELBAW 
DELBAIo' 
DELBAW 
DELBAIo' 
DELBAw 
DELBAW 
DELBAJI 
DELBAW 
DELBAW 
DELBAw 
DELBAJI 
DELBAW 
DELBAw 
DELBAW 
DELBAIri 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
DELBAw 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
DELBAIIII 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
BIGCD"I 
BIGCDM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
I:IIGCOM 
BIGCOM 
BIGCO"l 
B IGCOM 
BIGCOM 

116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
HE! 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 



5 ,J~(')NS 
5 ,KC~NV. KALEXT 
5 ,"II/EXT 
$ ,NTA,NSIDES,NBUNHI 

COMI.ION 
5 (lD~ 

S ,PsYlE. oER, PWCOS, PLANC, P~ACT, POMDPL 
S ,POHBAr, POH~AN. POHLEC, POHCIR, POHCND. PDHSTC, POHSCL 
, , ~80,REDUCE, REDUCV, RDO~L' RHOUT 
S • O~EJ, QREDUCE, QREDUCV 
S ,SIr,"UG, SAA~, SEGL 
$ ,TD, TP(l(4), TE~~, TLIM, THFIN, TLPRA, T~IX 
S ,Ten, hi 
s ,UCS, U\oIS 
! ,WI"V. \oIATCONA, WATCOST 
S ,VAStS) 
S ,X"EPA, XW, XD 
C~MI.ION/DLUG/TAIN,TWBIN.TI,ATM,HI,SIGh\A,RMA,QSEc,Rh\EVAP,VALREQ 
C~Mh\ON/HXD/AI,ATOT,SFA,R~A,ACS 

COMI.I~N/DJg/DI'XDG,S~ 
C~MMON/SUR~EX/ODL,DUMLST(15) 
COMMON/COUNT/NSLOPE,~RST3 
COMMON IWETDRYI NCYCLE,T~AX,Rlh\AX,TMIN,RIMIN 
COMMON/RPRT4/R4(672),RR(3) 
COMI.ION/C~NS/HD,8ETA~,BETAI,A8,A~.AII,AW.THW,RKW 
Dno\~NstoN TAL(10),RIL(10) 
~p(~H,T) = RH_29,92a(O.000203a«(T • 32.)/1.8)==2 

• - o.Ollg=(T - 32.)/1.8 • 1.095) 
• .EXo( - 0.000426 a ((T - 32,)/1.8)==2 
• • 0.082ge(T • 32.)/1.8 _ 5.163) 

C ~P(RH.T).RHeEXP(17.168.9240./(T •• 60.» 
~AH(P,ATM).pele.02/(ATM=29.92-Pj=28.97' 
~CS(AH)=.24 •• 4SeAH 

C 
C 

C 
C 
C 

~pI (CS,T.AH)=CS-T.l094,=AH 

~RSTi •• T, 
~RST2 •• T. 
N[')BUG" = 0 
PHLVG = RHOUT 
HD .. HCD 
A!< .. RF"AeVALREQ 
A~ .. SI:"AeVALREa 
All = AleVALREQ 
THW • IDDL - DI)/12. 
Rj{W ,; CONL 
A\oI .. (DOL. DI)/24.=VALREQe3.14159 

THE INPUTS TO DELBAw ARE PRINTED. 

I~(NMUG6.EQ.l) WRITE(0.150) 
150 FORMhTllX,IITAIN,TWAIN,TI.ATM.RHL"'G.HD'BETA~.ABII.I'lX. 

C 

$" A~ • AI , HI. T H". RK W • 5 I G MA ,RMA • "' ETA I " , I, I X. II A 101" 0111 ) 
I~(NDBUG6.Ea.l) WRITE(6.200) TAIN,TWBIN,TI,ATh\,RHLVG.HD.BETA~'AB, 
lA~'A!I,HI,THW.RKW,SIGh\A'RMA.BETAI,AW 

200 ~nRMATllHO,lP8El1.3111X,8El1.3111X.8El1.3 

.. 
06/05/79 07.59.59 

BIGCDhI 15 
... 

BIGCOM 16 
BIGCDM 17 
BIGCOM 18 
BIGCDM 19 
BIGCOM 20 
BIGCD'I 21 
BIGCDM 22 
BIGCOM 23 
BIGCOM 24 
BIGCDM 25 
BIGCDM 26 
BIGCDM 27 
BIGCDM 28 
BIGCDM 29 
BIGCDM 30 
BIGCOhl 31 
DELBAW 161 
DELBA" 162 
DELBh 163 
DELBAw 164 
DELBAW 165 
DELBAW 16t> 
DELBAW 107 
DELBh' 16B 
DELBAW 169 
DELBAlri 170 
DELBAW 171 
DEL8AIoi 172 
DELBAw 173 
DELBAw 174 
DELBAW 175 
DELBAW 17b 
DELBh 177 
DELBA\oI 178 
DEL.BAW 179 
DELBAW IBO 
DELBA\oI 181 
DELBAW 192 
DELBA ... 183 
DELBh; 184 
DE1..8AW 185 
DELBAr.' 18b 
DEL8AW 107 
DE1..Bh IB8 
DELBAW IB9 
DELBAW 190 
DELBAW 191 
DEL8A\oI 192 
DELBAIo/ 193 
D[L8Aw 194 
UELBAIo 195 
DELBAW 1% 
DELBA .. 197 
DELBAW 198 
DELBAW 199 
DELBAri 200 



• 
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c 
C 
C 
C 

C 
C 
C 

C 

C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 

C 
C 

T~E ~INIMUM AND MAXIMUM TE~PERATURES wITH THE cORRESPONDING 
ENTHALPIES ARE COMPUTED IN SUBROUTINE LIMIT. 
IF TAIN LIES OUTSIDE THESE BOUNDS THE COMPUT~TION IS ABORTED. 

IF(FR~T) CALL LIMIT(ATM,TMAX,RI~AX,TMIN,RIMIN) 
FPST c .F. -
IF(TAIN.LE.TMIN .OR. TAIN.GE.T~AX) WRITE(6,5) TAIN 
IF(TI.LE.TMIN .OR. TI.GE.TMAX) WRITE(6,7) TI 
IF(TI.LE.TMIN.OR.TI.GE.TMAX) KeDNV = 1 
IF(TAIN.LE.T~IN.OR.TAIN.GE.TMAX) KCONV = 1 
IF (l(cI')PlJV.EQ.I) RETURN 

5 FOPMAT("OTAIN IS LESS THAN TMIN OR GREATER THAN TMAX IN DELUGE I. 

5 ,"TAIN"'''tlPE13.5) -
7 FClR~AT("OTI IS LESS THAN TMIN OR GREATER THA'J TMAX IN DELUGE. " 
5,"Tl:",IPE13.5) 

PROPERTIES OF THE INLET AIR ARE COMPUTEn. 

PPWq:FP(I.,TWBIN) 
AHW9: FA H(PPWR,ATM) 
CC;WR=FCS(AHWB) 
PIW~=FRI (CSWB,TWBIN.AHW8) 
RII",.RIWI? 
AHI'J=(PIIN-.24.TAIN)/(.45·TAIN·I094.) 
CsI",=.24 •• 45.AHIN 
PPIN~(AHIN.ATM.866.78240)/(16.02.AHIN·28.97) 
T = TAtN 
PSATyN .. 29.92.(0.000203.«T - 32.)/1.8) •• 2 

• - o.OllS.(T - 32.)/1.8 • 1.095) 
• .ExP( - 0.000426.«T - 32.)/1.8) •• 2 
• • O.O~2~.(T - 32.)/1.8 • 5.163) -

PSATINaEXP(1 7 .168.9240./(TAIN.460.» 
PHI N=PPIN/PSATIN 

THE HEAT TRANSFER COEFFICIE~T AT THE LEADING EDGE IS COMPUTED 

PPlcFPIl.O.TI) 
AHI",FAH(PPI.ATM) 
CSlarCS (AHI> 
PII=FPI(CSI,TI,AHI) 
CALL SIGBAW(TArN,RIIN.ATM,HD.BETAF.A~.AF.AII.AW,Hl.BETAI, 

5THW,RKW,TI,RII,SIGMA.SIGIN,FRSTl,KCONV,O) 
IF(I(Cn"'V.EQ.l) RETURN 

THE NUMBER OF HEAT TRANSFER UNITS (BASED ON ENTHALPY DRIVING 
FOPCE) BASED ON CONDITIONS AT THE LEADING ED~E ARE COMPUTED. 

RNTUINcSIGIN·(AB·AF)/RMA 
N = 6 

ESTIMATION THE EXIT TEMPERATURE AND ENTHALPY OF THE AIR 
LEAVING THE HEAT EXCHANGER 

IF('JSLnPE .LE. 2) GO TO 90 

TEIo4PERATURE 
TA3 = TAIN 

DELBAW 
OELBAW 
DELBAW 
DELBAW 
DELBAW 
DELBAw 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
DELBh 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
OELBAW 
DELSAW 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
DEU:~AW 
DELBAw 
DELBAW 
DELBAW 
DELBh 
DELBAW 
DELBAw 
OELBAW 
DEL8AW 
DELBA~' 

DEL8A'" 
DELBAW 
DELBAW 
DELBAW 
DELBh 
DELBAw 
DELBAW 
DELRAW 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
DELBAw 
DELBAW 
DELBAW 
OELBAW 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
DELBAW 

201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
2~0 
251 
252 
253 
254 
255 
256 
257 



~U8~oUTINE DEL8A~ O~T=l 

C 

SLO~E • (TOUT2 • TOUT1)/(TA2 - TAl) 
TOUT3 • TOUT2 • SLOPE.(TA3 - TA2) 
TOUT • TOUT3 

C ENTHAL~Y 

C 

RILOUT E ~ILOUl 
GO TO 110 

90 C("INTyNUE 
IF'("lSLO~E .LE. 1) GO TO 100 

C TEMPE~ATU~E 
TOUT II: TOUT2 

C 
C ENTHALPY 

C 

PILOUT II: ~ILOUl 
GCl TO 110 

100 EF'F ~ 1.0 - EX~(-RNTUIN) 
PI LOUT ~ ~IIN • EFF.(RII • RIIN) 
TEST = TAIN • 0.6*(TI • TAIN) 

C TE~PERATURE OF THE AIR LEAVING THE HEAT EXCHANGER OBTAINED 
C FRO~ TCALC (FROM A KNOWLEDGE OF ENTHALPY OF THE EXITING AlP). 
C 

C 

CALL TCALC(RILOUT,RHLVG'AT~,TEST.TDU~'"DLG AOUT ",KCONV) 
IF'(KCO~V.EQ.l) RETURN 
TOUT a: TDUM 

11 0 CONTI NUE 
IF'("lDRUG6.EQ.l) 

lWRITE(6,.10) TAIN,TA1,TA2,TA3,TOUT1,TOUT2.TOUT3,SLOPE,RILOUT 
410 FOR~AT(SX,"TAIN.TA1,TA2;TA3,TOUT1,TOUT2,TOUT3,SLOPE,RILOUT", 

·/lPeE14.5,/l PE14.5/) . . 
IF'(IIIDAUG6.EQ.l) 

lW~ITE!b,460) RNTUIN,EFF.RIIN,RII.RILOUT,TAIN,TI,TOUT 
460 F'OR~~T!5X,"RNTUIN,EFF,RIIN'RII,RILOUT'TAIN,TI,TOUT",/5X, 

.lPBE:14;4/) 

C PR("IPERTIES OF EXITING AIR COMPUTED. 
C 

C 

PPLVG·F~(RHLVG,TOUT) 
AHLVG.FAH(~PLVG,ATM) 
C!;LVGII:FCS(AHLVG) 
RILVG.FRI(CSLVG,TOUT,AHLVG) 

C STA~T OF ITERATION LOOP FOR EXITING CONDITIONS 
C 

c 

10 C("INTINUE 
N .. N • 1 
TAL("l) II: TDUM 

C THE HEAT TRANSFER COEFFICIENT AT THE TRAILING EDGE IS 
C COMPUTED. 
C 

CALL SIGRAW(TOUT,RILVG,ATM,HD,9ETAF,AB,AF',AII,AW,HI,BETAI, 
STHW,RKW,TI,~II,SIGMA,SIGLVG,FRST2,KCONV,1 . 

IF(KCONV.EQ.l) RETURN . 
C 
C THE NUMBER OF HEAT TRANSFER UNITS BASED ON CONDITIO~S AT THE 

DELBAW 
DELBAIi 
DELBAw 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
DELBAW 
DELBAwi 
DELI:IAW 
DELBAW 
DELBAwi 
DEL8AIrI 
DELAAlrI 
DELBA\< 
DELBAlli 
DELBAlli 
DEL,BAW 
DELBhl 
DELBAW 
DELBAW 
DELBAJI 
DELFlAW 
DELBAW 
DELBAW 
DELBh' 
DELBAW 
DELBAIrI 
DELBAIrI 
DELBAW 
DELBAW 
DELBh 
DELBAW 
DELBAW 
DE~BAW 
DELBAW 
DELBAW 
DELBAW 
DEL8AwI 
DELBAW 
DELBAwi 
DELBAIrI 
DELBAw 
DELBhl 
DELBAwi 
DELBAW 
DELI:IAw 
DELBAW 
DEU!AW 
DELBAW 
DELBAIrI 
DELBAW 
DELBAW 
DELBAW 
DELBAIII 
DELBAlr/ 
DELBAW 
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259 
260 
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262 
263 
264 
26S 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
2"0 
281 
282 
283 
284 
285 
286 
287 
28B 
289 
290 
291 
292 
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294 
295 
296 
2en 
298 
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304 
305 
30b 
307 
30B 
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310 
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C 

C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 

C 
C 

C 
C 
C 

TRAILING EDGE IS COMPUTED. 
RNTULV·SIGLVG*(AS.A~)/RMA 

TME AVERAGE NO. O~ HEAT TRANS~ER UNITS IS CALCULATED. 

RNTUAVD(RNTUIN.RNTULV)/2. 

T~E ENTHALPY AND TEMPERATURE Of THE AIR EXITING THE 
HEAT EXCHANGER IS COMPUTED. 

E~~ ",l;-EXP(-RNTUAV) 
RILVG.PIIN • E~~*(RII-RIIN) 
RILIN).RILVG 
TEST .. TDUM 
CALL TCALCIRILVG,RHLVG,ATM,TEST,TDUM,"DLG TALIN)",I(CONV) 
I~(I(CONV.EQ.l) RETURN 
TOUT '" TDUM 
TALIN)·TDUM 

PROPERTIES O~ EXITING AIR ARE COMPUTED 

P~LVG • ~PIRHLVG,TOUT) 
AHLVG • ~AH(PPLVG,ATM) 
CSLVr, .. ~CS(AHLVG) 
I~ IN ,EQ. 1) QSECI E RMh IPILVG R RI IN) 
I~ ('J .EQ. 1) RMEVAI E RMA* IAHLVG - AHIN) 
I~I'J .EQ. 1) GO TO 10 

T~E HEAT TRANSFER AND WATER EVAPORATION O~ THE HEAT EXCHANGER 
IS COMPUTED. 

QSEC2 .. (,)SECI 
PMEVA2 .. RMEVAI 
QSECi .. RMA*(RI~VG - RIIN) 
RMEVAI .. RMA*IAHLVG - AHIN) 

T~E CHANGE IN HEAT REJECTED AND WATER EVAPOR~TED ~~OM THE 
PREVIOUS ITERATION. 

FOG E ARS(QSECI - QSEC2)/QSEC1 
~DM • -SSIPMEVAI - RMEVA2)/RMEVAI 
I~ I'JDRIJG6.EQ.1) WRITE (6,280) 

280 ~OR""ATIIX,IIN'TALIN) ,RILIN) .~DQ'FD"I.E~F",RNTuI'J,RNTULV") 
I~ I"JDBUG6.EQ.l) WRITE (6,300) N,TAL IN) ,RIL IN) ,~DQ,~DM,EF~,RNTUIN. 

lRNTULV 
300 FORMAT!l)(,II~ROM DEL SAW 53001l,I5,TE1~.1//) 

PROTECTION AGAINST EXCESSIVE NUMBEP O~ ITERATIONS. 
I~('J.GE.IO)WRITEI6,350)N 

350 FOR .... AT(IIUPPER ITERATION LIMIT REACHED IN DE~UGE NEil IS) 
I~P.J .GE. 10) KCONV .. 1 
I~I"J .GE. 10) RETURN 

CONVERGENCE CRITERIA USING ~EAT REJECTED AND MASS FLOW 
RATE OF WATER EVAPORATED. 

I~(~D(') .GT. 0.001 .OR. FDM .GT. 0.001) GO TO 10 
360 CONTINUE 

DELBAW 
DEUlAIoi 
DELSAIO 
DELBAW 
DELBAIO 
DELBhl 
DEL8AIO 
DELBAIoi 
DELBAIoi 
DELBAW 
DELBhl 
DELBAW 
DELSAW 
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DEL SAW 
DELSAW 
DEL~AW 
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DELSAW 
DEUlAW 
DELRAW 
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DELSAW 
DELSAW 
DELSAW 
DELBAW 
DELSAW 
DELBAW 
DELSAW 
DELBAIoi 
DELSAW 
DELSAW 
DELSAW 
DELSAW 
DEI..S A III 
DELSAW 
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320 
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322 
323 
324 
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327 
328 
329 
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333 
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335 
336 
337 
338 
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3bb 
367 
36B 
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OPT=l 

C 
C STORAGE OF VARIABLES FOR EXTRAPOLATIO~ Tr. THE NEXT 
C A~8IENT AIR CONDITIONS 
C 

C 

IF (.NOT .F'RST3) GO TO 370 
TOUTl • TOUTZ 
TAl .. TA2 
TA2 ~ TAIN 

370 TOllT2 • TOUT 
RILOtl] c RILVG 
ISL .. I~SLOPE - 1).Z6 
R4(J~l • ]) .. TAIN 
R4(TSL • 2) • RIIN 
R4(Ic;L. 13) = AHIN 
R4(ISL. 14) .. TOUT 
R4(ISL • 15) .. RILVG 
R4(!Sl • 24) = OSEC1 
R4(JSL • 25) = RMEVA] 
R4(ISL • 26) = AHLVG 
RR (]') • A T~ 
RR(2) • 1:1 lolA 
RR (3') • NSLOPE 
OSEc .. OSEC1 
R~EvAP," RIo1EV Al 
F'RST3 •• rALSE. 

C OUTPUT STATEMENTS. 
C 

If: ('JDRI)G6.NE.1) RETURN 
DO 3qO Jc1,N 
JipITEr",395)J,TAL(J) ,RIL(J) 

390 CONTINUE 
395 rOR~AT(lX,IIN,TALrN) AND RIL(N) .. ",I5tlPZE17.B) 

JlRIT[r 6 ,375) 
375 rOR~AT(1)(,"N,OSEC,RMEVAP,UDIN,UDLVG,RNTUAV") 

WPITEI6,400)N,OSEC,RMEVAP,SIGIN,5IGLVG,RNTUAV 
400 FOR'IATI1x,lIlEAVING DELSAw $400",lP5E15.6) 

JlRITElb,450) , . 
450 rOR'IAT(l)(,///) 

RETUPN 
END 

06/05/78 07.59.59 

DELBAW 
DELBAII 
DELBAw 
DELBAW 
DELBAW 
DELBh' 
DELSAIrl 
DELSAw 
DELBAW 
DELSAW 
DEL.Bh' 
DELBAW 
DELBAW 
DELBAW 
DELSAw 
DELBAW 
DELBAJI 
DELBAW 
DELBAiri 
DELBAW 
DELBAW 
DELSAw 
DELBAw 
DELBAIi 
DELBAW 
DELBAw 

'DELBAloi 
DELBAw 
DELBAJI 
DELSAW 
DELBh' 
DELBAiri 
DELBAW 
DELBAiri 
DELBAI" 
DELBAW 
DELBAw 
DELHAw 
DELBAw 
DE LB AI<. 
DELBAIOI 

372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
382 
3d3 
384 
385 
3b6 
387 
388 
389 
390 
391 
392 
393 
394 
395 
396 
397 
398 
399 
400 
4D1 
402 
403 
404 
405 
406 
407 
408 
409 
410 
411 
412 



• 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

06/05/78 07.59.59 

SUB~OUTINE DELUG 

SUBROUTINE DELUG CALCULATES THE HEAT TRANSFER AND THE 
WATER EVAPORATION RATES FOR A DELUGED HEAT EXCHANGER. THE 
Cn~PUTATIONAL METHOD DEVELO~ED BY O.K. KRIED AND EXTENDED 
T0 FIN TUBES BY D. w. FALETTI IS USED. THE DRIVING FORCE 
USED TO CALCULATE THE HEAT TRANSFER IS THE ENTHALPy 
IRTU/LB OF DRY AIR) AS IS COMMONLY USED IN wET TDWEP 
DESIGN METHOD DIVIDED BY THE HEAT CAPACITY Of AIR. ALL 
CONDUCTIVE AND CONVECTIVE TERMS ARE -
APPPOPRIATELY TRANSFORMED FROM A LINEAR TEMPERATURE 
DEPENDENCE TO A ENTHALPIC DEPENDENCE. 

SUBROUTINE DELUG OBTAI~S THE HEAT TRANSFER BY TAKING 
THE AVERAGE OF THE NUMBER OF TRANSFER UNITS AT THE LEAOIN~ 
EDGE AND AT THE TRAILING EDGE OF THE HEAT EXCHANGER AND 
CALCULATING A HEAT EXCHANGE~ EFFECTIVENESS. -THIS EFFECTIVE­
NESS IS THEN USED TO DETERMINE THE HEAT TRANSFERRED AND THE 
OllTLET Tn~PERATURE OF THE AIR. THE EVAPORATION RATE OF 
WATER IS OBTAINED FROM THE CHANGE IN ABSOLUTE HUMIDITY OF THE 
AtR AND FROM THE MASS FLOWRATE OF THE AIR. -

THE CO~PUTATION OF THE CONDITIONS OF THE AIR 
EXITING THE HEAT EXCHANGER IS CONDUCTED BY SUCCESSYVE 
APPROXIMATIONS. -

A NOMENCLATURE OF SOME OF T~E MORE FREQUENTLY USED 
TERMS FOLLOWS. 

AB 
AF 
AHIN 

All 
ATM 
AW 
8ETAF 
BETAI 
CSI 

CSIN 

CSLVG 

CSWB 

01 
EFF 

- AREA OF THE TUBES BETWEEN THE ~INS, SQ. FT. 
- AREA OF THE FINS, SQ. FT. 
- ABSOLUTE HUMIDITY OF THE AIR ENTERING THE 

HEAT EXCHANGER, LB. WATER/LB. AIR 
- TUBESIDE AREA. SQ. FT. 
- BAROMETRIC PRESSURE, ATMOSPHERES 
- AVERAGE TUBE WALL AREA, SQ. FT~ 
- AIR SIDE FOULING COEFFICIENT. BTU/HR.SQ.FT.-F 

TUBESIDE FOULtNG COEFFICIENT. BTU/HR.SQ.FT.-F 
HEAT CAPACITY OF SATURATED AlP AT THE TUBESIDE 
TEMPERATURE. BTU/LB. OF DRY AIR_F 

- HEAT CAPACITY OF THE AIR ENTERING 
THE HEAT EXCHANGER. BTU/LB OF DRY AIR-F 

- HEAT CAPACIty OF THE AlP LEAVING THE HEAT 
EXCHANGER. BTU/LB. OF DRY AIR-f 
SPECIFIC HEAT OF SATURATED AIR-AT THE WET 
BULB TEMPERATURE, BTU/LB OF DRY AIR-OEG F 
INTERNAL DIAMETER OF THE TUBES' FT. 

- DELUGED HEAT EXCHANGER EFFECTIVENESS IEQUAL 
TO THE DIFFERtNCE BETWEEN THE ENTHALPY OF 
THE EXITING AND OF THE ENTERING AIR DIVIDED 
BY THE DIFFERENCE BETWEEN THE ENTHALPY OF 
SATURATED AIR AT THE TURESIDE TEMPERATURE 
AND THE ENTHALPY OF THE ENTERING AIR), 
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DIt-1ENSIDNLESS 
E.FIN - FIN EFFICIENCV. DIMENSID~LESS 
FD~ - QUANTITY USED FOR CONVERGENCE TEST. EQUAL 

TO THE DIFFERENCE IN ~EAT TRANSFER CO~~UTED 
BY THE CURRE~T A~D BY T~E ~REVIOUS ITERATION 
DIVIDED BY THE HEAT TRANSFER COM~UTED BY THE 
CURRENT ITERAtION. DIMENSIONLESS 

FDQ - QUANTITY USED FOR CONVERGENCE TEST, EQUAL TO 
T~E DIFFERENCE OF THE WATER EVA~ORATION RATE 
COM~UTED BY T~E CURRENT AND BY THE ~REVIOUS 
ITERATION. DIVIDED BY THE WATER EVA~O~ATION 
RATE COM~UTED BY THE CURRENT ITERATION. 
DIMENSIONLESS 

HI - TUBESIDE HE'T TRANSFER COEFFICIENT,BTU/~R-SQ. 
FT ... F 

HD - METAL TO DELUGEATE HEAT TRANSFER COEFFICIENT. 
BTU/HR-SQ.FT.-F -

~OL - OUTSIDE DIAMETER OF THE LINER, FT. 
~~I - ~ARTIAL ~RESSURE OF WATER AT S~TURATION AT THE 

TUBESIDE TEM~ERATURE,IN, HG. 
~~IN - ~ARTIAL ~RESSURE OF WATER IN THE ENTERING 

AIR, IN. HG, 
~~LVG - ~ARTIAL ~RESSURE OF WATER IN THE AIR LEAVING 

T~E HEAT EXC~ANGER, IN, HG, 
P~WB .. ~ARTIAL ~RESSURE OF WATER AT THE WET BULB 

TEM~ERATURE OF THE ENTERING ~IR (SATuRATED 
CONDITIONS), iN.HG, 

~SATIN .. ~ARTIAL ~RESSURE OF SATURATED AIR AT THE 
TEM~ERATURt OF THE ENTERING AIR, IN.~G. 
OF THE ENTERING AIR, IN HG. 

OSECI - HEAT TRANS~ER RATE COM~UTEC By CURRENT 
ITERA TI ON, L8/HR 

QSEC2 .. HEAT TRANS~ER RATE COM~UTED BY ~REVIoUS 
ITERATION, LB/HR 

QSEC - HEAT TRANSFER FRO~ THE ~EAT EXCHANGER SECTION 
DEFINED BY-AS AND AF, BTU/~R 

RHIN - RELATIVE HUMIDITY OF THE AIR ENTERING THE 
HEAT EXC~ANGER. DIMENSIONLESS 

R~OUT - RELATIVE HUMIDITY OF THE AIR LEAVING THE 
HEAT EXCHANGER, DIMENSIONLESS 

RII .. ENTHAL~Y OF SATURATED AIR AT THE TUBESIDE 
TEt-1~ERATURE. BTU/LB OF DRY AIR 

RIIN .. ENTHAL~Y OF TME AIR ENTERING THE HEAT EXCHANGER 
BTU/LB. OF-DRY AIR . 

RILOUT - ENTHAL~Y OF THE AIR EXITING T~E HEAT EXCHANGER. 
BTU/LB OF DRY AIR 

RILOUI - ENT~AL~Y OF THE AIR EXITING THE ~EAT EXCHANGE~. 
BTU/LB OF DRY AIR 

RILVG .. ENTHAL~Y OF TME AIR EXITING THE HEAT EXCHANGER. 
BTU/LB OF DRY AIR 

RIWB .. ENTHAl~Y OF SATURATED AIR AT TWBIN. gTU/LB 
OF DRy AIR-

RK~ .. THERt-1AL CONDUCTIVITy OF T~E TUBE WALL. BTU/HR-
SO.FT,-F/FT 

RMA - MASS FLOW RATE OF AIR. Lg/~R 
RMEVAP - WATER EVA~ORATION RATE, Le/AIR 
Rt-1EVA~l- WATER EVAPORATION RATE COM~UTED DURINh CURRENT 
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ITERATION. L9/HR 
RMEVAPZ- WATER EVAPORATION RATE COMPUTED DURING PREVIOUS 

ITERATION, LB/HR 
RNTUAV - ARITHMETIC AVERAGE Of THE NUMBER Of IDELIJGE) 

TRANSfER UNITS AT THE LEADING AND AT THE 
TRAILING EDGE Of THE HEAT EXCHANGER, 
~IMENSIONLESS 

RNTUIN - NUMBER Of (DELUGE) HEAT TRANSfER UNITS AT THE 
LEADING EDGE Of THE HEAT EXCHANGER, 
DIMENISONLESS 

RNTULV - NUMBER Of (DELUGE) TRANSF"ER UNITS AT THE 
TRAILING EDGE Of THE HEAT EXCHANGER, 
DIMENSIONLESS 

TAIN - TEMPERATURE OF THE AIR ENTERING THE HEAT 
EXCHANGER, F" 

TAL - TEMPERATURE Of THE AIR LEAVING THE HEAT 
EXCHANGER. F" -

THW - TUBE WALL THICKNESS.F"T, 
TEST - ESTIMATE Of TEMPERATURE OF" AIR EXITING 

THE HEAT EXCHANGER, DEG. F". 
TI - TUBESIDE TEMPERATURE. DEG. f. 
TMAX - MAXIMUM TEMPERATURE ALLOWED DUE TO CONSTRAINTS 

UPON THE ANALOGY UPON WHICH THE HEAT TRANSF"ER 
CALCULATION Ii BASED,f " 

TMIN - MINIMUM TEMPERATURE ALLOWED TO PREVENT 
POSSIBLE INSTABILITIES WITHIN THE 
SUBROUTINES, F" " 

TOUT - TEMPERATURE or AIR EXITING THE 
HEAT EXCHANGER, DEG. F", 

TwBIN - WET BULB TEMPERATuRE Of THE ENTERING AIR, 
DEG. F"." -

UDIN - TUBESIDE TO AIR HEAT TRANSF"ER COEffIcIENT 
(CONVERTED TO THE DRIVING fORCE oBTAINED BY 
DIVIDING THE ENTHALpy DIF"FERENCE By THE 
SPECIF"IC HEAT OF" HUMID AIR) AT"THE LEADING 
EDGE OF" THE HEAT EXCHANGER. 
BTU/HR-SQ.fT.~DEG. f 

UDLVG - TUBES IDE TO AIR HEAT TRANSfER ~OEffICIENT 
(CONVERTED TO THE DRIVING F"ORCE OBTAINED BY 
DIVIDING THE ENTHALPY DIF"fERENCE By THE 
SPECIfIC HEAT OF""AIR) AT THE TRAILING EDGE 
OF" THE HEAT EXCHANGER, 
BTU/SQ.F"T.-DEG. ~.HR 

LOGICAL F"RSTl, FRST2, FRST3 -
LOGICAL fIRST.FRST.F"XTEMP,fXTVAR,F"XTTTD,F"XTLNG 
COM~nN 

$ AF"TR, ALPHA. ANG(3) 
... BClLIM(16) 
S .CAPf. CSSClKW. CONF". CONL, COSTL. CAPCHG, CONMAT, CONMA2,CAF" 
S .CqJ. CTURB. CDANG, CLUVR, CHAILS,"CVM 
$ ,D~IN'DEEPL'DESVEL.DESVELV,DESVELD,DENSIF 
!' .EFFP. EfS 
$ .F"CCI,FIRST.fIXL.fCOS,FF"HX.fXTE~P,fACTOR,fpST,fACTORD,F"SHOT.fDELuG 
S ,F"IXV,F!XTTD.fXTVAR,F"XTTTD,F"XTLNG . 
S ,GREF-
S ,HXNP,HPCST,HCD 
S .1T~AX, ITMIN 
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ui:l~nUT1NE DELUG 

$ ,JeONS 
$ .KCONV, KALEXT 
, .MxExT 
$ ,NTA,N5IDES,NRUNHI 
COM~ON 

,: OD~ 

$ .P~!ZE. PER. PWCOS, PLANC, PFACT. PDMDPL 
$ ,PnHB4F, POHFAN, POHLEC, POHCI~, PDHCND, POHSTC. POHSCL 
$ • qRP,PEDUC~. REDUCV, ROOFL, RHOUT 
$ • ~REJ. QREDUCE. QREDUCV 
S ,SIr,MAG, SAAF. SEGL 
, ,T1)' fPO(4), TErF, TUM, THF'IN. TLPRA, TF'IX 
~ ,TCD, T .. 
$ lues, U"'S 
i ,WF'V. WATCONA. WATeOST 
$ • VAS (0;) 

S ,XOEPA, XW, xo 
cnM~ON/DLUG/TAIN,TWBIN.TI,ATM,HI'HOD,RMA,QSEC,RMEVAP.vALPEQ 
COMMON/HX~I AI,ATOT,SFA,pfA,ACS 
CnM~ONIDJS/DI.XDG,SF' 
COMMO~/SUPfEX/ODL,OUMLST(15) 
CQMMON/COUNT/NSLOPE,F'RsT3 
COMMnN IWETDRYI NCYCLE,TMAX,RIMAl.TMIN,RIMIN 
CnM~ON/PPRT4/R4(072),RR(3) 

CnMMoN/CQNS/HD,BETAF,BETAI,AB,AF.AII,AW,THW.RKW 
DIMENSION TAL(lO).RIL(lO) 
FP(PH.T) z Rrl.29.92.(0.000203.( (T - 32.)/1.8) •• 2 

• - n.OllS*(T - 32.)/1.8 • 1.095) 
• *Exp( - 0.000420*«(T - 32.)/1.8) •• 2 
• • O.O~2B*(T - 32,)/1.8 _ 5,103) 

C F'P(qH,T).RH.EXPI17.168-9240./(T.460.)) 

C 
C 

FAH(P,ATM)~P*18.02/((ATM*29.92-P).28.97) 
FCS(AHI~.24 •• 45*AH 
FpI cCStT,A~,t)"CS*T'1094.*AH 
fPSTl ... T. 
F'PST2 ... T. 
"mI3UG"'·o 
RHLvG • RHDUT 
H('I It HCD 
AR = RF'A*VALREQ 
AF' = C:;FA.VALREQ 
ATI ,. A1*VALREQ 
THW = fO['\L - 011112. 
RI(IO .. CON!... 
AIO E fOOL' DI)/24.*VALREQ*3.14159 

C THE INPUTS TO DELUG ARE PRINTED. 
C 
C 

IF'(~DBUG~.rQ.l) WRITECo.150) 
150 FOPMhT(lx."TAIN,TWBIN,TI,ATM,QHLVG,HD,BETAF',AR",I'lX, 

c 

1"AF,A1,HI,THW,RKW,HOD,PMA,9ETAI",I,lX'''AIO",III) 
IF'I'JDRUGf).EQ.l) WPITElf,,2(0) TAIN,TWElIN,TI,ATM,RHLVG,HD,8ETAF,AS, 

lAF',A1I,HI,THw,PKW,HOD,PMA,BETAI,AIO 
200 F~RuhTrlHO,lP8El1.3111X,8El1.3111X.8El1.3 
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BIGCD'" 15 
BI3CD"I 10 
BIGCDM 17 
Bl GCOM 18 
SIGCO.., 19 
BIGCD~ 20 
BIGCOM 21 
BIGCO~ 22 
BI3CD'" 23 
BIGCO~ 24 
BIGCOIo1 25 
BIGCOIo1 26 
BIGCO" 27 
BIGCO'" 28 
BIGC:>~ 29 
BIGCOM 30 
SIGCD'" 31 
DELUG 101 
DELUG 162 
DELUG 163 
DELuG 164 
DELUG 165 
DELUG 100 
DELUG 107 
DELUG 1 bB 
DELUG 169 
DELUG 170 
DELUG 171 
DE"UG 172 
DE LUG 173 
DELUG 174 
DELU5 175 
DELUG 176 
DELUG 117 
DELUG 178 
DELuG 179 
DELUG 180 
DE'LUG 181 
DELUG 182 
DE.lUG 183 
DELUG 184 
DELUG loS 
DELUG 180 
DELUG Itl7 
DELUG 188 
DELUG 189 
DELUG 190 
DELUG 191 
DELUG 192 
DE LUG 193 
DELUG 194 
DELUG 195 
DELUG 1% 
DELUG 197 
DE LUG 19& 
DELUG 199 
DE"U3 200 
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T~E ~!NIMUM AND MAXIMUM TEMPEqATURES WITH THE CORRESPONDING 
ENTHA~PIES ARE COMPUTED IN SUBROUTINE LIMIT. 
!F TAIN ~IES OUTSIDE THESE BOUNDS THE COMPUTATION IS ABORTEJ. 

IFIFRST) CA~~ ~IMITIAT~,TMAX,RIMAX,TMIN,RIMIN) 
FRST a .F. 
IF(TAIN.~E.TMIN .OR. TAIN.GE.TMAX) WRITE(6,5) TAIN 
IFCTI.LE.TMIN .OR. TI.GE.TMAX) _RITEI6,7) TI 
IFITI.LE.TMIN.OR.TI.GE.TMAX) KCONV • 1 
IFITAIN.~E.TMIN.OR.TAIN.GE.TMAX) KCONV .. 1 
IF(~CONV.EQ.l) RETuqN 

5 FORIdTI"OTAIN IS ~ESS THAN TMIN OR GREATER T'1AN TMAX IN DELUGE" 
~ ,"ThIN""olPE13.5) 

7 FI')R"lATI"nTI IS ~ESS THAN TMIN OR GREATER THAN TMAX IN DE~UGE. " 
$,"Tt.''''lPE13.5) 

~ROPERTIES OF THE INLET AIR AND TUBESIDE F~UID lIN ENTHA~pIC 
EQUIVALENT) ARE COMPUTED. 

P~W9.FP(1.,TWBIN' 
AHWgaFAHIPPWB,ATM) 
CSW9=FCS(AHWB) 
R!WB~FRIICSWB,TWBIN,AHWB) 
R II Nell I WB 
AHIN~IIIIIN-.24_TAIN)/(.45-TAIN·I094.) 
CSIN=.24 •• 45-AHIN 
PPIN~(AHIN-ATM-e66.78240)/elB.02.AHIN-2B.97) 
PSATIN - Fpel.,TAIN) 
RHIN~P~IN/PSATIN 

THE HEAT TRANSFER COEFFICIENT AT THE LEADING EDGE IS COMPUTED 

PPI .. FPI1.O,TI) 
AHI.~AHIPPI,ATM) 
CSI .. FCSCAHI) 
R!I.~RIICSI,TI,AHI) 
CAL~ UDELITAIN,RIIN,ATM,HD,BETAF,AB,AF,AII,AW,HI,BETAI,THW,RKW,TI. 

.RII,HOD,UDIN,EFFIN,FRST1,KCONV,O) 
IFIKCO~V.EQ.l) RETURN 

T~E NUMBER OF HEAT TRANSFEq UNITS CBASED ON ENTHA~~Y DRIVING 
FORCE) BASED ON CONDITIONS AT THE LEADING ED~E ARE COMPUTED. 

RNTUIN-UDIN-(AS·EFFIN-AF)/IRMA-eSIN) 
'" .. 0 

ESTIMATION THE EXIT TEMPERATURE AND ENTHA~PY OF THE AIR 
~EAVING THE HEAT EXCHANGEq 

DE~UG 
DE~U(; 

DE~UG 
DE~UG 
DE~UG 
DE~UG 
DE~UG 
DE~UG 
DE~uG 
DE~UG 
DELUG 
DE~UG 
DE~U(; 
DELUG 
DELUG 
DE~UG 
DE~UG 
DE~UG 

DE~UG 
DELUG 
DELUG 
DELUG 
DE~UG 

DELUG 
DELUG 
DE~UG 
DELUG 
DE LUG 
DELUG 
DE~uG 
DE~UG 
DELUG 
DELUG 
DE~UG 
DELUG 
DE~UG 
DELUG 
DE~UG 
DE~UG 
DE~UG 
DELUG 
DELUG 
DE~UG 
DELUG 
DE~UG 
DE~UG 
DE~UG 
DE~UG 

DELUG 
DELUG 
DE~UG 
DELUG 
DELUG 
DE LUG 
DE~UG 
DELUG 
DELUG 

201 
202 
203 
204 
205 
206 
207 
20~ 

209 
210 
211 
212 
213 
214 
215 
216 
217 
21B 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
24Z 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 



SUBROUTINE DELUG 

C 
C TE~PERATURE 

C 

TA3 " TAY'" 
SLOPE" (TOUT2 - TOUTl)/(TA2 - TAl) 
TOUT3 • TOUT2 • SLOPE*(TA3 - TA2) 
TEST II TOUT3 

C ENTHALPY 

C 

RILOUT " RILOUI 
GO TO 110 

90 CONTyNl'JE 
r."P.JSLOPE .LE. 1) GO TO 100 

C TEMPERATURE 
TEST " TOUT2 

C 
C ENTHALPY 

C 
C 

RJLOUT " IULOUl 
GO TO 110 

100 EFr = 1.0 - EXP(-RNTUIN) 
RILoUT. RIIN • ErF*(RII • RIIN) 
TEST. TAl,.. • O.b.(TI - TAIN) 

C TEMPERATURE OF THE AIR LEAVING THE HEAT EXCHANGER O~TAINED 

Obl05/7B 07.59.59 

C FROM TCALC (FROM A KNOWLED3E OF ENTHALPY or THE EXITING AIR). 

DELUG 
DE~uG 
DELUG 
DELUG 
DE LUG 
DE~uG 
DELUG 
DELUG 
DE LUG 
DEL.UG 
DELUG 
DELUG 
DELUG 
DELUG 
DELUG 
DELUG 
DEi..uG 
DELUG 
DELUG 
DELU3 
DELUG 
DELUG 
DEi..UG 
DELUG 
DE:..UG 
DELUG 
DELUG 
DELUG 
DELUG 
DE"UG 
DE LUG 
DELUG 
OELUG 
DE-LUG 
DE LUG 
DEi..ue; 
DELUG 
DE"UG 
DELUG 
DELUG 
DELUG 
DELUG 
DEi..UG 
DELUG 
DELUG 
DELUG 
DELUG 
DELUG 
DELUG 
DELUG 
DELUG 
[)ELUG 
DELUG 
DELUS 
DELU3 
DELUS 
DE:..U3 

258 
259 
260 
261 
262 
263 
204 
265 
20b 
267 
26~ 

269 
270 
211 
272 
273 
214 
2 75 
276 
217 
27,., 
279 
2t:!0 
281 
282 
2B3 
284 
285 
286 
297 
2BIl 
289 
290 
2'n 
292 
293 
294 
295 
296 
291 
298 
299 
300 
3 0 1 
302 
303 
304 
305 
306 
307 
30B 
309 
310 
311 
312 
313 
314 

C 
C 

C 

110 CALL TCALC(RILOUT'RHLVG'ATM,TEST'TDU~'"DLG AOUT ",KCONV) 
IF(I(COIIIV.EQ.ll RETuRN 
TOUT - TDUM 

10 CONTI NUE 
N • N.l 
TAL(NI " TDUM 

C PROPERTIES OF ExITING AIR CO~pUTED. 
C 

C 

PPLvr,_Fp(RHLVG,TOUT) 
AHLvG.FAH(PPLVG,ATM) 
CSLvr,_FCS(AHLVG) 
RILvG_FRI (CSLVG,ToUT.AHLVG) 

C T~E HEAT TRANSFER COErFICIE~T AT THE TRAILING EDGE IS 
C COMPUTED. 
C 

C 

CALL UOEL(TOUT,RILVG.AT~,HD,BETAF.ABtAF.AII.A~.HItBETAI.THW.RKW. 
.TI.RII.HOD.UDLVG.EFrIN,FRST2.KCO~V,l) 

IF(I(CONV.EQ.l) RETUR,.. 

C THE NUMBER OF H~AT TRANSFER UNITS BASED ON COND!TIO~S AT THE 
C TRAILING EDGE IS COMPUTEO. 

C 
C 

RNT; 'L V"UDLVG. (AB. EFF I NdF) 1 (R"1A.CSL VG' 

C THE AVERAGE NO. OF HEAT TRANSFER UNITS IS CALCuLATEU. 
C 

• 



• 
<;u8RnUTI NE DELUG 

c 
C T~E ENTHALPY AND TE~PERATURE OF THE AIR EXITING THE 
C HEAT EXCHANGER IS COMPUTED. 
C 

C 

EFF El;-EXP(-RNTUAV) 
RILVG.~IIN • EFF-(RII-RIIN) 
RIL(N'·RILVG 
CALL TCALC(RILVG,RHLVG,ATM.TEST,TDUM."DLG TAL(N)",KCONVI 
IF(KCONV.EO.1) RETuRN 
TOUT • TDUM 
TAL(NI·TDUM 

06/05/78 07.59.59 

C T~E HEAT TRANSFER AND WATER EVAPORATION OF THE HEAT EXCHANGER 

DELUG 
DELUG 
DELUG 
DHUG 
DELUG 
DELUG 
DELUG 
DELUG 
DELUG 
DELUS 
DELUS 
DELUG 
DELUS 
DELUG 
DELUS 
DELUS 
DELUS 
DELUG 
DELUS 
DELUG 
DEL.UG 
DELUG 
DELUG 
DELUG 
DELUG 
DELUG 
DELUG 
DELUG 
DELUS 
DELUS 
DELUG 
DELUG 
DELUG 
DE LUG 
DE LUG 
DELUG 
DELUG 
DELUS 
DELUG 
DELUS 
DELUG 
DELUG 
DELUS 
DELUG 
DELUG 
DELUS 
DELUS 
DELUG 
DELUG 
DELUG 
DELUG 
DE LUG 
DELUG 
DELUS 
DELUS 
DE LUG 
DELUS 

315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
3E12 
363 
364 
365 
30b 
367 
308 
3b9 
370 
371 

C IS COMPUTED. 
C 

C 

OSEC? .. OSEC1 
RMEvA2 .. R~EVA1 

OsEe! • P~A*(RILVG • RIIN) 
RMEvAl • RMA*(AHLVG - AHIN) 

C THE CHANGE IN HEAT REJECTED AND WATER EVAPORATED FROM THE 
C PREVIOUS ITERATION. 
C 

C 
C 

FOO .. ABS(OSEC1 - QSECl"QSECI 
FOM • ABS(RMEVAI - RMEVAl)/RMEVAI 
IF("lOBlJG6.EO.l) WRITE(6,l80) -

280 FOR~ATIIX'''N.TALIN),RIL(N).FDO.FDM.EFF,RNTUIN,RNTULV'') 
IF(NDRUG6.EO.11 WRITEI6.300) N.TALIN),RILIN).FDQ.FDM.EFF.RNTUIN. 

lRNTuLV 
300 FOR~AT!lx."FROM DELUGES300",I5,7El6.7'1/ 

C PROTECTION AGAINST EXCESSIVE NUMBER OF ITERATIONS. 
IFIN.GE.10) WRITEI6,350) N -

350 FOR~ATI"UPPER ITERATION LIMIT REACHED IN DELUGE N"" IS) 
IF(N .GE. 10) KCONV = 1 -
IF(>.J .GE. 10) RETURN 

C 
C CONVERGENCE CRITERIA USING ~EAT REJECTED AND MASS FLOW 
C RATE OF WATER EVAPORATED. 
C 

IF(FDQ .GT. 0.001 .OR. FDM .GT. 0.001) GO TO 10 
360 CONTI NUE 

C 
C ~TORAGE OF VARIABLES FOR EX!RAPOLATION TO THE NEXT 
C AMBIENT AIR CONDITIONS 
C 

IFI.NOT.FRST3) GO TO 370 
ToUn • TOUTZ 
TA 1 ,; H2 
TAl • TAIN 

370 TOUTl • TOUT 
PILnUl • RILVG 
osEe • OSEC1 
RMEvAP. R"4EVAl 
I~L • (NSLOPE - 1)_42 
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• R4(IgL • 1 ) " TAIN DE LUG 372 
R4 ( T SL • 2) " RIIN DElUG 373 
P4 IIc;L • 21) = AHIN DE LUG 374 
R4(tSL. 22) = TOUT DElUG 375 
R4 (Ic;L • 23) = RILVG DE lUG 37b 
R4(ySl • 40) .. QSEel DE lUG 377 
P4 ( I SL • 41) .. RMEVAl DElUG 378 
R4 ( T Sl • 42) • AHlVG DElUG 379 
RP (1) • ATM DELUG 380 
RP(?) • R"1A DElUG 381 
FIR (3) • "JSLOPE DELUG 382 
F'PST3 .. • F'AlSE. DE lUG 383 

C DElUG 384 
C DElUG 385 
e OUT~UT STATEMENTS. DElU3 386 
e DElUG 387 

IF'("Jt'lBUG6.NE.l) RETU~N OELUG 38B 
[lr) 390 Jal,N DElUG 389 
WRITt'(6,395)J,TAl(J) ,RIl(J) DElUG 3~O 

395 F'OP~AT(IX,IIN,TAl(N) AND RIl(N). II,I5,lP2El7,8) DElUG 391 
390 eONTTNLJE DEl..UG 392 

WP!TE(6,37S) DElUG 393 
375 F'QR"1ATIIX,"N,QSEC,R"IEVAP,UDIN,U:llVG,RNTUAV") DElUG 394 

WPITE(b,400)N,QSEC,R~EVAP,UDIN,UDlVG,RNTUAV DElUG 3~5 
400 F'OR"1AT(IX," lEAVING DELUGE "400 ll ,I7olP5E15.6) DElUG 39b 

WRITE (6,450) DElUG 397 
450 F' OR "1 A T ( 11( , III ) DElUG 398 

END DEL.UG 399 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
e 
C 
C 

C 
C 

• C 

SUBQOUTINE DElUGEP(CTOWDEl,TOWDIA,VElDEl.DEl~20.D~lMUP'DISDEl. 
1DElCc:;TI 

T~IS SUBROUTINE APPROXIMATES THE COST O~ THE DELUGE 
PIPING SYSTEM. THIS IS DONE RY COSTING THE MAJOR 
PORTIONS OF THE MAKEUP AND TOWER COMPONENTS. pIPE DIAMETERS 
ARE DETERMINED ~ROM THE DELUGE-FLOW RATE AND DESIGN 
VELOCITY. 

CON~Tl - CONvERSION FACTOQ 
CTOWDEl - NUMBER OF DELUGED TOWERS 
DElCST - TOTAL COST OF THE DElUGE SYSTEM 
nEl~20 • DElUGE FLOW RATE tGPMI 
DELMUP - MAKEUP FLOW RATE lGPM) 
DEL TOW - DELUGE FLOW RATE PER TOWER (GPM) 
OIA • PIPE DIAMETER (IN) 
DtADEl • MAXIMUM DIAMETER SF TDWER PIPING (IN) 
DIAMUP - MAXIMUM DIAMETER OF MAKEUP PIPING (IN) 
OISDEl - DISTANCE FROM DELUGE WATER SUPPLY ~ND TOWER 

BOUNDARY (FT) 
DISTeST • COST OF MAKEUP PIPING (S1000) 
GPMCST - PUMPING COSTS (S/GPM) 
IM,IT - INDICES FOR MAKEUP AND TOWER PIPING 
NT OW • INTEGER NUMBER OF TOWERS DIVIDED BY 2 
PIPCST - PIPE COST (S1000) 
PtPCSTM - COST OF MAKEUP PIPING (S10001 
PTPlEN - APPROXIMATE MAKEUP PIPE lENGTH (FT) 
PMPCST • MAKEUP PUMPING COSTS (S1000) 
R~ODEl - DENSITY O~ DELUGE WATER (lBM/FTCU) 
TOWCST - COST OF TOWER COMPONENTS (S10001 
TOWDIA - TOWER DIAMETER (FT) 

TOWPIP - COST OF TOWER PIPING (51000) 
TOWPMP • TOWER PUMPING COSTS (S1000 
VAlveST • VAlVE COST (S10001 
VElDEl - DElUGE DESIGN VELOCITY (FT/SEC) 

DTMENSION DIA(10), PIPCST(10). VALVCST(lO 
DATA DIAl 

• b. 12. lB. 21t. 30.. 
• 36. • 42. 48. 50. 60. I 

DATA PIPCSTI 
* .017 .025 .035 ,046 .062, 
* .0 81 , .116 .147 ,182 .218 I 

DATA VAlVCSTI 
* 3.250 ,3,959 6.250 8.986. 10,125 • 
* 14.073 • 16.500 ,21.530 ,26.750 • 34,9BO I 

COST THE MAKEUP PIPING. 

IF(~El~20,EQ,O.0) RETURN 
CaNSTI • 1./(7.481.6n.) 
GPMCST • 2.50 
NT OW';eTOo.'DEll2. 
PI PlEN-DISDEl •• S*TOWDIA·1.5*NTOW*TOWDIA 
DyAMUP. SORT (DElMUP*CONST1/VElOEl)*12. 
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DElUGEP 
DElUGEP 
DElUGEP 
DELUGEP 
DElUGEP 
DElUGEP 
DElUGEP 
DElUGEP 
DElUGEP 
DElUGEP 
DElUGEP 
DElUGEP 
DElUGEP 
DElUGEP 
DElUGEP 
DElUGEP 
DElUGEP 
DELUGE!) 
DElUGEP 
DElUGEP 
DElUGEP 
DELUGEP 
DElUGEP 
DElUGEP 
DElUGEP 
DElUGEP 
DElUGEP 
DElUGEP 
DElUGEP 
DElUGEP 
DElUGEP 
DElUGEP 
DElUGEP 
DElUGEP 
DElUGEP 
DElUGEP 
DElUGEP 
DElUGEP 
DELUGEP 
DElUGEP 
DElUGEP 
DELUGEP 
DElUGEP 
DELUGEP 
DElUGEP 
DElUGEP 
DElUGEP 
DELUGEI' 
DElUGEP 
DElUGEP 
DElUGEP 
DELUGEP 
DElUGEP 
DElUGEP 
DElUGEP 
DElUGEP 
DElUGEP 

2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
1b 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
31t 
35 
3b 
37 
38 
39 
40 
"1 
1t2 
43 
44 
45 
46 
47 
ItB 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 



C 

74/74 OPTxl 

I~(nIA~up.LT.DIA(l» DIAMUPaOIA(l) 
no 10 h 1 tl 0 
1"'=1 
I~(llIA"'IUP.DIA(I"'» 11,11,10 

1 0 CONTr"lIJE 
11 DIA~UP.DIA(IM) 

C 70 PERCENT O~ THE LARGEST ~IAMETER PIPE COST WAS USED 
C TO DETERMINE THE AVERAGE PIPE COST 
C 

c 

PIP~ST~~.70*PIPLEN.PIPCST(IM) 
P",PCST ~ DELMUP*GPMCST/I000. 

C 90 PERCNT O~ THE MAKEUP COSTS WERE rRO~ PIPE,VALVE 
C A"ID PUMP COSTS 
C 

C 
C 
C COST THE TOWER COMPONENTS. PUMPS, VALVES AND 
C ?IPING REPRESENT 51,S PERCENT O~ THE TOWER COSTS. 
C 
C DETERMINE THE DIAMETER or THE TOWER PIPI"IG 
C 

c 

OELTOW.DELH?O/CTOWDEL 
DyADEL • SORT(DELTOW*CONSTI/VELOEL)*12. 
I'IOIAOEL.LT.DIAll» DIADEL.DIA(l) 
DO 20 I~1ol0 
IT=y 
IrcoIADEL-DIA(IT» 21,21,20 

20 CONTINUE 
21 DIADEL.OIA(IT) 

TOw"YP·3.*TOWDIA*PIPCSTIIT) 
TOW"M" • DELTow*GPMCST/I000. 
T~WCST·CTOWPIP.6.*VALVCSTIIT).TDWPMP)/.515 

C OETERMINE THE TOTAL DELUGE PIPING SYSTEM cosTs 
C 

DELCST=DISTCST.CTOWDEL*TOWCST 
RETURN 
E"ID 
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DELUGE? 
DELUGE? 
DELUGE? 
DELUGE? 
DELUGE" 
DELUGE? 
DELUGE" 
DELUGE? 
DELUGE? 
DELUGE? 
DELUGE? 
DELUGE" 
DELUGEP 
DELUGE? 
DELUGE? 
DELUGE? 
DELUGE? 
DELUGEP 
DELUGE" 
DELUGE" 
DELUGE? 
DELUGE? 
DELL:GE" 
DELUGE? 
DELUGE? 
DELUGE" 
DELUGE? 
DELUGE? 
DELUGEP 
DELUGE? 
DELUGE" 
DELUGE? 
DELUGE? 
DElUGE? 
DELUGE? 
DELUGE? 
DELUGE? 
DELUGE? 
DELUGE? 
DELUGE? 
DELUGE? 

59 
bO 
61 
62 
63 
64 
oS 
ob 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
BO 
Bl 
82 
83 
84 
85 
S6 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

.. 

.. 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

74/74 I"IPT=l 

SUB~OUTI~E DELUGT(PSATD,TSATD,WATCON,WATCONT,BPL) 

SU~~OUTINE DELUGT IS USED TO DETER~INE THE OPERATION OF T~E 
POWER PLANT OVER THE ENTIRE YEAR WHEN THE ENtIRE HEAT 
EXCHANGER IS DELUGED. IT DETER~INES THE BACK PRESSURE OF 
T~E TURBINE AND THE SATURATION TEMPERATURE OF THE STEAM IN 
THE CONDENSER/REBOILER AS A FUNcTION OF THE AMBIENT AIR 
TEMPERATURE AND WET BULB AMBIENT TEMPERATURE; 

DEFINITION OF VARIABLES 

ALPHA 

DELPS 
DELPS2 
DENSIF' 

DENSIV 

DENSIV2 

DENSIioi 
01 
EFF 

ELENG 
EL.:EV 
FACTOR 

GAIR2 

GWAT2 

IoIRFACl 

HRFAC2 

HRFAC4 

NTA 

- RATIO OF HEAT TRA~SFER AREA TO HEAT EXCHANGER 
VOLUME (SO FT/SQ F'T) 

- SPECIFIC HEAT OF THE AIR AT THE DE~IGN A~eIE~T 
TE~PERATURE (BTU/LBM-DEG F 

- SPECIFIC HEAT OF THE AMMONIA AT TH~ DESIGN AMBIENT 
TEMPERATURE (BTU/LBM-DEG F 

- DESIGN SUPPLY PIPING PRESSURE DROP (LB/SQ FT) 
- OFF DESIGN SUPPLY PIPING PRESSURE DROP (LB/SQ fT) 
- DENSITY OF THE AMBIENT AIR ENTERIN§ THE HEAT 

EXCHA~GER (LB~/CU fT) 
- DENSITY OF THE A~MONIA VAPOR LEAVING THE CONDENSER/ 

REBOILER AT DESIG~ CONDITIONS (LBM/CU FT) 
- DENSITY OF THE A~MONIA VAPOR LEAVING THE CONDENSER/ 

REBOILER AT OFF DESIGN CONDITIONS (LBM/CU FT) 
- DENSITY OF THE AMMONIA LIQUID (LBM/CU FTt 
- INSIDE DIAMETER DF THE HEAT EXCHANGER TUBES (IN) 
- EFFECTIVENESS OF THE HEAT EXCHANGER AT DESIGN 

CONDITIONS (DIMEN;IONLESS) 
- LENGTH OF THE HEAT EXCHANGER TUBES (FT) 
- ELEVATION OF THE PLANT SIH (FT) 
- RATIO OF THE AIR VELOCITY IN THE HEAT EXCHANGER 

WHEN IT IS DELUGED TO THE AIR VELO~ITY I~ THE HEAT 
EXCHANGER WHEN IT IS DRy (D!MENSIONLESS) 

- MASS FLUX OF THE AIR THROUGH THE H~AT EXCHANGER 
WHEN IT IS DELUGED (LBM/SQ FT-HR) 

• MASS FLUX OF THE AMMON!A THROUGH THE TUBES OF THE 
HEAT EXCHANGER (LBM/SO FT.HR) . 

- HEAT OF VAPOR!ZATION OF AMMON!A AT OFF DESIGN 
CONDITIONS (BTU/LBM) . 

- INSIDE HEAT TRANSFER COEFFICIENT OF THE HEAT 
EXCHANGER TUBES AT OFF DESIGN CONDIT!ONS 
CBTU/HR-DEG F-SO FT) 

- AIR SIDE HEAT TRA~SFER COEFFICIENT OF THE HEAT 
EXCHANGER AT OFF DESIGN CONDITIONS 
CBTU/H~-DEG F-SQ fT) 

- HEAT RATE FACTOR AT RATING CONDITIO~ 
(DIMENSIONLESS) 

- HEAT RATE FACTOR AT DESIGN CDNDITIONS 
(DIMENSIONLESS) 

- HEAT RATE FACTOR AT OFF DESIGN CONDITIONS 
(DIMENSIONLESS) 

• NUMBER OF TEMPERATURE INCRE~ENTS IN THE AMBIENT 
TEMPERATURE RANGE OF THE PLANT SIT~ 

(DIMENSIONLESS) 
- NUMBER OF TUBES IN THE WIDTH OF TH~ HEAT 

EXCHANGER (DIME~SI0NLESS) 

DELUGT 
DELUGT 
DELU:;T 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
III 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

74/74 

~SIZI3 

~12 

~22 

(HNI 
Q~EJTl 

nREJT2 

QSEC 

RANGE 

RMEV 

SIGMAG 

TI 

TTDI 

TTDI2 

TTr:l2 

Tl 

vAIP 

VISA 

vlSV 
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- BACK ~RESSURE OF THE TURBINE (IN HGA) 
- ATMOS~HERIC ~RESSURE AT THE PLANT SITE 

(ATMOS~HERES) 
- PRANDTL NUMBER OF THE A~MONIA LIQUID AT T~E DESIG~ 

CONDITIONS (DIMENSIONLESS) 
- TOTAL POWER OUTPUT OF THE ~LANT AT DESIGN 

CONDITIONS (MEGA~ATTS) 
• A~MONIA PRESSURE AT THE CONDENSER/REBOILEP 

(LBF/Sa FT) 
- AMMONIA PRESSURE AT THE HEAT EXCHANGER (L~F/SQ FT) 
- HEAT INPUT INTO T~E ~OWER ~LA~T (BlU/HR) 
- HEAT REJECTED AT THE DESIGN CONDITIONS OF THE 

PLANT (BTU/HR) 
- HEAT REJECTED AT THE O~F DESIGN CONDITIONS OF THE 

PLANT (BTU/HR) 
- HEAT REJECTED PER UNIT DIMENSION OF THE HEAT 

EXCHANGER WHEN IT IS DELUGED (RTU/HR-SQ FT) 
• TEMPERATURE RANGE OF THE AIR THROUGH THE HEAT 

EXCHANGER AT DESIGN CONDITIONS (DEG F) 
• MASS FLOW RATE OF AIR FLOWING THROUGH EACH UNIT 

DIMENSION OF THE ~EAT EXCHANGER (LBM/HR) 
• AMOUNT OF WATER E~APORATED ~ER UNIT DIMENSION OF 

THE HEAT EXCHANGER (LBM/HR AND THE TOTAL HEAT 
EXCHANGER WHEN IT IS DELUGED (LBM/~R) 

- FREE FLOW AREA TO FRONTAL AREA OF THE HEAT 
EXCHANGER (SQ FT/5Q FT) 

- AMBIENT TEM~ERATURE IDEG F 
- AMBIENT WETBUL8 TEM~ERATURE (DEG F) 
- BASE THERMAL EFFICIENCY OF THE ~LANT 

(DIMENSIONLESS) -
- RATED THERMAL EFFICIENCy OF THE ~LANT 

(DIMENSIONLESS) 
- DESIGN THERMAL EFFICIENCY OF THE PLANT 

(C'lIMENSIONLESS) 
- OFF DESIGN THERMAL EFFICIENCY OF THE ~LANT 

(DIMENSIONLESS) -
• THERMAL CONDUCTIVITY OF THE AMMONIA AT DESIGN 

CONDITIONS (BTU/HR-DEG F-FT) . 
- TEMPERATURE OF THE AMMONIA AT THE INLET TO THE HEAT 

EXCHANGER (DEG F) 
- FRACTION OF THE YEAR THAT THE CORRES~ONDING 

AMBIENT TEM~ERATURE EXISTS (DIMENSIONLESS) 
- TEMPERATURE DIFFERENCE BETWEEN THE SATURATED STEAM 

AND AMMONIA IN T~E CONDENSER/REBOILER AT DESIGN 
CONDITIONS (DEG Fj 

• TEMPERATURE DIFFERENCE BETWEEN THE SATURATED STEAM 
AND AMMONIA IN T~r CONDENSER/REBOILER AT OFF DESIGN 
CONDITIONS (DEG F) 

- TEMPERATURE DROP OF THE AMMONIA IN THE SUPP~Y 
PIPING (DEG F) 

• SATURATED STEAM TEM~ERATURE IN TH: CONDENSER/ 
REBOILER (DEG F) 

- MAXIMUM AIR VELOCITy THROUGH THE DRy HEAT 
EXCHANGER (FT/SEC) 

- VISCOSITY OF THE AI~ AT THE AvERAGE AIR TEMPERATU~E 
1"-1 THE DRy HEAT EXCHANGER (L9M/FT_HR) 

- vISCOSITY OF THE AMMO~IA VAPOR ENTERING THE HEAT 

DE ... UGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DEL,UGT 
DE~UGT 
DELUGT 
DE~UGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DE~UGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DE.LUGT 
DELUGT 
DELUGT 
DELUGT 
OELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 

59 
bO 
bl 
b2 
63 
b4 
b5 
b6 
b7 
b9 
69 
70 
71 
72 
73 
74 
75 
7b 
77 
78 
79 
BO 
Bl 
B2 
83 
B4 
85 
Be 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
lOS 
lOb 
107 
108 
109 
110 
II 1 
112 
113 
114 
115 

• 



• 

" 

c 
c 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

OPTcl 

EXCHANGER AT DESIGN CONDITIONS (LB~/FT.HR) 
VIS~ - VISCOSITY OF T~E AMMONIA LIQUYD ENTERING THE HEAT 

EXCHANGER AT DESIGN CONDITIONS (LB~/FT-HR) 
WATCONA - AMOUNT OF WATER ACLOWED TO BE EVAPORATED OVER THE 

WHOLE YEAR (LBM/YEAR) 
WATCONT - AMOUNT OF WATER EVAPORATED DURING THE WHOLE YEAR 

BY THE COMPLETELY DELUGED HEAT EXCHANGER (L8M/YEA~) 
w3 - MASS FLOW RATE OF AMMONIA AT DESIGN CONDITIONS 

(LBM/HR) 
W32 - MASS FLOW RATE OF AMMONIA AT OFF D~SIGN CONnITIONS 

(LBI.1/HR) 
W4 - MASS FLOW RATE OF AMMONIA THROUGH THE HEAT 

EXCHANGER AT DESIGN CONDITIONS (L8 M/HR) 
XO - LONGITUDINAL PITC~ OF THE TUBES IN THE HEAT 

EXCHANGER (IN) 
YPP - PLANT SCALING FACTOR FOR FAN AND PUMP POWER LOSS 

(DIMENSIONLESS) 
Z - HEAT EXCHANGER DEPTH IN NUMBER OF TUBES 

(DIMENSIONLESS) 
ZD - HEAT EXCHANGER DEPTH IN NUMBER OF TUBES 

(DIMENSIONLESS) 

DEFINITION OF ARRAYS 

RPL 
PSATD 

TPO 

TSATD 

VTA 
VTAWB 
VTPER 

WATCON 

LOGICAL FRST3 

- THE ANGLE OF THE ~EAT EXCHANGER TU~ES FROM THE 
HORIZONTAL AND THE SINE AND COSINE OF THAT ANGLE 

- BACK PRESSURE LIMIT CURVE (IN HGA) 
- TURBINE BACK PRESSURE CURVE WHEN THE HEAT EXCHANGER 

IS DELUGED COMPLETELY (IN HGA) 
- ARRAY OF-COEFFICIENTS FOR THE CUBIC CURVE FIT OF 

HEAT RATE FACTOR AS A FUNCTION OF TURBINE BACK 
PRESSURE (DIMENSIONLESS) 

- TURBINE STEAM SATURATION CURVE WHEN THE HEAT 
EXCHANGER IS DELUGED COMPLETELY (DEG F) 

- AMBIENT TEMPERATURE CURVE (DEG F) -
- AMBIENT WET BU~B TEMPERATURE CURVE (DEG F) 
• FRACTION OF THE yEAR THAT THE AMBIENT AND WET BULS 

TEMPERATURE INCREMENTS EXIST (DIMENSIONLESS) 
- WATER CONSUMPTION Dr THE HEAT EXCHANGER ~HEN IT IS 

COMPLETELY DELUGED OVER THE WHOLE YEAR FOR EACH 
AMBIENT TEMPERATURE INCREMENT (LRM/YEAR) 

LoGICAL FIRST,FRST,FXTEMP,FXTVARfFXTTTD,FXTLNG 
COMMO"l 

$ ArTR, ALPHA, ANG(3) 
.. ,BPLlIl4(l6) 
5 ,CAPF, CSSPKW, CONF, CONL, COSTL, CAPCHG, CONMAT, CONMA2,CAF 
$ ,C9J, CTURB, CDANG, CLUVR, CHAILS, CV~ 
$ ,DFIN.DEEPL,DESVEL,DESVELV,DESVELD,DENSIF 
$ ,ErFP, EFS -
5 ,FCR,FIRST,FIXL,FCOS,FFHX,FXTEMP,FACTOR,FRST,FAC!ORD,FSHOT,FDELUG 
S ,FtxV'FIXTTD,FXTVAR.FXTTTD,FXTL~G 
$ ,G~rFF 
$ ,HxNP,HPCST.HCD 
5 ,ITMAX, In-lIN 
$ ,JCONS 

DELUGT 
DELUGT 
DELUGT 
DELU5T 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DE-LUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
OELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DE~UGT 
DELUGT 
DELUGT 
DE~UGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DE~UGT 
DELUGT 
DELUGT 
DELUGT 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCO"1 
BIGCOM 
BIGCOIo1 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 

116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 

2 
3 .. 
5 
6 
7 
B 
9 

10 
11 
12 
13 
14 
15 
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C 
C 

c 
C 

! ,KenNV, KALEXT 
J ,MXEXT 
! ,NTA,NSIDES,N8UNHI 
COM~ON 

J ODR 
! ,PSIZE, PER, PWCOS, PLANC, PFACT, POMDPL 
J ,PnH8AF, POHFAN, POHLEC, POHCIRi POHCND, PO~STC, PO~SCL 
! , R8P,REDUcE, REDUCV, ROOFL, RHOUT 
! , ~REJ, QREbUCE, QREDUCV 
5 ,SIr,MAG, SAAF, SEGL 
! ,T" TPO(4), TEFF, TLI~, T..,FIN, TLPRA, TFIX 
5 ,TCD' Tw 
$ ,UCS' UwS 
$ ,W~V, WATCONA, WATCOST 
$ ,VA S (e;) 

!f. ,XDEPA, XW, X[' 
COMMO~ ISUPPLYI VALIS), CPLN, CPJP, CCOs, w3, COS~, EFF, 

i QIN, CLAND. REAIP, Z.HRFAC2, \0/4, 0, DELP~, PPo~. 
! FPI)W, DELFC, WIDTH, ELENG, \lAIR, \I\o/AT, HI, HO, T4, 
$ REWAT, N~, NT, NP,PLANC2,PSIZ12, SPRP, SW4, SW3, 
$ SPC,PTOTAL,PLANC3,SAFRON, AAIR, YFp, SPcD,PSIZ13, WT2, 
J RP2, NW2, TCOS, DELPA,DELPWT,DELPWC,CONBAS, XNTSX, \lELDX 
!, TLAX, UCON, PMCST, FMCST, FBACC, EFFC, CH, CA, CS 
J, CLTC, CFC, CPCC, FITCO, CSC,CEPREp,DELPIP, AST,OLDCST 
$,CAPC~T, XNFAN,BLDANG, CPLEN, DPFEL~ WHX, WTTUB, ADIA, ABLN 
S, WTHDR, WTFRM,STRUCC,CFPERF,HP~ERF, TOTCF, TPC, EFFIN, ANTU 
J, AJRFF, WATFF, XNMOD, TCTPF. FDCPF, FMTRC, -ACCTTP, ADJTP 
$, ACTBPD, ADJBPD, ACTVH, ADJ\lH, ADJPPF, THPAIR, TCTF, AFCST 
$, CSRD, WATERw, WSTPCT, CFOUND, HUBDIA, TOWLEN, NUMTow, CTOWD 
J ,S~RJ,SQQJS,ATUBC,CBA,TTDl,TTD2,DELPS,CSTL\lR,PIpCSTD 

~ ,C~THS, CYLRNG, CFANEL, PSTACS, PUFITc, PMPCST, RPTPL, SEPCST 
" ,PIoIDI16) ,\o/ATCWD(16) ,D[PER(16) ,DEPERQ(16) 
S ,WQQ,HTow,NTOWDE,CSTIF,CSJ,C\lF,CDp,w5 
COM~ON ISCALER/HRFACl, ATUB, -CPERA, SSCD,PLANCl,CASSSl, 

J GArR. FAIR, HPAIR, HPWAT, WLRTp, PLANCTI -
COM~ON IHXDI AI,ATOT,SFA,RFA,ACS 
COM~ON IVAR\lARI VTPEP(16), VTAtlb), \lTA\O/B(16) 
COM~ON/DJ9/DI'XDG,SF 
C~M~nN ISURFEXI ODL,DUMLST(15) 
cnM~ON/DLUG/TA,TAWB.TI,PATM,HI2,H02,RMA,QSEC,RMEV,\lALREQ 
COM~ON/COUNT/NSLOPE,FRST3 
COM~ON/FAN/FANDAP(153,10),FANOAH'153,10),FMCPF,FBCPF,P2,R,S, 

J VELoEC,AFC,ELEV,EHR,LOOPER,CTMAX -
COM~ON IPROPI CPw, THCONW, DENSIW, VISw, HFG, 

.. CPv, THCONV, DENSI\I, VIS\I, SJG"1A, 

.. CPA, THCONA, DENSIA, VISA 
DIMENSION PSATD(16), TSATD(16), ~ATCON(16 , 9PL(lb) 
NDBUGI = 0 . 
WATCONT "' 0,0 
NSLOPE "' 0 
ZD = Z 
\lALRFQ "' Z 

nESIGN THERMAL EFFECTI\lEN~SS OF THE POWER PLANT 
T~FF3 • TEFF/HRFAC2 

RATED THERMAL EFFECTIVENESS OF THE ~DW[~ PLANT 

BIGCO~ 
BIGCD~ 
BIGCO~ 
eIGCO~ 

BIGCOM 
BIGCOM 
BIGCO~ 
BIGCO~ 
BIGCO~ 

BI3C0"1 
BIGCO~ 

BIGCO" 
BIGCO'-l 
HIGCO"l 
BIGCO"1 
BIGCO" 
supp .. y 
SU?P~Y 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUpPLY 
SUPPLY 
SUPP:..Y 
SUPPLY 
SCALE~ 
SCALER 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2P-
29 
30 
31 

2 

It 

5 
b 
7 
8 
9 

10 
11 
12 
1:; 
14 
15 
16 
17 
It: 

2 
3 

162 
163 
1 b4 
165 
166 
167 
168 
169 
170 
171 
172 
173 
114 
175 
176 
177 
178 
179 
180 
181 
182 
183 

. 
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s 

o 

s 

o 

'5 

(\ 
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C 
C 

C 
C 
C 

c 
C 
C 
C 

C 
C 

C 
C 

C 
C 

C 
C 

C 
C 
C 

C 
C 

c 
c 

C 
C 

C 
C 
C 

C 
C 
C 

C 
C 

C 

T~f~1 • TEff/HRfACl 

HEAT INPUT INTO THE POWER PLANT 
OIN! • 3413,E+3*PSIZ13/TEffl 

HEAT REJECTED AT THE DESIGN T~ERMAL EffECTIV~NESS OF THE 
POiriER pLANT 

OREJTl .. OINl-(I. - TEff3) 

LOOP TO FIND THE BACK PRESSURE Of THE TURBIN~ OVER THE 
A~eIENT TEMPERATURE RANGE 

Dn lOll J I: I,NTA 
I ., NTA • J • 1 
NSL~PE ~ NSLOPE • 
fQST3 •• TRUE. 
JK = 0 

A~BIENT TEMPERATURE 
TA ~ VTA (I) 

WET BULB AMBIENT TEMPERATURE 
TAW3 .. VTAWBCI) 

PERCENT Of THE YEAR AT THE ABOVE AMBIENT TEM~ERATU~E 
TPEp .. VTPER(I) 

RANGE af THE AIR AT THE DESIGN AMBIENT TEMPERATURE 
RANGE. QREJTl/(W4_(I, • Yfp)-CPA) -

I~ITIAL GUESS FOR THE ALL wET TURBINE SATURATED STEAM 
TEMPERATURE 

Tl .. TAW8 + TTDI • TTD2 • (RANGE/Eff) 

BACK PRESSURE Of THE TURBINE AT THE SATURATION TEMPERATURE 
10 P = EXP(17.168 - 9240./(TI • 460,» 

JK = JK • 1 

HEAT RATE FACTOR AT THE ABOVE BACK PRESSURE 
HRfAC4 ~ TPO(I) • TPO(2'.P • TP013'-P~.2 • TPO(4,.P.-3 ' 

T~ERMAL EffECTIVENESS Of THE PLANT AT THE ABOVE BACK PRESSURE 
T~ff4 .. TEff/HRfAC4 

HEAT REJECTED AT THE ABOVE THERMAL EfFECTIVENESS Of THE 
POWER PLANT 

QREJT? .. QINI -(I. - TEff4) 

TEMPERATURE DIffERENCE BETWEEN THE SATURATED STEAM AND THE 
AMMONIA IN THE CONDENSERiREBOILER 

TTD12 • (QREJT2/QREJTl)*TTDI 

PRESSURE OF THE ~MMONIA LEAVING THE CONDENSER/REBOILER 
1'12 .. FLUIO(lOt},Tl - TTDI2,ELEV,"DELUG I") 
HFG2 • FLUIO(9,1,Tl - TTOI2,ELEv,IIDELUG 211) 

DENSIV;> ~ fLUID(7ol,Tl - TTDI2.ELEV,IIDELlIG 3'1) 

DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DEL.UGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELU5T 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DEI,.UGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELU5T 
DElUGT 
DEL.UGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELU5T 

181, 
IBS 
IB6 
IB7 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
2 3 1 
232 
233 
234 
235 
236 
237 
238 
239 
240 
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c ~.SS FLOW RATE OF A~MONIA THROUG~ THE COOLING SYSTE~ 
W32 = QREJT2/HFG2 

C 
C PRESSURE DROP O~ AM~ON!A T~ROUGH THE SUPPLY PIPING 

DELPS2 R DELPS*CW32*.2.DENSIV/(~~NSIV2*W3**2» 
C 
C PRESSURE AT THE END OF THE SUPPLY PIPI~G 

P22 ~ P12 - DELPS2/l44. 
TI = T1 - TTDI - TT02 
DELTJ •• 001 

c 
C LOOP TO DETER4INE THE TEMPERATURE OF THE AUMONIA AT THE END 
C OF THE SUPPLY PIPING 

C 
C 
C 

20 FTI = .P22 • FLUID(ln,l,TI,ELEV,"DELUG 4" 
FTI~EL " -P22 • FLUID(10.l.TT • DELTI,ELEV,"'ELUG 5") 
TJPl c TT - DELTI*FTI/(FTIDEL - FTI) 
IF(ASSITIPI - TI).LT •• OOOl) GO T~ 30 
TI = TIPI 
GO T(1 ('0 

TE~oERATURE DROP IN THE AMMONIA FRO~ THE BEGINNING TO THE 
END OF THE SUPPLY PIPING 

30 TTD22 R Tl - TTD12 - TI 
C WRITEI6,500) TTDl,TTD12,TTD2,TTD22,QREJT2,QREJTl,P12,HFG2,DENSIV2, 
C IDENSIV,w32,DELPS,DELPS2,P22,TI,wATCONT 
C 500 FOR~ATI2X,IITTD1,TTD12,TTD2,TTD22,QREJT2,QREJTl,P12,HFG2,DENSIV2.0E 
C 1NSIv,W32,DELPS,DELPS2,P22,TI,WATCONT"",1,2X,RG12.5,/,2X,~G12.S/) 
C 
C 
C 

INSIDE HEAT TRANSFER COEFFICIENT OF THE HEAT EXCHANGEP 
WHEN IT IS DELUGED --

GwAT2 • W32/(ZD*NW*3.l4159*DI*OI/(4.*144. ) 
pow ~ VISw*CPW/THCONW 
CALL H'CLO(DI,ELENG*12.,ANG,GWAT2,1.,O.,PRW,DENSIW,DENSIV,VISw* 

1.41338 ,VISV*.41338,THCONW,CPW,HI2,HTC,HTB,HTN,HTK,RE_AT2) 
C 
C AIR SIDE HEAT TRANSFER COE~FIcIENT OF THE HEAT EXCHANGER 
C \IIHE".' I TIS DELUGED -

GAI~2 R ~ACTOR*VAIR-DENSIF.3600. 
IF(~DELUG.EQ.IIDELUG II) CALL I'IOTERV(F'AIR2,H02,SIGMAG,ALPHA,XD, 

1GAIR2,VISA) . 
IF(F'DELUG.EO."DELBAW II) CALL MTCH(GAIR2,H02) 
PAT4 " EXP(3.39853 - 3,81835E-5.~LEV)/29.92 

C 
C MASS F'LOW RATE ~F' AIR THROUGH A UNIT PART O~ THE HEAT 
C EXCHANGER 

RMA : ~ACTOR.VAIR.DENSIf.3600 •• A~S 
C 
C CALCULATION Of THE HEAT REJECTED FROM THE ALL wET HEAT 
C EXCHANGER AND THE A~OUNT OF WATER USED 

C 

IF(~DE~U~.EO'''DELUG If) CALL OELUG 
IF(~DELUG.EQ."DELBAW If) CALL DELBAW 
IF(l(cO'lV.EQ.1) RETURN 
OREJTN c Nw*ELENG.QSEC 
R4Ev " NW*ELENG-RMEV 
IF(NnBUGl.EQ.1) WRITE(6,60) Tl,p,GWAT2,HIZ,GAIR2,H02,TA,TAWB,TI, 

IPIT4,R4A,QSEC,P4EV,QREJT~ 

DELUGT 241 
DELUGT 242 
DELUGT 243 
DELUGT 244 
DELUGT 24'5 
DELUGT 246 
DELUGT 247 
DEL-UST 248 
DELUGT 249 
DELUGT 250 
DELUGT 251 
DELUGT 252 
DELUGT 253 
DELUGT 254 
DELUGT 255 
DELUGT 256 
DELUGT 257 
DELUGT 258 
DELUGT 259 
DELUGT 260 
DELUGT 261 
DELUGT 262 
DELUGT 263 
DELUGT 264 
DELUGT 265 
DELUGT 266 
DELUGT 267 
DELUGT 2b8 
DELUGT 269 
DELUGT 270 
DELUGT 271 
DELUGT 272 
DELUGT 273 
DELUGT 274 
DELUGT 275 
OELUGT 276 
DELUGT 217 
DELUGT 278 
DELUGT 279 
DELUGT 280 
DELUGT 2B] 
DELUGT 2B2 
DEL-UGT 283 
DELUGT 284 
DELUGT 285 
DELUGT 2B6 
DELUGT 2B7 
DELUGT 28P 
DELUGT 289 
DELUGT 290 
DELUGT 291 
DELUGT 292 
DE .. UGT 293 
DELUGT 294 
DELUGT 295 
DELUGT 296 
DEL,uGT 2'n 

A 
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C USE OF THE CALCULATED HEAT REJECTED AND THE DESIRED HEAT 
C REJECTION TO ESTIMATE THE SATURATIO~ TEMPERATURE OF THE 
C ~TEA~ IN THE CONDENSER/REBOILER 

C 

IF(JK.LE.l) TIl ~ Tl " 
IF(JK.LE.l) QREJT~ K QREJTN 
IF(JK.l.E.l) Tl II: Tl .. 5. 

IF(JK.LE.l) QREJT~ II: QREJTN 
IF(JK.LE.l) Tl .. Tl .. 5. 
IF(JK.LE.ll GO TO 10 
SLOPf K (QREJTN .. QREJTM)/(TI .. TIl) 
Tll ~ Tl 
Tl ~ T1 • CQREJT2 .. QREJTN) ISLOPE 

C CONVERGENCE CRITERIA FOR THE SATURATION TEMP~RATURE OF THE 
C STEA~ IN THE CDNDENSER/REBOILER 

C 

IF(AB~tTl .. Tll)/Tl.LT •• 0025)"GO TO 40 
QPEJT~ K QREJTN 
GO TO 10 

C STORAGE OF VARIABLES 

C 

40 T5ATO(I) .. T1 
PSATO(I) ~ P 
WATCONII) ~ TPER.e760."RMEV 
IoiATCONT D WATCON (I) • WATCONT 

C IF THE BACK PRESSURE CURVE OF THE DELUGED SySTEM IS ABOVE 
C TME BACK PRESSURE LIMIT CURVE THIS DESIGN IS THRowN OUT 

C 

1F(P5ATD(I).GT.8PL(I» KCONV " 1 
IF(pSATDCII.GT.BpL(I» RETURN 

60 FOR~ATr2X,"Tl,p,GWAT2,HI2,GAIR2,M02,TA,TAWB,TI,pATM,RMA,QSEC.RMEV, 
lQPEJTN"",1,2X.AG12.4,1,2X,6G12.4/) 

100 CONTINlJE 

C IF THE AMOUNT OF IoiATER USE~ TO DELUGE THE HEAT EXCHANGER 
C ALL YEAR AROUND IS BELOIoi THE AMOUNT ALLOCATED THIS DESIGN 
C IS THROWN OUT " 

IF(IoIATCONA.GE.WATCONT) KCONV II: 1 
RETURN 
END 

OELUGT 
DELUGT 
DELUGT 
OELUGT 
DELUGT 
DELUGT 
DEL,.UGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
OELUGT 
OELUGT 
DELUGT 
OELUGT 
DELUGT 
OEL,.UGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
OELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
DELUGT 
OELUGT 
DEL,.UGT 
DELUGT 
DELL/GT 
DELUGT 
OEL,.UGT 
DELUGT 
OEL,.UGT 

298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
30e 
309 
310 
311 
312 
313 
314 
315 
316 
317 
311l 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 
336 
337 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

c 
C 
C 
C 
C 

OPT=1 

SUB~OUTINE OPCON(GOWS,OTI'OL'~NG'GT'XI,xO'DENL.DENV,VISL'VISV'DP, 
1 DpF,OPG,DPM,XLM,PHIL,PHIL2,Vr,FL,RL,RV) 

;UB~OUTINE DPCO~ CALCULATES THE TWO PHASE PRESSURE DROP 
INStDE TUBES WHETHER IT BE CONOENSATIO~ OR eOILING THE 
PRESSURE DROP IS CALCUL~TED-ACCORDING TO THE METHOD OF 
LOCKHART AN~ MARTINELLI . 

DEFINITION OF VARIABLES 

ANG(2) 

DENL 
DEtllv 
DL 
('\P 

(,PF 
('coG 
DP .. 

DR 
(H I 
FL 

GT 
PHIL 
PHIL2 
RL 
r:1V 
Sill 

vtSL 
VTSV 
XA 

XAV 
)(1) 

xI 
XL" 
xo 

- THE SIN Or THE ANGLE THE TUBE MAKES FROM THE 
HORIZONTAL (OJMENiIONLEsS) . 
DENSITY OF THE LIQUID PHASE OF THE TWO PHASE FLO~ 

- DENSITY OF THE VAPOR PHASE Or THE Two PHASE FLOW 
- LENGTH OF THE TUBE (IN) 
- TOTAL PRESSURE DROP I~ THE TUBE (LBF/SQ I~) 
- PRESSURE DROP DUE TO FRICTION (LBF/SQ IN) 
- PRESSURE INCREASE DUE TO GRAVITY (LBF/SQ IN) 
- PRESSURE DROP OR INCREASE DUE TO .. OMENTUM LOSS DR 

GAIN (LBF/SQ IN) 
- DENSITY RATIO (LIQUID/VAPOR) (OI~ENSIONLESS) 
- INSIDE DIAMETER OF THE TUBING (IN) 
- LIQUID FANNING FRICTION FACTOR BASED ON THE VAPOR 

QUALITY AND THE I~SIOE DIAMETER ON-THE TUBE (OI~­
ENSIONLESS) 

- MASS FLUX OF F~UID IN THE TUBE (LBM/HR-sa FT) 
• MARNTINELLI FUNCTION (DIMENSIONLESS) 
• MARTINELLI FUNCTION SQUARED (O!MENSIONLESS) 
- REYNOLDS NUMBER LIQUID FRACTION (DIMENSIONLESS) 
• REYNOLDS NUMBER VAPOR FRACfJON (OIMENSIO~LESS) 
- NU~BER OF OIVISIO~S IN THE LENGTH DF THE TUBE 

(DIMENSIONLESS) 
• VISCOSITY OF THE LIQUID (CENTIPOSE) 
- VISCOSITY OF THE VAPOR (CENTIpOSE) 
- AVERAGE VAPOR QUALITY IN EACH SECTION OF THE TUBE 

(OI"IENSIONLESS) 
- AVERAGE VAPOR QUALITY IN THE TUBE 
- CHANGE IN VAPOR QUALITY FROM ONE END OF THE TUBE 

TO THE NEXT OR FO~ EACH SECTION OF TUBE 
(DIMEtIISIONLESS) -

- INLET VAPOR QUALITY (DIMENSIONLESS) 
- LOCKHART-MARTINELLI pARA"IETER (OIM~NSIONLESS) 
- EXIT VAPOR QUALITV (DIMENSIONLESS) 

DIMENSION ANG(3) 
OHO"O(~).(1.0-X)/OENL.X/OENV 
OpG • 0,0 
OPM • 0,0 

PRESSURE DROP AS A RESULT OF FRICTION 

~ETUp OF VAr:1IABLES FOR CALCULATION OF PRESSURE OROI' 
fNCREMENTALLY ALONG THE LENGTH OF THE TUBE 

DR .. OEtIIL/OENV 
XD • A'iS(XI-XO) 
XAV .. O,5-(xI.xO) 
t-.! = xn-l0.-,01 
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OpCO~ 

DPCO~ 
OPCD'I 
Opeo"l 
opeON 
OpeON 
opeON 
OPCON 
OPCDN 
opeON 
DcoeON 
OPCON 
opeON 
DPCON 
DPCD'" 
opeON 
DpCO~ 

OCOCON 
OPCO'" 
DpeON 
opeo~ 

opeDN 
opeON 
OPCON 
opeON 
OPCON 
OpCON 
opeON 
opeON 
opeo.., 
OPCON 
opeON 
opeON 
opeON 
opeON 
opeON 
opeON 
OpeON 
opeo'" 
opeDN 
opeON 
opeON 
opeo'" 
opeON 
DPeON 
opeON 
opeON 
opeON 
OPCON 
opeON 
OpCON 
opeo'" 
opeON 
opeON 
opeON 
opeON 
Dpeo'" 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
"2 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 

• 



• 

• 

C;U8ROUTINE DPCON 

C 

N .. N • 1 
SN .. ~ 
XD .. XO/SN 
SU~ .. 0.0 
SUG .. 0.0 
XA .. xl • XD •• 5 
l~exI.lT.XO) XA .. XI - XD •• 5 

C PRESSURE DROP INCREMENTALLY CALCULATED ALONG THE LENGTH 
C OF 'HE PIPE 

C 

DO 10 I .. 1.N 
I~exO.L.:T.XI) XA • XA - XD 
1~:xI.LT.XO) XA = xA • XD 
xv .. A~AXI eo.lo,XA) 

C DETER~INATIDN OF MARTINELLI FUNCTION 
CALL DPL~~BeDTI,GT,XV,DR,VISL,VISV,PHIL,PHIL2,FL,XLM'RL,RV) 

6 SUG .. SUG • l./PHIL 
C 
C DETERMINATION O~ THE SUM OF THE VARIABLE PARTs IN FRONT 
C nF THE TWO PHASE PRESSURE DROP EQUATI0~ 

10 SUM .. SUM. el.o - XV) •• 2.F~-PHI~2 
C 
C PRESSURE DROP INCU~RED BY TME TWO PHASE FLOW IN THE PIPE 
C DUE TO FRICTION -

DPF .. ;333E-IO - DL-GT--2-SUM/(DTI-DENL_SN) 
C 
C INCREASE 1N PRESSURE DUE TO GRAVITy 
C 

20 V~ s 1; - SUG/SN 
C DpG .. -ANG(2)*DL-eDENV-VF • DEN~-el.-VF»/1728. 
C 
C INCREASE OR DROP IN PRESSURE DUE TO CHANGES IN MOMENTUM 
C THE MODEL IS BASED ON A HO~aGENEOUS MODEL THAT ASSU~ES 
C THE CHANGE IN MOMENTUM APPLIES JUST TO THE VAPOR 
C 

C 

30 DDM = GT.*2/6.Elo-eDHOMOeXO)-DHOMOeXI» 
DDM .. rJP~*XAV*.2 

C TOTAL PRESSURE DROP 
C 

90 Dp = DPF • DPG • DP~ 

RETURN 
END 
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DPCON 
DPCON 
DPCON 
DPCON 
DPCON 
DPCON 
DPCON 
DPCO" 
DPCON 
DPCOfIJ 
DPCON 
DPCO)l 
DPCO~ 

DPCON 
DPCON 
DPCON 
DPCON 
DPCON 
DPCON 
DPCON 
DPCON 
DPCON 
DPCON 
DPCON 
DPCON 
DPCON 
DPCON 
DPCON 
DPCOIII 
DPCON 
DPCON 
DPCON 
DPCOIII 
DPCOIIj 
DPCON 
DPCOII/ 
DPCON 
DPCON 
DPCO'l 
DPCON 
DPCON 
DPCON 
DPCON 
DPCON 

59 
60 
61 
62 
63 
64 
65 
66 
67 
66 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
BO 
81 
82 
83 
B4 
85 
86 
B7 
B8 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 



c 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 

C 
C 

c 
C 

SU8QOllTI NE DPF"F"F" (RE, F"F", I LT) 

~U8ROUTINE OPF"F"F" DETERMINES THE FANNING F"RICTION F"ACTOR 
F"OR SMOOTH TUBES 

DEF"INITION OF" VARIABLES 

RE - REYNOLDS NUMBER (DIMENSIONLESS) 
~F - F"ANNING F"RICTION FACtOR (DIMENSIONLESS) 

ILl", 2 
I F' IRE .. 

10 I ~ (RE -
20 I ~ (~E .. 

1600,) 
39 5 0, ) 

52000,) 

30,30,]0 
40,40,20 
50,50.60 

LAMINAR F'LOW REGIME 
30 FF' = H',/RE 

IL.T " 1 
GO Tn 70 

TRANSITION F"LOW RE~IME 
40 FF" "' 0;0]0 

IF'IQE.LT,2000,) ILT .. 1 
GO TO 70 

TUR8ULENT FLOW REGIME 
50 F"F" "' n~0791/RE**0,25 

GO TO 70 
60 F"F' " n,0460/RE**O.20 
70 RETURN 

END 
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OPF'F"F" 
OPF"FF 
01' FF"F' 
OPFFF' 
OPFFF" 
OPFF"F 
OPF"FF" 
OPF'FF" 
DPFFF 
OPFFF' 
OPF'F"F 
DPFFF' 
OPF'F"F" 
OPF"FF 
DPFF"F" 
OpF"FF 
OPF"F"F' 
OpFF"F" 
OpFF"F 
OpFF"F' 
DpFFF 
OPF"F"F 
OpF"F"F 
OPF'F"F" 
OPF"F"F' 
DPF"FF" 
OPFF'F" 
OpF'F"F 
OpF'FF" 
OPFF"F" 
DPF"FF 

2 
3 
4 
5 
6 
7 
8 
9 

10 
1] 
12 
13 
14 
15 
16 
17 
18 
]9 
20 
2] 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3] 
32 

.. 

• 

• 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 

C 
C 

C 
C 

C 
C 

C 
C 

C ,. 
" 
c 
C 

C 
C 

C 
C 

C 
C 

• C 
.., C 

• 
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~UBROUTINE DPLMNB DETERMINES THE MARTINELLI FUNCTION FOR 
R~ILING INSIDE OF TUBES BY CURVE FITS OF THE-LOCKHART-
MARTINELLI PARAMETER -

DEFINITION OF VARIABLES 

DR 
DT! 
FL 
F'J 
GT 
I)HIL 
P"'IL2 
Rl, 
RV 
VISL 
VISV 
XA 
XLM 

- DENSITY RATIO (LIQUID/VAPOR) (DIMENSIONLESS) 
- INSIDE DIAMETER OF THE TUBING (IN) 
• LIQUID FANNING FRICTION fACTOR (DIMENSIONLESS) 
• VAPOR FANNING FRICTION FACTOR (DIMENSIONLESS) 
- MASS FLUX OF fLUID IN THE TUBE (LeM/(HR-Sa FT)) 
- MARTINELLI FUNCTION (DIMENSIONLESS) 
- MARTINELLI FUNCTION SQUARED (DIMENSIONLESS) 
- REYNODLS NUMBER LIQUID fRACTION 
- REYNOLDS NUMBER VAPOR fRACTION 
- VISCOSITY Of THE LIQUID (CENTIPOSE) 
- VISCOSITY OF THE LIQUID VAPOR (CENTIpOSE) 
- VAPOR QUALITY Of THE FLUID (DIMENSIONLESS) 
- LOCKHART-MARTINELLI PARAMETER (DIM~NSIONLESS) 

LIQUID REYNOLDS NUMBER 
RL = DTI*GT-(I.-XA)/(VISL*29.) 

VAPOR REYNOLDS NUMBER 
RV • nTI*GT*XA/(V~SV_29.) 

FANNING fRICTION FACTOR FOR THE LIQUID 
CALL DI)FFF(RL,FL,ILTL) 

FANNING FRICTION FACTOR FOR THE VAPOR 
CALL OPFFF(RV,FV,ILTV) 

LOCKHART-MARTINELLI PARAMET~R 
XLM = SQRT(FL/(FV*DR») * (1.-U);U 

VISCOUS FLO~ LIOUID - VISCOUS fLO~ VAPOR 
IF(ILTL.EQ.l.AND.ILTV.EQ.1) JMART .-1 

TURBULENT FLO~ LIQUID - VISCOUS fLO~ VAPOR 
IF(ILTL.EQ.2,AND.ILTV,EQ,I) JMART • 2 

VISCOUS FLO~ LIQUID - TURBULENT fLOW VAPOR 
IF(ILTL.EQ,I,AND.ILTV,EQ,2) JMART • 3 

TnRBULENT FLOW LIQUID - TURBULENT FLOw VAPOR 
IF(ILTL.EQ,2,AND,ILTV.EQ.2) JMART • 4 

M~RTINELLI FUNCTION 
P~IL • CMAPTIN(XLM,JMART.ll 

MAPTINELLI FUNCTION SQUARED 
P~I~2 • PHIL*PHIL 
RF'T URN 
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DPLMIljB 2 
DPLMNB 3 
DP~MN9 4 
DPLMNB 5 
DPLMNB b 
DPLM"4B 7 
DPLMNB 8 
DPLMNB 9 
DPLM"4B 1 0 
DPLM"4B 11 
DPLMNB 12 
DPLMNe 13 
DPLMNB 1 ~ 
DPLMNB 15 
DPLMNB 16 
DPLMllj8 17 
DPLMNB 16 
DPLMNB 19 
DPLMNB 20 
DPLMNB 21 
DPLMN8 22 
DPLM"4B 23 
DPLMNB 24 
DI)LMNB 25 
DPLMNB 26 
DPLMNB 27 
DPLMNB 2ft 
DPLMN9 29 
DPLt.!"4B 30 
DPLMNB 31 
DPLMNB 32 
DPLMN9 33 
DPLMNB 34 
DPLMN8 35 
DPLMNS 3f, 
DPLMN9 37 
DPLMNB 38 
DPLMIlB 39 
DPLMNB 40 
DPLMNB 41 
DPLMNB 42 
DPLMNB 43 
DPLMNB 44 
DPLMNB 4~ 

DPLMNB 46 
DPLMNB 47 
DPLMNB 48 
DPLMNB 49 
DPLMNB 50 
DPLMNB 51 
DPLMIl6 52 
DPLMNB 53 
DPLMNB 54 
DPLMNEl 55 
DPLMNB Sf, 
DPLMN9 57 
DPLMNB 51! 
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• 
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OPTo: 1 

SUB~oUTIN:: ERR~SG (KEY) 
c 
C IF" KEY IS 1 INCREMENT THE COUNTER FOR NO FAN FOUND 
C IF KEY I S 2 INCREMENT THE LOOP COUNTER 
C IF KEY IS 3 PRINT THE COUNTERS 
C 

IF (~EY .EQ. 1) "JFKTR I: NFKTR • 
IF (KEY .EO. 2) LPKTFI I: LPKTR • 
IF (10100 ILPKTR.20) .EO. 0 .ANO. LPKTR .GT. 0) WRITE(6.200)LPKTR 
IF (KEY .EO. 3) WRITE (60100) NFI(TR.LPKTR 

100 FOR"1ATI/////" THE NU~BER OF TIIo1E NO FAN WAS FOUND ".120, 
$11 T"tE NuuREP OF TIMES LOOP ESCAPE WAS REOUIRED .",120) 

200 FOR~ATI1l(,Is." FAN LOOP ESCAPES REQUIRED so FAR") 
RnURN 
E~D 

06/0S/7!l 07.59.59 

ERRMSG C 
ERRMSG 3 
ERRMSG 4 
ERRMS:> 5 
ERRMSG 6 
ERRMSG 7 
ERRMSG 8 
ERRIo1SG 9 
ERRMSG 10 
ERRMSG 11 
ERRMSG 12 
ERRMSG 13 
ERRMSG 14 
ERRMSG 15 
(RRMSG 1 ~ 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

OPT:l 06/05/78 07,59,59 

SUB~OUTINE FAN(DPTINW, AFRON) 

~UB~~UTINE FAN SELECTS THE OPTIMU~ FAN 
lILAR HEAT El<CHANGER GEOMET~" SELECTED, 
FAN SySTEM THE FOLLOWING PARAMETER ARE 

SYSTEM FOR THE PARTIe­
FOR THE PARTICULAR 
SPECI~IED-

1, BLADE DIAMETER 
2, HUB DIAMETER 
3, NUMBER OF BLADE' PER FAN 
4, BLADE ANGLE 

KNOWING THE NUMRER OF FANS AND THE PACKING FACTOR OF THE 
FANS, THE CIRCUAL~ TOWE~ ~IAMETER CAN EASILY BE 
DETERMINED, THE COST OF THE FAN SYSTE~ IS THEN FOUND, THE 
rAN SYSTE~ RESULTING IN THE MINIMUM COST IS SPECIFIED AS THE 
OPT! MUM. 
IN THIS SURROUTINE THERE AR~ TWO ARRAyS WHICH CONTAIN DATA 
fnR T~E FOLLOWING FAN DIAMETERS (24,26,28,30,40,60,. fOR 
EAC~ fAN DIA~ETER THERE IS PERrORMANCE DATA FOR FANS wITH 
DIFFERENT NUMBER OF BLADES AN~-BLADE ANGLES.- THE DkTA 
ARRAYS FANDAP CONTAINS THE FOLLOWING INFORMATION­
FA"JDAP(I,J) 
J a l,5 - COEFFICIENTS FOR THIRD ORDER CURVE FIT OF VOLU-

Ja6 
J=7 
J .. R 
JaC; 
Jal0 
Ial,153 

METRIC FLOW RATE VERSUS TOTAL PRESSURE DROP ACROSS 
THE FAN 

- LOWER PRESSURE DR9P LIMIT (IN WATER) 
- UPPOR PRESSURE DROP LIMIT (IN WATER) 
- DIAMETER OF FAN(fT) 
- NUMBER OF BLADES ~ER FAN 
- BLADE ANGLE (DEGREES) 
- DIfFERENT SETS or DATA FOR EACH FAN AND 

PERfORMANCE POI"JT 
THE DATA ARRAY FANDAH CONTAINS THE FOLLOWING INFORMATION­
FANr)AH (I.J) 
Jal,S - COEFFICIENTS FOR ~OURTH ORDER CURVE FIT OF 

HORSEPOWER VERSUS VOLUMETRIC FLOW RATE 
- LOWER LIMIT ON VOLU~ETRIC FLOW RATE OF AIR THROUGH 

THE FAN FOR WHICH DATA IS AVAILABLE 
- UPPER LIMIT ON VOLUMETRIC FLOW RATE OF AIR THROUGH 

THE rA~ FOR WHICH DATA IS AVAILABLE 
• DIAMETEP OF FAN(FT) -
- NUMBER OF BLADES PER FAN 
- BLADE ANGLE (DEGREES) 

DEFINITION OF VARIAaLES 
A 
AI'ILN 
ADJA 
AFRON 
ANFCOS 
ANSFPC 

ANSFPF 
BAR 
BL.:DANG 
CAPr 

CDA~JG 

- AIR FLOw AREA OF THE FAN (sa I"T) 
NUMBER OF FAN BLADES (DIMENSIONLESS) 
FAN DIAMETER (n) 

- FRONTAL AREA OF THE HEAT El<CHANGER (SQ FT) 
• ANNuAL FAN COSTS 1$) 
- ANNUAL CAPITAL COST OF PLENUM, FOUNDATION, AND 

STRUCTURES (5l 
TOTAL ANNUAL COST Or THE FAN SYSTE~ AND STRUCTURE 
BAROMETRIC PRESSURE (IN HGA) 
FAN BLADE ANGLE (OEGREES) 

- PERCE"JTAGE Or TIME THE PLANT IS PRODUCING POWER 
(PERCENT) 
COSINE OF THE ANGLE FOR THE DELTA HEAT E~CHANGER 
ARRANGEMENT (DIMEr.lSIONLESS 

FAN 
FAN 
FAN 
FA'IJ 
FAN 
rAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FA"J 
FAN 
FAN 
FA'J 
FA", 
FA'J 
FA'" 
FA" 
FAN 
fl.", 

FAN 
FA" 
FAN 
FAN 
FAt..! 
FAN 
FAN 
FAN 
FA~ 
FAN 
FA" 
Ft.N 
FA"J 
FA" 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FA"J 
FAN 
FAN 
fAN 
fAN 
FAN 
FAN 
FAN 
FAN 
rAN 
FA" 
FAN 
FA'l 
FAN 
FA" 
FAI,J 

2 
3 
4 

5 
b 
7 
8 
9 

10 
11 
12 
13 
110 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
U 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
4/t 
4'5 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
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cn~ 

CI 

CHIC 

C~OT 
CPL 
CP I.1 
CSP 
CVM 
DIST 

DPTI"!W 
DSGTIA 
DTOW 
nTTSG 
E""CSr 
E"IP 
ELEIJG 
ELEV 
FNAD 
FANLEC 
,,"COS 
FCR 

"'CST 
,,"MC 

FNDC 
FPOW 
G"'EFF 
HR 
HI"P 
!-IPAIR 
!-Ic:JPF 
HUBDIA 
I 
TTM,H 

YTMIN 
yTMI"! 

ITOWN 
LHf.LFE 

NFlUNHI 

NOF 

NSInES 
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.. ESTIMATE OF THE VOLUMETPIC FLOW RATE Of AIR THROUGH FA~ 
EACH fAN (CU fT/I.1IN) FAN 

.. fAN STACK COSTS WITH AND WITHOUT VELOCITY RECOVERY FAN 
($) - FAN 

.. CONvEPGENCE PARAMETER fOR THE VOLUMETRIC FLOW RATE fAN 
THROUGH EACH FAN (DIMENSIONLESS) FAN 

.. INCREMENTAL VOLUMETRIC FLOW RATE OF AIR USEO IN FAN 
DETERMINING THE fAN PERfORMANCE POINT ICU FT/MIN) FAN 

.. COST OF FAN MOTORS PER fAN 1$) fA"! 

.. COST Of PLENUM FOR THE ENTIRE TOWER SYSTE~ (5) fAN 

.. COST OF PLENUM MATERIAL (5/LBM) FA"! 

.. COST OF T!-IE SPEED REDUCER 15) fAIII 

.. FAN RING MATERIAL UNIT COST (S/LBr) FAN 

.. DISTANCE FROM THE CONDENSER ROOM TO THE FIRST FAN 
CIRCULAR TOWER (FT) FAN 

.. PRESSURE DROP ACROSS THE !-IEAT EXC!-IANGER (IN H20) FAN 

.. DISTANCE FROM THE SWITCH GEAR TO THE MOTOR (fT) fAN 

.. DIA~ETER OF THE CIRCULAR TOWERS (FT) FAN 

.. DISTANCE fROM THE TOWER TO THE SWITCH GEAR (FT) fAN 

.. ESCALATION fACTOR fOR FAN COST (DIMENSIONLESS) fAN 

.. HEAT RATE OF PLANT (8TU/KW_HR) FAN 

.. LENGTH Of HEAT EXCHANGER TUBES (FT) FA"! 

.. PLANT ELEVATION FROM SEA LEvEL (FT) FAN 

.. fAN DIAMETER (FT) fA"J 

.. ELECTPICAL WIRING COSTS fOR THE fAN SYSTEM (5) FAN 

.. PLANT FUEL COST (CENTS/MMBTU) FAN 

.. FIXED CHARGE RATE ON CAPITAL ,,"OR ONE fA"! 
YEAR (FRACTIONAL) . FAN 

.. CAPITAL COST OF T~E fAN (5 fAN 

.. FAN MOTOR COST PER HORSEPOWER FOR MOTORS Of SMALL fAN 
HORSEPOWER (5/HP) FAN 

.. FOUNDATION COSTS FOR THE CIRCULAR TowERS (5) FAN 

.. POWER REQUIREMENTS Of THE FAN SYSTEM (KW) FAN 

.. GEAR BOX E~FICIEN~Y OF THE FAN SYSTEM (PERCENT) FAN 
FAN 

.. HEIGHT OF THE FAN RING ("'T FAN 

.. HORSEPOwER REQUIREMENTS OF THE FAN SySTEM (HP) FAN 

.. HORSEPOWER REQUIREMENTS OF EACH ".AN (HP) fAN 

.. DIAMETER OF THE FAN HUB (FT) "'AN 

.. PER".ORMANCE POINT OF A FAN (DIMENSIONLESS) FA"! 

.. MAXIMUM NUMBER OF TOWERS ALLOWED BY INPUT VARIABLE fAN 
(DIMENSIONLESS) FAN 

.. N FAN 

.. MINIMUM NUMBER OF TOWERS ALLOWED BY INPUT VARIABLE FAN 
(DIMENSIONLESS) FAN 

.. NUMBER Of CIRCULAR TOWERS (DIMENSIONLESS) fAN 

.. VARIABLES USED I"l SPECIfYING WHICH FANS ARE TO BE "'A"! 
CONSIDERED fOR USE IN THE ,,"A"! SYSTEM FAN 
(DIMENSIONLESS) . fA"! 

.. HEIGHT OF THE TOWER IN NUMBER OF BUNDLES FAN 
(DIMENSIONLESS) FAN 

.. NUMBER OF FANS MAKING UP THE FAN SYSTEM FAN 
(DIMENSIONLESS) fAN 

.. NUMBER OF SIDES T~E POLYGONAL COOLING TOWERS HAVE FAN 
(OIMENSIONLESS) FA"l 

.. PACKING FACTOR, RATIO Of CIRCULAR TOWEP ROOf AREA "'AN 
TO FAN SIiEPT AREA (DIMENSIONLESS) fAN 

59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
17 
78 
79 
80 
81 
82 
B3 
84 
B5 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
lOB 
109 
110 
111 
112 
113 
114 
115 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
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PLA"JC 
POHF'"AN 
POHSTC 

ROOFL 
SAAF 
SI'VOL 

STRIJCC 
TAN19 

TAN A 

reST­
TCsrPF 
rOTC-M 

UCS 
IIIO/S 
V!:~ 

VELREC 

WATERW 

WH 
w'l8 
WFv 
W~X 

WIDT'1 
wOL 
W4 

XNFAN 

~ BASE PLANT COSTS 15/KI<I) 
- INDIRECT COST FACTOR -OR FANS (DECIMAL) 
- INDIRECT COST -ACTOR FOR CIRCULAR !OWER STRUCTURES 

I DEC I MAL> 
- CIRCULAR TOWER ROOF LOAD (LBF/SQ FT) 
- SHIPPING AND ASSE~8LY FACTOR (DECIMAL) 
~ SPECIFIC VOLUME OF THE AIR EXITING THE HEAT 

EXCHANGER I L8"1/CU FT) 
- CIRCULAR TOJlER STRUCTURE COST IS) 
- TANGENT OF 19 DEGREES TO BE USED IN COSTING OF 

ENTRY BELL TO THE -AN (DECIMAL> 
• TANGENT OF 8 DEGREES TO BE USEn IN COSTING OF ExIT 

STACK FROM THE FAN (DECIMA~) 

~ TOTAL COST 0- THE FAN SYSTEM (5) 
- TOTAL COST OF A -AN (~) 

• TOTAL VOLUMETRIC FLOW RATE FOR THE AIR THROUGH 
THE FAN SYSH:M ICU FT/MIN) 

• TOTAL HORSEPOWER REQUIREMENT OF THE FAN SYSTEM (H~) 
- TOTAL PRESSURE DIFFERENTIAL ACROSS THE FAN (IN H20) 
- AIR EXIT TEMPERATURE FRO~ THE HEAT EXCHANGER 

10EG F) 
- UNIT COST OF THE STACK (S/LBF) 
- UNIT WEIGHT OF THE STACK (LBF/CU FT) 
• AVERAGE VELOCITY OF THE AIR ~EAVIN~ THE FAN 

1FT ISEC) 
- SPECI-IES WHETHER VELOCIY RECOVERY STACKS ARE 

GOING TO BE USED OR NOT (DIMENSIONLESS) 
- NON RECOVERA8LE AIR VELOCITY HEAT ~XITING THE FAN 

(IN H20) 
- WEIGHT OF WATER IN THE HEAT EXCHANGER TUBES AND 

BUNDLES IL8-) -
- APPRoxIMATE BUNDLE wIDTH OF THE HEAT EXCHANGER (FT) 
- BllNDLE wIDTH OF TIoiE HEAT EXCHANGER (FT) 

- UNIT wEIGHT OF THE ENTRy BELL (LBF/SQ FT) 
- wIEGHT OF THE HEAT EXCHANGER (L8F) 
- wIDTH OF THE HEAT EXCHANGER (_) 
- wIEGHT OF'" THE PLENUM "10TERIAL (LBFI SQ Fr) 
- MASS FLOW RATE OF AIR THROUGH THE HEAT EXCHANGER 

(LB"'/HR) 
- NU"'~EP OF FANS (OIMENSIONLESS) 

REAl. NI'IF 
LnGICAL LOoPER 
COMMON/FANI FANDAP(153.10).FANDAH(153,10) ,FMCPF.FBCPF.P2.R.S. 

5 VELPEC. AFC. ELEV. EHR. LOOPER. CTMAX 
LoGICAL FIRST.FRST.FXTEMP,FXTVAR.FXTTTD.FXTLNG 
COM"1t'N 

S AFTo. A~PHA. ANG(3) 
•• 8 P LIM(]6) 
S ,CAPF. CSSPKW. CONF. CONL. COST~. CAPCHG, CONMAT. CONMA2.CAF 
~ 'C~J' CTURB. CDANG, CLUVR, CHAI~S.CV~ 
! ,D-IN,DEEPL.DESVEL,DESVElV.DESVELD.DENSIF 
$ ,Et"FP, E-S 
$ ,FCR,FIPST,FIXL.FCOS,FFHX,FXTE"1R,_AC TOR.FRST,FAC TORD,-SHnT,FDELJG 
$ ,FIxV'FIXTTD,FXTVAR,FXTTTG,FXT~~G 
5 ,GqEFF 
! .HX~P,HPCST'HCD 

FA"J 
F'"AN 
FAN 
FA ... 
FA ... 
FAN 
FAN 
FAN 
FA" 
FA" 
FA" 
FA" 
FAN 
FA ... 
FA'" 
FA" 
FA" 
FA., 
FAN 
FAN 
FAN 
FA., 
FAN 
FAN 
FAN 
FAN 
FA" 
FA'J 
FAN 
FA" 
FAN 
FA" 
FA" 
FAN 
FA" 
FAN 
FAN 
FA" 
FAN 
FAN 
FA'J 
FAN 
FANDEK 
FANDEl< 
FANDEl< 
BIGCO"1 
BIGCOM 
BIGCOM 
BIGCO"1 
BIGCD"1 
BIGCO"" 
8IGCO"" 
BIGCO~ 

8IGCO"" 
BIGCOt.i 
BIGCO"1 
BI3C0"1 

116 
1 1 7 
118 
119 
120 
121 
122 
123 
12. 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
11, 0 
141 
142 
1 4 3 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 

2 
3 

" 2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

• 

• 

• 
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$ .ITMAX, ITMIN 
~ • JCa NS 
~ ,KcONV, KALEXT 
" ,MXEXT 
$ ,NTA,NSYDES,NBUNHI 
COM~ON 

s OD~ 
$ ,PSIZE, PER, PWCOS, PLANC, PF"ACT, POMDPL 
$ ,POHBAF", POHFAN, POHLEC, POHCIR, POHCNO, POHSTC, POHSCL 
$ , ~BP'REDUCE, REDUCV, RoOFL, RHOUT 
~ • OREJ, OREDUCE. QREDUCV 
$ ,SJGMAG. SAAf, SEGL 
$ ,TO, TPO(4), TEF"F. TLIM. THFIN, TLPRA, TrIX 
" ,TCD, Tlol 
$ ,UCo:;, U .... S 
$ ,W~V, WATCONA, IoIATCOST 
$ ,VAStS) 
$ ,XDEPA, XW, XI') 
COM~ON ISUPPLYI VAL(5), CPLN, CPIP, CCOS, w3, CO~M, EFF, 

S OIN, CLAND, REAIR, Z,HRrAC2, W4, U, DELPw, PPOIol, 
$ rpOIol, DELfC, WIDTH, ELENG, VAIR, VWAT, HI, HO, T4, 
$ ~EwAT, NIoI, NT, NP,PLANC2,PSIZ12, SPBP, SW4, SIoI3, 
S SPC.PTOTAL,PLANC3,SAFRON, AAIR, YFP, SPCD,PSIZ13, WT2, 
$ BP2. N1oI2, TCOS. DELPA,DELPWT.DELPWC.CONBAS, XNTSX, VELDX 
S. TLAX, UCON, PMCST, FMCST, rBACC, ErFC, CH, CA, CS 
s, CLTc, CfC, CPCC, FITCO, CSC,CEPREP,DELPIP, AST,OLDCST 
$,CAPCST. XNfAN.BLDANG, CPLEN, DPrEL' WHX, WTTUB, ADIA, ABLN 
$, IoITHOR, WTFRM,STRUCC,CFPERf,HPPERr, TOTcr, TPC, EfFI~, ANTU 
S, AyRFf, WATFf. XNMOD, TCTPF, FDCPF, F"MTRC, ACCTTP. AOJTP 
$, ACTBPO. AOJBPD, ACTVH, ADJVH. ADJPPF", THPAIR. TCTf. AfCST 
$, csRD. WATERW. IoISTRCT, crOUND, HUBoIA, TOWLEN, NUMToW. CTOWD 
" ,SORJ,SQRJS.ATUBC,CBA,TTDl,TTD2,DELPS.CSTLVR,PIPCSTD 
$ ,CSTHS, CYLRNG, crANEL, PSTACS, PUfITc, PMPCST, ~PTPL' SEPCST 
$ ,P~D(16),WATCWD(16),DEPER(lb),OEPERQ(16) . 
$ .WB~,HTOW,NTOWDE,CSTlr,CSJ,CVf,CDP,W5 

COMMON ISCALER/HRfAC1, ATUB, CPERA, SSCD,PLANCl,CASSSl. 
$ GArR, fAIR, HPAIR, HPWAT, WLRTP, PLANeTl -

Obl05/7A 07.59.5 

14 
! 5 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2~ 

29 
30 
31 

2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 
13 
14 
15 
16 
17 
18 

COMMON IHEADEXI CHH,CN,CHM,CMW.CRJ,CWJ,CST,CMO,csR,cSM,PITCHr,CPM, 

BIGCOM 
AIGCO'" 
BIGCO M 

BIGCO'" 
8IGC0"1 
BIGCO~ 
BIGCOM 
BIGCO'" 
BIGCDM 
BIGCDIo1 
BIGCO~ 

BIGCOM 
BIGCOM 
BIGCO"1 
BIGCO'" 
BIGCO'" 
BIGCOM 
BIGCO'" 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SCALER 
SCALER 
rAN 
rAN 
fA'Ij 
FAN 
FAN 
rAN 
rAN 
fAN 
FAN 
FAN 
FAN 
rA"I 
fAN 
F"AN 
fAN 
fA", 
rAN 
FAN 
FAN 
FAN 

2 
3 

162 
163 
164 
165 
16b 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
18 0 
181 

1 PRESS'H~DMAT'HEDTYP,NPASS,WB.TSP,CSH'CSHP 
COMMON IF"NLOOPI LFB,LF"E 
COMMON IPLCOSTI WPL 
COMMON IINDISI DIST 
cnM~~N IP~EI PMELEC 
COM~ON/TOTAL/RECVEL,A60,EA60,VPCOEr,STATP 
DATA (FANDAP( 1,J) ,J=ltlO) I 

$ .7Q61 ,,6520 ,-6.316 ,11,944 ,.8.252 
$ .19 ,,625 ,24" b" 6, I 

DATA (FANDAP( 2,JltJ=1010) I 
S 1.069 ,-.8172 ,-.1262 ,,2533 ,_.233 1 
S .25 ,.765 ,24.'~,. B, I 

DATA (FANDAPf 3.J),J=1'10) I 
" 1.34~ ,-1,635 ,1.685 ,-1.666 ,.5B8~ 
$ .31 ,.91 ,24.. 6., 10. I 

Dt.TA (FANDAP( 4,J) ,JEhIO) I 
" .5643 ,4.~92 ,-14.336 ,15.960 ,-6.5~2 
S .365 ,,94 ,24., 6" 12. I 

DATA (F"MJDAP( 5.J),JllltlO) I 
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$ .4015 .b.OB7 .-iEl.b29 .17.327 ... b.713 FA" 182 
$ .42 • ,9B 24. • b. • 14. I FAN 183 

DATA (FANDAP( b. J I • J= 1 .10 I I FA" 184 

" 1.33 7 •• 931b ,"4.65b .5.368 ... 2 ... 24 FAN 185 

" .47 7 • • 95 24, • b. • 16, I FAN 18~ 
DATA t"At .. JDAP( 7. J I ,Jr: 1 .10 I I FAN ] 87 

5: _3.0 74 .26.409 , .. 57 ,90 5 .54.456 ._19.277 FAN IBB 
S .53 2 • 1 .01 • 24. • 6. • 18, I FAN 189 

DATA (FANDAP( B.Jl.J=lol0) I FA'" 19(1 

" 1 • 22~ .3,R29 .-11.9(15 012,90 4 , .. 5.303 FA,> 19 1 
~ ,~O5 •• 98 • 24. • 6. • 20 • I F~ ... 192 

DATA tFMJDAP ( 9.J).Je ltlOl I FA" 193 
$ -17.1'19 .9~.0 .-lB2,414 0152.343 ._47. 8 79 FAN 194 
5: .~9 ,l.O1~ • 24, • ~. • 22. I FA", ]95 

DATA (FA~JDAP' 10.JI.J=1·101 I FA'" 196 
$ .910 9 .-,62]~ .-,057~ •• 0959b ._.0758 FAN 197 
5: • 2n5 •• 795 24 • • B. • ~. 1 FAN 198 

DATA (FAt-JDAP( 11 • J) • Jel .10 I I FA" 1'J9 
S 1 • 0~9 .·.7222 •• 0581 •• 0384 ••• 0676 FA" 20(1 

" ,26 4 • .969 • 24. • 8. • B. I FAN 201 
DATA (FANDAP( 12.J) .J e ltlOI I FA,\J 202 

$ 1,194 .-.630b .-.0933 •• 01957 ,-.00 947 FAN 203 
S ,32 7 .1.138 • 24. • B. • 10. I FA" 204 

[lATA (FANDAP ( 13.JI.J"ltlO) I FAN 205 
S 1.442 .-1.399 01.550 .-1. 4 1B .,4356 FA" 206 

" ,383 ,1 .12 • 24. • 8, , 12, I FAN 207 
DA TA (FA'!DAP( 14,J).J E ltl0) I FA"I 208 

$ .4597 .4,638 .-10.373 .8.728 ._2. 718 FA"I 209 
5: ,445 01.21 • 24. • B. • 14. I FAN 210 

DATA (FANDAP( 15.JI.J=ltlOl I FAN 211 
$ 1.633 .-.5932 .-.5343 •• 6B05 ••• 32 b l FA"I 212 
$ • 529 01 014 • 24. • B, • 16 • I FAN 213 

DATA (FANDAP( 16.J).J lZ lO]O) I FAN 214 
$ .244 .7.202 .·14,895 .12.133 , .. 3.683 FAN 215 
S • 61 2 .1.25 • 24. • 8 • , 18. I FAN 21t-

DATA tFANDAP ( 17,J),J"'10]0) I FAN 217 
S 2.321 .-2.232 ,1.862 .-.7451 , ... 0714 FAN 21e 
s • 7 ,1.15 , 24. , B • • 20. I FAN 219 

DA TA tF'ANDAP ( 18.JI.Je ltlO) I FA"I 220 
S -12.1 Io B .55.65 .-83.947 .55.b57 ... 13. 939 FAN 221 
$ • 865 .1.24 • 24. • B • • 22. I FAN 222 

DATA tFANDAP( 19.J).J=1.101 1 FA" 223 
5: ,862<; .·.2121 .-.681 4 •• 5934 .-.189 4 FAN 224 
$ • 25 , .95 • 24 • • 10 • • 6. I FAN 225 

DATA tFANDAP( 20,JI.J=1'10) I FAN 226 
5: 1.307 .-2.057 .3.129 .-2.760 •• B712 FAN 227 
S • 3~ • 1 • 16 , 24. , 1 0 • , 18 • I FA'" 228 

DATA (FANDAP( 21.J).J e l'10) I FAN 229 

" 1.140 .-.3050 .... 4077 •• 25 43 .-.0612 FAN 230 
5: • 31:1 • 1.365 • 24 • • 1 0 • • 10 • I FAN 231 

DATA (FUJDAP' 22.J).J e l,10) I FAN 232 
S 1 .21 1 .-01516 .-.585b •• 3418 , •• 07 57b FAN 233 

" .46 .1 .34 • 24. • 1 0 • • 12. I FA"I 234 
DATA (FANDAP( 23.J).J=ltlO) I FAN 235 

$ 1.24 7 .. 0813 .-.6502 •• 1965 .-.01166 FA" 236 

" .53 .1 .4 • 24. • 1 0 , • 14. I FAN 237 
DATA (FANDAP( 24,J) .J=1.10) I FAN 238 

• 
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$ 1.314 .. 5641 ,-1.534 ,.8592 , ... 1989 fAN 239 
$ .6? ,1.37 , 24. , 10. , 16. I fAN 2itO 

DATA (FANDAP( 25,J) ,J=1,10) 1 fAN 241 
$ .5757 ,4.363 ,-7.524B ,4,961 ,-1.2~1 fAN 242 
$ • 74 ,1.55 , 24. , 10. , 18 • I fAN 243 

DATA (FANDAP( 26,J),J"l91O) 1 fAN 244 
S •• 076 ,6.982 ,-10.783 ,6.S33 ,-1.6~7 fAN 245 
$ .84 .1.44 , 24. , 10. , 20. I FAN 246 

DATA (FANDAP( 27,J).J"19l0) I FAN 247 
$ -lM.99E> ,54B.34 ,"659.02 ,350.82 ,.69.~09 fAN 248 , 1.02 ,1.4S , 24. , 10. , 22. I fAN 249 

DATA (FANDAP( 2B,J) ,J"l,10) 1 FAN 250 , 1.(\90 ,-1.005 ,.2432 ,.1717 ,-1.515 fAN 2~1 
$ .20 5 ,.55 , 26. , 6. , 6. 1 fAN 252 

DAH (FANDAP ( 29,JI,Jc 1tlO) 1 fAN 253 
$ 1.14 4 ,·,0621 ,-3.590 ,6.245 ,-4,3!!2 fAN 254 
$ • 24 8 , ,66 • 26. , 6 • , B. I fAN 255 

DAH (fANDAP( 30,J),Jc 1'10) I fAN 256 
$ 1.196 ,.1327 ,-2.291 ,1.492 ,-.27~7 FAN 257 
$ • 295 ,.778 , 26 • , 6, , 10. I fAN 25B 

DATA (J'ANDAP ( 31,J),J'"'ltlO) 1 fAN 259 
$ 1.576 ,·1,413 ,1,077 ,-,8904 ,-.233 1 FAN 260 
5; .35 ,.84 , 26. , 6. , 12. 1 fAN 261 

DATA (fA',IDAP( 32,J) ,J"'le10) 1 FAN 262 
$ -.3976 ,13.678 ,-38.403 ,4!.263 ,-19,254 fAN 263 
$ .41 ,.B7 , 26. • 6. , 14. I fAN 264 

DATA (FANDAP( 33,J),J=ltlO) 1 fAN 265 
$ 2,497 ,"4.479 ,5.789 ,-2.571 , .. 1.0 b 1 fAN 266 
$ .4"6 ,.B5 , 26. , ~. , 16. I fAto.,j 267 

DATA (fANDAP( 34,J),Jc1,10) 1 fAN 268 
$ _31.553 ,200.29 '''450.42 ,445.5 , .. 164!67 fAN 2b9 
$ .525 ,.89 , 26. , ~. , lB. I fAN 270 

DATA (fANDAP( 35.J) .J"'19l0) I fAN 271 
$ -37.Q~6 .229.06 ,-493.0B ,46B.4B ,-166!93 fAN 272 
$ ,6(\ ,.88 • 26. , 6. , 20, I FAN 273 

DATA (FANDAP( 36.J) .J"'h1D) I FAN 274 
5; ]99.88 , .. 940.76 ,1663.3 ,-1i?95.9" ,373.?5 FAN 275 
$ .722 ,.90 , 2b. , 6. , 22. I FAN 276 

DATA (F'ANDAP( 37. J) , Jc 19 1 0 ) 1 FAN 277 
1; 1.166 ,"1.456 .2.750 ,-!.222 ,1,81 8 FAN 278 
$ .2~ ,.605 , 26. , ~. , 6. I fAtIj 279 

DATA (FANDAP( 3""J) ,.)=1910) 1 FAtIj 280 
$ 1.\78 ,-01032 ,-2.070 ,3.033 , .. 1.9~5 FAN 281 
$ .275 ,.755 • 26. , 8, , 8. I FAN 2B2 

DATA (FANDAP( 39,J) .Jc 1,10) 1 FAN 2BS 
$ 1.431 .-.9074 .. 04604 ,.536 1 ,_.6993 FAN 2!!4 , • 33 3 ,.B85 • 26. , 8 • , 10. I fAN 2B5 

DAH ('ANDAP( 40 • .)) .J-1dO) I FAN 286 
$ 1.33 n , .5823 ,-3.196 ,3.499 ,-1.643 FAN 287 
$ .39 ,.985 , 26. • B. , 12. I FAN 2B8 

DATA (FANDAP ( 41 ,J) ,J=l dO) I FA"J 289 
$ .8602 ,3.760 ,-8.974 ,7.814 • -2.7 DB FAN 29 0 
! .4:; ,1.083 , 26. , 8. • 14 • I FAN 29 1 

DATA (FANDAP( 42,J"J=1 tlO) 1 FAN 292 
J 1. q2 9 ,-.6431 ,-.55B6 ,.9619 ,-.6993 FAto.,j 293 
$ .51 8 ,1.03 • 26. , 8. • 16. I FA"J 294 

DATA (F'A"IDAP( 43,J) .J=ltlO) 1 FAN 295 

• 
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.. 
! _6.9 n5 ,44.985 ,-67.(l5b ,72.6bP ,-22.~35 F"AN 2~6 

" .5Ab 01 .14 , 2b. , e. , 16. / FAN 297 
DATA (FA"JDAF>( 44,J),Jo:l,10) / FA>.J 29F-

$ -13. 82 7 ,7b,312 '-138.97 0111.051 ,-33.333 F"AN 299 
5 • bR ,1. Db , 2b. , B • , 20. / F"AN 300 

DATA (F"ANDAP( 45,J),J=lol0) / F"A'IJ 301 
S _11.,507 ,b8.914 ,-108.b2 ,75.b3 ,-20.0 F"A>.J 302 
$ • 9 .1.125 , 2b. , 8. , 22 • / F"A"J 303 

D A Tt.. (FANDAF>( 4 b, J) • J= 1 , 1 0 ) / F"A>.J 304 
$ 1,08 4 ,·,5941 ,.3743 ,-.67 13 ,.20£1 3 F"A'J 305 
$ • 23 , ,7P , 26. , 11. , 6 • / F"AN 306 

DATA (FANDAF>( 47.J) ,J"lol0) / F"A"< 307 
$ 1 • 2114 ,-.9283 , • 9886 ,-1.0606 .. 303 FA'IJ 306 
S • 2C1 ,.ClA , 26. , 11 • , 8 • / FAN 309 

DATA (FANDAF>( 48, J) ,J= 1 , 1 0 ) / F"AN 310 
$ 1.nO ,-.09006 ,-1.233 ,1.396 ,_.b345 FA>.J 31 1 
$ ,355 ,1.15 , 26. , 11 • • 10. / F"A'J 312 

DATA (FANDAP( 4 C1 ,J),Jo:lol0) / FA'IJ 313 
$ 1 .31\':> ,.3155 .-1.958 01.A80 ,-.71~4 FA>.J 314 , .415 ,1.26 , 26. , 11. , 12. / FA>.J 315 

DATA (FANDAF>( 50,J),J a 1'10) / FAN 316 
$ 1.376 ,.7735 .-2.250 01.701 ._.54 49 FAN 317 
S .49 ,1.415 , 26. , 11 • , 14. / FAN 31B 

DATA (FA"JDAP( 51.J),J=1,10) / FA"J 319 
S .4~R' ,5.911 ,-11.2b7 ,8.504 ,-2.411. FAN 320 
$ ,57 ,1.444 , 26. , 11. , 16. / F"AN 321 

DATA (FANDAP( 52,J) ,J=l 010) / F"A"J 322 
$ _6.2 78 ,34.035 ,-53.2655 ,35.676 , .. 8.8~59 FAN 323 
S .65 ,1.525 , 26. , 11 • , 18. I FAN 324 

DATA (FA~DAF>( 53,J),Jo:l'10) / FA"J 325 
S -25. 7'3 ,103.427 .-1 44.837 ,B9,298 ,-20.~22 FAN 326 
S ,89 ,1 .38 , 26. , 11. , 20. / FAN 327 

DATA (FANDAP( 54,J) ,J a 1010) / F"AN 32P 

" _67.9C14 ,225.828 ,"273.144 ,1 46.373 ,.29. 455 FAN 329 
$ 1 • 1 1 ,1.46 , 26. , 11. , 22. / FAN 330 

DATA (FANDAF> ( 55,J) ,J=l'10) / FAN 331 

" 1.141 ,·.331 ,-1.453 ,.1.591 ,2.453 FAN 332 

" .19 ,,54 , 28. , 6. , 6. / FA\j 333 
DATA (FANDAF>( 56.J) ,J=l tl 0) / FA>.J 334 

S 1.n45 ,2.745 ,-16.574 ,30.038 , .. 20.517 FAN 335 

" .23 ,.63 , 28. , ~. , 8, / FA" 336 
DATA (FANDAF>( 57,J) ,J=ltlO) / FAN 337 

5 ,92Rl ,5.303 ,-23.573 ,3b.246 ,-20,781 FAN 338 
S .28 , .71 • 28. , 6. , 10 • / FAN 339 

DATA (FANDAF>( 58,J),J=1tlO) / FA>.J 340 
S 1.(\58 ,5.352 ,-22.775 ,33.866 ,-lB.~71 Flilll 341 

" .33 , .71 • 28. , 6. , 12. I FAN 342 
DATA (FANDAP( 59,J) ,J-1 tlO) / FAN 343 

$ _3.092 ,37.887 ,-111.7310 01390178 ,.64.532 FAN 344 
5 .3C1 , .78 , 28. , b. , 14. / FAN 345 

DATA (FANDAP( 60,J) ,J=l tIO) / FA>.J 346 
$ _1.439 ,26.222 ,-79.847 0102.Cl26 , .. 50.00 FAN 347 

" • 4 :'l"i , • 7 2 , 28. , b. , 1 b • / FAN 348 
DATA (FANDAP( 61,J),J-loI0) / FA .. 349 • $ -22. 9 14 ,167.722 ,.422.785 ,ltb7.638 ,,,193,335 FAN 350 

S .4C1 •• 785 , 28. , b. , 1 A. / FA", 351 
DATA (FUJDAP ( 62,J),J=ltlO) / FA>.J 352 

• 



• 

$ -4.125 ,46.711 ,-131.308 
$ .53 ,.76 ,28. , 

D AT A (~A ~JDA P ( 63, J) ,J= 1 ,10) I 
$ _99.2 67 ,607.748 .-1365,6 
$ .5~ ,.79 ,28. , 

DATA (FA~DAP( 64,J),J=lol0) I 
$ 1.149 ,-.0283 ,-3.051 
$ .20 .. 67 ,28, , 

DATA (FANDAFI( 65,J) ,J-1ol0) I 
$ 1.3~6 ,-.4003 ,-2.450 
$ .255 ,.79 ,28. , 

DATA (FANDAP( 66,J).J&1,10) I 
$ 1.479 ,-.4131 ,-.8639 
$ .3 ,.9 ,28. , 

DATA ("A"J~AP( 67.J) ,J1:1ol0) I 
$ 1.542 ,1.115 ,-6.969 
J .36 ,.9 ,28. , 
DnA ('A"JDAP( 68,J) ,J=1 010) I 

$ .4543 ,9.668 ,-26.867 
$ .44 ,.98 ,28. , 

DATA (FANDAP( 69,J),Jo:1tlO) I 
$ •• 1495 ,13.991 ,-36.402 
, .49 ,,94 ,28, , 

DATA (FA"JDAP( 70,J),Je1010) I 
$ .1.626 ,22,206 ,-51.296 
, .567 ,.98 ,2B. , 

DATA (FA"JDAP( 7l,J),JI:1010) I 
$ .15,419 ,94,430 ,-191.291 
$ ,62 ,.9~ ,28, , 

DATA (FANDAFI( 72,J),J=1,10) I 
$ _182.195 ,850,555 ,-1466.4 
$ .8 ,1.01 ,28, , 

DATA (FANDAP( 73,JltJe1'10) I 
$ 1,907 ,-8,155 ,26.542 
$ ,203 ,.72 ,28, , 

DATA (FANDAFI( 74,J) ,J&ldO) I 
$ 1.707 ,-2.471 ,5.482 
$ .3 ,1.025, ~8., 

DATA (FANDAFI( 75,J),J&11l0) I 
$ .5.491 ,43.171 ,-95.661 
$ .443 ,1.045 ,28., 

DATA (FANDAFI( 76,J),J'''1010) I 
$ _11,476 ,71.058 ,.139.628 
S ,5~5 ,1.08 28. , 

DATA ('ANDAFI( 77,J),J=1010) I 
$ .111,138 ,485.02 ,-778,16 
$ ,82 ,1.11 ,28. , 

DATA (FANDAP( 78,J) ,J"'1,10) I 
$ .91A? ,-.6397 ,,1263 
S .11 8 ,.54 ,28. , 

DATA (FANDAFI( 79,J),J&1,10) I 
$ 1.191 ,-.5515 ,-.046 
$ .2 , .8 ,28, , 

DATA (FA~JDAP( ~O,J) ,J"'11l0) I 
$ 1.478 '-.2616 '-2.549 
$ .31 ,l.n3 ,28. , 

DATA (FhJDAP( 81,J)oJ=1010) I 

0158.511 
6. , 20. I 

,1360.4 
6. , 22. I 

,3.750 
8., 6. I 

,3.275 
e., e, I 

,-.oe06 
8, , 10. I 

,9.507 
8. , 12. I 

,28.991 
B, ; i4, I 

0170,303 
8. , 20, I 

01121,9 
e, , 22, I 

,.7,257 
9, ; 10. I 

,90,264 
9, , 14. I 

,119,048 
9. , 18. I 

,553,442 
9, , 22, I 

,-1.283 
10" 2, I 

,3.408 
10. , 10. I 

,-71.~578 

,-1.65 5 

,-4.848 

,-11.~55 

,.56,97 

,3.07~ 

,_37,792 

,1.08 

FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FA", 
FAN 
FA", 

FA'J 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 

FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 

353 
354 
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357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
382 
383 
384 
385 
386 
387 
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389 
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392 
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398 
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400 
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403 
404 
405 
406 
407 
406 
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C;U"lRoUTI ~J[ q"J 74/74 OPT"1 FTN 4.5.41 4 06/0S/7!l 07.59.59 

~ (I.4R4. .8.207 .-20.171 .19.338 ._6.A94 FA" 410 
$ .45 ,loIS • 29. • 1 0 • • 14. / FAN loll 

DATA (-ANDAP( 82.J) .J=1 010) / FAN 412 
S _12. A5 6 .75.341 '''1 41.915 .115.921 ._35.119 FAN 413 
$ • 511 01.17 • 28. • 10 • • 18. / FA" 4llt 

DATA (F"AN::>AP' R3.J).J=lol0) / FAN 415 
S -131.140 .528.522 ._784.76 4 .516.323 ... 127!273 FAN 416 
$ • 9 • 1 .21 • 29. • 1 0 • • 22. / FAN 417 

DATA tFANDAP( 84.J) .J-l.10) / FAN 418 
S .9~94 .... 6355 •• 3496 .-1.169 •• 7752 FAN 419 
$ • 122 • • &4 • 29. • 12. • 2 • / FAN 420 

DHA (VANDAP( BS.J) .JEl 010) / FA" 421 
S 1.205 .-.~il .. 1897 .-1.018 •• 616 3 FAN 422 
S • 21 6 ,.94 • 28 • • 12. • 6. / FAN 423 

DATA (FANDAP( B6.J) .J-ltlO) / FAN 424 
$ 1.50 4 .-.1562 .-1.506 .1.699 .-.7334 FA" 425 
S .3~ • 1 .2 • 2B. , 12. , i O. / fA" 42& 

DA TA (F"A'-lDAP ( R7,J).J"'ldO) / FA" 427 
S .6(1/'16 .6.9&7 ,-l5.55l ,13.341 ,-4.216 FAN 428 
$ • 4 ~ • 1.32 • 28. • 12. • 14 • / FAN 429 

DATA tFANDAP( BS.J) .J=I,10) / FAN 430 
$ 1.22 7 .4.416 .-9.275 .7.309 .-2.PB FA" 43l 
$ • 7 .1,44 • 28 • • 12. • 18. / FAN 432 

DATA (F"ANDAP ( 89.J).J=I,10) / FAN 433 
S 1,~36 .... 4416 .-6.142 • 15 • 126 .-1 4 ,698 FAN 1034 
S • 12 , .38 • 30, • B, , 2. / FA ... 435 

DATA (FANDAP( 90,J) .J"'1 ,10) / FAN 436 
$ 2.(1'14 ,,,S.B22 ,13.159 .-16,404 .&.562 FAN 437 
$ .22 • • 64 , 3(1, • B. • 6. / FA"I 438 

DATA (FANDAP( 91, J) • _''''I .10 ) / FAN 439 
$ 1 .1 () 9 .6.519 .-26.233 .35.842 .-18.121 FAN 440 
$ .32 ,.79 • 30, , B, • 10. / FAIII 441 

DATA (FANDAP( 92.J) .J"'ltIO) / fA"I 442 
$ _9.4'19 .76.08(, ,-IB3.F!lb ,190.216 ,-73,502 FA"J 443 

" • 51 , , 85 , 30. , 8, , 14 • / FAN 444 
DliTA (F A'JDAP ( 93.J) .J=I.10) / FA ... 445 

$ -1009;5 .524('.17 .-10188.02 ,8781.48 .-2836.03 FA"I 446 
,.: .71 •• B8 • 30. • 8. • 18. I -AN 447 

DATA tFAfJDAP, 94.J) .J-ldO) I FAN 448 
$ 5.9445 , .. 4.875 .0 • .0 • • a • FAN 449 
,.: .811 ,.91 • 30. • 8. • 22. I FA" 450 

DATA (FANDAP( 95,J) .J=I,10) / FAN 451 
$ I.IlSe; ,-,7416 .-2,354 .6.096 , ... 6.699 FA"J 452 
$ .12 ,.4 , 30, • 1 C • , 2. I FAN 453 

DATA (FANDAP ( 96, J) • J~ 1 .10 ) I FA III 454 
$ 1 • (, 11 .... 1.705 .1.163 .... 1.643 •• 751 6 FA'" 455 
$ • 23 • .7 • 30. • 10 • • 6. I FAN 1056 

DATA (FANDAP( 97.J).J=I.10) / FA" 457 
$ .5]92 .9.050 .-Z6.526 .Z9.2E\7 ._12,093 FAN 456 
$ • 34 ,.9 • 30. • 1 C • , lO • I FAN 459 

DHA (FA~JDAP ( 9B,J) ,J=1 tl 0) / FA", 460 
$ _9.716 ,71.057 ,-157.856 ,150.679 .-53. 458 FA"i 461 
S .53 .1 • (I • 30. • IC. • 14. I FAIII 462 

DATA (FANDAP( 99.J).J"'ltlO) I FA"i 463 • S -504. 715 .2209.6 ,-3&04.36 .2607.84 ... 706.956 FA"J 464 
$ .82 .1.045 • 30. • 1 0 • • 18. I FA" 465 

DHA (FANDAP(100.J).J=I,10) / FAN 466 

c 



<;uBRnUTINE FAN 74/74 OPT=l Frill 4.5.414 00/05/78 07.59.59 

S -3515.6 .13939.07 .-20708.7 .136 72.5 •• 3385.42 FA'J 467 
S ,98 01 .08 • 30, , 10, • 22, / FAN 468 

DATA (FANDAP(101,J),J=1,10) / FAN 409 
S 1,076 .-,9295 ,-,3826 ,,4669 ,-,864 3 FAN 470 
$ ,12 .,44 • 30, • 11 , , 2, / FAN 471 

DATA (FANDAP(102,J),J-l,10) / FAN 472 
S 1,555 ,-1.0@ ,-,4653 •• 5259 ,-,26 7 0 FAN 473 
S .24 ,,765 , :30, • 11, , 6. / FAN 474 

DATA (FANDAP(103,J),J=1.10) / FAN 475 
S ,921 6 .60142 ,-18,702 .18,968 ._7,415 FAN 476 
S .35 , ,91'\ , 3e. , 11, , 10, / FAN 477 

DATA (FANDAP(l(l4.J) .J=ltlO) / FA,,. 41P, 
$ _111,2'4 01 09.841 ,-218.930 018R,781 ,.60.351 FAN 479 
$ ,576 .1,07 , 30. , 11 , , 14. / FAN 4S0 

DATA (FANDAP(105,J) ,Jll1il0) / FA,'J 481 
$ -3000;2 ,12053.9 ,-18124,3 0120 9 6.4 •• 302~ol9 FAN 482 
$ .91 7 ,1 011 , 30, , 11, , 18, / FAN 4E13 

DATA (FANDAP(106,J) ,J=ltlO) / FAN 484 
S .. 39,91B ,7B.55B ,-36.93B .0.0 ,0,0 FAN 485 
$ 1,07 01 016 • 30, • 11, • 22, / FAN 486 

DATA (FANDAP(107,J),J=1,10) / FAN 481 
$ 1. n 32 ,·,2723 .-3,275 ,6,B14 ,.5,7 3 1 FAN 488 
$ .1 ?5 ,,485 , 30. , Ii, , 2, / FAN 48«;' 

DATA (FANDAP(108,J) ,JaltlOl / FAN 490 
$ 1,523 ,-,B049 ,-,869 ,.9265 ,_.397 FAN 491 
S .245 ,.83 • 30. • 12. • 6, / FAN 492 

DATA (FANDAP(109,J) .JEl.10) / FAN 493 
$ 1,151 ,40199 .-12.180 .11.996 ,-4,46 5 FAN 494 
$ .36 .1,05 • 30, , 12, • 10, / FAN 495 

DATA IFANDAP(110,J) ,J=ltlO) / FAN 496 
S _14,0 8 5 ,83,829 ,-160,649 ,132,788 ,-40,673 FAN 497 
$ .55 tl ,14 , 30, , 12, , 14, / FAN 498 

DATA (FANDAP(111,J) ,JEl,10) / FAN 499 
$ _47119.04 ,17939.56 ,-25154,2 ,1565 4.5 ,-364 8 .91 FAN 500 
S .978 ,1 .19 • 30, , 12. , 18, / FAN 501 

DATA (FANDAP(112.J).J=1'10) / FAN 502 
S 1,87 6 .·.1865 .-15.858 .53.187 ,-69,015 FAN 503 
$ , 1 3 .,385 • 40. • 8, • 2, / FAN 504 

DATA (PANDAPIl13.J) .J=ltlO) / FAN 505 
$ 2,60 11 .-2,762 .6,513 ,-15,566 .9.39~ FAN 506 
$ .225 •• 64 , 40. • S, • 6, / FAN 507 

DATA rFANDAP(114.J) .J=1.10) / FAN 508 
S 1. 969 .6,766 .-22.052 .24.257 ,-11,119 FAN 509 
S ,32 .,83 • 40. • 8. , la, / FAN 510 

DATA II'ANDAPll15.JI.J"1,10) / FAN 511 
$ _6.1 69 .63.610 ,-156,602 0163,373 ._63. 8 46 FAN 512 
S .44 7 • ,91 • 40. • 8 • • 14. / FAN 513 

DATil l'ANDAP(116,J).J=1.10) / FAN 514 
S _5,464 .55.517 .-127.737 ,12B.57 .-49.557 FAN 515 
S .54 •• 96 • 40. , 8. , lB. / FAN 516 

DATA IFANDAP(117.J) .J=1.10) / FAN 517 
S _11:l1. 8 C5 .955.903 ,-17480194 ,1 4 19 ,63 ._433,33 FAN SIB 
$ .75 • 1 .0 , 40. , 8, I 22. / FAN 519 

DATA (FANDAP(11R.J) .J"'1 '10) / FMJ 520 
$ 1, II" ~ •• 454 .-11.917 .27.924 ,-21.~83 FAN 521 
$ • 14 •• 3R • 40 • • 10. , 2. / FAN 522 

DATA (FANDAP(119.J) ,J=1,10) / FAIII 523 



• 

C:U~R('\UT!NE FAN 14/74 O~T=l F'TN 4.5.414 Ob/05118 (1.5>9.5>9 

$ 2.22;> .2.n29 .-9.162 .lC.841 .-5.52A FA~ 524 
$ • 2"1 •• 12 • 40. • 1 0 • • b. / FAN 525 

DATA (FANDAP(120.J) .J=ldO) / FAN 526 
$ 1.711 010.358 .-31.846 .36.63f1 .-16.245 FAN 521 
$ • 3~1 •• 92 • 40 • • 10. • 10 • / FAN 52B 

DATA (FANDAP(121.J) .J=1,10) / FAN 529 
$ _10.12B .85.651 .-189.652 0119.696 .-63.~11 FAN 530 
$ .495 ,1 .02 40. , 10 • • 14 • / FA" 531 

DATA IFANDAP(122,J) ,J=ltlO) 1 FAN 532 
$ _90. 812 ,412.054 ,-875.215 ,713.056 , .. 216.564 FA" 533 
$ • 59 ,1.073 , 40 • , 10 • , 18. 1 FA", 534 

DATA ,FANDA~(123,J),J·l'10) / FAN 535 
$ -251. 346 01060.7 ,-1650.93 011101.51 ,_296.667 FAN 536 
$ .8" ,1.127 , 40. , 10. • 22, I FA", 537 

DATA ,FANDAP(124.J) ,J=ltlO) / FA~ 538 
$ I .920 .·1.696 ,3.019 .-8.274 ,3.907 FAN 539 
$ • 14 ,.44 , 40. , I Z. , 2. / FA", 5>40 

DATA ,FAIIJDA~(125.J) ,J-1,IO) / FA'" 541 
S 2.661 ,·1.195 .. 1299 ,.1.262 ,.399 FA", 542 
$ • 2~5 ,.B4 , 40 • , 12. , 6. / FAN 543 

DATA (FANDA~(126.J),J=l'10) / FAN 544 
$ .4204 ,17.453 ,-43.184 ,42.370 , .. 15. 566 FAN 545 
S • 3Q ,1.06 , 40 • , 12. , 10. / FA" 5/06 

DATA (~ANDAP(127,J).J·1'10) / FAN 547 
$ .. 11. 44 ,76.814 ,-145.248 0117.676 ,0035.539 FAN 546 
$ .52 01 017 , 40. , 12. , 14. / FAN 5>49 

DATA ,PANDA~(128,J),J·1'10) / FAN sse 
$ _7.134 ,51.677 ,.90.389 ,66.768 ,_19.~29 FAN 551 
S • 635 ,1 .2/0 , 40. , 12. , 18 • / FAN 552 

DATA (F ANDAP '129, J, • J= I, I 0) / FAN 553 
$ -448.19Q 0159B.46 .-2116.83 11245.43 ,_275.191 FA", 554 
$ • 99 .1.3 • 40 • • 12. • 22. / FAN 555> 

DATA (FANDA~'130,J) ,Ja1tlO) / FAN 55~ 
$ 1.~43 .·.07846 ,006.985 117.722 .-17.~O8 FA.~ 557 
$ • 145 ,.48 , 40 • • 14. • 2. / FAN sse 

DATA fFANDA~(131.J) .J-1.10) / FAN 559 
S 2.625 .001.142 •• 7597 ,002.214 01.011 FA", 560 
5 .27 •• 93 • 40 • • 14. • 6. / FAN 561 

DATA fFANDAP(132.J) .J=ltlO) / FAN 562 
$ .845? .13.03 .-29.085 .25.619 .008.5 39 FAN 563 
S .40 tl .19 • 40. • 14. • 1 a • / FAN 564 

DATA (FANDA~'133.J) .JE1.10) / FA'" 565 
5 _3.555 .39.492 .-78.853 .64.69 ,0019.54 FAN 566 
$ .573 .1.26 • 40. • 110 • • 14. / FA" 567 

DATA (PAP\JDA~(134.J) ,J-I,10) / FAN 5>66 
S -39.pI6 .17B.576 .-272.9~5 1181.609 ,0044.911 FAN 569 
$ .6e ,1.35 , 40. • 14. • 18. / FAN 570 

DATA ("ANDAP, 13S.J) .J-I,l 0) / FAN 571 
$ -118. 8 2 • 406.731 ,"504.396 ,278.236 ,.57.94 • FAN 572 
$ 1.12 01.435 , 40. • 14. , 22. / FAN 573 

DA TfI IFANDAP(136.J) ,J=ltlO) / FA~ 574 
5 4.9f1A ,"2.081 .-24.207 .55.248 ,-45.~47 FAN 575 
$ .155 ,.492 • 60. , 12. , 4. / FAN 576 

DATA (J"ANDAP(137.J) .J=ltlO) / FAN 517 • ~ 5.529 .·.2277 ,-27.832 .50.082 ._33.077 FAN 51e 
~ • 195 •• 59 • 60. , 12 • • 6. / FA'Ij 579 

[lATA I FANDAP ( 136. J) ,Ja 1,10) 1 FAN 580 

.. 



• 

r;UBt:!oUTINE FAN 74174 O~T=1 FTN 4.5.414 Ob/O5178 07,59.59 

$ 2.068 ,38.609 ,-157.76 .24 0.715 ... 137.11 6 FAN 5Bl 
$ ,23 6 .,66 , 60. • 12. , 8. I FAN 582 

DATA (FANDA~(139.J) .J=I.10) I FAN 583 

" 2.64 4 ,37.353 .-1 46 .207 .215.777 .-119.45 FAN 584 

" .2Q ,.73 • 60. • 12. • 10. I FAN 585 
DATA '~ANDAP(140.J).J=I'10) I FAN 586 

$ _41.65F1 .396.76 .-1195.8 11548.1 .-740!92 FAN 587 

" • 3D .,744 • 60 • , 12. • 12. I FAN 588 
DATA ,FANDA~(141.J).Jal'10) I FAN 589 

" _7.944 d24.78 .-369.35 .456,25 .-210.91 FAN 590 

" .397 ,.76 • 60. , 12. • 14. I FAN 5 9 1 
DATA (FANDAPCI42.J) .J-l.10) I FAN 592 

$ -40.774 ,349.5 .-929,9 .1076.8 .-468.43 FAN 593 
If ,47 • ,76 • 60. • 12 • • 16. I FAN 594 

DATA (FA"IDAP(143.J) .J=I.10) I FA~ 5<,15 
" -161 9 ;9 .9661,7 .-21438.7 .210 8 0.3 .-775 8 .4 FAN 596 

" .59 •• 786 • 60. • 12. • 18. I FAil; 597 
DATA tFA"IDA~CI44,J) ,J"'I.10) I FAN 598 

$ 4.12 9 ,-3.795 ,.7758 ,-8.697 .8,97 7 FAN 599 
$ .12 •• 48 • 60. • 16. • 2. I FA'll bOO 

DATA tFANDAP(l45.J) ,J=I,10) I FAN 601 
" 4.Q04 .-3.225 .-1.142 ,.3.317 .2.95~ FA\! 602 
$ .154 .. 62 • 60. • 16. • 4. I FA"J 603 

DATA (FA"IDAP(146.J) .Jo:ltlO) I FAN 604 
" 5.;>96 , ... 8909 .-9.21 .8,711 •• 3.36 6 FAN 605 
$ .202 •• 76 • 60. • 16. , 6. I FAN 606 

DATA (FANDA~(147.J).Jal.l0) I FAN 607 
S 6.2175 .-3.071 .-1.696 ... 2.459 .2.48 9 FAN 606 
S .25 ,,76 • 60. , 16, • 8. I FAN b09 

DATA (FANDAPCI48.J) .J=ltlO) I FAN 610 
$ 5,008 .14.169 ,-55.056 .68,651 •• 31.~03 FAN 611 
$ .31 •• 93 • 60. • 16, , i O • I FAN 612 

DATA tF'A'JDAPCI49.J) .J-l.10) I FAN 613 
$ 5.50 4 d3,941 .-45.551 .47,755 ,-19.574 FAN 614 
$ .366 •• 90 • 60. • 16. • 12, I FAN 615 

DATA (FANDAP(150.J) .J-l.10) I FAN 616 
S _34.38 .265.14 .-612.11 .604,01 ,-220.51 FAN 617 
$ .46 •• 98 , 60. • 16. • 14. I FAN 618 

DATA (FANDA~(151,J) ,Jo:l.10) I FAN 619 
S 25.353 ,-96.07 0197.51 , .. 185015 ,62.29 9 FA'll 620 

" • 58 , .91 , 60 • , 16, • 16. I FA'll 621 
DATA (FANDA~ C 152,J) ,J"I, 1 0) I FAN 622 

~ .. 220. 9 5 ,1153.5 .-2169. 01 8 02.6 ,-562!09 FAN 623 

" .7(1 •• 98 , 60. , 1~. • 18. I FAN 624 
DATA (FANDAP(153,J) ,J-UI0) I FAN 625 

$ -390. A36 , 84 1.7 .-445.22 ,0.0 .0,0 FAN 626 

" .95 , 1 • 0 • 60. , 16. , 22. I FAN 627 
DATA (FANDAHC I.J).J-ltl0) I FAN 628 

$ -93.866 .983.678 .-2376.14 .2520.20 .-1060.61 FAN 629 
$ 40"OOn. .760000. • 24. • 6. • 6. I FAN 630 

DATA CFA~IDAH ( 2. J) • J=l • 10) I FAN 631 
$ 7.793 .288.38 .-481.24 .349.65 .-139.86 FA>.) 632 

" 400000. • 86 0000. • 24. • 6. • 8. I FA>.) 633 
• DATA tFA"IDAH( 3. J) • J-l • 1 0 ) I FAN 634 

$ -115.79 ,1005.09 .-1846.07 .1 498.74 .-486.6 FAN 635 

" 401)000. .950000. • 24, , 6, • 10. I FA~ 636 
[lATA "ANDAH( 4 • J) • J"' 1 • 1 0 ) I FA" 637 
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~ '30,754 ,-163.62 ,729.59 ,-848.42 ,281. 7 8 FA'J 631'1 • 
~ 400000, ,1 025000. , 24. , 6. , 12. / FA ... 639 

DATA (FANDAH( 5,J),J=1'10) / FA ... 6 4 0 
$ 155,98 , .. 527,75 ,1464.58 ,_1447.9 ,460.03 FAN bioI 
S 400000. ,1100000. , 24. , 6. , 14, / FAN b42 

DATA (FANDAH( 6,J) ,J=lrl0) / FA" b43 
S -196.02 ,1138.213 ,-1 4 00. 7 6 ,749.81 , .. 16 3!17 FAN 644 
$ 650000. ,1180000. , 24, , 6. , 16. / FAr-,J f.45 

DATA (FANDAH( 7,J) ,J=l 010) / FA ... 646 
$ ?06,61 , .. 579.29 .1312.33 ,-10 87 012 ,296.3b FAN 647 
$ <;00000, ,1250000. 24. , b. , 18. / FA" 646 

DATA (FANDAH( 8,J),J=lolO) / FA .... 64; 
$ 705. 71 ,-2402.05 ,3785.21 ,-252 1.68 ,601. 4 FA"l 650 
$ 800000. ,1330000. , 24. , 6. , 20. / FAN 651 

DATA (FA"DAH ( 9, J) , J= 1 , 10) / FAN 652 
$ 721.32 ,-2194,49 ,3143.5 ,-lBB9.B1 ,405. 8 FAr-,J 653 
$ 750000, ,1400000. , 24. , 6. , 22. / Ft.N 654 

DATA (FANDAH( 10,J),J=lrlO) / FAN 655 
S 177,5 7 ,-697.3 ,1776.89 ,-2005.05 ,757.58 FAr-,J 65b 
$ 400000, ,780000, , 24. , 8. , 6. / FA" 657 

DA TA (FANDAH ( 11,J),J"ltl0) / FAN 658 
S 185.52 ,·582.33 ,1372.23 ,-1437.06 ,501.17 FAN 659 
$ 400000. ,880000. , 24. , 8. , 8. / FAN 6bO 

DATA (FMJDAH( 12,J),J-ltl0) / FAr-,J 661 
$ 143,9 7 ,-192.78 ,439012 ,.444.B ol19.~6 FAN 662 
S 4000 00 • ,970000. , 24. , 8. , 10. / FAN 663 

DATA ("ANDAH( 13,J) ,J"'1,10) / FAN 664 
S 169,15 ,-256.19 ,512.11 ,.361.99 ,36.1~1 FA ... 665 
$ 500000. ,1050000. , 24. , B. , 12. / FAr-,J 666 

DATA (FANDAH( 14,J),J"1,10) / FAN 667 
$ _77,6 7 5 ,1050.7 ,001876.53 01567.15 ,-530.3 FA ... 668 
$ 500000. ,1140000. , 24. , ~. , 14. / FAN 669 

DATA (FA"lDAH( lS.J) ,J"l riO) / FA'J 670 
S 148.08 ,·168.6 .627.63 •• 60 4 .74 '160.~4 FAIIj 671 
S 700000, ,1240000. , 24. , B. , 16. / FAr-,J 672 

DATA (FAr,JDAH( 16,J) ,J"'1 olO) / FA"J 673 
!- 142,97 ,·189.66 ,78601 ,00749.69 ,204. 9 9 FAN 674 
$ 650000. ,1330000. , 24. , 8. , 18. / FA',J 675 

DATA (FA'JDAH ( 17, J) ,J~ 1 , 1 0 ) / FAN 676 
$ .2~5,94 01539.71 ,·2094.92 013bO.06 , .. 354,31 FAIII 677 
S 900 0 00. ,1400000. , 24. , 8. , 20. / FAN 678 

DATA (FA"JDAH ( 1 8 , J) ,J= 1 , 10) / FAN 679 
$ -112,06 ,849.65 ,-906.93 ,564.88 .·163,17 FAN 680 
~ QOOOOD. ,1400000. , 24. , 8. , 22. / FAN 681 

OAT A (FANDAH( 19,J) ,J'"l 010) / FAN 682 
S 22.0 74 ,483011 ,-1316.1 ,1~03.S4 , .. 833.33 FA", 683 
S 400000. ,71'10000. , 24. , 10. , 6, / FA"! 684 

DATA (FANDAH( 20,J),J"lol0) / FA"l 685 
$ 58.10'1' ,431.89 ,-1131.3R 01196.97 ,-524.48 FAN 686 
$ 400000. ,880000. , 24. , 10. , 8. / FA',J 687 

DATA (!'"A~JDAH ( 21,J),J=lrlO) / FA" 688 
S 112,44 .139.49 ,00323.24 ,300012 ,_145.69 FA ... 689 
S 400000. ,970000. • 24. , 10. • 10 • / FAN 690 

D 6,T A (FA"lDAH ( 22,J) ,J=ltlO) / FA"! 6 9 1 
$ 00100. 9 5 ,1345.91 ,-2651.05 ,2~65.19 ,-839.16 FAN 692 " 
$ 550 00 0. ,1060000. , 24. , 10. , 12. / FA'J 693 

DoHA (FANDAH( 23,J),J=1010) / FA'J 694 
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$ -196."7 ,1864,S ,"3537.B4 ,3061.97 "d031.47 FAN 695 
$ 5800tlO, ,1140000, , 24, , 10, • 14. I FAN 696 

DATA tFANDAH( 24,J) ,J=l 110) / FAN 697 
S. _4~6.64 ,2801.51 ,-4681.25 ,3:;71.12 .-1051.86 FAN 69B 
$ 720tlOO. .1250000. , 24. , 10 • , 16. / FAN 699 

DATA (FANDAH( 25,J) ,J=1,10) / rAN 700 
S. -27.5 9 9 ,620.01 ,"768.57 ,558.36 ,-191·62 rAN 701 
$ 650000. ,1330000. , 24. , 10. , 18. / FAN 702 

DATA tF'ANDAH ( 26,J) ,J~l tlO) / FAN 703 
S. _7~2.2B ,3309.25 ,"4177.96 ,2502.21 ,-599.65 FAN 704 
$ 850000. ,1 4 00000, , 24, , 10, , 20. I FAN 705 

DATA tFANDAHt 27,J) ,J:ll 110) / FAN 706 
$ .. 279. 8 /\ 11653.67 ,-2140.73 11 4 75.52 , .. 414!92 FAN 707 
S. 900000, ,1400000. , 24. , 10. , 22. / FAN 70~ 

DATA tFANDAH( 28,J) ,J"'ltl0) / FAN 709 
~ .. 59. 9 "6 , 64 1.02 .-1263.86 11123.39 , .. 414!92 FA'J 710 
~ 500000. ,900000. , 26. , 6. , 6. I FA" 711 

DATA tFANDAHt 29,J) ,J"'l tlO) / FAN 712 
$ ]47.46 ,-436.19 ,915.07 , .. 784.62 ,209.79 FAN 713 
! 500000. ,990000. , 26. , b. , B. I rAN 714 

DATA (FA"1DAH( 3 0 , J) ,J~ 1 tl 0 ) / FAN 715 
$ 46.130 ,166.75 ,"28 2.52 ,272.1 ,-126.46 FA'J 716 
$ 500000. ,10BOOOO. , 26. , 6. , 10. I FAN 717 

DATA (FANDAHI :31,J) ,J"'ltlO) I FAN 71B 
5 138.96 ,-252.12 ,49B.13 ,.354.08 ,67.S 7 3 FAN 719 
$ 50()000. ,1180000. , 26. , 6. , 12. I FAN 720 

DATA tFANDAH( 32,J) ,J"lt 10) / FAN 721 
S. 172.97 ,-372.85 ,722.82 , .. 51 7 .47 0114.80 FAN 722 
$ 500000. ,1270000. , 26. , 6. , 14. I FAN 723 

DATA tF'ANDAH ( 33,J) ,J-l flO) / FAN 724 
$ ".~20" ,452.26 ,-648.81 .4~3.49 , .. 156!59 FAN 725 
$ 750000. ,1350000. , 26. , 6. , 16. I FAN 726 

DATA tFANDAH( 34,J) ,J-l tlO) I FAN 727 
$ 130.3 ,-92.296 ,235.95 ,-117.56 ,2.75~ FAN 729 
$ 70(1000. ,1430000. , 26. , 6. , 18. / FAN 729 

DATA tFANDAH ( 35,J) ,J:l 010) / FAN 730 
! 162.10 ,-194.34 ,432.03 .-278.64 ,53.3 4 FAN 731 
$ 900000. ,1500000. , 26. , 6. , 20. / FAN 732 

DATA tFANDAH( 36,J),J.ltlO) / FAN 733 
$ 322. 67 ,-447.74 ,423.14 , .. 95.091 , .. 15. 494 FAN 734 
~ 940000. ,1500000. , 26. , 6. , 22. / FAN 735 

DATA (FANDAH( 37,J) ,J e ltl0) / FAN 736 
$ -350.23 ,2212.31 ,-4250. ,3636.36 , .. 121?12 FAN 737 
S 600000. , 94 0000. , 26. , B. , 6. I FAN 738 

DATA tFA~)DAH ( 38,J),J=I,10) / FAN 739 
, "13.70 9 ,.7433 ,115.75 , .. 152.03 ,23.31 FAN 740 
$ 600000. ,1040000. , 26. • B. • 8. I FAN 741 

DATA tFA"1DAH( 39.J)oJ~1 tlO) / FAN 742 
$ 160.0~ .-245.62 ,483.82 , .. 364.34 ,67,59 9 rAN 743 
$ 60nooO, ,1150000. , 26. , 8. , 10. I FAN 744 

Db,TA tF ANDAH ( 40,J),J=1,10) / FAil! 745 , 77,0 46 .115.59 ,-11.038 , .. 49.109 ,-3.771 FAN 746 
$ 1'100000, ,1250000. , 26. , 8. , 12. / FAN 747 

DATA tFANDAH( 41,J).JlCl,10) / FA'J 748 
$ 176,~9 '''257.33 ,583.44 , .. 449,33 ,100,18 FAN 749 
$ 1'100000, ,1340000. , 26. , 6, , 14. I FA'J 750 

DATA tFA~)DAH ( 42,J) ,J=UIO) / FA .... 751 
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" _474.23 ,21~9.22 ,-2769.16 .1597.82 ,.363.64 FA\! 752 
S 84 0 000, • 1440000. , 26. , 8. , 16 • I FAN 753 

DATA (F"ANDHH 43,J) ,Jlll,10) / F"A\I 754 
~ 193.55 ,-288.44 ,678.44 ,-479.25 0100.02 F"AN 755 
$ 600000. ,1520000. , 26. , B. , 18. I F"AN 756 

DATA (FA"'OAH( 4 4 ,J),Jc lol0) I F"AN 757 
$ -559.84 .2354.58 '-2794.3~ 01546.54 ,-335!66 F"A\I 758 
5: 105(1000. .1570000. , 26. , 6. , 20. I F"A>,j 759 

DATA (FANt)AH( 45.J),J"ltlO) / FA'.J 760 
$ _4~47.74 ,13226.42 ,-14504.0~ ,7162.39 , .. 1342.66 FAN 761 
5: 1150 00 0. ,161)0000. , 26. , B. , 22. I FAN 762 

DATA (FA",DAH( 46,J) .Jcl 010) / FA'J 763 
5: _3?4.0B ,2261.12 ,-4454.17 ,392 4 .24 ,-1363.64 FA", 764 
$ 600000. , 97 0000, , 26, , 11. , 6. I FA\I 765 

DATA (FANDAH{ 47,J) ,Jcl, 10) I FA III 766 
$ 297.49 ,-674.34 ,923.08 ,-453.77 ,0.0 FAN 767 
$ ,,00000, ,1080000. , 26. , 11, • 8. I FAN 768 

DATA (FANDAH( 46,J),J"1010) / FAN 769 
5 166. 74 ,"105.07 0169.48 ,-?4.391 ,-71.678 FAN 770 
$ 60noOO. 01190000. , 26. , 11. , 10. I FAN 771 

DATA (FA"'DAH ( 4 9 , J) ,JElt 1 0 ) I FAN 772 
5 -12i.21 01158,54 ,-1704.69 .1170.09 ,-335!11 FAN 773 
$ 600000. ,1300000. , 26. , 11. , 12. I FA", 774 

DATA (FANDAH ( 50,J) ,J=I,10) I FAN 775 
$ _34.067 ,818.08 ,-1116.29 ,766.02 , .. 230.43 FAN 776 
" 600000, ,13QOOOo. , 26. , 11. , 14. I F"AN 777 

DATA (FANDAH( 51oJ),JEl,10) I FAN 776 
S 12.91 F1 ,602.92 ,"670.06 ,415.16 , .. 126!02 FAN 779 
5 600nOO, ,15(10000. , 26. , 11. , 16. I FAN 780 

DATA (F'ANDAH( 52,JI,Ja lol0) I FAN 781 
5 223. 46 ,-.088 ,80.012 tl • 166 , .. 34.965 FAN 782 
S 600000. ,1600000. , 26. , 11. , 18. I FA'J 783 

DATA (FANDAH( 53,J) ,J-l 010) I FA'I 784 
$ -3.929 ,1038.49 ,-1360.42 ,847.22 ,-20e.33 F"A", 785 
$ 100 0 0 0 0. ,1600000. , 26. , 11 • , 20. I FAN 786 

DATA (FANDAH( 54, J) , Jo: 1 , 10) / FA\I 787 
$ -3C;55;6~ ,11081015 ,-I1777.0B ,5652.78 ,-1041.67 FA", 7il8 

" 11700 00, ,1600000. , 26. , 11 • , 22. I FAN 789 
DATA (FUlDAH ( 55,J) ,J=),10) / FA" 190 

5 32.Q76 ,97.99 ,-185.86 ,213,99 ,-116.55 FA\I 7 9 1 
5 500000. ,1020000. , 28. , 6. , 6. I FAN 792 

DATA tFANDAH( 56,J) ,JEl'10) / FAN 793 
5 80.295 ,-71.86 ,154.45 , .. 110.7 ,11.0 8 3 FAN 794 
5 500000. .1110000. , 28. , 6. , 8. I FAN 795 

DATA (FANDAH( 57,J),J=I,10) / FAN 796 
$ 85.0 9 ,.39.55 ,76.619 ,-26.452 ,-17.,?92 FA"I 797 
" 500000. ,1220000. , 28. , 6. , 10. I FA", 798 

DATA tFANDAH( 58,J) ,Jzl 010) / FAN 799 
~ ]63. 72 ,-352.71 ,588.45 , .. 352.27 ,56.818 FA"I 800 
$ 730['\00. ,1330000. , 28. , 6. , 12. I FAN 801 

DATA tFM,'DAH ( 59,J) ,J=I,1 0) I FAN B02 
$ -30.521 ,391.0 ,-386.5 ,205.0 ,-55.028 FAN B03 
$ 5000 no • ,1450000. , 28. , ~. , 14. I FA'll 804 

DATA (FA~JDAH ( f, 0 , J) ,J= 1 , 10 ! I FA", B05 
" 52;>,91 ,"1352.27 01663.48 ,-841.6 0145.26 FA\I B06 

" 1030000. ,1560000. , 28. , 6. , 16. I FA" e07 
DATo\ (I'ANDAH( 61 , J) , JK 1 , 1 0 ) / FA'll B08 
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S 744.29 ,-1905.75 ,2170. ,-1022.22 0166,67 Flo'll 809 

" 1000000. ,1630000. , 28. , 6, , 18, / FA" 8l[l 
DATA (FA'JDAH( 62,J) ,J-l olO) / FAN 811 

" 55~.31 , .. 1015.79 ,914.44 ,-298.92 ,21.4 6 1 FA\! 812 
S 1250noo. ,1700000, 28. , b. , 20. / FAN 813 

DATA (FANDAH( 63, J) ,J-l , 10) / FAN 814 
$ _190,67 01135.05 ,-1362.37 ,760.4 ,-159,66 FAN 815 
$ 1290000, .1760000. , 28. , 6, , 22. / FAN 816 

DATA (FA~DAH( 64. J) ,J= 1 , 10) / FAN 817 
$ -51.431' ,688.46 ,-1396.44 11273,01 ... 461·14 FA"I 818 
$ 500(1')0. ,1050000. • 28. , 8, , 6. / FAN 819 

DATA (FANDAH( 65,J),J-ltlO) / FAN 820 
J 27.1?6 ,271.6 ,-455.18 ,381.06 .-143.86 FAN 821 
$ 5300(1), ,1180000. , 28, , 8, , 8, / FAN 822 

DATA (FA';DAH ( 66,J) ,J=l 010) / FAN 823 
$ 157.2'! ,"31B.65 ,623.34 , .. 446,78 ,91.0 5 FA'll 824 
~ 550000. ,1280000, , 28. , B, , 10,· / FAN 825 

DATA (FHIDAH( 67,J) ,J"l, 10) / FA" 826 
$ <,97.63 ,-873.87 01501,18 ,-1021.21 ,231,07 FAN 827 
$ 650000, ,1400000. , 28. , 8. , 12, / FAN 828 

DA TA tFA"JDAH( 68,J) ,J-lII0) / FAN 829 
$ 177.36 ,"395,03 ,889,58 ,.672,74 .160,"'8 FA'll 830 
$ ('00000. ,1540000, , 28. , B. , 14, / FA'll 831 

DATA (FANDAH ( 69, J) ,Jill, 10) / FAN !!32 
S 79.603 , .. 25.755 ,395,79 ,.348.17 .BO.4~2 FAN 833 
$ 9 0 00 00 • ,1600000. , 28. , 8. , 16. / FAN 834 

DATA (FA~IDAH ( 70,J) ,J-l,10) / FAN 835 
$ 250,7~ , .. 520.49 ,949.34 ,-600.17 0122. 3 8 FA'll 836 , 93')1)1l0. ,1700000. , 28. , B. , 18. / FAN 837 

DATA (FANDAH( 71,J) ,Jlll,10) / .FAN 838 
$ 311. 62 ,-376.48 ,398.49 .-114.14 ._4.0 8 7 FAN !!39 
$ 1200000. ,1750000. , 28. • 8. • 20. / FAN 840 

DA TA (FANDAH( 72.JltJ-l flO) / FAN 841 
$ -257.36 ,1167.2 ,-1145.64 ,581.78 ,-120!54 FA'll 842 

" 12500 00. ,1770000. • 28. , 8. , 22. / FAN B43 
DATA tFANDAH ( 73,J) ,Jal 010) / FA"l 844 

$ -1'1.151 ,483.04 '''828.15 ,703.03 ,.274!70 FA'll B45 
$ 500000, ,1050000. , 28. , 9. , 6. / FA'll B46 

DATA (FANDAH( 14.J) ,Jal 010) / FAN '147 
$ 102. 65 ,7.178 ,38.104 ,39.954 , .. 66.~74 FAN B4'1 
$ 500000. ,1290000. , 28. • 9, , 10. / FAN B49 

DATA (FANDAH( 75,J).J-l,10) / FAN 850 
$ 125.18 ,-50,834 ,318.54 .-260.86 .51.63 6 FAN 851 

" 600000, ,1570000. , 28. • 9. • 14. / FAN 852 
DATA (FANDAH( 76.J) ,Jal, 10) / FA"l 853 

" 188.11 , .. 95.277 ,404.56 ,-307.01 .61.8~1 FAN 854 
$ 95nOnO. ,1770000. • 28. • ~. , 18. / FA'll B55 

DATA (Ii"A"IDAH ( 77.J) .J"'1110) / FAN 856 
" -7314;5 019307.41 .-18251.29 ,7~56.64 .-120 7 ,28 FAN 857 
$ 1250 nO O, ,1770000. • 28. • 9. , 22. / FA"I 858 

DATA (FANDAH( 78,J) ,J-lol0) / FAN 8~9 
$ 14 16. 9 4 ... 8770.24 ,21006.06 ,.22060.6 ,84B4.84 FAN 860 
$ 500000, ,830000, , 28. , 10. • 2, / FA'J 8bl 

.. DATA IFA"IDAHI 79,J) .Jal tlO) / FA" 8b2 
$ _B9,9 .810.41 ,"1370.82 .1144.03 ,-422. FA'll 863 
~ <;50000. ,1070000. • 28. • lO. , 6. / FA'll 864 

DATA ('ANDAH( AO,J),J .. lol0) / FA~ 865 
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$ 131 ,94 ,-73,089 0191,bb .-b8,245 .-48,295 FAN 966 
t 5 7 0000, ,1320000. , 28, • 1 O. • 1 0 • 1 FA\j 8b7 

DATA /FANDAH( 81 • J) • J= 1 • 1 0 ) 1 FA\! eb8 
$ 224.01'1 .-284,12 .540,0 9 ._33b,8A .55,pe FA\! 669 
$ 500000, 01580000. • 28, • 1 0 , • 14. 1 FAN B70 

DATA /FANDAH( R2.J) .J"'l olOl 1 FAN 871 
t 71 R, 7 ."1798,52 .2459.2b .-133b,48 .259,29 FA\j 872 
$ 85(1000, ,1770000. , 28, • 10, • 1 B, I FA\j 573 

DATA (FANDAHI 83,J) ,J=1'10) 1 FA" 874 
t -1153;75 ,4181,1 .-4529,b2 .2243,7b ._426,4 FA'll B75 
J 1200000, 01770000, • 28, • 1 0 , • 22, 1 FA" 876 

DATA /FANDAHI 84,J).J"'ltlO) 1 FA\! 8 7 7 
$ 1161,37 .-6675,67 014912,2 .-14463,5 .5109,117 FA'll 878 
t 50(1000, .1;60000, • 28, • 12, • 2. 1 FAo..: B79 

DA Tt. (FA"JDAH( 85,Jl.Jc l.10) 1 FA\! 880 
$ -257.57 .1727,79 .-2934,3 .227 4 ,14 .-724!96 FAN 881 
$ 55,000, ,1180000, • 28, • 12, , 6, 1 FA!., 8A2 

DATA (FA',DAH( 86.J) .J"'ltlOl 1 FA\! 883 
$ 90,6 3 "1 ,287,08 .-415,77 .3 4 1,8b .-146!78 FAIII 884 
t 5HOOO, ,1340000, , 28, • 12. , 1 0 , I FA ,\j 885 

DATA (FAIliDAH: 87,J).J-lol0) 1 FA"J B86 
$ 454,R7 .-1066, .1726,52 .-11 08.2 ,233,1 FA\j 8B7 
$ 500000, ,1630000, • 2S, • 12. • 14, 1 FAN 888 

DATA (FAIliDAH( BB,Jl.J-l010) 1 FA" 989 
$ 555. 85 .-920.47 012 7 1.6 4 ._b74,lb 0108.39 FAIII B90 
S 651)000, 01770000, , 28, , 12, • 18. I FA'J 891 

DATA tFAIIIDAH( 89.J).Jc l.l0) 1 FA'J 892 
of, 71,003 ."131.14 .292,2 ,-2b8.8B .66,0 78 FA\! 89:; 
$ 50001\0, ,920000, • 30, , B, • 2, I FAN B94 

DATA /F ANDAH ( 90 , J) • J-l , 1 0 l 1 FA\j A95 
$ .61\23 .399,b4 ,-784,08 .706,5 .-2113,37 FA\! B9b 
$ 501)0 0 (\, .1220000. • 30, • B. • 6, 1 FAIIi 997 

DATA (FANDAH( 91.J).J-l.10) 1 FA\j 898 
$ 140,32 ,-267.88 .605,71 '-"bO,6S 0109,65 FA'J 899 
t 50nl)00, .1,,90000, • 30, • B, • 1 C , 1 FA"J 9QG 

DA TA (FANDAH( 92,J) .J=hlO) 1 FA'll 9Cl 
t 223,2- .-353,83 .529."6 .-270,7" ,40,306 FA'J 902 
$ 500000, .1770000, , 30, • B, • 1" , I FA .. 903 

DArt ('ANDAH( 93.Jl.Jcl.10) 1 FA\! 904 
!. .469,"" .1952,01 .-217b,9 01114,75 .-216,07 FA\j 905 
!. 10nOOO(\, 01770000, • 30, • B, • 1 II, 1 FA"J 90f. 

DATil (FA'JDAH ( 9".J) .J=ltlO) 1 FA'IJ 927 
$ -2790,78 .791B,48 .-7719,83 .3355,91 .-5"6,08 FA\! 908 
$ 14nOOOO, .1710000, • 30, • 8, • 22, I FA", 909 

DATA (FANDAH( 95.J) .J-1 010) 1 FA"J 910 
$ -2116~64 011988,3 .-24400. .21818,2 .-7272,73 FA" 911 
$ 600000, .940000, • 30, • 10, • 2, 1 FA ... 912 

DATA (F A"JDAH ( 96.J).J c 1,10) 1 FAIII 913 
$ -155,27 01062, .-1749.98 .136 4 ,1£1 .-420,"8 FA'J 914 
$ 600000, .1260000. • 30, • 10 , • 6. I FAIII 915 

DATA (F'AIliDAH( 97.J).J",1.10) 1 FA"J 916 
$ 70,011; .278.3 ._4 7 9,95 .,,0",31 .-128!79 FAN 917 
S 600000, ,153DOOO. • 30, • 1 0 , • 10, 1 Fl.o..: 918 

DHA (FAN;)AH( 98.J) .J"'l olOl 1 FAIII 919 • 
t 48,686 .424,68 .-556,3 .368,77 .-94,019 FAIII 920 
$ 600000, .1810000, , 30, • 1 0 , • 1" • I FA'll 921 

DATA (FANJAH( Q9,,J) .J"'l. 10) 1 FA~ 922 
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$ 183~,1'I2 ,-4736.59 ,5146.6 ,.2386.56 ,400. 6 7 rA"I 923 
$ 1110000. ,1870000. , 30, , 10. , 18. / FAN 924 

DATA (F ANDA H (100. J) ,J=l ,10) / rA"I 925 
$ 3840,5 ,-8553.0 7 ,7718.76 ,.3055.38 .449.55 F'AN 92b 
~ 1440000. 01870000. , 30. , 10. , 22. / FAN 927 

DATA (FANDAHll01,J).J=l,10) / rAN 928 
$ 573. 86 ,-2682.76 ,5269.32 ,.4489.9 ,1363.64 FAN 929 
$ 600000. ,950000. , 30. • 11 • • 2. / rAN 930 

DATA t FANDAHl102,J) ,J=1.10) / FAN 931 
$ 104,31 •• 77,393 0160.7 ,.29.672 ._47.~48 rAN 932 
$ 60nnl10. ,12ROOOO. • 30. , 11. , 6. / FA'>! 933 

DATA t F .HJDAH (103, J) ,J= 1,10) / FA'>! 934 
$ -166.28 01106,85 .-1431.07 .844.31 ,-197.5 rAN 935 
!' 600nO O• ,1560000. , 30. , 11. , 1 0 • / FAN 936 

DATA (FANDA~(104.J),J=1'10) I FA~ 937 
$ 10'l.35 0142,38 ,-19.254 ,-15,095 ,-2.55 FAN 938 
$ 700000, ,1870000. , 30. , 11. , 14. / FA"l 939 

DATA (FA~'DAHl105,J) .Jo:1.10) / FAN 940 
S. 1262. 38 ,-3070.33 ,3409.94 ,-15 71.34 ,255. b8 FAN 9 4 1 
\ 1040000, ,1870000, , 30. , 11. , 18. / FA'>! 942 

DATA (FANDAHl106.J) ,J=l,10) / FA"I 943 
$ 64,,8.32 ,-14968.6 013695, ,-5504.54 ,821,78 FA"l 944 
$ 14500 fl O. ,1870000. , 30. , 11. , 22. / FAN 945 

DATA (FANDAH(107,J) ,Jo:1'10) / FAN 946 
$ .. 5~.06 ,308.6 0102.27 ,.616.16 ,303.03 FA"I 947 
$ 60000 0 • ,950000, , 30, t 12, , 2, / FA"I 948 

DH A (FANDAH(108,J),J c 1.10) / FA'>! 949 
$ -272. 65 01420.3 ,-1840.91 01030.3 ,.227,27 FAN 950 
" 600000. ,1290000. , 30. , 12. • 6. / FA'>! 951 

DATA rFA"lDAHl109,J) ,Jo:lol0) / FAN 952 
$ _10 7 ,44 ,844015 ,.980.16 ,527. ,-119.46 FA"I 953 
$ 600 01'10. ,15ROOOO. , 30. , 12. t 10. / FAN 954 

DATA (F A ND A HIll 0 , J) ,J = 1 , 10) / FAN 955 
$ 172.°4 ,-76.343 ,334.06 ,.244.14 .48.077 FAN 956 
$ 7000no. ,1870000. • 30. , 12. • 14. / FA'>! 957 

DATA (FANDAH(111 ,J) ,J=l,10) / FAN 958 
$ e67,44 ,·1854.72 ,2097.31 ,.952.54 ,148,~ FAN 959 
$ 1050000, ,1870000. , 30. • 12, • 18. / FAN 960 

DATA (FANDAH(112.J) .J=1.10) / FAN 9b1 
S "4Z.5 11 ,-1667.56 .1862.69 ,.928.03 ,170. 45 FA"I 962 

" 1000000. ,1620000. , 40. , 8. , 2. / FAN 963 
DATA (F' AfJDA H ( 113, J) ,J= 1,10) / FAN 964 

S -234. 11 .936.78 ,"837.06 ,339.56 ,-55.0 FAN 965 
~ 1000000. ,2160000. , 40. , 8. , 6, / FAN 966 

DATA (FA""DAHIl14,J) ,J-lol0) / FAN 967 
S 59.02 ,212.2 ,-81.972 014.603 ,.2.87e FAN 968 
$ 1000000, ,2570000. , 40, , 8, , 10. / FAN 969 

DATA (FANDAH(1l5.J) ,J=ltlOI I FAN 970 
" 420,1 ,.458.47 ,450.55 .-159.26 018.3 24 FAN 971 
S 1200000. ,3040000. , 40. , 8. , 14, / FAN 972 

DHA (FANDAH(116,J) ,J-hl01 I FAN 973 
$ 50Z,tlI! ,-434.25 .352.16 ,.95.755 ,7.843 FAN 974 
$ 17 n OOOO. ,3320000, , 40. , B. , 18. / FA'>! 975 

DATA I F A ~JD A H II 17, J) ,J':] , 10 ) / FAN 976 
$ -266. 24 ,1014,48 .-557.16 0149,48 ,-15,597 FAN 977 
$ 22nOl'l00, ,3550000. , 40. , 8, • 22. / FAN 978 

[lA TA ( F A ~'.JD A H ( 11 f\ , J I , J -I t 1 0 ) / FAN 979 
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, 2A76,ll ,-7688,44 ,8025,69 ,-3689,81 .625,0 FAN 980 
$ 12000tlO, .1700000, , 40, • I 0 • , 2. / FA .... 98 1 

DAH tFANDA"f(119.J) .J=1010) / FA", 982 
$ _904,63 .2572.63 .-2225,35 ,B66,9 .-130!21 FA'J 9£13 
$ 1200000, ,2260000, , 40. • 10 • • 6, / FAN 994 

DAH t~ANDAH(120,J) .J=I 010) / FA ... 9 I:! 5 
$ ;:09,6 48 .465.32 • -341.49 0132.62 ,-22,035 FA'J 986 
$ 1200 000, .2740000. • 40. • 10 , , 10. / FAN 987 

DATA t F A NO A H t I 21 , J) • J = I • 10 ) / FAN 9BEl 
i .556./\ 01461.13 ,-834.02 .221.53 ,-23. 765 FAN yB9 
$ 127 00!lO, .3180000, • 40, • 10 • , 14, / FAN 9% 

DA TA t FANDAH(122,J) .J=1010) / FAN 991 
$ 621,1~ .-428,07 ,299,22 .-600185 01.45 7 FA!Ij 992 
$ 1800 000, .3460000, • 40, , 10 • • 18, / FAN 993 

DATA (FANDAH(123.J) ,J=I,IO) / FAN 994 
$ 1:1056,63 ,-11236.6 .5513,37 .-1173.03 ,9101 46 FAN 995 
$ ?5000 no, • 3740000. , 40, , 10. , 22 • / FA"J 996 

DHA (FA~'DAH(124,J) .JzltlO) / FAN 997 
$ _230,79 ,65B.96 ,-336.11 ,37,037 ,0.0 FAN 998 
$ 1200000. ,1720000. • 40. • 12. , 2. / FAN 999 

DATA t FANOAHtl25,J) .J=lol0) / FA~ 1000 
$ _254. 45 ,908.1 .-574.62 0157.2 .-18. 939 FAN 1001 
$ 12000()O, .2330000. , 40. , 12. , 6. / FA"J 1002 

DATA tFANDAH(126,J) ,J=lolO) / FA", 1003 
$ -151.19 ,779.21 ,-444.03 .119.08 ,_14. 569 FAN 1004 
$ 1200000. .2830000. , 40. , 12. , 10 • / FAN 1005 

DATA (FA"JDAH (127.J) ,J=loIO) / FAN 1006 
$ 543. 7 , .. 459.81 ,452.62 ,-152.95 016.208 FAN 1007 
~ 13000tlO, .3270000. • 40. , 12. , 14. / FA"J 1008 

DATA t FA NDAH(128.J) .J-lol0) / FAN 1009 
$ 1111. 47 ,-1181.9 ,794.01 ,-202.17 ,16.7 5 4 FAN 1010 
$ IB6 0000, ,3610000. , 40. , 1 Z. , lB. / FA"J 1 0 II 

DATA tFANDAH(129,J) ,J=ltlO) / FA"l 1012 
$ -13201.1 ,17641.5 ,-B397.4 017B6.5 ,-143.23 FAN 1013 
~ 2540000. ,3750000. , 40. , 12. , 22. / FAN 1014 

DATA t F A"'DAH(130 • ..I) • ..1=1'10) / FA"! lOIS 
$ .. 6179.5 017637.9 .-18314.6 ,8~30.56 ,-1458.33 FAN 1016 
$ 1200000, ,1730000. • 40, , 14. , 2. / FAN 1017 

DATA ("ANDAHtl31.J) ,J=ltlO) / FAN 1018 
1 227,15 0112.24 .-105.4 ,60.29 ,-16.572 FAN 1019 
~ 1200 000. .2330000. • 40. • 1~. , 6. / FAN 1020 

DATA (FANDAH(132.J) .J"'I,10) / FAN 1021 
$. 18 1. 38 ,234011 ,-57.838 ,-.72R4 ,-1.0~3 FAN 1022 
~ 1200000. .2870000. , 40. • 14. , 10. / FAN 1023 

DATA t FANOAH(133,J) .J"'ltlO) / FAN 1024 
$ -1(13.26 ,846.19 .-428.34 0105.65 ,-11. 8 37 FAN 1025 , 1270000. ,3360000. , 40, , 14. , 14. / FAN 1026 

DATA tFANDAH(134,J) ,J=I,10) / FA'" 1027 
$ 754,94 ,-702.92 .618.55 ,-182.21 ,16.936 FAN 1028 
$ 1920 rltl O, ,3720000. , 40. , 14. • 18. / FAN 1029 

DATA tFANDAH tl35,J) ,J"'I 010) / FA", 1030 , 17 17. 1 7 ,-1161.5 .466.83 , .. 55.358 ,-.8156 FAN 1 C 31 
$ ?6400 00. .3750000. • 40. , 14. • 22. / FAN 1032 

DA TA (FANDAH(136.J) ,J=I,10) / F"AN 1033 .. 
$ _27.5 79 .253.49 .-106.3 .21.961 ,-201 26 FA"! 103. 
OS 2000000. ,4;:>50000. • 60. • l2. , 4. / F"AN 1035 

DtT 1\ (FMJDAH(!37,J) ,JzltlO) / FAN 1036 
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" _1!>.1'l99 ,293.64 ,-122.47 ,25.347 ,-2.26 2 FAN 1037 
$ 20000 00. ,4750000. , 60. , 12. , 6. / FAN 1038 

DATA (FANDAI1 (13B,J) ,J:l tl 0) I FA'J 1039 

" 253.5 ,-26.009 ,41 .5 ,-9.273 , .4242 FAN 1040 
$ 20000 rl O. ,5220000. , 60. , 12. , 8. / FAN 10 41 

DATA (FA'JDAH (139,J) ,J=l, 10) / FAN 10102 
" 21'1,0 6 ,37.044 ,2B.B3 ,-B.833 ,.560~ FAN 1043 

" 20000 00. ,5650000, , 60. , 12. , 10. / FA'J 1044 
Dr.TA (FA',DAH(140,J) ,J=1,10) I FAN 10105 

$ 417. ,-9f..l665 .6701 7 1 ,-11.709 ,.5361 FAN ]046 
~ 2250000. ,6170000. , 60. , 12. , 12. / FAN 10107 

DATA (F A "'D A H ( 141 , J) ,J _] tl 0 ) I FA~ 1048 
5' _7(,0.05 ,915.66 ,-243.21 ,30.626 ,-1.5 76 FAN 1049 
$ 3250 nO O. ,(',700000. , 60. , 12. , 14. / FA"/ 1050 

DHA (FANDAH(l42,Jl,J=ltJO) / FAN 1051 
s _14R3;B6 ,1518.16 .-419.53 ,53.4 .-2.615 FAN 1052 
$ 4100000. • 7000000. , 60. , 12 • • 16. / FAN 1053 

DATA ( F MJ D A H ( 1 4 3 • J ) • J - 1 , 1 0 ) / FA'J 1054 

" 2251. 4 ,-1224.36 .330.67 ,-36. ,1.33 FAN 1055 
$ 4500000. ,7000000. , 60. • 12. , 18. / FAN 10% 

DATA (FANDAH(144,J) ,J-lolO) / FAN 1057 
$ -165. 9 P. ,544.46 ,-304.18 ,79.617 ,-8.727 FAN 1058 
$ <'OOonOO. ,3700000. , 60. , 16. , 2. / FAN 1059 

DATA (F'ANDAH(145,J) ,J=I,lO) / FAN 1060 
" -75.05 ,442.02 ,-203.B9 ,41.82 ,_3.628 FAN 1061 

" zonooOo. ,4250000. , 60. , 16. , 4. / FAN 1062 
DATA (FANDAH(146,J) ,J=lolO) / FAN 1063 

$ 70.41 4 ,251ol5 ,-86.013 ,14.616 ,-1.2!!'5 FAN 1064 
" 2000000. ,4B50000. , 60. , 16. , 6. / FAN lObS 

DATA CFANDAH(147,J) ,J=ltJO) / FAN 1066 
$ -94.021 ,440.34 ,-]4 7 • 3~ '2~.961 ,-1.903 FAN 1067 
S 27nOnOO. ,5250000. , 60. , 16. , 8. / FAN 1068 

DATA (FANDAH(14B,J),Jal,10) / FAN 1069 
" -2n.122 ,394.28 ,-107.34 014.133 ,_.9016 FAN 1070 

" 2000 no O. ,5930000. , 60. , lb. , 10. / FAN 1071 
DATA CFANDAH(149,J) ,J-l,10) / FAN 1072 

S 50Z.59 ,-132.89 0102.98 ,-19.495 ,1.03 FAN 1073 

" 3170000. ,6370000. , bO. , 16. , 12. / FAN 1074 
DATA CFANDAH(l50,J) ,J=ltlO) / FAN 1075 

S 390.3 4 ,84.842 012.235 ,-3.344 ,.074b FAN 1076 
S ?500000. ,7000000. , 60. , 16. , 14. / FAN 1077 

DA TA CFANDAH (151 ,J) ,J-l, 10) / FAN 107B 
$ -149B.49 0155B.69 ,-401.72 ,48.621 .-2.3~b FAN 1079 
S 4700000. ,7000000. , 60. , 1 ~. , lb. / FAN 1080 

DATA CFANDAH(152,J) ,J-l,10) / FAN 1081 
$ 5656.16 ,-3754.3 ,loBO.28 ,-133.41 ,6. FAN 10B2 
$ 4200000. ,7000000. , 60. , 16. , 18. / FAN 1083 

DAH (FANDAH (153,J) ,J-l.10) / FAN 10B4 
" 1251.93 ,.90.429 ,13.143 ,0.0 ,0.0 FAN 1085 
" 52500 rl O. ,7000000. bO. , 16. , 22. / FAN 10B6 

D!.TA PI /3.1 4 159265/ FAN 10B7 
DATA TANCl /.1 4 05/, TAN19/.344/, "8/5./ FAN 1088 

123 F~R4AT(]X.4G12.4) FAN 10B9 
10 F~RMAT(5F'10.4.2FIO.5,3F3.0) FAN 1090 
IS F~R4AT(5FIO.4,2FI0.1,3F3.0) FAN 1091 

C FAN 10 92 ,. 
F'JNCT!O~ TO DETERMINE VOLUMETRIC FLOIri RATE FROM THE PRESSURE FAN 10~3 ... 
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RISE ACROSS THE FAN. 

TCF~~FrI.~l=1.E06*CFANOAPCI.l).FANOAPCI.2 .~.FAN~A~CI.31.~.~' 
$FANDA~rI.4)*p.P*~'FANDA~CI.5)·~*P*P*P) 

SQECIFIC VOLUME OF AIR LEAVING THE HEAT EXCH~NGER AT THE 
ELEVATION SPECIFIED FOR THE PLANT 

BARLN.3.39853~3.BIA35E-5.ELEV 
BAR:oEXI'CRARLN) 
SPVOL.rT4'459.(1)/l.3Z5/BAR 

TOTAL VOLUMETRIC FLOW RATE OF THE FAN SYSTEM 

TOTCF~·W4*SPVOL/60, 
AFC.5.E08 
AC=O. 
AHP.,O. 
ADIA:oO~ 
ABL'II=O, 
ASLA=O~ 
ANF=II. 
AVEL .. n~ 

EXIT STACK FACTOR USED TO C9MPUTE STAC~ EXIT DIAMETER WHEN 
VELOCITY RECOVERY IS USED, VELOCITY RECOVERY IS BASED ON 
13 FOOT HIGH STACKS FOR ZB FOOT DIAMETER FANS, THE OIFFUSEQ 
A'IIGLE IS 8 DEGREES. 
ESF.,2.*TANC8DEG)·13.IZB. 

Ec;F.0.1305 

VELOCYTV PRESSURE COEFFICIE~T USED TO COMPUTE VELOCITY 
~qESSURE IN INCHES OF WATER. 
VI'COEF,.O,074 9S*Z9,9Z*13.5951/CZ •• 32.174*144,*14.(96) 

RECVFL-VELREC 
IF(LFE.LT,l) LFE "' 153 
IF(LF-B;LT,l) LFB • 1 

START OF YTERATIVE LOOP FOR DETERMINING THE OPTI~UM FAN 
c;vSTEM 

DQ 400 I.LFS.LFE 
IF(I.EQ,21) GO TO 400 
IrC!.ED,103) GO TO 400 
IF(I.E~,122) GO TD 400 

INITIALIZATION OF FAN O~TIMIZATION ~ARAMETERS 

TP=Cl. 
RCF"'~F.n, 

• 

06/05178 01.59,59 

FAN 10 94 
FAN 1095 
FAIII 1096 
FA III 1097 
FAN 1098 
FAN 1099 
FAN 1100 
FA'll 11 01 
FAN II 02 
FAN 1103 
FA III 1104 
FA III 1105 
FA "I 11 06 
FAN 1107 
FAN 1108 
FA'Il 1109 
FAt.,! 1110 
FAN 1111 
FAN l11Z 
FAt.,! 1113 
FAN 1114 
FAN 1115 
FAN 1116 
FAN 1117 
FAN 1118 
FAN 1119 
FAN 1120 
FAN 1121 
FAN 1122 
FAN 1123 
FAN 1124 
FAN 1125 
FAIII 1126 
FAN 1121 
FA" l1ZI\ 
FAN l1Z9 
FAt.,! 1130 
FAN 1131 
FAN 1132 
FAt.,! 1133 
FAN 1134 
FA III 1135 
FAN 1136 
FAN 1131 
FAt.,! 1138 
FAN 1139 
FAN 1140 
FAN 1141 
FAN 1142 
FA III 1143 
FAN 1144 
FA", 1145 
FAN 1146 
FAN 1141 
FAN 1148 
FAN 1149 
FA'Il 1150 
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.. 

C 
C 
C 
C 

C 
C 
C 
C 
C 

C~M~~_O. 
N('IF.O 
Hppl"=O~ 

TOT>i~"O. 
FCST=O~ 
CMOT=O; 
CSR.O. 
CI"D",O. 
CEC:O. 
CPL .. O. 
TCST~r"O. 
TC:ST~-O. 
VEL=O. 
CyNC,,1I0000. 
CFM=4000f\O. 
FLOVP=O. 
Tp=O. 
01"=0. 
CI=O. 

O~T:l 

C~OSS.SECTIONAL FLOW AREA I"OR THE FAN DE~ENDING ON THE FAN 
DIAMETER 

IF(I.LE.27) A=429.08 
IF(I.GT.27.AND.I.LE.S41 A=495.96 
IF(I.GT.54.AND.I.LE.88) A=584.5 
IF(I.GT.BB.AND.I.LE.ll11 A"65B.37 
IF(I.GT.lll.AND.I.LE.135) A-1123.91 
I~(I.GT.135) A=2680.4 
FAND=FANDA~(I.B) 
EXITD .. ll.·ESFI*FAND 
EXITA.O.78S4*EXITD*EXITD 
EA60=i;/160,*EXITAI 
A60=1,/(60,*A) 

DETERMINE THE NUMBER FANS. THE VOLUMETRIC FLOW RATE THROUGH 
EACH I"AN, AND THE TOTAL PRE_SURE DRO~ ACROSS EACH FAN 

c·.····.· .. ··.··.·····.·.·.···.········ .. ··· ........................... . 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
r 
C 

THI5 ITERATION SCHEME DETERMINES THE O~ERATING POINT FOR 
"'AN "I", THE OPERATING POINT IS THE rNTERSECTIO~ OF THE FA'J 
PRESSURE CURVE AND THE TOTAL PRESSURE CURVE.· THE ITERATION 
USES THE FAN DATA AS CFM VERSUS TOTAL P~ESSURE. PLOTTED AS 
Y VERSUS X, THE POINTS (Xp,YP) REFER TO THE ~OINTS ON THE 
"'AN PRESSURE CURVE. THE POINTS (XT.YT) REFER TO THE POINTS 
('IN THE TOTAL PRESSURE CURVE. THE LIMITYNG VALUES OF CF~ AN~ 
t~D ~AN ~RESSURE FROM THE FAN DATA ARE USED TO GET THE 
LIMITING POINTS OF THE FAN-~RESSURE CURVE AND THE TOTAL 
PRESSURE CURVE. THESE POI'JTS ARE USED TO DETERMINE TWO 
~TRt!GHT LINES. Y~=AP*XP.8~ AND YT=AT*XT.BT. THE 
INTERSECTION OF THESE LINES IS THE NEw I"LOW RATE I"OR THE NEXT 
TTERATION, THE ITERATIONS CONTINUE UNTIL CONSECUTIVE 
I~TERSECTIONS ARE NEARLY I~ENTICAL. 

FA\! 1151 
FA" 1152 
FA'J 1153 
FAN 1154 
FA" 1155 
FAN 1156 
FAN 1157 
FAN 1158 
FAN 1159 
FA'J 1160 
FA" 11 61 
FA'J 1162 
FA" 1163 
FAN 1164 
FA" 1165 
FA" 1166 
FAN 1167 
FA".! 1166 
FA" 1169 
FA>.J 1170 
FAN 1 171 
FAN 1172 
FAN 1173 
FAN 1174 
FAN 1175 
FAN 1176 
FAN 1177 
FAN 1179 
FAN 1 ]79 
FAN 1180 
FAN 1181 
FAN 1182 
FAN I1B3 
FAN 1184 
FAN 1185 
FAN 1186 
FAN 1187 
FAN 1188 
FAN 11 89 
FAN 1190 
FA\! 1191 
FAN 1192 
FAN 1193 
FAN 1194 
FAN 1195 
FAN 1196 
FAN 1197 
FAN 1198 
FA"I 11 99 
FAN 1200 
FAN 1201 
FAN 1202 
FAN 1203 
FAN 1204 
FAN 1205 
FA\! 1206 
FAN 1207 



~UBp('lUTINE FAN OPT:l 

c 

K"O 
Xr>2 .. F"ANDAP(I.6) 
YP2:TCPMPF"(I.XP2) 
SAV~Pc·yp2 

XP4:rF'ANDAP(I.7) 
YP4:TCF"MPF'(I.XP4) 
SAVEP.·YP4 
YTl :yP. 
XThTOTALP(YTl ) 
YT3"YP2 
XT3:TOTALP(YT3) 
IF'(XTl;GT.XP4) GO TO 400 
IF(~T3~LT.Xp2) GO TO 400 

20 1(:1(.1 
IF(I(.GT.20) GO TO 40C 
Ap:/yP2_Y P4l/(XP2-XP4) 
Bp=YD2 .. AP*XP2 
AT=(YT1-YT3)/(XT1-XT3) 
BT"YTl .. AT*XTl 
YTl=(AT.8P_AP.BT)/(AT-APl 
IF(I(I.EO.O) GO TO 12 
IF'(A8Sf(COMPAR-YTl)/COMPAP).L.T.0.001) GO TO 30 

12 tel:l 
COMPA~"YTl 
XT1.TOTALP(YTl) 
Xp2o:XTl 
IF'(XTl;LT.FANDAP(I,6) )XP2o:FANDAP1I.6) 
YD2"TCFMPF(I.XP2) 
YT3:YP2 
XT3",i'OTALP ('1'13) 
XP."XT3 
IF(XT3.GT.FANDAP(I.7)'X P4a FANDA P1I.7) 
YP4"TCFMPF(I.XP4) 
G('I TO 20 

c •••••••••• *o ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C 

C 
C 
C 

C 
C 
C 

30 CFMo,,""'YTl 
RrF~PFaCFMPF·l.E-06 

TP:Ol 
VP=TP-STATP 

CALCULATION OF THE NUMBER OF" FANS IN THE FAN SySTEM 

CALCULATION OF HORSEPOWER REQUIREMENTS OF EACH FAN 

Pl=t:lCF"MPF 
P2=t:ll.Rl 
R::I .. t:l2·~1 
P4=o3.Rl 
HPPF'=FANnAH(I.l).FANDAH(I.2).Rl.FANDAH(I,3).t:l2. FANDAH(I,4).R3. 

SFANDAHfI,S,.R4 
YPPF=H~PF/.07495/SPVOL 

HPoF .. HPoF/GeEFF 
IF(I.",poF .LT. 0.0) wRITE(6.7727) I, RCrMPF, YTl. COMPAR. XTI. 

FAN 
FAN 
FA"J 
FAN 
FA" 
FAN 
FA", 
FAN 
FAN 
FA ... 
FA"J 
FA ... 
FA" 
FA'/ 
FAN 
FAN 
FAN 
F"AN 
FAN 
FA", 
FAN 
F~N 

FAN 
FA'll 
FAN 
FAN 
FAN 
F:"N 
FAN 
FAN 
FA" 
FAN 
FAN 
FAN 
FAN 
FAN 
FA'll 
FAN 
FA"J 
FAN 
FAN 
FA" 
FAN 
FA"J 
FAN 
FAN 
FAN 
FAN 
FAN 
FAN 
FA'll 
FA ... 
FA'll 
FA'" 
FAN 
FA", 
FAN 

1206 
120~ 

1210 
1211 
1212 
1213 
1214 
1215 
1216 
1217 
1218 
1219 
1220 
1221 
1222 
1223 
1224 
1225 
1226 
1227 
1228 
1229 
1230 
1231 
1232 
1233 
1234 
1235 
1236 
1237 
1236 
1239 
12 4 0 
1241 
1242 
1243 
12"4 
12"5 
1246 
1247 
1248 
1249 
1250 
1251 
1252 
1253 
1254 
1255 
1256 
1257 
1258 
1259 
1260 
1261 
1262 
1263 
126. 

.. 



... 

C 
C 
C 
C 

74/14 OPT=l 

$ XP2. YP? yT3, XT3, XP4, YP4, ~PP~ 
7727 ~OR"'ATCIIOI,RC~"1PF,YTI"",T21,I4,lP2G20.81 

$ IIOcn",PAQ,xTl.XP2,yP2=",T24.4G20.81 
$ "oyT3.XT3,XP4,YP4£tI.T24,4G20.BI 
$ tlOIofi>PF "' II ,G20.8) 

IF(iofPPF .LT. 0.0) GOTO 400 

CALCULATION OF THE NUM9EQ ~F CIRCULAR TOWERS BASED ON AN 
ALLOWABLE FAN PACKING FACTOR 

06/05/78 07.59,59 

FAN 1265 
FAN 1266 
FAN 1267 
FA" 1268 
FAN 1269 
FAN 1270 
FAN 1271 
FAN 1272 
FAN 1273 
FAN 1274 

Tnw~ "' PI*~ANOAP(I,8)a*2*NOFaTA~(2,*PI/(2,eNSIOES))*PFACT/(ELENGee FAN 1275 

C 

12eNSInES) 
ITOWN "' TOWN·.99~9 
I F (I Tn w', • LT. I T MIN) GOT 0 400 
IF (ITnw" ,GT, IT"1AX) GO TO 400 

C CALCULATION OF THE DIAMETER AND THE HEIGHT OF THE TOWfRS 

C 
C 
C 

C 
C 
C 

c 
c 
C 

c 

DTOW .. ELENG/SIN(2,ePI/(2. e NSIOEi)) 
BUN .. r .. AFRON/(ITOWN.NSIDESaWB.ELENG) 
NI'IU'JH! .. BUNHI • ,9999 -
WqB • AFQON/(ITOWNaNSIDESeNBUNHI.ELENG) 
HTOW .. wBB.NBUNHI 

FAN ELECTRICAL WIRING COSTS 

V"'=2300, 
IF (HPPF ,LT. i.'50,) V~ E 480. 
IF'(HPPF ,GT, 2000.) V~ £ 6900. 
DPTTWR .. OIST 
DTTSG" r'\TOW 1 4, .(ITOWNa(3.12., • 1., 
D~GT'" .. DTOW 1 2. • DTTSG 1 2. 
IF(IofPPF ,LT. 251,) TRMA z 225000,/NOF • 7.88aHPPF • (116, •• 159 

, • I-IPPF, a HPPF 
IF' C .. PPF .GE, 251.) TRMA .. 225000./NOF • 7.B8aHPPF • 

, B70,/SQRT(HF1PF) aHPPF' 
VS .. 7200. 
IF CI-lPPF .LT. 2000.' VS .. ]3BOO. 
V<; E 7200, 
n'IofPPF .LT, 550.) VS z ]3800. 
TRMC! II: (DPTTWR.OTTSG-I000.) a 1)7 ••• 47.HClPF'aNOF'1 SQRT~VS) 

$ • .5 • NOF) 1 NOF 
TQ~C '"' (100, • l,hHPPF) • (DSGTM-250.) 1 SQQT(VM) 
C<;R .. HPPF • 55 •• HPPFae 1,5 • 1000. 
FANLEC = TRMA • TRMB • TRMC 

FAN MOTOR COSTS 

FMC'; 26.62 
IF CHPPF .GT. 300,) FMC" 24.33 
PyG ... C .. 0,0 
IF CHPClF ,GT. 300.) 8IGtolC" BOOO. 
C ... OT .. HClPF e FMC. RIGtolC 

TOTAL HORSEPOwER REQUIREMENT OF THE FAN SYSTEM 

FAN 1276 
FAN 1277 
FAN 1278 
FAN 1279 
FA" 1280 
FAN 12A1 
FAN 1262 
FAN 1283 
FAN 1284 
FAN 1285 
FAN 1286 
FAN 1287 
FAN 1288 
FAN 12119 
FAN 1290 
FAN 1291 
F4N ]292 
FAN 1293 
FAN 1294 
FAN 1295 
FAN 1296 
FAN 1297 
FAN 1298 
FAN 1299 
FAN 1300 
FAN 1301 
FAN 1302 
FAN 1303 
FAN 1304 
FA" 1305 
FAN 1306 
FAN 1307 
FAN 1308 
FAN 1309 
FAN 1310 
FAN 1311 
FAI\I 1312 
~AN 1313 
F4N 1314 
FA 1\1 1315 
FAI\I 1316 
FAN 1317 
FAN 1316 
FAN 1319 
FAN 1320 
FAN 1321 



C 
C 

C 

OPhl 

CAP!TAL COSTS OF THE FA~ 

I~(I.lT.P81rCST=FANDAP(I,9).(22.~eFANDAP(I,8)_60.ioI9.2e.ANDAP(I,~ 
e) 

I~(I.GE.B8)FCST.FANDAP(I,9le(51.2eFANDAP(I,e)_950.).136.6eFANDAP(I 
·,Al.2 700, - -
E~CSF • 1.05 
FCST = FCST e EFCSF 
HFP = 13. I 28. e rAND 

C ~lACK COSTS WITH VELOCITY ~ECOVERY 
Ir(VFl~EC.Ea.l.) CrRuS. UCS e UwS * pI * rFANDoHrReTAN9) _ Hr~ 

$ e SQRT(l, • TANSe.2) 
S 0 UCS - UWS - PI • (FAND.HAeTANI9) _ H8 
$ • SQRT(I •• TAN19 .. Z) 

c 
C STACK COSTS WIT~ OUT VELOCITy RECOVERy 

I~(VELREC .EQ.o.) CFROS = CVM - ~FV - PI • rANDee2 / 6. 
$ 0 UCS. UWS - PI .(rA"JD. H9. TAN19) • "'8 
!i e SQRT(l, • TAN19 .. 2) 

C 
C INCREASING THE rAN CuSTS TO TAKE INTO ACCOUNT FOR SHIPPING 
C AND ASSEMBLY OF FAN SYSTE~ CO~PONENTS 

CrR~S E CFROSePOHrAN 
FCST = rCST-POHFAN 
CSR .. eSRePOHFAN 
C~OT .. CMOT-POHFAN 
FANlEC = rANLEC-POHlEC 

C 
C TOTAL CAPITAL COST or THE FAN SYSTEM 

C 

TcSTPr ~ FCST • CMOT • CSR • FANLEC • C~ROS 
TeSTr • TCSTPF e NOF 

C ANNUAL COST OF THE FAN SYSTEM 
C 

C 

c 

C 
C 
C 

C 
~ 

C 

C 

ANr~OS~(TCSTr'TOTHP •• 7457ePlANCl.FCR.EHReFCOS/IO_·BeTOTHP­
S.7457*CAPFeB7bO. 

COST OF PLENUM 

CPL = CP~ e WPL e(ITOWN • PI/4. - DTOWe_2 _ "Jor • PI/4.-(FAND'3.5) 

" • - ~'l 
CPL~CPL • POHSTC 

STRUCTURAL AND rOUNDATION COSTS OF THE CIRCULAR TOWER 

CALL STRUCT(ITOWN,NSIDES,HTOW,ELENG,SEGL.NRUNHI,wnX,WATERW.FAND. 
1NOF.ROOFL,ST~UCC,rNDC) -

STRUCC .. STRUCC_POHSTC 
FND~ = FNDC-POHSTC 
ANS~PC = (CPL. STRUCC • rNDC)-~CR 

A~NUAl FA~. STRUCTURAL AND FOUNOATION COSTS 

ANSFPF = ANSFPC • ANFCOS 
150 IF (ANc;n'~ ,GT. AFC) GOTo 400 

FA" 1322 
FAN 1323 
FA"I 1324 
FAr, 1325 
FA" 1326 
FA"I 1327 
FA" 132B 
FA:-,: 1329 
FAN 1330 
FA"J 1331 
FAN :332 
FAN 1333 
FA'\: 133" 
FA>,; 1335 
FA'J 1336 
FA\J 1337 
Fl." 133f 
FA" 1339 
FA" 134C 
FA" 13 ''1 
FAt-; 1342 
rA" 13';3 
FAN 13 .. 4 
FAN 13"5 
FA" 13"6 
FA" 13 47 
FA" 134B 
FA" 13"9 
FAN 135C 
FA" 1351 
FA" 1::::2 
FA,\: 1353 
rAN 1354 
FA" 1355 
FAN 1356 
FAN 1357 
FA" 135f, 
• A 'I 1359 
FAN 1360 
FAN 1361 
rAN 1362 
rA" 1363 
FAN 1364 
FA" 1365 
FAN 1366 
FAN 1367 
FAN 1368 
FAN 1369 
FAN 13 70 
FA" 1371 
FA'\i 1372 
FA" 1373 
F A'~ 13 74 
FA", 13 75 
FAN 1376 

,.. 
r A'i 1377 
FA" 1376 



. " 

.. 

C 
C 
C 

~TORAGE O~ OESIGN PARAMETE~S FOR THE LEAST COST ~AN SYSTE~ 
Tn ~E PRINTED OUT BY THE SUBROUTINE RPTFAN 

A~C I: ANSFPF 
AFC .. I: AfIJ~COS 

AC=TCSTF 
Ai-IP=TOTHp 
ADIA';FAN[lAP(I,I:\) 
A~L'J"FI\NDAp(I,9) 

8LD~flJG=FANDAp(I.10) 
XflJFb.N=NO~ 
XTOWN • TOWN 
NUMTOIri .. nOWN 
CTOwD .. DTOw 
AvEL=VEL 
C~PERF"CFMpF 
i-Il'p~PF"HPPF 
TpC:Tp 
TC\Tc",·TOTCFM 
FRCClF II F:ST 
FMCCIF " CMOT • CSR 
CPL~N-CPL 
CYLR"JG = CFROS 
HpAII~"TOT",P 
FpOw. TO THP/l.341 
DpFEL-(Vp/(.07495.SPVOL))·S.2022 
DpHX I: DPTINW " 5.20218 I 144. 
HuB~IA .. SORT (ADIA •• 2 • 4 •• A/3.14159) 
TCTP~ .. TCSTPF 
FDCClF' " FCST 
FMTRC • CMOT 
ACCTTP" (DPTINIrI • VPI (.0749S.SPVOL)) • 5.201 Fl/l44! 
CF'A"IEL = FANLEC 
ADJTP • TP • 5.20218/144. 
ACTqPD .. DPHX 
ADJ9PO .. DPHX •• 0749S.SClVOL 
ACTvH a DP~EL/144. 
ADJVi-l .. VI' • 5.20218 I 144. 
ACTClP~ _ HPPERF 
ADJClP~ .. HPPF • SPVOL •• 07495 
Ti-IpAIQ .. HpAIR 
T::T~ I: AC 
A~SCST .. AFC 
AFCST - AF'CH 
CSRD = CSQ 

400 CONTINUE 
IF ( CT~AX • EO. 0.0) '<TMAX II 0 
IF (AI'!S ICTMAX - XTOWN) .LT •• 0001) LOOPER ... TRU~. 
CTMI\X • AMAXl ( CTMAX, XTOWN) 
KTMAX I: KTMAX • 1 
!~(KTMAX .GT. 10) LOOPER '" .TRUE~ 
I~ (LOOPER) AFC .. S.E.a 
RETURN 
EflJD 

Ob/05/78 07.59.59 

TO FA'll 13 79 
FAN 1380 
FAN 1381 
FA,.. 1382 
F4N 1383 
FAN 1384 
FAN 1385 
F 4/11 1386 
~AN 1387 
FA" 1388 
FAN 1389 
FAN 1390 
FAN 1391 
FAN 1392 
FAN 1393 
FAN 1394 
FAN 1395 
FAN 139f> 
FAN 1397 
FAN 1398 
FA .. 1399 
FAN 1400 
FAN 1401 
FAN 1402 
FAN 1403 
FAN 1404 
FAN 1405 
FAN 1406 
FAN 1407 
FAN 1408 
FAN 1409 
FAN 1410 
FAN 1411 
FAN 1412 
~AN 1413 
FAN 1414 
FAN 1415 
FAN 1416 
FAN 1417 
FAN 1418 
FAN 1419 
FAN 1420 
FAil; 1421 
FAN 1422 
FAN 1423 
FAN 1424 
~AN 1425 
FAN 142b 
~A'J 1427 
FAN 1428 
FAN 1429 
FAN 1430 
FAN 1431 
FAN 1432 



L 
C 
C 
C 
C 
C 
C 

c 
C 
C 

C 
C 
C 

OPT:l OblOS/7B 07.59.59 

SU~ROUTINE FINEFF CALCULATE6 THE FI~ EF~ECTIVENESS OF AN 
EXTENDED FIN uSING DUSI~BEq~E"S RELATIO~SHIP AND A CURVE 
rIT OF THE DIF~ERENCE BEn/EEN OUSINBEPRE"S AND THE BESSEL 
F'LJNCTION SOLUTION OF THE FIN EFFECTIVENESS SECOND ORDER 
ntFF'ERENTIAL EQUATION WITH CONSTANT FIN THICKNESS. 

LOGICAL FIRST,FRST,FXTE~P,FXTVA~.~XTTTD,FXTLNG 
CMo\~ON 

1; A~TR, ALPH4, ANG(3) 
.. ,BoLI"'rI6) 
, ,CAPF', CSSPKW, CON~. CONL, COST~, CAPCHG, CONMAT, CON"'A2.~AF' 
S ,C3J, CTURB, CDANG, CLUVR, CHAllS, CVM 
S ,D~IN.DEEPL,DESVEL,DESVELV,OESVELD,DENSIF 
S ,EFFP' E~S 
J ,F~R,F!PST.F'IXL,~COS,FFHX,FXTE~P,F'ACTOR,FRST,FACTOR~,F5HOT,FDEL~G 
S ,FIXV,FIXTTD,FXTVAR,FXTTTD,FXT~~G 
S ,Gl:lfF~ 
S ,HxNP,HPCST,HCD 
~ ,ITMAX, ITMIN 
S ,JCONS 
S ,KCONV, KALEXT 
S ,MXEXT 
S .NTA,~SIDES.NBUNHI 

COML!'lN 
S nDQ 
S ,PSIlE, PEP, PWCOS, PLANC, PFACT, POMDPL 
S ,P'lH~AF, POHFAN, POHLEC, POHCIR, POHCND, POHSTC. POHSCL 
$ , R~P,REDUCE, REDUCV, ~OOFl' RHOUT 
$ , nQEJ, QREDUCE, QREDUCV 
$ ,SIGMAG, SAAF, SEGL 
$ ,TO, TPOI4), TEFF, TUM, THFIN, TLPRA, TFIX 
$ ,TCD, Til' 
$ ,UCS. UWS 
~ ,WF'V. WATCONA, WATCOST 
$ ,VA~('i) 

$ ,XDEPA, XII', XD 
LoGICAL PATH 
DATA OATH I.TRUE,I 
DATA A, q I 0.06313766, 0.00745032 I 

DUSIN8ERRE"S RELATIONSHIP 

IF'(,N!,)T. PATH) GO TO 10 
RE z OFIN/12.0/2,0 
RA :: 00R/12.0/2,0 
RC :: pr - R'l 
y~ = THFIN/12.0/2.D 
CSTI • RE/RB 
AI.' & RC .. RC .. SQRTrCSTl)/CONF/VB/3.0 
PATH II .FALSE. 

10 CONTTNIJE 
EFFO .. 1.0/11.0 • HO-AWl 

OUSIN8ERRE"S AND BESSEl FUNCTION SOLUTIOIIJ DIFFERENCE' 

FINEFF' 
FINEFF 
FINE~F 
FINE~F 

FINEFF 
FI "JEFF 
F'I "JEF'F 
FINEFF 
BIGCO'" 
BIGCO'" 
8 I GC DM 
BIGCO~ 

8IGC0l-1 
8IGCO"" 
81 GCO"" 
8 I GC 0'" 
81 GCO"" 
EIGCD~ 

SIGCO" 
61 GC 0"1 
BIGC:)" 
8IGCO~ 

BIGCO" 
6 I GC 01-1 
6IGCO'" 
HIGCO'" 
8IGCO" 
SIGC:)M 
BIGCO'l 
8IGCO" 
8IGCO" 
BIGCO" 
BIGCO~ 

8IGCO'" 
8IGCO'" 
BIGCO" 
BIGCO'l 
BIGCO'" 
FINUF 
FINEF'F 
FIIIJEF'F' 
F'INEFF' 
rI'IEF'F 
F'I"lE~F' 

F'I"lEF'F 
FINEFF 
FINEFF 
FIIIJEFF 
rINEFF' 
F IIIJE FF 
FINEFF 
FINEFF' 
FI"lEF'F 
rINE°F' 
FINEF'F 
FINEFF 
rI"JEFF 

2 
3 
4 
5 
6 
7 
8 
9 
2 
3 
I> 

5 
6 
7 
8 
9 

1 0 
1 1 
:2 
13 
H 
15 
16 
17 
1 ~ 
] q 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
3C 
31 
1 1 
12 
13 
1" 
15 
If, 
17 
]6 

19 
20 
21 
22 
23 
24 
25 
26 
27 
26 
29 

.. 



• 

• 

suBpnUTINE FINEFF 14/74 OPhl 

c 
c 
c 
c 

~FFECTIVENESS OF FIN 

EFFIN • EFFD • DELTA 

RETURN 
END 

Ob/05/78 07.59.59 

FI"'EFF 
FINEFF 
FI"IEFF 
FI"'EFF 
FINEFF 
FINEFF 
FINEFF 
FINEFF 

30 
31 
32 
33 
31t 
35 
36 
37 



FUNCTION FLUID OPhl 0~/05/78 07,59.59 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
r:: 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 

c 

C 

FUNCTlnN FLUID(NPROP.NFLUID.TE~p.ALTITD.LOCAT) 
DIMEN~!ON LOCAT(Z) 
DIMENSION COLLAJ(12.8.Z) 
DIM~NStON FLU(?). PROP(l2,3) 
LOGIcAL IoIARN 
IFLAG3 "' 1 

SUBPOUTINE FLUID DETER~INES THE THERMODYNAMIC AND PHYSCIAL 
PROPERTIES OF SATURATED AMMONIA AND AIR, THE VALUES ARE 
DETERMINED BY CURVE FITS OF THE PROPERTIES VERSES TEMPERATURE 
THE LIQUID PRQPERITIES OF AMMONIA ARE FOR SAtURATED AMMONIA, 
THE THERMODYNAMIC PROPERTIES FOR AMMONIA GAS-ARE FOP ATMOS­
PHERIC PRESSURE IoIHILE THE P~YSICAL PRoPERTIE~ ARE FOR 
SATURATED AMMON!A GAS. 

CoLLAJ(NFLUID. NPROP. ICLA) 

NF'LUID • FLUIe INDEX 

" 1 AMMON I A 
"Z .. AIR 

" 1 - SPECIFIC HEAT (LIQUID) (BTU/LRM .. DEG F) 
" 2 .. THERMAL CONDUCTIVITV (LIQUID (~TU/HR_FT-DEG F) 
= 3 .. DENSITY (LIQUID) (LiM/CU F"T) 
.. 4 - VISCOSITY (LICWID) "LB;;'/FT_HR) 
" 5 - SPECIFIC HEAT (GAS) (BTU/LBM_OEG F) 
= 6 - nolER"1AL CONDUCTIVITY (GAS) (BTU/HR-F'T-OEG F) 
" 7 .. DENSITY (GAS) (LB~/CU FT) 
" 8 - VISCOSITY (GAS) (LBM/FT-HR) 
" 9 - HEAT OF VAPORIZATI~N (BTU/LBM) 
RI0 .. PRESSURE AS A FUNCTION OF TEMPERATURE (PSI) 
=11 .. TEMPERATURE AS A FUNCTION OF PRESSUR~ (~EG F) 
"12 - SURFACE TENSION (L9 F/FT) 

ICLA • COEFFICIENTS. LIMITS AND ADJUSTMENT FACTORS 

~ 1 - FIRST COEFFICIENT 
" 2 - SECOND COEFFICIENT 
" 3 .. THIRD COEFFICIENT 
.. 4 - FOURTH COEFFICIENT 
= 5 - LOIoiER TEMPERATURE ~IMIT 
= 6 - UPPER TEMPERATURE LI~IT 
.. 7 .. FIR5T ADJUSTMENT FACTOR, ADDED TO TEMPERATURE 
~ 8 - SECOND ADJUSTMENT FACTOR. DIVIDED INTO TEMPERATURE 

DATt VALUES FOR AMMONIA 

OATA«COLLAJ(I.Jtl). J. 1.8h I D 1.9)/ 
LIOUID SPECIFIC HEAT (l.J,l 

• 1.0880 , -4.15152[-05. 1.3~84B5E-06, 0.0 
• ZO~.~ • 0,00 • 1.000. 

LIQUID THERMAL CO~DUCTIVITY (2.J,l) 

• 0, a 

FloUID 2 
FLUID 3 
FLUE> 4 
FLJI D 5 
FUJID 6 
FLUID 7 
FLUID fl 
FLUI:> 9 
FLUI:> 10 
FLuID 11 
FLUID 12 
FLuID 13 
FLUID 14 
FLUD 15 
FLJID 16 
FLUID 17 
FLuD i B 
FLoUID 19 
FUI J 20 
FLUID 21 
FLUI~ 22 
FLUID 23 
FLUID 24 
FLUE> 25 
FLuID 26 
FLUID 27 
FLUlu 2!! 
F .. UI) 29 
FLUIO 30 
~LUD 31 
FloJID 32 
FloUID 33 
FL.UID 34 
F~UID 35 
FLUID 36 
FLUI~ 37 
FLUID 3A 
FLUID 39 
F"-UID 4~ 

FLUID 41 
FLUID "2 
FLUID "3 
FLUD 4" 
FLUIJ 45 
~LUID "6 
FLUID 47 
FLUID 4A 
FLUID 49 
FLUID 50 
~LUID 51 
FLUID 52 
FLuID 53 
FLUID 54 
FLUID 55 
FLUID 56 
FLUID 57 
FLJID 5ll 

.. , 

.. 



• 

FUNCTION FLUID 74/74 OPT=1 FTN 4.5.4110 06/05178 07.59.59 

• 3,348 732E-01, -7.24969E-04, -7,37431E-09, 0,0 , 9,0 FLUID 59 
• 188,0 , 0,00 , 1.000, FL.UID 60 

C LIQUID DENSITy (3,J,l) FL.UID 61 .. 41.2"" , -3,93362E-02, -9,161 90E-05, 0,0 • 0,0 FLUID 62 .. 200.0 , 0,00 , 1,000, FLuID 63 
C LIQUID VISCOSITY (4,J,I) FLUID 64 .. 5,370136E.01, .3.05283E.03, 6.7Z7532E_06, 0,0 , 9.0 FLUID 65 

• 188.0 , 0,00 • 1,000. FLUID 66 
C SPECP-IC HEAT or r3AS (5·J.l FLUID 67 .. 4,853833E-ol, 1,716071E .. 04, 1,398809E-07, 0,0 • 50,0 FLUID 68 .. 18(1.0 .. 0,00 • 1,000, FLUID 69 
C THERMAL. CONDUCTIVITV OF GAS (6.Jol ) FLUID 70 .. 1,161967E .. 02, 3,020539E .. 05, 2,388301E .. oe, 0,0 , 50,0 FLuD 71 

• 180,0 • 0,00 , 1,000, FLUID 72 
C OENSITY OF GAS (7, Jol) FLuID 73 

• 9,05 9293E-02. 5,588934E.03. -4,042~6E-05. 4,3430 57E-07, 0,0 FLUID 74 
• 2'00,0 , 0,00 • 1,000, FLUID 75 

C VISCOSITY OF GAS (8,Jol) FLUID 76 
• 2',375058E .. 02, 4,175724E.05, 8,421106E .. OB, 0,0 • 9.0 FLUID 77 
• 18f1.0 , 0,00 , 1,000, FLUID 78 

C HEAT OF VAPORIZATION (9,Jo1 I FLUID 79 
• 5.667073E·02. ·6.09783E.Ol, .2. 75342E"03, 0,0 , 0.0 FLUID 80 
• 200.0 , 0,00 , 1.001 - FLUID 81 

DATA( (COLLAJ(I,J,l). J • 1 • B) , I • 10, 12)1 FLUID B2 
C PRESSURE AS A FUNCTION OF TEMPERATURE (10,J,1) FLUID 83 

• 2.9R3273E·01, 8.155492E-01, 5.019419E·03, 4.990B~6E·05, 0.0 FLUID 84 .. 190.0 , 0,00 , 1,000, FLUID 85 
C TEMPERATURE AS A FUNCTION OF pRESSURE (ll,Jo1) FLUID 86 

• -1.S0 307E.Ol, 7.921579E-Ol. .1,~32eOE·03, B,8857~5E·07, 30,0 FLUID 87 
• 710.n • 0,00 , 1,000, FLUID 88 

C SURFACE TENSION (12.Jtl) FLUID 89 
$ 2.0213F.:.03 •• 8,1309E.06 • 0.0 ,0.0 • 30,0 FLUID 90 
• 2'00. 0 , 0,00 • 1,0001 FLUID 91 

C FL.UID 92 
C FL.UID 93 
C DATA VALUES FOR AIR (PRESSURE OF ONE ATMOSPH~RE) FLUID 94 
C FL.UID 95 

DATA (COLLAJ (I ,J,2). J • 1 • 8) , I • 1 , B)/ FLUID 96 
C LI QUI D SpECIFIC HEAT (}oJ,2 FLUID 97 

• 0.0 , 0,0 , 0,0 , 0,0 , 0.0 FLUID 9/! 
• o , (I , 0.0 , 0.0 , FL.UID 99 

C LIQUID THERMAL CONDUCTIVITY (2,J,21 FLUID 100 
• O,n , 0.0 , o • 0 , 0.0 , 0.0 FL.UID 1 01 .. 0.0 , 0.0 , 0,0 , FLUID 102 

C LIQUI D DENSITY (3,..1,2) FLuID 103 
• 0.0 , o • 0 , o • 0 , 0.0 , O.C FLUID 104 
• 0.0 , 0.0 , 0.0 , FLUID 105 

C LIQUID VISCOSITY (4,J,2) FLUID 106 
• 0.0 , 0.0 , 0.0 , 0.0 , o • 0 FLUID 107 .. o • n , 0.0 , 0.0 , FLUID lOS 

C SPECIFIC HEAT OF GAS (5,J,2 F"LUID 109 
• ~.io03053E.01' 6.7987568E·7, 1,5005827E.R, 7.0415 7OE-l1, .40.0 , FLUID 110 
• 140.0 , 0.0 , 1.0 , FL.UID III .. C THERMAL CONDUCTIVITY OF" GAS (6,J,2) FLUID 112 
• 1.30f, 9Oio4E.2, 2.6570901E .. 5, 5.0393357E.8, -4.110!;2E-10, ·40.0 , FLUID 113 
• 140.0 , 0.0 , 1 • 0 , FLUID 11. 

C DENSITY OF GAS (7,J.2) FLUID 115 

.. 



FU~CTIO" FLUID OPhl 06/05/78 07.59.59 

• ~,h153904E-2. -1.874752E-4. 3.7316434E-7, -4.66929E-I0, -40.0 , 
• 14n.O , 0.0 ,1.0 , 

C vISCOSITY OF GAS (8,J,2) 

C 
C 

C 
C 
C 
l 

C 
C 
C 

C 

a 3.9387711E-2, 6.~722417F.-5, -3.483392E-8, 2.452409E-ll, -40.0 , 
• 14C,,0 , 0.0 , 1.0 1 

DATA((PRnp(I,j), j", 1.3). 1= 1.12)1 
• "C;DrCfFIC H","EAT OF LIO"."UID ", 
• 'IT"lER"IAL CO","NDUCTIVITy"," OF LIQUID". 
a "D<:.,C;rTY OF"." LIQlIID "." ". 
• "YTScnSITY ","Or LIQUID "." ". 
a "SDc:C1FIC ~II."EAT or GAS"." ". 
• "T~ER"IAL CO","~DUCTIVITY",,, OF GAS ". 
• "D::'ISITV OF"," GAS "." ". 
• "YTSCOST'!"Y ","OF GAS "," ", 
a "HEAT nF Vtl"."pnRIZATIDN"," ", 
• IIPQEC;SlIRE A","S A FUNCT!I."0N OF '!' ", 
* "T~MPEQATUQII,"E AS A FU~","CTID" OF PII, 
* "SURFACE TE",IINSION AS A"," FU!IICT!DNT"I 

DETERMINATION OF ERROR IN IWPUTS 

IF(NFLUI~ .GT, 2) RETURN 
NF c NF'LUID 
No :r NPpn O 

C AIR PROPERTIES NOT AVAILA8LE 

C 

I;:-(~F;EQ. 2 .AND. NP .LE. 4) GO TO 50 
w~R"Jc .FALSE. 

C PRnPERTIES ASKED FOR OUTSID~ THE RANGE OF T~MPERATURES 
C ALU.II"ED FOR 

IF (TEMP .LT, COLLAJ(NP,5.NF)) "'AR~ = .TRUE. 
U' (TEMp .GT. COLLAJ(NP,6,NF)) wARN II: .TRUE. 

C FLUID PROPERTY CALCULATION 
C 

C 
C 
C 

C 
C 
C': 

C 

T .. (TEMP. COLLAJ(NP,7,NF))/COLLAJ(NP,8,NF) 
FLUTO c COLLAj(NP,I,NF) • COLLAJ1NP,2,NF).T • CDLLAJ(NP,3,NF)*T •• 2 

* • cOLLAJ(NP,4,NF).T •• 3 

ALTITUDE COR~ECTION FOR DENSITY OF AIR 

IF(NF ;EO, 2 .AND. NP .Ea. 7) F~UID"' 
$ 1.325 • EXP(3.39853 - 3.81835E.5 * ALTITD) 1 (TEMp. 459.67) 

Ie: (.lIJn T• WARN) RETUR~ 
IF(TFLAG1 .EO. 0) RETURN 

FLUID 116 
FLUID 1 17 
FLUID 118 
FLuD 119 
FLUICl 120 
FLUID 121 
FLUID 122 
FLUID 123 
FLUID 124 
FLUID 125 
FLUID 126 
FLUID 127 
FLUID 128 
FLUID 129 
FLUID 130 
FLU!:l 131 
FLJ!) 132 
FLUID 133 
FLUID 134 
FLUID 135 
FLUID 13& 
FLUID 137 
FLUID 13"1 
fLUID 13'1 
FLUID 1"0 
FLUID 1" 1 
"'LUID 142 
FLUID ] 4~ 
"'LUID 144 
FLUID 145 
FLUID 146 
FLUID 147 
FLUID 148 
FLUID 149 
"'LUIO 15Q 
FLUID 151 
"'LUID ]52 
"'LUID 153 
"'LJID 154 
FI..UD 155 
"'LUID 156 
"'LUID 157 
"'I..UID 158 
FLUID 159 
"'LUID 16C 
"'LUID 161 
FLUID 162 
F'LUID 163 
FLuID 16~ 

"'LUID 165 
"'LUID loE> 
FLUID 167 
FLUID 168 
F'LUID 169 
FLUID 170 
FLUID 171 
"'LUID 172 

• 

. . 

.. 



.. 

c 

C 
C 

C 

06/05/78 07.59.59 

TEM~E~ATU~E LIMITS EXCEEDED E~~O~ P~INTOUT 
W~ITEI6'l) TEMP, (P~(,)PINPROPtI)tl"l'3), FLUIrl, FLU(NFLUID), 

- COLLAJ(NP,S,NF), COLLAJINP,6,NF), LOCAT 
1 F(')R"1ATI"O ___ WA~NING __ *"1 

_" TIofE INPUT TEMPERATURE 1",F8.3,") FOR DETERIoIINING THE ",3AI0, 
• " (","8.3," )"1 
_" Fn~ ",ACl," IS OUTSIDE THE ~AN3E OF ",FB,3," TO ", F8.31 
-" TIofE CALL TO FLUID !liAS IN ",2AlOl/i 

R[TUI)N 

AIR ~ROPE~TY ER~OR PRINTOUT 
50 "~ITE(&,60) NP 
60 FORIoIATI~X,"THIS PROPERTY OF AI~ IS NOT AVAILABLE IN FUNCTION FLUID 

•••• ~ARNING ••• NP c 11,12/) 
FLUtD • 0.00(\ 

FLUID 
FLUID 
FLUID 
FLuID 
FLUID 
FLUID 
FLUID 
FLUID 
FLUID 
FLUID 
FLUID 
FLUID 
FLUID 
FLUID 
FLUID 
FLUID 
FLUID 
FLUID 

( 

173 
17 it 
175 
176 
117 
178 
179 
IdO 
IBI 
IB2 
IB3 
181t 
185 
186 
187 
18e. 
189 
190 



74/74 OPT:l 

SUBPOU'INE FRICT(DIA,GT,VIS,ID,FI 
C 
C ~UBQOUTI~E FRICT FOR GIVE~ VALUES OF I~SIDE DIAMETER (IN), 
C MAS5 FLUX (LBM/SQ FT-SEC), ANO VISCOSITY (L8M/FT-HP), 
C DETERMINES THE FRICTION FACTOR OF DRAWN TUSING (lOci), STEEL 
C prPE (ID-2), OR CAST IRON PIPE (IDa3 USING MOODY FRICTION 
C FACTOR CHART EQUATIO~S 
C REFERENCE, KNUDSE~, J.G. A"lO KATZ, O,L. IIFLUID DYNA"ICS AND 
C HEAT TRANSFER", MCGRAW-HILL. NElli YORK. 1958. P, 176 
C 

C 
C INSYDE SURFACE PROTUBERANC~' FOR COMMERCIAL TUBING A~D PIPE 
C 

~AT~ ~P/O.00006,0.0018,0.01021 
C 
C CALCULATE REYNOLDS "lUMBER A~D DETERMINE IF I~ LAMINA~ OR 
C TURBULENT REGION 
C 

C 

PE = 300.*GT*DIA/VIS 
TF(RF-cOOO.ll00,101,101 

C CALCULATE LAMINAR FLO~ FRICTIO~ FACTOR 
C 

C 
C 
C 
C 

C 
C 
C 

c 
c 
C 
C 
C 

C 
C 
C 
C 
C 
C 

c 
C 
C 

1(10 pq6./RE 
F .. 4 •• F 

PF:TJRN 

101 

103 
107 

106 

C4LCULAT~ RECIPROCAL OF R~LATIVE ROUGHN~SS AND RECIPROCAL OF 
SQUARE ROOT OF FRICTION FACTOR FOP FULLY TURBULENT FLOW 

PFcDTA/EP(ID) 
FF:4.*ALOGIO(RF)·2.28 

CHECK TO DETERMINE IF TURBULENT FLO~ IS FULLY DEVELOPED 

CF=r::>F*FF/RE 
r F rCF -O.Ol)104,103,103 

DETERMINE RECIPROCAL OF SQUARE POOT OF FRICTION FACTOR FOR 
TQAN5ITION FLOW INITIALLY ASSUMING IT Tn R~ THE SAME AS FOR 
FULLY TUR8ULE~T FLOw 

TRFc FF 
TRFC=~F_4 •• ALOGIO(1.·4.67.RF.TRF/RE) 

I~ CALCULATED AND ASSUMED VALUES OF RECIPROCAL OF SQUARE ROOT 
of TRANSITION FLOW FRICTIO~ FACTOR DO NnT AG~EE wITHIN 
~PECIFIED LIMITS. ASSUME "lE~ VALUE EQUAL TO ~ALCULATED VALUE 
AND REPEAT CALCULATION 

IFr (ABS(TRFC-TRF)/TRF)-0.OOl)105,105.106 
TRF=TRFC 
GO Tn H7 

CALCULATE FULLY DEVELOPEO TUR9ULENT FLOW OR TRANSITION FLOW 
F~ICT!ON FACTOR 

FRICT 
FRICT 
FRICT 
FPICT 
FRICT 
FRICT 
FRICT 
FRICT 
FRICT 
FPICT 
FRICT 
FPICT 
FRICT 
FRICT 
FRICT 
FR I CT 
FRICT 
FRICT 
FRICT 
FRICT 
FRICT 
FRICT 
FRYCT 
FRICT 
FRICT 
FRICT 
FRICT 
FRleT 
FRICT 
FRICT 
FRICT 
FRICT 
FRICT 
FRICT 
FRICT 
FRICT 
FRICT 
FRICT 
FRICT 
FRYCT 
FRICT 
FR ICT 
FRICT 
FRICT 
FRICT 
FPICT 
FRICT 
FPICT 
FRICT 
FRICT 
FRICT 
FRICT 
FRYCT 
FRI CT 
FRICT 
FRICT 
nlICT 

2 
3 
4 
5 
6 
7 
8 
9 

1 0 
11 
12 
13 
14 
15 
16 
17 
; 8 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
3~ 
39 
40 
41 
42 
43 
44 

"5 
46 
47 
48 
49 
50 
31 
52 
53 
54 
55 
56 
57 
58 

. , 
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C FFlICT 59 
105 F"F=TR'" "'QICT 1,0 
104 "'=1./1="".*.2 FRICT 61 

F .. 4.*F F"RICT 62 
C FRICT 63 

RETURN FRICT 64 
EN~ FRICT 65 

. . 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
e 
C 
c 
c 
c 
e 
c 
c 
C 
c 
e 

C 

c: 

C 

e 

('lPT=1 

SUBqOUTI~E HEADE~(DOTM,DOTBR,DESVEL,~HO,~ED'J.NN,DIAJ,DI~,TCST, 
iRCS T, lJPCS T, EL cos T ,FL GCOST ,E JC OS Tl 

T~IS SUBqOUTINE DETERMINES DESIGN AND COST INFORMATION FO~ 
T~E MAIN CIRCULATION PIPING AND THE QUADRANT PIPING. 

OEFINITION OF VARIABLES 

APIPCST 
DESVEL 
DIA 
I"lnTB~ 

1'I')T,.. 

EJC('IST 
ELC(lST 
FL(;COST 
Nt<('lS 
NN 

REDCOST 
~eDUCT 

RH(,) 
TEECOST 
I)"CST 
VACST 

- ABOVE GROUND PIPE COST (SIOOO/FT) 
• DESIGN VELOCITY (F"T/SEC) 
- PIPE COMPONENT jIA~ETER (TNC~ES) 
- MASS FLO~ ~ATE T~ BRANCH, I.E., TO CIRCULAR TOWE~ 

OR TO TUBE BUNDLE (LBM/HR) 
- MASS FLOW RATE IN GIVEN HEADER SECTION (LRM/HR) 
- EXPANSION JOINT COST (SlOOO) 
- 90 DEGREE ELBOw COST (SI000) 
- FLANGE COST (SlOOO) 
- NU"'RE~ OF POSITIO~S IN UNIT COST ARRAYS 
- IF"~O THEN MAIN CI~CULATION HEADER IS DESIGNED 

IF"EI THEN QUADRANT HEADEP IS DESIGNED 
- BELOW G~OUND PIPE COST ($IOOO/FT) 
- ALLOWABLE REDUCTION IN DIAMETER BET~EEN AJJACENT 

HEADER SECTIONS (INCHES). IF" RED=O THE PROGRAM 
CALCULATES THE REDUCTION 

- REDuCE~ COST (SIOOO) 
- REDUCTION IN DIA~ETE~ BETWEEN ADJACENT HEADE~ 

SECTIONS (INCHES). ONLY USED wHEN-REDEO 
- DENSITY (LB"I/CUFTl 
- TEE COST (S1000) 
• UNIT pIpE COST (SlOOO/FT) 
- VALVE COST ($1000), VALVES ARE MOTOR OPERATED 

BUTTERFLY VALVES 

DIME'Nc:ION DIAM(24), F"LGCST(24), EJeST(24lt ~EDCST(24), ELCST(24) 
$, VACST(24), TEECST(24), PIPCST(24), APIpCST(24) 

DATA DIA,.. I 

$ ". 
" 42. 
" 7"". 
" 114. 

12. 
loB. 
84. 

120. 

Dt.TA FLGCSTI 
" .136, .520. 

9.22 , 
4C.4 
78.9 

" 6. 112 , 
" 33.1:1 
$ 72.5 

DATA TEECSTI 
! .3.4, .935, 

37,6 
14 5, 
258, 

~ 31. 7 
, ]2!:>. 

" 23~. 

DATt. PlpeSTI 
SO .1')6, 
$ .720, 

• 113, 
.841. 

18, 
54. 
90. 

126. 

1 .03 , 
12.0 
46,8 
85.4 

1.96 , 
53.4 

163. 
277, 

.147, 
1,08 , 

24. 
60. 
96. 
1~2. 

1.92 , 
14.7 
53.2 
91 • R 

3.82 , 
69,i 

182. 
;:>96. 

.219, 
1 .31 , 

30. 
66. 

102. 
13R. 

3.17 , 
21 • 1 
59.7 
98.2 

14,8 
e7.9 

201. 
314, 

.409, 
1.57 , 

36. 
72. 

lOB. 
14 4. I 

4.42 • 
27.5 
66.1 

105. I 

25.B 
107. 
220, 
333. I 

.599, 
1.A4 , 

HEADE~ 

HEADE~ 

HEADE~ 
HEADER 
HEADER 
HEADER 
HEADER 
HEADE~ 

HEADER 
HEADE~ 

~EADER 

HEADER 
HEADER 
HEADE~ 

HEADER 
HEADE~ 

HEADEl: 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADE~ 

He:ADE~ 

HEADER 
HEADE~ 
HEADER 
HEADER 
HEADER 
HEADER 
HEADE~ 

HEADER 
HEADER 
HEADE>; 
HEADE~ 
HEADER 
HEADER 
HEADER 
HEADER 
HEADE~ 

HEADER 
HEADE~ 

HEADE~ 

HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADE~ 
HEADE~ 

HEADER 
HEADE~ 

HEADE~ 

HEADER 
HEADER 
HeADER 
HEADER 

2 
3 
4 
5 
f-, 

7 
F< 

9 
10 
J 1 
12 
J3 
14 
15 
16 
17 
1 A 
19 
2C 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
"1 
42 
43 
44 
"5 
"6 
41 
4 Ie! 
49 
SO 
51 
52 
53 
54 
55 
56 
57 
58 

. . 



C 

C 

C 

C 
C 
C 
C 
C 
C 

C 
C 
C 
C 

c 
c 
c 
c 
C 
C 
C 
C 
C 

C 

s 2.10, 
S 3.67, 

DATA ELCSTI 
S .21 5, 
S 27.4 
\ 133. 
S N,'l. 

DATA EJCSTI 
S • SR6, 
, lA,S 
S 79,5 
S 16?, 

0"T=1 

2.36 , 
3.93 , 

.715, 
38.8 

ISS. 
290, 

1,67 , 
23,8 
93,3 

176, 

DATA REDCSTI 
S ,AD, 
S 13,2 
l' A4.1 
$ IH. 

,320, 
16,9 

100, 
lr;l5, 

DATA APIPCSTI 
$ ,034 , .073 , 
$ .614, .719, 
S 1,91, 2,16, 
S 3,4l, 3.66, 

DATA Nt<OS 1241 

1,35 , 
51,9 

178, 
312, 

3.15 , 
30,9 

107. 
190, 

,787, 
26,7 

11 6 , 
211, 

,096 , 
.939, 

2,41 , 
3,91 , 

RrST.O; 
CONSTI-4,/(3,1416*3600,l 

2,88 , 
4,46 , 

2,94 , 
65,1 

200. 
335, 

6,15 , 
38,2 

12 1. 
203, 

1,78 • 
36,5 

132, 
227, 

,155, 
1,16 , 
2.66 , 
4.i6 , 

3.lS , 
4.72 , 

9.54 , 
87.6 

222. 
357. 

9.72 , 
51.9 

135, 
217. 

5.5B , 
52.3 

14R, 
243. 

,332, 
1 .41 , 
2.99 , 
4.42 , 

3.41 , 
4,98 1 

16,1 
110. 
245. 
380. 

13,3 
65,B 

148, 
231. 

1 

, 
1 

9.40 , 
6R.2 

163. 
259. 

,510. 
1 ,67 , 
3016 , 
4.6 7 

CALCULATE THE REQUIRED DIA~(TER BASED ON MASS FLO~ RATE AND 
DEStGN VELOCITY. THE DIAM~TER ASSIGNED TO THIS HEADER 
SECTION IS THE NEXT LARGEST PI"E IN 6 INCH INCREMENTS FRO~ 
THE IIRRAY DIAM, 

DrA.SQ~T(DOTM*CONSTl/(RHO*DESVEL»*12, 
On 10 II • 1.NKOS 
hI I 
IF(DIA-DIAM(I»11,11,10 

10 CONTINUE 
11 DIA.nIIIM(I) 

THE MAIN CIRCULATIO~ HEIIDER HAS AN EXPANSION JOINT AND 
APPROPRIIITE FLANGES AT THE CONDENSER INLET AND OUTLET, 

IF(J,EQ.1.AND, NN,EQ.l)FLGCOST-3,*~LGCST(Il 
IF(J.E~,l.AND.NN,EQ,llEJCOST·EJC'T(Il 

IN THE STATEMENTS THROUGH STATEMENT 12 THE REDUCTION IN 
DIAMETER BETWEEN ADJACENT MEADER SECTIONS IS-SPECIFIED. 

HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEIIDER 
HEIIDER 
HEIIDER 
HEIIDER 
HEADER 
HEADER 
HEIIDER 
HEADER 
HEADER 
HEIIDER 
HEIIDER 
HEADER 
HEIIDER 

1 HEADER 
HEADE" 
HEIIDE>! 
HEADER 
HEADER 
HEADER 

I HEADER 
HEIIDER 
HEADER 
HEADER 
HEADER 
HEADER 
HEIIDER 
HEADER 
HEIIDER 
HEIIDER 
HEADER 
HEIIDER 
HEIIDER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEIIDER 

THE REDUCER COST IS DETERMI~ED~ THE INDEXES USED Tn DEFINE 
THE ARRAY POSITIONS FOP OTHER COM"ONENT COSTS ARE DETERMINE), 

HEADER 
HEADER 
HEADER 

FOR J-l THIS ROUTINE IS BY.PASSED BECAUSE THE fIRST HEADER 
WILL NOT HAVE A REDUCER PRECEDING IT. 

IF (J,EQ,1) GO TO 12 

HEADER 
HEADER 
HEADER 
HEADER 
HEADER 

59 
60 
61 
62 
63 
64 
65 
66 
67 
6R 
69 
70 
71 
72 
73 
74 
75 
76 
77 
7A 
7Q 
Elc 
R 1 
62 
E'3 
84 
B5 
86 
87 
88 
89 
9C 
91 
92 
93 
94 
95 
96 
"7 
9P 
99 

100 
101 
102 
103 
104 
105 
106 
107 
lOB 
109 
110 
III 
112 
113 
114 
115 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C' 

C 
C 
C 
C 
C 
c 
r: 
C 
C 
C 

C 
C 
C 
C 

T~E PROGRAM MAY HAVE A SPECIFIED VALUE OF RED wHICH FIXES T1E 
REDUCTION IN PIPE DIA~ETERS BETwEEN HEA~ER SECTIONS. RED 
MIIST BE A ~ULTIPLE OF 6. IF RED=O THE ROUTINE CALCULATES A 
REDUCTION. FOR EXAMPLE, HEADER SECTION J-l HAS BEE~ ASSIG~ED 
A DIAMETER OF 9b INCHES. IT IS DETERMINED THAT HEADER SECTION 
J SHOULD BE 84 INCHES. THE REQUIRED REDUCTION IS ]2 INCHES. 
IF REDz:C THEN A 9b INCH REDUCER IS COSTED AND HEADER SECTIO~ 
J WILL BE ASSIGNED A DIAMETER Of 78 INCHES. IF RED=6 INCHES 
A 96 INCH REDUCER IS COSTEJ-BUT DIAMETER J WOULD BE ASSIGNED 
A VALUE OF 90 INCHES. IF RED=12 INCHES THEN A 9b INCH REO' 
nUCER IS COSTED AND DIA~ETER J IS ASSIGNED A VALUE OF 84 
tNCHES. IF RED-IB INCHES OR MORE THEN NO REDUCER IS SPECI­
FIED AND DIAMETER J IS ASSIGNED A VALUE OF 96 INCHES. LARGE 
VALlJES OF RED RESULT IN PIPE SIZES LARGER THAN REQUIRED BUT 
FEWER REDUCERS ARE REQUIRED. -

CALCULATION OF REDUCTION, RED NOT SpECIFIED. 

IF(PED.NE.O.lGO TO 13 
IF(~IA~EQ.DIAJI GO TO 12 
REDIjCTIIDIAJ-DIA 
'-I=Rr:DUCT/6 ••• 01 
IJK .. I 
GC'I Tn 14 

RED SPECIFIED, POSSIBLE REAiSIGNMENT OF DIAMETER J. 

13 IF(DIA;GT.DIAJ-REO)GO TO IS 
DtA=DIAJ .. RED 
Mz:RFD/6.41.01 
I.IK;(OIA .. DIAM(II )/6 • •• 01 

14 K=O 
JJ.v 

DETERMINE REDUCER COST. IT HAS BEEN ASSUMED FROM THE RE­
DUCER COST DATA THAT, FOR EXAMPLE. A 96 INCH REDUCE? WILL 
eOST THE SAME WHETHER THE REDUCTION IS TO 90' 84. OR 78 
INCHES. IF THE TOTAL REDUCTION BETWEEN ADJACENT HEADER 
SECTIONS EXCEEDS ]8 INCHES THEN AN ADDITIONAL REDUCER MUST 9E 
COSTED. IN THE EXAMPLE. T1IS WOULD BE A 78 INCH REDUCER. IF 
TME TOTAL REDUCTION EXCEEDS 36 INCHES, SAY 96 TO 54. THEN A 
96. 78, AND 60 INCH REDUCER WOULD BE COSTED. AND So ON. 

16 CONT1NUE 
H"(IJK4IJJ.GT.NKOS) STOP"IN HEADE," IJI(+JJ EXCEEDS NKOS" 
RCST • RCST • REDCST(IJK+JJ) 
K=K+l 
JJaM-3·K 
IF(JJ.t.:E,OI GO TO 12 
GC'I TO 16 

15 DIA",DIAJ 
12 M:(OIA.DIAM(III/6 ••• 01 

IF(I+~ .GT. NKOSI STOP "IN HEA:>ER I+M EXCEEDS NI(OS" 

IF THE LAST HEADER SECTION Is BEING DESIGNED USE AN ELBO~ 
RATHER THAN A TFE. 

HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
"iEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADEr:< 
HEADER 
HE'ADER 
HEADER 
HEADER 
HEADER 
HEADER 
HE'ADER 
HEADER 
HEADER 
HEADER 
HEADEr:< 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADEr:< 
HEADER 
HEADER 
HEADEr:< 
HEADER 
HEADEr:< 

116 
1 1 7 
1 1 II 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
1311 
139 
140 
141 
}42 
1"3 
1 .... 
145 
146 
11>7 
141\ 
149 
150 
151 
152 
153 
154 
155 
156 
157 
1511 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 

.. 

.. 
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C 
C 
C 
C 
c 
C 

C 
C 
C 
C 
C 

I~(ABS(DOTM-DOTBRl.LT •• 0001lELCOST-ELCST(I.~l 

TEE COSTS ARE ASSUMED TO BE .67 TIMES THE COST OF A TEE 
OF' THE "RUN" DIAMETER PLUS ,33 TIMES THE cosT OF A TEE OF T-IE 
"8RANCH" DIAMETER. DETERMINE THE "RUN" PORTioN OF THE TEE 
COST HERE. -

IF('OTM,GT,DOTRR)TCST-.67*TEECST1I.Ml 

MAIN CIRCULATION PIPING IS UNDERGROUND. QUADRANT PIPING IS 
A90VE GROUND, FITTINGS COSTS WERE NOT DEPENDENT ON ABOVE O~ 
BELOW GROUND SPECIFICATION. -

IF INN .EQ. Ol UPCST to APJPCST(I.Ml 
IF' INN .NE. 0) UPCST" PIPCST(I.Ml 
RETURN 
E~D 

HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
HEADER 
IotEADER 
HEADER 
HEADER 
HEADE:< 
HEADER 

173 
114 
175 
176 
117 
178 
179 
IBO 
181 
182 
183 
IB4 
185 
186 
187 
1~8 

189 



C 

Sl)RROUTINE HLAMMO(TIN,DOTMA,DIA,HLENGTH,DIV,TOUT,DELP) 
COM~ON/P~OP/CPW,THCONW,DENSIw'VI;w,HFG, 

1 CPV,THCONV,DENSIV,VISV,SIGMA, 
1 ~PA,THCONA,DENSIA~VISA 

C SUB~OUTINE HLAMMO CALCULATES THE PRESSURE AND TEMPERATURE 
C O~OPS OF AMMONIA DUE TO THE FLUID FLO~ OF ITS VAPOR 
C INSIDE A LENGTH OF PIPE 
C 
C DEFINITION OF VARIABLES 
r 
C DELP ~ PRESSURE DROP IN THE PIPE (LBF/SO FT) 
C DEL TX ~ SEGMENT OF THE PIPE (n) -

c OENSIV - DENSITY OF THE A~MDNIA VAPOR (LBM/~U FT) 
C ctA - DIAMETER OF pIPE lIN) 
C nlv - NUMqER OF DIVISIONS OF AMMONIA IN THE LENGTH OF 
C THE PP'E (DIMENSIONLESS) 
r. DOTMA - MASS FLOW RATE I~ THE PIPE (L9M/HR) 
C F - FRICTION FACTOR FOR THE VAPOR FLOW (DIMENSIONLESS) 
C r, - MASS FLUX. OF AMMONIA IN THE PIPE (LB"1/SQ FT HR) 
C HLENGTH - LENGTH OF THE PI PE C FT) 
C PI - PRESSURE OF THE A~MONIA AT THE FRONT OF THE PIPE 
C (LBF/SO IN) 
C P2. PRESSURE OF THE A~MONIA AT THE END OF THE PIPE 
C CLBF/sa IN) 
C TIN - TEMPERATURE AT THE BEGINNING OF THE pIPE 
C TOUT - TEMPERATURE AT THE END OF THE PIPE 
C 

C 

DELco. 0,0 
J = 0 
GA • 32,16*3600,*3600, 

C NUMRER OF DIVISIONS IN THE PIPE 
I • DIV • ,01 

C 
C INLET PRESSURE 

PI • FLUID(10tl,TIN,ELEV,"CAL~ 1") 
C 
C LENGTH OF PIPE SEG"1ENTS 

DELTX • HLENGTH/CIV 

C "1ASS FLUX OF A"1MONIA THROUGH THE PIPE 
G = DnTMA/C3.14159*DIAe*2/(4.*144.» 

10 J = J * I 
C 
C FRICTION FACTOR IN THE PIPE 

CALL FRICTCDIA,G/3600.,VISV,2,F) 
C 
C PRESSURE D~OP IN THE SEGMENT OF PIPE PLUS THE SUM OF THE 
C PRECEDDING PRESSURE DROPS CAUSE~ BY PPECEEDING SEGMENTS 
C of PIPE 

DELco. F*G**2*uELTX/C2.*GA*DENSIV*(OIA/12,» • DELP 
C 
C NEw PRESSURE AT THE END OF THE SEGMENT OF PIPE 

P2 • PI • DELP/144. 
C 
C NEW TEMPERATURE OF AMMONIA AT THE END OF THE SEGMENT OF 
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HLAM"IO 
HLAMMO 
i1LAMMO 
HLAMMO 
HLAMMO 
HLAM"IO 
HLAM"IO 
HUMMO 
HLA"1"10 
HLAM"IO 
HLA"1"10 
HLAM"IO 
HLAM"I(l 
HLAM"IC 
HLAM"IO 
HLAM"IO 
HLAM.,O 
HLAMMO 
HLAM"IO 
HLAM"IO 
HLAM"IO 
HLAMMO 
HLAMMO 
HLAM"IO 
HLAMMO 
HLAMMO 
HI..AMMO 
HLAMMO 
HLAMMO 
HLAM.,O 
HLAMMO 
HLAMMO 
HLAM.,O 
HLAMMO 
HLAMMO 
HLAMMO 
HI..AMMO 
HLAMMO 
HLAM"IO 
HLAMM!'l 
HLAM"IO 
HLAMMO 
HLA"1"10 
HLAMMO 
HLAMMO 
HLAMMO 
HLAMIoIO 
HLAMMO 
HLAMIoIO 
HLAMMO 
HLAMMO 
HLAMIoIO 
HLAMMO 
HLAMMO 
HLAM"I(l 
HLAMMO 
HLAM"I~ 

2 
3 
4 
5 
b 
7 
8 
9 

10 
1 1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

"3 
210 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
311 
39 
40 
41 
42 
43 
44 
45 
4b 
47 
108 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
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C PIPE 

C 

TI • F'LUID'll'l,P2,ELEV'''CALC 1pII) 
DELTI '" .001 

20 FTI = .P2 • FLUIDt10.l.TI,ELEV,IICALC 211) 
FTI~EL ... P2 • FLUID(10tl,TI.DEL.ThELEv,IICALC 3") 
TIP1 '" TI - DELTI*F'TI/(FTIDEL - FTI) 
IF'(ABSITIP1 - TU.LT .. OOO!) GO TO 30 

TI " TIP1 
Go TO 20 

30 TOUT • TI 

C ~EW VAPO~ DENSITY AND VISCOSITY OF T~E VAPO~ AT THE END 
C OF' THE SEGMENT OF PIPE 

DENSIV • FLUID(7tl,TOUT,ELEv,"CALC 4") 
VTSV • FLUID(Stl,TOUT.ELEV,"CALC 5") 
IF(J.EQ.!) GO TO 40 
Gr, TO 10 

40 CONTINUE 
RETu~N 
END 

HLAM"10 
HLAM"IO 
HLAMMO 
HL,.AM"IO 
HLA"'~O 
HLAMMO 
HLAM"10 
HLAM"IO 
HLAMMO 
HLAMMO 
HLAM"10 
HLAM"IO 
HLAM"10 
HLAMMO 
HLAMMO 
HLAMMO 
HLAM"10 
HLAM"IO 
HLAM"IO 
HLA"''''O 

59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
b9 
70 
71 
72 
73 
74 
75 
76 
77 
78 



C 
C 
C" 
C 
C 
C 
C" 
C 
C 
C 
C 
C" 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C" 
C 

C 

C 
C 
C" 

c 
C 
C" 

C 
C 
C" 

14114 (lPhl 

SURQ('\lJTINE HOTERV(FAIR,HO,SIGMAG.ALI)HA,XO,GAIQ) 

HOTERV CALCULATES THE FRICTION FACTOR A~D HEAT TRANSFEQ 
COEFFICIENT FOR AIR FLOW NORMAL TO A BA~K OF TUBES ~ITH 
CONTINUOUS PLATE FINS (HOTERV SURFACE) 

DEFINITION OF VARIABLES 
eON A - THERMAL CONDUCTIvITY OF AIR (8TU/H~ FT DEG F) 
0.0 - HYDRAULIC DIA"lETER OF SURF~CE (FT) 
FAIQ - AIR SIDE-FRICTIO~ FACTO~ FOR HOTERV INLINE TU9E 

SUQFACE (['lHo1ENSIONLESS) 
F'1-F2 - CORRELATION COEFF1CIENTs FOR AIR SIDE FRICTION 

FACTOR (DI"lENSIO!IJLESS) 
GAIR - AIR SIDE MASS FLUX AT THE MI~IMU"l FLOW AREA 

(LeM/Sa FT .oR) -
HO - AIR SIDE HEAT TRANSFER C"OEFFICIENT 

(~TU/HR SQ FT OEG F) 
Hl-~3 - CORRELATION COEFFICIENTS FOR AIR SIDE HEAT 

TRANSFER COEFFICIENT (DIMENSIONLESS) 
1)1) _ PRANDTL NUM8ER OF AIR (DIMENSIONLESS) 
REAIR - REYNDLDS NUMBER OF AIR AT THE MINIMUM FLO~ AREA 

(OIMENSIONLESS) 
xn - LONGITUDINAL TUBE PITCH (IN) 

COMMON/PROP/CP~,THCONW,DENSIW,VISW,HFG, 
1 CPV,THCONV,DENSIv,vI5v,SIGMA, 
2 CPA,THCONA,DENSIA,VI5A 

DATA Fl, F2 1 4.7BI062, .0.2401 
DATA HI, H2, H3 1 0,18534135, 0.5161722, 0,33333 1 

Alp SIDE HYDRAULIC DIA"lETER AND REYNOLDS NUMBER 

0"1 ~ 4~O*SIGMAG/ALPHA 
RFATR s r.AIR*DH/VISA 

Alp SIDE FRICTION FACTOR 

FAIRP • Fl*REAIR**F2 
FATC! '" FAIRP 

HEAT TRANSFER COEFFICIENT 

pp = V!SA*CPA/THCONA 
CONA II T"ICONA 
H('\ '" (CQNA/DH).Hl*(REAIR.*H2)*(I)R •• H3) 
RE"TUPN 
END 
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HOTERV 
HOTEQV 
HOTERV 
HOTERV 
HOTERV 
HOTERV 
HOTERV 
HOTERV 
HOTERV 
HOTERV 
";OTERV 
HOTERV 
HOTERV 
HOTERV 
HOTERV 
HOTERV 
HOTEQV 
HOTERV 
HOTERV 
HOTERV 
HOTERV 
H('\TERV 
HOTERV 
HOTERV 
HOTERV 
HOTERV 
HOTERV 
HOTERV 
HOTERV 
HOTERV 
HOTERV 
HOTERV 
HOTERV 
HOTERV 
HOTERV 
HOTERV 
HOTERV 
HOTERV 
HOTERV 
HorERV 
HOTERV 
HOTERV 
HOTERV 
HOTERV 
HOTERV 
HOTERV 
HOTERV 
HOTEQV 

2 
3 
4 

5 
f, 

7 
p, 

9 
10 
11 
12 
13 
11. 
15 
16 
17 
1 B 
19 
20 
21 
22 
23 
210 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
31' 
39 
4C 
41 
42 
43 
44 
45 
46 
47 
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49 
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C 
C 
C' 
C 
C 
C 
C' 
C' 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

OPh:l 

SU8~OUTINE HTCLO(DTI,DL'ANG,GT,Xl,X2,PRL,DEN~,DENV,VISL,VISV,TKL' 
lC~L,HTL,HTc,HTB,HTN,HTK'RET) . 

DIMENC;ION ANG(3) 

~UBROUTINE HTCLO CALCULATES THE TUBESIDE TWO-PHASE LIQUID 
~IL~ HEAT TRANS~ERCOE~~ICIENT ~OR THE CONDENSATION O~ 
A ~LUID ON THE WALLS O~ A TUBE 

Dr~INITION O~ VARIABLES 

A~G(l) 

ARG (2) 

DENL 
nfNV 
DL 
M 
DT! 
r,T 

HTC 

HTK 

HTN 

PRL 
Rn 
TI(L 
VISL 
XD 

XI 
XD 

- ANGLE THE TUBE MAKES ~ROM THE HORIZONTAL (RAD) 
- SINE O~ THE ANGLE THE TUBE MAKES ~ROM THE 

HORIZONTAL (DIMENSIONLESS) 
- DENSITY O~ THE LliUID (LBM/CU ~T) 
- DENSITY O~ THE VAPOR (LBM/CU ~Tl 
- LENGTH O~ THE LIQUID AND VAPOR TUBE (IN) 
• RATIO O~ THE DENSITIES (DIMENSIONLESS) 
- INSIDE DIAMTER·O~ THE TUBE (IN) -
• MASS ~LUX Of THE ~LUID THROUGH THE TUBE (LBMI 

HR-SQ fT) - . 
- HEAT TRANS~ER COEP~ICIENT ACCORDING TO THE CORRELA­

TION BY BOYKO AND KRUZHILIN (BTU/HR_SQ FT-DEG r) 
- HEAT TRANS~ER COE~~ICIENT ACCORDIN? TO THE 

CORRELATION BY CHATO (BTU/HR-SQ ~T-DEG F) 
- HEAT TRANS~ER COEP~ICIENT ACCORDING TO THE 

CORRELATION BY KIRKBRIDE AND BADGER IBTU/HR-SQ ~T­
DEG ~) 

- HEAT TRANS~EP COEP~ICIENT ACCORDING TO THE 
CORRELATION BASED ON THE NUSSELT TYPE ANALYSIS 
(BTU/HR-SQ ~T-DEG f) 

- PRANDTL NUMBER O~ THE LIQUID (DIMENSIONLESS) 
• REYNOLDS NUMBER IOIMENSION~ESS) 
• THER~AL CONDUCTIVITY O~ THE LIQUIDIBTU/HR-fT-DEG ~) 
- VISCOSITY O~ THE LIQUID (CENTIPOSE) 
• CHANGE IN VAPOR QUALITY ~ROM THE INLET TO THE ExIT 

O~ THE TUBE (DIME~SIONLESS 
- INLET QuALITY (DIMENSIONLESS) 
- EXIT QUALITY (DIM~NSIONLESS) 

DR = DENL/DENV 
RET ~ DTY-GT/(VISL-29,) 
xn • AIolINl (X2,,999) 

~RAVITY CONTROLLED STRATI~IED CONDENSATION (~HATO) 
ANGLE O~ THE CONDENSATE - 1~0 DEGREES 

Xo ~ AMAXl (XI-XO"OOll 
HTC c 9?4,-TKL-(DENL-(DENL-DENV)-DL-ANG(3 I 

1 (VISL-DTr .. 2-GT-XD» --,33 

~RESSURE GRADIENT CONTROLLED ANNULAR CONDENSATION (BOYKO­
K~U7HILIN) 

fT~ .. ISORTel, • (DR - l,)-XI) • SQRTel, • CDR - l,)-XD)-,5 
HTR = .024-TKL-RET--,e-PRL--,43-fTP/DTI_12. 
K ('I0L .. 0 -
I~eANG(1)-O,017) 30,30,50 

30 I~eHTC.HTB) 100,100,40 
40 KnOLBl 

HTCLO 
HTCLO 
HTCLO 
HTCU) 
HTCLO 
HTCLO 
HTCLD 
HTCLD 
HTCLO 
HTCLD 
HTCLO 
HTCLD 
HTCLO 
HTCLD 
HTCLO 
HTCLO 
HTCLO 
HTCLD 
HTCLO 
HTCLO 
HTCLD 
HTCLD 
HTCLD 
HTCLD 
HTCLD 
HTCLD 
HTCLO 
HTCLD 
HTCLD 
HTCLD 
HTCLD 
HTCLD 
HTCLD 
HTCLO 
HTCL: 
HTCLD 
HTCLO 
HTCLD 
HTCLD 
HTCLD 
HTCLO 
HTCLD 
HTCLD 
HTCLD 
HTCLD 
HTCLD 
HTCLO 
HTCLD 
HTCLD 
HTCLO 
HTCLO 
HTCLD 
HTCLD 
HTCLD 
HTCLD 
HTCLD 
HTCLD 
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6 
7 
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14 
15 
16 
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19 
20 
21 
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55 
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~1I8p.OUTINE HTCLO 

C 
C 

C 

Go TO 100 
SO ~p~ = TKL*(4.1 AEB*ANG(2)*OENL·(DENL·OENV)/(VISL*2.42)**2)**.33 

GRAVITY CONTROLLED VERTICALLY LAMI~AR CONDE~SATION (NUSSELT) 

C G~AVITY CONTROLLED VERTICALL~ TUR8ULENT COND~NSATIO~ 
C (~IRKBRIDE·BADGER) 

HTK c ~0017*(RET*(1.·XO»**.4'~~N 
100 HTL = A~AX1(~TC,HTB,HTN,HTK) 

PETUR~ 
END 

Ob/(l5I1B 07.59.59 

HTCLO 59 
HTCLO bO 
HTCLO 61 
HTCLO 62 
HTCLO b3 
HTCLD 04 
HTCLO 05 
HTCLO o~ 

HTCLO 07 
HTCLO oB 
HTCLO b9 
HTCLD 70 
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~U~ROUTIN~ HYOLOS 

C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 
C 

C 
C 
C 
(' 

C 
C 

c 
C 
C 
C 

100 

101 

103 
107 

10& 

OPT=l 

SU~pOUTINE HYDLOS(OIA,VEL,VIS,Q~O,IO,HOlS) 

SUBROUTINE HYOLOS FOR GIVE"l VALUES OF I"ISIOE OIA~ETER, 
VEL~CITY, VISCOSITY, ANO OE~SITY, DETER~INES T~E FRICTION 
HEAD lOSS PER FEET OF DRAWN TUBING (10=1), STEEL PIPE (10=2), 
0>1 CAST IRON PIPE (10 .. 3) USING "100DY FRICTION FACTOR CHART 
EQUATIONS 
REFERENCE, KNUDSEN, J.G. A"lO KATZ. OIL. "FLUID OYNA"1ICS A"JO 
HEAT TRANSFER". ~CGRAW-HILL' NEW YORK, 1958, 1'.176 

DI"1F:NSION EP(3) 

T~SIDE SURFACE PROTUBERANCES FOR CO~MERCIAL TUBING AND PIPE 

DATA Ep/o.00006,O.0018,0.01021 

CALCULATE PEYNOlDS NUMBER AND DETER~INE IF IN LA~INAR OR 
TURRULENT REGION 

PE=3 nO.*RHO*VEL-OIA/VIS 
IFrRE-2000.) 100,101.101 

CALCULATE LAMINAR FLOW FRICTIoN FACTOR 

F=16. /RE 
r.0 TO 102 

CALCULATE RECIPROCAL OF RELATIVE ROUGHNESS AND RECIPROCAL O~ 
SQUARE ROOT OF rRICTION FACTOR FOR FULLY TU~BULENT FLOW 

ClF=DJA/EPrID) 
F'F~4 •• AlOGI0(RF)·2.2B 

CHECK TO DETERMINE IF TURBULENT FLOW IS FULLY OEVElOPEO 

CF"RF·FF/RE 
IF rCF.O.01) 104,103,103 

OETER~INE RECIPROCAL OF SQUARE ROOT OF FRICTION rACTOR 
F'OR TRANSITION FLO~ INITIALLY ASSUMING IT TO BE THE SAME AS 
FOR FULLY TURBULENT FLOW 

TRF:F'F 
TRF"C.~F-4.*ALOGI0(1.·4.&7-ClF.TClf/RE) 

IF CALCULATED AND ASSUMED VALUES OF RECIPROCAL OF SQUARE ROOT 
OF T?ANSITION FLOW FRICTION FAtTOR DO NOT AGREE WITHIN 
SPECIFIED LI~ITS, ASSUME NEW VALUE EQUAL TO ~ALCULATED VALUE 
ANn REPEAT CALCULATION 

IF r (ARS (TRFC-TRF)/TRF)-O.OOl) 105.1051106 
TRF=TRFC 
r,0 TO lC7 

CALCULATE FULLY DEVELOPED TURBULENT FLOW OR TRANSITION FLOW 
FRICnON FACTOR 
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105 rF.rpF HYDLOS 59 
104 .-l./Fr_ • ., HYDLOS 60 

C HYDLOS 61 
C nErEP~INE FRICTIO"< HEAD LOSS HYDLOS 62 
C HYDLOS 63 

102 HDLS-T4.594*F-vEL--2/DIA HYDLOS 64 
C HYDLOS 65 

pETUp"J HYDLOS 6f. 
~ND HYDLOS 67 

.. 

.. 
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~URRoUTINE IN~SU~ 06/05/78 07.59.59 

C 
C 
C 

SUBROUTINE IN~SUM 

THIS ROUTINE REPORTS INPUT SUMMARY AND CASE DESC~IPTION 

LoGICAL ~IRST,~RST,~XTEMP,~XTVAR'~XTTTD,~XTLNG 
COM~O"J 

$ A~T~, ALPHA, ANG(3) 
... BPLlloI(16) 
$ ,CAc~. CSS~KW. CON~. CO"JL. COSTL, CAPCHG, CO~MAT, CONM~2.CA~ 
$ .C~J' CTU~B. CDANG, CLUVR, CHAILS, CVM 
$ .D~IN.nEEPL,DESVEL.DESVELV.DESVELD,DENSI~ 
$ .E~~P. E~S 
$ .~CR.FI~ST.~IXL"COS.~~HX,~XTEMP,~ACTOR,~RST,FACTORD,~SHOT.FDELUG 
, ,FIxV.FIXTTD,FXTVAR.~XtTTD.FXTL~G -
$ • GREFF 
$ ,HXNC.HPCST.HCD 
$ • ITMAl(. ITMIN 
$ • JCONS 
5 .KrONV, KALEXT 
$ .MXEXT 
$ ,NTA.NSIDES,NBUNHI 

C('IMMON 
5 OD~ 
5 ,PSIZE, PER, PWCOS, PLANC. P'ACT, POMD~L 
$ .PnHBA~, PDH~AN. POHLEC, PDHCIR, POHCND, POHSTC, POHSCL 
5 , RRP,REDUCE, REDUCV, ROO~L, R~OUT 
$ • ~REJ, QREDUCE, QREDUCV 
5 ,SIGMAG. SAA~. SEGL 
$ .T,:,. TPO(4). TE~'. TUM. THrIN. TLPRA. T~IX 
$ .TCD, TW 
5 , urs, UIoiS 
$ .W~V, WATCONA. WATCOST 
$ .VASts) 
$ .XI'lE'PA. XW, XD 

LOGTCAL LOOPER 
CoMMnN/~AN/ ~ANDAP(1S3,10) ,~ANDA~(1S3,10),~MCP~.~BCp~.p2,R,S, 

$ VELREC. A~C, ELEV, EHR. LOOPER. CTMAX 
COMMON /TINE?/ CCM 

126 ~nRMAT 1//79X,IICOE~rICIENTS ~OR POLYNOMIAL CURVE FITII) 
127 FORMATI7nX.ltAO",11X.ltA1",11X,ltA2",11X,ltA3",111C,ltllitlt) 
128 F~RMAT/" HEAT RATE ~ACTOR AS ~UNCTION O~ BACKPREsSURE (INCHES ('I~ M 

.ERCURY) "tl PSEI3.S//l --
129 ~ORI.IAT(T4."TUR~INE RATING BACKPRESSURE".~6.2." INCHES O~ MERCURY") 
130 ~OR"1ATIT4,"SITE EL.EVATION",~7.0,/I FEET ABOVE SEA LEVEL"I 
202 ~ORMAT(I~I,T30,"I "I PUT SUM MAR Y A NO CAS E 

5D ESC RIP T I 0 "1"//) 
204 .ORI.IATIT2,3t lt ---------- It ).T90,2("--------.. II),"_") 
206 FORMAT(T2."OPTIONS SELECTED ~OR T~IS RUNII,T9n,IIST~RTING CONDITIO~S 

$"l 
200 ~ORMATIIHO) 
210 ~~R"1ATIT4,"EXCHANGER DEPTH UNCONSTRAINED" 
211 ~ORI.IAT(lH •• T7B,IINUMBER OF M.X. TUBES IN DEPT~ ZD"'~10.0' 
207 'ORl.lflT (T4,II~RICTION ~ACTOR AND rtT H~~R COE'~ BY ",A101 
208 ~('IRMAT(T".IIUPPER LIMIT ON TURBI\lE TEMCII,Fb.I." FII, 
215 ~nR"1ATIT4,IIEXCHANGE~ DEPTH CONSTRAINED TO ",A4tlX,FS.lt" TUBES") 
21 8 ~nRMIIT(T4."EXIT TEMPERATURE O~ TURBINE CONST~APlEO TO ",~6.1.It F") 
219 ~nRI.IATIT4."EXIT TEMPERATURE O~ TURBINE UNCONSTRAINED") 

INPSUM 
INPSUM 
INPSUM 
INPSUIo' 
BIGCOM 
BIGCOIo' 
BIGCOIol 
BIGCOM 
BI:;COM 
BIGCOM 
BIGCDM 
BIGCOM 
BIGCO'" 
BIGCOM 
BIGCDM 
BIGCOM 
BIGCOt-l 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOt-l 
BIGCO"1 
BIr-COM 
BIGCDM 
BIGCOM 
BIGCO"l 
BIGCOM 
!:II GCO'" 
~ANDEK 

FANDEK 
~ANDEK 
INPSUM 
INPSUM 
INPSUM 
INPSU" 
INPSUM 
INPSU"I 
INPSUM 
INPSU"I 
INPSUM 
INPSUM 
INPSU"I 
INPSUM 
INPSUM 
INPSUM 
INPSU"I 
INPSU"I 
INPSUM 
INPSU"I 
IN~SU"I 
INPSUI.I 

2 
3 
4 

5 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

2 
3 

" 8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2S 
26 
27 



r 
r 

C 

C 

C 

C 

C 

OPT:] 

220 FORI.IATfl.,.,TBo,"TURRINE OUTLET TEMPERATURE, Tl",FlO.3." F'II) 
225 FOR"IATrT4. II EXCHANGER LENGTH UNCONSTRAINED") 
226 FnR'dTll"' •• T74,"LENGTH OF HEAT EXCHANGER TUBES ELENG".F'lO.]. 

1" F~fT") 
230 FOR~AT!T4."EXCHANGER LENGTH FIXED AT ".F5.0." FEETII) 
233 FnR"IATCT4,"TER~4INAL TEMPERATURE DIF~ERENCE CONSTRAINED TO ".F5.2. 

]11 FII) 
?3 4 FnR"IATCH."TERMINAL TEMPERATURE DIF'FERENCE UNCONSTRAINED") 
?3~ F'ORl,4t.T!]Ho,T74."TERMINAL TE"'PERATURE DIFFERENCE TTD1".F10.3." F"l 
240 FnRIAATrT4,IIRUN "'ITH VELOCITY RE:::OVERY"1 
?4S FOR"IATIT4. II RUt-.< YlITHOLIT VELOCITY RECOVERYII 
255 F'nR0.4ATIT4,""JTU CALCULATION IS By ".2AI0) 
2foO FnR'dTfT4."FRONTAL AIR VELOCITY CONSTRAINED TO ",F5.2," FT/SEC") 
2bl FO'h4ATCH."F' RONTAL AIR VELOCITY UN:::ONSTRAINED"1 
2b2 FnR4ATI1H.,TB4,"F'RONTAL AIR VELOCITY. VAIR".F'7.2." FT/SEC") 
:'\00 FC\R0.4ATC//T51,"UNTT COSTS AND COSTING FACTORS"/TS1.30("."l/1l 
305 FORvATIT2."FUEL ".F7.3," CENTS/M"'STU" 

$.T3n, IIP O.,ER PLANT CONSTRUCTION".fll.3," S/KIIi" 
$,T1(l4,"F'rxED CHARGE RATE",F9.3) -

310 FClR"IAT(T2."LANO ".F7.3," $/SO F'T" 
S,T30."REPLACEMENT pOWER".7X,Fll.3." "'ILLS/Kill,"," 
S.T]M,,"CAPACYTY FACTOR",F9.31 

3]5 FnRIAATIT2."",OTORS".F7.3." $ I HP" 
$,T30."ST(AM SUPPLY.,.T54,F11.3," 5/KIIi TURBINE OUTPUT" 
S.T9'3."8ASE THER"'AL EFFICIENCY".F'9.3) 

320 FnRIAATfT30."CApACITY CHARGEII,T54.Fll.3,,, 5/104111" 
S,T93."CONSTRUCTION COST ~ULTIPLIER".F9.3) 

325 F(1RIAAT(T95,""IAINT COSTS ICAPITA~ COSTS",r9,3) 
WPITElb,2021 
\rJRIT~I(,.?041 
wRITErb.?O~1 
• .'PITEI6.204) 
WRITE(6.20i1) 
WRITElb.208) TLIM 
WRITEI6.207) FF'HX 

IF'(F'XTEMp)WRITE(6.2]8) 
IF'!.NnT.FXTEMp) IIIRITE(6.21 Q ) 
IIIRITElb.220) VAS(l) 

IF'{F'XTVAP) WRITE(b.260) 
IF (.N'lT .F'XTVAR) WRITE «(,.2bl) 
WRITE (b.2b2) VAS (2) 

IF(F'XTTTO) WRITE(b.233) 
IF'(.NCT.F'XTTTD) WRITE(b.234) 
WI:'IT((6.235) VAS(3) 

IF'(F'XTLNG) WRITEC6.230) nXL 
IF'(.NnT.FXT:.,NG) WRITE(b.22S) 
IIIpITE("'.226) VAS(4) 

IF(c)EEpL.GT.O.OO) WRITE(b.21S) DEEPL 
IF'(~EEPL.EQ.~.OO) WRITE(6.?10) 
WpITE(6.211) VAS(5) 

INPSJ"I 
INPSU~ 
INPSU"I 
INPSU"I 
INPSU'"I 
INPSU" 
INPSJ"I 
INPSU"I 
INPSU"I 
INpSJIA 
INPSU"I 
INPSUIo1 
INPSUM 
I NPS,","I 
INPSu'" 
INPSU"I 
INPSU"I 
INPSJt.1 
INPSJ"I 
INPSUt.1 
INpSUM 
INPSU"I 
INPSUM 
INPSUt.1 
INPSU"I 
INPSU"I 
INPSU"I 
INPSU"I 
INPSUtoI 
INPSU"I 
INPSU"I 
INPSU"I 
INPSUt.1 
INPSU"I 
INPSU"I 
INPSU"I 
INPSU"I 
IIIJPSUIA 
INPSJ"I 
I NPSU"I 
INPSU"I 
INPSU"I 
INPSU"I 
INPSU"I 
INPSUIo1 
INpSUIo4 
INPSU"I 
INPSU"" 
I"JPSU"I 
I NPSUOo1 
INPSUIo1 
INPSU'" 
INPSU~ 
INPSU"I 
INPSU"I 
INPSUM 
I NPSU"I 

28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
3,; 
3~ 
40 
41 
42 
43 
440 

45 
4c. 
47 
48 
49 
50 
51 
52 
53 
5.:. 
55 
56 
57 
5/\ 
59 
6e 
bl 
62 
63 
64 
65 
66 
67 
bB 
b9 
70 
71 
72 
73 
74 
75 
76 
77 
71\ 
79 
80 
61 
82 
83 
A4 

• 

• 

· . 
• 
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~UBPOUTINE IN~SU~ 

c 
c 
c 

C 

IreVELqEC.EG.O.OO) w~ITEeb.24s) 
IrevELQEC.NE.O.OO) WRITEcb.240) 

WRITE(b.12b) 
IIPl'rF(f..12 7 ) 
w~ITEfb,128) CT~OCI).I~1.4) 
WPITc:fntl2Q) RFlP 
\o.RITEfbtl30) ELEV 

wPl'rr(6.300) 
WpITEfn.30s) rCOS.~LANC.rCR 

IIRITEf6.310l COSTL.~\oICOS.CA~f 
WRITEI6,31S) H~CST.CSS~KW.TErr 
\oIpITF: 16.320) CAPCHG.CCM 
\oIpITEC",32S) PER 
RETljRN 
END 
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INPSU"I 
INPSU"l 
INPSU'" 
IIIlPSU"I 
INPSU"I 
INpSU"l 
IN~SU"l 
INPSUM 
IN~SU"I 

INPSU"I 
INPSU"1 
INPSUt.\ 
INPSUM 
INPSUM 
INPSUu 
INPS!,)M 
IIIlPSUM 
INPSU"I 
I NPSUIo1 

85 
8f, 
87 
88 
B9 
90 
91 
92 
93 
94 
95 
96 
97 
96 
9Q 

100 
10 1 
102 
103 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

C 

c 

C 
r. 
c 
c 
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SUR~('1'.JTINE LI~TT(ATIA,T!-IAX,PI~AX,HfIN,RIMIN) 
SURPO~TINE LI!-IIT CALCULATES THE MAXIMU~ AND MINIMUM ALLOWA9.E 
TEMPERATURES. THE ~I~IMUM TEMPERATURE TO TWO DEGREES F. T~E 
MAXIMUM TEMPERATURE IS ARBITRARILY SET EQUAL TO 2 DEG F. 
F LESS THAN THE BOlLING POINT (THE ENTHALPY/LB OF 
nRy AIR HAS NO PHYSICAL MEANING fOR PARTIAL PRESSURES 
f~UAL Tn OR EXCEEDING THE ATMOSPHERIC ~RESSURE) 
wHICH C~N CAUSE INSTABILITIES IN SUAROUTINE TCALC. 

FIJNCTIONS fD, fAH, fCS AND fRI COMPUTE' THE PARTIAL PRESSUPE 
('1" WATER (IN. HG.), AE'lSOLUTE HU"IDITY (i..A OF WATER 1 
L'" ('iF DRy AIR), HEAT CAPA::ITV (RTU/DEG. f-U3 Of DRy AI;1) A'JJ 
F.'JTI-IALPY (BTU/L,R Of DRY AIR), RESPECTIVELY. 

fp(CH,T) ~ P~*29.92.(0.000203.( (T - 32.)/l.e) •• 2 
.. - n.nll".(T - 32.)/1.B • 1.095) 
.... Eyp( - 0.000426.((T .. 32.)/1.6) ... 2 
•• o.0~2~.(~ - 32.)/1.8 - 5.103) 
FP(OH.T)cRH*EXP(17.16B-9~40./(T.~00.) ) 
FAH(p,AT,,)=P·18.02/((ATM.29.92- P )*28.97) 
fCS(AH)=.244o.45. AH 
FRI (C~.T,AH)CCS.T.I09~,"AH 

T~E RELATIVE HUMIDITY IS SET EQUAL TO 1. 
RI-! = I, 

THE BOILING POINT IS COMPUTED. 
T = _4kC. -92~0./(ALOG(ATM"29.92/RH)-17.108) 

TMAl( "' T .. 2. 
PMAXcFP(D~,TMAX) 

AHMAXRFAI-I(PMAX,ATM) 
CSMAXcFCS (AH~IAX) 
PIMAX .. ~RI(CSMAX,TMAX,AHMAX) 

THE MINIMUM ALLOwED TEMPERATURE Is ARBITRAR1LY SET EQUA~ 
TO ? DEGREE~ F. AND THE CORRESPONDING VALUES Of PARTIAL 
PRESSURE, ABSOLUTE HUMIDITY, SPECIfIC HEAT AND ENTHALPY 
A~E COMPUTEn. -

TMI>,J • 2. 
P"I>,J=FP(PH,TMIN) 
AHMIN.FAH(P~IN,ATM) 
C~MIN.FCS(AHMIN) 

Pp.qNRFRJ (CSMIN.TMIN,AHMIN) 
IriO!TE(6.10) TMAX.TMIN,RIMAX ,RIMIN 

10 F"ORIAII,TIIIOIN SR LIMIT TMAX,H4IN,~I~AX,RIMINc"tlP4n5.5) 
RE'TUPN 
END 

LI"I!T 
LI~IT 
LI 'II T 
LI"1IT 
LI"IIT 
LII.4IT 
LI"1IT 
LIIAIT 
LI"1IT 
LI"1IT 
LI"n 
LI"1jT 
LIMIT 
LI '11 T 
LI"rr 
LIMIT 
LIMIT 
LIMIT 
U"1IT 
LI "11 T 
L I '1 IT 
LIMIT 
LI MI T 
LIMIT 
LI 1.41 T 
LIMIT 
LIMIT 
LIMIT 
LIMIT 
LI"1IT 
LI MIT 
LI"1Ti 
LIMIT 
L! "1 I T 
LI MIT 
LIMIT 
LI"IIT 
LI"lIT 
LI"IT 
LI"1IT 
LIMIT 
LIMIT 
LIMIT 
LIMIT 

2 
3 .. 
5 
6 
7 
8 
9 

10 
1 1 
12 
13 
1 ~ 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
2f, 
27 
2~ 

29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
itO 
41 
1t2 
43 
4.4 

45 

.. 
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c 
c 
C 
C 
C 
C 
C 
r 
C 
c 

c 

74/74 

SuB~nUTINE ~TCH(GAIR.SIGMA) 

SUB~OUTINE ~TCH CALCULATES THE MASS TRANS~ER COEF~ICIENT 
AS A ~UNCTION O~ THE MASS ~LO~ RATE O~ AIR THROUGH THE 
WETTED HOTERV SURFACE 

OEFINITION O~ VARIABLES 
GAJR - MASS ~LUX O~ AIR THROUGH THE HEAT EXCHANGE SURFACE 

AT THE MINIMU~ rLO~ AREA (LSM/HR-SQ rT) 
SIG~A - MASS TRANSFER COE~~lCItNT (RTU/HR-SQ-FT-OEGREE F) 

DATA AI. A2 1 0.124789, 0.615 1 
SIGMA. Al*(GAIR**AZ) 

06/05/78 C 

MTCH 
MTCH 
MTCH 
MTCH 
MTCH 
MTCH 
MTCH 
MTCH 
MTCH 
MTCH 
MTCH 
MTCH 
MTCH 
MTCH 
MTCH 
MTCH 



C 
C 
C 
C 
C 
C 
C 
r 
c 
C 
C 
C 
C 
c: 
c 
r 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
r 
C 
c 
C 
c: 
C 
C 
C 
C 
c: 
C 
C 
C 
C 
c 
r 
C 
r 
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SUB~nUTINE NOVAPT(VCST,RANGEI 

~U8ROUTINE NOVART DETER~I~E~ THE PERFOR~ANCE OF A PLANT 
DESIGNED AT A SPECIFIC AMBIENT TEMPERATURE OVER A WHOLE 
Yf.AP THE ROUTINE ALSO DETERMINES THE INCREMENTAL COST OF 
OPERATING THE POWER PLA~T OVER THE ENTIRE YEAR 

DEFINITION OF VARIABLES 

CAPCHG 
CAPCST 
CAPF 
CCOS 
CLAN:! 
cnN8AS 
C OS~' 
CPIP 
CCiTCL 
nELFC 
F"COc: 
F"CR 
F"POw 
HRF" .'C 1 
HPF"AC2 

HRFAC4 

"lTA 

P 

PARCOS 

P~~~' 

PROW 
PSYZE 
1'0:;1713 

pTOT 

PoICOS 
P?2 
QJ"l1 
QREJCTI 

~QEJCT2 

SPCD 

TEF"F4 

- CAPACITY CHARGE (So/MEGAWATT) 
- CAPITAL COST FOR AUXI~ARY POWEP (5) 
- CAPleITY FACTOR (DI~ENSION~ESS) 
- COST OF THE HEAT EXCHANGER ($) 

- COST OF THE LANDrSo) 
- COST OF THE CONDE~SER/REBOILE~ (5) 
• MAINTAINENCE COST (MILLS/KWH) 
- COST OF THE PIPI'lG ($) 

- AUXILIARY POWER COST (~ILLS/KWH) 

- INCREASED FUEL COST FOR THE PLANT (~ILLS/KWH) 
- F"UE~ Coq (S/MM BTU) 
- FIXED CHARGE RATE (DIMENSION~~SS) 
- FAN POWER (KWH) 
- HEAT RATE FACTOR 'T RATING CONDITION(DI~ENSIONLESS) 
- HFAT RATE FACTOR AT DESIGN CONDITIONS (DIMENSION-

LESS) 
- HEAT RATE FACTOR AT OFF DESIGN CONDITIONS 

(DIMENSIONLESS) 
- NUM8ER OF TE~PERATURE INCREMENTS IN THE TEMPERATURE 

R6NGE OF THE SITE 
• BACK PRESSURE OF THE TURRINE (IN HGA) 
- INCREMENTAL POWER PRODUCTION COST AT THE AMBIENT 

TEMPERATURE (MIL~'/KWH) . 
- POWER GENERATING BY THE PLANT (MEGAWATTSI 
- PUMP POWER (KWH) -
- PLANT SIZE (MEGAwATTS) 
- TOTAL POWER OUTPUT OF PLANT AT DESIGN 

CONDITIONS (~EGA\l/ATTS) 

- TOTAL POWER OUTPUT OF PLANT AT OFF DESIGN 
CONDITIONS (MEGAWATTS) 

- REPLACEMENT POWER COST (MILLS/KWH) 
- AM~ONIA PRESSURE AT THE HEAT ~XCHANGER (LBF/SQ FT) 
- "!FAT INPUT INTO THE POWER PLANT (STU/HR) 
- HEAT REJECTED AT THE DESIGN CONDITiONS OF THE PLA~T 

(8TU/HR) 
- HEAT REJECTED AT THE OFF DESIGN CONDITIONS OF THE 

PLANT (BTU/HR) 
- DIFFERENTIAL COST OF PLANT EXCLUDING THE COOLING 

SYSTEM (50) 
- BASE THERMAL EFFICIENCV OF THE PLANT(DIMENSIONLESS) 
- RATED THERMAL EFFICIENCv OF THE P~ANT 

(DIMENSIONLESS) 
- DESIGN TH~RMAL EFFICIENCy OF THE PLANT 

(DIMENSIONLESS) 
- OFF DESIGN THERMAL EFFICIENCY DF THE PLANT 

(Dt"'ENSIONLESS) 
- FRACTION OF THE YEAR THAT THE CORRESPONDING 

AMBIE~T TEMPERATURE EXI~TS (~I~ENSIONLESS) 

NOVART 
NOVA~T 

NOVA~T 

NOVART 
tJOVA'l~ 

NOVA~T 

NOV ART 
NOVART 
NOVA~T 
NOVA~T 

NOI/A~T 

NOV ART 
NOVA~T 

NOV ART 
NOVART 
NOVA'lT 
NOIIART 
NOVART 
NOVA~T 

NOVART 
NOVA~T 

NOVA~T 

NOVAR~ 
NOVA~T 

NOVA~T 

NOVART 
NOvA~T 

NOV ART 
NOVART 
NOVA~T 

NOVART 
NClVART 
NOVART 
NOVAn 
NOV ART 
"'OVA~T 
NOVART 
NOVART 
NOVA~T 

NOVART 
NOvART 
NOVA~T 

NOVA~T 

NOvART 
NOVART 
NOVA~T 
NOVA~T 

NOVA~T 

NOVART 
NOVA::'T 
NOVART 
NOVAn 
NDvART 
NOV ART 
NOVA::'T 
NOVART 
NOVART 

2 
3 
4 
5 
6 
7 
II 
9 

1 0 
11 
12 
l3 
14 
15 
H 
17 
18 
19 
20 
21 
22 
23 
24 
25 
2f> 
C7 
2" 
29 
30 
31 
3<' 
33 
3" 
35 
36 
37 
3R 
39 
40 
41 
42 
43 

4" 
45 
46 
47 
48 
49 
50 
51 
5<' 
53 
54 
55 
5f, 
57 
SF! 

• 



• 

.. 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

VCST - I~CRE~ENTAL INCREASE IN COST OF T~E POWER PRODUCED 
BY T~E OPTIMUM PO~ER PLANT DUE TO THE COOLING 
SYSTE~ (MILLS/KW~) 

YFP • PLANT SCALING FACTOR FOR FAN AND PUMP POWER LOSS 
(DIMENSIONLESS) -

DEFINITION OF ARRAYS 
PWD - WET/DRY BACK PRES&URE CURVE FOR T~E AMBIENT 

TFMPERATURE RANGE lIN HGA) -
TPO - ARRAY OF COEFFICIENTS ~OR T~E CUBI~ CURVE FIT OF 

HEAT RATE FACTOR AS A FUNCTION OF TURBINE BACK 
PRESSURE (DPIENSI9NLESS) 

VTPER - FRACTION OF THE YEAR THAT THE AMBI~~T A~D WET BUL9 
TEMPERATURE INCREME~TS EXIST (OIMENSIONLESS) 

COM~ON IVARVARI VTPER(16), VTA(lb), VTAWBllo) 
COMMON 1 PROPI CPW, THCONW, DENSlw, VISw, ~FG, 

• CPV, THCO~V, DENSIV, VISV,SIGMA, 
• CPA, THCONA, DENSIA, VISA 

LoGICAL FIRST,FRST,FXTEMP,FXTVAR,FXTTTD,FXTLNG 
COMMON 

, AFrR, ALPHA, ANG(3) 
• ,RoLl"I (10) 
! ,CAPF, CSSPKW, CONF, CONL, COST~, CAPCHG, CONMAT' CONMA2,CAF 
! ,CgJ, CTURB, CDANG, CLUVR, CHAI~S,-CVM 
f ,DFIN.DEEPL,DESVEL,DESVELV,DESVELD,DENSlf 
J ,EFFP, EFS - -

06/05/78 07.59.59 

59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 

2 
3 
4 
5 
6 
7 
a 
9 

$ ,FCR,PIRST,FlXL,FCOS,FFHX'FXTEM~,FACTOR,fRST,FACTORD,FSHOT,FDELUG 

NOVART 
NOVART 
~OVART 

NOVART 
NOVART 
NOVART 
NOVART 
NOVART 
NOVART 
NOVART 
NOVAI:IT 
NOVART 
NOVART 
NOVART 
NOVART 
NOVART 
NOVART 
NOVART 
BIGCD~ 

BIGCOM 
BIGCOM 
BIGCO~ 
BIGCDM 
BIGCDtoI 
BIGCDM 
BlGCOM 
BIGCOlol. 
BIGCOM 
AIGCDM 
BIGCOM 
BIGCOM 
BIGCDM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCDM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCO"l 
BIGCOM 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPL.Y 
SUPPLY 
SUPPL.Y 
SUPPLY 
SUPPLY 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
2D 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

$ ,FlxV'FIXTTD'FXTVAR,FXTTTD,FXT~NG -
J ,GSEFF 
! ,~XNP'~PCST'HCD 
, ,ITMAX, !TMIN 
, ,JCONS 
, ,KCOW, KALEXT 
, .MxEXT 
S ,NTA.NStDES,NBUNHI 

COMMON 
$ oDR 
'- ,PsI7E. PER. PWCOS, PLANC, PFACT, POMDPL 
! ,PnHBAF, POHFAN. POHLEC. PO~ClR, POHCND, PO~STC, POHSCL 
! • RBP,REDllCE, REDUCV, ROOFL, R"IOUT 
$ , ~REJ. QREDUCE. QREDUCV 
$ ,SIGMAG. SAAF, SEGL 
! ,TO, TPO(4), TEFF. TLIM, THFIN. TLPRA. TFIX 
$ ,TCD, TW 
$ .ues. UWS 
! .WFV, WATCONA, WATCOST 
! .VAS(5) 
! .XOEPA, XII/, XD 

COMMON ISUPPLYI VAL(S), CPLN, CPIP, CCOS. w3, COSM, EFF, 
f OIN, CLAND, REAIR, Z,~RFAC2, W4, U, DELPW, PPOw. 
! rPOw, DELFC, WIDTH, ELENG, VAIR, vwAT, ~l, HO. T4, 
! pEWAT, NW, NT, ~P,PLANC2,PSIZ12, SPB~. SW4, SW3. 
$ SPC,PTDTAL,PLANC3,SAFRON, AAIR. YFP, SPCD,PSIZ13, WT2, 
$ ~P2, NW2, TCOS, DELPA,DELPwT,DELPWC,CONBAS, XNTSX, VELDX 
S, TLAX, UCON. PMCST, FMCST, FSACC, EFFC, C~, CA, CS 
$, CLTC, CFC, cpce, FITCO, CSC,CEPREp,DELPIP, AST,OLDCST 
$,CAPCST, XNFAN,8LDANG, CPLE~, DP~EL; W~X, WTTU8, ADIA, ABLN 

2 
3 
4 
5 
6 
7 
S 
9 

10 



C 

OPT:l 

'5. IoIT"!)R. Io'TFRM.STRUCC.CFPERF .... PPERF. TOTeF. TPC, E-FI"". ANTLI 
5. ftlRFF, IoI ATFF. XNMOD. TCTP;-, FDCPF. -~TRC.-ACCTTP. AOJTP 
~. ACT8 P D. ADJ3PO. ACTVH. A~JV"'. ADJPPF. THP~IR. TCTF. AFCST 
$, CSPil, WATERloo, IoISTRCT, CFOUND, HUBDIA. TOIolL.EN, NUMTOiO, CTOiOD 
$ ,S1RJ,SORJS.ATU8C,C RA • TTDl,TTD2,DELPS.CSTLVR,PIPCSTD 
$ ,C~THS, CYLRNG. CFANEL, PSTACS. PUFITC. PMPCST. RPTPL., SEPCST 
$ ,PWD(l6) .IoIATCWD(l6) .DEPER(16) .:>EPERQ(16) 
$ ,iO~B.HT~IoI,NTOWDE.CSTIF.CSJ.CVF,CDP,1oI5 

C('IM'i(,\N ISCALER/HRFACl, ATlJ8, CP::~A, SSCD,PLANCl,CASSSl. 
$ GAIR. FAIR, HPAIR. HPIoiAT, IoIL.RTP, PLANCTI -

C(,\MMnN I"INEI XNS, TLA. XNTS, ARPS. TTD;>OE. LINOR, XNP, XnUALY 
DJM~NSlnN VLIST(Q). XCOST(16) 
iJllTA N'fRyP/OI 
D A T II vL 1ST I" C C OS" , "SPC D" , "C L A til D" • tIC PIp" • tIC D >,JR AS" , "C 0 S .. " 

$ ,"TP-R","PARCOS","VCST"I 

C DESIGN THERMAL EFFECTIVENESS OF T~E POIoiER PLANT 
TEFF3:TEFF/HRFAC2 

C 
C R~TED T"ERMAL. EFFECiIVENESS OF THE POiOEP PL.ANT 

TEF,] : TEFF/HPFACI 
C 
C HEAT INPUT INTO THE POiOER PL.ANT 

OrN] ~ 3413,E.3*PSIZ13/TEFFl 
VCST z 0.0 

C 
r. L!"iOP TO FIND TrlE INC~EMENTAL. COST OF THE COOLING SYSTEM 
C 

D~ qOO T : I,NTA 
C 
C PERCENT 0- THE YEAP AT THE ABOVE AMBIENT TEMPERATURt 

TpEq .. VTPEP(J) 
C RACK PRESSURE AT T"E AMBIE>,JT TEMPERATURE 

P = P,l'l ( !l 
c 
r. HEAT PATE FACTOR AT THE ABOVE BACK PRESSURE 

HPFAC4 ~ TPO(l) • TPO(2).P • TPOI31*P*.;> • TPO(41*P**3 
C 
C THEPMAL. EFFECTIVENESS OF THE PLANT AT THE APOVE BACK 
r. PRESSURE 

T£F_4 a TE-F/HRFAC4 
C 
C HEAT REJECTE~ AT THE ABOVE THERMAL. EFFECTIVENESS OF THE 
C P~WEP PL.ANT 

QPEJCT2 .. OINl.(l. - TEF_4) 
C 
C HEAT REJECTED AT THE DESIGN THERMAL. EFFECTIVENESS OF 
C T~E POiOER PL.ANT 

C 

QPEJCTl " (lINl. (1. - TEFF3) 
SOR)S = QREJCTI 

C P!"!loIfR OUTPUT OF THE L.('l\ol-PRESSt)PE TURPINE AT THE SPECIFI: 
C A"~:::NT TEMPERATlJRE 

C 

C 

40 PTOT 2 QT~1 .T~FF4/34l3.E.3 

POw~R O!.JTPUT 0- THE PLANT I.T T"E SPECrF'IC AM~IENT TEM_ 
PEP~TUpE 

Of, I 0 51 7Il 07.5S.59 

Sl)PP~Y L 
SUPPL.Y 12 
SLJ;>P~Y 13 
SUPP~Y II. 
SUPP~Y 15 
SUPPL.Y 16 
SUPPL.Y 17 
SUPPL.Y 18 
SCflLEP 2 
SCAL.ER 3 
NOVART Be 
NOVA~T I'll 
NOVART HZ 
NOVART 83 
NOVART 84 
NOVART 85 
NOV ART Bf, 
NOVA;>T R7 
NOVART HI' 
NOVART fjg 

NOVART 90 
NOVART 91 
NOVART 92 
NOVART 93 
NOVART '<4 
NOVART g::, 
NOVART Cit-
NOVART 97 
NOVART 98 
NOvART 99 
NOV ART 100 
NOV ART Hil 
NOV ART 102 
NOVART 10::< 
NnvART 1 C/<-
tWVART 1 n 5 
NOVART 106 
NOVART 107 
NOV ART 1 O~ 
NOVART 109 
NOVART Ilr, 
NOVART 1 1 1 
NOV ART lIZ 
NOO"T 113 
NOVAqT 1 l4 
NOVAn 1 15 
NOVART 1 1 ~ 
NOV ART 117 
NovART 1 i R 
NOV ART 119 
NrlVAqT 120 
NOVART 121 
r-JOVART 12;: 
tIIrlvART 123 .. 
NO'JART 124 
"IO\,ART 12<, 
"IOVAR~ ;26 



• 

.. 

.. 

C 

OPT:1 

PGr~=PTOT-PPOW/I000.-rPOW/1000. 
T[FFn z TE"Fl'"4 
IF(PGFN.GE,PSIZEl GO TO SO 

C cnST OF THE AUXILIARY POWE~ REQUIRED TO MAKE UP FOR LOST 
C CAPhCITY ON HOT DAYS 

C 

CSTCL""P~IZE·PGENl/PSIZE.PWCOS 
TEFF!):TEFF3 
GO TO 60 

50 CC;TCL • 0,0 

C INCREASED FUEL COST OF THE PLANT DUE TD Orr DESIGN 
C CONDITIONS 

C 

C 

60 DELl'"C • FCOS*3413,E-5 * «1.· YFP l/TEFFD-1,/TEFrl 
1F<1.NF,1> GO TO 10C 
Ct.PCST : 0,0 

IF(pc;IZE.U:.PGENl GO TO 100 

C CAPITAL CHARGE FOR THE AUXILARY POWER 
CaPcST:o:CAPCHG*(PSIZE-PGENl 

100 CONTINUE 
C 
C INCREASE IN COST OF OPERATING THE PLANT AT THIS AMBIENT 
C TEMPERATURE DUE TO THE USE OF THE COOLING SySTEM 

PARenS", (CCOS • SPCD • ClAND • ~PIP • CONBAS • C~PCST) * fCRI 
~ (psjZE * CAPF * 8760.) • COS~. DELFe. CSTCl 
~ • wATCO~A.(,1203/1000.l.WATCOST/(PSIZE*CAPF.8760!l 

C 
C FRACTION OF THE YEAR THAT THIS AM8IENTTEMPERATURE EXISTS 
C TIMES THE INCREMENTAL COST OF THE COOLING SySTEM AT 
C THIS AMBIENT TEMPERATURE 

XCOST(Il:TPEP*PARCOS 
~OO CONTINUE 

C 
C SUM~ING THE PRODUCTs TO 09TAIN THE TOTAL INCREMENTAL COST 
C OF THE COOLING SYSTEM 

C 

Dn '120 I .. 1,NTA 
VCST:VCST·xCOST(Il 

a20 CnNTINUE 

NDBUG-O 
IFINDAUG.EQ,Ol RETURN 
NTRIP.fIITRIP.l 
WRIr;:-16,902l NTPIP 
WRITEI6,900l CCOS,SPCD,ClAND,CPIP,CONBAS,COSM,TPER,PARCOS,VCST 
wpITE 16,901 l VLIST 

QOO FOR~AT(1H ,9G14,6) 
Q01 FOR~ATI1H ,914X,A6,4Xll 
902 FnR'~ATI"ONOVART CALL NO.II,IlOl 

RrTURN 
END 

NOV ART 
NOVA~T 

NOVART 
NOVA"T 
NOVAi:(T 
NOV ART 
NOV ART 
NOVA"T 
NOvAI1T 
NOV ART 
NOVA'll 
NOVART 
NOVART 
NOVA"T 
NOVAn 
NOVART 
NOVART 
NOVART 
NOvART 
NOV ART 
NOVA"T 
NOVART 
NOVART 
NOVART 
NOVART 
NOVA:n 
NOVART 
NOVART 
NOVA'll 
NOVART 
NOV ART 
NOVART 
NOVART 
NOVART 
NOV ART 
NOVART 
NOVART 
NOV ART 
NOVART 
NOVART 
NOVART 
NOV ART 
NOVART 
NOV ART 
NOVART 
NOVART 
NnVART 
NOVART 
NOVART 
NOV ART 
NOVA"T 
NOVART 

127 
12k 
12Q 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
14B 
149 
ISO 
151 
152 
153 
1~4 

1"5 
156 
157 
15e 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
17fl 



OPT=l 

SL'A~OUTIN~ OUT~(RBP.~R"ACl.SSCD.CASSSl.PLANCTl.PLA~Cl,CTUR8,TCD) 
C 
r T~rs R0UTINE REPORTS STEAM SUPPLY COSTS DUE TO I~gREASED HEAT RATE 
C AT ~AT!Nr, BACKPRrS5URE. 
C 

1 "OP~AT!lHO,T3."STEA~ SU~PLY SCALING TO COMPE~SATE FO~ I~CREASED tt, 

"" "HEAT RATE AT RATING BACKPRESSURE. R3P="."S.2.T91."IN. H(;". 
.. Tlll'''HR~ACl''''."ll.6l . 

2 "Oq'-4AT(T17."STEA"1 SUPPLY COST DI"FERENTIAL $",F12.0 
.. ,TClI,"TLIRBINE COST llI"FERENTlA .. '-',Q1.CI.T12B."S/K"'") 

3 "OPvU!T2. II PLANT COST INCLUDING 5TEAM SUPPLY AND TURBI~E """,F12.0 
$ ,T b 6 , "p LAN T U ~J IT CO c; i INC L U D I "':; S TEA" SUP P:" y A N ~ ';' U R PIN E" • F 1 1 • 0 
$ ,TI 211 '''$'') 

WCITE(6,1) R8P,HQF"ACI 
WRITE!b,?) SSCD, TCD 
WQITE(6,~) PLANCT1,PLANC1 
PET'JP"" 
E"JD 

• 
OUT2 2 
OUT2 3 
()0T2 4 

OUT2 5 
OUT2 f, 

OUT2 7 
OUT2 p 

OUT2 9 
OUT2 10 
OUT2 11 
OUT2 12 
OUT2 1 ~ 

• ..1 

OUT2 i 4 

OUT2 1 ::: 
O:..lT2 it-
OUT2 17 
OUT2 1 R 

OUT2 19 

.. 



• 

• 

.. 

• 

C 
C 
C 
C 
C 
C 
C 

Ob/OS/7S 07.59.59 

SlIEH?oUTp'E OUT4 (KWHICH) 

WHE~ CALLED ~ITH KWHICH = 1 THIS ROUTINE REPORTS CONDITIONS AFTE~ 
~CALING PLANT ANn STE~~ SUPPLY BUT RE­
FOR~ SCALING FOR FANS AND PU~PS 

WHE~ CALLED ~ITH KWHICH NOT 1 THE ROUTINE REPORTS CONDITIONS AFTER 
S:ALING FOR FA~S AND PUMPS 

LoGICAL FYRST,FRST,FXTEMP,FXTVAR,rxTTTD,FXTLNG 
COM"'ON 

~ AFTR, ALPHA, ANG(3) 
• ,B:>LI"'(lb) 
$ ,CAPF, CSSPKW, CONF, CONL, COSTL, CAPCHG, CONMAT, CON~A2,CAF 
$ ,C~J, CTUR9, CDANG, CLUVR, CHAILS,-CVM 
$ ,D-IN,DEEPL,DESVEL,OESVELV,DESVELD,DENSIF 
$ ,EFFP, EFS 
$ ,FrR,FIPST,FIXL,FCOS,F~HX,FXTE~P,FACTOR,FRST,FACTORD,FSHOT,FDELJG 
$ ,FIXv,FIXTTD,FXTVAR,FxTTTD,FXTLWG 
$ ,GflEFF 
~ ,HXNP,HPCST,HCD 
5. ,IT"'AX, ITMIN 
$ ,JeoNC\ 
$ ,KCONV, KALEXT 
$ ,MXpT 
S ,NTA,NSJDES,NBUNHI 

C/)MMON 
S nOR 
$ ,pc;IZE, PER, PWCOS, PLANC, PFACT, POMDPL. 
$ ,POHRAF, POHF~N, POHLEC, POHCIR, POHCNO, POHSTC, POHSCL 
$ , R~P,REDUcE, REOUCV, ROOFL, RHOUT 
$ , nREJ, QREDUCE, QREDUCV 
$ ,SIr-MAG, SAAF, SEGL 
s ,Tn, TPO(4), TEFF, TLIM, THFIN, TLPRA, TFIX 
$ ,TCD, Tioi 
S ,UCS, uws 
S ,wrv, WATCONA, WATCOST 
$ ,VAS(5) 
S ,XOEPA, XW, XD 

CO"'MON /SUPPLY/ VAL(S), CPLN, CPIP, CCOS, 1013, COSM, EFF, 
$ QIN, CLANO, REAIR, Z,HRFAC2. 1014, 0, DELPW, PPOw, 
S FpOW, DELFC, WIDTH, ELENG, VAIR, VWAT, HI, HO, T'+, 
S REWAT, NW, NT, NP,PLANC2,PSIZ12, SPBP, SW4, Sw3, 
, ~PC,PTOTAL,PLANC3,SAFRON, AAIR, YFP, SPCD,pSIZ13, WT2, 
$ BPc, NW2, TCOS, DELPA,DELPWT,DELPWC,CONBAS, XNTSX, VELDX 
" TLAX, UCON, PMCST, rMCST, FBACC, EFFC, c8, CA, cs 
S, CLTC, CFC, CPCC, FITCO, CSC,CEPREP,DELPIP, AST,OLDCST 
$,cAPeS T, XNFAN,BLDANG, CPLEN, DPFEL, WHX, WTTUB; ADIA, ABLN 
S, WTHDR, WTFRM,STRUCC,CFPERF,HP_ERF, TOTCF, TPC, EFFIN, ANTU 
$, AIRFF, WATFF, XNMOD, TCTPF, ~OCPF, F"'TRC,-ACCTTP, ADJTP 
$, ACTSI'D, ADJBPD, ACTVH, ADJVH, ADJPPF, THPAIR, TCTF, AFCST 
$, ~~RD, WATERW, WSTRCT, CFOUND, HUBDIA, TowLEN, NUMTOW, CTOWD 
$ ,Sn RJ,SQRJS,ATUBC,CBA,TTDl,TTD2,DELPS,CSTLVR,PIPCSTD 
S ,Cc;rHS, CYLRNG, CFANEL, PSTACS, PUFITC, PMpCST, ~PTPL' SEPCST 
$ ,PwDf16I,WATCWD(16) ,DEPER(l6) ,DEPE~0(16) 
S ,W9B,HTOW,NTOWDE,CSTIF,CSJ,CVF,CDP,wS 

COt-l"'ON /SINK/ VAR(S), CPLNl, :PIP1, CCOSlt 
$ nY N1, CLAN1, REAlI, ZI,HRFA2S, 101'+1, 

W31, COSMl, EFFl, 
ul, DEPWl, PPOWl, 

OUT4 
OUT'­
OUT4 
OUT4 
OUT4 
OUT4 
OUT4 
OUT'­
BIGCO"1 
BIGC:l"1 
BIGCD" 
8IGC0"1 
RIGCO"1 
BIGCO'" 
BIGCO" 
BI GCO"1 
BIGCO~ 

BIGCOM 
8IGCO'" 
BIGCO"1 
BIGCD"1 
BIGCO'" 
BIGCO~ 

BIGCD~ 

BIGCOM 
BIGCO"1 
BIGCO" 
BIGCQ"1 
BIGCD" 
BIGCO'" 
BIGCO"1 
BIGCD~ 
BIGCO"1 
BIGCD'" 
BIGCO'" 
BIGCO'" 
BIGCO"1 
BIGCO~ 

5UPP:"Y 
SUPPLY 
SUPPL.Y 
SUPPLY 
SUPPL.Y 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPP"Y 
SUPPLY 
SUPPL.Y 
SUPP"Y 
SUPPLY 
SUPP~Y 

SI"IK 
SINK 

Z 
3 
4 
5 
6 
7 
A 
9 
2 
3 
4 
5 
fl 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
n 
28 
29 
30 
31 

2 
3 

" 5 
6 
7 
B 
9 

10 
11 
12 
13 
14 
15 
16 
17 
III 

2 
3 



~UA~()UTIN:: OUT4 74/74 OPT"'l 

~ _paWl. DEFCI. WIDTl, ELENI. VAIRI. VWATI. ~Il. '101. T41. 
$ R. WA 1, NWI. NTI. NP1.ZPLNC2.ZSIZ12. ZSP8~, SW41. SW31. 
$ SPCl. PTOT1. PLNC31. A.ROI. AAIR1,Y.P~IN. SPCDI. SPS13,WT2MIN. 
i B02MIN,NW2MIN, TCOSI. DEPAI. DPWT1, DPwCl,CON8Al, XNTS1, vELDl 
$, TLA1, UCON1, PMCSI •• MCSI •• BAC1, E •• Cl, CHI, CAl, C51 
$ ,CLTCI. CFCI. CPCC1,FITC01, -CSC1,CEPREl,DEPIPl, AST1,OLDCSl 
$,CAOC~1,XNFANl,BLDANl,CPLEN1,DPFELl, WHl, WTTUl, ADIl, ABLI 
~, WT~Dl, WTFR1,STRUC1.C.MPF1, ~PPF1,TOTC.I' TP1,E •• IN1, ANTUI 
$, AyR.Fl, WAT_.l, XN~ODi, TCTPF1, .DCPFI. F~TRC1, ACTTPI, ADJTPI 
$, ACT AP 1, ADJBPl, ACTVH1, ADJVH1, ADJPPl, T~PAI1, TCT.1, AFCSTl 
S, CS R I. WATERI. WSTRC1, CFOUN1, HUBDl1. TOWLE1. NU~T01, CTOWDI 
$ ,SORJ1,SORJ S1. ATUBCI,CBA1,TTD11,TTD21,DELPS1,CSTLV1,PIPCTD1 
S ,C«;THS1, CYLRN1. CFANE1, PSTAC1, PUFIn, PMPCSl, RPTPL1. SEPCS1 
q: ,PWDI fIb) .WATCIrID1 (16) .DEPERI (16) .DEPEROI (16) 
$ ,W=91,HTOlrll. NTOWDE1.CSTI Fl,CSJl,CV F1,CDP1,W51 
C()M~ON I~CALER/H~FACI. ATUB, CPERA, - SSCD,PLANC1,CASSS1, 

$ GAIR, FAIR. HPAIR, HPWAT, WLRTp, PLANCTI 
CO~MnN IDJBI DI,XDG,SF 

901 FnR~ATt~ CONDITIONS AFTER SCALING PLANT AND STEAM SUPPLY tBEFORE 
.SCALI"lG FOR FANS AND PUMPS)",T!'!B'''HRFAC2"'''.G15,7) 

906 FnP",ATllx,TB8,"PSIZ12::".G15.7," MW") 
911 FOR~AT(jX.TS","PLANC2"''',G15.7,,, 5/Kw'I) 
916 FOP~ATfIX,TS8,II SPAP",II. G15.9,II SII) 
Cl17 FOR~ATtlX,TB1,"BACK PRESSURE-".G15.7," IN. H(;'!) 

918 FnR~AT!]X,T79,IISAT TEMPERATURE,,",G15,9." DEG F") 
<:121 FnRMATI1X.T12,IIA~t.10NIA FLOW RATE ",G15.<:I." LB MASS I HR") 
9?3 FOR~AT(lX,T14,II HEAT REJECTED ".G15,9.11 BTU/HR") 
q26 FORMATID.Tl4,IIA!R FLOIIi RATE ". G15.9. II L8 MASS I HRII) 
931 FnR~ATtlX.Tl'+.~ PUMP POwER ". G15.9. " KILowf.TTS") 
936 FOR~ATfl'(.Tl4." FAN POwER ". G15,9. II KILOWATTS") 
Cl41 FoRMATflX.Tl4."HX SU~FACE AREA ". (;15,9. ~ SQ FT") 
Cl46 FOR0.4ATllx.T1 4 • 11 FRONTAL tlREA ". G15.9. " SG FT") 
951 FnR~ATflx.Tl1."\dDTH/LENGTH RATIO ". G15,9) 
956 FnR~AT/lX,T15,II WIDT'1 ".1l1.T45." TU8ES") 
961 FnRMATtlx.Tl5,II wIOTH ".G15.9." FEETII) 
q62 FnR~AT/lx,T9."NO. CONDENSER TUBES ".G15,9 
Cl63 FOQ~ATIlX.TR."CONDENSER TUBE LE'>JGTH ".G15.9,II FT.") 
Cl64 Fn~'-1AT/l)(.TI3,IIAMMONIA VELOCITY ".G15.9." FT/SEC") 
q65 FnR~ATtlx.T7."CONDENSER HT TRFI~ AREA ",G15.9," SO FT TOTAL") 

1001 FI'lR"IAT(lx."SCALlNG Fn~ FAN AND PUt.1P POwE~ REQUIREMENTS". 
• T8rlt"SCALING FACTO~ ". G15.9) 

1005 FnR~GT(lx,TB5." PSIZE ",G15.9." "IW") 
1006 FnRMATf!x.TA8. II PSIZ13 II, G15.9. ,. MW") 
lOll F(')R~ATllll.TA"."PTOTAL II,G15.9, II 104\0/") 
1016 F"OR~ATllX,TBB,IIPLANC3 ". G15.9." 5/KW") 
1(121 F('IR~ATtlX.TA8,II SPC ". G15,9,1I $11) 
1026 F('\F1~ATIlX.TB8,,, SPCD ".G15.9." !") 
BSBR FnRI-lATI1Hn,12(" •••••• ")11) 

WPITF."/6.ABRB) 
WLRT P = WI~Tl/ELENl 
IFf~\o/HIc~,NE,l) GOTO 2000 
wpITE/~.qOl) HRFA2S 
wpIT~fb.ClO~) ZSIZ12 
WPITEf6,Clll) ZPLNC2 
WPITF."f6,Q16) ZSPBP 
WPYTElh.917l BP2~IN 
WPln(&.Q1A)VAR(1) 

06/05/78 07.59.59 

SINK 
SI"IK 
SINK 
SI~K 

SINK 
SINK 
SINK 
SI '-JK 
SI'>JK 
SI"IK 
SI'>JK 
SJ'>JK 
SINK 
SINK 
SI"lK 
SCAL~R 

SCALER 
OUT4 
OUT4 
OUT4 
OUT4 
OUT4 
OUT4 
OUT4 
OUT4 
OUT4 
OUT4 
OUT4 
OUT4 
OUT4 
OUT4 
01lT4 
OUT4 
OUT4 
OUT4 
OUT4 
OUT4 
OUT4 
OUT4 
OUT4 
0'JT4 
OllT4 
OUT4 
OUT4 
OUT4 
OUT4 
OUT4 
OUH 
OUH 
OUT4 
OUT4 
OUT4 
OUT4 
OUH 
OUT4 
OUT4 
OllT4 

4 
5 
f 
7 
8 
9 

10 
1 1 
12 
13 
14 
15 
16 
17 
lA 

2 
3 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2B 
29 
30 
31 
32 
33 
34 
35 
36 
37 
3A 
39 
40 

" 1 42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 

" 

.. 



• 

C;UBFI(lUTINE OUTit 14/71. OPT-1 F"TN 4.5.414 06/05/7B 07.59.59 
• 

WQITE(6,921) \0131 OUT4 54 
WpITE (fI,9?3) 5QFlJ1 OUT" 55 
\rIpITE(6,926) w41 OUT4 56 
\oIpITE(6,Q31) (PPO\oll/11.+VFP~IN)) OUT4 57 
\oIpITE(6,936) (FPOW1/(1.+V FPM IN)) OUT4 58 
\rIRITE «(',941) (AhIR1/11.+VFP~IN)) OUH 59 
IrIRITE(6,q46) IAF"R01/(1.+vF"PMIN)) OUT4 60 
\rIRITE(b,951) WLRTP/(l.+VF"PMINI OUT4 61 
\oIQITE(6,9Sb) NIr/2~IN OUT4 62 
\rIQITEI6,961) \oIT2~It-..I OUT4 b3 
IrIRITEI6,965) ASTl OUT4 64 
Io/pITElb,962) XNTS1 OUT4 65 
\oIpITE(6,963) TLA1 OUT4 66 
WPITEI6,964) VELD1 OUT4 61 
RETURN OUT4 613 

2000 C(lNTTNUE OUT4 69 
WRITE(6,]OOl) 11.·YF"P~INI OUT4 70 
WRITE(6,]ooS) PSIZE OUT4 71 
\oIRITEI6,]OO6) SPS13 OUH 72 
WpITE(btl011) PTOn OUT4 73 
\rIFlrT~(6,1016) PLNC31 OUT4 74 
WRI TE (6']02]) 5PC1 OUT4 75 
WRITE(6,t026) speD1 OUT4 76 
WpITElf'o,9211 5\0131 OUT4 77 
IrIFltTElb,923) SQRJS1 OUT4 7e 
\oIRITE16,9261 5\0141 OUT4 79 
WRITf(6,9311 PPOW1 OUT4 80 
\oIFlITElb,9361 F"POWl OUT4 81 
\oIQtTE(6,941) /lAIRl OUT4 B2 
\oIpITE(b,946) AFR01 OUT4 83 
WPITElb,951)WLRTP OUT4 84 
\oIpITEI6,956) N\oIl OUT4 B5 
\oIRITE /6,961) WIon OUT4 B6 
\oIo1TEI6,965) AST1 • ( 1 • + YF"PMPO OUT4 87 
IrIRITE(6,9621 XNTSl • 1 1 • • YF"P~PO OUT4 88 
\oIRITE(6,Q631 TLA1 OUT4 89 
Io/OITE(6,964) VELDl OUT4 90 
FlnURN OUT4 91 
E"JD OUT4 92 



"'" 
cl/RP.(lUTI NE PTPCLP 74/74 OPT.: 1 FTN 4.5.41" 06/05/78 G7.59.59 

DATA [')IA~ I PIPCLP. 173 
$ h. 12. lB. Z4. 30. 36. PIPCLP. 174 
$ 42. 4B. 54. 60. b6. 12. PIPCL.P. 175 
$ 7Fl. 84. 90. 96. 102. 108. PIpC~R 176 
$ 1 1 4 • 120. 126. 132. 13B, 144. I PIPCLR 177 

C PIPCLR 17R 
DATA FLGCSTI PIPCLR 179 

$ .1 36, .520, 1,03 , 1.92 • 3,17 • 4,42 • PIPCLR lAO 
$ ~.A2 • 9,22 • 12,0 14,7 21 ,1 27.5 PIPCLR 1 Al 
$ 33, Q 40,4 46,B 53,2 59,7 66.1 PIPCL.R lt12 
$ 7;>.S 7B.Q 85,4 91,8 9B,2 105. I PIPCi-P 183 

C PIPCLR lB4 
DA TA TEECSTI PIPCLP. 185 

$ ,3 40 4. ,935. 1. 96 3,62 14,8 25,8 PIPCLR 186 
$ 31,7 37.6 53,4 69.i B7.Q 107. PIPCLP. lB7 
$ 126. 145, 163. lB2, 201, 220, PJPC .. R 188 
$ 239. 258. 277, 296. 31 4 • 333. I PIPCLR ltl9 

C PIPC"R 1 90 
DATA pIpCSTI PIPCLR 191 

$ ,06. .113. .147, ,219, .409. .599. PIPCi-R 192 
$ .720. .841. 1,08 , 1.31 • 1.57 • 1.8 4 • PIPCLR 193 
$ 2,1 n • 2,36 • 2.62 , 2.8B • 3,15 , 3.41 • PIPCL;::I 194 
$ ~.67 • 3.93 • 4,19 , 4,46 • 4.72 , 4.9!< I PIPC~P 195 

:; C PIPCLP. 196 
DATA VACSTI PIPC"R 197 

$ i'.II' • 7.09 • 16.9 26,7 52.2 71.B PIPC .. R 198 
$ 109. 1 it 1 • 164. 181. 213. 240, PIPCLR 199 
$ 26~. 293. 319. 346. 372, 399. PlpCI.R 200 

0 $ 425. 452. 478, 505. 531. 558, I PIPCLR 201 
C PIPCLR 202 

DATA ELCSTI PIPCLR 203 
$ .2'5. .715. 1.35 • 2.94 • 9,54 • 16.1 PlpCLR 204 
$ 27,4 38,8 51.9 65.1 87.6 110. PJPCLR 205 

~, $ 133. 155. 178. 200. 222, 245. PIPCLr:' 206 
$ 268. 290, 312, 335. 357, 380, I PIPCLR 207 

C PIPCL.R 201' 
DATA EL451 PIPCL.P. 209 

$ • 230. • 55B • ,947 • 2.16 • 7,67 • 13.2 PIPCLR 210 
r 5; 2(1.2 27.2 37.7 48.1 66,2 84.3 PIPCLP 211 

$ HZ. 120, 138. 157, 175. 193, PIpCL;; 212 

'" 211 • 229. 247. 265. 283, 301. I -P I PCLR 213 
C PIPCLR 214 

DATt. APIPCSTI PlpCLR 215 
5 S ,n3" • .073 • .096 , ,155. ,332. • 510. PIPC ... R 216 

$ • "'14, ,719. .939 • 1.16 • 1 ,41 , 1,67 PIPCLR 2'" • • I 

$ 1 • Q I • 2.1f- • 2.41 , 2.66 • 2,99 • 3,16 , PIPCLP 218 
$ 3.41 , 3.66 • 3.91 • 4. i 6 • 4,42 , 4.6 7 I PIPCLR 219 

Dh TA NFS.NFL 1200,2001 PIPCLR 220 
to C PIPCLR 221 

ICH:)Rr'l-NSIDES/4 PIPCLR 222 
IF(ICHORD,fQ.O) ICHORD " 2 PIPCL.P 223 
IrH~CK " ICHORD/2 PIPCLR 224 
IF(~.!CHECK~ICHORD.LT.O) ICHORD " ICHORD·l PIPCLP 225 

'5 IF(ICHopn.LE.O)STOP "IN PIPCLR ICHORO ,LE. ZE:RO" PIPCLR 226 
NRlI"IpnOaICHORD_NBUNHI PIPCLR 227 ". t·FHJ'Ja"lBU'.rPQ[') PIPCLR 228 
I=-(~)"'II'JP'i~.LE,(1)STOp "IN PIPCLR "'BUNPOD IS ZERe nR LESS" PIPC~P 229 



• 

• 

c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 

C 

C 

TCc;r 
THfTE 
TOWDII 
TQQCOST 
TRT()CST 

OPT"l 

($1000) 
- TEE COST (51000) 
- HEIGHT Or TOwER (rEET) 
- DIAMETER Or CIRCuLAR TOWER (rT) 
- TOTAL RETURN QUADRANT PIFING COSTS (S1000) 
- TOTAL RETURN DISTRIBUTION AND TOWER PIPING COSTS 

(S1000) 
TUBEL - LENGTH Or HEAT EXCHANGER TUBES (rEET) 
UPC~T - UNIT PIPE COST (SlOOO/FT) -
UPpoCsT - UNIT PIPE COST rOR EXTERIOR VERTICAL QUADRANT 

HEADER (51000) 
IJPVPCsT - UNIT PIPE COST rOR INTERIoR VERTICAL QUADRANT 

VIICST 
HEADER (51000) 

- VALVE COST (S1000), VALVES ARE MOTOR OPERITED 
BUTTERrLY VALVES 

06/05/78 07.59.59 

VEJCsT - COST Or AN EXPANSION JOINT IN THE INTERIOR VERTICAL 

PIPC",R 
PIPCL.P 
PIPC .. R 
FIPCL.R 
PIPCLR 
PIPCLP 
FIFCLR 
PIPCU" 
PIPCL.P 
PIPCLR 
PIPCLR 
PIPCL,R 
PIPCLR 
FIPC!.R 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCL,R 
FIPCLR 
PIPCLR 
FIPCLR 
FIPCLP 
FIPCLR 
FIPCLR 
PIPCLR 
PIPCLR 
FIPCL,R 
PIPCLR 
FIPCLR 
FIPCLR 
FIPCLR 
PIPCLR 
PIPCLR 
PIFCLR 
FIPCLR 
FIPCLR 
FIPCLR 
pIPCLP 
FIPCLP 
PIPCLP 
FIPCLR 
PIPCLR 
FIPCLR 
PIPCLR 
PIPCLR 
PIPC",R 
FIPCLR 
FIPCLR 
FIPCL.R 
PIPCLR 
FIPCLR 
PIPCLR 
PIPC .. R 
FIFC .. R 
PIPCI.R 

116 
11 7 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
12B 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
14(1 
141 
142 
143 
144 
145 
146 
147 
148 
149 
15(; 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
106 
167 
Ib8 
169 
170 
171 
172 

VELO 
QUADRANT PIPING (S1000) 

- rLUID VELOCITY BA&ED ON rLOW ~ATE AND NO~INAL FIPE 
DIAMETER (rT/sEC) 

VrLGCsT - COST Or FLANGE FOR THE INTERIOR VERTICAL QUADRANT 

VIoIE[lP 
VI')\< 
VREDUCR 

PfPING (S1000) 
- LENGTH Or INTERIOR VERTICAL QUADRANT HEADER (FEET) 
- VISCOSITY Or LIQUID AMMONIA (LBMlrT HR) 
- ALLOWABLE REDUCTION DIA~ETER BETWE~N ADJACENT 

QUADRANT HEADER s~CTIONs (S1000) -

COM~ON/FROP/CPW,THCONW,DENsIW,VISW,HrG, 

, CPV,THCONV,OENsIV,VI&V,sIGMA, 
$ CPA,THCONA,OENsIA,VI&A 

COM..,O"l IRPTRETI 
, SOELL, SDESVE, OIARD, DIART, sDOT..,A, OYNHOL 
t, HEORfZOO) 
S, Jr:I 
S, KR 
S, spIPCS 
5, QHEDR(200), QRLCsT 
5, RDIA(2no), RPCsT/200), RRCsT/200), RTCST(2no), RBrCST, RCosT 
$, r:lQDlA/200), RQPcsT/200),RQRCST/200).RQTCST(ZOO),REJCsT,RELCST 
" R~Lr,CST, RQCOsT, RTOCST 
$, STOWDI, TRQCOST, TRTDCST 

COMMON I~CDfMI Nrs,NrL 
CoMMnN IPMEI PMELEC 
COMMON IQPTRETI 

5 RPOyAIZOO), RVDII/ZOOll LR 
$, PHEDR/ZOO), VHEDR/ZOO) 
5. RORC5T/200), RVRCC;T/ZOO) 
$. ROTCST/200lt RVTCST/ZOO) 
S'PRL~5T, VRLCST 
S,RPPCC;f/200), RVPCST/200) 
S, ROCOt;T,RVCOsT 
S,yNT,"IRUN 

DTMENSION UFPPCsT(ZOO), UPVPCsT/200) 
DIMENC;ION UPIPCST(200) 
[')TMENStO~J DIAM/Z4), TEECsT/24), PIPCST/Z4 • ELCsT/24), EL4S/Z4) 

$, VAcC;T/24), rLGCST/24), APIPCsTIZ4) 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
e 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
r. 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

KP 

LAYER 
LR 
N~lJNPQD 

NFL 
NFS 
NPS 
NQ5 
NRLPQ 
PEJCST 

- IDENTIFIES QUADRA~T HEADER SECTION 
- NU~BER OF TUBE aU~DLE LAYERS PEP TOWER 
- IDENTIFIES VERTICAL QUADRANT HEADER SECTION 
- NU~8ER OF BUNDLES PER QUADRANT 
- UPPER LIMIT TO Nu~BER OF TUBE 8UNDLES PER QUADRANT 
- UPPER LI~IT TO NUMBER OF CIRCULAR TO~ERS 
- UPPER LIMIT OF THE NUMBER OF TOWER LAYERS 
- UPPFR LIMIT OF THE NUMBER OF ~HORDS PER QUADRANT 
- NIJMRER OF RETUNR l.INES PER QUADRAN't 
- cnST OF AN EXPANSION JOINT IN EXTERIOR VERTICAL 

QUADRANT PIPING ($1000) 
~FLGCST - COST OF FLANGE VE~TICAL QUADRANT pI~ING (JI000) 
pHEDR - LENGT~ OF VERTICAL QOADRANT HEADER SECTION (FT) 
PIPCST - 5[LO~ GROUND PIPE COST (S1000/FT) 
P1PCSTL - TOTAL CIRCULATIO~ RETURN PIPING COST (51000) 
POHCIR - INDIRECT COST FACTOR FOR CIRCULATION PIPING 
PREDUCR - ALLO~ABLE REDUCTION IN DIAMETER BETWEEN ADJACENT 

QUADRANT HEADE~ SECTIONS (INCHES) . 
PRLCST - COST OF 90 DEGREE-ELBOW AT EN~ nF QUADRANT HEADER 

($1000) 
QHEDR - LENGTH OF QUADRA~T HEADER SECTION (FT) 
Q~EDlJCR - ALLOWABLE REDUCT I ON 1 r, 01 AMETER BETwEEN ADJACENT 

QUADRANT HEADER SECTIONS (INCHES) 
QRLCST - COST OF 90 DEG ELBOW AT END OF QUADRANT HEADER 

(51000) 
R~FCST - COST OF BUNDLE FITTINGS ($1000) 
ReoST - COST OF MAIN CIRCULATION PIpING ($1000) 
Res~ - REDUCER COST ($1000) 
PEDUCER - ALLOWABLE REDUCTION IN DIAMETER BET~EEN ADJACENT 

MAIN CIRCULATION ~EADER SECTIONS (INCHES) 
REJCST - COST OF ExPANSION JOINT AT CONDENSER/REBOILER 

INLET ($1000) . 
RELCST - COST OF 9C DEG ELBOw AT END OF MAIN CIRCULATION 

HEADER ($1000) 
PFLGCST - TOTAL COST OF APPROPRIATE FLANGES AT CONDENSER/RE-

BOILER INLET (51000) 
- DENSITY OF A~~ONIA LIQUID (LBM/CUFT) 
- COST OF PIPE FOR MAIN CIRCULATION HEADER ($1000) 
- COMPONENT DIAMETER OF EXTERIOR VERTICAL QUADRANT 

HEADER SECTION (I~CHES) 

PPRCST - cnST OF REDUCER FOR EXTERIOR VERTICAL Q~ADRANT 
HEADEP (S1000) -

PPTCST - cnST OF TEE FOR EXTERIOR VERTICAL QUADRANT HEADER 
($1000) 

RQCOST - COST OF QUADRANT PIPING ($1000) 
RQDIA - COMPONENT DIAMETER OF QUADRANT HEADER SECTION 

RGlPCST 
P~RC5T 

R~CST 
preST 
RTDC'5T 
RVDIA 

(! NCHES) 
- COST OF PIPE FOR QUADRANT HEADER (S1000) 
- COST nF REDUCER FOR QUADRANT HEADE~ ($1000) 
- COST OF REDUCER I~ M~IN CIRCULATION HEADER ($1000) 

COST OF TEE IN MAIN CIRCULATION HEADER (11000) 
- COST OF DISTRIBUTION AND TOWER PIPING (S1000) 
- COMPONENT DIAMETER OF INTERIOR VERTICAL QUADRANT 

HEADER SEcTION (INCHES) 
PVRCST - COST OF REDUCER FOR INTERIOR VERTICAL QUADRANT 

HEADER ($1000) 
PVTCST - COST OF TEE FOR INTERIOR VERTICAL QUADRA~T HEADER 
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PI Pc, .. p 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCU; 
PIPCLR 
PIPC"'i< 
PIPCLP 
PIPC"'R 
PIPCL~ 

PIPCLP 
PIPC"-P 
PIPCL.R 
PIPCLR 
PIPCLR 
PIPCLP 
PI PC ... :' 
PIPC"'R 
PI;>CLP 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPC"-P 
PIPC"-P 
PIPCLR 
PIPC"-P 
PIPC"'R 
PI;>CLR 
PIPCLR 
PIPCLP 
PIPC"'P 
PIPC"-R 
PIPCL'l 
PIPCLR 
PIPCL'l 
PIPCLR 
PIPCLP 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCL.R 
PIPCLP 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLP 
PIPCLR 
PIPCLP 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 

59 
60 
61 
62 
b3 
64 
b5 
66 
67 
bf< 
69 
70 
71 
72 
73 
74 
7<:. 
76 
77 
H 
79 
AG 
81 
82 
83 
810 
85 
86 
87 
Fi8 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
1 14 
1 15 

• 

~. 



• 

• 

.. 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C' 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

74/74 OPTcl 06/05/79 07.59.59 

SURPOUTINE PIPCLR(CTOW.TOWDIA.DOT~A.DIST,DESVELL.BUNWIDT,REDUCP, 
~ QQEDUCR,POHCIR,NSIDES,HTO~,~BU~HI.TUBEL,OELL'PIPCSTL) 

THIS SUBROUTINE DESIGNS AND COSTS THE RrTUPN PIPING SYSTEM 
-HICH TRANSPORTS THE LIQUID A~MONIA. THIS INCLUDES ALL THE 
PIPE. VALVES, AND FITTINGS BETWEEN THE HEAT ~XCHANGER AND 
THE CONDENSER/REBOILER. PI~E DIAMETER IS DETERMINED FROM THE 
AMMONIA FLOW RATE AND THE LIQUID DESIGN VELOCITY. VALVE AN' 
FITTING SIZES CORRESPOND TO THE PIPE SIZES WITH THE SAME 
FLOW RATE. 

D~FI~ITION OF VARIABLES 

APIPCST - ABOVE GROUND PIPE COST (SlOOO/FT) 
BRCHDIA DIAMETER OF DISTRIBUTION PIPING OR BUNDLE FITTINGS 

(INCHES), IS USED TO GET "BRANCH" PORTION OF THE 

~RCST 
RUNiliIDT 
cnANG 
Cl:lw 
CTow 
DELL 

TEE COSTS 
- COST OF "BRANCH" PORTION OF TEE COST (SlOOO) 
• WIDTH OF TUBE BU'IIDLE (FT) 
- ANGLE OF DELTA HEAT EXCHANGER (DEGREES) 
- SPECIFIC HEAT OF A~MONIA LIQUID (BTU/LBM DEG F) 
- NUMBER OF CIRCULAR TOWERS 
- PRESSURE DROP IN RETURN CIRCULATION PIPING FOR 

LIQUID AIiIMONIA (PIiF) 
nELPBR - PRESSURE DROP IN BUNDLE FITTINGS IPSF) 
DELPD.T - PRESSURE DROP IN DIsTRIBUTION PIPING. TOWER PIPIN3 

(T). (PSF) 
nELRH,Q - PRESSURE DROP IN ~AIN CIRCULATION HEADER. QUADRANT 

HEADER (Q). (PSF) 
DENSIW - DENSITY OF AMMONIA LIQUID ILBM/CU FT) 
DEPRP.V - PRESSURE DROP IN EXTERIOR VERTICAL-PIPING I~), 

INTERIOR VERTICAL PIPING (V) 
DESVELL - AMMONIA LIQUID DESIGN VELOCITY 1FT/SEC) 
DIAP - DIAMETER OF MAIN CIRCULATION RETURN HEADER IINCHES) 
DrAPD - DIAMETER OF DISTRIBUTION PIPING (INCHES) 
aIAPT - DIAMETER OF TOWER PIPING IINCHES) 
DIST - DISTANCE FROM CONDENSER/REBOILER TO BOUNDARY OF 

TOWERS 1FT) 
DOTMA - TOTAL MASS FLOW PATE ILBM/HR) 
DOTMAA.a.T - MASS FLOW RATE TO TUBE BUNDLE, QUADRANT IQ), 

TOWER IT). ILBM/-l9) 
DOTMAE,!- MASS FLO" RATE TO EXTERIOR (E) AND INTERIDp (I) 

DOTi:<EM 
DVNHDL 
ELCST 
FL4'3 
fClLEN 
FLGCST 
HEAD 

HED~ 
ICHQP[) 
ID 
INT 
IT 

VERTICAL QUADPA~T PIPING (LBM/HP) 
- FLOw RATE REMAINING IN HEADEP SECTION (LBM/HR) 
- DYNAMIC HEAD LOSS (FT OF AMMONIA) 
- 1:10 DEG EL~OW COST (SlOOO) 
- 4S DEG ELBOW COST IS1000) 
- EQUIVALENT LENGTH (FT) 
- FLANG~ COST (SlOOO) 
- HEAD ~OSS (FT O~ AMMONIA/100 FT OF EQUIVALENT 

U'NGTHI 
- LfNGTH OF MAIN CIRCULATION HEADER SECTION (FT) 
• NUMREP OF CHORDS PEP QUADRANT 
• INDEX REFERS TO DISTRIBUTION PIPING 
- NUMBER OF INTERIOR VERTICAL QUADRANT RETURN LINES 
- INDEX REFERS TO TOWER PIPING 
- INDENTIFIES MAIN CIRCULATION HEADER SECTION 

PI"C"'R 
PIPC~R 

PIPCI..R 
PIPCLP 
PIC>C .. P 
PIPCLR 
PIPCLi:< 
PIPCLR 
PlpC"'i:< 
PI"CL~ 
PIPCLR 
PIPCLR 
PIPCLR 
PIPC~R 
PIPC~R 
PIPCLR 
PIPCL~ 
PIPC~i:< 

PIPCLR 
PI PCLR 
PIRCLR 
PIPC"'i:< 
PIRCLi:< 
PIC>CLi:< 
PIPCL~ 
PIPCLP 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLP 
PIPCLR 
PIPCLR 
PIC>CLR 
PIPCLi:< 
PJPC~P 
PIPCLR 
PIPCLi:< 
PIPCLi:< 
PIPCLP 
PIPCLR 
PIPCLR 
PJPCLR 
PIPCL.R 
PIPC~P 

PIPCLR 
PIPCL.R 
PIPCLP 
PIPCLi:< 
PIC>CLi:< 
PIPCLP 
PIPCLR 
PIPCLi:< 

2 
3 
4 

5 
6 
7 
8 
9 

1 0 
11 
12 
13 
14 
15 
16 
17 
III 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
3A 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
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C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 

c 
C 
C 
C 

D~T~tT-DOTMA/CTO~ 
DOTMAQ-D"TMAT/ .. , 
DOT~AB.DOTMAQ/N8UNPQD 

CnNST1.4./13.1416-360C.) 
RCOCi"'.". 
RQC~ST.(I. 
DO 1 I-l,NFS 
PRCST(I).O. 
Dn 2 1-1,NFL 

2 RQRCe:T(l)-O. 
DELClH.O. 
DEL~Q.O. 
DEL~P.O. 

DEL~v-O. 
RVC'lST-C. 
RPCnST.O. 
NOS=10 0 
NPS.l00 
PrLCST.O. 
RFLGCSTo:O. 
PfJCST.O. 
DO 40 lo:1,NFS 

40 RRCc;T!I).O. 

T~E DENSITY AND VISCOSITY OF THE AMMONIA LIQUID ARE ASSUMED 
eONSTANT IN THE RETURN PIPI~G AND ARE EVALUATED AT THE HEAT 
EXCHANGER OUTLET CONDITIONS. -

RHO .. DI!NSIW 
VIS"VISw 
CONST2.4.-14 4 ./(3.1416-3600.) 
JR=l 
DflTC!EM·DOTMA 

IN THE STATEMENTS THROUGH 4T • 1 THE MAIN CIRCULATION PIPING 
TS DESIGNED AND COSTED. T~E PRESSURE DROP IS DETER~INED ~OR 
PII"'PING RfQUIREMENTS. 

CALL HEADER TO DESIGN AND COST THE COMPONENTS OF HEADER 
SECTION JR. ALL HEADER SECTION COMPONENTS APE DETERMINED 
BETWEEN STATEMENTS 43 AND 42 • 1. 

43 CALL HEADERIDOTREM.DOTMAT,DESVELL.~HO.REDUCR,JR.l'DJAJ. 
$DIA~.TeST,RCST,UPCST.RELCST.RFLGCST'REJCST) 

TIoIE DIAMETER OF HEADER SECTION JR (OlAR) IS REPLACED BY DIAJ 
IN ORDER TO COMPARE THE DIAMETER OF SECTION JR WITH SECTION 
JR • 1 TO DETERMINE REDUCER REQ~IREMENTS. RDIA IS THE STORED 
VALUE OF THE DIAMETER OF HEADER SECTION JR. -

DJAJ=DIAR 
RDIAIJR)cOIAR 
PTCC;T (JR) c TCST 

ASSIGN THE COST OF A REDUCER TO THE PRECEDING HEADER SECTIO~. 
T~E COST OF A REDUCER IS BASED ON THE LARGEST DIAMETER OF 
T"'E REDUCEP. 

PlpCl.R 
pJpCLR 
pIPC~1< 

pIPCl.R 
PIPC~R 
PIPCLR 
PIoCLR 
PJPCLR 
PJOClR 
PIPCLI< 
PIPCLP 
PIPCLR 
PIPCLR 
PIPCL.~ 

PJPCL'< 
PJPCLR 
PIPCLP 
PJPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PJoCLR 
PJPCL~ 
PIPCL~ 
PJ::>CLR 
PJPCL.R 
PlpCLR 
PIPCLR 
PIPCLR 
pJPCLR 
PIPCLR 
PJPCLR 
PIPCLR 
PIPCL~ 
PIPCLP 
PJPC"-R 
FJPC"'R 
PJPC"-R 
PJPCLR 
PIPCLP 
PJPC"-R 
PIPC"'R 
PJPCLR 
PJPCLR 
PIPCLR 
PJPCLR 
PIPCLR 
PJPC"-R 
PlpCLR 
PJpC"'R 
PIClCL,.R 
PJPCLR 
PJpCLR 
PlpCLR 
PIPCLR 
PI?CL,R 

230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
27'1 
278 
279 
2BO 
2Bl 
282 
283 
284 
2A5 
286 

• 

• 

,. 
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C 

C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
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Ir(J~.GT.l) R~CST(J~·l)_RCST 
U~I~CST(JR)KU~CST 

DETER~INE LENGTH Of HEADER 'ECTION. THE fIRST HEADER SECTIO~ 
IS DESIGNATED HEADER SECTION 1. ALL EVEN NUMBERED HEADER 
SECTIONS A~E EFFECTIVELY ZERO LENGTH BECAUSE THE CIRCULAR 
TOWERS ARE ~AIRED ON O~~OSITE SIDES OF THE MAIN CIRCULATION 
HEADER. THERE IS ONE HEADER SECTION DESIGNATED FOQ EACH 
CIRCULAR TOWER. 

Ir(J~.!:Q.lI GO TO 10 
IF( ... OD(J~.2).EQ.0) IofEDR(JR)KO. 
IF(~ODIJ~.2).NE.0) HEDR(JR)K1.5*TOWOIA 
GO TO 11 

10 HED~(J~).DIST •• 5.TowDIA 
11 CONTYNUE 

D!:TE~~INE THE HEAD LOSS AND ~RESSURE DRO~ IN HEADER SECTION 
JR. THE EQUIVALENT LENGTH INCLUDES AN LID O~ 20 FOR THE TEE 
"RUN". 

E~LEN.HEDR(JR).20.*DIAR/12. 
VELO~DOTREM.CONST2/(RHO·DIAR*DIAR) 
CALL HYDLOS(DIA~.VELO,VIS.RHO;2.~EAD) 
DELRH-DELRH.HEAO*RHO*EQLEN/I00. 

SUBTRACT OUT THE FLOW TO ONE CIRCULAR TOWER TO GET THE FLOW 
IN HEAD~R SECTION JR • 1. 

DOTRE~-DOTRE~·DOTMAT 

If THE REMAINING FLOW IS ZEQO THEN THE LAST HEADER SECTION 
HAS BEEN DESIGNED. 

Ir(DOTREM.LE.O,) GO TO 42 
JFlKJJ:!.1 
Ir( JR .GT, NFS) PI~CSTL - 1.E.40 
Irl JFI .nT. NrS) RETURN 
GO TO 43 

DETERMINE THE DIAMET!:R Of THE DISTRIBUTION ~I~ING. 

42 BJ:!CHDYAaSQRT(DOT~AT.CONSTl/(RNO.DESVELL».12. 
Ir(9RCHDIA.LT.DIA~(1» BRCHDIAzDIA~(1' 
DO 44 1.1,23 --
II-Y 
IF(~FlCHDIA.DIAM(II»·5,45.44 

44 CONTINUE . 
45 RPCHDIAaDIAM(I!) 

THE COST OF A TEE IS ASSU~ED TO BE .67 TIMES THE COST Dr A 
TEE OF THE "RUN" DlA"1ETER ~LUS .33 TIMES THE COST OF A TEE 
OF THE "BRANCH" DIAMETER. THE "RUN" ~ORTION WAS DETER~INED 
IN SUBROUTINE "HEADER". THE "B~ANCH" ~()RTION IS DETERMINED 
HERr. 

~IPCLR 
~I~CLR 
~I~CLR 
PIPCLR 
PI~CLR 
PI~CLR 
~I~CLR 
PI~CLR 
PIPCLR 
PI~CLR 
PI~CLR 

~IPCLR 
PI~CLR 
PIPCLR 
PIPCLR 
PI~CLR 
~I~CLFI 
PIPCLR 
PIPCLJ:! 
PI~CLR 
~I~CLJ:! 
~I~CLR 
~IPCLR 
PIPC~R 
~I~CLR 
PIPCLR 
~IPCLR 
~I~CLR 
~IPCLR 
PI~CLR 

~IPCLR 
~I~CLR 
PIPCLR 
PI~CLR 
~IPCLR 
~I~CLR 
PI~CLR 
PI~CLR 
PIPCLR 
~IPCLR 
PIPCLR 
PIPCLR 
~IPCLR 
~IPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PI~CLR 
PIPCLR 
PIPCLR 
~IPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 

287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
32R 
329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 
343 



C 
C 
C 
C 
C 

C 
C 
C 
C 
C 

C 
C 
C 
C 
C 

C 
c 
C 
C 
( 

( 

c 
C 
C 

8RC~TK.33*TEECST(III 

n(l 46 I~l "JR 
~TC~T(!).RTCST(I)·BRCST 

46 RDC5T(I).UPIPCST(II.HEDR(II 
~TCc:;T(JRI"O. 
D(l 47 I"l.JR 
IF(I.LT.JR)RCOSTzRCOST.RDCST(II.RRCST(I).RTCC:;TfII 
IF(y.EQ.JPIPCOST~PCOSi.RPCST(II.RRCST(II.RELCST 

47 C(lNTINUE 
RCOc:;T .. RCOST.RFLGCST.REJCST 

TN THE STATE~ENTS THROUGH 51 • 4 THE DISTRIRUTION PIPING IS 
nESIGNED. INOEXES FOP UNIT COST ARRAyS ARE DEFIN£O. 
PRESSURE LOSS IS EVALUATED. 

~IARO·5QRT(DOTMAT·CONSTI/(RHO·DESVELL) ).12. 
I'(j!ARD.LT.DIA~(l) )OIARD=OIAM(ll 
DO 50 hl.23 
ID=I 
IF (r"JIAPD.DIAM(ID) 151.51.50 

SO CON,!,! Nl'JE 
51 DIARD.DIA~(ID) 

TME EQUIVALENT LENGTH INCLUDES THE LENGTH OF PIPE CONNECTING 
THE ~AIN CIRCULATION HEADER TO THE TOWER DISTRIBUTION HEADE~. 
THIS LENGTH IS ASSU~ED TO ~t .2 TI~ES THE TOWER DIA~ETER. 

EnL~N .. ;?TOwDIA.200 •• DIARD/12. 
VELn.DOTMAT·CONST2/fRHO*DIARD-OIARD) 
CALL HVDLDSfDIARD.VELO.VIS.RHO,Z.HEADI 
DELPD.~EAD.RHO.EQLEN/IOO. 

IN THE STATEMENTS THROUGH 53 • 4 THE TOWER pIPING IS 
DESIGNED. INDExES FOR UNIT COST ARRAyS ARE ~EFINED. 
PRESSURE LOSS IS EVALUATED. 

DJA~T.~QRT(DOTMAQ·CONST1/(RHO.OESVELL)I.12. 
IF(nIART.LT.DIAM(l) )DIART=DIAM(11 
D('I 52 1:1.23 
IT:! 
IF(~:llART .. D!AM(ITI153,S3.52 

S2 CCINTINOE 
53 DyARTaDIAM(ITI 

EnL~N.TowDIA·bO •• DIART/12. 
VEL~_nOTMAQ.CONST2/(RHO·DIART.DIARTI 
CALL HYDLOS(DIART,VELO.VIS,RHO.Z.HEADI 
DELPT-HEAO.R HO.EQLEN/100, 
DE LTD • DELPT • DELPD 

SUM THE PRESSURE DROPS IN T~E TOWER AND DISTRIBUTION PIPING. 

COMPUTE THE COST OF THE DISTRIBUTION AND Tow£R PIPING. PIPE 
LENGTHS INCLUDE THE LENGT~ OF PIPE CONNECTIN~ THE MAIN CIRC" 
ULATIDN HFADER TO THE TOWER DISTRIBUTION HEADER (,2.TOWDIAI 

PIPe:"R 
PIPCLP 
PIPCLR 
PIPCLP 
PIPCLR 
PIPCLP 
PIPCLR 
PIPC,-R 
PIPCLR 
PIPCLR 
PIPCLP 
PIPC~R 
PIPCLF1 
PIPCLR 
PIPCLI< 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLFl 
PIPC,-R 
PIPCLP 
PIPCLP 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PI",C~R 
PlpCLR 
PIPCLI< 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
P!PCLR 
PIPCLF 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
FIPCLIl 
PIPCI.R 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCI.R 
PIPC .. R 
PIPCLR 
PIPCLR 
PIPCI.R 
PIPCLR 
RIPCLR 
PIPCLI( 

3"4 
3"5 
346 
347 
348 
3"9 
350 
351 
352 
353 
354 
355 
356 
357 
35R 
359 
360 
361 
362 
36~ 

)64 
365 
3b6 
367 
368 
369 
370 
:H1 
372 
373 
314 
375 
37f> 
377 
378 
)79 
380 
381 
382 
383 
384 
385 
386 
387 
388 
38r; 
390 
391 
392 
393 
394 
3<;15 
396 
397 
398 
399 
400 

• 

.. 
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c 
c 
c 
c 
c 
c 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 

AND THE TOTAL LENGTH OF PIPE CONNECTING THE TOWER 
DISTRIBUTION HEADER TO THE FOUR QUADRANT HEADERS (3.25. 
TOWDIA). THESE LENGTHS ARE-GENERAL APPROXIMATIONS. THE 
TOWER DISTRIBUTION HEADER IS ASSUMEO TO APPROXIMATE THE 
COST OF FOUR TEES. INDEX "10" REFERS TO THE DISTRIBUTION 
PIPING, "IT" TO THE TOWER PIPING. 

RTDCST •• 2.TOWDIA.pIPCST(ID).4 •• e.67·TEECST(ID) •• 33 .TEECSTeIT)) 
S·3.?5. TOWDIAePIPCSTIIT)'10.-ELCST(IT)+2 •• EL4S(IT) 
S'4,_VACST(IT)·S.eFLGCST(IT) . 

TRTDCSTzRTDCSTeCTOW 

IN THE STATEMENTS THROUGH 67 + 11 THE QUADRANT PIPING IS DE­
SIG~ED AND COSTED. THE PRESSURE LOSS IN THE QUADRANT HEADER 
AND eUNDLE FITTINGS IS DETER~INED. 
THE QUADRANT PIPING CAN BE 5EPARATED INTO TWO GROUPS- THE 
POPTION THAT RUNS ALONG THE BASE OF THE QUADRANT AND 
OISTRIBUTES NH3 TO THE CHORDS IHORIZONTAL) AND THE 
PIPING THAT DISTRIBUTES NH3 TO THE TUBE BUNDLES (VERTICAL) 

EACH QUADRANT MUST HAVE INDEPENDENT PIPING SO THAT PARTIAL 
SHUTDOWN IS AVAILABLE, THE TUBE BUNDLES ARE INSTALLED WITH 
A SLIGHT SLOPE TO ACCOMODATE THE FLOW O~ NH3 LIQUID. TO 
FACILITATE DESIGN EACH QUADRANT MUST HAVE AN EVEN NUMBER OF 
eHORDS. . 

TO OESIGN THE VERTICAL RETURN PIPING TWO SITUATIONS MUST BE 
eONSIDEREO-THE PIPING AT THE ENDS OF THE QUADRANT {EXTERIOR) 
WHICH SUPPLIES ONLY ONE CHoRD AND THE PIPING INBETNEEN THE 
EXTERIOR PIPING (INTERIOR) WHI~H SUPPLIES TWO CHORDS. 

DOTMAE AND DOTMAI ARE THE FLOWS TO THE EXTERIOR AND 
I~TEPIOR VERTICAL PIPING, R[SP~CTIVELY. 

DESIGN AND COST THE HORIZONTAL QUADRANT PIPING 

NRLOQ - ICHORD/2 • 1 
IFINRLPQ.GT.200) STOP "IN PIPCLR NRLpQ EXCEEDS 200" 
DO 60 I.l,NRLPQ 

60 RaReST II) aO. 
Kp.. i 
D('ITI~E"'·DtlTMAQ 
DOT~AE.DOTMAQ/ICHORD 
DOT~AI.2.-DOTMAE 

63 DOTIo4AH-DOH1AI 
IFI~R,£Q.1.0R.KR.EQ.NRLpQ) DOTMA~-DOTMAE 
CALL HEADERIDOTREM,DOTMAH,DESVELL,RHO,QREDUCR,KR,O'DIAJ.DIAR,TCST, 

SRCST,UPCST,QRLCST,QFLFCST,QEJCSTI 

THE DIAMETER OF HEADER SECTION KR (DIAR) IS REPLACED BY DIAJ 
IN ORDER TO COMPARE THE DIAMETER OF SECTION KR WITH KR.l TO 
nETERMINE REDuCER REQUIREMENTS. RQDIA IS THE STORED VALUE OF 
THE DIAMETER OF HEADER SECTION KR. . 

DIAJ=OIAR 
RQDIA(I<R).DIAR 

PIPClR 401 
PIPCLR 402 
PIPCLR 403 
PIpCLR 404 
PIPCI.R 405 
PIPCI.R 406 
PIPCLR 407 
pIpCI.R 408 
PIpCLR 409 
PIPCLR 410 
PIpCLR 411 
PlpCLR 412 
PIPCLR 413 
PIPCI.R 414 
PIPCLR 415 
PIpC .. R 416 
PIPClR 417 
PIPCLR 418 
PIPCLR 419 
PIPCLR 420 
PIPCLR 421 
PIPCLR 422 
pIpCLR 423 
PIPCLR 424 
PIoC~R 425 
PIPCLR 426 
PIPCLR 427 
PIPCLR 428 
PIPCLR 429 
PI PC:"!:! 430 
PlpCLR 431 
PIPCLR 432 
PIPCLR 433 
PIPCLR 434 
PIPCLR 435 
PIPCI.R 436 
PIPCI.R 437 
PIPCLR 43B 
PIPCLR 439 
PIPCLR 440 
pIPCLR 441 
PIPCLR 442 
PIpCI.R 443 
PIPCLR 444 
PIPCLR 445 
PIPCLR 446 
PIpCLR 447 
PIPCLR 448 
pIPCLR 449 
pIpCLR 450 
PIpCLR 451 
PIPCI.R 452 
PIPCLP 453 
PIPCLR 454 
PIPCLR 455 
PIPCLR 456 
pIPCLR 457 



C 
C 
C 
C 
C 

C 
C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 
C 
C 

C 
c 
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R~Tc~TtKR).TCST 

ASSIGN THE COST O~ A REDUCE~ TO THE PRECEDING HEADER 
SECTION. THE COST O~ A REDUCER IS BASED O~ THE LA~GEST 
DIA~ETER OF THE REDUCER. 

IF(~R.GT.l) RQRCST(KR·l)cRCST 
UpIgCST(~Rl.UPCST 

THE ~IRST QUADRANT HEADER IS ASSUMED TO HAVE ZERO LENGTH. 
THE PIPE LENGTH ~DR THE RE~AINING SECTIONS I? THE CHORD 
LEIIJGTH (TUBELl. 

I~(~R.EQ.l) QHEDe(KR).O. 
I~t~R.(JT.l' QHEDR(KRlc2._TUB£L 

DETERMINE THE ~EAD LOSS AN9 PRESSURE DROP IN THE HORIZONTAL 
aUAORANT HEADER SECTION. 

EaLENIIQHEDR(KR)'20.-DIAR/12. 
VELOc DO TREM*CONSTl/(RHO-DIAR*OIAR) 
CALL HYDLOS(bIAR,VELO,VIs,RHO,2,~EAD) 
DELRQ·~ElRQ.HEAD.RHO*EQLEN/I00. 

SUBRTACT OUT THE ~LO~ TO ONE TUBE BUNDLE. IF THE ~LOW 
REMAINING IS ZERO THEN THE L.AST HORIZONTAL QUADRANT HEADER 
SECTION HAS BEEN DESIGNED. 

DOTeEMIIDOTREM·DOTMAH 
I~(~OT"EM.LE.Ol (;0 TO 62 
KeaKP·l 
I~(KR.GT.NQS) PIPCSTL. c l.E'40 
I~t~R.GT.NQS) RETURN 
G() TO 63 

62 C('INTI NUE 

NOW DESIGN THE VERTICAL. QUAORAIIJT HEADER PIPING. THE 
EXTERIOR PIPING ~ILL BE DESIGNED FIRST. 

I~ tIlJBU~HI.GT.200l STOP "IN PIPCLR LAyER EXCEEDS 200 11 

DO 70 hi ,NBUNHI 
70 RPRcSTtI).O 

LR C l 
DQTRE""DOTMAE 

73 CALL HEADER(DOTREM,DOTMAB,DESVELL,RHO,PREOUCR,LR,O,OIAJ,DIAR,TCST, 
!RCST,UeCST,PRL.CST,PF'L.GCST,PEJCSTI 

THE DIAMETER OF' HEADER SECTION LR tDJAR) IS REPLACED BY DIAJ 
YN ORDER TO COMPARE THE DIAMETER O~ SECTION LR WITH LR,l TO 
~ETERM!NE REDUCER REQUIREMENTS. RPDIA IS THE STORED VAL.UE OF 
T~E DIAMETEP O~ HEADER SECTION LR. -

DTAJcDIAe 
RPDIAILelcDIAR 
RPT,:STtLR)a:TCST 

ASSIGN THE COST O~ A REDUCER TO THE PRECEDING HEAOER SECTION. 

,f' 

PIPCL.R 
PIPCL.R 
PIPeLR 
PIPCLR 
PIPCL.R 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCL.R 
PIPCL.R 
PIPCLP 
PIPCLI< 
PIPCLR 
PIPCL.R 
PIPCLR 
PIPeL.R 
PI;)CLR 
PIPeLR 
PIPCLR 
PIPCLR 
PIPCL.R 
PIPCLR 
PIPCL." 
PIPCLR 
PIPCLR 
PIPC .. R 
PIPCLR 
PIPCL.R 
PIPCLR 
PIPCLR 
PIpCLR 
PIPCL.R 
PIpCLR 
PIPCLR 
PIPC .. R 
PIPCL.R 
PIPeL.R 
PIPCLR 
PIPeLR 
PIPCI..R 
PIPeLR 
PIPCLR 
PIPCLR 
PIPCL.R 
PIPCLR 
PIPCL.R 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCL.R 
PIcCLR 
PIPCL.I< 
PIPC.R 
PIPCI.R 
PIPC .. R 
PIPCLR 
PICCLP 

458 
459 
460 
4bl 
4b2 
463 
464 
465 
466 
4b7 
46B 
469 
470 
471 
472 
473 
474 
475 
476 
477 
478 
479 
480 
4Bl 
482 
483 
4B4 
4B5 
496 
487 
4B9 
489 
490 
491 
492 
493 
494 
495 
4% 
497 
498 
499 
50(1 
501 
502 
503 
504 
505 
506 
507 
SOB 
509 
5H 
511 
512 
513 
SIlo 

• 

• 
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C 
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C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 

C 

C 
C 
C 
C 
C 
C 

C 
C 
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T~E COST Of THE REDUCER IS 8ASED ON THE LARG~ST DIAMETER 
l"f THE REDUCER, 

IfILR.GT,l) RPRCSTILR-l)aRCST 
UpPPCSTILR)aUPCST 

T~E fIRST QUADRANT HEADER IS ASSUMED TO HAYE ZERO LENGTH, 
THE LENGTH Of THE TEE IIRUNII·IS ~SSUMED TO BE 1,75 TIMES THE 
PIPE DIAMETER, THIS LENGTH IS SUBTRACTED, 

I~ILR,EQ,ll PHEDRILR)-O. 
If(LR.GT.l) PHEDR(LR)aBUNWIDT-l,75*DIAR/12, 

D£TERMINE THE HEADLOSS AND PRESSURE DROP IN THE EXTERIOR 
YERTICAL QUADRANT HEADER SECTION, 

EQL~NaPHEDR (LR) .20,*DIARIl2, 
DELRPaOELRP.HEAD*RHD*EQLEN/100. 

SUBTRACT THE fLOW TO ONE TUBE BUNDLE, If THE fLOW 
REMAINING IS ZERO, THEN THE LAST YERTICAL ExTERIOR QUADRANT 
MEAnER SECTION HAS BEEN DESIGN~D, 

DOT~E~.DOTREM-DOTMAB 
IfIDOTItE"1,LE,O,) GO TO 72 
U~·LR.l 
IrILR,GT,NPS) PIPCSTL a l.E.40 
I~ILR.GT,NPS) RETURN 
Go TO 73 

72 CONTINlJE 

Nnw DESIGN THE INTERIOR PORTIl"N Of THE VERTI~AL QUADRANT 
HEADER PIPING. 

DETERMINE THE NUMBER Of INTERIOR RETURN LINES. 

INT:ICHORD/2-1 
IrIINT.LE,O) GO TO 90 

D(I eO t-l,NBUNHI 
eo FlVRCSTII)*O. 

LPl:l 
DOTPElo4aDOTMAI 
DOTM~Va2.*DOTMAB 

83 CALL HEADERIDOTREM,DOTMAY,DESYELL.RHO'YREDUCR,LR,o,DIAJ.DIAR,TCST, 
SRCST,UPCST,YRLCST,yfLGCST,YEJCSTJ 

T~E DIAMETER Of HEADER SECTION LR IDIAR) IS REPLACED BY DIAJ 
IN ORDER TO COMPARE THE DIA"ETER or SECTION LR WITH LR.l 
TO DETERMINE REDUCER REQUIREMENTS, RYDIA IS THE STORED 
VALUE OF THE DIAMEtER Of HEADER SECTION LR. 

DyAJ.OtAR 
RVDrAIL.:R).DIAR 
RVTcsTILR).TCST 

ASSIGN THE COST OF ~ REDUCER TO THE PRECEDIN~ HEADER sECTIO~. 

PIPC~R 
PIDCLR 
PIPCLR 
PIPCLR 
PlpCLR 
I'IPCLR 
PIPCLR 
PIPCLR 
PlpCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCi,.R 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCI.R 
PIPC~R 
PIPCL.R 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCL.R 
PIPCLR 
PIPCLR 
PIPCIoP 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIPeLR 
PIPCLR 
PIPCLR 
PIPCLP 
PIPCL.R 
PIPCLR 
PIPCLR 
PIPCLR 
PIPCLR 
PIpCLR 

515 
516 
517 
518 
519 
520 
521 
522 
523 
524 
525 
526 
527 
528 
529 
530 
531 
532 
533 
534 
535 
536 
537 
538 
539 
540 
541 
542 
543 
544 
545 
546 
547 
548 
549 
550 
551 
552 
553 
554 
555 
556 
557 
558 
559 
560 
561 
562 
563 
564 
565 
566 
567 
568 
569 
570 
571 



C T~E COST IS BASED OF THE lARGEST DIAMETER O~ THE REDUCER, 
C 

C 

IF(LR,GT.l) RVRCSTClR-l)cRCST 
U~V~CST(lR)cU~CST 

C THE FIRST QUADRANT HEADER Ii ASSU~ED TO HAVE ZERO lENGTH, 
C THE lENGTH OF' THE TEE IIRUN"·IS ASSUMED TO BE 1,75 TIMES 
C THE ~I~E DIAMETER, THIS lE~;TH IS SUBTRACTE~, 
C 

IF'(LR.EQ.l) VHEDR(lR)EO, 
IF'(LR.GT,l) VHEDR(LR)DBUNWIDT-l,T5*DIAR/12. 

C 
C OETERMINE THE HEADlOSS AND PRESSURE DROP IN THE I~TEpIOR 
C VERTICAL QUADRANT HEADER SECTION. 
C 

C 

EQlENaVHEORCLR) .20.-DIAR/12. 
VELO=DOTREM*CONSTl/(RHO*DIAR*DIAB) 
C~LL HVDLOSCDIAR,VElO,VIs,RHO,2,HEAD) 
DELRVaDElRv.HEAD*RHO*EQlEN/IOO, 

C SUBTRACT THE FlOW TO TWO TUBE BUNDLES, IF THE F'lOW 
C REMAINING IS ZERO, THEN THE lAST VERTICAL INTERIOR QUADRA~T 
C HEADER SECTION HAS BEEN DESTGN~D, . 
C 

C 

D~TREM·DOTREM·DOTMAV 
IF'(')OTREM,LE,O,) GO TO 90 
LR=LO.l 
IF'(LR,GT.N~S) ~I~CSTl.l.E.40 
IF'(LP.~T,N~S) RETURN 
GO TO 113 

C C~MPUTE THE DIAMETER OF THE BUNDLE F'ITTINGS 
C 

C 

90 BRCHDIAsSQRT(DOTMAS*CONSTI/CRHO*OESVELL))_12, 
IFCSPCHDIA,lT.DIAMCl)) BRCHDIA.DtAM(l) 
DO 91 1.1,23 
II '"I 
IF'CRRCHDIA-DIAM(II)) 92.92.91 

C;1 CONTtNUE 
92 BRCHDIAzDIAMCII) 

C nETERMINE THE COST OF THE 9UNDLE F'ITTINGS 
C THE PI~E CONNECTING THE QUADRANT HEADER 
C TO THE TUBE BUNDLE HEADER 
C 

C 
C THE BRANCH PORTION OF' THE T~E COST IS ASSUME~ TO BE ,33 
C TIMES THE BRANCH DIAMETER. 
C 

C 
C EVALUATE THE COST OF' THE QJADRANT HEADER 
C 
C F'IRST DETERMINE THE COST OF THE MORIZONTAL S~CTIO~. 
C 

Ob/05/TB OT,59,59 

PIPCLR 
PIPCLR 
~IPCLR 

PIPCLR 
~I~CLR 
PIPCL.R 
~I~CLR 
~IPCLP 

PI~ClR 
PI~CLR 

~IPClR 
~II'CLR 
PII'ClR 
PI~CL.R 
PI~CLR 

PIPCLR 
PI~CLR 
PI~CLR 

~IPCLR 
PI PC.R 
~I~ClR 
PI~CLR 
PIPCLR 
~I~Ci.R 

PI~CLR 

PI~Ci.R 
PIPCi.,R 
~I~CLR 
~I~CLR 
PI~CLR 

PI~CLR 
PI~CLR 

PI~CLP 

~IPCLR 
PII'CLR 
~IPClR 
PIPCi.R 
PIPCLR 
PIPCLR 
PIPCL.R 
PIP::LP 
PI~CLR 
PIPCLR 
PIPCi.R 
PIPCLR 
PIPC"" 
PIPCi.R 
PI~ClP 

PIPClP 
PIPCi.~ 
PIPCLR 
PIPClR 
PI~CLi< 
~I~CLR 

~I~CLR 
PI~CLP 

PIPCLR 

572 
573 
574 
575 
576 
577 
57e 
579 
5BO 
581 
582 
583 
5104 
585 
586 
587 
588 
589 
590 
591 
592 
593 
594 
595 
596 
597 
598 
599 
600 
bOl 
602 
603 
6G4 
605 
606 
6G7 
60e 
b09 
610 
611 
612 
613 
614 
615 
bIb 
617 
bIB 
619 
620 
621 
622 
623 
b24 
625 
626 
b27 
628 

• 

• 

• 



• 

• 

C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

C 
C 

C 
C 
C 
C 

C 
C 
C 
C 

93 R~~CSTII)~U~I~CST(I)*QHEDR(I) 
~QTC"TfI(R).O, 
DO 94 hl.I(R 
Ir(y,LT,KR) RQCOST=RQCOST.RQ~CST(I).RQTCST(I).RQRCST(I) 
Ir(r.EQ.~R) RQCOST.RQCOST·RQ~CST1II·RQRCS'(I).QRLCST 

94 CONTINUE -

SECOND EVALUATE THE COST or THE VERTICAL EXT~RIOR OUAORANT 
~EADER ~I~ING 

DO 95 lal.LR 
RPTcSTII).RPTCST(I).SRCST 

95 RP~CSTII1.U~P~CST(I)*PHEDR(I) 
RPTCSTILR).O, 
Do 96 hl.LR 
Jr(J.LT,LR) R~COST.RPCOST·R~PCST1I)·RPTCS'II).RPRCST(I) 
Ir(I,~Q,LRl R~COST.R~COST·RP~CST'I)·R~RCS'(I).~RLCST 

96 CONTINUE -

THIRD EVALUATE THE COST or THE VERTICA~ INTERIOR QUADRANT 
HEADER PIPING 

Ir(INT;LE,O) GO TO 99 
DO 97 hl.LR 
RVTCST(I)~RVTCST(I)·2.*SRCST 

97 RVPCSTIII.U~V~CST(I)*VHEDR(I) 
Do 98 J~l .LR 
Ir(r,LT,LR) RVCOSTzRVCOST.RV~CST1II.RVTCS'(I).RVRCST(I) 
Ir(I.~Q,LR) RVCOST.RVCOST.RV~tST~I).RVRCST(I).RVTtST(I) 

98 CONTINUE -
99 CONrtNUE 

DETERMINE THE TOTAL COST or THE RETURN QUADRANT ~IPING 

RQCOST.RQCOST·2,*R~COST·INT*RVCOST.RBFCST.N9UNPQD 
TRQCoST.RQCoST.CTOW*4, 
OELRQ·DELRQ.DELR~·DELRV 

06/05/78 07.59,59 

DETERMINE HEAD LOSS AND PREiSURE DRO~ IN THE BUNDLE FITTINGS. 

PI~CLR 
~I~CLR 
~I~CLR 
~I~CLR 
~I~CLR 
~I~CLR 
~IPCLR 
~I~CLR 

~I~CLR 
~I~CLR 

PI~CLR 
~IPCLR 
PIClCLR 
~I~CLR 
~I~CLR 
PIPCLR 
~IPCLR 
Pl~CLR 
~I~CLR 
~I~CLR 
PIPCLR 
~I~CLR 
~I~CLR 
PIPCLR 
~I~CLR 
~IPCLR 

~I~CLR 
PI~CLR 
~I~CLR 
~IPCLR 
PI~CLR 
~I~CLR 
PI~CLR 
PIClCLR 
~IClCLR 
PI~CLR 

~I~CLR 
~IPCLR 
~I~CLR 
~IpC~R 
PIPCLR 
PIPCLR 
PIPCLR 
PI~CLR 
PI~CLR 
~I~CLR 
~I~CLR 
~I~CL.R 
~I~CLR 
~JPCLR 
PI~CLR 
~IPCLR 
~IpCLR 

~IPCLR 
~IPCLR 

~I~CLR 
~I~CLR 

629 
630 
631 
632 
633 
634 
635 
636 
637 
638 
639 
640 
b41 
b42 
b43 
644 
b45 
blob 
b47 
648 
b49 
650 
bSl 
652 
653 
bS4 
655 
bSb 
657 
bS8 
659 
bbO 
661 
6b2 
6b3 
bb4 
b6S 
666 
6b7 
bbS 
b69 
670 
671 
b72 
673 
67. 
675 
676 
b77 
b78 
b79 
b80 
681 
682 
683 
b84 
685 

EQL~N • 150, * SRCHDIA/12, 
VELo=DOTMAB*CONST2/(RHO*SRCHOIA*SRCHDIA) 
CALL HVDLOSIBRCHDIA.VELO.VIS.RHO.2.HEAD) 
DELpBR.HEAD*RHO*EQLEN/IOO. 

DETERMINE TOTAL COST AND ~RESSURE DROP IN RETURN ~IPING 
S'I'STEM. 

PIPcST~.RCOS'.TRTOCST.TRQCOST 
PIPCST~ • ~I~CSTL * ~OHCIR 
DELLEOELPH.DELTO·OELRQ.OELPBR 
DVNHOL-OELL/RHO 

STORE VALUES IN COMMON BLOCK /R~TRET/ FOR LATER USE IN 
OUTPUT, 

SDESV~ E DESVELL 
SMTMA " DOTMA 



SI)II)CS 
STOoiDl 
SnEL.l 
RETuRN 
END 

74/74 

" PIPCSTl 
" TOWDIA 
II DELL 

Obl05/78 07.59.59 

PII)C~R 

PII)CLP 
PIPC .. R 
PII)CLQ 
PIPC .. R 

bBb 
687 
b8B 
b89 
b90 

.. 



• 

• 

.. 
• 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

'14/74 Ob/05/7B 07.59.59 

SUB~OUTINE ~I~CLS(CTO~,TOWDIA,DOTMA,TCONOUT,DIST,DESVELV,BUNWIDT, 
! ~EDUCS,QREDUCS,~OHCIR,NSIDE5,HTO~,NBUNHI,TUB~L,DELV,~I~CSTV, 
STHXIN) 

THIS SUBROUTINE DESIGNS AND COSTS THE SU~~LY ~I~ING SYSTEM 
WHICH TRANS~ORTS THE VA~OR AMMONIA. THIS INCLUDES ALL THE 
PI~E' VALVES, AND fITTINGS BETWEEN THE HEAT EXCHANGER AND 
THE CONDENSER/REROILER. ~IPE DIAMETER IS DETERMINED fROM THE 
AMMCNIA fLOW RATE AND THE VA~OR DESIGN VELOCITY. VALVE AND 
FITTING SIZES CORRES~OND TO THE ~I~E SIZES WITH THE SAME 
FL;OIrl RATE. 

AMMONIA ~RO~ERTIES ARE fIRST EVALUATED AT THE cONDENSER/ 
~EBOILER OUTLET TEM~ERATURE. CONDITIONS ARE ASSUMED TO BE 
SATURATED. AfTER DESIGNING EACH HEADER OR ~IPE SECTION THE 
~RESSURE DRO~ IS DETERMI~EO IN'THAT SECTION BY CALLING 
HLAMMO. THIS ~RovIDES THE OUTLET TEM~ERATURE Of THAT 
SECTION WHICH BECOMES THE I~LET TEM~ERATURE FOR THE NEXT 
SECTION. - -

D!fINITION Of VARIABLES 

A~I~CST • ABOVE GROUND ~I~E COST (S1000/FT) 
8RCHDIA - DIAMETER Of DISTRIBUTION ~I~ING OR BUNDLE FITTINGS 

(INCHES), IS USED TO GET "B~ANCHII ~ORTION Of THE 
TEE COSTS 

aRCST - COST Of uBRANCHII ~ORTION Of TEE COST (51000) 
B~DYNHD • DYNAMIC HEAD LOSS IN BUNDLE fITTIN~S 

(fT OF AMMONIA) 
eUNWIDT - WIDTH Of TUBE BUNCLE (fT) 
CDANG - ANGLE OF DELTA HEAT EXCHANGER (DEGREES) 
C~V - SPECIFIC HEAT Of AMMONIA VA~OR (BTU/L9M DEG F) 
crOW • NUMBER Of CIRCULAR TOWERS ' 
DOYNHD • DYNAMIC HEAD LOSS IN DISTRIBUTION ~I~ING (fT Of 

DELP 
DEL PBS 
DEL~D,T 

AM~ONIA) 

- ~RESSURE DRO~ 
- ~RESSURE DRO~ 
- ~RESSURE DRO~ 

(T), (~Sf) 

IN ~EADER SECTION (~Sf) 
IN BUNDLE FITTINGS (~Sf) 
IN CIS!RIBUTION ~I~ING, TOWER ~I~ING 

DELSH,Q - ~RESSURE DROP IN ~AIN CIRCULATION HEADER. QUADRANT 

DELSP 
r)ELV 

DENS 
nENSIV 
DESVELV 
OIlS 
DlASD 
DUST 
DtST 

HEADER (Q), (PSF) 
- ~RESSURE DRO~ IN VERTICAL QUAD~ANT HEADER (~Sf) 
• ~RESSURE DROP IN iU~PLY CIRCULATION ~I~ING FOR 

VA~OR AMMONIA (PSf) 
- DENSIV 
• DENSITY Of AMMONIA VA~OR (LBM/CU FT) 
- AMMONIA VA~OR DESIGN VELOCITY 1FT/SEC) 
• DIAME~ER Of MAIN CIRCULATION SU~~LY HEADE~ (INCHES) 
- DIAMETER Of DISTRIBUTION ~I~ING (INCHES) 
- DIAMETE~ OF TOWER ~I~ING (INCHES) 
• DISTANCE FROM CONDENSER/REBOILER TO BOUNDARY OF 

TOWERS 
DOTMA - TOTAL MASS FLOW RATE (LBM/HR) 
nOTMAB,Q,T - MASS fLOW RATE TO TUBE BUNDLE, QUADRANT (Q), 

TOWER (T), (LBM/"iP) 
OOTMAH - MASS FLOW RATE TO VERTICAL SECTION OF QUADRANT 

~I~ING (L9M/HR) 

~IPCLS 
~I~CLS 
~I~CLS 
~I~CLS 
~I~CLS 
PI~CL5 
~I~CLS 
~I~CLS 
~I~CLS 
~IPCLS 
PI~CLS 
~I~CLS 
~I~CLS 
~I~CLS 
PIPCLS 
PIPCLS 
~I~CLS 
PI~CLS 
PIPCLS 
~I~CLS 
~IPCLS 
~IPCLS 
~I~CLS 
~I~CLS 
~I~CLS 
~I~CLS 
~I~CLS 
~I~CLS 

~I~CLS 
~I~CLS 
PI~CLS 
~I~CLS 
~I~CLS 
~I~CLS 

~I~CLS 
~IPCLS 
~I~CLS 
~IPCLS 

~I~CLS 
~IpCLS 

~IPCLS 
~I~CLS 
~IPCLS 
~IPCLS 
PIPCLS 
~1~CLS 
~IPCLS 
~I~CLS 
~1~CLS 
~I~CLS 
~I~CLS 
~I~CLS 
~IPCLS 
~I~CLS 

~I~CLS 
~I~CLS 
~IPCLS 

2 
3 
4 
5 
b 
7 
8 
9 

lO 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2B 
29 
30 
31 
32 
33 
3" 
35 
36 
37 
38 
39 
40 
41 
42 
43 4_ 
45 
46 
47 
-8 
49 
50 
51 
52 
53 
54 
5S 
56 
57 
58 



c: 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

OPT"'I 06/05/78 07.59.59 

OOTRE~ • FLOW RATE RE~AINING I~ HEADER SECTION (LBM/HR) 
OVN><DS • DYNAMYC HEAD LOSS IN IoIAIN CIRClJLATION HEADER 1FT ~~ 

AMMONIA) 
OYNHDV • DYNAMIC HEAD LOSS IN CIRCULATION VAPOR SUPPLY 

PIPING <FT OF AMMONIA) 
ELCST • 90 DEG ELBOW COST (S1000) 
EL4S • 4S DEG ELBOW COST (S1000) 
E~LEN • EQUIVALENT LENGTH (FT) 
FLGCST - FLANGE COST (S1000) 
HE DR - LENGTH OF MAIN CIRCULATION HEADER SECTION (FT) 
ICHORD • NUMBER OF CHORDS PER QUADRANT -
YO • INDEX REFERS TD DISTRIBUTION PIPING 
IT - INDEX REFERS TO TOWER PIPING -
JS - IDENTIFIES MAIN CIRCULATION HEADER SECTION 
KS - IDENT!FIES QUADRANT HEADER SECTION 
NRU~HI - NUMBER OF BUNDLES VERTICAL 
LS • IDENTIFIES VERTICAL QUADRANT HEADER SECTION 
N~UNPQD - NUMBER OF BUNDLES PER QUADRANT 
NFL • UPPER LIMIT TO NU~BER OF TUBE BUNDLES PE~ QUADRANT 
NFS • UPPER LIMIT TO NUMBER OF CIRCULAR TowERS 
NPS - UPPER LIMIT TO NUMBER OF TOWER LAyERS 
NQS - UPPER LIMIT TO NUMBER OF CHORDS PER QUADRANT 
N§LPQ • NUMBER OF SUPPLY LINES PEP QUADRANT 
PDVNHDS - DYNAMIC HEAD LOSS IN VERTICAL QUADRANT HEADER 

(FEET OF NH3) -
PSJCST • COST OF EXPANSION JOINT IN VERTICAL QUADRANT 

PIPING (S1000) 
PSLGCST - COST OF FLANGE VERTICAL QUADRANT PIPING ISI000) 
aOIACST • COST OF BRANCH PORTION OF HORIZONTAL QUADRANT 

HEADER 
- DIAMETER OF HORIZONTAL QUADRANT PIPING (IN) 

USED TO GET THE SRANCH PORTIO~ OF THE TEE COSTS 
PIPCSTV - TOTAL CIRCULATION SUPPLV PIPING COST (SlOOO) 
OOYNHDS - DYNAMIC HEAD LOSS IN QUADRANT HEAD~R (FT OF 

POHCIR 
O"1E(1~ 

QREDUCS 

AMIoIONIA) 
• INDIRECT COST FACTOR FOR CIRCULATION PIPING 
• LENGT~ OF QUADRANT HEAOER SECTION (rT) 
- ALLOWABLE REDUCTION IN DIAMETER BETWEEN ADJACENT 

QUADRANT HEADER SECTIONS (INCHES) 
aSLCST - COST OF 90 DEG ELBOW AT END OF QUADRANT HEADER 

S~FCST 
SC05T 
SPDIt. 

(SI000) -
- COST OF BUNDLE FITTINGS (S1000) 
- COST OF MAIN CIRCULATION PIpING (SlOOO) 
- COMPONENT DIAIoIETER OF THE VERTICAL QUADRA~T HEADER 

SECTION (IN) -
SPPCST - COST OF PIPE FOR VERTICAL QUADRANT HEADER ($1000) 
SPRCST - COST OF REDUCER FOR VERTICAL QUADRANT HEADER 

S~TCST 
ReST 
~EDUCS 

(S1000) -
- COST OF TEE FOR V£RTICAL QUA'RANT ~EADER IS1000) 
- REDUCER COST (S1000) 
- ALLOWABLE REDUCTION IN DIAMETER BETWEEN ADJACENT 

MAIN CIRCULATION MEADER SECTIONS (INCHESI 
SEJCST - COST OF ExPANSIO~ JOINT AT CONDENSEP/REBOILEP 

OUTLET (SI000) -
SELCST - COST OF 90 DEG ELBOW AT END OF MAIN CIRCULATION 

HEADER (SlOOO) 
S'LGCST - TOTAL COST O~ APPROPRIATE FLANGES AT CONDENSERI 

PIPCLS 
PIPCLS 
PIPC .. S 
PI~C.S 
PIPCi,.S 
PIPCLS 
PIPCL.S 
PIPCL,S 
PIPCi.S 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPC:'S 
PIPCLS 
PIPCi.S 
PIPCi.S 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPC:..S 
PIPCLS 
PIPCLS 
PIPC!..S 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCi,.S 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCi,.S 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PI~CLS 
PI~CLS 
PIPC!..S 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPC:'S 
PIPCLS 
PIPCLS 

59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
A8 
89 
90 
91 
92 
93 
94 
9S 
96 
97 
9B 
99 

10e 
1 0 1 
102 
103 
104 
105 
106 
107 
lOB 
109 
110 
1 11 
112 
113 
114 
115 

• 

• 

•• 



.. 

• 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C' 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

c 
C 
C 
C 
C 
C 
C 

C 

SPCST 
SQCoST 
SGDIA 

SQPeST 
5QReST 
!'RCST 
5TCST 
STDCST 
TeO~IOLJT 

TCST 
TDYNHD 
THITE 
TtJBEL 
T~XIN 

OpT=l 

REBOILER OUTLET ($1000) 
• COST OF PIPE FOR MAIN CIRCULATION ~EADER (S1000) 
• COST OF QUADRANT PIPING (S1000) 
• COMPONENT DIAMETER OF QUADRANT HEADER SECTION 

(INCHES) - . 
• COST OF PIPE FOR QUADRANT HEADER (S1000) 
• COST OF REDUCER FOR QUADRANT HEADER (S1000) 
• COST OF REDUCER I~ MAIN CIRCULATION HEADER (S1000) 
• COST OF TEE IN MAIN CIRCULATION HEADER (11000) 
- COST OF DISTRIBUTION AND TOWER PIPING (S1000) 
• TEMPERATURE OF A~MONIA VAPOR AT CONDENSER/REBOILER 

OUTLET (DEG F) 
• TEE COST ($1000) 
• DYNAMIC HEAD LOSS IN TOWER PIPING (FT OF AMMONIA) 
- HEIGHT OF TOWER (FEET) 
- LENGTH OF HEAT EXCHANGER TUBES (FEET) 
• TEMPERATURE OF A~MONIA VAPOR AT HEAT EXCHANGER 

INLET (DEG F) 
TIN, TOUT - TEMPERATURE OF AMMONIA VAPOR AT INLET AND OUTLET 

TO EACH HEADER OR PIPE SECTION (DEG F) 
TOWDIA - DIAMETER OF CIRCULAR TOWER (FT) . 
TSQCOST - TOTAL SUPPLY QUA~RANT PIPING COSTS (S1000) 
TSTDCST • TOTAL SUPPLY DISTRIBUTION AND TOWER PIPING COSTS 

(S1000) 
TUBLEN - LENGTH OF HEAT EXCHANGER TUBE (FT), IT IS ASSUMED 

(S1000) 
TU8LEN • LENGTH OF HEAT EXCHANGER TUBE (FT), IT IS ASSUMED 

THAT THE TOWER HE1GHT EQUALS TUBLEN 
UPC5T - UNIT PIPE COST (S1000/FT) 
V4CST • VALVE COST (S10001, VALVES ARE MOTOR OPERATED 

BUTTERFLY VALVES 

cnM~ON/pRop/epw,THCONW,DENSIw,VISW,HFG, 
$ CpV,THCONV,DENSIV,VIiV,SIGMA, 
S CpA,THCONA,DENSIA,VI5A 
COM~ON /RpTSUp/ 

S SDELV, DIASD, DIAST, SDOTMA, DYNHDV 
$, HEDRIZOO) 
S, JS 
5;, K!, 
S, SOC5?V 
S, QSLCST, QHEDR(200) 
$, S~FCST, SCOST, SEJCST, SELCST, SFLGCST, SQCOST, STDCST 
S, SOIAI2(0) ,SPCST(200), MDIA(ZOO), SQpCST(ZOOl, ~QRCST(ZOO) 
S, SOTCST(~OO), SRCST(200), STCST1200) 
$, STCONO, STHXIN, STOWDI, TSQCOST, TSTDCST 
COM~ON /PCDIM/ NFS,NFL 
cnM~O'" /QpTSUP/ 
SSoDI~(200), LS, PHEDR(ZOO), SPPC5T(200) .SPRCST(200), SpTCST(200) 
$, SoCOST, PSLCST, PSLGCST, PSJCST, UPPPCST(200) 
$,oF,NRUN 

DIMENSION UPIpCST(200) 
DIMEN~!ON DIAM(24), TEEC5T(24), PtPCST(24 • ELCST(24). EL45(24) 

$, VACST(24), FLGCST(24), APIPCST124) 

DATA DIA~ / 
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PIPCLS 
PIoCLS 
PIpCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
pIpCL.S 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCL.S 
PIPCL.S 
PIPCLS 
pI;lCLS 
PIpCLS 
PIPCLS 
PIoCLS 
PIpCLS 
PloCL.S 
PIpCL.S 
PIPCL.S 
PIPCL.S 
PIPCLS 
PIPCLS 
PIPCLS 
PIpCL.S 
PIPCLS 
PIpCLS 
pIoCL.S 
PIpCL.S 
PIpCLS 
PIoC~S 
PIPCLS 
PIPC.5 
PIPCLS 
PIPCLS 
PIPCL.S 
PIpCL.S 
PIoCL.S 
P!pCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIpCLS 
PIPCL.S 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCL.S 
PIPCLS 
PIPCI..S 
PIPCL.S 
PIpCLS 
PIoCLS 
PIPCL.S 
PIPCL.S 

116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
ISO 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
1 b2 
163 
164 
165 
Ibb 
161 
IbB 
169 
110 
171 
172 
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• $ 5. 12. 18. 24. 30. 36. "IPCL.5 113 
s: 42. 48. 54. ~O. 66. 12. PIPCL.S 114 
$ 71\. 810. 90. 96. 102. 108. • PIPCL.S 115 
~ 114. 120. 126. 1~2. 138. 144. I PIPCL.5 116 

C PlpCL.5 117 
DATA F'L.GCST I PIPCL.5 118 

$ .136. .520. 1.03 • 1.92 • 3011 • 4.42 • PlpCL.5 119 
$ 6. A2 • 9.22 , 12.0 14.1 21.1 21.5 PIPCL.5 180 
~ 33.9 40.4 4b.8 53.2 59.1 66.1 PlpCL.S 181 
$ 12.5 78.9 85.4 91.8 98.2 105. I PIPCL.S 182 

C PIPCL.S 183 
DATA TEEeSTI PIPCL.5 184 

$ .344. .935. 1.96 , 3.82 • 14.8 25.8 PIPCL.S 185 
5: 31. 1 37.6 53.4 69.1 87.9 101. PIPCL.S 186 
$ 126. 145. 163. 182. 201. 220. • PIPCL.S 187 
$ 239. 258. 211. 296. 314. 333. I PIPCL.S 188 

C PIPCL.S 189 
DATA PIpCSTI PlpCL.5 190 

$ .06, .113. .147, .219, .409, .599, PIPCL.5 191 
$ .120. .841, 1.08 , 1.31 , 1.51 • 1.84 , PlpCL.S 192 
$ 2.10 , 2.36 • 2.62 , 2.88 , 3.15 , 3.41 , PIPCL.S 193 
$ 3. 61 , 3.93 , 4.19 • 4.46 , 4.12 , 4.9!:! I PIPCL.S 194 

C PIPCL.S 195 
DATA VACSTI PIPCL.5 196 

$ 2.81 , 1.09 , 16.9 2b.1 52.2 11.8 PIPC:"S 191 
$ 109. 141. 164. 181. 213. 240. PlpCL.S 198 
$ 266. 293. 319. 346. 372. 399. PIPCL.S 199 
$ 425. 452. 418. 505. 531. 558. I PIPCL.S 200 

C PIPCL.S 201 
DATA EL.:CSTI PlpC~S 202 

$ .275. .715, 1.35 , 2.94 , 9.54 , 16.1 PIPCL.S 203 
$ 27.4 38.8 51.9 65.1 81.6 11 O. PlpCL.S 204 
$ 133. 155. 178. 200. 222. 245. , PlpCL.S 205 
$ 26B. 290. 312. 335. 351. 380. I PIPC:"S 206 

C PIPC~S 201 
DATA EL.451 PIPCL.S 208 

$ .230. .558, .941, 2.16 • 1.61 • 13.2 PlpCL.5 209 
! 20.2 21.2 31.1 48.1 66.2 84.3 PIPCL.S 210 
S 102. 120. 138. 157. 175. 193. PIPCL.S 211 
S 211. 229. 241, 2~5. 283. 301. I PIPCL.S 212 

C PIPCL.S 213 
DATA APIPCSTI PIPCL.S 2110 

! .034 • .013 , .096 , .155, .332, .510, PIPCi.S 215 
$ • 614. .719, .939 • 1.16 , 1.41 , 1.67 • PIPCL.S 216 
$ 1. 91 , 2016 • 2.41 • 2.66 , 2.99 , 3.16 • PIPCL.S 211 
S 3. 41 , 3.66 , 3.91 , 4.16 , 4.42 , 4.6 7 I PIPCL.S 218 

C PIpCL.S 219 
100 F'nRloIATI8F'10.2) PIPC:"S 220 

PF'II~O~CIR PIPCL.S 221 
NPS .. I°1) PIPCl..S 222 
NQS .. lt10 PIPCi.,S 223 
ICHOPl')IINSIDES/4 PIPCL.S 224 
IF'(tcHORO.EO.O) ICHORD .. 2 PIPC:"S 225 
ICHECI(·IC~ORDI2 PlpC:"S 226 
IF'(?*ICHECK.ICHORD.L.T.O) ICHO~D .. IC~ORD·1 PIPCL.S 221 .. 
IF'(JCHORD.LE.O) STOP "BI PIPCL.S ICHORD .L.E.ZERO" prpc~s 228 
N8U~p~O"ICHORD*NBUNH! PIPC,-S 229 
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C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 

C 
C 
C 
C 
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NBU",_NHU~JPQD 

DOT~AT-DOTMA/CTDW 
DOTI1AQ-DOTMAT/4. 
DOTI1AR-DOTMAQ/NBUNPQD 
TyN_TCONOUT 
CDNSTl-4./(3.1416*3600.) 
DELc;H-O. 
DvNIo!"S-O. 
SCOST_O. 
D!ACST-O. 
DIAIo!_O; 
PDy..,HDS-O. 
DELSP-O. 
SpCnST-O. 
DO 1 I-l,NF'S 
S~CST(I)-O. 
DO 2 I-1,"JF'L 

2 SQRCST(I)aO. 
OE'LSQaO. 
QDy..,HDS=o. 
SQCOST-O. 
SELCSTaO. 
SF'LGCShO. 
SEJcST-O. 
DOTREMIIIIDOTMA 
JS-l 

IN THE STATEMENTS THROuGH 17 • 1 THE MAIN CIRCULATION PIPING 
IS DESIGNED AND COSTED. THE DYNAMIC HEAD LOSS AND PRESSURE 
nROp ARE DETERMINED F'OR PUMPI~G. REQUIREMENTS. 

CALL HEADER TO DESIGN AND COST THE COMPONENTS OF HEADER 
SECTION JS. ALL HEADER SECTION COMPONENTS ARE DETERMINED 
BETWEEN STATEMENTS 13 AND 12 • 1. 

13 CALL HEADER(DOTREMtDOTMATtDESVEL~tDENSIV,REDUCStJS'1tDIAJ, 
SD!AS,TCST,RCST,UPCST.SELCST.SF'LGCST;SEJCST) 

THE D!AMETER OF' HEADER SECTION JS (DIAR) IS REPLACED BY DIAJ 
IN ORDER TO COMPARE THE DtAMETE~ OF' SECTION ~S WITH SECTION 
JS • 1 TO DETERMINE REDUCER REQUIREMENTS. SDIA IS THE STORED 
VALUE OF' THE DIAMETER OF' HEADER SECTION JS. -

OIAJ_DIAS 
SDIA(JS)-DIAS 
STCST (,)S) -TCST 

ASSIGN THE COST OF' A REDUCER TO THE PRECEDING HEADER SECTION. 
THE COST OF' A REDUCER IS BA&ED ON THE LARGEST DIAMETER OF' 
T"1E REDUCER. 

IF'(JS.GT.1)SRCST(JS·1)·RCST 
UpIpCST(JS).UPCST 

DETERMINE LENGTH OF' HEADER SECTION. THE F'IRST HEADER SECTION 
IS DESIGNATED HEADER SECTIO~ 1, ALL EVEN NUMBERED HEADER 
SECTIONS ARE EF'F'ECTIVELY ZERO LENGTH BECAUSE THE CIRCULAR 

PIPC~S 
PIPCLS 
PIPCLS 
PIpCl.S 
PIPCl.S 
PIPCl.S 
PIPCLS 
PIPCl.S 
PIPCLS 
PIPCl.S 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCl.S 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCl.S 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCl.S 
PIPCLS 
PIPC~S 
PIPCl.S 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCL.S 
PIPCLS 
PIPCLS 
PIPCLS 
PIPC~S 

PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIpc .. S 
PIPCl.S 
PIPC~S 
PIPCLS 
PIPC~S 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPC~S 
PIPCLS 
PIPCLS 
PIPCL.S 
PIPCL.S 
PIPC~S 
PIPC~S 
PIPCLS 

230 
231 
232 
233 
234 
235 
236 
231 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
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268 
269 
210 
211 
212 
213 
214 
275 
276 
217 
278 
279 
2BO 
281 
282 
ZB3 
284 
ZB5 
ZBb 



~U8ROUTINE PIPCLS OPT"1 

C TO~ERS ARE PAIRED ON OPPOSITE SIDES OF THE ~AIN CI~CULATION 
C HEADER. THERE IS ONE HEADER SECTION DESIGNATED rO~EACH 
C CIRCULAR TOWER. 
C 

C 

IFIJS.EQ.1)GO TO 10 
IFC~ODIJS,2).EQ.O)HEDRIJS)aO. 
IFC~OD(JS,2) .NE,O)HEDRIJS)al.5*TDWDIA 
GO TO 11 

10 HEDRIJS)cDIsr*.5*TOWDIA 

C OETER~INE THE OUTLET TE~PERATURE AND DYNA~IC HEAD LOSS FOR 
C HEADER SECTION JS. THE EQUtVALENT LENGTH INCLUDES AN L/D OF 
C 20 FOR THE TEE "RUN". THE OUTL.ET TEMPERATURE BECOMES THE 
C INLET TE~PERATURE rOR THE ~EXT HEADER SECTION. SAVE THE 
C VAPOR DENSITY TO COMPUTE DY~AMIC HEAD LOSS. HLA~~O PROvIDES 
C A NEW VAPOR DENSITY ITHROUG~ COMMON) rOR THE NEXT HEADER 
C SECTION. 
C 

C 
C SUBTRACT OUT THE FLOW TO ONE CIRCULAR TOWER TO GET THE FLOW 
C TN HEADER SECTION JS * 1. 
C 

C 

DENS"DENSIv 
CALL HLAMMOITIN,DOTREM,DIAS.EQLEN.1 •• TOUT.DELP) 
DEL5H-DELSH*DELP 
DYN~DS.DYNHDS*DELP/DENS 
TIN ::TOUT 
DOTREM_OOTREM-DOTMAT 

C I~ THE REMAINING FLO~ IS ZERO THEN THE LAST HEADER SECTION 
C HAS BEEN DESIGNED. 
C 

C 

IFI~OT~EM.LE.O.)GO TO 12 
J5 e JS*\ 
IF ( JC; .(;T. NFS) PIPCSTV • 1.E.40 
IF( JS .GT. NF"S) RETURN 
GO TO 13 

C DETERMINE THE DIAMETER OF" T~E DISTRIBUTION PIPING. 
C 

C 

12 BRCHOIAcSQRT(DOTMAT*CONSTI/(DENSIVaOESVELV) )-12. 
IFC9RCHD!A.LT.DIAM(1»BRCHDIAaDIAMcI1 
DO 14 Iel.24 
II"I 
IrC9 RCHDIA_DIAM(II»15.15,14 

14 CONTYNUE 
15 BRCHDIAaDIAM(II) 

C THE COST OF" A TEE IS ASSUMED TO BE .67 TIMES THE COST OF" A 
C TEE OF" THE "RUN" DIAMETER PLUS .33 TIMES THI': COST OF A TEE 
C Or THE "BRANCH" DIAMETER. THE "I=lUN" PORTION WAS DETERMINED 
C I"l SUBROUTINE "HEADER". T0-4E "BRANCH" P~RTION IS ~ETERMINED 
C HERE. 
C 

BRCSTc;33*TEECST(II) 
On 11'.> lc\.JS 
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PIPCLS 
PIPCLS 
PIPCLS 
PIPCL.S 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCL.S 
PIPCLS 
PIPCL.S 
PIPCLS 
PIPCL.S 
PIPCL.5 
PIPCL.5 
PIPCL.S 
PIPCL.5 
PIPCL.S 
PIPCL.S 
PIPCL.S 
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PIPCLS 
PIPCL5 
PIPCLS 
PIPCL.S 
PIPCL.S 
PIPCLS 
PIPCL.S 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCL5 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCL.S 
PIPCL5 
PIPCL.S 
PIPCL.S 
PIPCL.S 
PIPCLS 
PIPC"5 
PIPCL.S 
PIPCL.S 
PIPCL.S 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCL.S 
PIPCLS 
PIPCLS 
PIPCL,S 
PIPCLS 
PIPCLS 
PIDCLS 

287 
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30e 
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323 
32. 
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329 
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331 
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C 
C 
C 
C 
C 

C 
C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 
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STC~TCI).STCST(I).BRCST 
16 SPCSTCI).HEDR(I)-U~I~CST(I) 

STC~T(JS)",O. 

On 17 1.1.JS 
IF(I.LT.JS)SCOST-SCOST.S~CST(I).'RCSTCI).STCSTCI) 
IF(I.EQ.JS)SCOST~SCOST.S~CSTCI).&RCST(I).SELeST 

17 CONTINUE 
SCOST-SCOST.SFLGCST.SEJ:ST 

r~ THE STATEMENTS THROUGH 21 • ~ THE DISTRIBUTION ~I~ING IS 
DESIGNED. INDEXES FOR UNIT COST ARRAYS ARE DEFINED. 
~RESSURE LOSS AND DYNAMIC HEAD LOSS ARE EVALUATED. 

DIASD·S~RTCDOTMAT-CO~ST1/CDENSIV-DESVELV) -12. 
Do 20 Icl.2~ 
ID~y 

IFCDIASD.DIAMCID»21.21,20 
20 CONTINUE 
21 DIASDcOIAMCID) 

EQLEN·.2.TOWDIA·200.-DIASD/12. 

THE EQUIVALENT LENGTH INCLUDEs THE LENGTH OF PIPE CONNECTING 
T~E MAIN CIRCULATION HEADER TO THE TOWER DISTRIBuTtON HEADER. 
THIS LENGTH IS ASSUMED TO BE .2 TIMES THE TOWER DIAMETER. 

DENS .. DENSIV 
CALL HLAMMOCTIN.DOTMAT.DIASD,EQLEN.l •• TOUT,DELPDl 
DDY~HD.DEL~D/DENS 

THE TEM~ERATURE OUT OF THE DISTRIBUTION PI~ING Is THE 
TEM~ERATURE INTO THE TOWER PI~ING. 

IN THE STATEMENTS THROUGH 23 • 4 THE TOWER ~I~ING IS 
nESTGNED. INDEXES FOR UNIT'COST ARRAYS ARE DEFINED. 
~RESSURE LOSS AND DYNAMIC HEAD LOSS ARE EVALUATED. 

DyAST-SQRTCDOTMAQ-CONST1/CDENSIV-DESVELV) -12. 
Do ;>2 1.1.2~ 

IT"'1 
IFCDIAST.DIAMCIT»23,23,22 

22 CQNTINIJE 
23 DIAST-DIAMCIT) 

EQLEN.TQWDIA.BO.-DIAST/12. 
DENS .. DENSIV 
CALL HLAMMOcTIN,DOTMAQ.DIAST.EQLEN,l.'TOUT,DEL~T) 
TDY~HO-DEL~T/DENS 

THE TEM~ERATURE OUT OF THE TOWER PI~ING IS THE TEM~ERATURE 
INTO THE QUADRANT ~I~ING. 

COMPUTE THE COST OF THE DISTRIBUTION AND TOWER ~I~ING. PI~E 
LENGTHS INCLUDE THE LENGTH OF ~I~E CON~ECTING THE MAIN CIRC­
ULATION HEADER TO THE TOWER DISTRIRUTIO~ HEA5ER C.2-TowDIAl 

~I~CLS 
~IPCLS 

PIPCLS 
PIPCLS 
PIPCLS 
PI~CLS 

PIPCLS 
~IPCLS 
PI~CLS 
PIPCLS 
~IPCLS 
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~I~C~S 
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PI~CLS 
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~I~CLS 
PIPCLS 
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~IPCLS 
~I~CLS 
~IPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PI~CLS 

~I~CLS 
~IPCLS 
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PIPCLS 
~IPCLS 
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PIPCLS 
PIPCLS 
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PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 

3"4 
3~5 

3~6 

3"7 
3~B 
3~9 

350 
351 
352 
3~3 
35~ 

3" = 
356 
357 
35B 
359 
360 
361 
362 
363 
36~ 

365 
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367 
36B 
369 
370 
3 7 1 
:;72 
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375 
3 7 6 
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3 1 6 
379 
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38B 
3B9 
39n 
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3910 
39~ 
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39B 
3911 
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c 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 

C 
C 
C 

ANO THE TOTAL LENGTH OF PIPE CONNECTING THE TOWER 
DISTRIBUTION HEADER TO THE FOUR QUADRA~T HEADERS (3.25-
TOWDrA). THESE LENGTHS ARE-GENERAL APPROXIMATIONS. THE 
TOWER DISTRIBUTION HEADER IS ASSUMEO TO APPROXIMATE THE 
COST OF' FOUR TEES. INDEX "ID" REFERS TO THE DISTRIBUTION 
PIPING. "IT" TO THE TOWER PIPING. 

STDCST·.2·TOWDIA.PIPCST(ID).~.·(.67·TEECST(ID) •• 33.TEECST (IT» 
S.(3.2S.T~WDIA).PIPCST(IT).14 •• ELCST(IT).2 •• EL.5(It) 
$·4 •• VACST(I)·S.·F'LGCST(IT) 

TSTOCST_STDCST.CTOW 

IN THE STATEMENTS THROUGH 35 • 11 THE QUADRANT PIPING IS DE­
SIGNED AND COSTED. THE DYNAMIC HEAD LOSS AND PRESSURE DROP 
IN THE QUAORANT HEADER AND BUNDLE FITTINGS ARE DETER~INED. 

THE QUADRANT PIPING CAN BE SEPARATED INTO TWO GROUPS - THE 
PORTION THAT RUNS ALONG THE TOP OF THE QUADRANT AND 
DISTRIBUTES NH3 TO THE CHOQDS (HORIZONTAL) AND THE PIPING 
THAT DISTRIBUTES NH) TO THE TUBE BUNDLES (VERTICAL) 

£ACH QUADRANT MUST HAVE IN~EPENDENT PIPING SO THAT 
PARTIAL SHUT DOWN IS AVAILABLE. TO FACILITATE DESIGN 
EACH QUADRANT MUST HAVE AN EVEN NUMBER OF CHORDS. 

D~SIGN AND COST THE HORIZONTAL PIPING. 

NSLP~.ICHORD/2 
IF"(NSL PO.GT.200) STOP "IN PIPCLS NSLPQ EXCEEDS 200" 
DO 30 h1,NSLPa 

30 S~RCST(I).O. 

KS-1 
DClT~r"41:00TMAQ 
DOT~AH·2 •• DOTMAQ/ICHORD 

31 CALL HEADER(DOTREM,DClTMAH,DESVELV,DENSIV,QREDUCS,Ks,O,DIAJ,DIAS,TC 
SST,~CST.UPCST.QSLCST,SFLGCST,SEJCSTi 

THE DIAMETER OF" HEADER SECTION KS (DIAS) IS REPLACED BY DIAJ 
IN OROER TO COMPARE THE DIAMETER OF SECTION KS WITH KS.1 TO 
nETERMINE REDUCER REQUIREMENTS. SODIA IS THE STORED VALUE 
OF' THE DIAMETER OF HEADER S~CTION KS. -

DIAJaDIAS 
SoDrA(KS)aDIAS 
SOTCSTIKS).TCST 

ASSIGN THE COST OF' A REDUCER TO THE PRECEDING HEADER SECTION, 
THE COST OF A REDUCER IS BASED ON THE LARGESt DIAMETER OF 
THE REOUCER. 

IF"(~S,GT,1) SQRCST(KS-11.RCST 
UPIPCST(KS).UPCST 

THE F"IRST QUADRANT HEADER IS ASSUMED TO HAVE ZERO LENGTH. 
L£NGTH OF THE REMAINING SECTIONS IS THE CHORD LENGTH (TUBELI, 

PIPC~S 
PPCLS 
PIPC~S 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPC .. S 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPC~S 
PIPCLS 
PIPCLS 
PIPC~S 
PIPCLS 
PIPC"S 
P!I'CLS 
PIPCLS 
PIPCLS 
PIPC~S 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PllOCLS 
PIPC .. S 
PIPCLS 
PIPC"S 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPC .. S 
PIPCLS 
PIpCLS 
PIPCLS 
PlpCLS 
PlpCLS 
PlpCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 

401 
402 
403 
404 
405 
406 
407 
408 
409 
41 (l 
411 
412 
413 
414 
415 
416 
417 
41t1 
419 
420 
421 
422 
423 
424 
425 
426 
427 
428 
429 
430 
431 
432 
433 
43~ 

435 
436 
437 
.. 38 
439 
44(l 
441 
442 
443 
444 
445 
4"6 
447 
448 
449 
450 
451 
452 
453 
454 
455 
456 
451 
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C 
C 
C 

C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
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l~E FIRST QUADRANT HEADER IS ASSUMED TO HAVE ZERO LENGTH. 
LENGTH OF THE REMAINING SECTIONS IS lHE CHORD LENGTH (TUBEL). 

IF(~S.EQ.l) QHEDR(KS)aO. 
IF(~S.GT,l) QHEDR(KSl=2 •• TUBEL 

nETERMINE THE DYNAMIC HEAD~OSS AND PRESSURE DROP IN THE 
QUADRANT HEADER SECTION. SAVE THE VApOR DENSITY BECAUSE IT 
MIIST BE USED IN COMPUTI"lG DVNAMIC HEADL.OSS BUT IS REDEFINED 
IN HLAMMO. THE NE~ VAL.UE OF DENSITY FROM HL.AMMO, L.IKE 
T~E TEMPERATURE, TOUT, APPLtES TO THE NEXT H[ADER SECTION. 

DENSaDENSIV 
EQL.r NaQ HEDRIKS)+20.·DIAS/12. 
CALL HLAMMO(TIN,DOTREM,DIAS,EQLE~'l.,TOUT'DELP) 
DELsoaOELSQ.DELP 
ODY~HDS.~DYNHDS.DELP/DENS 
TIN_TOUT 

SURTRACT THE FLOW TO ONE VERTICAL SECTION. IF THE FLO~ 
REMAINING IS ZERO THEN THE L.ASt HEADER SECTION HAS BEEN 
DESIGNED, 

DOTREM.D~TREM-DOTMAH 
IFlnOlREM.LE.O) GO TO 32 
KS·~S·1 
IF(~S.GT,NQS) pIPCSTV-l.E'40 
I F I KS. GT • NQS) RETURN 
GC1 TO 31 

eOMPUlE THE DIAMETER OF THE HORIZONTAL. QUADRANT 
HEADER FITTINGS. -

32 QnIAH·~QRTIDOTMAH.CONST1/(DESVELV.DENSIV) .12. 
IFI~DIAH.LT.DIAM(l» QDIAHeDIAM(1) . 
DC' 33 h1021t 
II=! 
IF(~OTAH.DIAM(IIl) 34.34.33 

33 CONTTNOE 
34 QOIAHaOIAMIII) 

lHE PORTION OF THE TEECOST ATTRIBUTED TO THE "BRANCH" IS 
.33 TIMES THE COST OF A TEE OF THE "BRANCH" DIAMETER, 

ODIAC5 T-.33. l EECSTIII) 

NO~ DESIGN THE VERTICAL QUADRANT HEADER PIPING 

IF('18UNHI,GT.20Q) STOP "IN PIPCL' LAYER EXCEEDS 200" 
On 40 hl,NBUNHI 

40 SPRcST(I)aO. 
LSal 
DOTI:!EMaDOTMAH 
DOT ... AV a 2.·DOTMAB 

42 CALL HEADER(DOTREM,DOTMAV,DESVELV,DENS!V,PREDUCS.LS,O,DtAJ.DIAS,TC 

PP'C.S 
PIPC~S 
PIPCL.S 
PIPC .. S 
PlpCLS 
PIPCLS 
PIPCL.S 
PIpCLS 
PIPCLS 
PIPCLS 
PIPC .. S 
PIPCLS 
PIPCLS 
PIPC.S 
PIPCLS 
PIPCLS 
PIPCL.S 
PIPCi,.S 
PlpCLS 
PIPCl..S 
PIPCL.S 
PIPCLS 
PIP:LS 
PIPCLS 
P!PCLS 
PIPCLS 
PIPC"S 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCl..S 
PIPCLS 
PIPCL.S 
PIPCLS 
PIPClS 
PIPCLS 
PlPCLS 
PIPC"S 
PIPC"S 
PIPCLS 
PIPCL.S 
PIPCLS 
PIPCL.S 
PIPCLS 
PIPCl..S 
PIPCL.S 
PIPCLS 
pIPC:"S 
PIPCL.S 
PIPCLS 
PIPCl..S 
PIPC .. S 
PIPC .. S 
PIPC ... S 
PIPCLS 
PIPCLS 

458 
439 
460 
,,61 
!,62 
463 
4C4 
465 
466 
467 
468 
469 
470 
" 7 1 
472 
473 
474 
475 
476 
477 
478 
479 
480 
4B1 
482 
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4B4 
4B5 
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4S8 
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490 
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C 
C 
C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 

c 
C 
C 
C 
C 

C 
C 
C 

SST'RCST,UPCST,PSLCST,PS~GCST,PSJCST) 

T~E nIAMETER OF HEADER SECTION LS 101AS) IS REPLACED BY DIAJ 
IN ORDER TO COMPARE THE DIAMETER OF SECTION KS WITH KS.1 
TO DETERMINE REDUCER REQUIREMENTS. SPDIA IS THE STORED 
VALUE OF THE DIAMETER OF HEADER SECTION LS. 

DIAJ_DlAs 
SPDIAI\':S)-DIAS 
SpTCSTILS).TCST 

ASSIGN THE COST OF A REDUCER TO THE PRECEDING HEADER SECT!O~. 
T~E COST OF A REDUCER IS BAiED ON THE LARGES! DIAMETER OF 
TME REDUCER. 

IFILS.GT.1) SPRCSTILS~1)=RCST 
UPPpCSTILS).UPCST 

T~E FIRST QUADRANT HEADER Ii ASSUMED TO HAVE ZERO LENGTH. 
THE LENGTH OF THE TEE "RUNnIs ASSUMED TO BE 1.75 TIMES 
THE PIPE DIAMETER. THIS LE~GTH IS SUBTRACTEO~ 

IFILS.~Q.1) PHEDRILS)"O. 
IFILS.GT.1) PHEORILS)-BUNWIDT.l.T5.0IAS/12. 

DETERMINE THE DYNAMIC HEADLOSS AND PRESSURE DROP IN THE 
QUADRANT HEADER SECTION. SAVE THE VAPOR DENSITY BECAUSE IT 
MUST BE USED IN COMPUTING DYNAMIC HEADLDSS BUT IS REDEFINED 
tN HLAMMO. THE NEW VALUE OF DENSITY FROM HLAMMO, LIKE 
TME TEMPERATURE, TOUT, APPLIES TO TME NEXT H~ADER SECTION, 

DENS_OENSIV 
EQL~N.PHEDRILS).20 •• DIAS/12. 
CALL M~A~MOITIN,DOTREM,DIAS,EQLEN,1.,TOUT,OELP) 
OELSP-OELSP.OELP 
PDYNHDS-rDYNHDS.DELP/DENS 
TyN_TOUT 

SUBTRACT THE FLOW TO TWO TUBE BUNDLES. IF THE FLOW 
REMAINING IS ZERO THEN THE LAST HEADER SECTION HAS BEEN 
I'lESIGNED. 

DOTREM-DOTREM.DOTMAS.2. 
IFIOOTREM.LE,O) GO TO 41 
LS-LS·l 
IFILS.GT,NPS) PIPCSTV"1.E.40 
tFIL~.GT.NPS) RETURN 
GO TO 42 

COMPUTE TME DIAMETER OF THE BUNDLE FITTINGS. 

41 BRCHDIA_SQRTIDOTMAB-CONST1/IDESVELV.DENSIV) )*12. 
IFI~PCHDJA,LT.DIAMll)) BRCHDIA .. DIAMIl) 
DO 43 1"1,24 
II-I 
IFIBRCMDIA~DIAMIII)) 44,44,43 

43 CONTINUE 
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PIPCLS 
PIPCLS 
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OPT:1 

44 BRC~DJ4cDIAM(II) 
C 
C T~E PORTION OF" THE TEE COST ATTRIBUTED TO THE "BRANCH" IS 
C .33 TIMES THE COST OF A TE~ OF THE "BRANCH" ~IAMETER. 
C 

C 
C TM~ PIPE CONNECTING THE QUADRANT HEADER 
C nETER~!NE THE COST OF" THE BUNDLE fITTINGS 
C TO THE TUBE BUNDLE HEADER 
C 

C 
C EV4LUATE THE COST OF" THE QUADRANT HEADER. 
C 
C F"IRST DETER~INE THE COST Of THE HORIZONTAL SECTION. 
C 

C 

DO ;0 hi ,KS 
SaTcSTfI)zSQTCST(I).QOIACST 

50 SQPCSTfI)cQHEDRfI).UPIPCST(I) 
SQTCSTfKS)=O. 
DO 51 Ia:1,KS 
IF"fI.LT.~S) SQCOSTcSQCOST.SQPCST1I).SQRCSTCI).SQTCST(I) 
IF(I.EQ.KS) SQCOST.SQCOST.SQPCST(I)·SQRCSTfI).QSLCST 

51 CONTI NUE -

C SECOND EVALUATE THE COST OF THE VERTICAL QUADRANT HEADER 
C PIPTNG. 
C 

C 

DO 52 I-l,LS 
SPTCSTfI)·SPTCST(I)·BRCST*Z. 

52 SpPCSTfI).UPPPCSTfIl*PHEDRCI) 
SPTCSTILS).O. 
DO 53 I"1,L5 
SpC~ST·SPCOST.SPPCST(I)·SPRCSTCII·SPTCSTf:) 

53 CONTINUE 

C nETER~INE THE TOTAL COST OF THE SUPPLY QUADRANT PIPING. 
C 

C 

SOCO~TaSQcoST.NSLPQ.SPCOST.NBUNPQD.SBF"CST 
T~QCOST=SQCOST.CTOW.4. 

C DETERMINE THE PRESSURE DROP 4ND DYNAMIC HEADLOSS IN THE 
C QUADRANT PIPING. 
C 

c 

DELSQanELSQ.DELSP 
QDYNHOS.ODYNHDS.PDYNHDS 

C COMPUTE DYNAMIC HEAD LOSS IN BUNDLE rITTINGS. 
C 

C 
C 

DEN«; .. OEN!=iIV 
EQLfN • 12n •• BRCHDIA/12, 
CALL HLAM~O(TIN,DOTMAB,BRCHD!A,EQLEN,l"TOUT,DELP~S) 
BSDYNHD"OELPBS/DENS 

C T~E VAPOR TEMPERATURE AT THE HEAT EXCH4NGER INLET HAS BEEN 
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PIPC:.S 
PIPCL5 
PIPCLS 
PIPCLS 
PIPCLS 
PIPC.S 
PIPCLS 
PIPC",S 
PIPC.S 
PIPCLS 
PIPCLS 
PIPCi..S 
PIPCi..S 
PIPC:'S 
PIPCi..S 
PIPCi..S 
PIPCLS 
PIPCLS 
PIPCLS 
PIPC~5 

PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPC:.S 
PIPC ... S 
PIPC:..5 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPC:"S 
PIPCLS 
PIPCL5 
PIPCLS 
PIPCLS 
PIPC .. S 
PIPC .. S 
PIPC:"S 
PIPC .. S 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPCLS 
PIPC.S 
PIcCl..S 
PlcCLS 
PIPCLS 
PIPCi..S 
PIPC ... S 
PIPCi..S 
PlpCLS 
PIPC .. 5 
PIPCLS 

5:2 
573 
5h 
575 
5 7 6 
577 
575 
579 
550 
581 
582 
583 
584 
5~5 

SSE: 
567 
588 
589 
590 
5~1 
5 .. 2 
593 
59" 
595 
596 
597 
59B 
599 
600 
601 
602 
603 
604 
605 
606 
607 
608 
609 
610 
611 
6i2 
613 
614 
615 
616 
617 
61B 
619 
620 
621 
622 
623 
6210 
625 
626 
627 
62B 



C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 

DETERMINED ON THE BASIS or THE ACCUMULATIVE PRESSURE DROPS 
IN THE SUPPLY PIPING, 

THXIN • TOUT 

DETERMINE TOTAL COST, PRESSURE DROp, AND DYNAMIC HEAD LOSS 
IN THE SUPPLY PIPING SYSTEM. 

PIPC5TV~SCOST.TSTDCST·TSQCOST 
P!PCSTV • PIPCSTV • POHCIR 
DELVsOELSH.DELPD.DELPT.DELSQ·DELPBS 
DyNHDV·DYNHDS·DDYNHD.TDYNHD.QDYN~DS·BSDYNHD 

S10RE VALUES IN COMMON BLOCK IRPTRETI fOR LATER USE IN 
OUTPUT, 

SDELV • DELV 
SOOTMA &: DOTMA 
SPCSTV • PIPCSTV 
STHXIN &: THXIN 
STCONO &: TCONOUT 
STHXIN • THXIN 
STOWDr • TOWDIA 
RETURN 
END 
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PIPCLS 629 
PIPCLS 630 
PIPCLS 631 
PIPCLS 632 
PIPCLS 633 
PIPCLS 634 
PIPCLS 635 
PIPCLS 636 
PIPCLS 637 
PIPCLS 638 
PIPCLS 639 
PIPCLS 640 
PIPCLS 641 
PIPCLS 642 
PIPCLS 643 
P!PCLS 644 
PIPCLS 645 
PIPCLS 646 
PIPCLS 647 
PIPCLS 648 
PIPCLS 649 
PIPCLS 650 
PIPCLS 651 
PIPCL5 652 
PIPCLS 653 

.. 
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c 
c 
c 

c 

rUNCTION ~NLIM LIMITS AFUN: BETWEEN AMI~ AND AMAX 

~NLIt.4drUNC 

C yF ArUNC IS LESS THAN AMIN SET PNLIM EQUAL TO AMIN 
rr (AFUNe-AM!N) 10,10,20 

10 PNLTMaAMIN 
GO TO -;0 

c 
e IF AMAX IS LESS THAN AMIN JUST SET PNLIM EQUAL TO ArUNe 

20 IF (AMAX_AMIN) 50,50,30 
C 
C IF AFUNC IS GREATER THAN AMAX SET ~NLIM EQUAL TO AMAX 

30 I~ (AFUNC_AMAX) 50,50,40 
40 PNLrloldMAX 
50 RETURN 

END 
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PI\J~I"I 2 
PNLI M 3 
PNLIM • PNLIM 5 
~N~IM 6 
PI\JLIM 7 
PN~IM 8 
PNLIM 9 
PNLIM 10 
PNLI"1 11 
PNLI M 12 
PI\Ji..IM 13 
PNl.I"1 14 
PNLI M 15, 
Pl\JdM 16 
PI\JLI"1 1 7 
PN,-IM 18 
PNLIM 19 
PNLIM 20 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 

C 
C 
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SUB~OUTINE PRPERT(TWATAV,TAIRAV,4LTITD) 

SUBRO.UTI"IE PRPERT DETERto1I"IES TI-tE THERMODYNAMIC AND PHYSICAL 
P~OPERTIES OF AIR AND SATURATED AMMONIA 

DEFINITION OF VARIABLES 

CPA 
CPU 
CPIr/ 
DENSIA 
DENSIV 
DENSllr/ 
HFG 
SIGMA 
TAI~AV 
T~CClNA 
THCONV 

T>1CONW 

TI<jATAV 
VISA 
VISv 
VISIrI 

• HEAT CAPACITY OF 4IR (BTU/LBM.DEG F) 
- HEAT CAPACITY OF 4Mto10NIA VAPOR (BTU/LBM-DEG F) 
- HEAT CAPACITY OF AMMO"lIA LIQUID (STU/LBMaDEG F) 
- DENSITY OF AIR (L8M/CU FT) 
- DENSITY OF AMMONIA VAPOR (LBM/CU FT) 
- DENSITY OF AMMONIA LIQUID (LBto1/CU FT) 
- HEAT OF VAPORIZATION OF AMMONIA (BTU/LBM) 
- SURFACE TENSIO"l OF AMMONIA (L9F/FT) 
- AVERAGE AIR TEMPERATURE (DEr. F) 
- THERMAL CONDUCTIVITY OF AIR (BTU/HR_FT.DEG F) 
• THERMAL CONDUCTIVITY OF AMMONIA VA~OR (BTU/HR-FT­

DEG F) 
- THERMAL CONDUCTIVITY OF AMMONIA LIQUID (BTU/HR-FT-

DEG F) 
• AMMONIA TEMPERATURE (DEG F 
- VISCOSITY OF THE AIR (LBM/HR.~T) 
• VISCOSITY OF THE AMMONIA VAPOR (LBM/FT-H~) 
- VISCOSITY OF THE 4MMONIA LIQUID (LBM/FT-HR) 

COMMON 1 PROP/ CPW, THCONW, OENS1~, VISw, HFG, 
CPV. THCONV, DENSIV, VISV, SIGMA, 
CPA, THCONA, OENSIA, VISA 

AMMONIA PROPERTIES 
CPW • FLUIO(l,l,TWATAV,ALTITD,"SUBROUTINE PRPERT 1") 
THCONW • FLUID(2,1,TWATAV,ALTITD,"SUBRQUTINE PRPERT 2") 
DENSIIrI • FLUID(3,l,TWATAV,ALTITD,"SUBROUTINE PRPERT 3") 
VISw • FLUYD(4,1,TWATAV,ALTITD,"SUBROUTINE PRPERT 4") 
CPV. FLUID(5tl,TWATAV,ALTtTO,IISUBROUTINE PRPERT 5") 
THCONV • FLUID(b,I,TWATAV,ALTITO,"SUBROUTINE PRPERT 6". 
DENSIV • FLUIDr7.1,TWATAV,ALTITO,IISUBROUTINE PRPERT 7"1 
VISV • FLUID(8,l,TWATAV,ALTITD,"SUBROUTINE PRPERT a") 
HFG • FLUID(9,1,TWATAV,ALTITD,"SUBROUTtNE PRPERT8,5") 
SIG~A • FLUIDCI2,1,TWATAV,ALTITD."SUBROUTINE PRPERTa.1"1 

AIR PROPERTIEs 
CpA. FLUID(5.2,TAIRAV,4LTITD,IISUBROUTINE PRPERT 9") 
THCONA • FLUID(6,2.TAIRAV,4LTITD."SUBROUTINE PRPERT 10"t 
DENSIA • FLUIO(1,2,T4IR4V.4LTITD,"SUB ROUTINE PRPE~T 11". 
VISA • FLUID(8,2,TAIRAV,ALTITD,IISUBROUTINE PRPERT 12") 
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31 
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41 
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~UBROUTINE ~U~LEC 

C 
c •••• 
C 
C 
C 

SUBQOUTINE ~U~LEC(~OHLEC, H~WAT, OIST, EFF~, R~T~L) 
DATA NPM~ 121 -
DATA DSGT~ 1100.1 

COM~UTE ~UM~ ~OTOR ELECTRICAL COiTS 

T~E NU~BER OF ~UM~S 

HP~~MP • HPWAT/(N~~~.EFF~) 

IF(H~~P~P ,LT, 251.) TR~A • 112500./N~M~ • 7.88 • HP~PM~ 
S + (116,·,159.H~PPMP).H~P~M~ 
IF(H~~PM~ .GE. 251 •• AND. H~~~~P' .LE. 4000,) T~MA • 112500./N~M~ 

$ • 7.88.H~~PM~ • 870./SQRT(H~P~M~).H~P~M~ 
IF(~~pPM~ .GT. 2000,' TRMA • 112500./NPMP + 7.88 • H~~PMP 
VS • 7200. 
IF O",PPPMP .LT. 2000.) VS .. 13BOO. 
VM • 6900. 
IF(H~PPMP .LT. 2000.) VM • 2300. 
IF (HPPP~~ .LT. 251., v~ .4BO. 
TRMB" (DIST/2 •• 1000.'.(37. + .47.HP~PMP.N~MP/SQRT(VS' 

S •• 5 .N~~P) I NP~P . - -
T~MC • (100. • 1.1 • H~PPM~) • (DSGTM -250., I SQRT(VM) 
~~ELEC .. (TR~A • TRM9 • TRMC) • ~DHLEC 
RPTPL • P~ELEC/1000 •• N~MP 
RETuRN 
END 
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SU9QOUTINE PUMPCSTCW3, DELPS, DE~PR, DELPWT, OELPwC, X, DESVEL, 
S PMPCST, PUfITC) 

SUB~OUTINE PUMPCST DETERMINES THE COST Of THE PUMPS AND 
T~E fITTINGS fOR THE AMMONIA LOOP 

D~fINITION Of VARIABLES 

CPA 
CPV 
CPA 
OELPR 
DELPS 
nELPWC 

DELPWT 
nFNSlloI 
DESVEL 
[.'IIA 
GDMI 

pIPCSPI 

P!PCSP2 

Pf.1PCST 
PUMPCS2 

TDHI 
TDH2 

W3 
X 

- HEAT CAPACITY Of AIR CBTU/LBM_DEG f) 
- HEAT CAPACITY Of AMMONIA VAPOR (BTU/LBM-DEG f) 
• HEAT CAPACITY Of AMMDNIA LIQUID C8TU/LBM.DEG f) 
- PRESSURE DROP IN THE RETURN PIPING- CLBf/SQ fT) 
- PRESSURE DROP IN THE SUPPLY PIPING CLBf/SQ fT) 
• pRESSURE DROP IN THE CONDENSER/REBOILER 

CLBf/SQ fTl 
- PRESSURE DROP IN THE HEAT EXCHANGER CLBf/SO fT) 
- DENSITY OF AMMONIA LIQUID CLBM/CU FT) 
- DESIGN LIQUID VELOCITy (fT/SEC) -
- DIAMETER Of THE VALVES AND fLANGES CIN) 
- GALLONS PER MINUTE OF AMMONIA IN THE RETURN 

PIPING (GPM) - - . 
- GALLONS PER MINUTE OF AMMONIA ENTERING THE CON­

DENSER/REBOILER (6PMi 
- fLANGE AND VALVE COST FOR PUMPING IN THE RETURN 

PIPING (1($) -

- fLANGE AND VALVE COST FOR PU""pING IN THE LOOP TO 
THE CONDENSER/REBOILER (KS 

- TOTAL COST Of PUMPING SYSTEM (1($) 

- COST Of PUMP fDR LGOP TO THE CONDENSERI 
REBOILER (1(5) 

- DYNAMIC HEAD TO BE MADE UP BY THE RETURN PUMP (FT) 
- DYNAMIC HEAD TO BE MADE UP BY THE PUMP IN THE 

CONDENSER/REBOILER LDOP (fT) 
- MASS fLOW Of AMMD~IA CLBM/HR) 
- EXIT QUALITY OF fLUID EXITING THE CONDENSERI 

REBOILER (DIMENSIONLESS) 

DIMENSION DIAM(24), fLGCST(24), VACST(24) 
COM""ON'PROP/CPW,THCONW,DENSlw,VliW,HfG, 

1 CPV,THCONV,DENSIV,VISV,SIGMA, 
2 CPA,THCONA,DENSIA,VIsA 

DATIl DIAM 1 
5 6. 12. 
$ 42. 48. 
5 78. 84. 
S 114. , 120, 

DA TA VACST 1 
S 2.8T, 7.09, 
S 109. 141, 
5 266. 293. 
S 425. , 452, 

DATA fLGCSTI 
, ,136, 
S 6. 82, 
S 33.9 
$ 72.5 

.520, 
9,22 , 

40,4 
78.9 

18, 
54, 
90, 
12~. 

16.9 
164. 
319. 
478. 

1.03 , 
12.0 
46.8 
85,4 

24, 
60, 
96. 

132 • 

26.7 
187. 
3.6. 
505. 

1,92 , 
14.7 
53,2 
91.8 

30. 
66, 

102, 
138, 

52,2 
213, 
372. 
531. 

3,17 , 
21 .1 
59,7 
9B.2 

36. 
72. 

108, , 
144. 1 

77,8 
240, 
399. 
558. 

4,42 , 
27.5 
66,1 , 

105. 1 
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DATA NI<05/Z41 
C 
C CONSTl IS 4 1 ("1*3600 ) 

DATA CONST1 1 3.536771 E.04 1 
C 
C O!A~ETER Of I'IF'E RETURNING fROM THE HfAT EXCHANGER 

C 

DIA ~ SQRT(W3*CONST1/10ENSIW*OESVEL»*1Z. 
DO 10 II • 1. NI<OS . 
I ., II 
IflDIA - DIAM(I» 11.11.10 

1 0 CONTINUE 

C DAI~ETER Of F'IPE ENTERING T~E CONOENSER/REBOILER 

C 

11 OIA • SQQT(W3*CONST1/(DENSIW*OESVEL*X))*12. 
O~ 12 JJ ., 1.NI<OS 
J • JJ 
If lOlA - DIAM(J») 13.13.12 

12 C aNTI NUE 

C fLANGE AND VALVE COSTS fOR 80TH PUMF'S 

C 

13 PyF'CSF'1 ., Z.*fLGCST(I) • 2. * VACST(I) 
F'TF'CSF'2 • Z.*fLGCST(J) • 2.*VACST(J) 
F'UfyTc • PIF'CSP1 • "IF'CSF'2 

C PU~P COSTS 

C 

GPMl • W3-1.481/(OENSIW*60.) 
GPM2 • W3-1.481/(OENSYW*X*60.) 
TDHl • IDELPS • DELF'R • DELF'WT)/OENSIW 
TDH2 • OELPWC/DENSIW 
F'u~pc~t • (0.03Z*TOHl • 1.54)*GF'M1 
F'U~PCSZ • 10.032-TOHZ • 1.54)*GP~2 
F'UMPCSl ., F'U~F'CSl 1 1000. 
F'u~PCSZ ., F'U"'F'CsZ 1 1000. 

C TOTAL COST Of F'U~PING SYSTEM 
F'~F'CST • F'UMF'CSl • PUMF'CS2 • F'IF'CSP1 • F'IF'CSF'2 
RETuRN 
END 
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SUB~OUTINE RPRT2 (EFFC, TUBEM, TUBEM2) 
C 
C THIs ROUTiNE REPORTS CONDENSER D~SIGN AND COSTS 
C 

C 

COM~ON/KP~T2/UCON'HOCON'HICON'HWCON'HFC,VELD,VELDO,TTD,TS,XNP, 
IDELPWC,ARPS,TLA,XNTS,XNS --
COM~ON IKPRT31 TURCST,SHLCST,FETCST,CHX 

6090 FOR~AT(llo!ll 
6100 FOR ... AT( 

C T40,201"",")/T41,"C 0 N DEN S E R"/T40,20("-")) 
6105 FOR ... AT( . 

L TOII,"--- DESIGN CONDITIONS ___ It 
R,T7?,"-"" DESIGN OPERATING CONDITIONS - __ "11) 

6110 F'OR"lATf 
L Tl~,"STEAM TEMPERATURE".F6,l," F" 
R.T60."~VERALL HEAT TRANSFER COEFFICIENT ".FB,2." BTU/HR SQ FT DEG 
RFII) 

6115 FOR~AT( 
L TI4,"AMMONIA TEMPERATURE".F6,l. II F" 
R.T62."STEAM HEAT TRANSFER COEFFICIENT".FB.2,"8TU/HR SQ n DEG FII) 

6120 FOR~AT( 
L Tll."tNLET AMMONIA VELOCITy".FB.2,"FT/SEC" 
R.T60."AM~ONIA HEAT TRANSFER COEFF"ICIENT",FB,2."BTU/HR sa FT DEG Fit 
R ) 

6125 FOR"lATr 
L TI0."OUTLET AMMONIA VELOCITY".F8,2."FT/SEC" 
R.T63."WALL HEAT TRANSFER COEFFleIENT".F8,2,"BTU/HR sQ FT DEG Fit) 

6128 FOR~AT( 
L T05."PRESSURE DROP THRU CONDENSERIt.F8,1,IILB/SQ FTII 
R.T64."'ORCED CONVECTION COEFFICIfNT".FB,2."BTU/HR SQ FT DEG F") 

6130 FOR~AT( 
L/T06'''-''. CONDENSER DESCRIPTION .... " 
R.T7;,"-"_ CONDENSER COSTS ---"Ilf 

6135 FOR~AT r 
L TI7." NU"'BER OF SHELLS".I6. 
R T7~."TUBING MATERIAL S".F14,2,ZX"(",ZAI0,")") 

6140 FOR~AT ( 
L T05."~EAT TRANSFER AREA PER SHE~L".Gll,5." SQ FT" 
R T8s."SHELLS S".FI4,2) 

6145 FORI,\AT( 
L T07."NUMBER OF PASSES PER SHELLIf.I6, 
R T77."'IELD ERECTION S".FI4,Z) 

6150 FOR~AT( -
L T22."TU8E LENGTH".I6.T45."FEET"1 

6155 FORMAT! 
L T08,"NU~BER OF TUBES PER SHELL".I6 
R.T6~,"TOTAL COST OF CONDENSER S".F"14,O) 

WRITEI6.(090) 
WRITF'!6.(100) 
WRITEr6.(105) 
WRITEf6.(110) TS.UCON 
wRITEr6,(115) TS-TTD. HOCON 
WRITEI6.6120) VELD. HICON 
wRItE(6l6125) VELDO. HWCON 
wRITE (6.6128) DELPWC. HFe 
wRITEr6.6130) 
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CSTHS 

C9TLVR 

CIIIIARA 

CVLRNG 

DEL!'"C 

EL.:n'G 
F~ACC 

FBC~F' 

!'"CBZ 

FCB3 
F'COS 
F'CR 
nXL 

FMC~F 

FMCST 

Hr:lFACl 
I-Ir:lFAC2 
Hr:lF'R21 

I-ISLVA 

lTO.H" 
KeONV 

KGA 

LD 

NEGV 

NUMTOW 
Niol 

~ER 

~LANC 
~LANC1 

~LA~C2 
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• COST OF ~LENUM ~ATERIAL ~ER ~OUND (S/LBM) 
• COOLING SURFACE COST (S) 

COST OF HEADER-SEALANT FOR CONNECTlNG ~LASTIC TUBES 
TO THE HEADER ($) 

• COST OF THE HAIL iCREENS FOR THE ENTIRE FRONTAL 
AREA OF THE HEAT EXCHANGER ~5) 

• COST OF THE LOUVERS FOR CONTROLLING THE AIR FLOW 
TO THE HEAT EXCHA~GERS (S) -

• RATIO OF HEAT CA~ACITY OF THE WATER TO THE AIR 
(DIMENSIONLESS) 

• COST OF THE FAN ~ING AND THE VELOCITY RECOVERY 
STACK IF THEY ARE USED (S/FAN) 

• INCREMENTAL FUEL COST FOR THE SCALED UP ~LANT 
(MILLS/KIII HR) - -

- LENGTH OF HEAT EXCHANGER TUBES (FT) 
• COST OF FAN BLADES AFTER SCALING uP THE NUMBER OF 

FANS (5) - - - --

• COST OF FAN BLADES ~ER FAN (S/rAN) 
• FUEL COST FOR THE BASE PLANT WITH A ZERO COST ONCE 

THROUGH COOLING SYSTEM (MILLS/HW HR) 
- FUEL COST FOR THE SCALED U~ ~LANT (MILLS IKW HR) 
- COST OF FUEL FOR ROWER ~LANT (CENTS/BTU) 
- FIXED CHARGE RATE FOR CA~ITAL ~ER YEAR (~ERCENT/YR) 
• THE FIXED LENGTH OF HEAT EXCHANGER TUBES S~ECIFIED 

RY THE INPUT TO T~E CODE (F'T) 
• FAN MOTOR COST ~ER FAN IS/FNA) 
• TOTAL FAN MOTOR COST FOR THE FAN SYSTE~ AFTER 

SCALE UP (5) 
• POWER REQUIREMENTS OF THE FAN SYSTEM (Kill) 
• HORSEPOWER REQUIREMENTS OF THE FAN-SYSTEM (HP) 
• HORSEPOWER REOUI~~MENTS OF THE WATER PUMPING 

SYSTEM (H~) -

• HEAT RATE FACTOR AT ~OINT ON (DIMENSIONLESS) 
• HEAT RATE FACTOR AT ~OINT TWO (DIMENSIONLESS) 
• RATIO OF HRFAC2 TO HRFAC1 USED FOR- SCALING UP 

~LANT TO DESING CONDITIONS (DIMENSIONLESS) 
- SURFACE AREA COVERED BY HAIL SCREENS OR LOUVERS 

(SO FT) 

- NUMBER OF' CIRCULAR TOWERS (DI~ENSIONLESS, 
- INTERNAL VARIABLE FOR SPECIFYING THAT THE SET OF 

IN~UT VARIABLES LEAD TO UNREASONABLE VALuES 
(DIMENSIONLESS) • 

• VARIABLE FOR SPECIFYING GAGE OF TUBES USED IN THE 
CONDENSER (DIMENSIONLESS) 

• VARIABLE FOR SPEClFyING THE D1AMETER OF THE 
CONDENSER TUBIN~ 1DIMENSIONLESS) -

- STO~S THE PRDGRA~ IF THE SCALED UP F'RONTAL AREA, 
MASS FLOW OF AIR AND SPECIFIC VOLUME OF AIR IS LESS 
THAN ZERO IDIMENStO~LESS) 

- NU~BER OF CIRCULA~ TOWERS (DIMENSIONLESS) 
• NUMBER OF HEAT EXCHANGER TUBES IN WIDTH 

(DIMENSIONLESS) . 
• PERCENTAGE OF TOTAL CAPITAL COSTS OF" DRY COOLING 

TOWER ALLOWED F"OR MAINTENANCE COST (PERCENT) 
- BASE PLANT costs 1S/KW) 
• PLANT COSTS AT ~OINT ONE IS/KW) 
- PLANT COST AT POINT TWO (S/KW) 
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SUB~OllTI~E 5CAlP(Tl,RANGE,AF'RON,WlRAT,TCWF'CS,ITOWN) 

SUBROUTINE SCALP SCALES T~E PLANT AND DRY COOLING rOWER 
DESIGNS AND COSTS lINEARLY UP~ARD OR DOWNWARD TO ACCOUNT 
F'OP THE F'OllOWING F'ACTORS- -

1. THE DESIGN TEMPERATURE OF' THE POWER PLANT DOES 
NOT CORRESPOND TO THE RATED BACK PRESSURE OF' THE 
STEA'" TURBI~E. 

2. PART OF' THE TOTAL POWER OUTPUT OF' THE PLANT IS 
USE~ IN SUPPlYI~G POWEp TO T~E F'AN AND PUMPING 
SYSTEMS. 

THE F'OlLowING ARE POINTS O~ THE HEAT RATE F'A~TOR CURVE WHIC~ 
ARE USED IN DESCRIBING THE iCALING OF' THE PLANT AND DRY COO~­
ING TOWERS. AT EAC~ OF' THE5E POINTS THE HEAr RATE F'ACTOR, 
PLANT sIZE ANC PLANT COSTS ARE DETERMINED. . 

pnI~T 0 - CONVENTIONAL TURBINE OPERATING AT RATED BACK 
PRESSURE 

POI~T 1 - STEAM TURBINE OPERATING AT RATED BACK PRESSURE 
POI~T 2 - STEAM TURBINE O~ERATING AT SYSTEM DESIGN EXIT 

TEMPERATURE WITH OUTPUT OF' TU~BINE GENERATOR EQUA~ 
TO THE DESIGN POwER OUTPUT 

POINT 3 - STEAM TURBINE OPERATING AT SYSTEM DESIGN EXIT 
TEMPERATURE WITH THE POWER OUTPUT OF' PLANT EQUAL 
TO THE DESIGN POWER OUTPUT 

THE DIF'F'ERENCE BETWEEN POINt TWO AND TH~EE IS THE PLANT HAS 
BEEN SCALED UP TO ACCOUNT F'OR THE POWER CONSUMPTION OF' THE 
F'ANS AND PUMPS, BETWEEN POINT ONE AND TWO THE POWER PLANT 
HAS BEEN SCALED UP OR DOWN TO ACCOUNT F'OR AN INCREASE OR 
DECREASE IN THE HEAT RATE F'ACTOR~ 

DEF'INITION OF' VARIABLES 

ADIA 
AFRON 

A TLIB: 
BliEeF 

CFOLIND 

C"" 
C"'AILS 
ClAND 
Cl.lIVP 
CONI3AS 
ens", 
CPIP 
CPL~N 

- AIR SIDE HEAT T~ANSF'ER A~EA OF' HEAT EXCHANGER 
(SO F'T) 

- F'AN BLADE DIAMETER (F"" 
- F"RONTAl AREA OF" THE HEAT EXCHANGER NORMAL TO AIR 

FLOW (SQ rT) 
- HEAT EXCHANGER TUIE COST (J) 

- BUNDLE SCHIpPING AND ERECTIO~ COST F'ACTOR (DIMEN-
SIONLESS) 

- BUNDLE ASSEMBLY COST (S) 
- PERCENT OF' TIME PLANT IS GENE~ATIN~ POWER DURING 

:HE YEAR (PERCENT) 
- TOTAL COST OF' THE DRY COOLING TOWER (S, 
- COST OF THE ELECTRICAL WIR!NG F'OR THE F'AN SYSTEM 

(S" 

- COST OF THE F'OUNDATION F'OR THE DRY COOLING TOWERS 
($ ) 

8UND~E CO~TS FOR THE HEAT EXCHANGER ($) 
- COST oF" HAIL SCREENS pER UNIT AREA (s/SQ FT) 
- COST OF' LAND COVERED BY THE DRY COOLING TOWEP.S ($) 
- COST OF' LOUVERS PER UNIT AREA ($/sQ FT) 
- COST OF" THE SURF'ACE CONDENSER ($) 
- INCREMENTAL MAINTENANCE COSTS OF' DRy CODLING ($) 
- COST OF" THE ~IPI~G SYSTEM ($) 

- COST OF" THE PLENUM ON TOP OF' THE CODLING TOWERS ($) 
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SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
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SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
S::ALP 
SCALP 
SCALP 
SCALI> 
SCALP 
SCAl;> 
SCALP 
SCALP 
SCALP 
SCAl~ 

S::AlP 
SCALP 
SCALP 
SCALP 
SCAL;> 
SCALP 
SCALP 
SCALP 
SCALP 
SCALI> 
SCALP 
SCALP 
SCAL;> 
SCALP 
SCALP 
S::ALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SC4LP 
SCALP 
SCALP 
SCALP 
SCALP 
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16 
17 
18 
19 
20 
21 
22 
23 
240 
25 
26 
27 
28 
29 
30 
31 
32 
33 
3" 
35 
36 
37 
38 
39 
100 
41 
42 
"3 
'+4 

"5 
406 
47 
48 
49 
50 
51 
52 
53 
510 
55 
t·6 
57 
~B 



SU~ROUTINE RpTSUP 06/05/78 07.59.59 

C 

~-----··"1125X'''CIRCULATION PIPING"1152X,"COST IN 10 •• " " 
13 DOLLARS FOR"/40X,"------------~-.------.--_____ ~ _____ .-------. __ 
1-_-_"/12X."HEADER DIAMETER LENGTH pIPE TEES REDUCE 
IRS ~XPANSION F'LANGES"/21 X,"IINCI!4ES) IF'EET)",33 X,"JOINT(]) 13 
1)111/) 

217 F'nR",ATIIIIlOX,"F'ITTINGS COST PER BUNDLE S",F'S.3," .10 •• 3") 

WRITElb,213) 
WRITEC6,216) 
DO cOl h1,JS 
IF'(I.GT.l) GO TO 202 
WIlITEI6,203) I,SDIA1II),HEDR1II),SPCSTl(I .pF',STCST1(I).PF', 

SSpCSTl II).PF',SEJCSl*PF',SF'LGC1*P~ . 
Gn TO 201 

202 IF'II.EQ.JS) GO TO 210 
WIlITEI6.203) I,SDIAI (I) ,HEDR1 II),SpCST1 II *PF',STCSTl II).PF', 

SSRCSTl C I) *PF' 
Go TO 201 

210 WRITEC6,203) I,SDIAlII)'HEDR1II),Sp~ST1(I *PF,SEL~ST*pF, 
SSRCSTIII) *PF' 

201 CONTINUE 
WIlITEC6,204) scosn*pF' 
WRITE 16,205) 
D(I 206 h1,KS 
I~CI.E~.KS)GO TO 207 
WRITElb,2l4) I,SQDIA1 II) ,QHEDR1 II) ,SQPCS1 (y).pF,SQTCS1 II).pF, 

SSQRCS1II)*PF' 
GO TO 206 

207 WI;IITE/b,2l4) I,SQDIA1 II) ,QHEDR1 II) ,SQPCS1II).pF,QSLCS1, 
fSI';)RCS11 I) *PF' 

206 CONTINUE 
WRITEC6,305) 

305 F'(lR",ATI/25X,"VERTICAL QUADRANT SUPPLY PIPING 
SIN 10**3 DOLLARS F'OR "/4 0X,301 1l • 1I )/12X,"HEADER 
$ PIPE TEES IitEDUCERS"1Z1X,"IINCHES) 

Do 306 h1,lS 

"1142X,"COST 
DIAMETER lENGTH 
(FEEnw/ll 

WR ITE (b, 214) I, SpD I A 1 I I ) ,pHEDS 1 I I ) ,SPPCSTl I I ) ,SPT~STl I I) ,SPRCSTl I I 
S) 

306 CONTINUE 
WRITE/6,SI7) NBUN 

517 F'OR"'ATCIIIIOX,"NUMBEP OF' BUNDLES PER QUADRANT".I10) 
WIlITEC6.217) SBF'CS1.PF' 
WRITrc6.215) SQCOSl*PF' 
wRITE/b.20a) TSQC01*PF' 
WRITE/b,209) NU"'TOIr/,NTO~DE1.CTOwD1,HTOW1,WBB1,DIA~Dl'DIAST1,STDCS1 

1*PF',TSTDC1*PF' 
WPITE/6,211) DESVElV, DOTMA1, TeON01, THXIN1, DEL V1,DYNHD1, pIPCSl 
RETURN 
END 

RPTSUp 
IitPTSUP 
RPTSUP 
RPTSUP 
RPTSUP 
RPTSUp 
RPTSUP 
RpTSUP 
RPTSUP 
RPTSUP 
RPTSUP 
RPTSUp 
RPTSUP 
RPTSUP 
RPTSUP 
IitPTSUP 
RPTSUP 
IitPTSUP 
RPTSUP 
IitPTSUP 
RpTSUP 
RpTSUP 
RPTSUP 
RPTSUP 
RPTSUF> 
IitPTSUP 
RPTSUP 
RPTSUP 
RF>TSUP 
RpTSUP 
RF>TSUP 
RPTSUP 
RPTSUP 
RPTSUP 
RPTSUP 
RPTSUP 
IitPTSUP 
RPTSUF> 
RPTSUP 
RPTSUP 
RF>TSUP 
RpTSUP 
RPTSUF> 
RPTSUF> 
RPTSUP 
RPTSUF> 
RPTSUP 
RF>TSUP 
RF>TSUF> 

59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
17 
78 
79 
80 
81 
82 
83 
84 
SS 
86 
87 
BII 
89 
90 
91 
92 
93 
94 
9S 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 

.. 

"'. 



.. 

eUBRoUTINE RPTSUP 74174 06/05/78 07,59.59 

SUBROUTINE RPTSUPtDESVELV.NU~TOW.CTOWD1.W8B1.HTOW1.NTOWDE1) 
C 
C THIS ROUTINE REPORTS RETURN PIPI~G DESIGN AND COSTS 
C 
C 
C 

C 

COMIo\ON IKPTSUPI 
S DELVI. DIASDI. DIAST1. DOTMA1. DYNHD1 
S. HEO~![200) 
S. JSSAVE 
S. KsSAVE 
S. PIPCS] 
S. Q5LCSI. QHEDRl(200) 
S. SqFCSl, SCOSTl, SEJCSl, SELCST. SFLGC1, SQCOSI. STDCSI 
S, SDIAI (200) ,SPCST1 [200) ,SODIAI (200), SOPCS1 [200), SQRCS1 (200) 
s, SoTCS1 (200), SRCST! (200), STCST1 (200) 
S. TcnN01. THXINl, TOWDII. TSOC01, TSTDCl 

COMIo\ON IKKSUPI 
S SI'DIA1 (200), LSSAVE, PHEDS1 (200), SPPCSTI (200), SPRCSTl (200) 
S, SI'TCSTI [200), SPCOSTl,PSLCSThFlSLGC S1, PSJCSTl' UPPPCSI (200) 
S,pF,N~UN 

LSIILSSAVE 
JS .. JSSAVE 
KS • KSSAVE 

203 FORIo\AT[lH .14X,I2,IX,7F10,1) 
204 FORIo\ATtII140 X,IITOTAL COST OF CIRCULATION SUPPLY PIPING SII.F5.0, 

~" -10·-3"/111) 
205 FORIAAT !/25X,ltHORIZONTAL QUADRANT SUPPLY PIPING" 

$ IlltZX,"COST IN 10.-3 DOLLARS FOR"/ItOX 
s,"------------------------------ It

/12X,"HEADER r:llAMETE~ LENGTH 
$ PIPE TEES REDUCERS"/21X'''[INCHES) [FEET)II/I) 

208 FDRIo\ATtII142 X,"TOTAL COST OF QUA~RANT SUPPLY HEAD~RS $".F5.0, 
$" -10.-3"1/11) 

209 FnR..,ATtl?5X,"TOwER SUPPLY PIPING" 
$ 11)f'X'''NU~AER OF TOWERS".21XtI5 
$ IloX."NU"'8EF' OF TOWERS WITH DELUGE PIPING".2XtI5 
S IIOX.IITOWER DIAMETERII.23X,F5.0. It FEETIII 
S 10lC."TOIolER HEIGHTII,?5x,F5.l." FEET'-'I 
S 10X,"HUNDLE WIDT~",25X,F5ol." FEET"I 
SloX, "DIAMETER OF' ClIPE FROM CIRCULATION 
5:"/IOy,IIHEADER TO TOwER DISTRIBUTION HEADE~",~7,0," INCHES"/10x,":>I 
UMETER OF TOWER DISTtlIBUTION PIPE",F7.0," INCHES"IIIOX,OIC05T OF ':>1 
SSTRp,!I)TIClN pIPING PER TOWER $1I,F5.0," -10--3"lllltOX,"TCTAL COST 0 
$F TnWE"P DISTRIBUTION PIPING $","5,0," -10 __ 3"111/) 

211 FORIAATflox."VAPOR DESIGN VELOCITY".F5.0." FPSIII 
$ HX."Io\ASS FLOJI RATE"tlPEI0.3," LBM/HR"I 
S )OX,"CONDENSER OUTLET TEMPE:RATURE".OPF7.2," DE~. F"I 
S lOX,"HEAT EXCHANGER INLET TEMPERATURE","'7.?," DEG. Fill 
$ lolC,"SUPPLY PIPING PRESSURE DROPII,F7.1," PSF"I -
S Inx,"SU PP LY PIPING DYNAMIC HEAD".F7.}," FEET"IIIII 
$ 1t7X,IITI"ITAL SUPPLY pIPING SYSTE~ COST S",F6.0," -10-.3"111) 

213 FnR>.AATt)Hl) 
214 Fi"IR>.AATtlH ,)3lC,I2,llC,7FI0,1) 
2)5 FOR>.AATt /10X,"COST OF SUPPLY HEADERS PER QUADRANT S".F5.1, 

~II -10--3") 
216 FORIAAT[3(1X."----------------"1130X."SUPPL.Y PIPING"1130X."---------

RPTSUP 2 
RPTSUP 3 
RPTSUP 4 
RPTSUP 5 
RPTSUP (, 

RPTSUP 7 
RPTSJP B 
RPTS\JP 9 
RPTSUP 10 
RPTSUP 11 
RPTSUP 12 
RPTSUP 13 
RPTSUP 14 
RPTSUP 15 
RPTSUP 16 
RPTSUP 17 
RPTSUP 18 
RPTSUP 19 
RPTSUP 20 
RCITSUCI 21 
RPTSUP 22 
RPTSJP 23 
RPTSUP 24 
RPTSUP 25 
RPTSUP 26 
RPTSUP 27 
RPTSUP 28 
RPTSUP 29 
RPTSUP 30 
RPTSUP 31 
RCITSUP 32 
RPTSJP 33 
RPTSUP 34 
RPTSUP 35 
RPTSUP 36 
RPTSUP 37 
RPTSUP 38 
RPTSUP 39 
RPTSUP 4e 
RPTSUP 41 
RPTSUP 42 
RPTSUP 43 
RPTSUP 4 .. 

RPTSUP It!; 
RPTSUP 4-

RPTSUP 47 
RPTSUP 48 
RPTSUP .. " 
RPTSUP ~. 

RPTSJP c; 1 
RPTSUP ')~ 

RPTSJP c;. 
~ .' 

RPTSJP :>4 
RPTSUP 55 
RPTSUP S6 
RPTSUP 57 
RPTSUP 5A 



C;UA~OUTINE RPTRET 74/74 OPT-I F'TN 4.5.'+}4 06/05/78 07.59.59 
.. 

506 CONTINUE RPTRET 116 
600 CONTtfllUE RPTRET 117 

w~IrE (b,517) NBUIIJ RPTRET 118 
517 F'OR"lATIII110X,IINUMBER OF' BUNDLES PER aUADRANT",IIO) RPTRET 119 

WPITE(b,217) RBF'CSl" P F' RPTRET 120 
WRlrE(6,215) RQCOS1"PF' RPTRET 121 
IoiRITE (t',20~) TRQCOl" PF' RPTRET 122 
WRITE(6.209) CTOWDI. DIARDI. DIARTI. RTDCSl"PF'. TRTDCl"PF' RPTRET 123 
wpITE(6.211) DESVE1, DOTMAl, DEL!.l, DYNHDI. PIPesl RPTRET 124 
\oIpITE(b,30C) RPTRET 125 
\riRITE (6,310) (PUMPCI-PUF'IT1)"PF'. PUF'ITl"PF, RPTPLI RPTRET 126 
IoipITE(6.320) (PUMPCl"PF') • RPTPLl RPTRET 127 
WPITE(b,330) SEPCSI RPTRET 128 
WRITE Ib, 340) PIPCTD1 RPTRET 129 
RETURN RPTRET 130 
ENO RPTRET 1 31 

". 



• 

C 

C 

OF='T=l 06/05/7B 07.59.59 

300 F"nR"IAT(IIIT50,9("_")/T50,"P U "I P SI/T50,9(1I_")III) 
310 FOR~AT(TI0,"F='UMP COSTII,T30,"$",F"8.0,"*10*.3" 

$ /TlO,"F='UMP F"ITTINGS",T30,II$",F"S.0,"*10**3" 
" ITlO,"F='UMP ELECTRICAL'" T30,"$",F"S.0,"*10**3") 

320 F"ORMATIIIT60,"PU MF=' STATIONII,TBO, "S", F"S.O,"*lO**:;") 
330 F"C\R~ATIIIITlO'''SEPARATOIil COST",130,"$",F"11.0,1I*10**3") 
340 F"OR"IATIIIITlv'''DELUGE PIJ:lING C05T",T30'''$'',F"11.0,''*10''3") 

J~.J~SAVE 
K~ .. I(RSAVE 

Ul"'LF='SAVE 
W~ITEI6'213) 
WpITEI6,216) 
Dr. 201 1.l,JR 
IF"CI.GT.ll GO TO 202 
\oIpITEI~'203) I, RDIA1(!), HEDR1(I), RJ:lC5TlCI)*PF", RTCST1Cl)*J:lF 

S ,R~CSTI I I) *F='F", REJCS1*F='F", RF"LGChJ:lF" 
GO TO 20] 

202 IF"(I.EQ.JR) GO TO 210 
IIRITEI6,203) I, RDIA1CI), HEDR1(II, RJ:lCSTlCl)*J:lF", RTCST1(!)*PF" 

$ .RQC5TlCII*PF" 
GO TO ZOl 

210 w~ITEI6,203) I, RDIA1Cl), HEDRIcI). RJ:lCSTlCI,*PF, RELCSl*PF 
" .RQCSTl C I) *J:lF 

201 CONTINIJE 
WRITEI6,204) RCOST1*J:lF" 
WRIHC6,205) 
DO 206 1.1,KR 
IF"CI.EQ.KR)GO TO 207 
WRITEI6.214) I, RODIA1CI), OHEDR1(I), ROPCS1(!)*pf, ROTCS1CI)*J:lF" 

~ ,R~RC~l (!) *PF" 
GO TO 206 

207 WRITEI",214) I, RODIA1II), QHEDRIII), RQPCSIII)*P~, QRLCS1*F='F" 
$ ,RQPC!>lII)*PF" 

206 CONTINUE 
W~ITEI6,40S) 

405 FORuATII?SX,"EXTERIOR VERTICAL QUADRANT RETUQN 
$IN 10**3 DOLLARS F"OP "/40X,30C"_")/12X,"HEADER 
$ pIPE TEES REDUCERS"/21X,"IINCHE5) 

DO 406 h1,LR 
IF(I.EQ,LR) GO TO 407 

PIPINGIII142X,IICOST 
DIAMETER LENGTH 
CF"EET) "I/) 

IoI~ITE(6,214) I.PPDIAI CI) ,PHEDR1 II) ,RPPCSTl CI)*PF",RPTCSTI II)*P', 
SRPRCST1 II)*F='F 

GO TO -06 
407 IIRITEI6'2141 I,RPDIA1CI),PHEDRl(l),RPPCSTlcI)*PF",PRLCSTl*F='F, 

$RClRCSTl C 1) *PF 
406 CONTINUE 

IF"CINT.LE.O) GO TO 600 
\oIClITEI6,505) 

505 F"OR~ATI/25X,IIINTEPIOR VERTICAL QUADRANT RETURN 
$IN 10**3 DOLLARS FOP "/40X,301"-")/12X."HEADER 
$ PIF='E TEES REDUCERS"/21X,"IINeHES) 

DO SO'" 1.1,LR 

F='IPING"II"2x,"cnST 
DIAMETER LENGTH 
CFEEn"l/) 

WI:!IHI6'2141 I,RVDIAl CI) ,VHED R1 II) ,RVPCSTl (l)*F='F",RVTCSTIII)*F='F, 
$F='VRCSTl 1 I) *F='F" 

RPTRET 
RPTRET 
RF='TRET 
RPTPET 
RPTRET 
RF='TRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
PPTRET 
RF='TRET 
RF='TRET 
RPTRET 
RF='TRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RF='TRET 
RPTRET 
RPTRET 
RF='TRET 
RF='TRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RF='TRET 
RPTRET 
PF='TRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RF='TRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RF='TREi 
RPTRET 
RPTRET 

71 
72-
73 
71. 
75 
76 
7" 
7E1 
79 
&0 
Bl 
82 
83 
S" 
85 
86 
B7 
>18 
BCI 

~1 

92 
93 
9 .. 
9S 
96 
9"7 

98 
90 

IDe 
1 0 1 
102 
103 
104 
105 
10 f, 
107 
lCf. 
109 
11 0 
111 
112 
113 
1 1· 
115 



~UeROUTINE RPTRET OPT-I 06/05/78 07.59.59 

SUB~OIlTINE RPTRET(CTOWDI, PF, PSTAC1, PUFUI, PUM':'Cl, RPTPLl, RPTRET 
$ SEPCS1,PIPCTDI) RPTRET 

C RPTRET 
C THIS ~OUTINE REPORTS RETURN PIPING DESIGN AND coSTS RPTRET 
C RPTRET 

COM~ON IKPTRETI RPTRET 
$ DELLI, DESVEI, DIARDl, DIARTl, DOTMAl, DyNHDl RPTRET 
$, HEDRI (200) RPTRET 
$, J~SAVE RPTRET 
$, K~SAVE RPTRET 
S, PIPeSl RPTRET 
$. QHEORI (200), QRLCSI RPTRET 
$, RDIA1(200), RPCSTl(200), RRCSTl(200),RTCSTl(200),RBFCSl,RCOSTl RPTRET 
$, RQDJ Al(200), ROPCSl (200),RQRCS1(200), RQTCSl(200), REJCSI RPTRET 
$, RELC Sl, RFLGCl, RQCOSl, RTDCSI RPTRET 
s, TOwOIl. TROCOl, TRTDCl RPTRET 
COM~ON IKKRETI RPTRET 

$ PPDIA1(200), RVDIAl(200), LRSAvE RPTRET 
S,PHEDRI (200), VHEDRI (200) RPTRET 
$'RP~C5Tl(200), RVRCSTl(200) RPTRET 
S,RPTCSTl (200), RVTCSTl(200) RPTRET 
S,PRLCSTl, VRLCSTl RPTRET 
$,PPpCSTI(200), RVPCSTl(200) RPTRET 
S,RPCOSTl, RVCOSTI RPTRET 
S,YNT,NBUN RPTRET 

C RPTRET 
203 FOR~AT(lH ,14X,I2,IX,7FI0,1) RPTRET 
204 FO~~AT(11140X,I'TOTAL COST OF CIRCULATION RETURN PIPING 5",F5.0, RPTRET 

5" *]0*·3"1111) RPTRET 
205 FOR~ATfl?5X,"HORIZONTAL QUADRANT RETURN PIPING" RPTRET 

S 1142x,"COST IN 10-*3 DOLLARS FOR"/40X RPTRET 
S,"------------------------------"/12X,"HEADER DIAMETER LENGT~ RPTRET 
S pIPE TEES REDUCERS"/21X,I(INCIoIES) (FEET) "/1) RPTRET 

208 FORMATIII142 X,"TOTAL COST OF QUADRANT RETURN HEADERS S.,F5.0, RPTRET 
5" *10**3"//11) RPTRET 

209 FO~~ATI/25X,"TOWER RETU~N PJPING" RPTRET 
S IIIOX,"TOWER DIAMETERII,23X,F5.0," FEET"I RPTRET 
SlOX, "DIA~ETER OF PIPE FROM CIRCULATION RPTRET 
51'/lox,"HEADER TO TOWER DISTRIBUTION HEADER",~7.0," INCHES"/IOX,"DI RPTRET 
SA METER OF TOWER DISTRIBUTION PIPEII,F7.0,1I INCHESlllll0X,-COST OF ?I RPTRET 
5STRIRliTION pJPING PER TOWER S",F'5.0,"-10._3"11140X,"ToTAL COST 0 RPTRET 
SF TOWER DISTRIBUTION PIPING 5",F5.0," -10"3"1//1) RPTRET 

211 FOR~AT(10X,"LIQUID DESIGN VELOCITY",F5.0," FPS"I RPTRET 
S 10x,II"'IASS FLOW RATE"olPEIO.3," LBM/HR"I RPTRET 
5 10x,"RETURN PIPING PRESSURE"DR9pII,OPF7.1,II PSFIII RPTRET 
S 10X,IIRETURN PIPING DYNAMIC HEADII,F7.l," FEfT"11111 RPTRET 
S 47X,"TOTAL RETURN PIPING SYSTEM COST $",F6.0," -10--3"//1) RPTRET 

213 FOR~ATflHl) RPTRET 
214 FOR~AT(lH ,13x,I2,lX,7FIo.l) RPTRET 
215 FOR~AT( 1l0 X,IICOST OF RETURN HE~DERS PER QUADRAN! S",F5ol, RPTRET 

S" *10.*3") RPTRET 
216 FoR~AT(30X."----------------"1130x,IIRETURN PIPING"1130X,"--------- RPTRET 

s-------"1125X,"CIRCULATION PIPING"1152x,IICOST IN 10_-" " RPTRET 
S3 DOLLARS FOR'·/40X.'I----~-------.-----___ • _______ ~ _____ .------__ e. RPTRET 
S----"/12x,IIHEADER DIAMETER LENGTH PIPE TEES REDUCE RPT~ET 
SRS ExPANSION FLANGES"/21X,"(INC~ES) (FEET)",33X,"JOINT(I) (3 RPTRET 
Sl "II) RPTRET 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 

". 



SU8RoUTIN~ RPTHXC 7/.174 OPT-I rTN 4.5.414 06/(15/78 07.59.59 

'rIR1TE/6.6(55) CASTC,CHH RPTHXD 112 
'riPlTr/ 6 ,66(0) EPREpC.CN RpTHXD 113 
'riR1TE/6,66(2) CBJ RPTHXD 114 
'riR1Tf/6.(665) CM'rI RPTHXD 115 
'rip1TE/6,6670) CLTC1. CST RPTHXD 116 
'ri~1Tf/6.6675) CPCCI RPTHXD 1 17 
'riR1TE/6,(680) erC1 RPTHXD 118 
II/D1r=:/6.(685) rnCOl RPTHXD 119 
'rI~1TEt6,1\695) CSC1 RPTHXD 120 

C RDTHXQ 121 
RETuPN RpTHXD 122 
END RPTHXQ 123 

... 



~URRoUTINE R~THXD 

C 

C 

6660 FOR ... AT( 
LT9."END PREPARATION S".GI0.4,"/TUBEII 
R.T66."NOZltL AND ATTACHING S".F8.3,"/HOLE") 

6662 FOR ... AT( 
R.T61."HOLTED HEADER JOINT SOl. F8.3."/FTI 

6665 FC\R ... AT( 
RT58,,,HEADER MACHINING AND WELDING SII.F8.3."/FT") 

6670 FORMAT( 
LT(lq,"LJNER TUBING S".Gl1.5."/FT". 
RT10."S TRUCTURAL STEEL SI,F8.3."/LB") 

6675 FOR ... AT( 
LT03." PROTECTIVE COATING S".G11.5."/FT" 
R) 

6680 FORMAT( 
L fl4. "'-YNNING S".Gl1,5."/FT" 
R) 

6685 FC\R ... AT(I 
LT?q,IIF'INNED TUBE S".Gll.5."/FT" 
R) 

6695 FORMAT( 
LT28,"TUBE SPACERS S".Gll.5."/FT" 
R ) 

6617 FORMAT( 
L T27."LINER GAGE ".F5.1 
R ,T65,IIF'IN TYPE ".2AI0) 

6100 F'ClRMAT( 
L Tl~."TUBES THRU EACH FINII,F8.0.Tlt7,IITUBES" 
R,T5(',"AREA O~ PLATE FIN II,Fll.1," SQ IN.'' 

6710 FORMAT ( 
LTq,IILJIIIE'R TUBING INSIDE DIA"IETER ",F7.4,T47,"INCH" 
R,T60."HEADER LENGTHII,Fll.3,1I FEET") 

WRITE(6,6600) 
DO ?O 1-1.3 
IF (DANGLE .LT. 1.E-30) WRITE(6.6602) 
IF cnANGLE ,GT, 0.0) WRITEC6.(602) DANGLE_180. I ~,140159 

20 CCINTINUE 
WRITEC6,6(01) 
WRITEC 6 ,(603) S5 ,ODR 
WRITEI6,6(05) XW .THFIN 
WRITEI6,6(10) XD .DFIN 
IoIRITE 16.6(15) XDG ,SF 
IoIRITEI6,6(17) GAGLIN,FINTVP,XFINTY 
IFCF'INTVP .EQ. IIPLATE II) IIRITEC6,6700 NTUB.APLATE 
IoIpITEC6,6(20) TUBMAT.XT~B"IA,FINMAT 
IoIRITEI6,(625) CONL,CONF 
W~ITEC6.6(30) ODL.HEDTYP.XHEDTY 
IoIPITEC6.(710) DI, WB 
IoIRITEC6,6(01) 
IoIDITE'C6.6(01) 

DO 30 hl.3 
30 IoIRITE'(6,6635) 

IoIRITEC6,6(01) 
IoIpITEC~,6(40) CFB.HEDMAT,CHM 
IoIpITEC6,(645) COATC.CRJ 
IoIPYT".C6,6(50) ZINCC,CIoIJ 
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RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
R~THXD 
RPTHXO 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 

55 
S6 
51 
58 
59 
60 
b1 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
740 
75 
76 
77 
78 
79 
BO 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 

• 

• 

.... 



.. 

• 

." 

OPh) 

COM~ON IDJBI 01, XDG, S~ 
CnM~ON ISUPPlYI VALIS), CPlN, CPIP, CCCS, W3, COSM, ErF, 

$ QIN, ClAND, REAIR, Z,HRFAC2, W4, u, DEl~W, PPOW, 
$ F~QW, DElFC, WIDTH, ElENG, VAIR, VWAT, HI, He, T4, 
$ REWAT, NW, NT, N~,PlANC2,PSIZ1Z' SPBP, SW4, Sw3, 
$ SPC,PTOTAl,PlANC3,SAFRON, AAIR, YFP, SPCO,PSIZ13, WT2, 
$ RP2. NW2, TCOS, DElPA,DElPwT,DElPWC'CONBAS, XNTSX, VElnx 
$, TlAx, UCON, PMCST, FMCST, FBACC, EFFC, C~, CA, CS 
$, ClTC, CFC, CPCC, FITCO, CSC,CEPREp,DElPIP, AST,OlDCST 
$,CAPC~T, XNFAN,BlDANG, CPlEN, DPFEl' WHX, WTTUR, ADIA' ABlN 
$, WTHr')P, WTFRM,STRUCC,CFPEpF,HPPERF, TOTCF, TPC, EFFI', ANTU 
$, AIRFF, WATFF, XNMOD, TCTPF. FDCPF, FMTRC,-ACCTTP, ADJTP 
$, ACTePD, ADJBPD, ACTVH, ADJVH, ADJPPF, THPAIR, TCTF, AFCST 
$. CSRD, WATERw, WSTRCT, C~OUND, HUBDIA, TowlEN, NUMTOW, CTOWD 
$ ,S~PJ'SQRJS,ATUBC,CBA,TTD1,TTD2.DElPS,CSTlVR,PIPCSTD 
$ ,CSTH~, CYlRNG, CFANEl, PSTACS, PUFITC, PMPCST, RPTPl, SEPCST 
$ ,PwDtH,) ,WATCWD(16) ,DEPER(16) ,DEPERQ(l6) 
, ,W8B,HTOW,NTOWDE,CSTIF,CSJ.CVF.~DP'WS 

6600 FORMATI1Hl) 
6601 FORMAT!lH ) 
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14 
2 
3 
4 
5 
fr 
7 
8 
9 

6602 FOP'1AT IlH.,T10." NON .. 0 E l T A H EAT E x C HAN G E 

PPTHXD 
SUPPLY 
SUpp .. y 
SUPPLY 
SUPPLY 
SUPPLY 
SUPP:,Y 
SUPP:,y 
SUPP:'Y 
SUPP:'Y 
SUPPLY 
SUPPLY 
SUPP~Y 
SUPPLY 
SUPP:'Y 
SUPPL.Y 
SUPPLY 
SUPP;'Y 
RPTHXD 
RPTHXD 
~PTHXD 

RPTHXD 
RPTHXD 
~PTHXD 
RPTHXD 
RPTHXD 
IIIPTHXD 
RPTHXD 
~PTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
PPTHXD 
RPTHXD 
~PTHI(D 

RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
~PTHXD 
RPTHXD 
RPTHXD 
RPTH)(C 
RPTHXD 
RPTHXD 
RPTHX:l 
RPTHXD 
RPTHXD 
PPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXJ 
RPTHXD 
FlPTf-IxD 

10 
11 
12 
13 
14 
15 
16 
17 
18 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
3~ 

'R 0 ESC RIP T I 0 N".T10.F5.1," DEG II) 

6603 FOP"4ATI 
l T2z,"SU~PORT SPACING ",F7.3,T47."FEET" 
R.T6f),""OOT DIAMETER" .F8,4,TB2,"INCH"l 

6605 FOR~AT ( 
l T8,"TIJBE PITCH NORMAL TO AIR FLOW II,F7.3''!'47.''INCH'' 
R T60,,,F'IN THICKNESS",FB.4.T82"II~CH")· -

6610 FORI.4ATI 
l T2,"TUE1E PITCH IN DIRECTION OF AIR FLOw ".F"7.3.T47,"INCH" 
R ,T61."FIN DIAMETER ".F"e.4.T82,UINCH") 

6615 FORMAT! -
lT18,"TUBE DIAGONAL PITCH ".F7.3,T47."INCH" 
R.T62,"FIN SPACING" .~8.4.T82."INC:H") 

66Z0 FORMAT I 
lT23,"lJNEIl MATERIAL II,2A10 
R.T61."FIN MATERIAL ".2AI0) 

6625 FORMAT! 
L Tll,"L.:INER THERMAL CONDUCTIVITY",F'7.3 
R.TS6,NPYN THERMAL CONDo ".Gl1.4,T83."BTU/IHR SQ FT DEG Fl/FT": 

6630 FOR"!AT ( 
LT"."UNER TUBING OUTSIDE DIAMETEB " .F7.4.T47'''IN~H'' 
R,T62,"HEADER TYPE ".2AI0) 

6635 FOR"4AT (U. ... 
lT38,"--- U NIT COS T S --~") 

6640 F(lRI.4ATI 
LT13,"FJN BONDING $",GI0.4."/SQ FT" 
R,TSq,""'EADER MATERIAL !",lAI0,") $".F8.3,"/L.B") 

6645 FnRMbTf 
lT6."P R OTECTIVE COATING $".GI0.4,"/SQ FT" 
R,T5q,"ROlLED JOPJT, TUBE TO HEADER $",FB.3,"/TUBE") 

6650 FORMAT( . 
LTFl,IIZ'Y"lC FOR SPACERS $",G10.4."/L.B" 
R'T5~,"O/EL::>ED JOINT, TUBE TO HEADER $",FB.3,"/TUBE") 

66S5 FeRMAT( 
I.T10,"SPACER CASTING $".G10.4,"/EA" 
R,TS6."TUAE AND PL.UG HOLE PREPARATION S",F8.3,"/H0L.E") 

3e 
39 
40 
41 
42 
43 
44 
loS 
46 
47 
46 
40 



c 
c 
c 
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SUB~OUTINE R~THXD 

THIS ROUTiNE REPORTS HEAT EXCHANGER DESCR1~TION AND UNIT COST DATA 

lOG!CA~ FIRST,FRST,FXTEM~,FXTVAR,FXTTTD,FXTlNG 
COM~ON 

! AFT~' Al~HA. ANG(3) 
* ,Bpl!M(l6) 
S ,CA~F, CSS~KW, CONF. CONl, COSTl, CA~CHG, CONMAT, CONMA2,CAF 
$ ,C9J' CTURB. CDANG, ClUVR, CHAIlS, -CVM 
! ,DFIN'DEE~l'DESVEl,DESVElV,DESVElD'DENSIF 
$ ,e:FF~' E"F5 
$ .FCR,rI~ST,FIXl,FCOS,FFHX,FXTEMR,FACTOR,FRST,FACTORD,FSHOT,FDElUG 
s ,FIXV,F!XTTD,FXTVAR,FXTTTD,FXTlNG - -
! ,G9 EF' 
, ,HXNP,HPCST,HCD 
S .ITMAX, ITMIN 
! ,JcaNS 
S ,KeONV, KAlEXT 
! • MXEXT 
S .NTA.NSIDES,NBUNHI 

COM'10"1 
! OD~ 
$ ,~sllE, ~ER, ~WCOS, ~lANC, PFACT, POMD~l 
! ,~OHBAF. POHFAN, POHlEC, ~OHtIR. ~OHCND, POHSTC, POHSCl 
! , ~BP'REOUcE, REDUCV, ROOFl,RHOUT . 
S , QREJ, QREOUCE, QREDUCV 
S ,SIGMAG, SAAF, SEGl 
S .TO, T~O(4)' TEFF, TlIM, THFIN, TlPRA, TFIX 
S ,Teo, Tlol 
s ,UCS' UWS 
S ,wrv, WATCONA, WATCOST 
! ,VASes) 
$ .XoEPA, X 101 , XO 
COM~O"l IHEADEXI 

S, CMO, CSR, 
S ,WB,TS~,CSH,CSHP 

CHH, CN, 
CSM, ~ITCMF, 

CHM, CMW, CRJ, CWJ, CST 
CPM, PRESs,HEDM~T,HEDTYP, NPASS 

COMMON ISINKI VAR,s), C~lNl, CPI~l, CCOSl, 10131, COSMl, EFFl, 
$ Q!Nl. ClANl. REAlI, Zl,HRFA2S, 10141, Ul, DEPWl, ~~OWl, 
, Fpowl, OEFCl, IoIIOTl, ElENl, VAIRl, VWATl, HIl, HoI, T41, 
! ~~wAl. NloIl, NTl, N~1,ZPlNC2,ZSIZ12' ZS~BP, SW41, SW31, 
$ SP~l, ~TOTl,PlNC31, AFROl, AAIRl,YFPMIN, SPCDl, SPSI3,WT2MI"I, 
S B~2MtN,NW2MIN, TCOSl, DE~Al, D~WTl, DPWCl,CONBA1, XNTSl, VElDl 
S, TlAl, UCONl, PMCSl, FMCSl, FBACl, EFFCl, CHi, CAl, CSI 
S ,CLTCI. CFCl, CPCCl,FITCOl, CSCl,CEPREl,DEPIPl, ASTl,OlDCSl 
$,CA~CSl,XNFANl,BlDANl,C~lENl,D~FEll' WHl, WTTUl, ADIl' ABll 
S. WTH~l, WTFRl,STRUCl,CFMPFl, HPPFl,TOTCFl, TPl,EFFINl, ANTUI 
$. AIpFFl, IoIATFFl, XNMOOl, TCTPFl, FOCPFl, FMTRCl,·ACTTPl, ADJTPI 
s. ACT~Pl, AOJBPl, ACTVHl, ADJVHl, ADJPPl, THPAIl, TCTFI , AFCSTI 
s, rs~l, WATERI. WSTRCl, CFOUNl, HUBDII. TOWLEl, NUMTOl, CTOWDI 
, ,S~RJl,SQRJSl,ATUBCl.CBAl,TTDll'TT02l,DE~PSl,CSTlVl'~1PCTDI 
S ,CSTHSl, CYlRNl, CFANEl, PSTACl, PUFITl, PMPCSl, RPTPll, SEPCSI 
! ,PWOlI16) ,IoIATCWDlI16) ,OEPERI 11bl,DEPERQl (lb) 
S ,WQAl,HTOWl,NTOWDEl,CSTIFl,CSJl.CVFl,CDPl,Wsl 
COM~O~ ITINEI XNS, TlA, XNTS, ARPS,-TTD2QE, lINOR, XNP, XQUAlY 
COMMON ISURF[X/ ODl,GAGlIN, ~TUB,TUBMAT,FINTYP'FINMAT' CF9 

$ ,APlATE, COATC, ZINCC, CASTC, SS,EPR[PC,XTUBMA,XHEDTY,XFINTY 

R~THXD 
RPTHXD 
RPTHXD 
RPTHXD 
BIGCOM 
BI GCOM 
B1 GCOM 
BIGCOM 
BIGCOM 
SIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BI GCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
61 GCOM 
BIGCOM 
SIGCOM 
SIGCOM 
BIGCOM 
SIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
SIGCOM 
BIGCOM 
BIGCOM 
SIGCOM 
BIGCOM 
SIGCOM 
RPTHXD 
RPTHXD 
RPTHXD 
SINK 
SINK 
SINK 
SINK 
SINK 
SI NK 
SINK 
SINK 
SINK 
SINK 
SINK 
SINK 
51 NK 
SINK 
SINK 
SINK 
SINK 
RpTHXD 
PPTHXD 
RPTHXD 

2 
3 
4 
5 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
IS 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

7 
e 
9 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
11 
12 
13 

... 
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~U8R!'lUTINE RPTHXC '14/74 OPT=1 F'TN 4.5. tq4 00/05/16 01.59.59 • 

WRITE(e,6420) SIGMAG.WntOI RPTHXC 128 
WRITE(b.6424) AFRON-ROOF'L' ROOF'L RPTHXC 129 
W"ITE(b.~430) F'ITC01/ATOT RPTHXC 130 
WRITE(e,6440) NTUCAL RPTHXC 131 
WRITE' (6,6500) RPTHXC 132 

C RPTHXC 133 
WRITE(6.6515) IF'IX(5W31) • C51 RPTHXC 134 
WRITE'(e,6520) IF'IX (5W41) .CHI RPTHXC 135 
WpITE(6.6525) ZI. Zl-XOIl2 •• CBA1 • CVfl RPTHXC 136 
lriRITE'(b.~530) NWI. WI OTl • CPLENI RPTHXC 137 
lriRITE(6.6532) ELENI. C5TLV1 RPTHXC 13e 
WRITtt6.6533) CSTHSl RPTHXC 139 
lriRITE(6.6535) STRUC1 RPTHXC 140 
WRITE'(6,6537) IF'IX (UIR1), CF"DUNI RPTHXC 141 
lriRITE(6,6540) IF'IX(AF'RON) RPTHXC 142 
IF'(~F'HX ,EQ. "HOTERV II) RPTHXC 143 

$wRITErb.(541) CSTIfl. CSJ1. CVF'l. CDpl. CBAI RPTHXC 144 
RETupN RPTHXC 145 
END RPTHXC 146 

.'9 



C 

'14/74 

6560 F'nR~AT(T13,"AIR",TR5'''AMMONIA'') 
6565 F'OR~AT(T10,251"."» 
6570 F'OR~AT(T50-,"REYNOLDS NUMBER" 

s ,2(lPE13.5,E14.5,3X» 
6515 F'nR~AT(T48,"VELOCITY IF'T/SEC)" 

S ,2(lpE13.5,E14.5.3X» 
6580 F'OR~AT(T34,,,pRESSURE DROP (LBS F'eRCE/SQ IN)" 

s ,211pE13.5,E14.5,3X» 
6581 F'ORMATIT44,"INLET TEMPERATURE (F"l",lpE13.5.EI4.5) 
6582 F'OR~ATIH5,IIEX!T TEMPERATURE (F')".1PE13.5.EI4.5) 
6583 F'OR~AT(T56,"RANGE (F')".1pE13.5,EI4.5) 
6584 F'OR~ATIT61,"TTDl",'X,lpEI3.5) 
6585 F'OR~AT(T?9"HEAT TRF'R COEF'F' IBTU/IoIR SO n DEG 1")11 

S ,2(lpEI3.5,EI4.5,3X» 
6586 F'OR~AT(T62."NTU",7x.lpEI3.5) 
6587 F'nR~AT(T50."F'RICTION F'ACTOR" 

$ ,2(l pEI3.5,EI4.5,3X» 
6590 F'ORIoIAT(T35,IIHEAT TRF'R SURF'ACE ARU (SQ F'T " 

$ ,IPEI3.5,E1 4 .Sl 
6592 FORIoIATIT35,"EXJT TEMPERATURE 11")" 

S ,2(lpE13.5,E14.5,3X)l 
6595 F'OR"1ATIT35,"OVERALL U (BTU/HR SQ F'T DEG F " 

S ,1X,I PE13.5,E14.5) 
6600 F'OR~ATIT52,"EFFECTIVENESS" 

S ,TTl'l,"'.4) 
6610 F'OR~AT(T51,"FIN EFFICIENCY" 

S ,T'6,"'.4) 
6620 F'OR~AT (T01,"LOG MEAN TEMpERATUR~ DIF'FERENCE" 

S ,T46.F'7.2,T76.F7.2) 

WRITEI6,(500) 
501 F'OR~ATIIH ) 

WRITE(6,6505l 
WRITEI6,l'l510) 
WRITE16,(512) XNF'ANl, HXNp 
WRITE(6,6505) 
WRITE(6,6500l 
WRITE(6,6565) 
WRITE(6,6560) 
WRITE(6,6555) 
wRITE16,(510) REAlI, REWAI 
WRITE'16,6575) VAIRl, VWATl 
WRITE(6,6580) nEpAl/144., DpWT1/144. 
WRITE(6,6585) HOI, 10411 
WRITEI6,(587) AIRF'F'I, wATFF'l 
WRITE (6,6581) TO, THXINI 
WRITE 16,(582) HI, THXI NI 
WRITF'(6,6583) T41-TD 
WRITE(6,6584) VAR(3) 
WRITF(6,6586) ANTUI 
WRITEI6,(595) Ul 
WRITEI6,(600) EF'F'l 
WRITEI6.6610) EF'F'INI 
WRITF(6,501) 
WRITE(6,6390) WATERI 
WRITF'(6.~400) AF'TR, WTTUI 
WRITEI6.(410) ALPHA, WTFRI 
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RpTHXC 
RpTHXC 
RpTHXC 
RpTHXC 
RPTHXC 
RpTHXC 
RpTHXC 
RPTHXC 
RpTHXC 
RpTHXC 
RPTHXC 
RPTHXC 
RPTHXC 
RpTHXC 
RPTHXC 
RPTHXC 
RPTHXC 
RPTHXC 
RPTHXC 
RPTHXC 
RPTHXC 
RPTHXC 
RPTHXC 
RPTHXC 
RPTHXC 
RpTHXC 
RpTHXC 
RPTHXC 
RpTHXC 
RPTHXC 
RpTHXC 
RpTHXC 
RpTHXC 
APTHXC 
RPTHXC 
RPTHXC 
RPTHXC 
RpTHXC 
RPTHXC 
RPTHXC 
RPTHXC 
RpTHXC 
RpTHXC 
RpTHXC 
RPTHXC 
RpTI-IXC 
RPTHXC 
RpTHXC 
RPTHXC 
RPTHXC 
RPTHXC 
RPTHXC 
RpTHXC 
RPTHXC 
RPTHXC 
RPTHXC 
RPTHXC 

71 
72 
73 
74 
75 
16 
17 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
ij8 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
101 
108 
109 
110 
III 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
1210 
125 
126 
121 

... 



• 
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"'ROUTINE RPTHXC 

6390 FOR"IATI 
R T69,"wT OF" AMMONIA ",F14,O," LB") 

6400 FORIo\ATI 
L T9,,,A"TI=I", G14,8 
R,T7),IIWT OF TUBES lI,n4.0,1I LB") 

6410 FORIo\ATI 
L T~,~A~~~AII, G14,8 
~'T7l'''WT OF" FRAME ",F"14.0," LB") 

6420 FOR"1ATC 
L T8,"SlG"IAII, G14,8 
R,T71,"wT OF" HEADERII,FI4.0," LB") 

6422 FORIo4ATC 
R T7l,IIIIIT OF STRUCT",F"14.0," LBII) 

6424 FORIo4ATI 
L T71," ROOF LOAD",F14.0," LB" 
R,T106."C",FB.2," LB/SQ FT)") 

6430 F"OR"4ATI 
L T3, .. FITCO/ATOT", G14.8 
S) 

6440 FOR"4AT ClHO.2A10,Tl5,"NTu EFfECTlVENESs CORRELATION USED") 
6500 F"OR"4AT(l~O) 

6S05 fOR"4~TIT35,30CtI-"») 
6510 FOR"4ATIT36,"H EAT E X C HAN G E R" 
6512 FORIo4ATll~.,T90,F6.l," F"ANS",TllO.F4.1,1I PASSII) 
6515 FORIo4AT( 

L T2,II AMIo40NIA FLOW RATE",Ill,1 LS~/~R" 
R,nl,lI COOLING SURfA~E III,flO.O) 

6520 F"ORMAT C 
L T2," 
R.T7l," 

6525 FOR 104 AT ( 

AIR FLOw RATE",Ill," LaM/HR" 
HEADER AND NOZZEL $II,FlO.O) 

L Te," TUBES IN DEPT~",Fll.2,1I TUBES (I,F7.l," fT DEEP)" 
R'T7l,"~U~DLE ASSEMBLE AND FRAME S",F10.O) 

6530 FOR"IAT( -
L T2."TUBES ACROSS FRONT".Ill," TUBES (",F7.l,1I ~T WIDE)" 
R,T71t" PLENUM S".'lOIO) 

6532 FORIoIAT 11 X 
L ,T6."LENGTH OF" TUBES".F10,O." FEET" 
R. T71." LOUVERS-S".F10.0 

6533 FOR"IAT C1X 
R, T7l," 

6535 FOR"4ATC 
P T71," 

6537 FOR'1AT f 

HAIL SCREENS SII,FIO.O 

L T8."5URF"ACE AI=IEA",Ill," SQ FT", 
R nl," FOUNDATION $",~10.0) 

6540 FOR"IATf 
L T2," 
R) 

FRONTAL AREA"oIllt" SQ FEET" 

6550 FOR"lATCT40,2C"FOP",F5,O,,, DEGREE F AMBIENT 
6541 FORIo\ATC 

R T77,"AUMDLE STIFFNEP COST ''',F10,OI 
R ,T79,"SECTION JOINT COST S",FlO.OI 
R ,T!lO,"BUN[)LE FRAIo\E COST S".F10,OI 
R ,TIlO,IID!)A!N PLATE COST S",FlOIOI 
P ,T79, IIR UNDLE ASSEMBLY COST S",FlO,O) 

6555 FORMA Tfl70,IIC"-"),2X,ll("-"» 

II) ) 

Ob/05/7~ 07.59.59 

RPTHXC 14 
RPTHXC 15 
~PTHXC 16 
RPTHXC 17 
RPTHXC 18 
RPTHXC 19 
RPTHXC 20 
RPTHXC 21 
RPTHXC 22 
RPTHXC 23 
RPTHXC 24 
RPTHXC 25 
RPTHXC 26 
RPTHXC 27 
RPTHXC 28 
RPTHXC 29 
RPTHXC 30 
RPTHXC 31 
RPTHXC 32 
RPTHXC 33 
RPTHXC 34 
RPTHXC 35 
RPTHXC 36 
RPTHXC 37 
RPTHXC 38 
RPTHXC 39 
RPTHXC 40 
RPTHXC 41 
RPTHXC 42 
RPTHXC 43 
RPTHXC 44 
RPTHXC 45 
RPTHXC 46 
RPTHXC 47 
RPTHXC 48 
RPTHXC 49 
RPTHXC 50 
RPTHXC 51 
RPTHXC 52 
RPTHXC 53 
RPTHXC 54 
RPTHXC 55 
RPTHXC 56 
RPTHXC 57 
RPTHXC 58 
RPTHXC 59 
RPTHXC 60 
RPTHXC 61 
RPTHXC 62 
RPTHXC 63 
RPTHXC 64 
RPTrlXC 65 
RPTHXC 66 
RPTHXC 67 
RPTHXC 68 
RPTHXC b9 
RPTHXC 70 



SURROUTINE RPTHXC 

C 
C 
C 
C 

SUB~OUTINE RPTHXC(AFRON) 

THIS ROUTiNE REPORTS HEAT EXCHANGER DESIGN, OPERA!ING CONDITIONS 
AND CO'lT 

LOGICA~ FIRST'FRST,FXTEMp,FXTVA~,fXTTTo,FXTLNG 
COM\4t'\N 

$ A~T~, ALPHA, ANG(3) 
.. ,BpU"1(16) 
S ,CAPF, CSSPK~, CONF, CONL, COST~, CAPCHG, CONMAT, CONMA2,CAF 
$ ,C~J' CTURB, CDANG, CLUVR, CHAI~S,-CVM 
$ .O~IN,OEEPL,DESVEL,DESVELV,DESVELD,DENSIF 
$ ,E~FP, EFS 

06/05/78 07.59.59 

Z 
3 
it 
5 
6 
2 
3 
4 
5 
6 
7 
8 
9 

S ,FCR,FIRST,FlxL,FCOS,FFHX,FXTEMP,FACTOR,FRST,FACTORD,FSHOT,FDELJG 

RPTHXC 
RPTHXC 
RPTHXC 
RPTHXC 
RPTHXC 
BIGCO"1 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCO'" 
BIGCOM 
BIGCO"1 
BIGCOM 
BIGCOI.I 
BIGCO"1 
BIGCOIol 
BIGCOI.I 
BIGCOIol 
BIGCOM 
BIGCO"1 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
AIGCOM 
BIGCOM 
BIGCO"1 
BIGCOM 
BIGCO"1 
BIGCOM 
BIGCOM 
BIGCO"1 
BIGCOM 
SINK 
SINK 
SINK 
SINK 
SINK 
SINK 
SINK 
SINK 
SINK 
SI NK 
SINK 
SINK 
SINK 
SINK 
SI"4K 
SI NK 
SINK 
RPTHXC 
RPTHXC 
RPTHXC 
RPTHXC 
RPTHXC 

10 
11 
1Z 
13 
14 
15 
16 
17 
IB 
19 
20 
21 
ZZ 
23 
24 
25 
26 
27 
2B 
29 
30 
31 

C 

$ ,FTXV,F1XTTD,FXTVAR,FXTTTD,FXTLNG -
5; ,GeEFF 
$ ,HXNP,HPCST,HCD 
S ,IT~III(, ITt.U N 
$ ,JCONS 
$ ,KcONlI, KALEXT 
$ ,MxEXT 
$ ,NTA,NSIDES,N8UNHI 

COM"10N 
$ ODR 
$ ,PSIZE, PER, PWCOS, PLANC, PFACf, POMDPL 
$ ,POHBAF, POHFAN, POHLEC, POHCIR, POHCND, POHSTC, POHSCL 
$ , RBP,REDUCE, REDUCV, ROOFL, R~OUT 
$ • ~~EJ, QREDUCE, QREDUCV 
$ ,S1G"1AG, SAAF, SEGL 
$ ,T~, TPO(4), TEFF, TLIM, THFIN, TLPRA, TfIX 
$ ,TCD, T\oJ 
$ ,UCS' UWS 
$ ,WFV, ~ATCONA, WATCOST 
$ ,VAS(5) 
S ,X~EPA, xw, XD 

CClM"10N ISINKI VAR(S), CPLNl, CPIPl, CCOSl, W31, COSMl, EFn, 
$ Q1Nl, CLANl, REAlI, Zl,HQFAZS, W41, u1. DEPw1, PPowl, 
$ ~PO~l, DEFCl, WIDTl, ELENl, VAIR1, VWATl, HI1, HOI, T41, 
$ ~r.WAl, NWI, NT1, NPl,ZPLNCZ,ZSIZ12, ZSPRP, SW41, SW31' 
$ SPC1, PTOTl,PLNC31, AFR01, AAIRl,YFPMIN, SPCD1, SPS13,WTZMIN, 
$ 8P2~1N,NW2MIN, TCOSl, DEPAl, DPWTl. DPwC),CONBAl, XNTS), VELDI 
$, TLAI, UCONl, FMCSl, FMCSl, FBACl, EFFC1, CHI, CAl, CSI 
$ ,CLTC), CFCl, CPCCl,FITC01, CSC1,CEPREl,OEFIP1, AST1,OLOCSl 
$,CAPCSt,XNFANI,BLDANl,CPLENl,DPFEll, WHI, WTTUl, ADll, ABLI 
S, WTHOI, WTFRl,STRUC1,CFMPFl, ~PPFl,TOTCFl, TPl,EFFIN1, ANTUI 
$, AIRFFl, WATFF), xNMOD1, TCTPFl, FDCFF!, FMTRCl, ACTTFl, ADJTPI 
$, ACTBPl, ADJBPl, ACTVHl, ADJVHl, ADJPPl, THPAll, TCTFI , AFCSTI 
$, CSR1, WATERl, ~STRCl, CFOUNl, HUBDIl, TOWLEl, NUMTOl, CTOWDI 
$ .S~qJl,SQRJSl,ATU~Cl,CBAl,TT~I).TTD21,DELPSl,CSTlVl'PIPCTDI 
$ ,CSTH~l, CYLRNl, CFANEl, PSTACl, PUFITl, pMPCSl, RPTPLl, SEPCSI 
f ,PIoIDlIl6) ,wATCWDIII6) ,OEPERI (16J ,DEPERQll161 
$ ,wgAl,HTOwl,NTOWDEl,CSTIFl,CSJl,CV Fl,CDPl,W51 

CClM\40N ITINEI XNS, TlA, XNTS, ARPS, TTDZQE, lINOR, xNP, XQUALY 
COM\40N IHXDI AI,ATOT,SFA,RFA,ACS 
COMMON IESCALI BSECF 
COMMON IKPTSUPI DUM(Z017) ,THXINl,DUM2(3) 

Z 
3 
4 
5 
6 
7 
B 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

9 
10 
11 
lZ 
13 

.. 

... 



.. 

.. 

~UBROUTINE RPTFAN 

W~ITE(6tl040) ADIl 
WRITE(6tlOSOl BLDANl 
W:)ITE(6tl060) ABU 
\IIRITEt~tl070) XNFANl 
lriRITE(6tlOOO) 
lriRITE(6tlOOO) 
WRITE(6,1080) 
lriRITE(6tlOOO) 
lriRlTE(6,108S) 
\IIRITE(6tl090) CF"IPF'l 
lriRITE(6dlOO) FOCRF1, TOrCn 
lriRITE16tl120) F'-'TRC1, ACTTP1, AOJTPl 
WRlrE(6,1130) CS~1,ACTBR1, ADJBRl 
WRITE 16, 1140) CVLRN1, ACTVH1, A()JVHl 
WRITE(6,114S) CFANE1. HPPF1, ADJPPl 
\IIRIT~(6,11SO) THPAIl 
wRITE(6,1190) AFCSrl 
RETUPN 
E"lD 
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RRTFA"I 
RRTFAN 
RPTFAN 
RPTFA .... 
RPTFAN 
RPTFAN 
RPTFAN 
RPTFAIIj 
RRTFAIIj 
RRTFAN 
RPTFAIIj 
RPTFAN 
RRTFAIIj 
RPTFAI\ 
RPTFAN 
RPTFA'J 
RPTFAN 
RPTFAN 
RRTFA" 

6C; 
10 
11 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
&4 
85 
B6 
rl1 



~UBROUTINE RPTFAN 

DATA (fMOTOR(I,II:"I"'lt4). K .. l,3)1 
* "TOTALLY EN"."CLOSED SQU","IRREL CAGE",II MOTOR ". 
* "EKPLOSION "."PROOF SQUI","cU~EL CAGE tI'''~OTOR It, 
* "TWO SPEED ","SQUIRREL C"'''AGE "," "I 

DATA (lDI1IVECI,II:"I"l,3) ,11:-=1,2)1 
• "S"IRAL BEV","EL GEAR DR","IVE ", 
• "V-BELT DRI","VE "," "I 

DATA (fpITCH (1,11:), 1-1,3) ,11:-=1,2) I 
• "MANUAL PITtI,tlCI-f BLADES "," tI, 
• "AUTO-VARIA",IIBLE PITCH ","BL.ADES "I 

DATA (fRECOVYII,K), I .. 1,5"K-=l,2)1 
* "FANS NOT E"."QUIppED WI"."T,H VELOCIT","Y RECOVERY", 
• "DIFFUSERS". 
* "FANS ECUIp","pED WITH V","ELOCITY RE","COVERY DIF", 
• "FUSERS "I 

C 
1000 
1005 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
1080 

FORIo1ATIlH 1 
FORIoIAT(ll-fll 
FOR",,ATIT52,"F A N SIt) 
FORIoIAT rTSJ ,"---------"1 
FClRIoIATITI6,"--- DRIVE SYSTEM ---II,T82,1I ___ FAN GEOMETRY ___ II) 
F"RIo4ATIT84,"BLADE DIAMETER ",1"'6.2,11 FEET" 
FOR"'ATIT87,"BLADE ANGLE ",1"'6.2," DEGREES" 
FClR..,ATIT7B,IINUMBER OF BLADES/FAN 11,1"'6.21 
FOR",,ATrTB4,ttNUMBER OF FANS ",1"'6.01 
FOR..,ATITI7,"--- FAN COSTS ___ ",n8," ___ DESIGN CONDITIONS ___ til 

C 
1085 FOR..,AT (TlOO'''(ACTUALl'',Tl22,''(ADJUSTED)'' 
1(190 FORIoIATIT73,"VOLUMETRIC FLOW RATE/FAN ",F}Z.O," CU FT/MHJ") 
1100 FOR~ATrT16,"BLADE AND HUB COST/FAN 5",FI0,O,T71, 

* "TOTAL VOLUMETRIC FLOW RATE ",FI2.0," CU FT/MIN") 
1120 FORIoIATIT24,"MOTOR COST IF AN 5",FI0.0,T70, 

* "TOTAL AIR PRESSURE DROP OF 101.1(. ".1"'8.5," pSI",T120,F8.5) 
1130 FnR~ATITI0."SpEED REDUCER DRIVE COST/FAN 5".FI0.0,T69, 

• "PRESSURE DROP ACROSS H.X. BUNDLE ",F8.5," "SI".TI20,F8.5) 
1140 FORIAATfT24,"STACK COST/FAN 5",FI0.0,T72, 

• "NON-RECOVERABLE VELOCITY HEAD ".f8.5,,, "SI".T120,F8.5) 
1145 FOR"'AT(T19."ELECTRyCAL COST/FAN 5",FI0.0 -

5 .TII3,"HORSEpOIriER/FAN",F13.0." I-fP",TI16,FI2.0) 
1150 FORIoIATfT79. 

."FAN POWER REQUIREMENTS ".1"'8,0," HI''') 
1190 FClR",,ATIT2." ••• ANNUAL OPERATIONAL COSTS 5".FI0.0) 
1200 FORMAT(T37,5A10) 
1210 FORMAT( 

R T86."HUB DIAMETER ",1"'6.2," FEET") 
WRITE f"'tl 000) 
WRITE 16,1000) 
WRITE I fJ tl 020) 
WRlTEletlOl0) 
WI1ITEI"'tl0201 
WRITE(etlOOOI 
IF'(VELREc.EQ.OI 
IF (VELREC.EQoll 
WPITE le.1 000) 
WRITEI~,l030) 
WRITEletlOOOI 

WRITE(6,12001 IRECOVY(I,ll'I .. l,~) 
WRITEI6.1200) (~ECOVY(I.2) ,1111,51 

WRITEI6,1210) HUBDIl 

• 
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RpTFA'Ii 12 
RpTFAN 13 
RpTFAN 14 
RpTFAN 15 
RpTFAN 16 
RpTFAN 17 
RpTFAN 18 
RpTFAN 19 
RpTFAN 20 
RpTFAN 21 
RpTFAN 22 
RpTFAN 23 
RpTFAN 24 
RpTFAN 25 
RPTFAN 26 
RpTFAN 27 
RpTFAN 28 
RpTFAN 29 
RpTFAN 30 
RpTFAN 31 
RpTFAN 32 
RpTFAN 33 
RpTFAN 34 
RpTFAN 35 
RpTFAN 36 
RpTFAN 37 
RpTfAN 38 
RPTFAN 39 
RpTFAN 40 
RpTFAN 41 
RpTFAN 42 
RpTFAN 43 
RpTFAN 44 
RPTFAN 45 
RpTFAN 46 
RpTFAN 47 
RpTFAN 48 
RpTFAN 49 
RpTFAN 50 
RPTFAN 51 
RpTFAN 52 
RpTFAN 53 
RpTFAN 54 
RpTFAN 55 
RpTFAN 56 
RpTFAN 57 
RpTFAN 58 
RpTFAN 59 
RPTFAN 60 
RpTFAN 61 
RpTFAN 62 
RpTFAN 63 
RpTFAN 64 
RpTFAN 65 ' . 
RpTFAN 66 
RpTFAN 67 
R"TFAN 68 



• 

• 

C 
C 
C 

C 

C 

SUBpOUTINE PPTFAN 

T~IS POUTINE PEPOPTS FAN DESCRI~TION AND COSTS 

LoGICAL LOOPER 
COM~ON/FANI FANDAP(153,10) ,FANDAH(153'10),FMCPF,FBCPF,P2'P,S, 

S VELDEC, AFC, ELEV, EHP, LOOPER, GTMAX 
LOGICAL FIPST,FRST,FXTEMP,FXTVAR.fXTTTD,FXTLNG 
CO~o.I/'\"J 

~ AFTR, ALPHA, ANG(3) 
• ,BC)U M (]6) 
S ,CAPf, CSSP~~, CONF, CONL, COSTL, CAPCHG. CONMAT, CONMA2,CAf 
! ,C~J, CTUR9, COANG, CLUVR, CHAILS, CVM 
$ ,DF!N,DEEPL,DESVEL,DESVELV,DESVELD,DENSIF 
! ,EF"f P ' EFS 
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2 
3 
4 

5 
2 
3 
4 
2 
3 
4 

5 
6 
7 
8 
9 

S ,fCp,FI~ST,flxL,FCOS,FfHX,fXTEMP,fACTOR,fpST,FACTORD,FSHOT,FDELJG 

RPTFAI'< 
RPTFAN 
RPTFAN 
RPTFAN 
FANDEK 
FANDEK 
FANDEK 
BIGCOM 
BIGCO'" 
BIGCOIo1 
ElI GCDtot 
BIGeD'" 
BIGCO"'! 
BIGCO'" 
BIGCOM 
BIGCD'" 
BIGCOM 
BIGCDIoI 
BIGCOM 
BIGCD'" 
BIGCOM 
8IGCDM 
BIGCO'" 
BIGCO"'l 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCO'" 
BIGCOM 
BIGCO'" 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCDM 
BIGCO"l 
BIGCOM 
RPTFAN 
SINK 

10 
J 1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2J 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

! ,fIxV,fIXTTD,fXTVAR,F"XTTTO,fXTL~G ' 
S ,GqEfF 
S ,HXNP,HPCST,HCD 
S ,ITIoIA(, ITMIN 
S ,JCONS 
S ,KCONV, KALEXT 
$ ,MxExT 
S ,NTA,NSYDES,NBUNHI 

COMMON 
! ODR 
S ,PSIZE, PER. PWCOS, PLANC, PfACT, POMDPL 
S ,POHBAf, POHfAN, POHLEC, POHCIR. POHCND, POHSTC, POHSCL 
S , pqp,REDUcE, REDUCV, ROOfL, RHOUT 
S , ~DEJ, QPEDUCE, QPEDUCV 
S ,SIGMAG, SAAF, SEGL 
! ,T~, TPO(4)' TEFf, TLIM, THfIN, TLPRA, TFIX 
S ,TCD, T\rI 
S ,ues. uws 
S ,WF"V, WATCONA, ~ATCOST 
S ,VAS(5) 
S ,XDEPA, XW, XD 

COMMON ISINKI VAR(5), CPLNl, CPIPl, CCOSl, W31, COS~l' EFFl' 
S ~rNl, CLANl, REAlI, Zl,HRfA2S, W41, ul, DEpwl, Ppowl, 
s rP/,\Wl, DEFCl, WIDTl, ELEN1, VAIRl, VWATl, Hll, HOI, T41, 
S REWAl, NWI. NTl, NPl,ZPLNC2,ZSIZ12, ZSPAP, SW4l, SW3l, 
S SPC1, PTOTl,PLNC31, AFROl, AAIRl,YFP~IN, SPCDl, SPS13,~T2MIN, 
S Bp 2M!N,NW2MIN. TCOSl, DEPAl, DPWTl, DPWCl,CONBAl, XNTSl, VELDl 
S, TLAl, UCONl, PMCSl, FMCSl, F8ACl, EFFCl, CHi, CAl. CSI 
S ,CLTel, CFCl, CPCCl,FITCOl, CSCl,CEPREl,DEPIPl, ASTl,OLDCSl 
S,CAC)CS1,XNFA Nl.BLDANl,CPLENl,DPFELl, WHI. WTTUI' ADI}, ABLI 
$, ~THD}, WTFRl,STRUCl,CFMPFl. HPPFl.TOTCFl. TPl,EFFINl, ANTUl 
S, AIPF"Fl, WATFFl, XNMODi, TCTPFI. FDCPFl, FMTRC1,'ACTTPl' ADJTPl 
S, ACTBPl, ADJBPl, ACTVH1, ADJVH1. ADJPP1, THPAI1, TCTFl , AFCST} 
$, CSR1, WATER1, WSTRCl, CFOUN1, HUBDI1, TOWLEl, NUMT01, CTOWDl 
S ,S~pJ1,SQRJSl,ATUACl,CBAl,TT~11,TTD2l,DELPSl,CSTLVl,PIpeTDl 
S ,CSTHSl, CYLRNl, crANEl, PSTAC1, PUFITl, PMPCS1, PPTPL1, SEPCSl 
S ,PWDlI16) ,WATCWDl (16) ,DEPERl (161,DEPERQl (}6) 

$ ,WqBl,HTDW1,NTOWDE1,CSTIFl,CsJl,CVF1,CDPl,WSl 
REAL MllTOR(4,3), DRIVE(3,2), PITCH(3,2), PECOVY(S,2) 

SINK 
51 NK 
SINK 
SINK 
SINK 
SINK 
51 NK 
SINK 
51 NK 
SINK 
SINK 
SINK 
SINK 
SINK 
SINK 
SINK 
RPTFAN 
PPTFAN 

8 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
10 
11 



• 

;uBRnUTINE RF'TDEL 14/74 OPTs:1 F"TN 4.5.414 Ob/05/7B 07.59.59 • 

DO 40 I • 1, NNN RPTDEL 87 
~J 1 • tI • 1) .. 42 • 22 RPTDEL 88 
N2 • NI • 'g RPTDEL 89 
wRITErb,1075) (SPRT4rIJ), I J s: ""1, N2) RPTDEL 90 

40 CONTINUE RPTDEL 91 
WRITE r6tl 000) RPTDEL 92 
WClITE(6,]045) RPTDEL 93 
DO 50 I • 1, NNN RPTDEL 94 
Nl K rI • 1) .. 42 • 32 RPTDEL 95 
N2 K N1 

• 9 RPTDEL 96 
WRlTF.(b.l075) (SPRT4(IJ), IJ K N1,N2) RPTDEL 97 

50 CONTINUE RPTDEL 98 
\oICllTE(6,1000) RPTDEL. 9g 
WRITE(6,1046) RPTDEL 100 
DO 55 I ~ 1, NNN RPTDEL 101 
N1 .. rI .. 1) .. 42 • 42 RPTDEL. 102 
N2 = Nl RPTDEL 103 
WpITE(6ol075) (SPRT4(IJ), IJ s: Nl,N2) RPTDEL 104 

55 CONTINUE RPTDEL 105 
GO Tn 10(1 RPTDEL 106 

10 WRITE (611050) RPTDEL 107 
DO 6'; I • I, NNN RPTDEL 108 N1 _ (I • 1) .. 26 • 1 RF'TDEL 109 
NZ- Nl • g RPTDEL 110 
Wl!)lTE (b, 1075) /SPRT4/IJ),IJ-N1,N2) RPTDEL 111 

60 CONTTNIJE RPTDEL 11Z 
WRITE(b,1000) RPTDEL 113 
WRITf(6,1055) RPTDEL 114 
DO 70 r .. 1, NNN RPTDEL 115 
Nl • rr • 1) .. 26 • 11 RPTDEL 116 
N2 ~ "11 

• Z RPTDEL 117 
WRITE/6,1075) (SPRT4 (IJ), IJ.Nl ,N2) RPTDEL 118 

70 CONTINUE RPTDEL 119 
WRITE (601 000) RPTDEL 120 
WClITE(6,1025) RPTDEL 121 
WRITE(6,1000) RPTDEL 122 
WRlTEt6010(0) RPTDEL 1Z3 
Do eo I _ 1, NNN RPTDEL 124 
"'1 • / I • ]) .. 26 • 14 RPTDEL 125 
N2 • NI 

• Cl 
RPTDEL 126 

WRITE/b,107S) /SPRT4 (IJ) oIJ-N1 ,N2) RPT'DEL 127 
80 CONTTNUE RPTDEL. 128 

WRITE/6,1000) RPTDEL 129 
WI!)ITF(6,1065) RPTDEL 130 
Do QO I _ 1, NNN RPTDEL 131 
N1 • II • 1) .. 26 • 24 RPTDEL 132 
"12 ~ "11 

• 2 RPTDEL 133 
wRnE/6ol07S) /SPRT4/IJ), IJ = Nl,N2) RPTDEL 134 

90 CONTINUE RPTDEL 135 
100 CONrINUE RPTDEL 136 

R[TURN RPT'DEL 137 
ENf) RPTDEL 138 .. 



.. 

• 

.. 9 

g~nUTINE RPTOEL OP To: 1 

.T6~'''r)TOP'',T80'''HI'',T92'''CSS'',T104'''TS'',Tl1b'''RIS'') 
1 055 ri'\RIo4AT ITS, "TI",T20, "RI I", T3Z,"A"UN") 
1060 rnR~ATfTI;,"TOUT",TZO,IIRILVG",T3Z'"SIGLVG",T44,''SI~MA'''T56,"UOPSII, 

.T68,"DTORII,T80,"HI",T9Z,"CSS",T104,"TS",T116,"RIS") 
1065 FORIo4ATfTlI,"QSEC",TZO,"RMEVAP",T3Z,IIAHLVG" 
1010 FOR~ATI -

L TZO'''HD'',T21tlPEIZ.4, 
C TS6'''RETAFII,T63.1PEIZ,4, 
P T92,IIBETAI",T99,lPE1Z,4/, 
L T20'''AB'',T2701PEIZ,4 
C T56,IIAF",T6301PEIZ.4, 
~ T92'''AII'',T9901PE1Z,4/t 
L T20'''/I.wlI,T21tlPE12.4, 
C TS6'''THW II ,T63tlPE12,4, 
R T92"'PKW",T99tlPE1Z,4/, 
L T20'''ATM'',T27,lPE1Z,4, 
C T56,lIpIo4AII,T6301PE12.4) 

1015 FORIo4ATfT5,lPI0E1Z.4) 
NNN _ SR(3) 
\IIRITEI6tlOOO) 
WRITE 1601 000) 
w~ITElb,1015) 
WRITFI6,1000) 
WpITE16,1010) 
WPITE( 6 01000) 
WRITEI6,1015) 
WRITE 16, 1 000 I 
WRITFf6,1000) 
WRITE16,1010) (B(1)o1"1,9), ISR(II)oII -hZ) 
lriRITE(6tlOOO) 
WRITEI6,10Z0) 
WRITF.:/b,1000) 
1FIFDELUG,EQ,"DELBAW ") GO TO 10 
WRITE 16 01 030) 
DO 20 I • I, NNN 
N1 • (1 • 1) • 42 • 1 
N2 "' N 1 • 9 
lriR1TE16,1075) (SPRT4(IJ), 1J • ~l,NZ) 

20 CONTINUE' 
WRITE16,1000) 
WRITE16,1035) 
DO 30 I _ 1, NNN 
N 1 ,. / I • 1) • 4Z • 11 
NZ .. Nl • 9 
wpITEI6,1015) ISPRT4IIJ) ,1J-Nl,NZ) 

30 CONTINUE 
.... pIn:16tlOOO) 
WRITE 16,1 03b I 
DO 35 I • 1, NNN 
"II II II • 11 * 42 • Zl 
N2 • Nl 
WR1TE(b,1075) ISPRT4I1J), IJ • Nl,NZ) 

35 Ct')NTI NUE 
WPITElbtlOOO) 
WR1TF:16tl025) 
WRITE16,1000) 
WR1TF"(6,1040) 
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RPTDEL 
RPTDEL 
RPTDEL 
RPTOEL 
RPTDEL 
RPTDEL 
RPTOEL 
RPTDEL 
RPTOEL 
RPTDEL 
RPTDEL 
RPTOEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
PPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTOEL 
RPTDEL 
RPTDEL 
RPTOEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTOEL 
RPTDEL 
RPTD::~ 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
4Z 
43 
44 
45 
46 
47 
48 
49 
50 
51 
5Z 
53 
54 
55 
56 
57 
58 
59 
60 
bl 
bZ 
63 
b4 
65 
b6 
67 
68 
69 
70 
71 
7Z 
73 
74 
1S 
7b 
77 
78 
79 
&0 
81 
82 
83 
84 
85 
86 
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c 
C 
C 
C 
C 

C 
1000 
1005 
1010 
1015 
1020 
1025 
1030 

SUBROUTINE RF'TDEL 

T~IS'ROUTINE REPORTS THE OUTPUT FROM THE DELUGING ROUTINES 
IDELUG, UDEL OR DELBA~, SIGSA~) 

LoGICA~ FIRST,FRST,FXTEMP,FXTVAR.FXTTTD,FXTLNG 
COM~ON 

S AFTR, ALPHA, ANG(3) 
• ,BPLIM(16) 
$ ,CAPF, CSSPK~, CONF. CONL, COSTL, CAPCHG, CONMAT, CONMA2,CAF 
S .CBJ' CTURB, CDANG, CLUVR, C~AILS, CVM 
s ,DFIN'DEEPL,OESVEL,DESVELV,OESVELD,O~NSIF 
S ,EFF'P, EFS 
S ,F'CR,FIRST,FIXL,F'COS,F'FHX,FXTEMP,FAcTOR,rRST.FACTORD,FSHOT,FDELUG 
s ,FIxV,FIXTTD,FXTVAR,FXTTTD,FXTLNG -
S • GgEFF 
S ,HXNPiHPCST,HCD 
$ ,Ii'MAl(, ITMIN 
$ .JCONS 
S .KcONV. I<ALEXT 
S ,MXEXT 
S ,NTA,NSIDES.NBUNHI 

COM"ION 
S ODR 
s ,PSIZE, PER. P~COS. PLANC. PFACT. POMDPL 
S ,POH8AF, POHFAN. POHLEC, POHCIR. POHCND, POHSTC. POHSCL 
S , R~p.REDUCE, REDUCV, ROOFL. R~9UT 
S • QREJ, QREDUCE, QREDUCV 
S ,SIGMAG, SAAF. SEGL 
$ ,TD, Tp~(4). TEFF, TLIM, THFIN, TLPRA, TF'IX 
S ,TeD. TW 
S ,ucs. UwS 
S ,~FV. ~ATCONA, WATCOST 
S ,VAS/5) 
S ,XOEPA, XW, XD 
COM~ON/KPRT4/SPRT4(672),SR'3) 
CoMMON IHXDI AIS) 
COM~ON ICONSI 8(9) 

FOR"'ATI1~ ) 
FoRMATI1Ml) 
FORMATITS1."DELUGED HEAT EXCHANG!R DATA") 
FORMATIT51,29(11-") ) 
FORMATIT50,"~EADING EDGE OF HEAT EXCHANGER") 
FoRMATtTSO,"TRAILING EDGE OF ~EAT EiC~ANGER") 
FORMATITS,"TAIN".T20,"RtIN".T32,UUDIN".T44."UDRS"'TS&.IIHOD".T&8. 

."DTORJR",T80."UDRAII,T92."UDPP",T104,IIEFFIN".TI1&,"HI") 
1035 F'(lRMATIT8,IICSRII,T20."DTDRII,T32."TRII.T44,IIRIRII.TS6. II TS".T68,"RIS". 

.TRO.IITI'AV",T92,IIRIFAV".TI04,IITI".T11&'"RII") 
1036 FORMATIT8,"AHIN") 

1040 FORMATITe,IITDUT",T20. II RILVG".T32. II UOLVG",T44,IIUDRSII.TS6."HOD".T68, 
.IIDT~RIRII. T80 .IIUDRAII, T92. II UDPPII. T 1 04. II EFFIN", n16. i'HI II) 

1045 FOR"'ATIT8."CSR",T20,IDTDRII,T32. IIT R",T44,IIRIR",TS6,IITSII.T68."RIS". 
.TeO,"T'AVII,T92,"RIFAVII,TI04,IIQSE~II.Tl16,IIRMEVAPII) 

1046 FOR",ATIT8. II AHLVG") 
1 050 FORMAT I T8, IITA I Nil, T20 .IIRI I Nil, T32, I'SlGINII, T44, IISIGMAII. TS6. II UDPS". 

RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCO'" 
BIGCO'" 
B I GC 0'" 
BIGCOM 
BIGCO'" 
BIGCO"l 
BIGCO"'. 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCO'" 
BIGCO,", 
BIGCOM 
BIGCOM 
BI GCOM 
BIGCO'" 
BIGCO'" 
BIGCOM 
BIGCOM 
BIGCOM 
81 GCOM 
BIGCO'" 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 

2 
3 
4 
5 
6 
7 
2 
3 
4 
5 
(, 

7 
B 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2B 
29 
30 
31 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

• 

.. 



.. 

.. 

WRITE" (6,6135) C If IX CXNS)) ,TUBCST.TUBEp.\,TUBE"I2 
w~ITEC6.(140) AR~S.SHLCST 
wRITEC6,(145) ClfIX(XNP)).fETCST 
W~ITE(6,6150) CIfIXCTLA)) 
WRITE(6,6155) (IF"IXCXNTS)). (TUe::n.SHLCShfETCSTl 
RETUR~ 
END 
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R~RT2 
RPRT2 
R~RT2 
R~RT2 

RPPT2 
RPRT2 
RPRT2 

59 
60 
61 
62 
63 
64 
65 
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t 
C 
C 
C 
C 

C 
1000 
1005 
1010 
1015 
1020 
1025 
1030 

SUB~OUTINE RPTDEL 

TMIS-ROUTINE REPORTS THE OUTPUT FROM THE DELUGING ROUTINES 
(DELUG, UDEL O~ DEL8A~, SIGSA~) 

LOGICA~ FIRST,FRST,FXTEMP,FXTVA~.FXTTTD,FXTLNG 
CO"'~ON 

S ArTR, ALPHA, ANG(3) 
• ,BOLIM(16) 
S ,CAPF, CSSP~~, CONF, CONL, COST~, CAPCHG, CON~AT' CONMA2,CAF 
S ,CBJ, CTU~B, CDANG, CLUVR, CHAILS, CV~ 

S ,OFIN'DEEPL,DESVEL,OESVELV,DESVELD,D~NSIF 
! ,EFFP, EF'S 
S ,FC~,FIRST,FIXL,FCOS,FFHX,FXTEMP,FACTOR,FRST,FACTORD,FSMOT,FDELUG 
S ,FIXV,FIXTTD,FXTVAR,FxTTTD,FXTLNG -
s ,GeEFF 
s ,HXNOiHPCST,HCD 
S ,ITMAX, ITMIN 
S ,JCONS 
S ,KCONV, ~ALEXT 
5 ,MxEXT 
S ,NTA,NSIDES,N9UNHI 

COMMON 
S ODR 
S ,PSIZE, PER, PWCOS. PLANC, PFACT, POMDPL 
S ,POH9AF, POHFAN, POHLEC, POHCIR, POHCND, POHSTC, POHSCL 
S , R~O,REDUCE, REDUCV, ROOF~, RH9UT 
$ • QREJ, QREDUCE, QREDUCV 
S ,SIGMAG, SAAF, SEGL 
S ,TO. TpO(4), TEFF, TLIM, THFIN, TLPRA, TFIX 
5 ,TCD, TW 
S ,UCS, UwS 
s ,Wry, WATCONA, WATCOST 
S.VAS(S) 
S ,XOEPA, XW, Xo 
CoM~ON/KPRT4/SPRT4(672),SR(3) 
COMMON IHXOI A(5) 
COM~ON ICONSI 9(9) 

FOR",ATIIH ) 
FORMAT !lHll 
FORMATIT51. II DELUGED HEAT EXCHANG[R DATAII) 
FOPMATIT51,29(O'-"I) 
FORMATIT50,IILEADING EDGE OF HEAT EXCHANGERII) 
FORMATfT50,IITRAILING EDGE OF ~EAT EiC~ANGERIII 
FORMATfT8,IITAINII,T20,IIRtINII,T32,IIUDINII.T44,IIUDRS",T56,IIHOD",T68, 

.nOTORJR".T80,nUDRA".T92,IIUOPPII.Tl04,IIEFFINII,Tl16,IIHI"1 
1035 FORI.4ATITB.IICSRII.T20."OTORII.T32,nTR",T44. IIRIR .. ,TS6,IITSII.T68,IIRIS'" 

.TAO,"TI"AVII.T92,IIRIFAVII.TI0 4 • II TI";Tl16,IIRI!III 
1036 FORMATfTS,IIAHIN") 

1040 FORMATIT8,IITOUTII,T20. II RILVGII,T32,IIUDLVG".T44."UDRS".TS6.IIHOOII,T68. 
• "DT~RIRII, TSO, "UDRA", T92, IIUOpPII, T 104, IIEFF' I N", Tl16, iI HI " I 

1045 F'ORMATIT8."CSRII,T20,IIDTDRII,T32,IITR".T44,IIRIR",TS6,IITSII,T68,"RIS", 
.TBO,IITII'AV".T92."RIF'AVII,TI0 4 • II QSEC II .Tl16,IIRMEVAPIII 

1046 FORI.4ATfT8,"AHLVG") 
1050 FORMA T I T8. IITA I Nit, T2 O. "RI I Nil. T32 ,"SI G I Nit, T44. "S I GMA", T56. "UDPS". 

RPTDEL 
HPTDEL 
RPTOEL 
RPTDEL 
RPTDEL 
RPTDEL 
BISCDM 
BISCOM 
SIGCOM 
BIGCO'" 
SIGCO'" 
SIGCOM 
BISCO'" 
SIGCOM 
SIGCOM 
BIGCO'" 
BIGCO'" 
BIGCO'" 
SIGCOM 
SIGCOM 
SIGCO"1 
BISCO'" 
SIGCO'" 
SIGCOM 
SISCO'" 
BIGCO'" 
SIGCO'" 
BIGCOM 
BI SCO'" 
BIGCO'" 
BIGCOM 
BISCOM 
BIGCOM 
SIGCOM 
SIGCOM 
SIGCO'" 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RPTOEL 
RPTDEL 
RPTOEL 
RPTOEL 
RPTDEL 
RPTDEL 
RPTDEL 
RF'TDEL 

2 
3 
4 
5 
6 
7 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2 • 
25 
26 
27 
28 
29 

• 

.. 



.. 

.. 

~~(')UTINE RRTDEL 

+T6!\,Ir)TDRI, T8 0,"HI",T92,"CSS",TI04,ITSI,Tl16,IIRIS") 
1055 F'rlR~AT(T8,"TI",T20,IRII",T32,IA'iIN") 
1060 F'OR~AT(TI;,IITOUT",T20.IIRILVG".T32'"SIGLVG".T44."SIGMA'''TS6.IIUDRS", 

• T" 8 • II 0' D R II • T 80 • "H 1 II • T 9 2 , II C S 5 II • T 1 04. II T 5 II • Tll 6 • II R 1 S il ) 
1065 F'OR~AT(T!\'''QSEC''.T20.''RMEVAP''.T32.''AHLVG'' 
1070 F'OR~AT( . 

L T20, "HD". T27 01 RE12 ,4. 
C T56. II BETAF'II,T63.1PE12,4. 
R T92. II BETAIII.T99.1RE12,4/. 
L T20."AB",T27tlPE12,4 
C TS6,"AF'''.T63.1PE12,4. 
R T92,"AII".T99.1PE12.4/t 
L T20,IIAW".T2701RE12.4, 
C Tc;6."THWII.T6301RE12.4. 
R T92'''RKW'',T99tlPE12,4o/, 
L T20,IIATM",T2701RE12,4, 
C T56,IIR~A".T63tlPE12,4) 

1075 F'OR~AT(T5,lRIOE12,4) 
NNN _ SR(3) 
WRITE(6,}000) 
WRITE (6.1 000) 
WRITE/b.lOlS) 
WRITf(6.1000) 
WRITE(6.1010) 
WRITE (601 000) 
WRITE (6tl015) 
WI!ITE(6.1000) 
WI!ITF'(6,1000) 
WRITE(601070) (8(1)01"1.9)0 (SR(II"Il -1.2) 
WRITE (601 000) 
WRITE(601020) 
WRITE (6.1000) 
IF'(F'DELUG,EQ,"DELBAW II) GO TO 10 
WRITE/6tl030) 
DO 20 1 • 1. NNN 
N 1 • (1 .. 1) • 42 • 1 
N2 .. N 1 • 9 
WRITE/b,l07S) (SRRT4(IJ). IJ • Nl.N2) 

20 CONTINUE 
WRITE(6tlOOO) 
WRITE/6tl035) 
00 30 1 _ 1. NNN 
N 1 II (I • 1) • 42 • 11 
N2 • Nl • 9 
WRITE(6,l075) (SPRT4(IJ) ,IJaNl,N2) 

30 CONTINUE 
\liRITF:(6.1000) 
WRITE (6tl 036) 
00 35 I • 1. NNN 
N 1 II (I .. 1) • 42 • 21 
N2 • Nl 
wRITE (601 075) (SRRT4 CIJ). IJ • IIll.N2) 

35 Cr')NTINUE 
WRITE(601000) 
WRIT!"t6,l02S) 
WRITE(6,l000) 
WRITf(6.1040) 
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RRTDEL 
RRTO!:L 
RRTDEL 
RRToEL 
RRTDEL 
RPTDEL 
RRTDEL. 
RRTDEL 
RPTDEL 
RRTDEL 
RRTOEL. 
RRTDEL. 
RRTDEL 
RRTOEL. 
RPTDEL 
RPTDEL 
RRTDEL 
RRTDEL 
RRTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RRTDEL 
RPTDEL 
RRTDEL 
RPTDEL 
RPTDEL 
RPTDEL 
RRTDEL 
RPTDEL 
RRTDEL 
RRTDEL 
RRTDEL 
RPTDEL 
RPTDEL 
RRTDEL 
RPTDEL 
RPTDEL 
RRTDEL 
RPTDEL 
RPTOEL 
RPTDEL 
RPTDEL 
RPTDEL 
RRTDEL 
RRTDEL 
RRTDEL 
RRTDEL. 
RRTDEL 
RRTDEL 
RRTDEL 
RRTDEL 
RPTDEL 
RRTDEL 
RRTDEL 
RRTDEL 
RPTO:::I. 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
S4 
55 
56 
57 
58 
59 
60 
61 
02 
63 
64 
65 
06 
67 
68 
69 
70 
71 
72 
73 
74 
7S 
70 
17 
78 
79 
1'10 
81 
82 
83 
84 
85 
B6 



• 
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00 40 I • 1, NNN RPTOEL. 87 
Nl "' I I • 1) * 42 • 22 RPTDEL. 88 
N2 • fill • 'q RPTDEL. 89 
wRITElb,1075) (SPRT4(IJ), IJ - "I1,N2) RPTDEL. 90 

40 CONTINUE RPTDEL. 91 
WRITE/6,1000) RPTDEL. 92 
WRITEf6,l045) RPTDEL. 93 
DO 50 I • 1 , NNN RPTDEL. 94 
Nl E ( I • 1) * 42 • 32 RPTDEL. 95 
N2 • NI 

• 9 RPTDEL. 9b 
WRITF.f6,1075) (SPRT4(IJ), IJ a N1,N2) RPTDEL. 97 

50 CONTI NUE RPTDEL. 98 
WRITE16,1000) RPTDEL. 99 
WRITE 16tl 046) RPTDEL. 100 
DO 55 I " 1 , NNN RPTDEL. 101 
Nl a 1 I .. 1 ) * 42 • 42 RPTDE~ 102 
N2 = Nl RPTDEL. 103 
WPITE(6t!075) (SPRT4(IJ), IJ • Nl,N2) RPTDEL. 104 

55 C!)NTINUE RPTDEL. 105 
GO Tn 10(1 RPTDEL. 106 

10 \rIpITE16,1050) RPTDEL. 107 
Do 61\ I a 1 , NNN RPTDEL. 108 
Nl "' II • 1) * 26 • 1 RPTDEL. 109 
N2"' Nl • 9 RPTDEL. 110 
WRITE(6,1075) (SPRT4(IJ),IJ-N1,N2) RPTDEL. 111 

60 CONTTNI:JE RPTDEL. 112 
lriRITE(6,1000) RPTDEL. 113 
WRIT~/6,1055) RPTDEL. 1110 
Do 70 t _ 1, NNN RPTDEL. 115 
N1 • (I • 1 ) * 26 • 11 RPTDEL. 116 
N2 .; N1 

• 2 RPTDEL. 117 
WRITE(6,1075) (SPRT4(IJ) ,IJ.N1,N2) RPTDEL. 118 

70 CONTI NUE RPTDEL. 119 
WRITF' 16, 1 000 1 RPTDEL. 120 
WRITEI6,102S) RPTDEL. 121 
WRITEI6,1000) RPTDEL. 122 
WRITEI6tl(60) RPTDEL. 123 
DO 90 I • 1, NNN RPTOEL. 124 
"-'I - II • 1) • 26 • 14 RPTDEL. 125 
N2 • NI 

• q RPTDEL. 126 
WRITE(6,1075) ISPRT4(IJ),IJaNl,N2) RPTOEL. 127 eo CONTTNUE RPTOEL. 128 
WRITE (6,1000) RPTOEL. 129 
WRITF.!6,106S) RPTOEL. 130 
Do QO I a I, NNN RPTDEL. 131 
Nl • II • 1) * 26 • 24 RPTDEL. 132 
N2 • "II • 2 RPTDEL. 133 
WRITE!6,l075) (SPRT4(IJ), IJ :0 Nl,N2) RPTDEL. 134 qo CONTINUE RPTOEL. 135 

100 CONT! NUE RPTDEL. 136 
RETUPN RPTDEL. ]37 
[Nt) RPTDEL. 138 .. 



• 

• 

-, 

C 
C 
C 

C 

C 

14/74 

SUB~OUTINE RPT~AN 

T~IS ROUTINE RfPORTS ~AN OESCRIPTION AND COSTS 

LOGICAL LOOPER 
COM~ON/~A~I FANDAP(lS3,10) ,~ANDA~(lSJ'10),~MCP~,~BCP~,P2,R,S, 

$ VELofC, AFC, ELEV, EHR, LOOPER, ~TMAX 
LOGICAL ~IRST,~RST,~XTEMP,~XTVAR,~XTTTD,~XTLNG 
Co~"'nN 

$ A~TR, ALPHA, ANG(J) 
• ,BOUM()6) 
$ ,CAPF, CSSP~W, CON~, CONL, COSTL, CAPCHG, CONMAT, CONMA2,CAF 
$ ,C~J, CTURB, CDA~G, CLUVR, CHAILS,"CVM 
$ ,D~IN'DEEPL'DESVEL,DESVELV,DESVELO,OENSIF 
$ ,E~FO. EFS 
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2 
3 
4 

S 
2 
3 
It 
2 
3 

" S 
6 
7 
8 
9 

$ ,~CR,~IRST,~IxL,FCOS.~~HX,~XTEMP,~ACTOR,FRST,FACTORD,~SHOT,~OELJG 

RPTFAII! 
RPT~AN 

RPT~AN 

RPTFAN 
~ANOEK 
~ANDEK 

~ANOEK 
BlGCOM 
BIGCOM 
BIGCOM 
BlGCOM 
BIGCOM 
BIGCO" 
BIGCO'" 
BlGCOM 
BIGCO"l 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BlGCOM 
8IGCOM 
BIGCOM 
BlGCOM 
BIGCOM 
BIGCOM 
BlGCOM 
BlGCOM 
BlGCOM 
BlGCOM 
BIGCOM 
BIGCOM 
BlGCOM 
BIGCOM 
BlGCOM 
BlGCOM 
BlGCOM 
RPT~AN 
SINK 
SINK 
SINK 
SHlK 
SINK 
SINK 
SINK 
SINK 
SINK 
SINK 
SINK 
SINK 
SINK 
SINK 
SINK 
SINK 
SINK 
RPTF4N 
RPTFAN 

10 
J 1 
12 
13 
14 
IS 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

$ ,~IXV'~IXTTD,~XTVAR,~XTTTD,~XTL~G " 
$ ,G~EF~ 
$ ,HXND,HPCST,HCO 
$ ,ITMA(, ITMIN 
$ ,JCONS 
$ ,KCONV, KALEXT 
!i ,MXExT 
$ ,NTA,NSIDES,NBUNHI 

COMMON 
$ ODR 
$ ,PSlZE, PER, PWCOS. PLANC, P~ACT, POMDPL 
$ ,POHBA~, POHFAN, POHLEC, POHCIR, POHCNO, POHSTC, POHSCL 
$ , RAP,REOUCE, REDUCV, ROOFL, RHOUT 
$ , ~REJ, QREDUCE, QREOUCV 
$ ,SIGMAG, SAAF, SEGL 
, ,TO, TPO(4)' TEFF, TLIM, THF'IN, TLPRA, TF'JX 
$ ,TCD, TW 
$ ,ues, UWS 
$ ,WFV, WATCONA, WATCOST 
$ ,VAStS) 
$ ,XDEPA, XW, XD 

COMMON ISINKI VAR(S), CPLNI, CPIPl, CCOSl, WJl, COS~l, EFFl' 
$ ~rNl. CLANl, REAlI, Zl,HRFA2S, Wltl, UI, OEPWl, PPOw!, 
$ FPnwl, DEFCI, WIDTl, ELENl, VAIRl, VWATl, Hll, HOI, T41, 
$ REWAl, NWl, NTl, NPl,ZDLNC2,ZSIZ12, ZSPAP, SW41, SWJl, 
$ SPCl. PTOTl,PLNC31, A~ROl' AAIRl,YFPM!N, SPCDl, SPS13,WT2MIN, 
$ BD2M!N,NW2MlN, TcOSl, DEPAl, OPWTl, DPWCl,CONBA1, XNTsl, VELD1 
5, TLAl, UCONl, PMCSl, FMCSl, ~8ACl, EFFC1, CHi, CAl, CSI 
$ ,CLTCl, CFCl, CPCCl,FITCOl, CSCl,CEPREl,DEPIPl, ASTl,OLOCSl 
5'CAoCS1,XN~ANl,BLDANl,CPLENl,DPFELl, WHl, WTTUl' ADIl, ABLI 
5, wTHDl, WTFRl,STRUC1,CFMP~l, HPPF1,TOTCFl, TP1,EFFlNl, ANTUI 
5. AlpFFl, WATFFl, XN~ODi, TCTP~l, FDCPFl, FMTRC1, "ACTTP1, ADJTDl 
$, ACTBDl, AOJBPI. ACTVHl, AOJVHl, AOJPPl, THPAll, TCTFI , AFCSTI 
$, CSRl, WATERl, WSTRCl, C~OUNl, HUBDll, TowLEl, NUMTOl, CTOWDI 
5 ,SopJl,SQRJSl,ATUACI,CB41,TT~11,TTD21,OELPSl,CSTLVl,OIPCTOI 
5 ,CSTHSl, CYLRNl, CFANEl, PSTACl, PU~ITl, PMDCSI, RPTPLI, SEPCSI 
$ ,Pwnl (H,) ,WATCWDI (16) ,DEPERI (161 ,DEPEpQl (16) 
$ ,WgBl'HTOWl,NTOWDEl,CSTlFl,CSJl,CV~l,COP1,WSl 

REAL MOTOR(4,J), ORIVE(3,2" PlTCH(3,2), RECOVY(S,2) 

8 
2 
J 

" 5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
IS 
16 
17 
18 
10 
11 



~UBROUTINE RPTFAN OPTsl 

DATA (IMOTOR(I.K)tI"'lt4). Kll1.3)/ 
* "TOTALLY EN"."CLOSED SQU"."IRREL CAGE"." MOTOR ". 
• "E~PLOSION "."PROOF SQUI"."CH!EL CAGE "."~OTOR II. 
• "TWO SPEED "."SQUIRREL C"."AGE "." "I 

DATA (lDIHVEII.KltI=1.3) .K-1,2)1 
* "'S"IRAL BEV".IIEL GEAR DR"."IVE II. 
• "V-BELT DRI"."VE "." "I 

DATA (fPITCH(I.K) tI-1.3) .K-l.2)1 
• "~ANUAL PIT"."CH BLADES "." ". 
* "AUTO .. VARIA"."BLE PITCH "."BL,ADES "I 

DAH (IRECOVY(ItK). I .. l.5).K-ltZl/ 
* "FANS NOT E"."QUIPPED WI"."T.M VELOCIT".IIY RECOVERY", 
* "DlrFUSERS", 
* "FANS EQUIP","PED WITH V","ELOCITY REII,"COVERY DIF", 
• "FUSERS "I 

C 
1000 
1005 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
1080 

F'OR~ATI1H ) 
F'nRIo4AT(lHl) 
FOR"1ATIT5Z,IIF A N S") 
FOR"1ATITS1,"-----.. ---") 
FORIo4ATITl6,"·"- DRIVE SYSTEM ---II.T82," __ • F'AN GEOMETRY ___ II) 

r"'R~ATITB4."BLADE DIAMETER ",F6.2," FEET" 
F'OR~ATITB7."BLADE ANGLE ",F'6.2," DEGREES II 
F["IR"1ATIT78,"NUMBER or BLADES/F'A"I II,F6.2) 
FOR~ATIT84,"NUMBER OF FANS II,F6.0) 
FORI.4AT ITl7, " .. -- rAN COSTS - .. -". TT8, "-.- DESIGN CONDITIONS ___ II) 

C 
1085 rOR'1AT (TlOO'''(ACTUALl",Tl2Z,IIIADJUSTED)'' 
1090 FORIo4ATfT73,"VOLUMETRIC FLOW RATE/FAN ",F12.0," CU FT/MI"J") 
1100 FORIo4ATITl6,IIBLADE AND HUB COST/FAN 5",r10,0,T71. 

* IITOTAL VOLUMETRIC FLOw RATE II.F1Z.0,II CU FT/MINII) 
1120 FORIo4AT(T24,"MOTOR COST/FAN S",F10.0,T70, 

* IITOTAL AIR PRESSURE DROP OF H.)(. ",FB.5." PSI",Tl20,FB.S) 
1130 FnRIo4ATrTlo,"SpEED REDUCER DRIVE COST IF AN S".F10.0.T69. 

• "PRESSURE DROP ACROSS H.X. BUNDLE ".F8.5," PSIII,T120,FS.5) 
1140 FOR"ATrT24,"STACK COST/FIIN $",FIO.O,T72, 

• "NON .. RECOVERABLE VELOCITY HEAD ",FB.5." PSI",T120,F8.5) 
1145 FOR"1ATITl9."ELECTRJCAL COST/FAN 5".FIO,0 . 

S .TII3,"HORSEpOWER/FAN".f:13,Q,II I-Ip",T116,F12.0) 
1150 FORIo4ATIT79, 

.III'"A"I j:>OWER REQUIREMENTS ",FB,O." HF"') 
1190 FOR~ATfT2,"'.' ANNuAL OPERATIONAL COSTS ''',r10.0) 
1200 FORIo4ATIT37,5A10) 
1210 FOR"1ATr 

R T86. IIH UB DIAMETER ",F6.Z," FEETII) 
WRITEI6,1000) 
WRITE(6,1000) 
WRITE(tltl020) 
WPITEf6tlOl0) 
\rIRITEr Ft ,1020) 
\rIPITE(6.1000) 
IF'IVELREC.EQ.O) 
IFIVELREC,EQ.I) 
lripITEI6,10(0) 
\rIRITEI~tl030) 
WRITEI6,1000) 

WRITE(6tl200) IRECOVY(Itl) tIll1,C;) 
WRITE(6tl200) (RECOVY(I,2) ,I-lt5) 

WpITEI6,1210) HUBDII 
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RpTrAN 
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RPTFAN 
RPTFAN 
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RpTFAN 
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RpTFAN 
RpTFAN 
RpTFAN 
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RpTFAN 
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RPTFAN 
RPTFAN 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
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54 
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59 
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65 
66 
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" 

:;UBROUTINE RF'TFAN 74/74 OF'T-1 FTN 4.5.414 Ob/05/7e 07.59.59 

Wt1ITE(6,l040) AOIl RPTF"A'" 6<; 
WRITE(etl0501 SLOAN1 RF'TF"AN 10 
w!)ITE(e,l0601 ABLl RF'TFAN 71 
WRITE'(6'l070) XNFANl RF'TFA'" 72 
WRlTE(6.l0001 RPTFAN 73 
WRITE (6tl 000) RPTFAN H 
wt1JTEr6.10801 RF'TFAN 75 
WRITE(6,1000) RPTFAN 7f> 
WRITE(6d085) RPTFA"I 77 
WRITE(6,10901 CF~F'Fl RPTFAf; 18 
WRJTE(6d100) FOCPF1, TOTCFl RPTFAN 79 
WRITE(6,l120l FIoITRC1, ACTTP1. ADJTP1 RPTFAN 80 
WRITE (611130) CS~1.ACTBP1, ADJBPi RPTFAN 81 
wRlTE(b,1l40) CYLRN1, ACTVH1, A~JVH1 RPTFAI\ 82 
WPITE (601145) CFANE1. HPP F1, ADJP P1 RPTFAf; 83 
WRITE: (6tl150) THPA Il RPTF"A'J 84 
WRITE(6,1190) AFCSTl RPH"AN 1'15 
RETURN RPTFAN 86 
END RPTFA>-': d7 

-. 



C 
C 
C 
C 

C 

SUBQOUTINE RPTHXCIAFRON) 

THIS ROUTiNE REPORTS HEAT EXCHANGER DESIGN, OPERA!ING CONDITIONS 
AND cO~T 

LoGICA~ FIRST,FRST,FXTEMP,FXTVAQ.FXTTTD.FXT~NG 
COM "\"IN 

$ A~T~, ALPHA. ANG(3) 
• ,B!)LIh1 (16) 
5 ,CAPF, CSSPKW, CONF, CONL, COST~, CAPCHG, CONMAT, CONMAZ,CAF 
$ ,C~J' CTURB, CDANG, CLUVR, CHAI~S, -CVM 
$ ,D~IN,DEEpL,DESVEL,DESVELV,OESVELD,DENSIF 
5 ,n'F!), EFS 
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2 
3 
4 
5 
6 
2 
3 
4 
5 
6 
7 
8 
9 

s ,F~Q,FIRST,FIXL,FCOS,FFHX,FXTE~P,FACToR,rRST,FACTORD,FSHOT,FDELJG 
$ ,FyXV,FIXTTD,FXTVAR,FxtTTD,FXTLNG -

RPTHXC 
RPTHXC 
RPTHXC 
RPTHXC 
RPTHXC 
BIGCO~ 
BIGCOM 
BIGCOh1 
BIGCOM 
BIGCO" 
BIGCOM 
BIGCOh1 
BIGCOM 
BIGCOt.1 
BIGCO~ 
BIGCO"1 
BIGCOt.1 
BIGCOt.1 
BIGCOt.1 
BIGCOt.1 
BIGCOM 
BIGCO"1 
BIGCOh1 
B I GCOM 
BIGCOM 
BIGCOM 
RIGCOM 
BIGCOh1 
BIGCDM 
BIGCOh1 
BIGCO'" 
BIGCOM 
BIGCOh1 
BIGCO~ 
BIGCOh1 
51 NK 
SINK 
SINK 
SINK 
SINK 
SINK 
SINK 
SINK 
SINK 
SINK 
SINK 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

$ ,GeEF' 
$ ,HXNP,HPCST,HCD 
$ ,IT"U" ITMIN 
$ ,JCONS 
$ ,KCONV, KALEXT 
$ ,MlepT 
$ ,NTA,NsrDES,N8UNHI 

COM",(,)N 
$ ODQ 
$ ,PsIZE, PER, PWCOS, PLANC, PFACT, POMOPL 
S ,POHBAF, POHFAN, POHLEC, POHCIR, POHCND, POHSTC, POHSCL 
$ , ~BP'REOUCE, REDUCV, ROOFL, R~OUT 
$ , QQEJ, QREDUCE, QREDUCV 
$ ,SJGMAG, SAAF, SEGL 
5 ,T~, TPO(4), TEFF, TLIM, THFIN, TLPRA, TFIX 
$ ,T~D, hi 
$ ,UCS' UWS 
$ ,wrv, WATCONA, WATC(')ST 
$ ,VAseS) 
s .X~E!)A, XW, XD 

COM",ON ISINKI VARIS), CPLNl, CPIPl, CCOSl, W3l, COSMl, EFFl, 
$ QJNl, CLANl, REAli, Zl,HQFA2S, W4l, ul, DEPwl, PPOWl, 
$ FPowl. DEFCl, WIDTI. ELENl, VAIRl, VWATl, Hll, HOI, T41, 
S ~rWAl, NWl, NTl, NPl,Z!)LNC2,ZSIZ12, ZSPAP, SW4l, SW31, 
$ SPCl, PTOTl,PLNC3l, AFpOl, AAIRl,YFPMJN, SPCDl, SPS13,WT2MIN, 
$ SP2~JN,Nw2MIN, TCOSl, DEPAl, DPWTl, DPWCl,CONBAl, XNT5l, VELDI 
$, TlAI, UCONl, PMCSl, FMCSl, F8A~1, EFFCl, CHI, CAl, CSI 
$ ,CLTCl, ~FCl, CPCCl,FITCOl, CSCl,CEPREl,OEPIP1, ASfl,OLOCSl 
S,CAPCSt,leNFA Nl,BLDANl,CPLENl,DPFELl, WHI, WTTUl, ADIl, ABLI 
$, WTHDl, WTFRl,STRUCl,CFMPFl, ~PPFl,TOTCFl, TPl,EFFINl, ANTUI 
$, AJRFFl, WATFFl, leNMOD1, TCTPFl, FDCPFl, FMTRCl, ACTTPl, ADJTPI 
$, ACTSPl, ADJBPl, A~TVHl, ADJVHl, ADJPPl, THPAIl, TCTFI , AFCSTI 
$, CSRt, WATERl, WSTRCl, CFOUNl, HuBDll, TOWLEl, NUMTOl, CTOWDI 
s ,S~QJ1,5QRJSl,ATUACl,CBAl,TT~11.TTD21,DELPSl,CSTLVl,PIPCTDI 
S ,CSTH~I, CYLRNl, CFANEl, PSTACl, PurITl, PMPCSI, RPTPLl' SEPCSI 
" ,PwDl (16) ,WATCWDI (16) ,DEPERI (16l ,DEpERQlIl6) 
S ,w9Al,HTOWl,NTOWDEl,CSTIFl,CSJl.CVFl,CDPl,W5l 

C(,)M",ON ITINEI XNS, TlA, XNTS, ARPS, TTD2QE, LINO~, XNP, XQUALY 
COM "ON IHleDI Ay,ATOT,SFA,RFA,ACS 
COMMON IES~ALI BSECF 
COM~ON IKPTSUPI DUM(Z017) ,THXINl,DUMZ(3) 

51 NK 
SINK 
SINt< 
SINK 
SINK 
SINK 
RPTHleC 
RPTHXC 
RPTHXC 
RPTHXC 
RPTHXC 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

9 
10 
11 
12 
13 

• 

.. 



• 

.. 

'IROUTINE RPTHXC OPhl 

6390 FOR'1ATt 
R T69,"WT OF AMMONIA I,F14,O," LB") 

6400 FORMAT! 
L T9,IIAF'HIII, G14,8 
R,T71 ,"IOIT OF TUBES ",F14,O," LB") 

6410 FOFh4AT! 
L T~,~A~PHA'" G14,8 
R,T71,IIWT OF FRAME II,F14.0," LB") 

6420 FORIo1AT! 
L T8,1I516"1AII, G14,8 
R,T71,"WT OF HEADER",F'l4,O," LB") 

6422 FORI4AT( 
R T71,"IIIT OF STRUCT",F'l4.0," LBII) 

6424 FORI4AT! 
L nIt" ROOF LOAD",F14.0," LB" 
R,TI06'''('',F8,2,'' LB/SQ FT)II) 

6430 FORI4AT! 
L T3,IIFITCO/ATOT", G14,8 
5) 

6440 FOR'1AT (lHO,2AI0,Tl5,"NTU EFFECnVENESS CORRELATION USED") 
6500 FORMAT(IHO) 
6505 FORI4ATIT3S,30(lIe ll » 
6510 FC)RMATIT36,"H EAT E x C HAN G E R" 
6512 FQRMATIlH.,T90,F6,l,1I FANS",TlIO.F4,1,1I PASSII) 
6515 FORI,lAT( 

L T2,,, AM140NIA FLOW RATE",Ill," LIiN/HR" 
R,T71,1I COOLING SURFA~E SIl,~10,0) 

6520 FORMATI 
L T2," 
R,T7l," 

6525 FOR\4AT ( 

AIR FLOw RATE",Il)," L8M/HR" 
HEADER AND NOZZEL S",FIO,O) 

L T2," TUBES IN DEPTH",Fll,2," TUBES 1",F7.1," FT DEEP)" 
R,T71,"8UNDLE ASSEMBLE AND FRAME S",FI0.0) 

6530 FORMAT( -
L T2,,,TUBES ACROSS FRONT",Ill," TUBES (I',n,l," ~T WIDEI" 
R,T7l'" PLENUM S",FI0,0) 

6532 FORI4ATIIX 
L ,T6,"LENGTH OF TUBES",FIO,O," FEET" 
R, T71,1I LOUVERS-S",FI0,0 

6533 FORdT (1 x 
R, T71," HAIL SCREE "IS S",Flo,O 

6535 FORI.\ATI 
P T71," STRUCTURE S",~10,0) 

6537 FOR\4AT( 
L T8,"C;URFACE AREA",Ill," SQ FT", 
R nl," FOUNDATION S",f.IO,O) 

6540 FOR\4AT! 
L T2," FRONTAL AREA",Illo" SQ FEET" 
R) 

6550 FC)RMATIT40,2(IIFOPII,F5,0,,, DEGREE F AMBIENT II» 
6541 F(lRMAT! 

R T77,IIRU~IDLE STIFFNEP COST J",FI0,OI 
R ,T79,"SECTION JOINT COST S",FIO,OI 
R ,T~O,"~UN(lLE FRAME COST S",F'lO,OI 
R ,T~O'''DRAIN PLATE COST S",FIOIOI 
P ,T79,"AUNDLE ASSEMBLY COST S",F'10,0) 

6555 FC\RI,l,aT!nO,ll("-"),2X,II("-"» 
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17 
18 
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C 

'11./74 

6560 FOR~AT(T73,"AIR",T85'''AMMONIA'') 
6565 FOR~AT(T70,25("_")) 
6570 FORI.\ATIT50,,,REYNOLDS ~UMBER" 

S ,2CIPE13.5,E14.5,3X)) 
6575 FOR~AT(T48,"VELOCITY (FT/SEC)" 

S ,2(lPE13.S,E14.5.3X)) 
6580 FOR~AT(T34,"PRESSURE DROP (LBS FORCE/SQ IN)" 

5 ,2(lPEI3.5.E14.5,3X)) 
6S81 FOR"1AT(T44,"INLET TEMPERATURE (FI".lPE13.S.E14.S) 
6582 FOR"IAT IT4S."EXTT TEMPERATURE (F) ".lPEl3.5,E14.5) 
6S83 FOR~AT(T56,"RANGE (F)"tlPEI3.5.E14.5) 
6584 FClR~AT(T61."TTDl",7X,lPE13.5) 
6585 FOR~ATIT"9"HEAT TRFR COEFF IBTU/IoIR SQ FT OEG F)II 

S ,2 ( 1 PE 13 .5. E 14 ,5,3 X) ) 
6586 FOR~ATCT62,IINTU",7X,lPE13.5) 
6S87 FnR~ATIT50,"FRICTIO'-l FACTOR" 

5 ,2CIPE13.5,E14.5.3X)) 
6590 FOR~AT(T35."HEAT TRFR SURFACE AR[A (SQ FT II 

5 ,lPEI3.5.E14.S) 
6S92 FOR~ATIT35,"EXrT TEMPERATURE (F)II 

$ ,2(lPE13.5,E14.5.3X)) 
6595 FOR",AT(T35."OVERALL U (BTU/HR SQ FT DEG F " 

5 ,7X,IPE13.5.E14.S) 
6600 FOR~ATrT52."EFFECTIVENESS" 

5 .T7f,.F7,4) 
6610 FOR~AT(T51."FIN EFFICIENCY" 

S ,T76'''7,4) 
6620 FOR"IAT (T07."LOG MEAN TE"'PERATUR~ DIFFERENCE" 

S .T46,F7.2,T76,F7,2) 

WRITE(6,6500) 
501 FOR~ATIIH ) 

IrI~ITE(6.6505) 
IrIRITEC6,f,510) 
W~ITE/6,(512) XNFANl, HXNP 
IrIRITEC6,6S05) 
IrIRITE/6,6500) 
IrIRITE(6.656S) 
IrIPITE(6,6560) 
IrIRITE (6,65S5) 
IrIpITE/6,(570) REA!l, REWAI 
WRITE(6,6S75) VA!Rl, VIrIATl 
IrIRITE(6,65BO) nEPAl/144., DPIrIT1/144. 
IrIRITEI6,658S) HOI, Hll 
IrIRITEI6,6S87) AIRFF1, WATFFI 
W~ITE (6.6581) TO, TIiXINl 
WRITE (6,6582) T41, TIiXI Nl 
IrIRITF(6,6583) T41-TD 
IrIClITE 16,(584) VAR (3) 
IrIRITr(6,6586) ANTUI 
W~ITE 16,(595) UI 
WRITE/O,(600) EFFl 
IrIRITE(o,~610) EFFINI 
WRITF(6.501) 
IrIRITEI6,(390) WATER 1 
IrIRITF.(6,~400) AFTR, WTTUI 
IrI~ITE(6,6410) ALPIiA, WTFRI 

06/05/78 07,59.59 

RPTHXC 
RPTHXC 
RPTIiXC 
RPTIiXC 
RPTHXC 
RPTIiXC 
RPTIiXC 
RPTIiXC 
RPTIiXC 
RPTIiXC 
RPTHXC 
RPTHXC 
RPTHXC 
RPTIiXC 
RPTIiXC 
RPTHXC 
RPTIiXC 
RPTIiXC 
RPTHXC 
RPTIiXC 
RPTHXC 
RPTHXC 
RPTHXC 
RPTHXC 
RPTHXC 
RPTHXC 
RPTHXC 
RPTHXC 
RPTHXC 
RPTIiXC 
RPTHXC 
RPTHXC 
RPTHXC 
~PTIiXC 
RPTHXC 
RPTHXC 
RPTIiXC 
RPTHXC 
RPTHXC 
RPTHXC 
RPTHXC 
RPTHXC 
RPTHXC 
RPTHXC 
RPTH)(C 
RPTHXC 
RPTHXC 
RPTHXC 
RPTHXC 
RPTHXC 
RPTIiXC 
RPTHXC 
RPTIiXC 
RPTHXC 
RPTH)(C 
RPTHXC 
RPTHXC 

71 
72 
73 
74 
7S 
76 
77 
78 
79 
80 
Eq 
82 
83 
84 
85 
86 
87 
tl8 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
1 11 
112 
113 
114 
115 
11& 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 

• 

... 



~U8R()UTINE RPTHXC "14/74 OPT:l F'TN 4.5. tq4 00/05/76 07.59.59 
• 

WRITEI6,64201 SIG"IAG,WTHOI RPTHXC 128 
WRITElE',64241 AF'RON·ROOF'L' ROOF'L, RPTHXC 129 
WPITE(6,f.4301 F'ITCOI/ATOT RPTHXC 130 
WRITE/6,6440) NTUCAL RPTHXC 131 
WRITE"/6.6500) RPTHXC 132 

C RPTHXC 133 
WRITE/6.(515) IF'IX/SW31l. CS1 RPTHXC 134 
WRITE'/6,(520) IF'IX /SW41) ,CHI RPTHXC 135 
wpITE /6,6525) Zl, Zl·XO/12., CBAl • CVF'l RPTHXC 136 
WRITE'/6,~530) NW1. WIOTl, CPLEN1 RPTHXC 137 
WRITE/6,6532) ELEN1, CSTLVI RPTHXC 13e. 
WRITE' /6,(533) CSTHS1 RPTHXC 139 
WRITE(6,6535) STRUCI RPTHXC 140 
WRITf(6,6537) IF'IX /AAIRl), CF'OU~l RPTHXC 141 
WRITE/6,(540) IF'IX(AF'RON) RPTHXC 142 
IF'/~F'HX .EQ. "HOTERV II) RPTHXC 143 

Sir/RITE 16,6541) CsTIF'l, CSJl, CVF'l, COpl, CBAI RPTHXC 144 
RET!J~N RPTHXC 145 
END RPTHXC 146 

... 



~U8RoUTINE RPTHXD 06/05/78 07.59.59 

C 
C 
C 

SUBROUTINE RPTHXD 

THIS ROUTiNE REPORTS HEAT EXCHANGER DESCRIPTION AND UNIT COST DATA 

LOGYCA~ FIRST,FRST,FXTEMP,FXTVAQ,FXTTTD,FXTLNG 
COM liON 

$ AFTR. ALPHA, ANG(3) 
• ,BpLyM(16) 
S ,CAPF, CSSPKW, CONF, CONL, COSTL, CAPCHG, CONMAT, CONMA2,CAF 
$ ,C9J, CTURB, CDANG, CLUVR, CHAILS, -CVM 
$ ,DFIN,DEEPL,DESVEL,DESVELV,DESVELD,DENSIF 
$ ,EFFP, E'FS 
S ,FCR,rIRST,FIXL,FCOS,FFHX,FXTEM~,FACTOR,FRST,FACTORD,FSHOT,FDELUG 
s ,FIXV,FIXTTD,FXTVAR,FXTTTD,FXTLNG - -
$ ,G~EF' 
, ,HXNP,HPCST,HCD 
S ,ITMAX, ITMIN 
$ ,JCONS 
$ ,K~ONV, KALEXT 
$ ,MXEXT 
$ ,NTA.NSIDES,NBUNHI 

COMMON 
$ ODR 
$ ,PSIZE, PER, PWCOS, PLANC, PFACT, POMDPL 
$ ,POH8AF, POHFAN, POHLEC, POHCIR, POHCND, POHSTC, POHSCL 
s , RBP,REDUCE, REDUCV, ROOFL, RHOUT . 
$ , ~REJ, QREDUCE, QREDUCV 
s ,SIGMAG, SAAF, SEGL 
S ,TO, TPO(4), TEFF, TLIM, THFIN, TLPRA, TFIX 
5 ,TCD, TW 
$ ,UCS, UWS 
S ,lr/FV, WATCONA, WATCOST 
S ,VAS(S) 
, ,XOE"A, XW, XD 

CC\M"ON IHEADEXI 
S, CMO, CSR, 
S ,WB,TSP,CSH,CSHP 

CHH, CN, 
CSM, PITCMF, 

CHM, CMW, CRJ, CWJ, CST 
CPM, PRESs,HEDM~T,HEDTYP, NPASS 

COMMON ISINKI VAR(S), CPLN1, CPIP1, CC051, W31, COSM1, EFF1, 
S QfNl, CLAN1, REAI1, Zl,HRFAZS. W41. Ul, DEPW1, PPOW1, 
, FPOW1, DEFCI, WIDT1, ELEN1, VAIR1, VWAT1, HI1, HOl, T41, 
s R~WA1, NW1, NT1, NP1,ZPLNC2,ZSIZIZ, ZSPBP, SW41, SW31, 
$ spel, PTOT1,PLNC31, AFR01, AAIR1,YFPMIN, SPCD1, SPS13,WT2MIN, 
s BPZMIN,NWZMIN, TCOSI, DEPA1, DPWT1, DPWC1,CONBA1, XNTS1, VELDl 
S, TLA1, UCON1, PMCS1, FMCS1, FBAC1, EFFC1, CHi, CAl, CSl 
5 ,CLTC1, CFC1, CPCC1,FITC01, CSC1,CEPRE1,oEPIP1, AST1,OLDCSl 
S,CAPCS1,XNFAN1,BLDAN1,CPLEN1,Dp'EL1, WH1, WTTU1, ADI1' ABLl 
5, wTH~l, WTFR1,STRUC1,CFMPF1, HPPFl,TOTCF1, TP1,EFFINl, ANTUl 
s, AIPF~l, WATFF1, XN"IOD1, TCTPF1; FDCPFl, FMTRC1,-ACTTP1, ADJTPl 
s. ACT~Pl, ADJBP1, ACTVH1, ADJVH1, ADJPP1, THPAIl, TCTFl , AFCSTl 
s, rS R1, WATER1, WSTRCl, CFOUN1, HUBDI1, TOWLE1, NUMTOl, CTOWDl 
, ,S~RJl,SQRJS1,ATUBCI,CBA1,TTDll'TTD21,DELPS1,CSTLV1'PIPCTDl 
S ,CSTMSl, CYLRN1, CFANE1, PSTACI, PUFITl, P"'PCS1, RPTPL1, SEPCS1 
s ,PwDI (lEd ,WATCWD1 (16) ,DEPERl (16) ,DEpERQ1(16) 
s .W~Rl'MTOWl'NTOWDE1,CSTIF1,CSJ1,CVFI,CDP1,W51 

COMMON ITINEI XNS, TLA, XNTS, ARPS,-TTD2QE. LINOR, XNP, XQUALY 
COMMON ISURFEXI ODL,GAGLIN, NTUB,TUBMAT,FINTYP'FINMAT, CF9 

S ,ApLAT[, COATC, ZINCC, CASTC, SS,EPREPC,XTUBMA,XHEDTy,XFINTY 

RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
BIGCOM 
BIGCO"l 
BIGCOM 
BIGCOM 
BIGCOM 
BI GCOM 
BIGCOM 
BIGCO"l 
Bl5COM 
BIGCO~ 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BI GCO"l 
BIGCO"" 
BIGCOM 
BIGCO"l 
Bl5COM 
BIGCOM 
BIGCOM 
BI:;COM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCO"l 
BIGCO'" 
BIGCOM 
RPTHXD 
RPTHXD 
RI'THXD 
SINK 
51 NK 
SINK 
51 NK 
SINK 
SINK 
SINK 
51 NK 
SINK 
SINK 
SINK 
SINK 
SINK 
51 NK 
SI"lK 
51 NK 
51 "IK 
RPTHXD 
PPTHXD 
RPTHXD 

2 
3 
4 
5 
2 
3 

• 
5 
6 
7 
B 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

7 
II 
9 
2 
3 
4 
5 
6 
7 
e 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
11 
12 
13 

• 



• 
~U~RoUTINt RPTHXD OPh) 

COM~ON IDJBI DI, XDG. S~ 
COM~ON ISUPPLYI VAL(5), CPLN, CPIP' ceos, W3, eOSM, E~F' 

5 OIN, eLAND, REAIR, Z,HR~AC2, W4, u, DEL~W' PPow, 
$ FPOW, DELFe, WIDTH, ELENG, VAIR, vwAT, HI, HO, T4, 
$ ~EWAT, NW, NT, Np,PLANC2,PSIZIZ, SPBP, SW4, Sw3, 
$ SPC,PToTAL,PLANe3,SA~RON, AAIR. YFP, SPCO,PSIZI3, IoIT2, 
5 AP2. NW2, TCOS, DELPA,DELPWT,DELPWe,CONBAS, XNTSX, VELnx 
$, TLAx, UCON, PMCST, ~MCST, ~BAce, E~FC, C~, CA, CS 
$, CLTc. e~c, CPCC, FITCO, CSC,CEPREp,OELPyP, AST,OLDCST 
$,CAoC~T, XNFAN,BLDANG, C~LEN, DPFEL; WHX, wTTUS, ADIA' ABLN 
$, WTHnp, wT~RM,STRUCC,CFPER~,HPPER~, TOTCF, TPC, E~~y', ANTU 
$. AI~'~, WATFF, XNMOD, TCTP~. FDCP~, FMTRC,-ACCTTo, ADJTP 
$, ACTBoD, ADJBPD, ACTVH, ADJVH, ADJPPF, THoAyR, TCT~. AFCST 
5. CSRO, WATERW. IoISTRCT, CFOUND. HUBDIA. TOWLEN, NUMTow, CTOWD 
s .S~RJ.SORJS,ATU8C.CBA.TTDl,TTD2.DELPS,CSTLVR,pIPeSTD 
$ ,CSTH~. CYLRNG. CFANEL, PSTACS. PUFyTC. PMPCST, RPTPL. SEPCST 
$ .PIo/D(16) .WATCWD(16) ,DEPER(16) .DEPERQ(16) 
S ,W8B.HTow.NTOwDE.CSTIF,CSJ,CV~,CDp,W5 

6600 FOR"'AT I I HI) -
6601 FOR",ATIIH ) 

Ob10511~ 07.59.59 

14 
2 
3 
4 
5 
6 
7 
8 
9 

6602 FOR"'AT IIH.,TIO." NON. DEL T A H EAT E X e HAN A E 

RPTHXD 
SUPPLY 
SUPP .. Y 
SUPPLY 
SUPPLY 
SUPP~Y 

SUPP~Y 
SUPP~Y 

SUPPlY 
SUPPLY 
SUPP~Y 

SUPP~Y 
SUPPi..Y 
SUPP~Y 

SUPP~Y 

SUPPLy 
SUPPLY 
SUPP~Y 

RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
F/PTHXD 
RPTHXD 
RPTHXD 
PlPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHX:J 
RPTHXD 
RPTHXD 
RPiHXD 
RPTHXD 
RPT'"IXD 
RPTHXD 
RPTHXD 
RPTHO 
RPTHXD 
F<PTHXD 

10 
11 
12 
13 
14 
IS 
16 
17 
18 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2S 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
3" 
3e 
39 
40 
41 
42 
43 
44 
45 
It. 6 
47 
46 
It.Q 

$ ROE 5 C RIP TID NII.TlO.~S.I," DEG ") 
6603 FOP~AT( 

L T22."SU~PORT SPACING ".~7.3,T47."FEET" 
R,T60.""OOT DIAMETER" ,FS,4.TB2,"lNCH") 

6605 FORMAT! 
L T8."TIJBE PITCH NORMAL TO AIR FLOW ",~7.3,T47."IN~H" 
R T60."~IN THICKNESS",~S.4,TS2'''I~CH'') 

6610 FOR~AT( 
L T2,"TU!'1E PITCH IN DIRECTION OF AIR FLOw ",F7.3,T47."INCH" 
R ,T6lt"~IN DIAMETER ",FS.4,TB2. u INCH") . 

6615 FORMAT! -
LT18."TU8E DIAGONAL PITCH ",F'7.3,T47,"INCH" 
R.T62.""'IN SPACING" ,~8.4,T82,"INCH") 

6620 ~ORMAT ( 
LT23,"LlNER MATERIAL ",2AIO 
R,T61,"FP': MATERIAL ",2AIO) 

6625 FC\R"'AT( 
L TlI,"L.:1NER THERMAL CONDUCTIVITY",n.3 
R,TS6,"FIN THERMAL CONDo ".GII.4,T83."STU/IHR so ~T DEG F)/~T": 

6630 FOR~AT( 
LTI'."LTNER TUBING OUTSIDE DIAMETEB" .~7.4.T41."IN~H" 
R,T6(,,"HEADER TYPE ",2AID) 

6635 FORlAn 1 U ... 
LT3B,".-- U NIT COS T S _._") 

6640 FC\RMAT( 
LT13,"nN BONDING $".GIO.4,"/SQ ~T" 
R,T5q,""'EADER MATERIAL 1",lAI0,") 5",F8.3,"/LB") 

6645 FnR"IAT! 
LTf,,"pROTECTIVE COATING $".GIO.4,"/SQ ~T" 
R,T51\,"ROLLED JOPJT. TUBE TO HEADER $",~8.3'''/TUBE'') 

6650 ~ORMAT( . 
LTII,,,:1'I"IC ~OQ SPACERS $",GIO,4,"/LB" 
R,T5~."ojEL:JED JOINT, TUBE TO HEADER S".FS.3,"/TUBE") 

6655 FnR"IAT( 
LT10."SPACER CASTING $1I,GIO.4,"/EA" 
R,T56,IITURE AND PLUG '"IOLE PREPARATION S".F8.3,"/HOLE"l 



~URROUTINE R~THXD 

C 

C 

6660 FOR~AT( 
LT9,"END PREPARATION 5",GI0.4,"/TUBE" 
R,T66,"NOllEL AND ATTACHING S",FS.3,"/HOLE") 

6662 FORIo4ATI 
R,T67,,,fojOLTED HEADER JOINT S", F8.3,II/FT" 

6665 FC\RIoIAT( 
RTS8,IIIo1EADER MACHINING AND WELDING 511 ,F8.3,"/FT") 

6670 FORIo4ATI 
LT(l9,"LINER TUBING 511 ,G11.5,II/"'T", 
RT70,"STRLJCTURAL STEEL S",FS.3,"/LB") 

6675 FORIoIAT ( 
L T03,"PROTECT!VE COATING S",Gll.5,II/FT" 
R) 

66S0 FORIo4AT( 
LT14, "~TNNING S",Gll.5,"/FT" 
R) 

6685 F('IRIo4AT(1 
LT?9,"F'INNED TUBE 5",Gll.5,"/FT" 
R) 

6695 F(')RIo4AT( 
LT28,"TUBE S~ACERS 5",Gll.5,"/FT" 
R ) 

6617 FOR~ATI 
L T27,"LINER GAGE ",F5.1 
R ,T65,"FIN TY~E ",2AI0) 

6700 F'('IR~AT( 

L Tl~,"TUBES THRU EACH FIN",FS.0,T~7,"TUBES" 
R,T56,"AREA OF PLATE FIN ",F11.1," SQ IN." 

6710 FORIo4AT( -
LT9,"LIIIIE'R TUBING INSIDE DIA"4ETER ",F7.4,T47,"INCH" 
R,T6n,"HEADER LENGTH",Fl1.3," FEET") 

WR1rEI6,6600) 
D(\ ?n hl,3 
IF (DANGLE .LT. I.E-3D) WRITE(6,6602) 
IF' IrlANGLE .GT. 0.0) WRITEI6,6602) DANGLE_IBO. I ~.1"lS9 

20 C('INTINUE 
WRITE(6,6601) 
WRITE 1l>,6603) SS ,ODR 
WRITEI6,6605) XW ,THFIN 
Wo1TEI6,6610) XD ,OFIN 
WRITE'16,6615) XDG ,SF 
WRITE'16,6617) GAGLIN,FINTy~,XFINTY 
IF' (F'TNTY~ .EQ. II~LATE II) WRITE (6,6700 NTUB,APLATE 
WRITE(6,6620) TUBMAT,XTUBMA,FINMAT 
WRITEI6,6625) CONL,CONF 
W~ITE(6,6630) ODL,HEOTYP,XHEDTY 
w~ITEC6,6710) 01, WB 
WRITE(6,66011 
wolTE'(6,66011 

DO 30 1.1,3 
30 WRITf(6,663S) 

WRITE (6.6601) 
WRITE(l>,6640) CFB,HEDMAT,CHM 
WRITEC6,664S) COATC,CRJ 
WR1TFI6,66S0) ZINCC,CWJ 
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R~THXD 
RPTHXD 
R~THXD 
RpTHXD 
R~THXD 

R~THXD 

RPTHXD 
RPTHXD 
RPTMXD 
R~THXD 

RpTHXD 
RPTHXD 
R~THXD 
RPTHXD 
RPTHXD 
R~TMXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
R~THXD 
R~THXD 

R~THXD 
RpTHXD 
RPTHXD 
R~THXD 
RPTHXD 
RPTHXD 
R~THXD 
RPTHXD 
RPTHXD 
R~THXD 
RPTHXD 
R~THXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
R~THXD 
RPTHXD 
R~THXD 
R~THXD 

R~THXD 
R~THXD 

RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
R~THXD 

RPTHXD 
R~THXD 
RPTHXD 
R~THXD 

55 
56 
57 
58 
59 
60 
01 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
17 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
8S 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
11 1 

• 



.. 

... 

~U8ROUTINE R~THXC 

C 

WRITE(6.6655) CASTC.CHH 
W~TT~(6.6660) EPREPC.CN 
WRITE(6.6662) CBJ 
WRIT~(6.6665) CMW 
WpITE(6.6670) CLTCI. CST 
W~ITE' (6.6675) CPCCI 
WRITE(6.6680) CrCl 
wcIT~(6.6685) ~ITCOI 
WcITE(6.669S) CSCI 
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RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RPTHXD 
RDTHXD 
RPTHXD 
RPTHXD 

112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 



~U8RoUTINE R~TRET 74/74 06/05/78 07.59.59 

SUB~O"TINE R~TRET (CTOWD1, ~F, ~STAC1, ~UFnl, ~UM~Cl' R~T~Ll, R~TRET 
$ SE~rSl ,"I~CTD1) R~TRET 

C R~TRET 
C THIS ROUTINE RE~ORTS RETURN ~I~I~G DESIGN AND cosTs R~TRET 

C R~TRET 
COM~ON IK~TRETI R~TRET 

$ D~LLI. DESVE1, DIARD1, DIARTI. DOTMAI. DyNHDl R~TRET 
$, HEDRI (200) R~TRET 
S. J~SAVE R~TRET 
$. KRSAVE RPTRET 
$, ~I~C~l R~TRET 
$, QHEORI (200), QRLCSI R~TRET 
$, RDIAl(200), R~CST1(200), RRCSTl(200),RTCST1(200),RBFCS1,RCOSTl R~TRET 
$. RQDIAI (7.00). RQ~CSI (200) ,RQRCSI (200), RQTCSI (200). REJCSI RPTRET 
$. RELC 5 1. RF~GC1' RQCOS1, RTDCSI R~TRET 
$, TOWDll. TRQC01, TRTDCl RPTRET 
COM~ON IKKRETI R~TRET 

$ R~DrAl(200), RVDIA1(200), LRSAVE RPTRET 
$,~HEDR1(200). VHEDR1(200) R~TRET 
$'R~RCSTl (200), RVRCSTI (200) R~TRET 
5,R~TCST1 (200). RVTCST1(200) R~TRET 
5."RLC5Tl. VRLCSTI R~TRET 
$,p~pCSTl (200). RV~CSTl (200) RPTRET 
S.R~COST1, RVCOSTI RPTRET 
$.INT.N8UN RPTRET 

C R~TRET 
203 FOR~AT(lH ,14X,I2,lX,7FI0.l) R~TRET 
204 FOR~ATIII140X."TOTAL COST OF CIRCULATION RETURN pI~ING 5".F5.0, R~TRET 

5" *10**3"1/11) RPTRET 
205 FOR~AT(/?5X,"HORIZONTAL QUADRANT RETURN ~IPING" R~TRET 

$ 1142x,"COST IN 10**3 DOLLARS FOR"/40X RPTRET 
S."------------------------------"�12X."HEADER DIAMETER LENGT~ R~TRET 
! pIPE TEES REDUCERS"IZIX,"IINCIoIES) (FEET)"II) RPTRET 

208 FOR~ATIII142X,"TOTAL COST OF QUADRANT RETURN HEADERS $.,F5.0, RPTRET 
5" *10**3"111/) RPTRET 

209 FOR ... ATI/25X,"TOWER RETU"N PIPING" RPTRET 
5 III0X,IITOWER DIAMETER",23X,F5.0," FEET", R~TRET 
S10X. "DIAMETER OF PIPE FROM CIRCULATION RPTRET 
5"/I0X,"HEADER TO TOWER DISTRIBUTION HEADER".F7.0." INCHE5"/I0X."OI RPTRET 
5AMETER OF TOWER DISTRIBUTION PIP~".F7.0." INCHES"III0X,.COST OF 'I RPTRET 
5STRIRliTION ~IPING ~ER TOWER $".F'5.0,"*10**3"III.OX."TOTAL COST 0 R~TRET 
$F TOWER DISTRIBUTION PIPING $",r5.0." *10**3"///1) RPTRET 

211 FOR~ATII0X."LIQUID DESIGN VELOCITYII,F'5.0." FPS"I R~TRET 
! 10X.""IASS FLOW RATE",1~EI0.3,,, LBM/HR"I RPTRET 
$ 10x."RETURN PIPING ~RESSURE·DR9~",OPF7.1." PSF"I RPTRET 
$ 10 X."RETURN ~IPING DYNAMIC HEAD",F'7.1," FEET"IIIII RPTRET 
5 47X."TOTAL RETURN PIPING SYSTE~ COST 5",F6.0." *10**3"//1) RPTRET 

213 FORMATIIHl) RPTRET 
21. F'OR~ATIIH .13x.I2.1X.7FI0.1) RPTRET 
215 FORIoIATI 110X,"COST OF RETURN HE~DER5 PER QUADRAN! S",F'5.1, RPTRET 

5 11 *10**3 11 ) R~TRET 
216 FOR~AT(30X."----------------"1130X ... RETURN ~I~ING"1130X," _________ R~TRET 

5-------"1125X,"CIRCULATION PIPI"lG"1152X,"COST IN 10**" II RPTRET $3 DOLLARS FOR"/40X,'I----~--------________________ ~ _____ .------____ RPTRET 
$----"/12X."HEADER DIAMETER LENGTH PI"E TEES REDUCE RPTRET 
IRS EX"ANSION F'LANGES"IZIX," (iNCioIES) (FEET) ",33X,"JOINT (1) (3 RPTRET 
5)1111) R~TRET 

2 
3 .. 
5 
6 
7 
e 
9 

10 
11 
12 
13 
I. 
IS 
16 
17 
IB 
19 
20 
21 
22 
23 
2. 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 

-. 



C 

C 

OPT=l 06/05/7B 07.59.59 

300 F()R~AT(IIIT50,9(1I-1I)/T50,"P U ~ P S"/T50,9(" .. II)III) 
310 FORI.IAT(T10,,,PUMP COST",T30,"!",FB.0,1I*10*.3" 

! . !TIO,"PUMr:> FITTINGS",T30'''!'',FB.O,''.IO*.3'' 
$ IT10,"PUMP ELECTRICAL'" T~0,"$"'r8,0,1I*10**311) 

320 rOR~AT(IIT60,"PUMP STATIONII,TBO, "S", F8.0,"*10**~") 
330 rORI.IATIIIITlO,IISEPARATOIil COST",T30,"!",Fll.0,"*IO**3") 
340 FOR~AT(IIITlv'''DELUGE pIpING COST",T30'''!",F"lI.O,II*10**3") 

JClsJRSAVE 
I(CI.I(RSAVE 

LRzLPSAVE 
WRITE(6,2l3) 
WRITE'&,216) 
DC 201 hl,JR 
IF(I.GToI) GO TO 202 
IoIRITEI~,203) I, RDIAI(!), HEDRl(I), RPCSTl(I)*PF, RTCSTl(!)*PF 

S ,RClCSTICI).PF, REJCS1*PF, RFLGC1*PF 
GO TO 201 

202 IF(I.EQ.JR) GO TO 210 
WRITEI6,203) I, RDIAICI), HEDRICI), PPCSTlcI)*Pr, RTCSTI(!)*PF 

! .RRCST1I!)*PF 
GO TO 201 

210 IoIRITE,e,203) I, RDIA1(I), HEDR1(I), PPCSTl(ll.PF, RELCS1*PF 
! ,RRCST! (I) *PF 

201 C(lNTl"llJE 
IoIRITE(6.204) RCOST1*PF 
IoIRIT[(6.205) 
DO 206 hi ,KR 
IrII.EQ.KR)GO TO 207 
IoIRITE,6,Z14) I. RODIAICI). OHEDR1(I), ROPCSI(I).P~, RQTCSltI).PF 

,: ,R~RCSIII)·PF 

GO TO 206 
207 IoIC/ITE,6,214) I, RQDIAIIllt OHEDR1(Il, ROPCS1(I).P~, ORLCS1*PF 

! ,RQRCS1(!)*PF 
206 CONTINUE 

WPITEI6.40S) 
405 FORIoAAT(I?SX,"EXTERIOR VERTICAL QUADRANT RETURN 

SIN 1~.*3 DOLLARS FOR "/40X,30(1I.1I)/12X,"HEAOER 
$ PIPE TEES REDUCERS"/21X,"(!NCHESl 

DO 406 I-l,LR 
IF'II.ECol.LR) GO TO 407 

PIPINGIII/42X,IICOST 
DIAMETER LENGTH 
(rEET) III I) 

IoIRITE ,6,214) I ,RPOIAI c I) ,PHEDRI c I) ,RPPCSTl (I) *PF ,RPTCSTI (I) .p"., 
IRPRCST1I!)*Pr 

GO Tt:l .06 
407 WRITE!6'214) I,RPDIAI (I) ,PHEDRl II) ,RPPCSTl (I).PF,PRLCSTl*PF. 

IRPRCSTl I!) .PF' 
406 CnNTI'IUE: 

IF'(INT.LE,C) GO TO 600 
IoIPIT[(6,50S) 

505 rORI.IAT(/25X,I'INTEPIOR VERTICAL QUADRANT RETURN 
SIN 10**3 DOLLARS FOR "!40X,301"-")/12X,"HEADER 
$ PIPE TEES REDUCERS"/21X,IICINCHES) 

DO SO~ hl,LR 

PIPING"II"2x,"cnST 
DIAMETER LENGTH 
(FEETl"II) 

IoIPITE(6,214) I,RVOIA! (I) ,VHEDRl II) ,RVPCSTl (I)*PF,RVTCSTl II)*PF, 
IRVRCC;T 1 (I) *pr 

RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
PPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTREi 
RPTRET 
RPTRET 
RPTRET 
RPTRET 
RPTRET 

59 
60 
61 
62 
63 
64 
b5 
bb 
6"' 
~8 

6'1 .. ~ 
71 
72 
73 
74 
15 
7b 

1" 
"8 
79 
BO 
Bl 
82 
83 
B" 
B5 
El6 
B1 
IlB 
BCI 
-1~ 

91 
92 
93 
910 
95 
96 
9" 
98 
90 

10 c 
1 0 I 
102 
103 
104 
105 
106 
107 
H~ 
,09 
110 
111 
112 
113 
1 1· 
115 



SUA~oUTINE R~TRET 

50b CONTINUE 
600 CONTINUE 

WOITE(6,517) NBUN 
517 FOR~AT(IIII0X,IINUM8ER OF BUNDL.ES ~ER QUADRANT"tIIO, 

WRITE (6,217) RBFCSI- PF 
WRITE(b,215) RQCOS1-~F 
WQITr(6,20~) TRQCOI-PF 
WRITE(6,209) CTOWD1, DIARD1, DIART1, RTDCS1*~F, TRTOC1*PF 
WRITE(6,211) DES~El, DOTMA1, DEL.Ll, DYNH01, PI~CSl 
WQITE (b,300) 
\r/RIT[(6,310) (PUM~CI-PUFIT1)-PF, ~UFIT1*PF, RPT~L.l 
WRITE(6,320) (PUMPC1-~F') • RPT~L.l 

WpITE(6,330) SEPCSl 
\r/RITE(6,340) PIPCTDl 
RETURN 
ENn 

• 
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RPTRET 116 
R~TRET 117 
R~TRET 118 
R~TRET 119 
RPTRET 120 
RPTRET 121 
RPTRET 122 
R~TRET 123 
RPTRET 124 
RPTRET 125 
R~TRET 126 
RPTRET 127 
RPTRET 128 
R~TRET 129 
RPTRET 130 
RPTRET 131 



.. 

•• 

~UBROUTINE R~TSU~ 14174 06/05/78 07.59.59 

SUB~OUTINE R~TSU~(DESVELV.NU~TDW.CTOWD1.WBB1.HTOW1.NTDWDE1) 
C 
C THIS ~OUTINE RE~ORTS RETURN ~I~ING DESIGN AND COSTS 
C 
C 
C 

C 

COMI.\ON II(~TSUPI 
5 OELVI. DIASDI. DIASTI. DDT~Al. DYNHDI 
S, HED~Y (200) 
5. JSSAVE 
5. KsSAVE 
5, ~1~CSI 
5, QSLCSI. QHEDRI(200) 
5. SqFCSI, SCOSTl, SEJCS1, SELCST. SFLGC1, SQCOSI, STOCSI 
5, SOIAI (200) ,SPCSTI (200) ,SQDI AI (200), sa~CSl (200), SORes I (200) 
5. SQTCSI(200), SRCSTl(200), STCST1(200) 
5. TCONOI. THXIN1, TOWOII, TsaC01, TSTOCI 
COM~ON IKKSUPI 

S SI>01Al (200), LSSAVE, ~HEDSI (200). SP~CSTI (200). S~RCSTl (200) 
5, SDTCSTI (200), S~COST1.~SLCST1,FlSLGCS1, ~SJCST1' U~~PCSI (200) 
5,ptr.NRUN 

LS'"LSSAVE 
JS " JSSAVE 
I(S " KSSAVE 

203 FnR"IAT(lH .14X.I2,lX,7FI0.l) 
204 F("R"IATCII140X,"ToTAL COST OF CIR~ULATION SU~~LY ~I~ING 5".1'5.0, 

~" ·In.·3 11 1111) 
205 FoRIoIATC/25X,"HORIZONTAL QUADRANT SU~~LY ~I~IIIIG" 

5 1142X,"COST IN 10 •• 3 DOLLARS FO~"/40X 
S,"------------------------------"/12X,"HEAOER DIAMETE~ LENGTH 
$ ~I~E TEES REOUCERS"/21X,"(INC~ES) (FEET)"II) 

208 FoPI.\ATCII142X,"TOTAL COST OF QUAPRANT SU~~LY HEAD~RS $",1'5.0, 
$" .10 •• 3 11 //11) 

209 FOPI.\ATtl?5X,"TOWER SU~~LV ~IPING" 
5 11](lX'''NUMElER 01' TOWEPS",21XtI5 
$ IIOX,"NIJI.\E1Ef' OF TOWERS WITH DELUGE ~I~ING",2XtI5 
5 IIOX,"TOWER OIAMETERII,23X,F5.0,1I FEET"I 
S 10X,"TOIIIEI< HEIGHT",2SX,F5ol,1I FEET'-'I 
$ lOX,"IolUNDLE WIDTH",2SX,FSol." FEET"I 
510X. "DIAMETER OF PI~E FROM CIRCULATION 
$"/lo)'."HEADEP TO TOWER DISTRIBUTION HEAOERII.I'7.0," INCHES"/IOX."~I 
$AMETED OF TOWER DISTRIBUTION PIPE",F7.0." INCHES"III0X •• C05T or ~I 
SSTRIqUTION PIPING PER TOWER 5",F5.0," .10 •• 3"11140X."TOTAL COST 0 
SF T('WE"I~ OISTRIBUTION PIPING 5",PS,0," .10 •• 3"1111) 

211 F('\RIoIATllox,,,VAPOR DESIGN VELOCITY".F5.0." F~SIII 
5 l!:IX.""IASS FLOW RATE"'}PEIO.3." LBM/HR"I 
S II'IX'''CONOENSER OUTLET TEMPe:RATURE",0~F7.2." DE§. 1'''1 
s 10X."HEAT E)'.CHANGEP INLET TEMPERATURE",F'7.2,1I DEG. 1'''1 
5 lox."SUPPLY PIPING PRESSURE-DRO~",F7.I," PSF"I -
,: lOX."SUPPLY PIPING DYNAMIC HEAD",f7.1." FEET"IIIII 
s 47X."T(lTAL SUPPLY pIpING SYSTE~ COST 5",1'6.0." .10 ... 3"111) 

213 FORIoIATIlHI) 
214 F('IR"IATtIH .13X,I2,IX,7FIO.l) 
?15 FOR~AT( 1l0X,"COST OF SU~PLY HEADERS PER QUADRAN! 5",1'5.1, 

$11 .Jo •• 3") 
216 FORIoIAT(3QX," .. ---------------"1130X,"SUPPLY ~I~ING"1130x,"---------

RPTSUP 2 
RPTSUP 3 
R~TSUP 4 
RPTSUP 5 
RPTSUP 6 
RPTSUP 7 
RPTSJP B 
RPTS"'~ 9 
FlPTSUP 10 
RPTSUP 11 
RPTSU~ 12 
RPTSUP 13 
RPTSUP 14 
R~TSUP 15 
RPTS,",P 16 
RPTSUP 17 
RPTSUP IS 
RPTSUP 19 
RPTSUP 20 
RPTSUP 21 
RPTSUP 22 
RPTS~P 23 
RPTSUP 24 
RPTSUP 25 
RPTSU~ 26 
RPTSUP 27 
RPTSUP 28 
RPTSUP 29 
RPTSUP 30 
RPTSUP 31 
RPTSUP 32 
PPTSUP 33 
RPTSUP 34 
RPTSUP 35 
RPTSUP 36 
RPTSUP 37 
RPTSUP 36 
RPTSUP 39 
RPTSUP 4(, 

RPTSUP 41 
RPTSUP 42 
RPTSUP 43 
RPTSUP 44 

RPTSUP 45 
RPTSUP 4-
RPTSUP 47 
RPTSUP 48 
RPTSUP 4:": 

RPTSUP ':>' 
RPTSJP "i 
RPTSUP ';~ 

RPTSJP 0:-
~ .' 

RPTSJP :14 
RPTSUP 55 
RPTSUP 56 
RPTSUP 57 
RPTSUP 5B 



.. 
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$-------,,112S X,"CIRCULATlON PIPI~G"IIS2X'''COST IN 10 •• " " RPTSUP 59 
$3 DOLLARS F'OR"/40X, 11------------';'-.. ----___ -------';'-----.. ------____ RPTSUP 60 
$-_-_"/12~."MEADER DIAMETER LENGTH PIPE TEES REDUCE RPTSUP 61 
!iRS ~XPANSIDN F'LANGESIl/21X,IIIINC~ES) IF'EET)",33X,IIJOINTIIl 13 RPTSUP 62 
$) "II) RPTSUP 63 

211 F'nR",ATIII110 X,"F'ITTlNGS COST PER BU"lDLE S",F'5.3," .10 .. 3") RpTSUp 64 
C RPTSUP bS 

WRITEI6,213) RPTSUp b6 
WRITEC6,216) RPTSUP 61 
DO 201 I.1,JS RPTSUP 68 
IF'II.(]T.1) GO TO 202 RpTSUP 69 
WRITEC6,203) I,SOIAlCIl,MEDR1CI),SpCSTIII .PF',STCST1II).PF', RPTSUP 70 

SSPCSTlII).PF',SEJCS1·PF',SF'LGC1·p~ . RpTSUp 11 
Gn TO 201 RpTSUP 12 

202 IF'II.EQ.JS) GO TO 210 RpTSUP 13 
WRITECb.203) I,SDIA1CI),HEDRICI),SPCSTlII .PF',STCSTIII).PF', RPTSUP 74 

SSRCSTI tI).PF' RPTSUp 7S 
GO Tn 201 RPTSUp 76 

210 WRITECb,203) I,SDIA1CI)tMEDR1CIl,SP~ST1II .PF,SEL~ST.PF', RPTSUP 77 
SSRCSTI II).pF' RPTSUp 78 

201 CONTINUE RpTSUp 19 
WRITECb,204) Scosn.pF' RpTSUP 80 
WRITElb,20S) RPTSUP B1 
Do 206 I.1,KS RPTSUP 82 
I~II.EQ.KS)GO TO 201 RPTSUP B3 
WRITEltt,214) I,SQDIA1 II) ,QMEDR1 II) ,SQPCS1 (I).PF',SQTCSI II).Pf, RPTSUp 84 

SSOReS1II)·Pf RPTSUP B5 
Go TO 206 RPTSUP 86 

207 WPITECb,214) I,SQDIA1 II) ,QHEDRI IIltSQPCSIII).PF',QSLCS1' RPTSUP 81 
!S~Resl!I)·PF' RPTSUP 8e 

20b CONTINUE RPTSUP 89 
WRITEI6,30S) RPTSUP 90 

305 F'OR",ATI/2SX,"VERTICAL QUADRANT SUPPLY PIPING "1142X,"COST RPTSUP 91 
SIN 10 •• 3 DOLLARS F'OR "/40X,30("-")/12X,IHEADER DIAMETER LENGTH RPTSUP 92 
!i PIPE TEES REDUCERSII/21X,1I11NCHES) (F'EET).II) RPTSUP 93 

Do 30b I.1,LS RPTSUP 94 
WRITEr6,214) I,SP01Al(1) ,PHEOS1II),SPPCST1II),SPT~ST1II),SPRCST1II RPTSUP 95 

S) RPTSUP 96 
306 CONTiNUE RPTSUP 97 

WRITE(6,S17) NBU"l RPTSUP 98 
s17 F'OR"lATIII110X,"NUMBEP OF' BU"lDL.ES PER QUADRANTlltl10) RPTSUP 99 

WRITECb,211) SBfCS1·PF' RPTSUP 100 
wRITEr6,215) SQCOS1.PF' RPTSUP 101 
WRITEI6,208) TSQC01. PF' RPTSUP 102 
wRITEr6,209) NUMTOW,NTOWDEl,CTOwDl,MTOW1,WBBl,D1AS01,DIAST1,STDCSl RPTSUP 103 

1.PF',TSTDC1*"F' - RPTSUP 104 
WpITECb,211) DESVELV, DOTMA1, TeGN01, THXIN1, DEL V1,DYNMDl, PIPCS1 RPTSUP IDS 
RET URN RPTSUP 106 
END RPTSUP 107 

.. 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C' 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C' 
C 
C 
C 
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SUBROLITIfIIE SCALP(Tl,RANGE,AFRON,'LRAT,TcwrCS,ITOWN) 

SUBROUTINE SCALP SCALES THE PLANT AND DRY COOLING rOWER 
DESIGNS AND COSTS LINEARLY UP~ARD OR DOWNWARD TO ACCOUNT 
rop THE rOLLOwING FACTORS- -

1. THE DESIGN TEMPE~ATURE OF TH: POWER PLANT DOES 
NOT CORRESPOND TO THE RATED BACK PRESSURE OF THE 
STEA" TURBINE. 

2. PART OF THE TOTAL POWER OUTPUT OF THE PLANT IS 
USED IN SUPPLYING POWER TO THE rAN AND PUMPING 
SYSTEMS. 

THE FOLLOWING ARE POINTS O~ THE HEAT RATE FA~ToR CURVE WHIC~ 
ARE USED IN DESCRIBING THE iCALING or THE PLANT AND DRY COOL­
ING TOWERS. AT EACH OF THESE POINTS THE HEAt RATE FACTOR, 
PLANT sIZE AND PLANT COSTS ARE DETERMINED. . 

pnI~T 0 • CONVENTIONAL TURBINE OPERATING AT RATED BACK 
PRESSURE 

POI~T 1 - STEAM TURBINE OPERATING AT RATED BACK PRESSURE 
POI~T 2 - STEAM TURBINE O~ERATING AT SYSTEM DESIGfII EXIT 

TEMPERATURE ~rTH OUTPUT OF TURBINE GENERATOR EQUAL 
TO THE DESIGN POwER OUTPUT 

POINT 3 - STEAM TURBINE OPERATING AT SYSTEM DESIGN EXIT 
TEMPERATURE WITH THE POWER OUTPUT OF PLANT EQUAL 
TO THE DESIGN POWER OUTPUT 

THE DIFFERENCE BETWEEN POINt TWO AND THREE IS THE ~LANT HAS 
REEN SCALED UP TO ACCOUNT FOR THE POWER CONSUMPTION OF THE 
FANS AND PUMPS, BETWEEN POINT ONE AND TWO THE POWER PLANT 
HAS BEEN SCALED UP OR DOWN TO ACCOUNT "'OR AN INCREASE OR 
DECREASE IN THE HEAT RATE FACTOR~ 

DErINITION OF VARIABLES 

AAIP 

ADIA 
AFPOfll 

CA 
CAP~ 

CFOllN~ 

CM 
CHAILS 
CLAfIID 
CLLJVR 
CONI3AS 
COSM 
CPIP 
CPLEfII 

- AIR SIDE HEAT TRANSFER AREA OF HEAT EXCHANGER 
(SO FT) 

- FAN BLADE DIAMETER (FT) 
- FRONTAL AREA OF THE HEAT EXCHANGER NORMAL TO AIR 

FLOW (SO FT) -
- HEAT EXCHANGER TUllE COST (') 
- BUNDLE SCHIPPING AND ERECTIOfll COST FACTOR (DIMEfII-

SIONLESS) 
- BUNDLE ASSEMBLY COST (5) 

- PERCENT OF TIME PLANT IS GENERATlfIIG POWER DURING 
'!'HE YEAR (PERCENT1 -

- TOT AL COST OF THE DRY COOLI NG TOWER ($) 

- COST OF THE ELECTRICAL WIR!NG FOR THE FAN SYSTEM 
($ ) 

- COST OF THE FOUNDATION rOR THE DRY COOLING TOWERS 
($ ) 

BUNDLE COSTS FOR THE HEAT EXCHANGER (5) 
- COST OF HAIL SCREENS pER UNIT AREA (S/So FT) 
- COST OF LAND COVERED BY THE DRY CODLING TOWERS (S) 
- COST OF LOUVERS PER UNIT AREA (5/50 FT) 
- COST OF THE SURFACE CONDENSER (5) 
- INCREMENTAL MAINTENANCE COSTS OF DRy COOLING (5) 
- COST OF THE PI PI .. G SYSTEM r!f) 
- COST OF THE PLENUM ON Top OF THE COOLING TOWERS (S) 

SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALe> 
SCALP 
SCt.L;> 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALe> 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCAL" 
SCALP 
SCALP 
SCAL~ 

SCALe> 
SCALP 
SCALP 
SCALP 
SCALP 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2" 
25 
2(;-
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
"I, 

45 
"6 
47 
48 
49 
50 
51 
52 
53 
54 
55 
'·6 
57 
~8 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

cSTHS 

C9TLVR 

CwA~A 

DELFC 

FBcpF 
FCeZ 

FCB~ 
FCOS 
FCP 
rlXL 

H"FACl 
HQFAC2 
HIIIFP21 

HSL.VA 

nOWN 
KCONV 

KGA 

LO 

NEGV 

NUMTOW 
Nill 

PER 

pLANC 
PLANCl 
pLANC2 
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- COST OF PLENUM ~ATEPIAL PER POUND (S/LBM) 
• COOLING SURFACE COST (5) 

COST OF HEADER-SEALANT FOR CONNECTING PLASTIC TUBES 
TO THE HEADER ($) 

- COST OF THE HAIL. iCREENS FOR THE ENTIRE FRONTAL 
AREA OF THE HEAT EXCHANGER ~S) 

• COST OF THE L.OUVERS FOR CONTROLLING THE AIR FLOW 
TO THE HEAT EXCHA~GERS (S) -

• RATIO OF HEAT CAPACITY OF THE WATER TO THE AIR 
(DIMENSIONLESS) 

• COST OF THE FAN RING AND THE VELOCITY RECOVERY 
STACK IF THEY ARE USED (S/FAN) 

• INCREMENTAL FUEL. COST FOR THE SCALED UP ~LANT 
(MILLS/IO/ HR) - -

- LENGTH OF HEAT EXCHANGER TUBES (FT) 
- COST OF ~AN BLADE' A~TER SCALING UP THE NUMBER OF 

FANS (5) 

• COST OF FAN BL,ADE' pER FAN (S/FAN) 
• FUEL COST FOR THE BASE PLANT WITH A ZERO COST ONCE 

THROUGH COOLING SYSTEM (MILLS/HW HR) 
- FUEL COST FOR THE SCALED uP PLANT (MILLS /KW HR) 
• COST OF FUEL FOR ROWER PLANT (CENTS/BTU) 
• FIXED CHARGE RATE FOR CAPITAL. PER YEAR (pERCENT/YR) 
- THE FIXED LENGTH OF HEAT EXCHANGER TUBES SPECIFIED 

RY THE INPUT TO HIE CODE (FT! 
• FAN MOTOR COST PER FAN (s/FNA) 
- TOTAL FAN MOTOR COST FOR THE FAN SYSTEM AFTER 

SCALE UP (S) 
- POWER REQUIREMENT' OF THE FAN SYSTEM (Kill) 
• HORSEPOWER REQUIRE~ENTS OF THE FAN-SYSTE~ (HI') 
• HORSEPOWER REQUIR~MENTS OF THE WATER PUMPING 

SYSTEM (HI') -
- HEAT RATE FACTOR AT POINT ON (DIMENSIONL,ESS) 
- HEAT RATE FACTOR AT POINT TWO (DIMENSIONLESS) 
- RATIO OF HRFAC2 TO HRFACI USED FOR SCALING UP 

PLANT TO DESING CONDITIONS (DIMENSIONLESS) 
- SURFACE AREA COVERED BY HAIL SCREENS OR LOUVERS 

(sa FT) 

- NUMBER OF CIRCULAR TOWERS (DIMENSIONL,ESS, 
• INTERNAL VARIABLE FOR SPECIFYING THAT THE SET OF 

INPUT VARIABLES L.EAD TO UNREASONABLE VALUES 
(DIMENSIONLESS) • 

• VARIABLE FOR SPECIFyING GAGE OF TUBES USED IN THE 
CONDENSER (DIMENSIONLESS) 

- VARIABLE FOR SPECIFyING THE D1AMETER OF THE 
CONDENSER TUBING 1DIMENSIONLESS) -

- STOPS THE PROGRA~ IF THE SCALED UP FRONTAL AREA, 
MASS FLOW OF AIR AND SPECIFIC VOLUME OF AIR IS L.ESS 
THAN ZERO (DIMENStO~LESS) 

- NUMBER OF CIRCULA~ TOWERS (DIMENSIONLESS) 
- NUMBER OF HEAT EXCHANGER TUBES IN WIDTH 

(DIMENSIONLESS) 
- PERCENTAGE OF TOTAL CAPITAL COSTS OF DRY COOLING 

TOWER ALLOWED FOR MAINTENANCE COST (PERCENT) 
- BASE PLANT costs 15/1(101) 
• PLANT COSTS AT POINT ONE (S/I(W) 
• PLANT COST AT pDINT TWO (S/KW) 

SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALI' 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALI' 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALI' 
SCALP 
SCALI' 
SCALP 
SCALP 
SCALI' 
SCALI' 
SCALP 
SCALP 
SCALP 
SCALP 
SCALI' 
SCALP 
SCALP 
SCALP 
SCALP 
SCALI' 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 

59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
eo 
81 
82 
83 
84 
85 
86 
87 
EI8 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
10. 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

~OHCND 

~OHSCL 

~OHSTC 

~S!Z12 

~SIZ13 

PTOTAL 

RANGE 

SAfRON 

TC\IIFCS 
TD 
TEff 

TLA 
H 
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- ~LANT COSTS AT ~OINT THREE 
- COST OF ELECTRICA~ WIRING fOR WATER ~U~~ING SYSTE~ 

($) 

- INDIRECT COSTS fOR SURfACE CONDENSER AS A ~ERCENT-
AGE OF BASE COSTS (PERCENT -

- INDIRECT COSTS fOR AHIL SCREENS AND LOUVERS 
AS A ~ERCENTAGE Of BASE COSTS (PERCENT) 

- INDIRECT COSTS FOR THE STRUCTURES AND fOUNDATION 
fOR THE CIRCULAR TOWER AS A ~ERCENTAGE Of BASE 
COSTS (~ERCENT) 

- ~0WER REQUIRE~ENTS OF THE WATER ~UM~ING SYSTEM (KW) 
- S~ECIfIED ~OWER OUTPUT OF THE ~LANT AND ~AKE U~ 

SYSTEM TO THE POwER GRID ("1W) 
- ~OWER OUT~UT Of TORB1NE AT THE TURBINE RATED BACK 

~RESSURE FOR A-~O~ER OUT~UT OF THE TURBINE Of 
~SIZE AT DESIGN CONDITIONS (MW) . 

- ~OWER OUT~UT Of TURBINE AT THE TURBINE RATED BACK 
PRESSURE .fOR A ~OWER OUTPUT OF THE ~LANT Of PIZSE 
AT DESIGN CONDITIONS (~W) 

- TOTAL POWER OUTPUT Of THE TURBINE AT DESIGN 
CONDITIONS (MWl -

• TE~~ERATURE DIffERENCE Of THE WATER ENTE~ING 
AND LEAVING THE HEAT EXCHANGER (DEG f) 

• ROOf LOAD DESIGN CONDITIONS fOR STRUCTURAL COSTS Of 
CIRCULAR TOWERS (LBf/SQ fT -

• SCALED UP fRONTAL AREA Of THE HEAT EXCHANGER 
NORMAL TO AIR fLOW (SQ F"T) 

- INCREMENTAL ~LANT COST BETWEEN PLANT DESIGNED AT 
RATED CONDITIONS 1POINT 1) AND AT DESIGN CONDITIONS 
(~OINT 2) ($) 

- COST Of ~LANT AT DESIGN CONDITIONS (~OINT 3) 
- INCREMENTAL COST Of PLANT USING DRY COOLING TOWERS 

AT DESING CONDITIONS (POINT 3) OVER PLANT AT RATED 
CONDITIONS (POINT 1) (5) 

- STRUCTURAL COST Of THE CIRCULAR TOWERS (I) 
- SCALED U~ WIDTH TO LENGTH RATIO Of THE HEAT 

EXCHANGER (DIMENSIO~LESS) 
- SCALED U~ ~ASS FLOW RATE 0' WATER THROUGH THE 

HEAT EXCHANGER (LiM/HR) 
- SCALED U~ ~ASS ·LOW RATE OF AIR THROUGH THE HEAT 

EXCHANGER (LBM/HRl 
- TOTAL COST Of THE ~I~ING SYSTEM (K$) 
- DESIGN TEM~ERATURE Of THE DRY COOLING TOwER (DEG F) 
- RATED BACK PRESSURE EFfICIENCY OF THE STEAM 

TURBINE iPERCENT) 
- LENGTH Of CONDENSER TUBING (fT) 
- EXIT TEMPERATURE Of THE AIR fROM THE HEAT EXCHANGER 

(DEG F) 
- SPECIfIC VOLU~E fO THE AIR (CU fT/LBH) 
- WEIGHT OF WATER IN THE HEAT EXCHANGER BUNDLES (LBM) 
- TOTAL WERIGHT OF THE HEAT EXCHANGER EXCLuDING 

IrIATER (LBM) 
- TOTAL HEAT EXCHANGER wIDTH (FTl 
- RATIO Of THE wIOTH TO THE LENGTH O~ THE HEAT 

EXCHANGER (DIMENSIOf,jLESS) 
- WEIGHT OF THE PLENU~ PER UNIT ARE~ (LBF/SD FTl 
- TOTAL WEIGHT Of THE COOLING TOWER STRUCiURES (L9F) 
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SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCAL" 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCAL? 
SCAL" 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCAL" 
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SCAL" 
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SCALP 
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SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
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1 1 7 
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119 
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13~ 
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13" 
lJt-
1.,7 
1J8 
13~ 

l"C 
141 
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143 
144 
145 
110 6 
147 
148 
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15--
1"1 
1: 2 
1~3 
b4 
l55 
1:>6 
157 
• ~f< 

;~9 
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161 
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IIITF'RM 
WTHI"IR 
\IITTUS" 
w3 
W4 

XNF'AN 
XNS 

XNTS 
XIII 

LoGICAL NEGV 

- TOTAL WEIGHT OF T~E HEAT EXCHANGER F'RAM (LBG) 
- TOTAL WEIGHT OF' T~E HEAT EXCHANGER HEADE~S (LBF') 
- TOTAL WEIGHT OF' T~E HEAT EXCHANGER TUBES ILBF') 
- MASS F'LOW RATE OF' THE WATER THROUGH THE HEAT 
- ~ASS F'LOw RATE OF' THE AIR THROUGH THE HEAT 

EXCHANGER (LBM/HR) 
- NUMBER OF' F'ANS IN THE F'AN SYSTEM (DIMENSIONLESS) 
- NUMREP OF SHELLS IN THE SURF'ACE CONDENSER 

(DI~ENSIONLESS) 
- NUMBER OF' CONDENSER TUBES ~ER SHELL (DIMENSIONLESS) 
- TRANSVERS PITCH BETWEEN ADJACENT TUBES IN THE SAME 

TUBE ROW OF' THE H~AT EXCHANGER FROM CENTERLINE TO 
CENTERLINE lIN) 

• PLANT SCALING F'ACTOR TO TAKE INTO ~CCOUNT FOR PUM~ 
AII/D F'AN POWER 

LoGICAL FIRST.FRST.F'XTEMP.F'XTVAR,F'XTTTD,FXTLNG 
COMIo1(\~1 

S AF'TR. ALPHA, ANG(3) 
• ,B~LI"'Cl6) 
S ,CA~F'. CSSPKW, CONF', CONL, COSTL. CAPCHG, CONMAT, CONMA2,CAF' 
, .CRJ, CTURB, CDANG, CLUVR. CHAILS, CVM 
S ,DF'IN,DEEPL,DESVEL,DESVELV,DEsvELO,DENSIF' 
S .Ec-F'P, EF'S 
, ,F'CR,FIRST.F'IXL,F'COS.FFHX,FXTEMP,F'ACTOR,F'RST,F'AC!ORD,FSHOT,FDELUG 
S ,F'IXV'F'IXTTD.FXTVAR,FXTTTD,F'XTL~G 
S • GgE'F'F 
S ,HX~~.H~CST,HCD 
f ,ITMAX, ITMIN 
S ,JCONS 
S .KCONV, KALEXT 
S .MXEXT 
S ,NTA,NSIDES,NRUNHI 

COMIo101ll 
S 000 
S ,PSI1E, ~ER, PWCOS. PLANC. PF'ACT, POMD~L 
, ,POHRAF'. POHF'AN, POHLEC, POHCIR, POHCND. POHSTC, ~OHSCL 
S , RBP.REOUCE. REDUCV. ROOFL, R~OUT -
S , QREJ. QREDUCE. QREDUCV 
S .SIG~.G, SAAF', SEGL 
S ,TO, TPO(4), TEF'F', TLIM, THFIN. TLPRA, TFIX 
S ,TeD. TW 
!Ii ,UCS' UWS 
S ,WF'V. WATCONA, WATCOST 
S ,VAS(S) 
S ,XDE'PA, Xw. XD 
cnM~ON ISUPPLYI VALIS), CPLN, CPIP, CCOS, w3. COSM. EFF, 

S ('}IN, CLAND, REATR, Z,HRFAC2, \114, U, ,DELPW, PPOW, 
S F'POw. DELF'C, WIDTH, ELENG, VAIR. VWAT, HI, HO, T4, 
S oEWAT, N~, NT. NP,PLANC2,PSIZ12, SPBP, SW4, Sw3, 
S ~PC,PTOTAL,PLAIIIC3,SAFRON, AAIR. YFP. SPcD,PSIZ13, WT2, 
S RPZ. IIIW2. TCDS, OELPA,DELPWT,DELPWC,CONBA5, XNTSX. vELOX 
S, TLAX. UCON, PMCST, F'MCST, F'BACC. EF'F'C, CH, CA, CS 
S, CLTC, CFc, CPCC, F'ITCO, CSC,CE~REp,OELPIP, A5T.OLDCST 
S.CAPCST, XNF'AN,BLDANG, CPLEN, D~F'EL' WHX, WTTUB, ADIA, ABLN 
S, WTHDR, wTFRM,STRUCC,CFPERF.HPPERF', TOTCF', TP~. EF'F'I~, ANTU 

SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
ElIGCDM 
BIGCO'" 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOIo4 
BIGCDM 
BIGCOM 
BI GCO~ 
BI GCOM 
BIGCO"'1 
BIGCOIol 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
8IGCOM 
BIGCOM 
BIGCOM 
BIGCO~ 
BIGCOIol 
BIGCOM 
BIGCO"l 
BIGCOM 
SUPPLY 
SUPP~Y 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPL.Y 
SUPPLY 
SUPPL.Y 
SuoPL.Y 
SUPPL.Y 
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$, AI~'F, ~ATFF, XNMOD. TCTPF, FDCPF, FMTRC, ACCTTP, ADJTP 
$, ACTqpD, ADJBPD, ACTVH, ADJV~, ADJPPF, THPAIR, TCTf, AFCST 
S, CS~O. ~ATER~, WSTRCT, CFOUND, HUBDIA, TOWLEN, NUMTO~, CTO~D 
$ .S~PJ'SQRJS'ATUBC,CBA,TTD1,TTD2,DELPS,CSTLVR,PIPCSTD 
$ ,CsTHS, CYLRNG, CFANEL' PSTACS, PUfITC, PMPCST, RPTPL' SEPCST 
S ,P~[)/16) ,WATCWD(16) ,DEPER(16) ,DEPE~0(16) 
$ ,~BS.HT~~,NTO\l/DE,CSTIF,CSJ,CVf,CDP,~5 

COMMON 15INI<.I VAR(S), cPLN1, CPIP1, CCOS1. W31, COSM1, Efn, 
s OIN1, CLAN1, REAIl, Zl,HRfA2S, W"l. ul. DEpwl, PPOlrIl, 
S FPOW1, DEFC1. WIDT1. ELENl, VAIR1, VWATl, HI1, HOI, T41, 
$ R~WA1, N~l. NT1. NP1.ZPLNC2.ZSIZ12. ZSPBP. SW41. SW3l, 
$ SPC1. PTOT1.PLNC31, AFP01, AAIR1.YfPMIN, SPCD1, SPS13,IrIT2M!N. 
$ BP2MIN,NW2MIN, TCOS1. DEPA1, DPWT1. DPWC1.CONBAi. XNTS1. VELDl 
$. TlAl, UCON1. PMCS1, fMCS1. fBAC1. EFFC1. CHi. CAl. CSI 
$ ,CLTC1. CFC1. CPCC1.FITC01. CSC1,CEPRE1,DEPI P1. AST1.0LOCSl 
~.CAPC~1,XNFAN1,BLDAN1.CPLEN1.DPFEL1. WH1, WTTU1' ADII. ABLl 
$, wTHO!, ~TfRl,STRUCl,CFMPF1, HPPF1,TOTCFl, TP1,EFfIN1. ANTul 
$. AIR FF 1, WATFF1, XN~ODi, TCTPfl. FDCPF1. FMTRC1, ACTTP1, ADJTPl 
s. ACTRP1. ADJBP1. ACTVH1. ADJVH1, ADJPP1. THPAI1, TCTFl • AFCST1 
$. cSR1. ~ATER1. WSTRC1. CfOUN1, HUBDI1. TOIrILE1. NUMT01, CTOWDl 
S .SaRJl,SORJS1,ATUBC1,CBA1,TTDll.TTD21,DELpSl.CSTLV1,PI~CTDl 
s ,CSTHS1, CYLRN1, CFANEl, PSTAC1. PUfIT1. PMPCS1, RPTPL1. SEPCSl 
S ,Plc/Dl (16) ,~ATC~Dl (16) ,DEPERlIl61.0EPEROl (16) 
S .W9Bl.HTO~1.NTOWDE1.CSTIfl,CSJ1,CVF1.CDP1,W51 

COMMON ISCALER/HRFAC1, ATUB. CPERA. - SSCD.PLANC1,CASSS1, 
S GAIR, fAIR, HPAIR, HPWAT, WLRTP, PLANCTl -

COMMON IlACALLI SRN 
COMMON IESCAlI BSECF 
COMMON IT!NEI XNS. TLA, XNTS. ARPS, TTD2QE, LINOR, XNP. XQUALY 
COMMON/TUBE/KGA,lD,TID(7.6) 
COMMON IPlCOSTI WPl 
COMMON IPMEI PMElEC 
COMMON IHEADEXI CHH,CN,CHM,CMW,CRJ.CWJ,CST.CMO,CSR,CSM,pITCHF,CPM. 

1 PRESS,HEDMAT,HEDTYP,NPASS,WB,TSP.CSH.CSHP 
lOGyCAL lOOPER 
COMMON/FANI FANDAP(153.10).FANDAM(153'10),FMCPF,fBCPF,P2,R,S, 

$ VElREC, AFC, ELEV, EHR, LOOPER, ~TMAX 
DATA NEGV/.FA.lSE.1 

901 FORMATI1X.AIO,"Tl,RANGE,CWARA,AFRON,WLRAT",SG14.4) 
N6MElIST I09NlI FLOSS,AFRON,VA,W4,THITE.TD,T4,CIrIARA,RANGE 
XTOw c ITOWN - -

SCALING FACTOR FROM POINT 1 TO POINT 2 TO AC~OUNT FOR CHANGE 
IN HEAT RATE FACTOR 

HPFP21 aH RFAC2/HRFACl 

PO~ER OUTPUT OF TURBINE AT RATED BACK PRESSURE/POINT 1) WHIC~ 
GIVES REQUIRED POWER OUTPUT PSIZE AT THE OESIGN 
BACk' PRESSURE (POINT 2) 

PsI~12aPSIZE·HRFR21 

PLA~T COSTS AT DESIGN CONDITIONS /POINT 2) WHICH INCLUDE 
STEAM SUPPLY AND BACK PRESSURE SCALING TO POINT 2 

SUPPL.Y 
SU?p .. Y 
SUPp .. y 
SUPP~Y 

SUPP ... Y 
SUpp;.y 
SUPP!..Y 
SINK 
SI~K 
SI~K 

S1 Nt< 
SINK 
SINK 
S1Nr< 
SINK 
SINr< 
SINK 
SI NK 
SI Nt< 
SI Nt< 
SINI<. 
SI Nt< 
SINK 
51 NK 
SCALER 
SCALER 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
FANDEK 
FAND~K 
FANDEK 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCAL.P 
SCALP 
SCALP 
SCALP 
SCAL.P 
SCA"'p 
SCAL.P 
SCALP 
SSALP 
SCAL? 
SCALP 
SCAL.P 

12 
13 
14 
1 ~ 
16 
17 
~e 
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8 
9 

1 C 
11 
12 
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i7 
16 

2 
3 

194 
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19(, 
197 
~9B 

1"'9 
200 
201 

2 

2C3 
204 
20e, 
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213 
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215 
21( 
217 
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C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

JNCREMENTAL COST OF SCALING UP PLANT DUE TO INCREASED HEAT 
lUTE 'FACTOR 

SCALING FACTOR FOR SCALING PLANT SIZE TO MEET PUMP AND FAN 
POWER REQUIREMENTS 

IFIPSIZE.1000.-ppOW-FpOW.LE.0.0) KCONV_l 
IFII(CONV.EQ.l) RETURN 
VFp - IPSIZE-1.E-3)/lpSIZE*1.E-3 - ppOW - FPOW) - 1.0 

POWE~ OUTPUT OF THE TURBINE GENERATOR AT THE RATED 
~ACI( PRESSURE (POINT 1) WHICH MEETS THE POWER REQUIREMENTS 
TME FANS AND PUMPS (POINT 3; AND THE POWER OUTpUT O~ THE 
PLANT AT THE DESIGN BACK pR~SSURE (POINT 2) ~ 

PSIZ13-ll.-VF'p).pSIZ12 

TOTAL POWER OUTPUT OF THE P~lNT AT POINT 3 

pTOTAL .. PSIZE • 1l.-VFp) 

P~ANT COST AT POINT 3 EXCLUDING THE DRV COOLING TOWER COST 

PLANC3a PLANC2-(1 •• YFp) 
SPC.PLANC3*pSIZE*1.E_3 

INCREMENTAL COST OF' PLANT DUE TO DRV COOLING TOWERS 

SpCD • (pLANC3-pLANC) * PSIZE • 1000. 

SCALING UP THE DRV COOLING TOWER DIMENSIONS AND THE COSTS 
ASSOCIATED WITH IT 

INDEPENDENT PARAMETERS OF TME DRV COOLING TOWER 

YFpI'I-VFP _ I. 
Sw3.W3*YF'PPl 
SII40.1114*YFpPl 
SAF~ON.AFRON.VFpP1 

SWL~ATaWLRAT • VFppl 

SURFACE CONDENSER DIMENSIONS AND COSTS 

I~UQ .. 1 
CALL ~URCONIISUR, KGA, LD, TLA, lNTS, ARpS, XNS, ~ONBAS, CONMAT 

$ ,pOHCND) 
XNTS • X~TS.VFpPl 

CON9AS .. CONBAS.VFppl 

~CALE THE NU~BER OF TUBES IN wIDTH AND THE WIDTH OF THE 
HEAT EXCHANGER 

IF(FXTLNG) WIDTH=SAFRON/F'IXL 
IFI.NOT.FXTLNG) WIDTH .. SQRT'SWL~AT.SAFRON 
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SCALP 
SCALP 
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SUBPOUTINE SCALP 74/74 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

TOWLE~ a WIDTH I (XTOW*2.) 
NloI a iJIIDTH/XW.12. 

CHECK ON THE EXrT TEMPERATJRE OF THE AIR LEAVING THE HEAT 
EXCHANGER 

T4 = ~ANGE • TO 
vaa53. 35*(TO·460.)/(15.*144.) 
Ir(~LO~S.LT.O.O) NEGVa.TRUE. 
Ir(SArRON.LT.O.O) NEGV •• TRUE. 
Ir(VA.LT.O.O) NEGVa.TRUE. 
Ir(~W4.LT.O.0) NEGV=.TRUE. 
Ir(THITE.LT.O.O) NEGVa.TRUE. 
Ir (NEGV) WRITE (o,DBNL) 
Ir(NEGV) STOP 

41 CONTINUE 
UNS.,PAaHI'AIR 
U"lSNra.)(NrAN 

FAN AND PUMP POWER 

rpOW~FPOW • YFPP1 
PPOW=P~OW • YFPPI 
rppow a PPOW • FPOW 
HPIoIAT.~PWAT • YFPp1 
HPAI~a HPAIR • YFPP1 
FDHPaHPWAT • HPAYR 
X~FAN=XNrAN.YFPP1 

FAN BLADE COSTS 

r~ACCaFBcpr.XNrAN 

rCSTr aF 9ACC.FMCST 

T~E NUMBER Or rANS AND THE ~OTOR, BLADE, AND ELECT~ICAL 
WIRING COSTS OF THE FAN SYSTEM 

r~CsTaXNrAN.rMcpF 

crA"lEL ~ crANEL • YFPPl 

ELECTRICAL WIRING Dr THE PIPING SYSTEM 

PMELEC ~ D~ELEC • yrpP1 

DI~ENSIONS AND WEIGHT OF THE HEAT EXCHANGER 

ATU9C a CS • CH • CSTIF • CSJ • CVr • COP. CBA 
ATU~C = ATUBC.yrpPl 
AAIQ=AAI~ • yrpPl 
WHX.,WHX.Vrpp1 
~TTU~·IoITTUB.YrpPl 
WTHDRaWTHDR.Y~PRl 
WTrRMa~TFRM.YFRP1 

WATEPW • WATERW • yrDpl 

INC~EASED rUEL COST or THE RLANT 
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SCALP 280 
SCALP 281 
SCALP 282 
SCALP 283 
SCALP 284 
SCALP 285 
SCAlP 286 
SCAlP 287 
SCALP 2B8 
SCALP 289 
SCALP 290 
SCALP 291 
SCALP 292 
SCALP 293 
SCALP 294 
SCALP 295 
SCALP 296 
SCAlP 297 
SCALP 298 
SCALP 299 
SCALD 30n 
SCALD 3 1 
SCALP 3: 2 
SCALP 303 
SCALD 304 
SCALP 305 
SCALP 306 
SCALP 307 
SCALP 308 
SCALP 309 
SCALP 31(1 
SCAL.P 311 
SCALP 312 
SCALP 313 
SCALP 31<. 
SCALP 315 
SCALP 316 
SCALP 317 
SCALP 318 
SCALP 319 
SCAL~ 32C 
SCAL.P 321 
SCALP ;'2,: 
SCALP :'23 
SCALP 324 
SCAL~ 325 
SCALP 326 
SCALP 327 
SCALP 328 
SCALP 329 
SCALP 330 
SCALP 331 
SCALP 332 
SCALP 333 
SCALP 33~ 

SCALP 335 
SCALP 336 



SUBROUTINE SCALF' 

C 
C 
C 
C 

C 
C 
C 
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C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 

fUEL COST, fOR THE BASE F'LANT WITH A CO~VENTIONAL TURBINE 
nPERATING AT RATED BACK F'RESSURE 

fCBZE FCOS • 3413,E-5 / TEFf 

INCREASED fUEL COST fOR THE SCALED UF' F'LANT 

fCA) • ~COS • 3413,E-Se(HRfAC2/TEff) • (l •• YfF') 
DEL~C. fCB3-fCez . 

LAND AND F'IF'ING COSTS 

TEDIA.'I'ErliA e (1 •• YfF') 
CLA~D • COSTLeSAfRON 
SEPCST E (6,3971 • W3/60, - 1402~4.11l1 1000. 
SEF'CST E SEF'CST • POHCIR 
TCW~CS • TCWfCS • SEF'CST • RF'TF'L 
CpIp • TCWfCS. YFpPl • 1000. 

Tr)WER DIAMETERS 

BUNHI • SAfRON/(ITOWN*NSIDES*wS*ELENG) 
NBUNHI • BUNHI •• 9999 
WBB ~ SAfRON/(YTOWN*NSJDES*NBUNHI_ELENG) 
HTOW • WSB.NBUNHI 

PLENUM SIZE AND COSTS 

CF'LEN • CF'M*WPL*(.2S*ELENG**Z*NSIDES*ITOWN/TANI2.*3.141S9/(2.* 
INsIDESI) 
$ - XNFAN * 3.14159/4. * (AOIA.3.S)**2) 

CPLEN • CPLEN * POHSTC 

STRUCTURE AND fOUNDATION COiTS 

CALL STRUCT(ITOWN,~SIDES,HTOW,ELENG,SEGL.N8UNHI.WHX,WATERW.ADIA. 
lXNfAN.~OOfL,STRUCC,CfOUND) . 

STRUCC E STRUCC*F'OHSTC 
CfOUND E CfOUND*POHSTC 

LOUVER AND HAIL SCREEN COSTS 

HSLVA • ITnWN*NSIDES*HTOw*ELENG 
C5TLVR • CLUVR • HSLVA • F'OHSCL 
CSTHS • CHAILS • HSLVA * POHSCL 

TOTAL COST Of DRY COOLING TDWER 

CCOS • FSACC • ATUBC • fMCST • CF'LEN • STRUCC • CfOUND 
$ • CSTLVR • CSTHS • CfA~EL.XN~A~"fF'Pl • CYLRNG-X~fAN 

MAINTENANCE COST Of THE DRY CODLING TOWERS 

COS'" • PER * ICCOS • CPIF' • CONBAS) 1 (PSlzE*CAF'f-8760.) 

INCREMENTAL COST Of DRY COOLING TOWER (NOT USED IN 

00/05/18 01,59.59 

SCALP 
SCALP 
SCALP 
SCALP 
SCALF' 
SCALP 
SCALP 
SCALF' 
SCALP 
SCALP 
SCALF' 
SCALP 
SCALF' 
SCALP 
SCALP 
SCALP 
SCALP 
SCALF' 
SCALF' 
SCALF' 
SCALP 
SCALF' 
SCALF' 
SCALF' 
SCALP 
SCALP 
SCALF' 
SCALP 
SCALP 
SCALF' 
SCALP 
SCALP 
SCALF' 
SCALP 
SCALP 
SCALP 
SCALF' 
SCALF' 
SCALP 
SCALF' 
SCALP 
SCALP 
SCALF' 
SCALP 
SCALP 
SCALP 
SCALP 
SCALF' 
SCALP 
SCALF' 
SCALP 
SCALP 
SCALP 
SCALF' 
SCALP 
SCALF' 
SCALF' 

337 
338 
339 
HO 
341 
342 
343 
344 
345 
346 
H7 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
316 
377 
318 
379 
380 
381 
382 
383 
384 
385 
386 
387 
388 
389 
390 
391 
392 
393 

." 

-. 
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SUBROUTINE SCAU' 

C 
C 

I')PTI!o1IZATION) 

OLDesT- (CCOS·SPCD.CLAND.CPIP.CO~BAS).FC~/(PSrZE.CAPF.e7bO.) 
$ y COSM. DELFe -
RETu~N 
END 
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SCALP 
SCALP 
SCALP 
SCALP 
SCALP 
SCALP 

394 
395 
396 
3'17 
398 
399 



C 
C 
C 

74/74 06/05/78 07.59.59 

SUB~DUTINE SERCH 

THIS ~OUTINE SEEKS MINIMUM BY SINGLE VARIABLE SEA~CH METHOD 

COM~ON /LACALL/ SRN 
DIMENSION CIS) 
COM~ON /SU~~LY/ VALIS). C~LN. C~I~. CCOS. ~3. COS~. EFF. 

S OIN, CLAND, REAIR, Z,HRFAC2, W4, U, DELPW, ~POW, 
S F~OW. DELFe. WIDTH. ELENG. VAIR. VWAT. HI. HO. T4. 
S DEwAT. NW. NT. N~'~LANC2.~SIZI2, S~BP, Sw4. SW3. 
S SPC.~TOTAL.PLANC3.SAFRON. AAIR, YF~. S~CD.~SIZI3. WT2. 
S BP2. NW2, TCOS. DEL~A,DELPWT,OEL~WC,CONBAS, XNTSX, VELOX 
S. TLAX, UCON, ~MCST. FMCST, FSACC, EFFC, CH, CA, cs 
s, eLTC. CFe. c~ec, FITCO. CSC,CEP~E~,DEL~I~. AST.OLDCST 
S,CAPCST. XNFAN.BLDANG. C~LEN. o~rEL. WHX. WTTUR; ADIA. ABLN 
S. WTHDR, WTFRM,STRUCC.CF~ERF.H~PERF. TOTCF. TPC. EFFIN. ANTU 
s. Ar~Fr. WATFF. XNMOD. TCTPF, FDC~F. F~TRC.-ACCTTP. ADJTP 
s. ACTRPD. ADJB~D. ACTVH. ADJVH, ADJ~~F. THPAIR' TCTF. AFCST 
s. CSRD. WATERw. ~STRCT; CFOUND. HuBDIA. TOWLEN. NUMTow. CTOWD 
S ,SCRJ'SQRJS.ATUBC.CBA.TTD1,TTD2,DELPS.CSTLVR.~IP~STD 
S .CSTHS. CYLRNG. CFANEL. ~STACS. ~UFITC. PM~CST, R~T~L' SEpCST 
S ,~WD(16) ,WATCWD!l6) .DE~ER(l6) .D!~ERQI16) 
S .WBR.HTow,NTOWDE.CSTIF,CSJ.CVF.CD~.wS 
CO~MON /SINK/ VARIS), C~LN1, CPI~l. CCOS1. W3l, COSM1. EFFl, 

S QIN1. CLAN1, REAI1. Zl,HRFA2S. W4l, ui, OE~Wl, PPowl, 
S F~O~l, DEFC1, WIDT1. ELENl, VAIR1. VWAT1, HI1, Hol, T41, 
S oE~Al, NWI. NT1. N~1.Z~LNC2.ZSIZI2, ZS~B~. SW41. SW3l. 
S S~Cl. ~TOT1.PLNC31. AFR01, AAIRl,YFPMIN, SPCD1. SPS13,WT2MIN, 
S BP2MIN,NW2MIN. TCOSl, DEPA1. DPWTl. OPWCl,CONBAi. XNTSl, VELDl 
S. TLAl, UCON1. ~MCSl. FMCS1. FSAC1. EFFCI. CHi, CAl, CSI 
~ • CLTC1. CFC1, C~CCl.FITCOl. CSCl.CE~REl,DEPI~l, ASTl,OLDCSl 
S.CA~CSl.XNFANl.BLDANl.CPLENl,O~FELl. WHI. WTTUl; ADll. ABLl 
$. wrHDl. WTFR1.STRUC1.CFMPF1, HPPFl.TOTCFl. T~l.EFFINl. ANTUI 
$, AIRFF1, WATFrl. XN~ODl, TCT~Fl. FDC~Fl, FMTRC1,ACTT~1' AOJT~l 
s, ACTRP1, ADJBP1, ACTVH1. ADJVHl. ADJ~Pl, TH~AII. TCTFl , AFCSTI 
S, CSR1, WATERl, WSTRCl, CFOUNl, HUBDI1, TOWLEl, NUMTOI. CTOWDI 
S .SQR,Jl.SQRJS1.ATU8Cl,eBA1.TTDll.TTD2l,OE~PSl.CSTLVl'PIPCTDl 
S .CSTHSl, CYLRNl, CFANEl, PsTACl, ~UFIT1. ~M~CS1. R~TpLl' SEPCSl 
$ ,~wDlll6) .WATCWOl (16) .DEPERl (16) ,DE~ERQll16) 
S .WqBl.HTOWl.NTOWDEl.CSTIFl.CSJ1.CVFl.COP1.~51 

COMMON /SCALER/HRFAC1, ATUB. CPERA. SSCD'~LANC1.~ASSSl. 
$ GAIR, FAIR, H~AIR, HPWAT, WLRTP, PLANCTl 

LoGICAL FIRST.FRST,FXTEM~,FXTVAR.FXTTTD.FXTLNG 
COMIolON 

$ A~To. ALPHA, ANG(3) 
•• BoLI"1(16) 
, ,CAPF, CSSPKW, CONF, CONL. COSTL. CA~CHG, CONMAT, CONMA2,CAF 
$ ,CRJ. CTURB, CDANG, CLUVR, CHAILS.-CVM 
S .DFIN.DEE~L,DESVEL,OESVELV,DEsvELD.DENSIF 
S .EFF~. EFS . 
S ,FCR.FIRST,FIXL.FCOS,FFHX,FXTEMP,FACTOR,FRST.FACTORD,FSHOT,FOELUG 
$ .FIXV'FIXTTD,FXTVAR,FXTTTD,FXTL~G 
S ,GREFF 
S ,HXNO,HPCST.HCD 
$ .IT~Al(, ITMIN 
S ,JCONC; 
$ ,KCONV. KALEXT 

SERCH 
SERCH 
SERCH 
SERCH 
SERCH 
SERC" 
SU~PLY 
SU~PLY 
SUP~LY 
SUPPL.Y 
SU~PL.Y 
SUPPLY 
SU~°L.Y 
SU~PLY 
SU~PL.'( 

SU~PLY 
SUPPI.Y 
SU~PLY 
SU~~L'( 

SUP~LY 
SUP~LY 
SU~PLY 
SUPPLY 
SINK 
SINK 
SINK 
SINK 
SINK 
SINK 
SINK 
SINK 
SINK 
SI NK 
SI NK 
SINK 
SINK 
SI NK 
SINK 
SINK 
SINK 
SCALER 
SCIlLER 
BIGCOM 
BIGCDM 
BIGCOM 
BIGCDIol 
BIGCOM 
BIGCOM 
BIGCDM 
BIGCD~ 
BIGCOM 
BIGCOM 
BIGCO'" 
BIGCDM 
BIGCOM 
BIGCOIol 
BIGCO~ 

2 
3 
4 
5 
6 
7 
2 
3 
4 
5 
6 
7 
e 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

2 
3 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

.. 

-. 
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c;UBRoUTINE SERCH 14/74 

!i • MXEXT 
!i ,NTA,~SIDES,N8UNHI 

COM"40N 
!i 000 
S ,~SI7E. ~ER, ~WCOS, ~LANC, PfACT, POMDPL 
$ .PO~BAf, POHFAN, POHLEC,~OHCIR; ~OHCND, POHSTC, ~OHSCL 
!i , R~P,REDUCE, REDUCV, ROOFL,-RHOUT 
~ , QREJ, QREOUCE, QREOUCV 
!i ,SIGMAG, SAAF, SEGL 
S ,T~, T~0(4)' TEFF, TLIM, THFIN, TL~RA, TFIX 
$ ,TCD, T'" 
S ,UCS, UWS 
$ .W~V, WATCONA, WATCOST 
~ ,VASeS) 
S ,XOEPA, XW, XO 
COM~nN ITINEI XNS, TLA, XNT5, ARPS, TT02QE, ~INOR' XN~, XQUALY 
DO 50 JVAL.1,5 

SO VALeIVAL).VAR(IVAL) 
SPN="/SERCH.11 " 
C (1).5; 
C(2).I; 
C (3) .. 1 ~ 
C(4).CAF 
IF"(VARIS) .GT, 20,0) CIS) .. 8.0 
IF"(VARI5) .LE, 20,0) C(5) • 4,0 
IF"(VARIS) ,LE. 10.0) C(5) • 2.0 
IC .. 5 
IF" IfXT!MP) IC .. 4 
If:! .. 1 
IF"(OEEPL,GT.O.OO) IB" 2 
DO 8 I • IB,IC 
M.6.I 
K.3 
DO 9 YK .. 1,5 

9 VALeyKI.VAR(IK) 
KC·O 

1 ,J.O 
2 VAL(M).VAR(M).C(M) 

If(nTEMP) VAL(l) " TFIX 
IF"I~XT~NG) VAL(4) .. FIXL 
IF (F"XTVAR) VAL (2) • F"IXV 
IF" (F"XTTTO) VAL(3) c F"IXTTO 
I"'-I,GT.3) GO TO 10 
I~lvAL(1),GT.180.) GO TO 4 

10 SPN.n/SEPCH.21 " -
CALL CALCIVAL!l),VALI2).VAL(3),VAL(4).VAL(S),M) 
IF"(I(CONV,EQ.ll GO TO 4 -
IF"(DFL~A,LE.XOE~A) GO TO 3 
IF"(TCOS.GE.TCOS1) GO TO 4 
J.1 
CALL STORE 
GO TO 2 

3 IF"(I(.EQol) KC.l 
4 IF(J.EQ.l) GO TO 7 
5 VAL(~).VAR('-I).C('-I) 

IF" (~l(TEMP) VAL (l) .TF"IX 
IFI~XTL:Nr,) VAL(4) • F"IXL 
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BIGCO"4 
BIGCOM 
BIGCO'-l 
B t:;COM 
BIGCOIo1 
BIGCO"1 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCO'" 
tlIGCO'-l 
BIGCOM 
BIGCO"1 
BIGCOM 
E'IGCO" 
SERC'"1 
SERCH 
SERCH 
SERCH 
SERCH 
SERCH 
SERCH 
SERCI"i 
SERCH 
SERCH 
SERC"1 
SERC,; 
SERCH 
SERCH 
SERCri 
SERCH 
SERCH 
SERCH 
SERCH 
SERCH 
SERCH 
SERCH 
SERCH 
SERCH 
SERCH 
SERCH 
SERCH 
SERCH 
SERCH 
SERCH 
SERCH 
SERCH 
SERCH 
SERCH 
SERCH 
SERCH 
SERCH 
SERCH 
SERC-I 
SERC'"1 
SERCH 
SERCH 

17 
18 
19 
20 
21 
22 
23 
24 
25 
2E-
27 
28 
29 
30 
3J 
12 
13 
14 
l5 
16 
17 
lEI 
19 
20 
21 
22 
23 
2 .. 
25 
26 
2"' 
28 
29 
30 
3-

32 
33 
3 .. 
3: 
36 
~H 

3" 
.j C, 
40 
41 
42 
43 
44 
45 
46 
47 
~8 

49 
50 
Sl 



SUBRoUTINE SERCH 71t11ft OPT"'l F'TN 4.5.414 0&/05/18 07.59.59 

IF (F'XTVAR) VAL(2) • FIXV SERCI'i Sit 
IF'(FXTTTD) VAL(3) • F'IXTTD SERCH 55 
IF'(VALI~)~LE.O.O) GO TO 7 SERCI'i 56 
S~N",II/SERCH.31 II SERCI'i 57 
CALL CALC (VAL (1) ,VAL (2) tVAL (3) ,VAL (4) ,VAL 15) ,101) SERCH S8 
IF(I(CONV.EQ.l) GO TO 7 SERCH 59 
IF'(DELPA.LE.XDEPA) GO TO 6 SERCI'i 60 
IF(TC05.GE.TCOSl) GO TO 7 SERCH 61 
CALL STORE SERCH 62 
KCco SERC"i 63 
GO 'i'I') 5 SERCH 64 

6 IF (I(.E~.l) KC·l SERCI'i &5 
7 IF(KC.EQ.ll CALL CHNGE(M) SERCI'i 66 

I(.K·l SERCH 67 
IF'(I(.EQ.o) GO TO 8 SERCH 68 
IF(~ .EQ. 5 .AND. C(M) ,EQ, 1.0) GO TO B SERCH 69 
IF(1o\ .EO. 5) C ("1) • C(M).S.0/2,0 SERC"i 70 
C!M).CIM)/5. SERCI'i 71 
GO TO 1 SERCI'i 72 

8 CONTINUE SERCI'i 73 
RETu~N SERCI'i 7ft 
END SERCH 7S 

". 



• 

.-

0&/05/76 07.59.59 

SUBROIJTINE SETUP(TSTAR,TEND) 
C 
C THIS ~OUTINE READS ALL INPUT DATA FOR THE RUN AND PRINTS EACH 
C VALuE QEAD 
C 
C INPUT DESCRIPTION 
C FOR BNWII DRYIWET COOLING TOWEP AMMONIA 
* ••• *.*.*.... MAY 1 9 7 8 _ •• -a.a._._ •• 
C 
c ••••••• -. 
C 
C 
C 
C .--. .-.---. 
C 
C 
C CARD 
C TYPE COLUMNS 
C .--. .--.--. 
C 
C Al 1-80 
C 
C 
C 
C 
C 
C 
C ••••••••• 
C 
C A2 1 .. 80 
C 
c ••••••••• 
C ••••••••• 
C 

IN THE DESCRIPTIONS BELOw THE SYM80L (DF) MEANS 
DECIMAL ~RACTION 

------ ------.- - ---~--------.-------------.----------T 
Y 

NAME OF P 
FORMAT VARIABLE E DESCRIPTION AND (UNITS) 

------ ------.- - ------------.-------------~----------
(8AI0 DESCP(I) R COMMENTS OR CASE DESCRIPTION TO BE 

PRINTED AT TOP OF FiRST OUTPUT PAGE. 
ANY NUMBER OF TYPE Al CARDS MAY BE 
USED BUT A BLANK Al CARD yS NOT 
ALL..OIolED. 

BLANK IN ALL COLUMNS. ONE TYPE A2 CARD ONLY 

C Bl 
C 

1-10 (EI0.0. TSTAR R LOWEST DESIGN TEMPERATURE TO USE 
(D;GREES r) 

C 
C 11 .. 20 E10.0. TEND 
C 
c 
C 21 .. 30 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C' 
c 
C 
C 
c ••••••••• 
C. t ••••••• 

EI0.0. VASIl) 

ElO.o. VAS(Z) 

EI0.0. VAS(3) 

ElO.O. VAS(4) 

EI0.0) VAS(5) 

R HIGHEST DESIGN TEMPERATURE TO USE 
(DEGREES F) -

R INITIAL VALUE FOR TURBINE OUTLET 
TEMPERATURE (DEGREES F) 

R INITIAL VALUE FOR VELOCITy OF AIR 
ENTERING THE HEAT EXCHANGER (FT/SEC) 

R INITIAL VALUE FOR TTDl' TERMINAL 
TEMPERATURE DIFFERENCE (DEGREES F) 

R INITIAL VALUE FOR LENGTH OF HEAT 
EXCHANGER TUBES (FTj 

R INITIAL VALUE FOR THE NUMBER OF 
HEAT ExCHANGER TUBES IN DEPTH 

SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETU~ 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUo 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 

2 
3 , 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
IB 
19 
20 
21 
22 
23 
2" 
25 
2& 
27 
26 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
4(1 

41 
42 
43 
44 

45 
46 
47 
"8 
49 
50 
51 
5" 
53 
54 
~5 
5f: 
5" 
'i8 
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c 
CC 
C 82 
C 

1-]0 (E10.0. TFIx ~ F1XED TUBINE OUTLET TEM~ERATURE ,r) 
ENTRY IS IGNORED Ir BLANK OR ZERO 

C 
C 11-20 E10.0. FIXV R FIlED FACE VELOCITY OF THE AIR 

ENTERING THE HEAT EXCHANGER 1FT/SEC) 
ENTRY IS IGNORED IF BLANK OR ZERO 

C 
C 
C 
C 
C 
C 

21-30 E10.0. FIXTTD R rIXED TERMI~AL TEMPERATURE 
DIFFERENCE OF THE SURFACE CO~DENSER 
(FJ ENTRy IS IG~ORED IF BLANK OR 
ZERO C 

C 
C 
C 
C 
C 
C 
C 
C 

R FIXED LENGTH OF HEAT EXCHA~GER (FT) 
IGHORED IF SET EQUA~ TO IERO 
ENTRY IS IGNORED IF BLANK OR ZERO 

IF THE ABSOLUTE VALUE OF FIXLaO. 
THEN THE ~ROGRAM ~ILL CALCULATE 
TH~ LENGTH. 

C 
C 
C 
C 

41_50 El 0.0) DEEPL R FIlED NUMBER OF TUBES IN DEPTH 
ENTRY IS IGNORED IF-BLANK OR IERO 

C 
C ••••••••• 
C ••••••••• 
C 
C C1 1_40 
C 
C 
C 41-80 
C 
C 
C 
C 
c ••••.•••• 
C 

18FS.0, TAIl) R TE"PERATURES REPRESENTATIVE OF 
T~ERII) FRACTION OF-YEAR ,DEGREES F) 

8F5.0) TPERII) R FRaCTION OF YEAR OVER WHICH TEM~ERA­
TURE TA' I) IS TYPICAL. IOF! 
C AUT ION HIGHEST TA 

MusT BE F"IRST 

C C2 1_4 0 18F5.0. TA(I) R CONTINuATION OF TAIl) FOR IE 9 TO 16 
C 
C 41-RO 8".5.0) T~ERII) R CONTINUATION OF TPERII) 
C 
C NOTE - A TYPE C2 CARD IS REQUIRED EVEN IF BLANK! 
C 
c ••••••••• 
c ••••••••• 
C 
C ClA 1-40 
C 
C 
C 
C iq _80 
C 
C 
C 
c ••••••••• 

18F5.0. TAWBII) R ~E~ BULB AIR TEMPERATURE RE~RESENTA­
TIVE OF TPERII) FRACTION OF yEAR 
(D~GREES F) -

8FS.0) BPLIMII) R BACK PRESSURE LIMIT ON THE STEAM 
TURBINE RE~RESENTATIVE OF TPERII) 
FRACTION OF yEAR lIN. HG.) 

SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETU~ 
SETUP 
SETUP 
SETUP 
SETUP 
SETU~ 
SETU~ 
SETU~ 
SETUP 
SETU~ 
SETU~ 
SETUP 
SETU~ 
SETUP 
SETI.i~ 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETU~ 
SETUP 
SETU~ 
SETUP 
SETU~ 
SETUP 
SETU~ 
SETU~ 
SETU~ 
SETUP 
SETU~ 
SETU~ 
SETU~ 
SETUP 
SETU~ 

SETU~ 
SETUP 
SETUP 
SETU~ 
SETU~ 
SETU~ 

59 
bO 
b1 
b2 
&3 
64 
65 
66 
67 
b8 
b9 
70 
71 
72 
73 
74 
75 
76 
77 
7S 
79 
BO 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 

• 
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c ••••••••• 
C 
C C2A 1-40 
C 
C 
C 41_80 
C 
C 
C 
C 
C ••••••••• 
C ••••••••• 
C 
COl 4-10 
C 
C 11-20 
C 
C 21-30 
C 
C 31_40 
C 
C 41-50 
C 
C 
C 51_60 
C 
C 61-70 
C 
C 71-80 
C 
c ••••••••• 
C ••••••••• 
C 
C El 1-10 
C 
C 11_20 
C 
C 21-30 
C 
C 31-40 
C 
C 41-50 
C 
C 51_60 
C 
C 61-70 
C 
C 71_80 
C 
C 
c ••••••••• 
C 
C 
C EZ 
C 
C 
C 
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(8F'5.0, TAWS(!) R COtolTJNUATJON OF' TAWB(Il F'OR I e: 9 
TO 16 

8F'5.0) BPLIM(I) R CO"TJNUATJON OF" SPLlloI(I) F'OR I c 9 
TO 16 

NOTE. A TYpE C2A CARD IS REQUIRED EVEN IF' BLANK 

(EI0.0. PSIZE 

ElO.O, TEF'F' 

ElO.o, CAPF' 

ElO.O, PER 

E10.0, ELEV 

E10.0) ROOF'L 

(E10.0, rcos 

ElO.O. PWCOS 

E10.0, PLANC 

Elo.O, COSTL 

El 0.0. CSSPKIi 

ElO.O, CAPCHG 

E10.0. HPCST 

El 0.0) CTURB 

(E10.0, POHBAF 

ElO.O, POHF'AN 

R BASE PLANT SIZE IME§AWATTS) 

R BASE THERIolAL ErrICI~NCY (OF') 

R CA~ACITY FACTOR (O~) 

R F'!XED CHARGE RATE (or) 

R RATIO MA!NTENANCE COST TO CAPITAL 
con (OF') 

R CO"STRUCTION COST IoIULTIPLIER (OF) 

R SITE ELEVATION ABOVE sEA LEVEL (rT) 

R ROOF' LOAD (LB/SQ F'T) 

R F'UEL COST (CENTS/MIoIBTU) 

R REPLACEMENT POWER COST (IolILLS/KWH) 

R POWER PLANT CONSTRU~TION COST (S/KW) 

R COST OF' LAND (I/SQ F'T) 

R COST OF STEAM SUPPLY (S/KW) 

R ~APACITY CHARGE IS/MEGAWATT) 

R COiT OF' ELECTRIC MOTORS (I/HP) 

R ADDITIONAL TURBINE COST BECAUSE OF' 
NUCLEAR POWER PLANT- (S/Kw) 

INDIRECT COST F'ACTORS F'OR -
R BU~OLE ASSEIolBLE AND-FRAME 

R F'A~S 

SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETuP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 

116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
13(1 
131 
132 
133 
134 
135 
13f. 
137 
138 
139 
140 
1"1 
142 
143 
144 
145 
146 
147 
148 
149 
150 
1 ~ 1 
152 
153 
15/1 
155 
15t-
1:'7 

,::'t,i 

16e 
161 
162 
163 
164 
165 
166 
167 
168 
169 
Po 
171 
172 



C 21.30 
C 
C 31_4n 
C 
C 41-50 
C 
C 51_60 
C 
C 61-70 
C 
C ••••••••• 
C 
C F'l 1_10 
C 
C 
C 11_70 
C 
C 
C 
c ••••••••• 
C ••••••••• 
C 
C Gl 1.10 
C 
c ••••••••• 
C ••••••••• 
C 
C Hl 1-11l 
C 
C 
C 
C 11-~0 
C 
C 
C 21-30 
C 
C 
C 
C 31_40 
C 
C 
C 
C 41_50 
C 
C 
C 
C 51_60 
C 
C 
C 
c ••••••••. 
C 
C H2 1-10 
C 
c ••••••••• 
C ••••••••• 
C 

Ophl 

El 0.0 pOHLEC 

-ElO.O pOHCIR 

El 0.0 pOHCND 

ElO.O. pOHSTC 

El 0.0) pOHSCL 

(FlO.O. RBI' 

ElO.O EFFp 

(ElO.O. VELREC 

ElO.O. XDEPA 

EI0.0, TLIM 

EI0.0, TOWMIN 

E10.0. TOWMAX 

EI0.0) PFACT 

EIO.O SBEFF 

06/05/78 07.59.59 

R E~~CTRICAL 

R CIRCULATION PIPING 

R CO~DENSER 

R STRUCTURE 

R SCREENS AND LOUVERS 

R TURBINE RATING BACK PRESSURE (INCHES 
OF MERCURY) 

R COEFFICIENTS FOR THIRD ORDER pOLY­
NOMI4L FOR HEAT RATE AS A FUNCTION 
OF TURBINE BACK pRE~SURE. 

R EFFICIENCY OF PUMPS (OF) 

R CO~TROL VARIABLE. 
-1 FOR VELOCITY RECOVERY 
-0 -FOR NO VELOCITY RECOVE~Y 

R MI~IMUM AIR SIDE PRESSURE DROP THRU 
HEAT EXCHANGER (LB ~ORCE/SQ FT) 

R MA~IMUM STEAM TEMPERATURE FOR THE 
TURBINE (DEGREES F)~ 
ASSUMED 180 IF FIELD IS BLANK OR O. 

R TH~ MINIMUM ALLOWABLE NUMBER OF 
TOWERS PER GROUP. 
ASSUMED 1 IF NOT SP~CIFIED 

R THE MAXIMUM ALLOWABLE NUMBER OF 
TOWERS PER GROUP ASSUMED 9999 IF 
NO:r SpEq F I ED 

R PACKING FACTOR. RATIO OF CIRCULAR 
TOWER ROOF AREA TO ~AN SWEPT AREA 
(O~) 

R FA~ GEARBOX EFFICIENCy 

SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUo 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETU~ 
SETUP 
SETUP 
SETUO 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 

173 
174 
175 
176 
177 
178 
179 
180 
1B1 
182 
183 
184 
IB5 
186 
187 
18B 
189 
190 
191 
192 
193 
194 
195 
196 
197 
19B 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
21B 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 

• 



• 
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C Il 1-1 (1 (EI0.0. CP~ R P:.f:NUM COST ($/LB) SETUP 230 
C SETUP 231 
C 11-20 ElO.O, \tIPL R WE:! GHT OF" PLENU~ ~A !ERIAL (LB/SQ F"T) SETUP 232 
C SETUP 233 
C 21-30 EI0.0, CLUVR R COST OF" LOUVERS ($ISQ F"T, SETUC> 234 
C SETUP 235 
C 31.40 EI0.0, CHAILS R COS;T OF" HAIL SCREENS (5/S0 F"T) SETUP 2:;t-
C SETUP 237 
C 41_5 0 ElO.0, UCS R UNIT COST OF' STACK 5/L8 SETUC> 23!' 
C SETUC> 239 
C 51-~O EI0.0. UWS R UNIT fiT OF' STACK LB/CU F'T SETUP 2 4 0 
C SETUP 241 
C 61. 70 ElO.O, CVM R F'A~ RING MATERIAL UNIT COST $/L8 SETUP ?"2 
C SETUP 243 
C 71_~O [10.0) flF'V R UNIT WT OF" STRAIGHT CYLINDER LB/SQ F" SETUP 2 .... 
C SETUP 245 
C ••••••••• S~TUP 246 
C ••••••••• SETUP 247 
C SETUP 2"8 
C Jl 1·10 (F" 10.0, HXNP R NJM8ER OF' PASSES THRU HEAT EXCHANGER SETUP 249 
C SETuP 250 
C 11-20 F"10.0. fla R r4EADER LENGTH (FEE!) SETUP 251 
C SETUP 252 
C 21-3 n no.o. NTU8 R NU"'8ER OF' TUBES THRU pLATE FINS SETUP 253 
C SETUP 254 
C 31-40 F' 1 0 .0, SS R SU~PORT SPACING (FT) SETUP 255 
C SETUP 256 
C 41-50 no.O) ANGLE R HEAT ExCHANGER ANGLE (DEGREES) SETUP 257 
C SE HIP 258 
C ••••••••• SETUP ?5Q 
C SETUP 260 
C J2 1-10 (F"10.0. OESVEL R DESIGN VELOCITY (LIQUID) F"OR PIPING SETUP 2bl 
C (F'T ISEC) SETUP 262 
C SETUP 263 
C 11-20 F"10.0, REDUCE R MINIMUM STEP CHANGE IN PIpE DIAMETER SETUP 264 
C F'OR LIQUID PHASE TOWER PIPING ( INCI"!- SETUP 26S 
C ES) SETUP 2bt-
C MAV BE 6, 12, OR IB SETUP 267 
C SETUP 268 
C 21-30 FI0.0. Q~EDUCE R "'INIMUM STEP CHANGE IN PIPE DIAMETER SETUP 269 
C F'OR LIQUID PHASE QUADRANT HEADERING SETUC> 270 
C (INCHES) SETUP 271 
C "'A¥ BE 6. 12. DR 18 SETUC> 272 
C SETUC> 273 
C 31-40 F"lC.O) OIST R DISTANCE F'RO~ TOWER TO CONDENSER SETUP 274 
C ROOM (F'T ) SETUP 275 
C SETUP 27f, 
C •••••••• t SETUP 277 
C SETUP 2H 
C J3 1-1 u (F"10.0, OESVELV R DESIGN VELOCITY (VAPOR) F'OR PIPING. SETUC> 27(: 
C ("T/SEC) SETUP 28( 
C SETUP -. "4" 

'- -.I 

." C 11-~0 F" 10 • CI , REDUCEV R ~INIMUM STEP CI"!ANGE IN PIpE DI AMETEP SETUP 2 8.~ 
C F"OR VAPOR PHASE TowER PIPING SETUP 2,,:; 
C (INCHES) SETUP 2P I, 

C tolAY BE 6, 12. M 18 SETUP 2~i :: 
C sETUP 2H6 



C 21-30 
C 
C 
C 
C 
C 31-40 
C 
C 
C 41-50 
C 
C 
C 
C ••••••••• 
C 
C J4 1-10 
C 
C 
C 11-20 
C 
C 
C 21-30 
C 
C 
C 
C 31_40 
C 
C 
C 41-50 
C 
C 
C 51_Ed' 
C 
C 
C 6].711 
C 
C 
c ••••••••• 
C ••••••••• 
C 
C 1<1 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c ••••••••. 
C ••••••••• 
C 
C Ll 1-]0 

no. O. Q~EDUCV 

F'10.0. DESVELD 

no.o) F"ACTO~D 

(no.o. WATCONA 

no. O. WATCOST 

no.o. F"ACTOII! 

no.o. HCD 

no.o, BETAF' 

no.o. BETAI 

no.o) ~HOUT 

(E10.0, XW 

El 0.0, XO 

El 0.0. XDG 

Elo.O. SF" 

El 0.0, OF"! N 

ElO.O) THF"IN 

(no.o, ODL 

~ 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

06/05/78 07.59.59 

MINIMU~ STEP CHANGE IN PIPE DIAMETE~ 
rOR VAPOR PHASE QUAD~ANT HEADERING 
(INCHES) -
MAY BE 6, 12, OR 1B 

DEiIGN VELOCITy OF WATER THROUGH 
TH~ DELUGE PIPING (~T/SEC) 

RATIO OF" WATE~ F"LowING TH~OUGH 
THE DELUGE WATER SYSTEM TO THE 
AMOUNT OF" MAKE UP WATER 

AL~OWED WATER CONSUMPTION 
(A~RE-F"EET) 

COST OF" THE DELUGE WATER 
(SIlOOO GAL 

RATIO OF" THE WET AIR VELOCITY OVE~ 
THE DRY AIR VELOCITY OF THE HEAT 
EXCHANGER (DIMENSIONLESS) . 

METAL TO DELUGEATE HEAT TRANSF"ER 
CO~F"F"ICIENT (BTU/HR~SQ F"T.DEG F") 

AIR SIDE F"OULING COEF"F"ICIENT 
IBTU/HR·SQ rT OEG Fi 

TUBESIDE F"OULING COEF"FICIENT 
(BTU/HR~SQ 'T-OEG F") 

RELATIVE HUMIDITY OF THE AIR 
LE~VING THE HEAT EXCHANGE. 

TUIE TRANSVERSE PITCH (NORMAL TO AIR 
Fl.OW) (INCHES) -

TUiE PITCH IN DIREC!ION OF" AIR FLOW 
!INCHES) 

TUiE DIAGONAL PITCH (INCHES) 

F"IN SPACING ~INCHES) 

FIN DIAMETER (INCH(~S) 

F"IN THICKNESS (INCH~S) 

HX LINER OUTSIDE DIAMETER (INCHES) 

SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 

287 
2BB 
2B9 
290 
29 1 
292 
293 
294 
295 
296 
297 
298 
Z99 
300 
301 
302 
303 
304 
305 
306 
307 
30B 
309 
310 
311 
312 
313 
314 
315 
316 
317 
31B 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 
336 
337 
33B 
339 
340 
341 
342 
343 

• 

• 



.. 

.. 
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C 
C 11-20 
C 
C 21-30 
C 
C 
C 
C 31-50 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 51·60 
C 
C 
c ••••••••• 
C ••••••••• 
C 
C Ml 1.20 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 21.30 
C 
C 
C 
C 
C 
C 31.40 
C 
C 
C ••••••••• 
C ••••••••• 
C 
C Nl l-Il' 
C 
C 11_20 
C 

FlO.O. DI 

FlO.O. GAGLIN 

2A10. TUBMAT, 
XTUBMA 

FI0.0) CONL 

(2A1 0 FlNTYP 
XFINTY 

AI0. FINMAT 

F1 0.0) CONF 

(EIO.O. eFB 

ElO.O. COATC 

R 

R 

R 
R 

R 

R 

R 

R 

R 

06/05/78 07.59.59 

HX LINER INSIDE DIAMETER (INCHES) 

GAGE OF HX LINER TUBE (MAY BE 
22. 20. 19. 18. 17. 16. 15. 
14.5 14. 13. 12. 11. 10. ) 

LINER MATERIAL. MUST BEGIN IN COL 3 

MAV BE • 
ADMIRAL TY 
COPPER 
CU-I0 NI 
CU-30 NI 
ALUMINUM 
STEEL WELDED 
STEEL SEAML.ESS 
WELDED SST 

THERMAL CONDUCTIVITY OF LINER MATER. 
IAL.I B TUI (HR SQI'"T I?EG F I FT) ) 

TYPE OF FIN. MUST START IN COLUMN 1. 

MAY BE .. 
STRAIGHT FIN 
SINGLE FOOT 
DOUBLE FOOT 
EMBEDDED 
EXTRUDED 
PLATE 
NO LINER 

IF NO LINER THEN FIN MATERIAL 
MUiT BE ALUMINUM 

FIN MATERIA~. MUST START IN COL.. 21 

MAr BE .. 
ALUMINUM 
STEEL 

THERMAL CONDUCTIVITY OF FIN MATERIAL. 
(BTU/(HR SOFT DEG F/FT)) 

FIN BONDING COST (S/SO FT) 

FI"f PRoTECTtVE COATING COST [s/SoFT) 

SETUO 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUo 
SETUP 
SETUP 
SETUP 
SETUo 
SETUP 
SETUo 
SETUo 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUo 
SETUP 
SETUP 
SETUO 
SETUP 
SETUP 
SETUP 
SETUP 
SETUO 
SETUP 
SETUP 
SETUP 
SETUO 
SETUP 
SETUO 
SETUP 
SETUP 
SETUP 
SETUO 
SETUP 
SETUP 
SETUP 
SETUO 
SETUP 
SETUo 
SETUP 
SETUo 
SETUo 
SETuP 
SETUO 
SETUo 
SETUO 

344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
35e 
359 
360 
361 
362 
363 
3b4 
365 
366 
367 
36B 

.369 
370 
371 
372 
373 
374 
375 
376 
317 
378 
379 
380 
381 
382 
383 
384 
385 
3~6 

387 
3BB 
3B9 
390 
3 9 1 
392 
393 
394 
395 
396 
397 
3 98 
399 
400 
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C 21-30 EI0.0, ZINCC R ZINC COST FOR SPACERS (S/LB) SETUP 401 
C SETUP 402 
C 31_40 no.O, CASTC R FIXED CASTING COST ~OR SPACERS SETUP 403 
C (s/SPACER) SETUP 404 
C SETUP 405 
C 41·50 EI0,0) EI'REPC R E~D PREPARATIO~ COST (S/TUEiE) SETUP 40b 
C SETUP 407 
C ••••••••• SETUP 408 
C ••••••••• SETUP 409 
C SETUP 410 
C PI 1-20 (2AI0, HEDTYP, R HEADER TYPE. "'UST START I ~.' COLUMN 1 SETUP 411 
C XHEDTY R SETUP 412 
C "'1H BE - SETUP 413 
C WEL.D REMOVABLE SETUP 414 
C WEL.D PLUG SETUP 415 
C FORM REMOVABL.E SETUP 416 
C FORM PLUG SETUP 417 
C SETUP 418 
C 21_30 AI0, HEDMAT R HEADER MATERIAL. "'1U?T START IN SETUP 419 
C COL.U"'1N 21. "'AY BE - SETUP 420 
C ALUMINUM SETUP 421 
C STEEL SETUP 422 
C SETUP 423 
C 31.40 FI0.0, Til R T"lICKNESS Of' H~ADER MATERIAL SETUP 424 
C (INCHES) SETUP 425 
C SETUP 42& 
C 41·50 nO.o, SEGL R HEAT EXCHANGER SECTION LENGTH SETUP 427 
C (FEET) SETUP 428 
C SETUP 429 
C 51-60 IlO) NSIDES I NU~BER or SIDES I'ER TOWER SETUP 430 
C SETUP 431 
C ••••••••• SETUP 432 
C ••••••••• SETUP 433 
C SETUP 434 
C Q1 1-10 (EI0.0, CRJ R COST OF' ROLLED JOINT, TUBE TO HEADER SETUP 435 
C (S/TUBE) SETUP 43& 
C SETUP 437 
C 11-20 EI0.0, CWJ R COST OF WELDED JOIN!. TUBE TO HEADER SETUP 438 
C ( S/TUBE) SETUP 439 
C SETUP 440 
C 21-30 ElO.o, CHH Cl TUBE AND PLUG HOLE PREPARATION COST SETUP 441 
C (S/HOLE) SETUP 442 
C SETUP 443 
C 31-40 EI0.0, CN R NOZZEL AND ATTACHIN~ COST (S/HOLE) SETUP 444 
C SETUP 445 
C 41_50 ElO.o, CM." R COST or HEADER MACHINING AND WELDING SETUP 446 
C (S/FT) SETUP 447 
C SETUP 448 
C 51-60 ElO.o, CST R STRUCTURAL STEEL COST (S/LB) SETUI' 449 
C SETUP 450 
C 61-70 EI0.0) CBJ R COST Dr ML TED HEAD~R JOINT ( s/FT) SETUP 451 
C SETUP 452 
C ••••••••• SETUP 453 *. c ••••••••• SETUP 454 
C SETUP 455 
C QZ 1-10 rlo.0, CSH R BUto/DLE STIFFNER HOL~ I'REPARATION SETUP 456 
C con (S/HOLE) SETUP 457 



• 
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C SETUP loSe 
C 11-20 f10.o. CSMP R TUBE MOLE PREPA~ATION COST FOR SETUP 459 
C SE~TION JOINT CS/HOLE) SETUP 460 
C SETUP lobI 
C 21_30 FlO.O, TSP R PLATE THICKNESS FOR BUNDLE STIFFNERS SETUP 4b2 
C ( IN) SETUP 463 
c ••• , ••••• SETUP 4b4 
c ••••••••• SETUP 465 
C SETUP 466 
C Rl 1-10 (E10.0. XNS R NU~BER OF CONDENSER SHELLS SETUP 467 
C SETUP 468 
C 11-20 EI0.0. VELN R NOMINAL DESIGN VELO~ITY THRU CONDEN- SETUP 469 
C SEIil TUBES CFT/SEC) SETUP 470 
C SETUP 471 
C 21_30 ElO.o, ODC R CONDENSER TUBE 0.0. ( INCHES) SETU~ 472 
C SEWi> 473 
C 31-40 E10.0. GA R CONDENSER TUBE WALL GAGE. MAY BE SETUi> 474. 
C 12. 14. 16. 18. 20. 22. 24. SETUi> 475 
C SETUi> 4.76 
C 41_50 EI0.0. TKCT R THERMAL CONDUCTIVITY of CONDENSER SETUi> 477 
C TU8ING SETUP 478 
C (BTU/IHR SQrT DEG F 1FT) ) SETUi> 479 
C SETUi> 480 
C 51-60 E10.0. TTD2QE R TERMINAL TEMPERATUR~ DIFFERENCE SETUi> 481 
C EsTIMATE SETUP 4B2 
C CO~GREES F) SETUP , 4B3 
C SETUi> 4B4. 
C 6l-M 2AlO) CONMAT, R CONDENSER TUBING MATER- SETUi> 485 
C CONMA2 R IAL. MUST START IN SETUi> 486 
C COLUMN 61. MAy BE _ SETUP 487 
C SETUi> 4.88 
C ADMIRALTy SETUP 489 
C CU-1 0 NI SETUP 490 
C 304 SIS wELDED SETUi> 491 
C SETUP 492 
c ••••••••• SETUi> 493 
C SETUi> 494 
C R2 1-10 (E10.0, XNP R NUMBER OF PASSES THRU CONDENSER SETUP 4.95 
C SETUP 496 
C 11-2 El0.0, TLA R CONDENSER TUBING LENGTH (FEET) SETUP 497 
C SETUi> 498 
C 21-3 ElO.O) XQUALY R AIo4MONlA VAPOR QUALITy OUT OF SETUP 4.99 
C CONDENSER. SETUP 500 
C SETUP 501 
c •.•••.••. SETUi> 502 
C SETUP 503 
C R3 1-5 I IS) LINOR R CONTROL VARIABLE SETUP 504 
C &1 FOR LINDE TUBING SETUP 505 
C &0 FOR BARE TUBES SETUP 506 
C SETUP 507 
c ••••••••. SETUi> 508 
.c ••••••••• SETUP 509 
C SETUP 510 
C Sl 1-5 (IS. LF'B I LFB AND LFE SPECIFY FIRST AND LAST SETUP 511 .. C ~-I·n IS, LFE I POiITION TO BE CONsIDERED IN THE SETUP 512 
C T ABLE OF FAlliS. DEFAULT VALUES ARE SETUP 513 
C LFB&l AND LFE-ls3 SETUP 514 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

11-15 

OPhl 

IS) MXEXT 

_._---.-
DIAMETER _._---.-

24, 
26, 
28, 
3D, 
40, 
60, 

If AN 

1 
28 
55 
89 

112 
136 

....... -

27 
Sit 
88 

III 
135 
153 

THE MAXIMUM ALLOWABLE NUMBER OF 
CA~LS TO SUBROUTINE XTEND FOR ANY 
ON~ DESIGN TEMPE~ATURE, 

DE~AULT VALUE IS 10 

C ••••••••• 
C ••••••••• 
C 
C T1 1-10 AI0 FFHX R CONTROL VARIABLE FOR SPECIFYING 

MET~OD TO USE IN COMPUTING FRICTION 
FACTOR, MUST START IN COLUMN 1 • 

MAY BE -

C 
C 
C 
C 
C HOTERV 
C 
C 11-20 AI0 FSHOT R CONTROL VARIABLE FOR SPECIFYING 

TYPE OF SEARCH ROUTINE TO BE USED 
IN SEARCH FOR OPTIMUM MAY BE -

C 
C 
C 
C SKIp SHOT 
C 
C 

~ONSTANT 

C 21-30 AID FDELUG R CONTROL VARIABLE FOR SELECTING TyPE 
OF METHOD TO CALCULATE EVAPORATIVE 
HEAT TRANSFER MAY 8E -

c 
C 
C 
C 
C 
C 

REAL NTue 
DIMENSION TOO(6),TGA(7) 
COM~nN/OJB/OI.XOG'SF 
COM~ON IINOISI OIST 

DELUG 
DELBAW 

COMMON IHEAOEXI CHH,CN,CHM,CMW,CRJ,CWJ,CST,CMO,CSR,CSM,PITCHF,CP~, 
·PPESS. HEOMAT, HEDTYP, NPASS, WB, TSP, CSH. CSHP 
COM~ON ISURFEXI ODL,GAGLIN,NTU8,TUBMAT,FINTyp,FINMAT,CFB,APLATE, 

SCOATC,ZINCC,CASTC,SS,EPREPC,XTUBMA,XHEDTY,XFINTY 
C~M~~N ITINEI XNS. TLA, XNTS, A~PS, TTD2QE. LINOR, XNP, XQUALY 
CnM~ON/TINE2/CCM 
COMMn N/TUBE/KGA,LO,TID(7,6) 
COM~ON/O~TC/VELN,OOC,TKCT 

C~M~ON ISINKI VAR(5). CPLNl, CPIPl, CCOSl, 
$ QI~l, CLANI. REAlI. Zl.HQFA2S, W41, 
S FPowl. OEFCI. wIOTl, ELENI. VAIRI. VWATI. 
S QEWAI. NWI. NTl, NPl,ZPLNC2.ZSIZ12, 

W31. 
ui. 

HI i , 
ZSP9 P , 

COSMl, 
DEPWI. 

Hn1, 
511141. 

EFF 1 • 
PPOwl, 

141. 
SW31. 

SETUP 
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SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SETUP 
SINK 
SINK 
SINK 
SINK 

515 
516 
517 
518 
519 
520 
521 
522 
523 
524 
525 
526 
527 
528 
529 
530 
531 
532 
533 
534 
535 
536 
537 
538 
539 
540 
541 
542 
543 
544 
545 
546 
51t7 
548 
549 
550 
551 
552 
553 
554 
555 
556 
557 
558 
559 
560 
5 6 1 
562 
563 
564 
565 
566 
567 

2 
3 
4 
5 

-. 
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SuB~OUTI NE SETUF' 14/74 

$ SF'Cl, F'TOTl,F'LNC31, AFROl, AAIR1,YFF'MIN, SF'CDl, SF'S13,WT2MIN, 
$ B~2MtN,NW2MIN, TCOSl, DE~Al, DF'WTl, DF'WCl,CONBAl, XNTsl, VELDI 
$, TLAl, UCONl, F'MCSl, FMCSl, rBAC1, EFFCl, CH1, CAl, CSI 
$ ,ClTel, cFCl, CF'CCl,FITCOl, CSCl,CEF'REl,DEF'l~l, ASTl,OLDCSl 
$'CA~cSl,XNrANl,BLDANl,CF'LENl,DF'rELl' WHl, WTTUl; ADll, ABLI 
$, WTHOl, WTrRl,STRUCl,CFMF'F1, ~PF'Fl,TOTCFl, TF'l,EFFINl, ANTUI 
S, AIRFFl, WATFFl, XNMODi, TCTF'Fl, rDCF'Fl, rMTRCl'-ACTT~l' ADJT~l 
5, ACT~Pl, ADJBF'l, ACTVHl, ADJVHl. ADJF'F'l, THF'AIl, TCTFI , AFCSTI 
$, eSRl, WATERl, WSTRCl, CrOUNl, HUBDIl, TOWLEl, NUMTOl, CTOWDI 
$ ,S~RJ1,SQRJSl,ATUBCl,CBAl,TTDll,TTD21,DELF'Sl,CSTLVl,F'1PCTDI 
$ ,CSTHSl, CYLRNI. CFANEl, PSTAC1, F'UrITl, F'M~CSl, RF'TF'Ll, SEF'CSI 
$ ,F'WDl(16) ,WATCWDlIl6) ,DEF'ERI (16l,DEF'ERQlI16) 
5 ,WeBl,HTOWl,NTOWDEl,CSTIFl,CSJl,CVFl,CDF'l,W51 
COM~O~ /SCALER/HRrACl, ATUB, CPE~A, - SSCD,~LANCl,CASSSl, 

5 GAlR, FAIR, HF'A1R. HF'WAT, WLRTF', F'LANCTI -
C~M~ON /FNLOOF'I LFB, LFE 
COM~ON IF'LCOSTI WF'L 
DyMENStON DESCR(S) 
COM~ON/DZZl 

$ OESKE~(lO,8), NOCRDS 
LOGICAL FlRST,rRST,rXTEMF',FXTVAR.FXTTTD,FXTLNG 
CoM~n'l1 

5 A~TR, ALF'HA, ANG(3) 
• ,B~L!M(l6' 
$ ,CA~F, CSSF'KW, CONr, CONL, COSTL, CAF'CHG, CONMAT, CONMAZ,CAF 
$ ,C~J, CTURB, CDANG, CLUVR, CHAILS,-CVM 
5 .DrIN'DEE~L,DESVEL,DESVELV,DESVELD,DENSIF 
5 ,E~FP, ErS 
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SINK 
SINK 
SINK 
SINK 
SINK 
SINK 
SINK 
S1 NK 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
IS 

2 
3 

5 70 
571 
572 
573 
514 

2 
3 .. 
5 
6 
7 
e 
9 

5 ,FCR,Fl~ST,FIXL,FCOS,FFHX,FXTEMF',FACTOR,FRST,FACTORD,FSHOT,FDELUG 
, ,rIXV.FIXTTD,FXTVAR,rXTTTD.FXTLHG -

51 NK 
SINK 
SINK 
SINK 
SINK 
SCALER 
SCALER 
SETUF' 
SETUF' 
SETUF' 
SETU~ 

SETUP 
BIGCO~ 

BIGCDI1 
BIGCDIol 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOa.4 
BIGCOM 
B1GCOM 
B1GCDM 
BIGCOIol 
BIGCOM 
BIGCOM 
BIGCOIol 
BlGCDM 
BIGCOM 
BIGCOIol 
BIGCOM 
BI3C0l1 
B1GCDa.4 
B1GCDIol 
BIGCDM 
BIGCDM 
B1GCDa.4 
B1GCDM 
BIGCDM 
BIGCDM 
BIGCDM 
B1GCDa.4 
SUF'Pl.Y 
SUPF'LY 
SUPPLY 
SUF'F'LY 
SUF'PLV 
SUPPLY 
SUF'PLY 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

$ ,GqEF' 
$ ,HXNP,H~CST,HCD 

$ ,ITMAX, ITMIN 
5 ,JcnNS 
5 .KCON", KALEXT 
$ ,MxEXT 
$ ,NTA,~SIDES,NBUNHI 
C(')MMO~ 

5 ODR 
$ ,F'SIZE, ~ER, F'WCOS, F'LANC, PFACT, F'OMDF'L 
S ,PCHRAF, F'OHrAN, POHLEC, POHe1R~ F'OHCND, POHSTe, F'OHSCL 
5 , ~BF',REDUCE, REDuev, ROOFL, RHOUT 
5 , o~EJ, QREDUCE, QREOUCV 
$ ,SIGMAG, SAAF. SEGL 
5 ,TO, TF'O(4). TEFF, TLIM, THr1N, TLF'RA, TFIX 
5 ,TCD, TW 
$ ,Ues, U\oIS 
$ ,WrV, WATCONA, WATCOST 
$ ,VA S (5) 
$ ,XDEPA, XW, XC 

COMMON ISUF'F'LYI VALIS), CF'LN, CF'IF', CCOS, W3, COSM, 
$ QtN, CLAND, REAIR, Z,HRFAC2, W4, U, OELF'~, 
$ FF'OW, DELFC, WIDTH, ELENG, VAIR, VWAT. Hi, HO, 
$ REWAT, NW, NT, Np,F'LANC2,PSIZ12, SF'BP, SW4, 
5 SPC,F'TOTAL,F'LANC3,SAFRON, AAIR, yFp, SPCO.F'SIZ13, 
5 AP2, NW2, TCOS, DELF'A,DELF'WT,DELF'WC,CONBAS, XNTSX, 
5 TLAX, UCON, PMCST, FMCST, rBACC, EFFC, CH, CA, 

EFF, 
PPoW, 

T4, 
SW3, 
WTZ, 

VELDX 
CS 

2 
3 .. 
5 
6 
7 
8 



~URRoUTINE SETUP 

$, CLTC, CFC, CPCC, FITCO, CSC,CEPREp,OELPIP, AST,OLDCST 
$,CAPCST, XNFAN,BLDANG, CPLEN, DPFEL' WHX, WTTUB' ADIA, ABLN 
$, wTHDR,' WTFRM,STRUCC,CFPERF,HPPERF, TOTCF, TPC, EFFyN, ANTU 
$, AIO~F, WATFF, XNMOO, TCTP~, ~DCPF, F~TRC'-ACCTTp, ADJTP 
$, AcrBPO, ADJBPD, ACTVH, ADJV~, AOJPPF, THPAIR, TCTF, AFCST 
$, CS~D, WATERw, WSTRCT, CFOUND, HUBDIA, TowLEN, NUMTow, CTOWD 
$ ,S~RJ,SORJS,ATUBC,CBA,TT01,TTD2,DELPS,CSTLVR,PYPCSTD 
$ ,C~THS, CVLRNG, CFANEL, PSTACS, PUFITC, PMPCST, RPTPL' SEPCST 
$ ,PWD(16),WATCWOI16),OEPERI16),OEPERO(16) , 
$ ,W~B,~TOW,NTOWDE,CSTIF.CSJ,CVF,COp.w5 
COM~ON IVARVARI TPER(16), TA(16); TAWBI16 
COM~ON/FANI FANOAPI153,10),FANDAMllS3'10)'F~CPF,FBCPF,P2'R,S, 

$VELREC,AFC,ELEV.EHR 
COM~0~/CONS/HO,BETAF,BETAY,XX(6) 

DATA BLANK/" "I 
C SURFACE CONOENSFR TUBE 00 A~D TUBE GAGE ARRAYS 
C 

DATA TOO/0.625,O.750,0.875,1.000,1.125,1,2501 
DATA TGA/12.,14.;16.,18.,20.,22.,2'.1 

C 
C 
C 
C 

CONDENSER TUBE 10 AND GPM P~R FPS VELOCITY THROUGH TUBE AS A 
FONCTION OF TUBE GAGE AND TUBE 00. -

DATA TID/O.407,0.459,0.495,0.52T,0.555,0.569,0.5~1, 
$ 0. 532,0.584,0.620,0.652,0. 68 0,0.694,0.706, 
$ 0.b57,0.709,0.74S,O.777,0.805,0.819,0.8~1, 
$ 0. 782,0.834,0.810,0.902,0.930,0.944,0.956, 
$ 0. 907,0.959,0.995,1,02',1.055,1.069,1.0 81, 
$ 1. 032.1.084,1.120,1.152,1.1 80,1.194,1.2061 

89 FnR~ATIIIOINPUT ERROR. THE SUM O~ THE TPER~I) SHOULD BE 1.000011) 
6000 FnR~ATIIH111ITIO,IIBNWII ORV/WET COO~ING TOWER COST MODEL __ " 

$,11 AMMONIA CIRCULAR TOWER VERSIO~II -
5,T8-;,/lTHI5 RUN MAOE",AIO,5X,AIO) 

5001 FnR~ATI8AI0) 
6001 FOR~ATIT21,BAIO) 
5002 FOR~ATC8EIO.O) 
5012 FOR~ATC6EIO.O,II0) 
b002 ~OR~ATI/1X,8G1S.B) 
6012 FOR~ATI/IX,6G15.8,I15) 
5003 FOR~AT(16F5.0) 
6003 FOR~AT (/IX8F8.1,RF8.4) 
500 4 ~OR~ATIF10.0,4F15.8) 
6004 FOR~AT(/IX.FIo.2,4G15.8) 
5005 FOR~ATf6FIO.O) 
6005 FOR~ATI/IX,6G1S.8) 
5006 FOR~ATI3FI0.0,2AI0,FIO.0' 
6006 FORUATI/IX,3FIO.5,lX,2AIO,FIO.5) 
5007 FOR~AT (3AI0.5FI0.01 
6007 FOR~AT (/IX,2AIO,lx,AIO.5G15.8) 
5008 FOR",ATI8IS) 
6008 FOR~ATl/lX,816) 
5009 FOR~ATf6EIO.O'2AIO) 
6009 FOR~AT(/1X,6G15.B,5X,2AIO) 
5010 FOR~AT(3AI0,2FIO.0,I10) 
6010 FOR~ATf/lX,2AlO,lX,A10,2GlO.2,IlOI 
5011 FOR~ATI7EIO.O,2F5.0) 
6011 FOR~AT(/IX,BG15.8,GI0.4) 

• 
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SUPPLY 9 
SUPPLY 10 
SUPPLY 11 
SUPPLY 12 
SUPPLY 13 
SUPP~V 14 
SUPPLY IS 
SUPPLY 16 
SUPPLY 17 
SUPPI,.V 18 
SETUP 577 
SETUP 578 
SETUP 579 
SETUP 580 
SETUP 581 
SETUP 582 
SETUP 583 
SETUP 584 
SETUP 5BS 
SETUP 586 
SETUP 587 
SETUP 588 
SETUP 589 
SETUP 590 
SETUP 591 
SETUP 592 
SETUP 593 
SETUP 594 
SETUP 595 
SETUP 596 
SETUP 597 
SETUP 598 
SETUP 599 
SETUP 600 
SETUP 601 
SETUP bOZ 
SETUP b03 
SETUP 604 
SETUP 605 
SETUP b06 
SETUCI 607 
SETUP b08 
SETUP 609 
SETUP 610 
SETUP 611 
SETUP 612 
SETUP 613 
SETUP 614 
SETUP 615 
SETUP 616 
SETUP 617 
SETUP b18 
SETUP 619 
SETUP 620 

a. 

SETUP 621 
SETUP 622 
SETUP b23 
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C;UBRoUTINE SETUP 06/05/7B 07.59.59 

C 

501- rORMATI4Al0) 
601- fORMATI/1X._A10) 
7060 rOR~AT"T6'''TSTAR''.T21'''TEND".T36.''VAS (11 ",T51."VAS (2) ".r66. 

5"VASIJI".TS1."VAS(4)".T96."VASI5)") -
7061 FORMATI T6. II TfIX".T21."fIXV".T36,"fIXTTD",T51,lIfIXLII.T66."DEEPL") 
7090 FORMATI 4X.ITAll)".3X"TAI2)".3X"TAI3)".3X"TAI4)".3X"TAI5)" 

~.3X"TA'61".3X"TA(7)".3X"TAIS)".lX"TPERll1".lX"TPERI2)".lX"TPER(3)" 
S .1 ... "TP~R(4)".lX"TPER(5)"."TPERI6)II.IX"TPER(71".lX"TPERIB)") 

7120 FOR"4AT( 4X"TA(9)".2X"TAII0)".2X"TAI11)".2X"TA(12)".2X"TAI13)" 
52 X "TA (14) ". 2X"T A (15) ".2 X"T A I 16) ".1 x"TPER (9) TPER I 1 0) TPER I 11) TPER I 1 
S2TP~~ I t 31 TPER I 14) TPER I 15) TPE~ ( 16' ") . 

7130 fOR~ATI4X."TWBll) TWB(2) TWB(3) TWS(4) TWB(5) TWB(61 TWB(7) 
1 TW9I SI ".P."BPU 1 (11 BPLM(2) SPLM(3) BPLM(4) BPLM(5) BPLM(6) BPLMI 
27) r:lPLMI~)") 

7140 FOR"4ATI4X. II TWB(9) TWB(10) TIIB(lll TIIB(12) TIIB(13) TWB(4) TWB(15) 
1 TwB I 1'" ".1 X , "BPL"1 (9) BPLM (10) SPLM I 11) BPLM I 12) flPLM (13) BPL~ I 14) BPL"l I 
2151s:!PLM(16)"1 

7150 fOR"4AT I T5. "PSI ZE". T23. "TEfr". T38, "CAPF". T54 .• "rCR'" T69. "PER" 
S .TR4."CCMII.T96."ELEV".TlOS."ROOFL") 

71S0 FOR"4ATIT5."FCOS".T23,IIpWCOS".T3B'''PLANC''.T52.''COSTL".T67."CSSpKW" 
$ .TR2."CAPCHG",T97."HPCST".Tl12."CTURBII) -

71S5 rORMAT IT5."pOHBAF".T20."pOHfAN".T35."pOHLEC".T50."pOHCIR". 
5 T65. IIPOHCND". TSO. "POHS TC". T95. "POHSCL") 

7210 rOR"lAT(T5.HRBp".Tl7,ITPOll)".9X"TpO(21I,9XITpOI3)".9XIIT510(4)11) 
7240 fORMATIT5,IIErrplI) 
7270 FORMATIT4. l vELREC".T20. I XOEPA".T3S."TLIMII,T50,ITOWMIN".T65. 

5"TOWMAXI.T90. l pFACT") -
72M fORIAAT 15X ."GBEff ll ) 

7300 fORMAT ITC;. "CPMII, T20. "WPL". T35. "CLUVR". T50, "CHAI LS". T65. nUCS". T80 
, • "UWS". T95, "CVM". T 110. "wrv") 

7330 fORMATIT5,"HXNp".T2_. II WB".T44'''''ITUS''.T5S.''SSII.T75.''ANGLE") 
7335 FORMATIT5.IIDESVEL",T21.IIREDUCE".T35.IIQREDUCEII.T50.IIOISTH) 
7340 fORMATIT5."DESVELV".T21."REOUeV".T35."QREOUCV".T50. II OESwELO".T65. 

l"fACTI'IRDII) 
7345 fOR"lATIT5.IIWATCONA".T20.IIWATCOST".T36,"fACTOR",TSO.IIHCDH.T65. 

1"!!ETAr".TBO."BETAI".T95,IRHOUT") 
7360 FORMATI5X."XW".13X.IIXD",13X."XDG".12X."SFII.13X."0"IN",llX. 

S"THF'INII) -
7390 fORMAT I 5X"ODLII. 12X 110 I ".0 3X IIGAGL HI". 9X"TUBMA ", 13X"CONLII) 
7420 FORMATI3X"FINTyp".14~lIfINMAT".4X"CONFII) -
7 450 fORMA T '5 X "eFS", ll~XIICOATC", 1 0 X liZ I NCC". lOX "CASTC". 1 0 X. "EPREpC") 
7480 F'ORMA T I T4. "HEOTYP". T24. i'HEDMAT". T36. IITw". T50, IISEGL", T&5, "NSI OES'I) 
7490 "I)RMATIT5,"CSH".12X."CSHP".12X,"TSP") 
7510 "OR~ATI5X'''CRJII.12X.''CWJII.12X'''CIo4H'''12X,''CN''.12X,''CMW'',12X.IICST". 

S 12x,"eBJ") 
7540 FOR"4.ATI5X"XNS".12X"VELNII.I1X"OOC".12X"GA".10XIITKCT".10X."TT02QE" 

S tl5X"CONMAT") . 
7550 fORMAT 151(, "XNp".l OX. "TLAII.l OX. "XIWALyll) 
7555 fClR"lATI3x."LlNOR") 
7570 fORl.1f1,TIT_. "LFB". Tll. "LrE". T15. "MXEXT") 
7580 rORMATI5X."fFHXII,6X.llfSHOT".5X."fOEL.UGII) 

fXT~MP K .FALSE. 
FxTLNG-.rALSE. 
rXTVAR •• FAL.SE. 
FXTTTO •• fALSE. 
CALL OATEIOOY) 
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C;URROUTINE SETUP 

C 

CALL T1ME!HEURE) 
WRITEt6,6000) OOy,HEURE 

CARDS Al _ A2 

C 

N.O 
30 READ!S,SOOl) DESCR 

DO 35 Ie: 1 ,B 
I~tOESCPII),NE.BLANK) GO TO 37 

3S CONTI "WE 
GOT") 40 

37 WRITE!b,bOOl) OESCR 
NeN.l 
DO ,,8!! Kel,B 
OES~EPtN,K).OESCRIK) 

eBB CONTl NIJE 
NoCROSeN 
GoTn 30 

40 CONTINUE 

CARD Bl 

C 

READIs,sOll) TSTAR, TEND, VAS!ll, VASI210 VAS(3), VAS(4), VAStS) 
wRITEr6,60111 TSTAR, TEND, VASI1,. VAS(2). VAS(3)' VAS(4), VAStS) 
WRIi'Et6.7060) 

CARD 82 

C 

READ!s,SOll) T~IX,~IXv,FIXTTD,~tXl.DEEPL 
WRITElb.bOll) T~IX.~IXV.FIXTTD.FIXL,DEEPL 
WRITElb.7061) 

CARD Cl 

C 

READ/S,s003) tTAnltIel,S) , eTPEReIloIel,B) 
WRITE!b,6003) eTAIIIoIel,S) • ITPERII),hl,B) 
lriRITE!6.7090) 

CARD C2 

C 

READ!S,S003) tTAeIIoI-9ol6) , eTPEReI)tI_9,16) 
lriRITEtb,6003) tTAtIl,I .. 9,16) , e:fPEReI),r-9.16) 
WRITE!b,7120) 

CARD CIA 

C 

REAOt5,5003) eTAWBtI),hl,B) , 'IBPLIMeI)oIaltS) 
WRITEt6,6003) (TAWB(I),I.l,B) , 1BPLIM(I),I=1,S) 
WRITE !6,7130) 

CARD C2A 

C 

READeS,5003) (TAWB(IIoIa9tl6) , eBPUMeI ,1.9,16) 
WRITEt6.1'>003) eTAWBeIhh9tl6) • (BPUMeI .Ia9.16) 
WRITE/6,7l40) 

CARD 01 

C 

~EAn/S.5002) PSIZE, TEFF, CAP~. ~CR, PER. CCM, ELEV, ROOFL 
WRITEt6.6002) PSIZE, TEFF. CAP~, FCR, PER, CCM, ELEV. ROOFL 
WRITE!6.7150) 

CARD E1 
REAOrS.S002) ~COS, PWCOS. PLANC. COSTL, CSSPKW, CAPCHG, HPCST 

S, CTURA 
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SUFIROUTl NE SETUP 

C 

W~ITE/6'6002) FCOS, PWCOS, P~ANC, COSTL, CSSPKW, ~APCHG, HPCST 
S, CTURR 

WRITE/6,'!'leO) 

CARD E2 
PEAD/S,S002) POHBAF, POHFAN, POHLEC, POHCIR, POH~~D' POHSTC 

$ ,POHSCL 
WRITE/6,~002) POHBAF. POHFA~. POHLEC. POHCIR, POHCNO. PQHSTC 

s ,POHSCL 
WRITE/b,7IB5) 

C 
CARD Fl 

C 

READ/!i,5004) RBP, /TPO(I)t!-I,/t) 
Ir/PlTE/6,6004) RBP, (TPO(I)tI-lt41 
\rIPITE/6,'T210) 

CARD Gl 

C 

PEAD/5,5002) EFrp 
WRITE/b,60021 EFFP 
\rIPITE/6.7240) 

CARD HI 

C 

PEAD/5,50021 VELREC,XOEPA,TLIM,TOWMIN.TOWMAX,PFACT 
WP!TE/b,6002) VELREC,XoEPA,T~lM.TOWMIN.TOWMAX,~FAtT 
WPITE/6,'!'2701 
ITMIN • '!'oWMIN • 1.E~30 
IF / IT"'IN .LT, 1) IT"IIN _ 1 
ITMAX • TOIr/MAX • I.E.30 
IF /yT'4AX ,LT, 1) ITMAX _ 9999 
IF" '(IT"'AX .LT. ITMINI STopnTOWMAl( IS LESS THAN TOWMIN" 
IFCTLI'4.LE,O.O) T~IM ~ 180, 

CARD H2 

C 

REaD/5,5012) GBEFF 
WDITEC6,6012) GBEFF 
WRlTE/6,'!'2801 

CARD 11 

C 

REa D /S,5002) CPM, WPL, CLUVR, eMAILS, UCS, UWS, CVM, WFV 
WRITEt6,~0021 CP~, Ir/PL, CLUVR, CMAILS, UCS, UWS, ~VM' IrIF"V 
WpITE/b,nOO) 

CARD Jl 

C 

READ/S,50051 HXNP, \riB, NTUB, SSt ANGLE 
\rIRITE/~,~005) HXNP, WB, NTUB. S5. ANGLE 
WRITE/6,'T3301 

CARD J2 

C 
CARDJ3 

C 

READ/5,S002) oESVEL, REDUCE, QREOUCE, oIST 
WpITE/6,6002) oESVEL. REDUCE, QR~outE. DIST 
WRITE/6,'!'335) 

READ/S,S002) DESVELV,REDUCV,QREDUCV,DESVELD,FACTORD 
WRI'!'E/6,6002) DESVELV,REDUCV,QREDUcv,DE5VELD,FACTORD 
WpITE /6,'!'340) 
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C;U 8RC\UTINE SETUP 74/71. OPhl F'TN 4.5.414 06/05/78 07.59.59 

CARD J4 SETUP 795 
REAO(S,S0021 WATCONA,WATCOST,F'ACTOR,HCO,BETAF',BETAI,RHOUT SETU~ 79& 

WRITE (6.6002) WATCONA,WATCOST,F'ACTOR,HCO,BETAF'.BETAI,RHOUT SETUP 797 
WRITE(6,7345) SETUP 798 

C SETUP 799 
CARD 1<1 SETUP 800 

REAO(5,S002) XW,XO.XDG,SF'.DF'IN,THF'IN SETUP 801 
WRITE(~,6002) XW.XO.XDG.SF',OF'IN,THF'IN SETUP 802 
lriRITE(6,7360) SETUII 803 

C SETUP 804 
CARD Ll SETUP 80S 

REAO(5,5006) OOL. 01. GAGLI N, TUBMAT, XTUBI4A, CONL SETUP 806 
WRITE(f>,bQ06) OOL, Olt GAGLIN, TUBIo4AT. XTUe"lA. CONL SETUP 807 
WRITE (6,7390) SETUP 808 

C SETUP 809 
CARD 1041 SETUP 810 

REAO(S,S007) F'INTYP, XF'INTY, F'INMAT, CONF SETUP 811 
WRITF' (6,6007) FINTYP, XF'INTY, nlolMAT, CONF SETUP 812 
lriRITE(b.7420) SETUP 813 
IF'/F'!NTYP .EQ. "NO LINER II .AND. FINMAT .NE. IIALYMINUM II) SETUP 814 

S STOP "ILLEGAL F'IN MATERIAL FOR UNLINED TU8INGII SETUP 815 
C SETUP 81b 
CARD Nl SETUP 817 

REAO/5,5002) CF'R, COATC. ZINCC, CASTe, EPREPC SETUP 818 
WRITE(6,bOO2) CF'8, COAT~, ZIPIICC, CAST~, EPREPC SETUII 819 
WRITEC 6 ,7450) SETUP 820 

C SETUP 821 
CARD PI SETUP 822 

READ(5,5010) HEDTYP,XHEDTv,HEOMAT.TW.SEGL.NSIOES SETUP 823 
WRITE/6,(010) HEOTvP,XHEOTy,HEOI4AT,TW,SEG~.NSIOES SETUP 824 
wRITE(6,7480) SETUP 825 

C SETUP 826 
CARD Ql SETUP 827 

READC5,5002l CRJ, CliJ, CHH. CPII. CI4Ii. CST. C8J SETUP 828 
lriRITE(f>.&002) CRJ, CliJ, CHH, CN, CI4Ii. CST. CSJ SETUP 829 
lriRITE(6 .. ,.510) SETUP 830 

C SETUP 831 
CARD Q2 SETUP 832 

IF'(F'INTyP .NE. IIPLATE II) GO TO 200 SETUP 833 
REAO(5,5002l CSH, eSHP, TSP SETUP 834 

lriRITEf6,(002) CSH, CSHP, TSP SETUP 835 
lriRITEC6,7490) SETUP 836 

200 CONTINUE SETUP 837 
C SETUP 838 
CARD Rl SETUP B39 

REAO(5,SOO9l XNS, VELN, OOC. GA, TKCT, TT02QE. CONIo4AT, CON14A2 SETUII 840 
WRli'E(6.6009) XNS, VELN. oDe. GA. TKCT, TTOZQE. CONI4AT. eONMA2 SETUP 841 
WRITE (6,7540) SETUP 842 

C SETUP 843 
CARD R2 SETUP 844 

REAO(5,5002) XNP, TLA, XQUALY SETUP B4S 
WRITE(6,6002) XNP, TlA, XQUALY SETUP 846 
lriR!TE(6,7S50) SETUP 847 

C SETUP 848 -. CARD R3 SETUP B49 
REAI)/5.500a) LINOR SETUII 850 
lripITE(6,600B) LINOR SETUP 851 
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c,U8RoUTI"'E SETUP OPh1 

C 
CARD 51 

C 

~EAnI5,500B) LF8, LFE, MXEXT 
WRITEI6,600B) LFB, LFE, MXEXT 
WQITE16,7570) 
IF' rMXEXT ,LT. 1) MXEXT .. 10 
IF rLF'E .LT. LF'BI STOP "LFB EXCEEDS LFE ON INPUT ~ARD" 

CARD Tl 

C 

C 
C 

READr5,5014) FFHX,FSHOT,FOELUG 
WQITE16,6014) FFHX,F'SHOT,FOELUG 
WpITEr6,75~01 

IF'/F'FHX .NE. "PFR » .AND. fFHX .NE. "FRICHO " 
$ .A"ID. F'F'IoIX .NE. "HOTERV ") 
S ST"~ " •••••• UNRECOGNIZED F'~IoIX ON CARD T1" 

EIoIR - 3414.43 1 TEF'F 
IFrF'IxL.GT.O.O) FXTLNG •• TRUE. 
IFIF'IXV ,GT. 0.00) F'XTVAR • ,TRUE. 
IF'(F'IXTT~ .GT. 0.00) FXTTTO ... TRUE. 
IF(TFIX .GT. 0.00) FXTEMP ... TRUE. 
DO 45 J-1,16 . 
IF'(TPERrJ).LTol.E-20) GOTO 46 
NTAIIJ 

45 CONTINUE 
46 CONTINUE 

5MF'ER.O.0 
DC' 20 1:1016 

20 SMPER.SMPER • TPERrI) 
IF'IABStSMPER-l.0),LT.1,E-10 )GOTO 22 
WRITE(6,89) 
STOP 

22 CONTINUE 

C DETERMI"IE POSITION OF' TUBE 0,0. AND GAGE IN RESPECTIVE ARRAyS 
C 

C 

c 

c 

01) QQ h11t> 

LD - I IF r A8S rODC.TOD (LD)) .L T •• 0011 GOTO 1011 
99 CONTINUE 

STOP "ILLEGAL VALUE FOP CONDENSER TUBE 00" 

1011 DO 9B 1_ 1,7 
KGA • 1 
IF( ABS((3A .. TGA(I(GA».LT •• 001) GOTO 100 

98 CONTINl:JE 
STOP "ILLEGAL VALUE F'OR CONDENSER TUBE GAGE" 

100 CONTINUE 
WATCONA • \r/ATCONA.2719015. 
ANG(l) • ANGLE_3.141592654/180. 
ANGI2) .. SIN(ANG(l») 
A",G(3) to COS(ANGllll 
rF'(AB5(ANG(3» .LT, .0001) A"'G(3) • 0.0 
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SETUP Bb, 
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SETUP 878 
SE.TUP 879 
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SETUP Bel 
SETUP Bt. 
SETUP B!<:' 
SETUP BB .. 
SETUP 88e; 
SETUP B1If:, 
SETUP 8e" 
SETUP BBFI 
SETUP BB9 
SETU;> 890 
SETUP R91 
SETUP B92 
SETUP 893 
SETUP B9., 
SETUP 895 
SETUP B'·6 
SETUP B97 
SETU;> 8"8 
SETUP 89Q 
SETUP 900 
SETUP 901 
SETUP 9,2 
SETUP 9(;3 
SETUP 9 .. 
SETUP 9 L'S 

SETUP 906 
SETUP 907 
SETUP 90B 
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C CALL COSTE X TO EVALUATE ODR SETU" 9ClC) 

C SETUP 910 
CALL eOSTEX IDUMX1,DU"IX2) SETU" 911 

C SETU" 912 
RETuPN SETU" 913 
END SETU" 914 
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SUBROUTINE SHOT 

C 
C 
C 
C 

74/74 

SUB~OUTINE SHOT(L) 

THIS ~OUTINE ESTABLISHES A STARTING PLACE ro~ THE MINIMIZING PRO­
CEDURE BV SAM~LING POINTS AROUND THE STARTING VALUES PRoVIDED. 

DIMENSION T(3), CWAR(4), RANGIS). AfROIS), WLRA(4), VAM(5) 
LOGICAL fIRST,fRST,fXTEMP,fXTVAR,fXTTTD,rXTLNG 
COM~C'lN 

$ A~T~, ALPHA, ANG(3) 
* ,BClLJhlCI6) 
$ ,CACI~, CSSP~W, CONf, CONL, COSTL, CAPCHG, CONMAT, CONMA2,CAf 
, ,C~J, CTURS, CDANG, CLUVR, C"1AILS, CVM 
, ,D~IN'DEEPL,DESVEL.DESVELV,DESVELD,DENSlf 
$ .EfFP, EfS - . 

06/05/7B 07.5,.59 

2 
3 
4 
S 
6 
7 
2 
3 

• 5 
6 
7 
8 
q 

, ,fCR,rIRST,rlxL,fCOS,FFHX,fXTE~P,FAcTop,rRST,FACTORD,fSHOT,FDELUG 

SHOT 
SHOT 
SHOT 
SHOT 
SHOT 
SHOT 
BIGCOM 
BIGCOM 
BIGCOM 
~IGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
6IGC0lo1 
BI GCOIol 
BIGCOM 
BIGCOM 
BIGCO"l 
BIGCOM 
BIGCOM 
BIGCO" 
BIGCOM 
BIGCOM 
BIGCOhl 
BIGCO"l 
BIGCO"l 
BlGCOM 
BIGCOM 
BIGCOM 
BIGCOIo1 
B I GCOM 
BIGCOM 
BIGCD"I 
BIGCOOI 
BI GCOM 
SHOT 
SU"PLY 
SU"PLY 
SUPPLY 
SUCIPLY 
suPP;.v 
SU"PLY 
SUPPLY 
SU"PLY 
SUPPLY 
SUPPLY 
SUPPLV 
SUPPLY 
SUClPL'Y 
SUPPLY 
SUPPLY 
SUPPL'f 
SUPPLY 
SI NK 
SINK 
SINK 

10 
11 
12 
13 
14 
IS 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

, ,FIXV,fIXTTD,~XTVAR,~XTTTD,fXTL~G . 
$ ,GqE'FF 
, ,HXNP,HPCST,HCD 
, ,ITMAX, ITMIN 
$ ,JCONS 
, ,'<CONY, KALEXT 
, ,M)(E'XT 
, .NTA,NSIDES,NBUNHI 

COMMON 
$ ODR 
, ,PSylE, PER, PWCOS, PLANC, PFACT, POMDPL 
, .POHBAF, POHfAN, POHLEC, POHCIR, POHCND, POHSTC, POHSCL 
$ , ~~P,REDUCE, REDUCV, ROOFL, RHOUT 
! , OREJ, QREDUCE, QREDUCV 
, ,SIGMAG, SAAf, SEGL 
$ ,TD, TPO(4), TEff, TLIM, THfIN, TLPRA, TFIX 
',TeD, TW 
$ ,Ues' uws 
$ ,WFV, WATCONA, WATCOST 
, ,VAStS) 
, ,XOEPII, XlrI, XD 
COM~ON /LACALL/ SRN 
COMMON /SUPPLY/ VALIS), CPLN, CPIP, CCOS, w3, COShI, EFF, 

S QIN, CLAND, REAIR, . Z,HRrAC2, W4, U, DELPW, ppow, 
$ FPOW, DELFC, WIDTH, ELENG, VAIR, VWAT, HI, HO, T4, 
, ~EWAT, NW, NT, Np,PLANC2,PSIZ12, SPRP, SW', Sw3, 
$ S~C,PTOTAL,PLANC3,SAFRON, AAI~. YFP. SPCO,PSJZ}3. WT2, 
, BP2, NW2. TCOS. DELPA,DELPWT,OELPlrIC,CONBAS, XNTSX, VELDX 
" TLAX, UCON, PMCST, FMCST, fBACC, EFrc, CH, CA, CS 
" CLTC. CfC. CPCC, fITCO, CSC,CEPREp,OELPIP, AST.OLDCST 
',CACICST, XNfAN,BLDANG, CPLEN, DPFEL' - WHX, WTTUB, ADIA, ABLN 
$, WTHDR, WTfRM,STRUCC,CFPERf,HP~ERf, TOTCf. TPC, EffI~, ANTU 
S, AIRFf, WATFF, XNMOD, TCTPff FDCPF, fMTRC,-ACCTTP, ADJTP 
$, AeTBPD, ADJBPD, ACTVH, ADJVH, ADJPPf, THPAIR, TCTF, AFCST 
$, CS~o, WATERW, WSTRCT, CFOUNO, HuBDIA, TowLEN, NUMTOW, CTOWD 
$ ,SQ~,J.SQRJS,ATUBC,CBA,TTDl.TT02.DELPS,CSTLVR,PIPCSTD 
$ ,CSTHS, CYLRNG, CfANEL. PSTACS, PUfITC, PMPCST, RPTPL, SEPCST 
$ ,PwO(l6) ,WATCWDIl6) ,DEPERIl6) ,DEPERQIl6) 
$ ,WBB,HTOW,NTOWDE,CSTlf,CSJ,CVf,CDp.wS 

COMMON /SINK/ VAP(S), CPLNl, cPIP1, CCOSl, 
$ QINI, CLANl, REAlI, ZI,"1RFA2S, W4l' 
$ FPOW}, DEFCl, WIDTI. ELENl, VAIRl. VWATl, 

W3l, COSMl, EFrl, 
Ul, DEPWl, PPOwl' 

HI1, Hoi, T41, 

9 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

2 
3 
4 



OPTs'l 

$ QE WA l, ~W], NT1, NP1,ZPLNCZ,ZSIZ12, ZSPBP, SW41, SW31, 
$ spel, PTOT1,PLNC31, AFR01, AAIR1,VFPM!N, SPCD1, SPS13,wT2MIN, 
$ BpZMtN.NWZ~I~, TCOS1, DEPA1, DPWT1, DPWCl,CONBAi, XNTSl, VELDI 
$. TlAl, UCONl, PMCS1, FMCS1. rBACl, EFFCl, CHI, CAl, CS1 
$ ,CLTe1, CFC1, CPCC1,rITC01, CSC1,CEPRE1,oEPIPl, ASTl,OLDCS1 
S.CAPC51,XNFA N1,BloAN1,CPlE N1,DPF(L1, WHI, WTTU1, Aol1, ABLl 
$. WTHD1. WTFRl,STRUC1,CFMPF1, ~PPF1,TOTcr1, TP1'EFFI~l' ANTU1 
$, AIRF F1, WATFF1, XNMOD1, TCTpr1. FDCPFI. FMTRCl, ACTTPI. ADJTP] 
$, ACT RP 1, ADJBP1, ACTVH1, AoJVH1, ADJPPl, THPAl1, TCTF1 , AFCST1 
$. CSR1, WATERl, WSTRC1, CFOUN1, HUBDI1, TOW~E1, NUMTOI. CTOWDI 
S ,S~RJ1.SQRJS1.ATUBC1,CBA1,TTDll.TTD21,oELPSl.CSTLV1,PIPCTD1 
$ ,C~THS1, CVLRNl, CFANEI. PSTACl, PUFITl, PMPCSl, RPTPL1. SEPCS1 
$ .PWDI flEd ,WATCW01 (16) ,oEPERl 1161,DEPERQ111b) 
$ .W9~1'HTOWl·NTOWoEl.CSTIFl.CSJ1.CVF1.CDPI,W51 

COMMON ISCALER/HRFACl, ATUB, CPERA. SSCD,PLANC1.CASSSl, 
$ GAyR. F~IR, HPAIQ, HPwAT, WLRTP. PLANCT1 -

COMMON ITINE/ XNS, TLA, XNTS, ARPS, TTD2QE. LINOR, XNP, XQUALY 
9500 FORMATI"OIN SHOT AT CHECKPOINT A' VAR(4).lItlPE12.4,6X,UVAMI4)=", 

SE12.4,6X,"DAFRO:II,EIZ.4) . 
9501 rOR~ATI"OIN SHOT AT CHECKPOINT B, I-",Il,6X,"DAFRO."tlPE12,4,bX, 

S "VAR( 4 ).II,E12.4,6X,IIAF ROII).",E12.4) 
9502 FOR"lATI"OIN SHOT AT CHECKPOINT C. h"tIlt6X,IIVAR(4)="'lPE12,'" 

$ 6X,IIFAF.II,E12.4) 
9503 FORMATIIOOIN SHOT AFRO WILL BE BAD B~CAUSE VAS( 4 )."'IPE12.4) 

IDB.O 
IF'IL.EQ.2) GO TO 31 
DO 1 T'50:1,5 
VAMIISI.O,O 
TeOS1·!!. 
Teosz-O. 
ITT. 3 
IF fF'XTEMP) ITT • 1 
DC' 20 I • 1, ITT 
T ( I ) • V A S f 1 ) • f 1 .. 2) * 5 • 
IFfF'XTEMP) TIl) .. TFIX 
IF (T(I) .GT. 180.) TIl) • 180. 

ZO IF' (T(I) .lE. 0.0) T(I) • 10.0 
IFf.NOT. FXTTTD) GO TO ZOO 
u: • 1 
CwAQ(ll • FIXTTo 
GO TO 210 

ZO 0 CONTI NUE 
DO ;>1 1 .. 1.4 
CwAQ(IlaVAS(3).(I .. Z)·Z. 

Zl IF(CWAR(I).lE.O.) CWAR(I) •• s 
LC .. 4 

Z10 C('INTI NUE 
IF(DEEPL.GT,O.OO) GO TO 220 
Lw "' .. 
DO Z2 I • I, LW 
WLRA(II • VAS(5) • fI - 2) 

2Z IF(WLRAfJ) .LE. 0.) WLRA(I) .1.0 
GO TO 221 

2Z0 Lw • 1 
WLRA (11 a DEEPL 

221 CONTINlJE 
IFf.NOT. FXTLNG) GO TO 23 
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13 
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29 
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31 
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34 
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SO 
51 
52 
53 
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C;U8RoUTI~E SHOT 

LA .. 1 
AFRO I 11 "' F IXL 
GO TO 25 

23 LA .. 5 
DO 24 I • 1, LA 
AFR(l(I1 • yASllt) • II .. 3).10.0 

24 IF(AFRO(J) .LE. 10.0) AFRO(I) .. 10,0 
25 CONrINOE 

LR II 5 
DO 2~ 1 II 1. LR 
RAN(;(II "' YAS(2) • (I _ 3)ooZ.00 

26 H"IRANG(I) .LE. 0.0) RANG(I) "' 1,0 
IF(.NOT. F')(TYAR) GO TO 260 
LP • 1 
RAN5(l1 • F"IXV 

260 CONTlNLJE 
DT1 .. l. 
DCW4F~.l. 
DAFRO.l. 
DWLRAcl. 
GO TO 52 

31 DT1.VAR(1) .. YAM(1) 
DCWAR.VAR(3)·YAM(3) 
DAFRO·VAR(4)-VAM(4) 
IFCDAF'RO.LE.O.O.AND.IDB.NE.O) WRITE(6,9500) YAR(4).yAMI4),DAFRO 
DWLRA.VAR(5)·YA~(5) . 
IFI~Tl;EQ.O •• O~.DTl.EQ.VAR(l» GO TO 33 
DO 32 1=1,3 
T(I) .. VAR(l) .. (I-I) • DTI/Z. 
IFe~XTEMP) T(I) .. TF'IX 

32 CONrPWE 
GO TO 35 

33 DO 34 hl,3 
TeI)·V4R(1)·CI-2).2. 
IFC~XTEMC» Tel) 0: TFIX 

34 IFCTeIl.GE.170.) TeI)0:170. 
35 CONTINUE 

IF CrXTEMp) ITT "' 1 
IF(DCWAR .Ea. 0.00 .OR. DCWAR .EQ. YAR(3) GO TO 37 
DC' 36 1=1,4 
CwA~(IlcVAR(3) -(I-l).DCWAR/3. 
IFICWAReI) .LE.o.o) CWARCl).O.25 

36 CONTINUE 
LC ,;, 4 
GO TO 39 

37 DO 38 IIl}.3 
CwAReIleVAR(3) • (1-2) 
IreCWAR(I).LE.o.O) CIoIAR(I)c:0.25 

36 CONTINUE 
Le e 3 

39 CONTINUE" 
Ire.NOT. FXTTTD) GO TO 390 
LC .. 1 
CWAR e 11 .. FI XTTD 

390 CONTI~UE 
IF(.N~T. FXTLNG) GO TO 47 
LA .. 1 
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"U'H!OUT I NE SHOT 

AF'RO(lI • nXL 
GO TO 43 

OPT"l 

47 L.A .. 5 
IF'tnAFRO .EQ. 0.0 .OR. OAF'RO .EQ, VAR(4)) GO TO 1.1 
DO 40 Y .. 1, LA 
AF'RO(Y1 .. VAR(4) • (I ·3).OAFRO/2.0 

40 IF'(AF'RO(I) .LE. 0.0) AF'RO(I) :i: 10.0 
IF'(IoB;Ea.l'!) GOTO 43 
DO 8 040 10:1,3 
IF'(AF'RO(I).LE.O.o) WRITE(6,9501) I,OAFRO,VAR(4),A~RO(II 

8040 CONTINUE 
GO TO 43 

41 FAF' II: 5.0 
TczABSfF'AF'.VAR(4) ) 
IF'tTC ,LT. 20,0) F'AF' = F'AF'/2.0 
DO 42 I II: 1, LA 
AF'Ro(lI 0: VAR(4, • (I .3)_F'AF' 
IF'(AF'RO(I) .L.E. 0.0) AF'RO(I) .10.0-1 

42 CONTINUE 
IF'(IOA;EQ.O) GOTO 43 
DO ~042 Y"1,3 
IF'fAF'RO(Il,LE.O.O) WRITEC6,9502) I,VAR(4),FAF' 

8042 CONTINUE 
43 IF(DWLRA.EQ.O.0.OR.OWL.RA.EQ,VARf5)) GO TO 45 

DO 44 1 .. 1.4 
WLRAC I I .. VAR (5) ~ (I • ll-OWL.RA 

44 IF'(WLRA(!) .L.E. 0.) WL.RA(I) .. 1.0 
GO TO 51 

45 IF'(DEEPL.GT,O.OO) GO TO 460 
LW .. 3 
DO 46 I • 1. LW 
\oILRAfI I • VAR(S) • (I • 2)-1,0 

46 JF'(WLRA(Il ,L.E. 0., WLRA(l) .1.0 
GO TO 51 

460 UI '" 1 
wUU ( l' .. OEEPL 

51 L.R '" 5 
00 41'1 I • 1, LR 
RANG(I' '" VAS(2) • II - 3)-0.50 

48 IF'(QANGII) .L.E. 0.00) RANGII) II: 1.0 
IF'I.NOT. F'XTVAR) GO TO 480 
LR • 1 
RANG(11 "' F'IXV 

480 CONTINUE 
52 DO 150 IT ~ I, ITT 

JF'(C'XTE",p.AND.IT.GT.l) GO TO 150 
D!' 151 IC a: 1,LC 
IF' (CWA~ (IC) .EQ.O.o) WRITE (6,9S04J IC 

9504 F'ORIoIATf"OI"J SHOT, DIVISION BY ZERO. CWARC".I2,II).0.01l) 
Do IS? IR K 1.LR 
on 153 JW '" l,LW 
DO 154 IA II: l,LA 
KCALC.l 
IF' ( I R. GT .1. OR. I C. GT.l) KCALC .. 2 
IF'(TA.GT,l) KCAL.C .. 4 
IF'(Iw.GT,l) KCAL.C.5 
SRN","/!\I-C('\T.11 " 
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~UBRoUTINE SHOT OPT"1 

CALL CALCCT(IT),RANG(IR),C~IAR(IC"AFRO(IA ,ilLRA(IiI),KCALCI 
IF'(K'Cn,NV.EQ.l) GO TO 154 - -
IF'C,ELPA.LE.XDEPA) GO TO 16 
IF'CTCOS1.EQ.0.) GO TO 14 
lI'"CTCOS.GE.TCOS11 GO TO 16 
IF'CTCOS2.Ea.O.) GO TO 18 
IF'tTCOS1.GE.TCOSZ) GO TO 14 

18 TCOS2 .. TCOS] 
DO 19 IIal,5 

19 VAMtIII.,VARCII) 
14 TCOS1 .. TCOS 

VAR(l'''TeIT) 
VAR(2)·RANGCIR) 
VARt31·CWAR(IC) 
VAR(t.'.AF'ROCIA) 
VAR( 5 ).wua(hl) 
CAF'aAF"11I0tl)*.1 
GO Tn 154 

16 IF' (L.EQ.21 GO TO 154 
IF'(TcOSZ.Ea.o.) GO TO 17 
IF'tTCOS.GE.TCOS2) GO TO 1St. 

17 TCoc:;2.TCOS 
VAIoI(ll·TCIT) 
VAM(3) .CilAR (IC) 
VAMCt.)·AF'RO(lA) 
VAM(5).WLRACIw) 

154 CONTI NlJE 
153 CONTINUE 
15Z CONTINUE 
151 CONTINUE 
150 CONTINUE 

IFtI6B~EQ.O' RETURN 
WRITE (6,553) TCOSl ,VAR C 1) ,VAR (Z) ,VAR (3) ,VAR (4) ,VAR (5) 

553 F'OR"IAT(II TCOS1- n EIz.5," Tlla"r4.0," RANGla"'?4," CWAR1."F"7.3, 
1" At:"R01."EI0.3." WLRA1""F'4.0)-
RETUR~ -
END 
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SUB~OUTINE SIGBA~(TA,RIA,ATM'HD,iETAF'AB,AF'AI,AW'HI'BETAI, 
STHW,RK~,TI,RII.SIGMA,SIG,PATH'KCONV'NT~EST) 

SUBROUTINE SIGBAW CALCULATES THE OVERALL MASS TRANSFER 
COEFFICIENT BETWEEN THE TUBES I DE FLUID AND T~E AIR, THIS 
~ASS T~ANSFER COEFFICIENT U&ESENTHALPY AS THE DRIYING FORCE 
(ENTHALPy DIFFERENCE IS ANALOGOUS TO T~MPERATURE DIFFERENCE). 

A NOMENCLATURE OF SOME OF THE MORE FREQUENTLY USED 
TERIo4S FOLLOWS. 

AB - AREA OF THE TUBES BETWEEN THE fINS, SQ, FT, 
AF - AREA OF THE FINS, SQ, FT. 
AHS - ABSOLUTE HUMIDITY OF SATU~ATED AIR AT TEMPER-

ATURE TS, BTU/LB OF DRY AI~ 
AI TUBES IDE AREA, SQ,FT, 
ATM • BAROMETRIC PRESSURE, ATMOSPHERES 
AW • AVERAGE TUBE ~ALL AREA, SQ. FT! 
BETAF - AIR SIDE FOULlNG COEFFICIENT, BTU/H~~SQ.FT,_F 
BETAI - TUBESIDE FOULING COEFFICIENT, BTU/HR.SQ.FT._F 
CSS • HEAT CAPACITY OF SATURATED AIR AT THE 

DELUGEATE-AIR INTERFACE 
DTDR - QUANTITY FOR TRANSFO~MING THE TUBESIOE 

TO DELUGEATE HEAT TRANSFER COEFFICIENT 
(BASED ON TEMPERATURE) TO THE TUBESIDE 
TO oELUGEATE ~OEFFICIENT (BASED ON ENTHALPY) 
EOUAL TO (TI • TS) / (RII _ RIS), 
DEG. F-LB MAS5/BTU 

HD METAL TO DELUGEATE HEAT TRANSFER COEFFICIENT, 
BTU/HQ-SQ.FT •• F -

HI - TUBESIoE HEAT TRANSFER COEFFICIENT,BTU/HR-SC. 
FT.-F 

PS - PARTIAL PRESSURE OF WATER (SATURATED 
CONDITIONS) AT TEMPE~ATURE TSt - IN. HG. 

RHS - RELATIVE HUMIDITY AT THE oELUGEATE-AIR 
INTERFACE. -
TAKEN TO BE 1.0 (SATURATED) DI~ENSIO~ALESS FRAC 

RIA - ENTHALPY OF T~E AIR(BULK CONDITIONS), 
BTU/LB OF DRy AIR 

RII - ENTHALPY OF SATURATED AIR AT THE TUBESIoE 
TEMPERATURE, BTU/LB OF DRY AIR 

RIMAX • ENTHALPY OF SATURATED AIR AT T~AX, BTU/ 
LB OF DRy AI'l-

RIMIN • ENTHALPY OF SATURATED AIR AT TMIN. BTU/ 
LB OF DRY AIR 

RIS ENTHALPy OF SATURATED AI~ AT THE TEMPERATURE 
OF THE DELUGEATE-AIR INTERFACE, TS, BTU/LB 
OF D~Y AIR 

RKW - THERMAL CONDUCTIVITy OF THE TUBE WALL, BTU/HR-
SO.FT.-F/FT -

SIG - TUBESIoE TO AIR MASS TRANSFER COEFFICIENT, 
LB OF DRY AIRISQ.FT._HR. -

SIGMA - DELUGEATE TO AIR MASS TRANSFER COEFFICIENT, 
LR OF DRY AIRISQ.FT,_HR, 
LB ~ASS/SQ.FT,-HR. 

TA - BULK TEMPERATURE OF AIR, oEG, F, 
TAIN - TEMPERATURE OF THE AIR E~TERING THE HEAT 
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EXCHANGER, F 
TAL - TE~PERATURE OF THE AIR LEAVING THE HEAT 

EXCHANGER, F 
TEST - ESTIMATE OF TEMPERATURE USED AS AN A FIRST 

APPROXIMATION BY SUBROUTINE TCALC' DEG. F 
TH~ - TUBE WALL THICKNESS,FT, -
TI - TUBESIDE TEMPERATURE, DEG. F 
TMAX - MAXIMUM TEMPERATURE ALLOWED DUE TO CONSTRAINTS 

UPON THE ANALOGY UPON WHICH THE HEAT TRANSFER 
CALCULATION IS BASED, F (SEE SUBROUTINE LIMIT) 

TMIN - MINIMUM TEMPERATURE ALLOWED TO PREVENT 
POSSIBLE INSTABILITIES WITHIN THE 
SUBROUTINES, F 

T5 - TEMPERATURE OF THE DELUGEATE-AIR INTERFACE, DEG 
UDPS - OVERALL MASS TRANSFER COEFFICIENT BETWEEN THE 

TUBESIDE FLUl~ AND THE DELUGEATE-AIR INTERFACE, 
LEI OF DRY AIRISQ,FT._HR. 

UPS - OVERALL (TEMPERATuRE DRIVTNG FORCE) HEAT 

LoGICAL PATH, FRST3 

TRANSFER COEFFICIENT BETWEEN THE TUBES IDE 
FLUID AND THE DELUGEATE-AIR INTERFACE, 
BTU/SQ.FT.-HR,-DEG. F. -

COMMON IWETDRYI NCYCLE,TMAX,RIMAI,TMIN,RIMIN 
COMMON/COUNT/NSL~PE,FRST3 
C~MMON/RPRT4/R4(672),RR(3) 
DATA ",AX1201 

FPCRH,T) • RH.29,92*CO.000203-CCT - 32,)/1,8) •• 2 
• - O.Oll~*CT - 32,)/1.8 • 1,095) 
• *EXP( - 0.000426-CCT - 32.)/1.81 .. 2 
• • O. nA 28_(T - 32,)/1,8 • 5,163) 

FP(RH,T).RH*EX P (17.16B-9240,/(T.4bO,)) 
FAH(P,ATM).P*lB,02/(ATM*29,92- p j*28,97) 
FCS(AHI.,24.,4S*AH 
FRI(CS,T,AH)=CS*T·I094,*AH 

THE QUANTITIES INPUTED TO SIGBAW ARE PRINTED OUT, 

NDBUG5 • 0 
NOBUG51 • n 
IFINOBUG5 ,EQ, 1) WPITE(6,75) 

75 FORMATIIHO,"TA,RIA,ATM,HD,BETAF,AB,AF,AI"I/,lX, 
S"AW,HI,SETAI,THW,RKW,TI,RII,SIGMA,SlG,NTREST",/) 
IFC~DRUG5 .EQ, 1) WRITElb,100)TA;RIA,ATM,HD,BETAF'AB,AF,AI,AW, 

.HI'~ETAI,THW'RKW,TI,RII,SIGMA,SIG,NTREST 
100 FORMATIIX,"FROM SIGBAWU,BEI2,S/IX,8EI2.5,10X,E12,5,I5,111) 

N .. O 

AN INITIAL ESTIMATE OF TS IS MADE WHEN NTREST IS NOT EQUAL 
TO ONE AND PATH IS TRUE 

IF INTREST ,EQ, 0) TAIN • TA 
IFI.NOT. PATI'< ,AND. NTREST ,EQ. 1) GO TO 120[1 
IFINSLOPE .LE, 2) GO TO 1010 
IFII,JTREST ,EQ, 1) GO TO 1005 
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C 

c 

DEL. TAIN • TAIN2 
DIVI~ • DE~/CTAIN2 • TAINI) 
S~TS • (TS02 • TS01)-DIVID 
TS .. T502 , S~T5 

GO TO 1200 
1005 S~TS • (T512 • TSll).DIVID 

TS • T~12 • S~TS 
GO TO 1200 

1010 IF"(~SLOPE .LE. 1) GO TO 1030 
IF"C~T~EST .EQ. I) GO TO 102t' 
TS • T§02 
GO TO 1200 

1020 T5 c T~12 
GO TO 1200 

1030 TS .. (TA , TI)/2.0 
1200 R~S : 1.0 

IF"C~OBUG5.EQ.l) 
lWPITE(6,3BO) DE~,DIVID,S~TS,TS.TA,TAIN,TAINl.TAIN2,TSOl,TS02,TSll, 
'TsIZ,NSLOPE,PATH . 

380 F(lR~AT(5X,IIDE~,DIVID.S~TS,TS,TA,TAIN,TAINl,TAIN2,TSOl,TS02,TSll,TS 
'12,~S~OPE,PATHII,/IP8EI4.5,/IP5EI •• 5,~5/) 

10 CONTINUE 
N.N,l 

C APPROPRIATE WA~NINGS ARE ~ACE AND THE P~OGRA~ IS STOPPED IF 
C THE ~INIMUM OR MAXIMUM TEMP~RATURE LIMITS ARE EXCEEDED. 
C 

C 

IFCTS.LT,TMIN)WRITE(6,325ITS 
IF"CTS.GE.TMAX)WRITEC6,325ITS 

325 F~R~ATCII~IN SIGBAW TS IS LESS THAN TMIN OR GREATER THAN TMAX. TR .. 
SIl,lpE13.5) 
IFCTS.LT.TMIN.O~.TS.GE.TMAX) KCONV • 1 
IFCTS.LT.TMIN.OR.Ts.GE.TMAX) RETURN 

C THE ENTHALPY AT THE DE~UGEATE-AIR INTERFACE IS COMPUTED. 
C 

c 

PS"~P(IItHS,TS) 
A~S.FAH(PS,ATM) 

CSS .. F"CS(AHS) 
RIS:oFRI CCSs,TS.AHS) 

C THE HEAT AND MASS TRANSF"ER COEF"FICIENTS BETWEEN THE TUBESIDE 
C FLUID AND THE DE~UGEATE-AIR INTERFACE ARE COMPUTED. 
C 

UPS.l.IC CAB'AF}.CI.ICHI-AI).l./(BETAI-AI).THW/(R~W_AW)'l./((AB.AF) 
S-HD») -

DTDp • (TI .TS)/CRII • RIS) 
UDI'S • UPS-DTDR 

C 
C THE MASS TRANSFER COEF"FICIENT BETWEEN THE TUBESIDE F~UID 
C AND THE AIR IS COM~UTED. 
C 

SIG .. 1.0/Cl.0/U~PS • 1.D/SIGMA) 
C 
C nUTPUT IF DESIRED. 
C 
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SUBRoUTINE SIGBAW 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

C 

C 

C 
C 
C 
C 

Irl"JDRUG5 .EG. 1 .AND. N .EQ. 1) IIRITEI6tl50) 
150 FOR"lAT.IIHO.IX. 1I N TS RIS UPS 

~ UO"S SIG ".11) 
Ir("JD~UG5.EQ.l)WRITEI6.200)N.TS.RIS.UPS.UDPS.SIG 

200 FOR"lATII5.5E15.6) 

SOLUTION IS ITERATIVE. METHOD OF SUCCESSIVE APPROXIMATIONS 
IS USED. 

Ir:("-I .GT. 1) GO TO 250 
IrlPUM .AND. NSLC)PE .LE. 1) GO TO 10 
Irl"-l .LE. 1) GO TO 400 

250 CONTyNUE 

TEST TO PREVENT EXCESSIVE ITERATIONS. 

Irl"J.LT."IAX) GO TO 350 
"'RITE ,6tl 000) N 

1000 FnR"lATf" UDEL TER"lINATED AT UPPER ITERATION LIMIT. N."I5) 
GO TO SOO 

CONVERGENCE CRITERIA IS APPLIED. 

350 CONTINUE 
IF"IABSIISIGS· SIG)/SIGl .LT. 0.001l GO TO 500 

THE ENTHALPY. RIS. AND TEMPERATURE, TS. AT THE DELUGEATE-AIQ 
INTERrACE IS COMPUTED. 

400 CONTINUE 
~IS = ~IA • ISIG/SIGMA)-,RII • RIA) 
TEST=TS 
CALL TCALC(RIStl •• ATM,TEST,TS,IISIGBAW TS ",lq:ONV) 
IF(~cnNV.EQ.l) RETURN 

SIGS • SIG 
Go TO 10 

500 CONTINUE 

351 

STORAGE OF VARIABLES rOR EXTRAPOLATION TO THE NEXT 
A"IBIENT AIR CONDITIONS 

IFI"JTREST .EG. 1) GO TO 355 
IF" I .NOT. PATH) GO TO 351 
IF"I.NnT.F"RST3) GO TO 351 
BOI • TS02 
TAl'll. TAIN2 
Tt 1"-12 • TAIN 
Ts02 • TS 
ISL = (NSLOPE - 1)_2~ 
R4(ySL • 3) • SIG 
R41ISL • 4) • SIGMA 
R41ISL • 5) • UDPS 
R41ISL • 6) • DTDP 
R4 IISL.7) • HI 
R4IISL.8) • r::SS 
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SIGBAW 173 
SIGBAW 174 
SIGBA'" 175 
SIGBAW 176 
SIGBAW 177 
SIGBA", 178 
SIGBAW 179 
SIGBAIoi lAO 
SIGBAlri 181 
SIGliAw 182 
51GBAll' 183 
SIGBh 184 
SIGBh 185 
SIGBAw 18(' 
SIGBAw 187 
SIGBA,., 188 
SIGBAW 189 
SIGBAW 190 
SIGBAw 191 
SIGBAW 19;? 
SIGBhl 193 
SIGBAW 194 
SIGBAW 195 
SIGBAW 196 
SIGBAlri 197 
SIGBAIr/ 198 
SIGBAW 199 
SIGBA", ZOO 
SIGBAW 201 
SIGBAIoI 202 
SIGBA", 203 
SIGBAW 20. 
SIGBAlri 205 
SIGBAw 206 
SIGBA", 207 
SIGBAIoI 208 
SIGBA" 209 
SIGBA .. 210 
SIGBAIoi 211 
SIGBAw 212 
SIGBAW 213 
SIGBAI'! 214 
SIGBAw 215 
SIGBAIoi 216 
SIGBAW 217 
SIGBAW 218 
SIGBAW 219 
SIGBAIoi 220 
SIGBhl 221 
SIGBAW 222 
SIGBAW 223 
SIG~AW 224 
SIGBAw 225 
SIGBAW 226 
SIGBAW 227 
SIGBA", 228 
SIGBAw 229 



~UR~oUTINE SIGBAW 

C 

R4tYSL • 9) .. TS 
P4(ISL. l(1) • RIS 
R4(YSL·. 11) • TI 
R4(ySL. 12) II: RII 
SyGS .. SIG 
GO TO 370 

355 Ift.NnT. PATH) GO TO 356 
I~(.NOT.~RST3) GO TO 356 
TS11 .. TS12 

356 TSl? II: TS 
ISL .. INSLnPE .. 1).26 
R4qSL. 16) z SIG 
R4(YSL • 17) .. SIG14A 
R4(YSL. 18) .. UOPS 
R4(ySL' 19) z DTDR 
~4<TSL • 20) :: HY 
R4(ISL. 21) .. CSS 
R4(ISL • 22) .. TS 
R4 ttSL • 23) .. RIS 
SyGc; .. SIG 

370 CONTINUE 
IFI"IOFlUG5.EQ.I) 

lW~ITEI6,390) TAINl,TAIN2,TAIN,TS,TS01,TS02,TSII,TSI2,PATH 
390 FnR~ATI5X'''TAINl,TAIN2,TAlN,TS,TS01,TS02,TSI1,TSI2,PAT H", 

'IlPIlEl4.5,L5/) 
PATH" .fALSE. 

C OPTYON TO OUTPUT QUANTITIES O~ INTEREST. 
C 

IQNDRUG51.NE.ll RETURN 
RfTURN 
END 
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SIGBAW 
SIGBAW 
SIGBA\I/ 
SIGBA\I/ 
SIGBAW 
SIGBAW 
SIGBAW 
SIGBAW 
SIGBAIII 
SIGBA\I/ 
SIGBAW 
SIGBAW 
SIGBAW 
SIGBAW 
SIGBAW 
SIGBh' 
SIGRAW 
SIGBAIrJ 
SIGBA\r; 
SIGBAW 
SIGBAIoI 
SIGBAw 
SIGBAIO 
SIGBAW 
SIGBAW 
SIGBAW 
SIGBAIroi 
SIGBAw 
SIGBAIoI 
SIGBAW 
SIGBAW 
SIGBAW 

230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 



.. 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
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SUBQOUTINE SPDES(TS.TTD.XNS.XNP,CHLO,TLA.X,VELD,VELDO.A~Ps,XNTS, 
IDELP,LI"JOR) - . 

SUB~OUTINE SPDES DESIGNS A CONDENSER/REBOILER ON THE 
BASIS Of THE TEMPERATURE DIffERENCE BETWEEN THE SATURATED 
STEA~ AND THE SATURATED AM~9NIA, THE A~OUNT Of HEAT 
TO BE TRANSfERED, THE TEMPERATURE Of THE STEAM, THE 
LENGTH Of THE TUBES, AND THE EXIT aUALITY Of-THE AM~ONIA 
LEAVING THE TUBES THE COND~NSEP/REBOILER CAN BE DESIGNED 
WITH TWO TYPES Of TUBES (1) BARE TUBES, AND (2) ENHANCED 
TUBES 
fOR BARE TUBES THE OUTSIDE COEffICIENT IS PROVIDED By 
NUSSULT AND THE INSIDE COEFfICIENT BY ROHsENOW 
fOR THE ENHANCED TUBES THE OUTsIOE AND INsIOE COEffICIENTS 
A~E PROVIDED BY A REPORT FRO~ LINDE CORPORATION 

DEFINITION Of VARIABLES 

/lRPS 
AST 
BETA 

C 
C~LD 
C"1Ii 
DEL.P 

DELTA 
DELTK 
DELTs 
DENSIV 
DENsIW 
DEPTHN 

G 
GT 

HICON 

HOCON 

OOC 
P~W 

aAO 

!:IOEF 
ROEG 
S!GI.IA 

- AREA PER CONDENSER/REBOILER SHELL (sa fTI 
- TOTAL AREA Of CONDENsER/REBOILER SHELLS (SQ FT) 
- CONSTANT IN CORRELATION FOR HEAT TRANSFER ON 

THE OuTSIDE OF THE TUBE (BTu/HR-sa FT-DEG F __ 3/4) 
• SPACING BETWEEN CONDENsER/REBOILER TUBES (IN) 
- HEAT TRANSfEREO I~ THE CONDENsER/REBOIL.E~ (BTU/HR) 
• SPEcIFIC HEAT Of LIQUID AMMONIA (BTU/LBM_DEG F) 

PRESSURE DROP OF THE AMMONIA THROUGH THE CONDENsER/ 
REBOILER (LBf/sQ fT) . 

- AMMONIA SIDE TEMPERATURE DROP (DEG f) 
- WALL TEMPERATURE DROP (DEG F) 
- AVERAGE STEAM SIDE TEMPERATURE DROP (DEG F) 
- DENsITY OF AMMONIA VAPOR (~BM/CU fT) 
- DENSITY OF AMMONIA L.IQUID ILBM/CU tT) 
- NU~BER OF TUBES I~ DEPTH OF A TUBE-BANK IN THE 

CONDENSER/REBOILER (DIMENSIONLESS) 
- ACCELERATION DUE TO GRAVITY (FT/sa HR) 
- AVERAGE MASS FLUX OF AMMONIA THROUGH THE CONDENSER/ 

REBOILER TUBES (LBM/HR-SQ fT) 
- fORCED CONVECTION COEFFICIENT ON THE INSIDE Of THE 

CONDENSER/REBOILER TUBES (BTU/HR-SQ fT-DEG F) 
- HEAT OF VAPORIZ/lTIO~ FOR SATURATED AMMONIA (BTU/ 

LBM) 
- HEAT TRANSFER COEfFICIENT ON THE INSIDE OF THE 

CDNDENSER/REBOILER TUBES (BTU/HR-SQ fT.DEG F) 
- AVERAGE HEAT TRANSFER COEfFICIENT ON THE OUTSIDE OF 

THE CONDENSER/REBOILEP TUBES (STU/HR-sQ FT-DEG F) 
- HEAT OF VAPORIZATION fOR SATURATED STEAM (BTU/LBM) 
- EFFECTIVE HEAT TRANSFER COEFF1CIENT fOR THE 

CONDENSER/REBOILER TUBE WA~L (BTU/HR_SQ FT-DEG F) 
- THERMAL CONDUCTIVITY Of SATURATED WATER tBTU/HR_ 

fT-DEG F) 
OUTSlnE DIAMETER OF THE CONDENSER TUBING (IN) 

• PRANDTL NUMBER OF SATURATED AMMONIA (DIMENSIONLESS) 
- HEAT FLUX THROUGH THE INSIDE CONDENSER/REBOILER 

TUBE WALL (BTU/HR-Sa fT) 
- DENSITY OF SATURATED WATER (LR~/CU fT) 
- DENSITY OF SATURATED STEAM (LgM/CU fT) 
- SURFACE TENSION OF LIQUID AMMONIA (LBF/fT) 

SPDES 
SPDEs 
SPOEs 
SPDEs 
SPDES 
SPDEs 
SPDEs 
SPDES 
SPDES 
SPDES 
SPDEs 
SPOEs 
SPOES 
SPDES 
SPDEs 
SPDES 
SPDEs 
SPDES 
SPDES 
SPDEs 
SPDEs 
SPDEs 
SPDEs 
SPDEs 
SPDEs 
SPDEs 
SPDEs 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
sPDEs 
SPDEs 
SPDES 
SPDES 
SPDEs 
SPDEs 
sPDES 
SPDES 
SPDES 
SPDEs 
sPDES 
SPDES 
SPDES 
SPDES 
SPDEs 
SPDES 
SPDES 
SPDEs 
SPDES 
SPDEs 
SPDES 
SPDEs 
sPDES 
sPDEs 

2 
3 
4 
5 
6 
7 
6 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
e 
C 
C 
C 
C 
C 
C 
C 
C 
C 
e 
C 
C 
C 
C 
C 
C 
C 
C 
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T"lCONW 

TtD 

TKCT 

TLA 
TLAA 
TS 
TTD 

UCON 

VEL 

VELD 

VELDO 

VISS 
VISV 
vts\ll 
VSF1 
VSG1 
l( 

XNP 

X"ITS 

REAL KSf 

- THERMAL CONDUCTIVITY OF SATURATED ~MMONIA (BTU/HR­
n-DEG F) 

- INSIDE DIAMETER OF THE CONDENSER/REBOILER TUBES 
(IN) -

- THERMAL CONDUCTIVITY OF THE CONDEN~ER/REBOILER 
TUBES (BTU/HR-FT.OEG F) 

- CONDENSER/REBOILER TUBE LENGTH (rT) 
~ TOTAL FLOW PATH FOR THE AMMONIA (fT) 
~ TEMPERATURE Of THE SATURATED STEA~ (DEG f) 
~ TEMPERATURE DIfFERENCE BETWEEN THE STEAM AND 

AMMO"lIA (DEG F"j 
• OVERALL HEAT TRANSFER COEfFICIENT IN THE CONDENSE~I 

REBOILER (BTU/HR.SQ fT-DEG f) 
~ I"ILET VELOCITY Of THE AMMONIA TO THE CONDENSERI 

REBOILER TUBES (rT/SEC) 
- INLET VELOCITY OF" THE AMMONIA TO THE CONDENSERI 

REBOILER TUBES (fT/SEC) 
- EXIT VELOCITY Of THE AMMONIA LEAVING THE CONDENSERI 

REBOILER TUBES (fT/SEC) 
• VISCOSITY Of SATURATED WATER (LBM/fT_HR) 
~ VISCOSITY Of SATURATED AMMONIA VAPOR (LBM/FT-HR) 
- VISCOSITY Of SATURATED AMMONIA LIQUID (LBM/FT.HR) 
- SPECIfIC VOLUMN Of SATURATED WATER (CU FT/LBM) 
- SPECIfIC VOLUMN of SATURATED STEAM (CU fT/LBM) 
- EXIT QUALITY OF T~E AMMONIA LEAVING THE CONDENSER 1 

REBOILER TUBES (DIMENSIONLESS) -
- NUMBER OF PASSES Of THE AMMONIA THROUGH THE 

CONDENSER (DIMENSIONLESS) 
• NUMBER Of SHELLS IN THE CONDENSER/REBOILER 

(DIMENSIONLESS) 
• NUMBER Of TUBES PER SHELL (DIMENSIONLESS) 

DIMENSION TSAT(64), VSG(64), VSfI64), HSFG(64), ANG(3) 
CDMMON/PROP/CPW,THCONW,DENSIW,VI5w,HfG, 

1 CPv,THeONv,DENSIV,VI5V,SIGMA, 
2 CPA,THeONA,DENSIA,VI5A 
COM~ON/OHTC/VELN,ODC,TKCT 
COM~ON/TUBE/KGA,LD,TID(7,6) 
eOMMON/RPRT2/ueONN,HOCON,HICON,~weON,HfC,VELD7,VELD07,TTD7,TS7, 

1XNP7,DELPW7,ARPs7,TLA7,XNTS7,XNS7 
COM~O"l ISUPPLYI VALIS), CPLN, CPIP, ecos, W3, eOSM, Eff, 

5 QIN. CLAND, REAlR, Z,HRFAC2. W4, U, DELPW, PPOW, 
5 FPOW, DELfC, WIDTH, ELENG, VAIR, VWAT. HI, HO, T4. 
5 pEWAT, NW, NT, NP,PLANC2,PSIZ12, SPBP, SW4, Sw3, 
S SPC,PTOTAL,PLANC3,SAFRON, AAIR, '(Fp, SPCD,PSIZ13, WT2, 
5 BP2, NW2, TCOS, DELPA,DELPWT,DELPWC.CONBAS. XNTSX, VELDX 
5, TLAX, UCON, PMCST, fMCST, rSACC, EFFC, CH, CA, CS 
5, CLTC, efe, epcc, fITCO, CSC,CEPREP,DELPIP, AST,OLDCST 
S,CAPCST, XNfAN,BLDANG, CPLEN, DPfEL; WHX, WTTU8, ADIA, ABLN 
S, WTHDR, WTFRM,STRucc,efPERf,HPPERf, TOTCf, TPC, EfFIN, ANTU 
5, AIRFF, WATff, XNMOD, TCTPf. fDCPf, fMTRC,-ACCTTP, ADJTP 
S, ACTBPD, ADJBPD, ACTVH, ADJVH, ADJPPf, THPAIR, TCTf, AFCST 
5, CSRo, WATERW, WSTRCT, CfOUND, HUBDIA, TOWLEN, NUMTOW, CTOWD 
S .SORJ,SOQ,IS,ATUBC,CBA,TTD1,TTD2.DELPS,CSTLVR,PIPCSTD 
5 ,C~THS, CYLRNG, CfANEL, PSTACS, puFITe, PMPCST, ~PTPL, SEPCST 
5 ,PWD(16) ,WATCWD(l6) ,DEPER(16) ,O;PERQIl61 

SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPOES 
SPDES 
SPOES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPOES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPOES 
SPDES 
SPDES 
SPDES 
SPDES 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 

59 
60 
61 
62 
&3 
&4 
65 
&6 
67 
68 
69 
70 
71 
72 
73 
74 
75 
7b 
77 
78 
79 
80 
81 
82 
83 
84 
Bs 
86 
87 
B8 
B9 
90 
91 
92 
93 
94 
95 
96 
97 
9B 
99 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
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c 
c 
c 

C 
C 

c 
C 

C 

S ,W9B,~TOW,NTOWDE,CSTIF,CSJ,CVF,CDP,W5 

P~OPERTIES OF STEA~ VERSUS TE~PERATURE 

DATA TSAT/40.24,44.9~,49.07,52.67,55.90, 
1 58.8?,61.5,63~97,66.27,68.42,70.44.72.34,74.14,75.85. 
177.4P,79.04. Bl.96,84.66.87.1 7 ,89.52.91.72.93.8,95;78,97.&5,99.43, 
2101.14.102.7 7 .104.34,10 5 • 8S,107.3,10B.7,110.06.111.36,112.63,113.B 
36,115.06,116.22.117.34,118.44,119,51,120.56,125.42,129,78,133,75, 
4137.4,140.77.143,91,146,BS.149.62.152.24,lS4,72,157,0B.lS9.33, 
SI61.48,165,53.169.28.172,77,176.0S,179,13.182.0S.1B4.Bl,IB7.4S, 
61~9,96'192,37/ 

DATA V5F/.016019,.016020,.016022 •• 01602S,,016028, 
1 .01 6 032,.016035,.016039,,016043 •• 016047 •• 016051.,016055, 
1,0160SB,.016062,,016066,.016070,~016077,,016084,.016091,,016097, 
2.0161 04 ,.01 6 110,.016116.,016122,,01 6128.,01&]34,.016139,,0161 45, 
3.016150,.016155,,0161 6 0.,016165,.01 6170,.016175,.016180,.016184. 
4,nI61~9,,016194,.016198,.016202,.016207,,016227,.016246 •• 016264, 
5,016?Bl,,016297,.016312 •• 016327,.01 6 34 1,.016354,,016367 •• 016380, 
6.016392,,016403 •• 016426,,016447,.01 6467 .,016486,.016505.,016522, 
7,01~S39,,016556 •• 016572,.016S87/ -

DATA VSG/2423.96,2038,91,1761.71,1552,30,13BB,42, 
1 12S6.S8,1148,17,1057,42,9BO.30,913.94,856.22,80S,54, 
1760.68~720,69,684,80,652.41.S96,2S,549.23,509.27,474.87.444.95. 
24 1B.6R,39S,42,374.6 B,3S&.06,339.Z6,324 ,02,310,13,297.41,285.73, 
3274.95'264,99,255.74,247.13,239.11,231,6,224.S6,2i7,95'211,74, 
4205.87,200,34,176.7,158.19,143,28,131,01,120,73,112.,104,47,97.92, 
592.17,B7,OB,82,53,78,46,74,77,6B,38,63,03,5B.4B,5~.5S,SI.14,4~,143 
6,45.4~6,43,116,40,9B9,39,067/ 

DATA MSFG/l070,8,1068.1,1065,B,1063.8'1062,0, 
1 106 0.3,1058.8,1057.4,1056.1.1054,9,1053.8,1052.7,1051.7, 
11050.7,1049,8,104B.9,104 7.3,104S,8,1044.3,1043.,1041.8,1040.6, 
21039,5,103B.4,1037,4,1036,4,1035.S,1034.6,1033.7,1032.9,1032.1, 
31031. 3 ,1030,6.1029 • 9 ,1029,1,1028,5,1027,8,1021.1,i026,5,1025,9, 
41025,3,1022.5,1020.,101 1 .1,1015.5,101 3 .6,1011,7,1010,,1008.4, 
51006.~'1005,4'1004,,1002,6,1001,3,998~9,996,7,994.6,992.6,990.7, 
69~8,9,987.3,985,6,9B4.1,982.6/ - -

SETTING OF CONSTANTS 
ANG (1 I • 0.0 
ANG(21 ~ 0,0 
ANG(31 ~ 1,0 
G = 32;16-3600.-3600, 
VELD • VELN 
C c .25 

PMYSICAL PROPERTIES OF STEAM 
HSFGl • TL,U(TS,TSAT,MSFG,S9) 
Vc:Fl • TL,U(TS,TSAT,VSF,591 
V~Gl .. TL,U(TS,TSAT,VSG,59) 
P~W = CPW.VISW/TMCONW 
ReEF' • 1,/VSFI 
~eEG • 1./VSGI 
~SF .. _3,363968E_Ol • 2.04203E-0~.(TS.460.).1,42164E-06.(TS.460,) 

1-.2 
VISs .. S.B3897E-02_10,.·(446,04/1 (TS.460, .252,» 

SUPPL.Y 
SPDES 
SPDES 
SPOES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPOES 
SPDES 
SPDES 
SPDES 
SP!)ES 
SPDES 
SP:lES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES ' 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPOES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 

18 
101 
10? 
103 
104 
105 
106 
107 
106 
109 
110 
1 11 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
126 
129 
130 
131 
132 
133 
134 
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137 
138 
139 
140 
141 
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152 
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C 

C 
C 

C 
C 

C 
C 
C 
C 
C 
C 

c 
C 

C 
C 
C 
C 
C 

C 
C 

C 
C 

C 
C 

C 
C 
C 
C 

C 
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TUBE BANK DEPTH 110 FTI IN ~UMBER OF TUBES 
DEPTHN • lo.*12./IOOC • CI 

SETTING OF CONSTANT FOR OUTSIDE HEAT TRANSFER COEFFICIENT 
BETA •• 728-I/G-ROEF.IRO~F~ROEG)*KSF.*3*HSFGl/IIODC/12.I*VISSII 

1··.2SI / DEPTHN··.16667 - . 
IFILJ~OR.EQ.11 BETA • 1670o./0EPTH~ ••• 16667 

StTTING OF CONSTANT FOR INSIDE HEAT TRANSFER COEFFICIrNT 
HB • rICPW/IHFG •• 01S.t PR WI •• 1.7)) •• 3).VISW.HFG/ISIGMA/IDENSIW~ 

1DE'N!;IVII ... 5 
IFILINOR.EQ.1) HB • S82.628.HB 
JI .. 0 

REGJNNJNG OF ITERATION LOOP FOR VELOCITY OF AMMONIA INSIDE 
THE TUBES OF THE CONDENSER 

FORCED CONVECTION COEFFICIENT ON THE INSIDE OF THE 
CONDENSER TUBES -

10 HFC • ;023.IVELD.ODC.DENSIW.360o,/t12 •• VISWI, ••• 8.PRW ••••• 12. 
l·THCONW/TIDrKGA,LD) 
JI .. 0 

INJTIAL GUESS FOR THE AMMONIA SIDE TEMPERATU~E DROP 
DELTA. TTDI2. 

a!GINNING OF ITERATION LOOP FOR THE AMMONIA SIDE 
TEMPERATURE DROP 

HEAT FLUX THROUGH THE INSIDE TUBE WA~L 
20 QAO • fTIDIKGA,LDI/OOCI-rHFC-DELTA • HB-OELTA--31 

IFILINOR.EQ.11 QAO • ITIDIKGA.LO)/ODCI-/HFC-OELTA • HB-DELTA •• 2.72 
11 

DETERMINE TEMPERATURE DROP ACRSSS THE WALL 
DELTK - QAO-tOOC/2 •• I-ALOG/ODC/TIDIKGA.LD I/TKCT 

AVERAGE TEMPERATURE DROP ACROSS THE CONDENSATE LAYER 
DELTS - IQAO/BETAI.-1.3333 
IFILINOR.EQ.11 DELTS • (QAO/B;TA) •• 2.34 

TOTAL TEMPERATURE DROP BETwtEN THE STEAM AND THE AMMONIA 
DELTT • DELTS • DELTK • DELTA -
JI • JI • 1 

DETERMINATION OF NEXT GUESS FOR THE AMMONIA SIDE 
TEMPERATURE DROP AS A FUNCTION OF THE ~AST TWO TOTAL 
T!MPERATURE DROPS AND THE SPECIFIED TOTAL TEMPERATURE DROP 

DELTT2 .. DELTT1 
DEL TTl • DEL TT 
DELTA2 • DELTA1 
OELTA1 - DELTA 
IF /JI .LT. 2) DE~TA .. DELTA •• 25 
IF/JI.L.:T.21 GO TO 20 ' 
SLOPE -/DELTA1 ~ DE~TA21//DELTT1 - DELTT2 
DELTA. SLOPE-(TTO • DELTT11 • DELTA1 

SPOES 
SPDES 
SPOES 
SPOES 
SPDES 
SPDES 
SPOES 
SPDES 
SPDES 
SPDES 
SPDES 
SPOES 
SPOES 
SPOES 
SPDES 
SPDES 
SPOES 
SPOES 
SPDES 
SPOES 
SPDES 
SPOES 
SPOES 
SPOES 
SPOES 
SPDES 
SPOES 
SPOES 
SPOES 
SPDES 
SPDES 
SPDES 
SPOES 
SPOES 
SPOES 
SPOES 
SPDES 
SPDES 
SPDES 
SPDES 
SPOES 
SPOES 
SPOES 
SPOES 
SPOES 
SPOES 
SPDES 
SPDES 
SPDES 
SPOES 
SPOES 
SPDES 
SPOES 
SPDES 
SPOES 
SPDES 
SPDES 

157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
17t. 
175 
176 
117 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 

..... 



• 

.. 

SUB~OUTINE SPDES 

C CONVERGENCE CRITERIA FOR THE AMMONIA SIDE TEMPERATURE DROP 
II'''CASSCCOELTA-DELTAll/DELTA) .LT •• 000ll BOTO 30 
GO TO i!0 

C 
C VELOCITY OF A~MONIA BASED O~ THE INSIDE WALL HEAT FLUX 
C AND THE EXIT QUALITy OF THE AMMONIA 

30 VEL .. ODC*QAO*TLA.XNP/(7S •• X*HFG*TID(KGA,LO)**2*0~NSIW) 
C 
C CONVE~GENCE C~ITERIA FOR'T~E VELOCITY OF AMMONIA THRU THE 
C TUBES 

C 

IFCflBSI (VELD-VEL)/VELl .LT •• 0011 GOTO 40 
VELI') .. VEL 
GO Tn 10 

C NUMBER OF TUBES AND SURFACE AREA PER SHELL AND TOTAL SURFACE 
C AREA 

40 ARP~ • CHLD/(XNS*QAO) 
XNTS .. AINTIARpS/(3.14159*(ODC/12.)*TLA) • 0.5) 
XNTSX • XNTS*XNS . 
AST • ARPS*XNS 

C 
C OVERALL HEAT TRANSFER COEFFICIENT 

UCO"l IE QAO/TTD 
C 
C OUTSIDE HEAT TRANSFER COEFFICIENT 

HOCON • CAO/DELTS 
C 
C INSIDE HEAT TRANSFER COEFFICIENT 

H J CON • I CAO/DEL T A, * ODC/TI 01 KGA, LD) 
C 
C EFFECTIVE WALL HEAT TRANSFER COEFFICIENT 

HwCON • QAO/DELTK 
C 
C EXIT VELOCITY OF THE AMMONIA LEAVING THE CONDENSER TUBES 

VEL~o • VELD*DENSIW*«l. - X)/DENSlw • X/OENSIV) 
C 
C PRESSURE DROP THROUGH THE CDNDENSE~/RE80ILER TUBING 

C 

GT • VELO*DENSIW*3600. 
TLAA IE TLA*12.*XNp 
CALL nDCONIGOWS,TID(KGA,LD) ,TLAA.ANG,GT,O.,X,OENSIW,DENSIV, 

lVISW*.4133A,VISV*.41338,OELp,DPF,DPG.DPM,XLM,PHIL,PHIL2.VF.FL,RL. 
2RV) 

DELI' .. DELP*144. 

C STORAGE OF VARIABLES 
C 

TLAX • TLA 
VEL!)X • VELD 
EFFC • 1.0 
UCO",N • UCON 
TT07 .. TTD 
VELr:>7 • VELD 
VEL DOT .. VELDO 
OEU.w7 .. DEL" 
APpS'T • ARPS 
TLAT • TLA 
XNTS7 • XNTS 
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SpDES 
SPOES 
SPDES 
SPDES 
SPDES 
SPDES 
SpDES 
SpDES 
SPDES 
SpDES 
SI'DES 
SpDES 
SpDES 
SpDES 
SPDES 
SPDES 
SPDES 
SpDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SpDES 
SpDES 
SI'DES 
SPDES 
SPDES 
SPDES 
SPDES 
SpDES 
SPDES 
SPDES 
SpDES 
SPDES 
SPDES 
SpDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SpDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 
SPDES 

214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
22B 
229 
230 
231 
232 
233 
234 
235 
23(' 
237 
238 
239 
24 0 
241 
242 
2 4 3 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
21)2 
263 
264 
265 
266 
267 
268 
21)9 
270 



C;U9QOUTI PIlE SPDES 

XNS1 • XNS 
XNf)7 • XNP 
TS7 • l'S 
RETURN 
END 
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SPDES 
Sf)DES 
SPDES 
SPDES 
SPDES 

271 
272 
273 
274 
275 

... 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
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SUB~OUTINE SSCALE 

SUB~OUTINE SSCALES SCALES T~E STEAM SU~~LY SYSTEM uP TO 
O~TAIN THE S~ECIFIED ~O~E~ OUT~Ut OF THE ~LANT (~SIZE) AT THE 
~ATED BACK ~RESSURE OF THE STEAM TURBINE. THE INCREMENTAL 
COST OVER THAT OF THE SYSTEM USING A CONVENTIONAL TURBINE IS 
CALCULATED AT THE RATED BACK ~RESSURE. 

DEFINITION OF VARIABLES 

CASSS1 • INCREMENTAL COST OF STEAM SUPPLY FOR MAKE UP OF 
POWER OUT~UT DUE TO INCREASED HEAT RATE AT RATED 
BACK PRESSURE (5) . 

CSSPKW 
HRFACl 

~ COST OF STEAM SU~PLY SYSTEM PER KILOWATT (S/K~) 
- HEAT RATE FACTOR OF STEAM TURBINE AT RATED BACK 
- ~RESSURE (DIMENSIONLESS) -
- COST OF POWER PLANT PER KILO~ATT (S/KW) 
- ~LANT SIZE (MW) 
- STEAM TURBINE RATED BACK PRESSURE (IN HGA) 

PL.;ANC 
~SIZE 
RBF> 
SSCD - INCREMENTAL PLANT COST DUE TO INCREASED HEAT RATE 

AT RATED BACK PRESSURE OF STEAM TURBINE (5) 
- COEFFICIENTS OF T~IRO ORDER HEAT RATE CURVE FIT 

FOR STEAM TURBINE (DIMENSIONLESS) -

LoGICAL FIRST,FRST,FXTEMP,FXTVAR.FXTTTD,FXTLNG 
COMMON 

, A~TR, ALPHA, ANG(3) 
• ,Bc:lLl'" (16) 
S ,CA~r, CSSF>K~, CONF, CONL, COSTL, CAF>CHG, CONMAT, CONMA2,CAF 
5 ,CBJ, CTURB, CDANG, CLUVR, CHAI~S,-CVM 
5 ,DF!N,DEEPL,DESVEL,DESVELV,DESVELD,DENSIF 
S ,ErF~, EFS . 
5 ,FCR,PIRST,FIXL,FCOS,FFHX,FXTEMP,FACTOR,FRST,FACTORD,FSHOT,FDELUG 
S ,FTXV,F!XTTD,FXTVAR,FXTTTD,FXTLNG -
5 ,GBEF' 
S ,HXN~'HPCST,HCD 
5 ,ITMAX, ITMIN 
S ,JCONS 
S ,KCONV. KALEXT 
$ .MXEXT 
S .NTA,NSIDES,NBUNHI 

CO"1MON 
S OD~ 
$ ,~SIZE. PER, PWCOS, PLANC, PFACT, F>OMDPL 
S ,POHBAF, POHFAN, POHLEC, POHCIR, POHCND, POHSTC, POHSCL 
S , ~~P'REOUCE, REOUCV, ROOFL, RHOUT 
5 • ORrJ, QREDUCE, QREDUCV 
S ,SrG"'AG, SAAF, SEGL 
$ ,TO, T~0(4)' TEFF, TLIM, THFIN, TLPRA, TrIX 
$ .TCD, Tw 
~ ,UC5, UWS 
$ ,Wrv, WATCONA, WATCOST 
$ .VAS(5) 
S ,XDEPA, XW, XD 

COMMON /SUPPLY/ VALIS), 
S ~IN, CLAND, REAIR, 
$ FP~W, DELFC, WIDTH, 

CPLN, CPIP, 
Z,HRFAC2, 

ELENG, VAIR, 

CCOS, 
W4, 

VWAT, 

W3, COSM, 
0, DELPw, 

HI, HO, 

EFF, 
PPOW, 

T4, 

SSCALE 
SSCALE 
SSCALE 
SSCALE 
SSCALE 
SSCAL.,E 
SSCALE 
SSCALE 
SSCALE 
SSCALE 
SSCALE 
SSCALE 
SSCALE 
SSCALE 
SSCALE 
SSCALE 
SSCALE 
SSCALE 
SSCALE 
SSCAL.E 
SSCALE 
SSCALE 
SSCA~E 
SSCALE 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCO'" 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCO,", 
BIGCOM 
BI GCO'" 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
SU~PLY 
SU~PLY 
SUPF>LY 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2. 
25 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2B 
29 
30 
31 

2 
3 
4 



~uR~nUTINE SSCALE OPT-l 

C 
C 
C 
C 

e 
e 
C 

e 
e 
C 
C 

C 
e 
C 
C 

C 
C 

S ~EW'T. NW, ~T, Np,P~ANC2,PSIZ12, SPSP, SW4, SW3, 
S SPC,PTOTAL'PLANC3,SAFRO~, AAIR, YFP, SPCD,PSIZ13, WT2, 
$ BP2,' NW2, TCOS. DELPA,DELPWT,DELPWC,CONBAS, XNTSX, VELDX 
$, TLAX, UCON, PMCST, FMCST, F8ACC, EFFC, CH, CA. CS 
S, CLTC, CFC. CPCC, FITCO. CSC.CEPREP,DELPIP, AST,OLDCST 
S,CAPCS T• XNFAN,BLDANG. CPLEN, DPFEL. WHX, WTTUB; ADIA, ABLN 
S. WTHOR, WTFRM,STRUCC.CFPERF.HPPERF, TOTCF. TPC. EFF1~. ANTU 
S. AIRFF, WATFF. XN~OD. TCTPF. FDCPF, FMTRC,-ACCTTP, ADJTP 
s, ACTAPD, ADJBPD, ACTVH, ADJVH, ADJPP~. THPAIR. TCTF, AFCST 
$, CSRD, WATERW. WSTRCT. CFOUND, HUBDIA. TOWLEN, NUMTOW. CTOWD 
S .S~RJ,SQqJS.ATURC,CBA.TTD1,TTD2,DELPS,CSTLVR.PIPCSTD 
! .C~TH~. CYLRNG. CFANEL. PSTACS, PUFITC, PMPCST. RPTPL, SEPCST 
S .PWDCI6) .ilfATCWDCl6) .DEPER(16) ,DEPERQ(16) 
S ,W~B.HTnw.NTowDE,CST!F,CSJ.CVF.CDp.w5 
COM~ON ISINKI VAR(S). CPLNI. C~IP1, CCOSI. W31, COSMl, EFFI. 

S Q!Nl. CLAN1. REAI1, ZI,HRFA2S, W41. ui, DEPWl, PPowl. 
S FPowl. DEFC1, WIDT1, ELENl, VAIRl, VWAT1, HIl, HOI, T41, 
$ REWAl, NW1, NTl, NPl,ZPLNC2,ZSIZ12, ZSPBP, Slr/41, SW31, 
S SPC1, PTOTl,PLNC31, AFROl, AAIRl,YFPMIN, SPCDl, SPS13,WT2MIN. 
! Bp2MIN,NW2MI~. TCOSI. DEPA1, DPWTl, DPWC1,CONBAl, XNTSI. VELDI 
s. TL A1. UCONI. PMCSl, FMCS1, ~8AC1, EFFC1. CHI. CAl. CSI 
5 • CLTCI. CFC1. CPCCl.FITC01. CSC1,CEPREl.OEPIPl. AST1.OLDCSl 
$,CAPCSl,XNFANl,BLDANl,CPLEN1,DPFEL1, WH1, wTTU1' ADIl' ABLI 
S, wTH01, WTFR1,STRUCl,CFMPF1, HPPF1,TOTCFl. TPl.EFFIN1, ANTUI 
$, AIRFFl, WATFFl, XNMODi, TCTPFl, FDCPFl, FMTRC1, ACTTPl, ADJTPl 
s, ACTRP1, ADJBP1, ACTVH1, ADJVHl. ADJPP1. THPAI1, TCTFI , AFCSTl 
S, CSRl. WATERl. wSTRCl. CrOUNl, HUBDI1. TOWLEl. NUMT01, CTOWDl 
S ,SQPJ1.SQRJSl,ATUBC1,CBA1,TTDll,TTD21,DELPSl.CSTLV1,PIPCTDI 
$ .CSTHS1. CYLRNl, CFANE1, PSTAC1. PUFITI. PMPCS1, RPTPL1. SEPCSI 
S ,PWDlIl6) ,WATCWDl (16) .DEPERl (16) ,DEPERQl (16) 
$ ,WBB1,HTOWl,NTOWDEl.CSTIF1,CSJl.CVF1,CDP1.W51 

COMMON ISCALER/HRFACl, ATUB, CPERA,- SSCD,F'LANCl,CASSSl. 
S GAIR, FAIR, HPAIR, HPWAT. WLRTP. PLANCTI -

EOUATION FOR HEAT RATE FACTOR AS A FUNCTION OF TUR8INE 
BACK PRESSURE 

HEAT RATE FACTOR AT RATED BACK PRESSURE 

fNCPEMENTAL STEAM SUPPLY COST DUE TO INCREAS~D HEAT RATE 
FACTOR AT RATED BA~K PRESSURE (S) 

DTURAC • CTURB • PSIZE • 1000. 
CASSSI • CSSPKW • (HRFACl .. 1,) • PSIZE • 1000. 
SSSPC • PLANC • PSIZE • 1000 •• CAsssl 

P~ANT COST TAKING INTO ACCOUNT INCREASED STEAM SUPPLY 
COST (S/MW) 

PLA~CTI • SSSPC • DTURBC 
PLANCt - PLANCTl 1 (PSIZE • 1000.) 

!~C~EMENTAL STEAM SUPPLY COST DUE TO INCREAS;D HEAT RATE 

06/05/78 07.59.59 

SUPPLV 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPI.Y 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SI NK 
SINK 
SI NK 
SINK 
SINK 
SINK 
SINK 
SINK 
SINK 
SINK 
SINK 
SI NK 
SINK 
SINK 
SPJK 
SINK 
SINK 
SCALER 
SCALER 
SSCALE 
SSCALE 
SSCALE 
SSCALE 
SSCALE 
SSCALE 
SSCALE 
SSCALE 
SSCALE 
SSCALE 
SSCALE 
SSCALE 
SSCALE 
SSCALE 
SSCALE 
SSCALE 
sse ALE 
SSCALE 
SSCALE 
SSCALE 
SSCALE 
SSCALE 
SSCALE 
SSCALE 

5 
6 
7 
Eo 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

2 
3 

30 
31 
32 
33-
34 
35 
36 
37 
38 
39 
40 
41 
42 
1,3 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 



• 
~UB~OUTINE SSCALE 

C 
C 

C 

OF TU~BHIE r S) 

SSPLC .S~SPC/(PSIZE.1000.) 
SSCO • (SSPLC - PLANe) • PSIZE • 1000. 
TCO • OTU~BC 
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SSCU.E 
SSCA~E 
SSCALE 
SSCALE 
SSCAl.E 
SSCALE 
SSCALE 
SSCALE 

54 
55 
56 
57 
58 
59 
bO 
61 



C 
C 
C 
C 

SUB~OlITINE STORE 

THIS ROUTiNE IS CALLED EACH TIME A NEw LOW COST IS FOUND. 
IT STORES VALUES OF COST, DES1G~, ETC. FOR THE FINAL REPORT 

COM~ON /RPTSUPI XPS(2021) 
COM~ON /RPTRET/ XPR(2020) 
COM~ON /QPTRET/ XXPRr2007) 
COM~ON /QPTSUP/ xXPSr1207) 
COM~ON /~~RET/ HHPR(2007) 
COM~ON /KKSUPI HHPS(1207) 
COM~ON/RPRT2/R2(IS, 
COM~ON /RPRT3/ R3(4) 
COM~ON IKPTSUP/ MPS(2021) 
COM~ON IKPT~ET/ HPR(~020) 
CnM~oN /KPRT2/ SPRT2(15) 
COM~ON /KPRT31 SPRT3(4) 
COM~~N/SINK/ VSTO(205) 
COM~ON/SUPPLV/VIN(205) 
COM~ON/RPRT4/R4(672),RR(3) 
COM~ON/KP~T4/SPRT4(672)'SR(3) 

LoGICAL ~IRST,FRST,FXTEMP,FXTVAR.FXTTTD,FXTLNG 
COM~O"J 

$ AFTR, ALPHA, ANG(3) 
... ,8 PL PI ( 16) 
S ,CAPF, CSSPK~, CONF, CONL, COSTL, CAPCHG, CONMAT, CONMA2,CAF 
S ,C9J' CTURB, CDANG, CLUVR, CHAILS,'CVM 
S ,D~IN,OEEPL,DESVEL,DESVELV,DESVELD,OENSIF 
S ,EFFp, EFS . 
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STORE 
STORE 
STORE 
STORE 
STORE 
STORE 
STORE 
STORE 
STORE 
STORE 
STORE 
STORE 
STORE 
STORE 
STORE 
STORE 
STORE 
STORE 
STORE 
STORE 
STORE 
BIGCO~ 
BIGCO~ 
B1GCO~ 
BIGCO~ 

S1GCOM 
B1GCO,", 

2 
3 
4 
5 
6 
7 
B 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

2 
3 
4 
5 
/) 

7 
B 
9 

S ,FCR,FIRST,FIXL,FCOS,FFHX,FXTEMP,FACTOR,FRST,FACTORD,FSHOT,FDELUG 
S ,FIXV,F1XTTD,FXTVAR,FXTTTD,FXTLNG . 

BIGCOM 
Bli;COM 
B1GCOM 
B1GCO~ 

BIGCOM 
B1GCO~ 

BIGCOM 
BIGCO~ 
BIGCOM 
BIGCO,", 
BIGCO"l 
BIGCO~ 

BIGCOM 
B1GCO'" 
BIGCOM 
B1 GCO~ 
BIGCO'" 
BIGCO'" 
BIGCO"l 
BIGCO,", 
BIGCO~ 
BIGCO~ 
B1GCO,", 
BIGCD'" 
STORE 
STORE 
STORE 
STOPE 
STORE 
STORE 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2A 
29 
30 
31 
24 
25 
26 
27 
28 
29 

S ,GSEFF 
S ,MXNP,MPCST,HCD 
S ,ITMAX, ITMIN 
S ,Jeo"'~ 
s ,KeONV, K4LEXT 
S ,MX~)(T 
S ,NTA,NSIOES,NBUNHI 
COM~ON 

S oDg 
S ,PSI7E, PER, pwCOS, PLANC, PFACT, POMOPL 
S .POHRAF, POHFAN, POHLEC, POMCIR, POHCND, PO~STC, POHSCL 
S , RBP,REOUCE, REDUCV, ROOFL. R~OUT 
S , nREJ, QREDUCE, QREDUCV 
S ,SIGMAG, SAAF, SEGL 
S ,TO, TPO(4), TEFF, TUM, TMFIN, TLPRA, TFIX 
S .TCD, flo: 
S .UCS' UWS 
S ,w~V, WATCONA, WATCOST 
S ,VASeS) 
s ,XOEPA, Xw, XD 

Do 1 I • 1, 205 
VSTOel).VINC11 

CONTI"JlJE 
DO 3 I • 1. 15 
SPRT2eI).R2(I) 

3 CONTINUE 



• 

c;U8F/OUTI NE STORE 74/74 O~hl F'T~ 4.5.414 06/05/78 07.59.59 

CO " r-1,4 STORE 30 
SPF/,,3CI).F/3(I) STORE 31 

4 CONTINUE STORE 32 
CO SO hl.2021 STORE 33 
HPSCII E X~S(I) STME 34 

50 CONTINtlE STORE 35 
C STORE 36 

DO 60 h1.2020 STORE 37 
HPRCI) • XPF/(I) STORE 38 

60 CONTIt./OE STORE 39 
IF'(F'OE~UG .EQ. "DELUG "I N • RR(3) il 4;? STORE 40 
IF'IF'DE~UG .EC. "DELBAW II) N "' RF/(31i126 STORE 41 
DO 90 1 • I. N STORE 42 
SPRT4C!I - R4(I) STORE 43 

90 CONTJNUE STORE 44 
DO 10(1 I • 1. 3 STORE 45 
S~(II • ~~(I) STORE 46 

100 CONTINl:JE STORE 47 
DC' 70 hI.2007 STORE 48 
HHPrtIII.XXPRIII STORE 49 

70 CnNTINLJE STORE 50 
DO ,,0 hl11207 STORE Sl 
HH~S(II.XXPS(I) STORE 52 

80 CONTINlJE STORE 53 
JCO"lS.l STORE S4 
RETuRN STORE 5S 
END STORE S6 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

Clph1 

SU8~OUTIN~ STRUCT(NTOW.NSIDES.HTOW.BUNL.SEGL.NBUNHl.WHX.WATE~w. 
1DFA~.NnF·.ROOFL.CSTRUC.CFND) . 

THIS ~U8ROUTINE CALCULAtES THE STRUCTURAL AND FOUNDATION 
COSTS FO~ A SYSTEM OF ROUND COO~1NG TOWERS USING THE 
DELUGED HOTERV SURFACE 

DEFIN~ V~RIABLES 

CFC 
CRC 
CFDF 
elF 
CxB 
CD 

ApF 
A~EA~ 

A~EAT 
BrfNL 
OFA'" 
!)TOW 
Io(TOI<' 
NBUNCL 
NRLJNHI 
NBUNS 
NnFl 
NOF 
NO~pT 

NSIDES 
NTow 
ROO~L 

SEGL 
IiiHX 
WTBUN 

-ROOF AREA PER FAN(FT •• 2) 
-SwEPT AREA PER FA~lFT •• 2) 
-ROOr AREA PER TOWER(FT •• 2) 
-RUNDLE LENGTH(FTI 
-rAN OIAMETER(FT) 
-TowER DIAMETER(FT) 
-TOWER HEIGHT(FT) 
-NUMBER Or BUNDLE COLUMNS 
-NUMBER OF BUNDLES VERTICAL 
-NUMBER OF SEGMENTS PER BUND~E 
-NUMFlER OF BUND~ES ~ER TOWER 
-TOTAL NUMBER OF FAHS 
-NUHBER OF FANS PER TOWER 
-NUMBER OF BUNDLES ~ORIZONTA~ PER TOWER 
-NUMBER OF TOWERS 
-ROOF LOA-O(LBFl 
-SEGMENT ~ENGTH(FT) 
-WEIGHT OF AL~ HEAT EXCHANGER BUNDLES(~BF) 
-WEIGHT OF ONE BUND~E(LB~1 

- COST OF FAN CO~UMNS (5) 
- COST OF BUNDLE CO~UMNS 15) 
- COST OF FAN DECK FRAMING (5) 
- COST OF INTERMEDIATE FRAMING (S) 
• COST OF X-BRACING (5) 
- COST OF DECKING (s) 

C'3A 
CFR 
CFNO 
CSToUC 

• COST OF BUNDLE ATTACHME~T p~ATES (51 
• COST OF FLOW REDIRECTI~G SHEETS (5) 
- COST Or THE FOUNDATION AND SITE pREPERATION (5) 
- COST Or THE FOUNDATION AN~ STRUCTURAL 

ELEMENTS FOR THE ENTIRE SYSTEM OF ITOWN TOWERS (51 

REAL NOr 
PI-3.1 4 159 
NOBcN~!DES*NBUNHI 
NRU~scRUNL/SEGL·1 
N~UNeL·NSIDES.NBUNS 
WTBUN.IW~X.WATERW)/(NOB.NTOWI 

rAN~S • OFAN*DrAN 
Nt'lFOT.NOF/NTOW.l 
AREAT. ,2S.FlUNL.*2*NSIDES/TAN(Z.*3.14159/(2,.NSIDESI) 
AI'F.AREAT/NOFpT 
SRAPF.SQRT(ApFI 
AREAFc~1R54.NOrPT*FANDS 

A.49.62.MOFpT.HTOW 
B:APF.ctOOFL 
e.17.0 9*FANDS·1B400. 

06/05/78 07.59.59 

STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUeT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUeT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
SHUCT 
ST~UCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 
STRUCT 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
11 
18 
19 
20 
21 
22 
23 
24 
25 
26 
21 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
109 
50 
51 
52 
53 
54 
55 
56 
57 
58 

t 

... 



• 
c;U9~OUTINE STRUCT 14/14 OPh1 FTN 4,5.4}4 06/05118 07,59.59 

• CFC.A.lrB.C)/129340 •• ,4) STRUCT 59 
C STRUCT 60 

A.13.8S.NBUNCL.HTOW STRUCT 61 
BaN~UN~I·WTBUN/NBUNS STRUCT 62 
C.ROOFL.AREAT/NBUNCL STRUCT 63 
CBC.A·'(B·C)/54810 •• 4.) STRUCT 64 

C STRUCT 65 
A.0.0682.AREAT.SRAPF STRUCT €If, 
B.17,O*FANOS/APF.ROOFL STRUCT 67 
CFO~.Aa(B/45.5 •• 5) STRUCT 68 

C STRUCT 69 
ILEVEL • HTOW/25,O STRUCT 70 
crF • 136.1.NOFPT.SRAPF.ILEVEL STRUCT 71 

C STRUCT 72 
A_16.74aNOFPT STRUCT 73 
B.S~RTIHTOW.HTOW.ApF) STRUCT 74 
CxB.A·S STRUCT 75 

C STRUCT 76 
CO-1,631a(AREAT-AREAF) STRUCT 77 

C STRUCT 78 
CBA.O.02B2.WTBUN.NOB SiRUCT 79 

C STRUCT 80 
CFR.8.lBQ.NSIDES.BUNL*rNBUNHI-1) STRUCT 81 

C STRUCT 82 
CFNe • (O.8202.AREAT • O,0489.NOB*WTBUN).NTOW/l.21 STRUCT 83 

C STRUCT 84 
CSTRUC • NTo-·rCFC.CBC.~FDF.CIF.~XB.CD.CBA.CFR)/1!21 STRUCT 85 
RETURN STRUCT 86 
END STRUCT 87 



SUBROUTIN~ SUMCOS OPhl 06/05/78 07.59.59 

C 

SUBROUTINE SU~COS(FCR,PSIZE,CAPF.CCOSl,CPIPl,CONBAl,ATUBC,CPLEN, 
SFBACC,~MCST,STRUCC,CFOUND,CAPCST.SPCDl,SSCD'HRFACl'HRFAC2,YFP, 
S PLANC, C~ANl, CLSU~, FCSU~, COS~l, CSTLV1, CSTHS1, CFANEl, CYLR~l 
S ,~ATCONA,~ATCOST) 

C THIS ROUTINE REPORTS THE FINAL caST SUMMARy 
C 

COt.!'-'O"l/SUMl/ 
S COOLZ, CAPZ, SCALEZ, ENERGZ, BASEZ, OANDMZ, TOTAL 

6001 FOR",AT(lHllll,T17,"C A PIT A L COS T SUM MAR Y II 
S,T7Z,"U NIT ENE R G yeo S T SUM MAR Y"I 
5,T16,43 (lIe ll ), T71,52 (lie ll ) III) 

6010 FOR~AT( 
L T2,IICODLING SYSTEM CAPITALII,T48.F13.0 
R,T69,IICOOLING SYSTEM CAPITALII,Tl19,GIZ.61 

6020 FOR"'ATI 
L T4,I'TnWERII,T3S,F13.0 
R,T72,"TOWERII,TI06,G12~6) 

6030 FOR",AT ( 
L T7,IIHEAT EXCHANGERII,T23,F'l3.0 
R,T7S II HEAT EXCHANGERII,T93,G1Z.6) 

6040 FOR""TI . 
L T7,IIPLENUMII,TZ3,F13.0 
R,T7S,IIPLENUMII,T93,GIZ.6) 

6042 FOR",AT I 
L T7,IILOUVERSII,T23,F13.0 
R.T75,IIL:OUVERSII,T93,G12.6) 

6044 FORMAT! 
L T7,IIHAIL SCREENSII,T23,F13.0 
R,T75,IIHAIL SCREENS",T93,G12.6) 

6050 FOR",ATI 
L T7,IIFAN SYSTEMII,T23,F'l3.0 
R'T75,II~AN SYSTEMII,T93,G12.6) 

6060 FOR",AT( 
L T7,IISTPUCTUREII,T23,F13.0 
R,T7S,IISTRUCTUREII,T93,G12.6) 

6070 FClR"1AT I 
L T7,IIFr)UNDATIONII.T23,F13.0 
R, T75 ,lIjrOUNDA TI ON", T93, G12. 6/1 

6080 FORldT I 
L T4,IIPtPINGII,T3S,F13.0 
R,T 72,IIPlpING",Tl06,G12.6) 

6090 FOR",AT I 
L T •• IICONDENSERII,T3S,F13.0 
R,T 72,IICClNDENSER",TI06,G12.6) 

6100 FClR~ATI 
L TZ,IICAPACITY PENALTYII,T48,F13.0 
p, T69, IICAPAC ITY PENAL TYII, Tl19, G12' 6/) 

6110 FOR",AT( 
L T2,IIPL.:A"IT SCALING",T48,F13.0 
R.T~9,IIPLANT SCALING",Tl19,G12.6) 

6'120 FORMAT! 
L T4.IISTEA'-' SUPPLY",T3S,F13.0 
R,T72,IISTrA~ SUPPLYII,TI06,G12.6) 

6130 FOR ... ATI 
L T4,II~A5E F'LANT",T3S,F13.0 
P,T7Z,1I8ASE PLANT",TI06,G12.6) 

SUMCOS 
SUMCOS 
SUMCOS 
SUMCOS 
SUMCOS 
SU~COS 

SUMCOS 
SUtolCOS 
SUMCOS 
SUMCOS 
SUMCOS 
SUtolCOS 
SU~COS 

SUtolCOS 
SUMCOS 
SlJ"1COS 
SUMCOS 
SUMCOS 
SUMCOS 
SUMCOS 
SUMCOS 
SU~COS 

SUtolCOS 
SUMCOS 
SUMCOS 
SUMCOS 
SUMCOS 
SUtolCOS 
SUMCOS 
SUMCOS 
SUMCOS 
SUMCOS 
SUMCOS 
SUMCOS 
SUMCOS 
SUMCOS 
SU~COS 
SUMCOS 
SUMCOS 
SUMCOS 
SUMCOS 
SU"'COS 
SUMCDS 
SU~COS 
SUMCOS 
SUtolCOS 
SU~COS 
SUMCOS 
SUMCOS 
5UMCOS 
SU~COS 
SUMCOS 
SUMCOS 
SUMCOS 
SUMCOS 
SU~CDS 

SU~COS 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
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50 
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52 
53 
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56 
57 
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.. 
~UBROUTINE SUMCOS Ob/05/7B 07.59.59 

6132 F'OR"IATI 
L T7,"HEAT RATE",T3B,F'13.0 
R,T 7S,III1EAT pATE",nOB,G12.6) 

6134 F'OR"IATI 
LT7,ttF'ANS AND FlUMFlSII,T38,F'13.0 
R,T75,"FANS AND FlUMFlS",TlOB,G12.61) 

6136 F'OR"IATI . 
L T2,IIWATER",T4B.F'13.0 
R.T69,ttWATEPII,Tl19,G12.6/) 

6140 F'OR'1ATI 
L T2,IILAND",T4B,F13.0/l 

6150 FOR"IATI 
L T4B,131'1_")1) 

6160 F'OR"IATI 
L T2,"TOTAL CAFlITAL COST",T46,1I$".T48,F13.0 
P,T69,"TOTAL CAFlITAL COST",Tl19,G12.6/) 

6170 FnRMATI . .-
R ~69,IIENERGY FlENALTYII,Tl19.G12.6/) 

6180 FORMAT I 
R T69,"ADDITIONAL BASE FlLANT FUEL",Tl19.G12.6/) 

6190 FOR"IATI 
R T69,"OFIERATION AND MAINTENANCE"~Tl19,G12.6/) 

6200 FORIoIAT I - - . 
R,T7"."TOTAL",Tl19,G12.6) 
YFFI~1 • vrFl • 1. 
FACTOR- F'CR/CPSIZE.CAPF.8760) 
WRITE(b,6001) 
WRITE(6,6010) ICCOSl.CFlIFll*CONBAll,I ICCOS1,CPIFll.CONBAl)*rACTOR) 
WRITF(6,6020) CCOSl,CCOSl*FACTOR - -
WFlITEI6.6030) ATUBC,ATUBC.FACTOR 
WRITE/6.6040) CPLEN,CPLEN.FACTDR 
WPITE(6,6042) CSTLVl, CSTLVl*fACTOR 
WRITE(6,60'4) CSTHSl, CSTHS1.~ACTOR 
WRITE/6.6050) IFBACC • FMCST • CYLRNI • CFANEI) 

$ , /FBACC • FMCST • C'LRNI * CFANEll • FACTOR 
WRITE/6,6060l STRUCc.STRUCC*FACT9R 
WRITE/6.6070) CFOUND,CfOUND*FACTDR 
WRITE/6,60BO) CFlIPl.CFlIFlI.F'ACTOR 
WRITE/6,6090) CONBAl,CONBAl.FACTOR 
WRITE/6,6100l CAFlCST,CAPCST*FACTOR 
WRITE/6,6110) SFlCDl,SFlCDl*FACTOR 
WRITEI6,6120) SSCD.HRFA~2/HRFACl*VfPFll,SSCO.HRFAC2/HRFAC1.VFFlFll* 

SFACTOP 
WRITE/6.~130) FlLANC*(HR~AC2/HRFAC1*YFFlFll_1.l*10,*·3 • FlSIZE, 

S FlLANe*(HRFAC2/HRFACl*VFPFll-l.)*10**3 * FlSIZE * FACTOR 
WRITE(6,6132) PLANC*/HRF'AC2/HRFACl • 1.)*10.*.3*P5IZE, PLANC* 

1/HRFAC2/HRFACl • 1.l.10;**3*FlSIZE.FACTOR -
WRITE/6,6134) FlLANC*HRFAC2/HRFACi*/VFPFll • 1.)*10.**3.PSIZE,FlLANC* 

IHRFAC2/HRrACl*(YFFlFll • 1.)*10.*.3.FlSIZE.FACTOR -
WRITE/6.6136) WATCONAa/.1203/1000.)*WATCOST,WATCONA*/.1203/1000.) 

1·WATC05TI/FlSIZE*CAFlF*B760.) 
WRITE/6.6140) CLANI 
WRITE/6.6150) 
WRITE/6,6160) CLANl.SPCD1.CAFlCST'CCOSl'CFlIFll.CONBAl 

$.ICL.Nl'SPCDl.CAFlCST.CCOSl.CFlI Pl.CONB Al)*FACTOR . 
WRITE/6,6170) CLSUM 
WRITE/6.61BO) FCSUM 

SU"ICOS 
SUMCOS 
SUMCOS 
SUMCOS 
SUMCDS 
SUMCOS 
SUMCOS 
SU"ICOS 
SUMCOS 
SUMCOS 
SUMCOS 
SUMCDS 
SUMCOS 
SUMCOS 
SUMCOS 
SUMCOS 
SUMCOS 
SUMCOS 
SU"ICDS 
SUMCOS 
SUMCDS 
SUMCOS 
SUMCOS 
SUMCOS 
SUMCOS 
SUMCOS 
SUMCOS 
SU'4COS 
SUMCOS 
SUMCOS 
SUMCOS 
SUMCOS 
SUMCOS 
SUMCOS 
SUMCOS 
SUMCOS 
SUMCDS 
SUMCOS 
SUMCOS 
SUMCOS 
SUMCOS 
SUMCDS 
SUMCOS 
SUMCOS 
SUMCDS 
SUMCDS 
SUMCOS 
SUMCDS 
SUMCOS 
SUMCOS 
SUMCOS 
SUMCDS 
SUMCOS 
SUMCOS 
SUMCOS 
SUMCOS 
SUMCOS 

59 
60 
61 
62 
63 
b4 
65 
b6 
f>7 
b8 
69 
70 
71 
72 
73 
74 
75 
76 
17 
78 
79 
BO 
Bl 
82 
B3 
B4 
B5 
B6 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
9B 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
III 
112 
113 
114 
115 



5UB~OUTJ~E SUMCOS 

WPITE(6,61901 COSMl 
TOTAL - (CLANl • SPCDl • CAPCST • CCOSl • CPIPl • CONBA1' • 

S FAcTOR .CLSUM • FCSUM • COSMl -
S.WATCO~A.(.1203/1000.).WATCOST/(~SIZE·CAPF.8760.) 
W~ITE(6,6200) TOTAL 
COOLZ·(CCOS1·CPIP1.CONBA1)·FACTO~ 
CAP7.-CAPCST.FACTOR 
SCALEZ-SPC01.FACTOR 
ENEQGZ-CLSUM 
BASe:Z.FCSUM 
OANnMZ-C05t-'1 
END 

06/05/78 

SU,",COS 
SU,",COS 
SU,",COS 
SU,",COS 
SUMCOS 
SU"4COS 
SUMCOS 
SU"4COS 
SU"4COS 
SU'"'COS 
SU14COS 
SU,",COS 

• -

07.59.59 

• 116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
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.. 

14/74 OPT:l 

SUB~('\lITINE SUMMARY 
LOGICA~ rIRST,rRST,rXTEMP,rXTVA~,rXTTTD,FXTLNG 

COM~ON 
f Ar TR , ALPHA, ANG(3) 
.. ,BI)LIM(lf" 
$ ,CAPri CSSPKW, CONF, CONL, COSTL, CAPCHG, CON~AT, CONMA2,CAF 
5 ,C3J' CTURS, CDANG, CLUVR, CHAILS, CVM 
$ ,DrIN'OEEPL,DESVEL,DESVELV,DESVELD,DENSIF 
5 ,[c°Fp, Ers 
5 ,FCR,FIRST,FIXL.FCOS,FFHX,FXTE~p,rACToR,FRST,FACTORD,FSHOT,FDELUG 
5 ,FIXV,FIXTTD,FXTVAR,FXTTTD,FXTLNG 
$ ,GeEF"-
$ ,HXNP,HP:ST,HCD 
5 tITMAX, ITMIN 
S ,JCONS 
S ,KeONV, KALEXT 
s ,MxEXT 
S ,NTA,NSIDES,NSUNHI 
COM~ON 

5 OOR 
5 ,PSr7E, PER, PWCOS, PLANC, PFAC1, POMDPL 
5 ,PnHBAF, POHFAN, POHLEC, POHCIRj POHCND, POHSTC, POHSCL 
S , qRP,REDUCE, REDUCV, ROOFL, RH9UT 
5 , oREJ, QREOUCE, QREOUCV 
5 ,SIaMAG, SAAF, SEGL 
5 ,TO, TPO(4), TEFF, TLIM, THFIN, TLPRA, TrIX 
5 ,TCO, TW 
S ,UCS, UWS 
$ ,W~V, WATCONA, WATCOST 
S ,VAS!S) 
5 .XOEPA, XW, XD 

COMMON ISINKI VAR(5), CPLN1, CPIP1, CCOS1, W31, COSM1, EFF1, 
5 QIN1, CLAN1, REAI1, Zl,HRFA2S, W41, ul, OEPW1, PPOW1, 
S rpOW1. OEFC1, WIDT1, ELEN1, vAIR1, VWAT1, HI1, H01, T41, 
5 ~EWA1, NW1, NT1, NP1,ZPLNC2,ZSIZ12, ZSPBP, SW41, SW31, 
S SPC1, PTOT1,PLNC31. ArR01, AAIR1,YFPMIN, SPCD1, SPS13,WT2MIN, 
s BP2MIN,NW2MIN, TCOS1, DEPA1, DPWT1, OPWC1,CONBA1, XNT51, VELDl 
5, TLA1, UCON1, PMCS1, FMCS1. FiAC1, ErFC1, CH1, CAl, C51 
5 ,CLTC1, CFC1. CPCC1,FITC01, ·CSC1,CEPRE1,OEPIP1, AST1,OLDCSl 
S,CAPCS1,XNFAN1,BLOAN1,CPLEN1,DPF(Ll, WHI, WTTU1' ADI1, ABLl 
5, \IITH01. WTFR1,STRUC1,CrMPF1, ~PPF1,TOTCF1, TP1,ErFIN1, ANTUl 
5, AYRF'l, WATFF1. XNMOD1, TCTPF1, rOCPF1, rMTRC1, ACTTP1' AOJTPl 
5, ACTBP], AOJBP1, ACTVH1, ADJVH1, ADJPP1, THI)AI1, TCTrl , AFCSTl 
5. cS~l, WATERl, WSTRC1, CFOUN1, HuBDI1, TOWLE1, NUMT01, CTowDl 
5 ,SORJt,SQRJS1,ATUBC1,CBA1,TTOll,TT021,DELPS1,CSTLV1,PI,CTOl 
S ,C5TH5l, CYLRN1, CFANE1, PSTAC1, PUFIT1, PMPCS1, RPTPL1' SEPCSl 
5 ,PWDl (16) ,WATCWDl (16) ,OEPERl (i61,DEPERQlI161 
5 ,weBltHTOW1,NTOWDE1,CSTIrl,CSJ1.CvFltCDP1.wSl 

COMMON ISCALER/HRFAC1, ATUB, CPERl, - SSCD,PLANC1,CASSS1, 
5 GAIR, FAIR, HPAIR, HPWAT, WLRTP, PLANCTl -

COM'10 N/SU'"1Z/ 
5 COOLl, CAPZ, SCALEZ, ENERGZ, BASEZ, OANDMZ, TOTAL 

COM'10N/POWz/ 
5 T~pMXZ, POWMAX 

C("\M'10N/DZZI 
5 DESKEP(lO,BI, NOCRDS 

WRITE(6,6010) 

SUMMARY 
BIGCO"'l 
BI3CO"'l 
BIGCO'"1 
BIGCOM 
SIGCOM 
BIGCOM 
BIGCOM 
BIGCO'" 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCO'" 
BIGCOM 
BIGCO'" 
BIGCOM 
BIGCO'" 
BIGCO"'l 
BIGCOM 
9IGC0'"1 
BIGCOM 
BIGCOIol 
BIGCOto1 
BIGCO"'l 
BIGCOIo\ 
BIGCOIo\ 
BIGCOM 
BIGCO'" 
BIGCOIo4 
BIGCO'" 
BIGCOIo\ 
SINK 
SINK 
SINK 
SINK 
SINK 
SINK 
SINK 
SINK 
SINK 
SINK 
SI NK 
SINK 
SINK 
SINK 
SINK 
SINK 
SINK 
SCALER 
SCALER 
SU14MARY 
SUMMARY 
SUMMARY 
SUM~UY 
su""~A~y 
SUMMARY 
SUMMun 

2 
2 
3 
4 
5 
6 
7 
B 
9 

] 0 
11 
12 
]3 
14 
]5 
16 
17 
]8 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2A 
29 
30 
31 

2 
3 
II 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

2 
3 
6 
7 
8 
9 

10 
11 
12 
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DO qOO Ial.NOCRDS SUI4I4ARY 13 
WRITEC6.60001 COESKE~IItKl .K-1.81 SlIl4MARY 14 !loa CONTINUE SUI4MARY 15 
WRITEC6.60201 SUI4MARY 16 
IrIRITEC6.50001 SU14I4ARY 17 
w~ITEC6.S0101 SW41/1000000. SUMI4ARY 18 
WQITEI~.50201 VAIRI SUI4I4APY 19 
IrIPITEC6.50301 DE~Al/144, SUI4MAPY 20 
wpITE16.50401 ACTVHl SUMMARY 21 
WPITEC6.50501 F'~OWI/IOOO. SUMMARY 22 
NF'A",ZaKNF'ANl·,Ol SU14MARY 23 
WPITECO.!0601 NF'ANZ SUMI4APY 24 
WRITE16.50701 SUMMARY 25 
WPITEI6.50MI W31/1000000, SUI4I4ARY 26 
WPITEC6.!'i090) DDWTlI144, SU,",MAPY 27 
IrIRITEI6.5100) ~~OWI/IOOO. SUMMARY 28 
IrIQITEI~.51101 SUMMARY 29 
IrIRITEI6.S1Z01 NUMTOI SU,",MARY 30 
WQITE16.51301 CTOWDI SU,",MARY 31 
W~ITE 16,5140 I HTOW1 SU,",MARY 32 
W~ITEI6.5150) AFR01/1000000. SU14I4ARY 33 
WPITEC6.51601 AA!Rl/lOOOOOO. SUI4MAPy 34 
WRITEC6.S170) ELEN1 SUMI4APY 35 
NZ1.Zl*.01 SUMMARY 36 
WRITEc6,5l801 NZI SU,",I4ARY 37 
WRITEC6.5190) SUI4I4ARY 38 
WRITE16,5200) CASTl·ll.·YF'~I4IN))/lOOOOOO. SUI4I4ARY 39 
WPITEC6,S210) VAR(3) SUMMARY 40 
IrIpITEC6.52201 SUMMARY 41 
WPITEC 6 .S230) B~2MIN SUMI4ARY 42 
WPITEC6.S2401 TB~MKZ SU14I4AQY 43 
IrIPITEC6.5250) ~OWI4AX SU,",I4ARY 44 
W~ITEC6.5260) OEI'ERlll) .100, SUMI4APY 45 
WQITE'l6,5270) W51/F'ACTORD SU14MARY 46 
IrIPITEC6.5280) SU,",MARY 47 
WRITE H,.5290) COOLZ SU14MARY 48 
WpITEC6.S300) CA~Z SU,",MARY 49 
WQITEC6,5310)SSCO.HRF'A2S/HRFAC1.1YF'I'MIN.l.).FCR/C~SIZE.CAPF.a760.) SUMMARY 50 
WRITEC6,S311)~LANC.IHRF'A2S/HRF'AC1-l,).1000 •• F'CR/I~A~f.8760,) SU,",MARY 51 
WPITEC6.5312'I'LANC.HRF'A2S/HRF'ACl·YF~MIN.lOOO •• FCR/CCA~F.8760.) SUMMARY 52 
WpITEC6,5320) ENERGZ SU14MARY 53 
IrIRITE(6,5330) BASEZ SUMMARY 54 
WPITE16,53401 OANO,",Z SUI4MARY 55 
WRITEC6.5345)WATCONA.(.1203/1000.)aWATCOST/(PSIZE·CA~F'a8760,) SUI4MARY 56 
WPITEC6,5350) TOTAL SUI4MAPY 57 

5000 FCIR .. ATIll(,TIl,"AIR FLOW ~ARAMETERS"I) SU,",I4ARY 58 
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FORIo1A TI I X.Tt6."TOWERS".T41."NUMElER".T56,I4) 
FOR",ATllx.T16."APPROX. TOWER DIAMETERII,T41."FT".T56,F5.0) 
FQRIo4AT'IIX.Tt6."TOWER HEIGHT",T41,IIF'TII.T56,F6.1) 
FORIo1ATIIX.T16. II FRONTAL AREA",T41'''10**6 SQFT",T58'F6.3) 
FnR",ATIIX.T16'''HEAT TRANSFER AREA",T41. II I0**6 SQFT'I.T57,F5.1) 
FORIo1ATIIX.T16."TUBE LENGTR",T41,uFT",T57,F5.1) -
FORIo1ATIIX.T16,"TUBE ROWS IN DEPT~",T41'''NUMBER'',T57,I3'/) 
FORIo1ATllx.Tll '''CONDENSER DESIGN",/) 
FOR",ATIIX.T16."HEAT TRANSFER AREAII.T41. II I0**6 SQFT",T5B,F6.3) 
FORIo1ATIIX.Tl6,IITTDII.T41,IIDEG F".T5B,F5.2,/) 
Ft\R"IA Til x. Ttl. "PERFORMANCE PARAMETERS", /) 
FnR"IATIIx.T16'''DESIGN TBplI.T41,"IN HG",T58,F5.2) 
FOR"IATllx,T16."MAXIMUM TBP",T41,"IN HGII,T5B,F5.2) 
FDRIo4AT(1~,T16,"POWER AT MAXIMU"I TBP",T41,IIMW",T55,F7.1) 
FOR"IATllx.T16'''''IAX. PERCENT DELUGEII,T56,F6.1) 
FORIo1ATllx.T16."MAX. EVAPORATION RATE"'T41."GPM",T54,F7.0/) 
FORIo1ATIIX.Tll,"COST SUMMARY"./) -
FORIo4ATIIX.T16,"COOLING SYSTEM",T41."MILLS/KWHII,T57,F6.21 
FORIo4ATIIX.T16,IICAPACITY ".T41,IMILLS/KWHtI,T57,F6.2t 
FORIo4ATllx,T16."STEAM SUPPLY SCALtNGII,T41,IIMILLS/K~HII'T57'F6.2) 
FOR"IATllX,T16,IIHEAT RATE SCALING ",T41,IIMILLS/KWHII,T57,F6.2) 
FORIo1ATIIX.T16,"FAN AND PUMP SCALING".T41,tlMILLS/KWHII,T57,F6.2) 
FORIo1ATIIX.T16."ENERGY ",T41,"MILLS/KWHtI,T57,F6.2) 
FnR'4ATIIX,T16,IIBASE FUEL ",T41,IIMILLS/KWHII,T57,F6.2) 
FOR"IATI11(,T16,"O AND M "'T~lt"MILLS/KWHII,T5t'F6.2) 
FORIo4ATIIX,T16,"WATER",T4 1,"MILLS/KWHII,T57.F6.2) , 
FOR"IATIIX,Tl6,IIINCR. COST OF COOLINGII,T41."MILLS/KIiH",T57,F6.2) 
FORMATIIx,Tll,8A10) " 
FQR"IATIIHll 
FORIo1ATllX,/I/) 
RETURN 
END 
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SUB~OUTINE SURCON (ISUR, KGA, ~D, TLA, XNTS, AR~S, XNS, CONCST 
S ,CON~AT' ~OHCNC) 

~~Or.RAM SURCON DETERMINES T~E CA~ITA~ COST Of A SINGLE 
~RESSURE OR SERIES-CONNECTED SURfACE CDNOENSER. REfERENCE 
"!I;U~F'ACE CONDENSERS fOR LAND INSTALLATION", FORM PLi312, 
WESTINGHOUSE ELECTRIC COR~DRATION, 26 NOVEMStR 1968 
UPDATED ON fEBRUARY 12, 1976 TO CURRENT PRIC~S 

DEFINITION Of VARIABLES 

ACCF 
AODE~ 
UIPS 
AUXCST 
CfAC 
CONCST 
CONMAT 
DSCT 
ERTCST 
f 
FETCST 
FOD 
POHCND 

SHLCST 
TeSTPf 
wT 

015 
OITS 

- ACCESSORY COST CORRECTION FACTOR FOR THE CONDENSE~ 
- INCREASES COST Of TUBING MATERIAL 
- AREA PER SHELL OF THE CONDENSER (SQ FT) 
- AUXILIARY COST (Sf 
- LENGTH CORRECTION fACTOR (DIMENSIONLESS) 
• CONDENSER COST (S) 
- VARIABLE FOR CONDENSER MATERIA~ (DIMENSIONLESS) 
- QUANTITY DISCOUNT-FOR TUBES (DIMENSIONLESS) 
• ERECTION COST (S/'Q FT) -
- TUBING LENGTH ~E~ALTY (DIMENSIONLESS) 
- fIELD ERECTION COST (S/SQ FT) -
- TUBE SIZE fACTOR 'DIMENSIONLESS) 
• INDIRECT COST fACTOR FOR THE TUBEt SHELL, AND 

FIELD ERECTION COSTS (DIMENSIONLESS) 
- SHELL COST FOR THE CONDENSER (S) -
- TOTA~ COST OF TUBING MATERIA~ CS/FT) 
- WEIGHT OF TOTAL AMOUNT OF TUBES IN-THE CONDENSER 

(~BF ) 
- NUMBER Of SHELLS IN THE CONDENSER (DIMENSIONLESS) 
• NUMBER OF TUBES PER SHELL IDI~ENSyONLESS) 

DEFINITION OF ARRAYS 

TUBMA 
CL 
CL.:M 
ROEL 
GAGU 
THKUN 
ODLINE 

LOGICAL.: FIRST 

- TUBE MATERIAL (NAMES) 
- TUBE fIxED COSTS lSI 
- TUBE MATERIAL COSTS (I/LBM 
- DENSITY Of TUSE ~ATERIALS 'LB~/CU IN) 
- TUBE GAGE (DIMENSIONLESS) 
- THICKNESS Of TUBE (IN) 
- COMMON DIAMETERS Of TUBES (IN) 

DIMENSION XLCST(6,2), SCC1(6), SCC2(6) 
DIMENSION TUBMA(13), CL(10), CLM~10), ROE~(10), G~GLI(71' 

• THKLPI(7), ODUNE(6), fF(10,'1 
COMMON IRPRT31 TUBCST,SHLCST'FE~CST,CONBA7 

TDBING MATERIALS, ~OSTS, AND D~NSITY 

DATA CL I 0.00, 0,00, 0,00, 0,08, 0:04, 0.38. 0.12, 0.20, 0.15, 
• 0.10 I 

DATA CL.:M I 1,30, 1.52, 1.83, 1.40, 1.36, 0.44, 0.~2, 1.63, 7.60, 
• 7.00 I 

DATA ROEL I 0.308, 0.323. 0,323, 0.0975, .0975, 0!284, 0.284, .290 
S ,0.163. 0.163 I 
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C 
C 
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C 
C 
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C 
C 

C 
C 

C 
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C 
C 
C 
C 
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C 
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C 
C 
C 

DATA TUB~A 1 "ADMIRALTY", IICU-I0 NI ", "CU-30 NI ", 
• "6061-T6 AL", "3003-H14 All, "STEEL SEAM", 
• "STEEL WELD", "30lt SIS-WE", "TITANIUM 111, 
• "TITANIUM 2", "LIND~ CS14". "LINDE AL12". 
• "LINDE SS16"1 

STANDARD TUBE DIAMETERS. GAGE, AND THICKNESS~S 

DATA ODLINE 1 0.625, 0.750, 0.S15, 1.000. 1.125, 1.250 1 
DATA GAGLI 1 12., 14., 16., lB., ~O., 22 •• 24, 1 
DATA T~KLIN 1.109 • • OS3, .065, ,049, .035 •• 028, .021 1 

TOBING LENGTH PENALITIES 

FOR COPPER ALLOYS 
DATA (FF(1,J),Jal,7)1 0.00, 0.00. 0.00, 0.00, 0.07, 0.08, 0.09 1 
DATA (~F(2,J)'Jal'7)1 0.00. 0.00. 0.00, 0.00, 0.01, O.OS' 0.09 1 
DATA (Ff(3,JI,J=1,7)1 0.00, 0.00. 0,00, 0,00, 0.07, 0,08, 0.09 1 

FOR ALUMINUM 
DATA (Ff(4,J),Jal,7)1 1.00, 1.00. 1.06, 1.10. 1.14, 1,lS, 1.22 1 
DATA (FF(5,J).Jal,7)1 1.00, 1.00. 1.06. 1.10, 1.1 4 , 1.18, 1.22 1 

FOP STEEL 
DATA (PF(6,J),Jal,7)1 1.00, 1.00, 1.09, 1.13, 1,11, 1.21' 1.25 1 
DATA IFFI1.J),Jal.1)1 1.00. 1.00. 1.09, 1,13, 1.1 7 , 1.21' 1.25 1 

FOR STAINLESS STEEL 
DATA (FF(8,J),Jal,7)1 1.00, 1.00. 1.00, 1.04, 1,08, 1.12, 1.16 1 

FOR TITANIUM 
DATA (FF(9,J),Jcl,7)1 0.00, 0.00, 0,00, 1,05, 1,05, 1.10' 1,10 1 
DATA (Ff(10,J),Ja1,7)1 0.00, 0.00, 0.00, 1.05, 1,05, 1.10, 1.10 1 

CONSTANTS FOR COST EQUATION FOR BASIC CONDENSER SHELL AS A 
FUNCTION OF TUBE 0.0. (UPDATED FEBRUARY, 191~) 

DATA SCCl 1 0.00000. 1.69583, 8.805882, 10.83636, 12.954545, 
• 15 ,22326 1 - -

DATA SCCZ 1 00000.00, 97125.00, 102164.71. 102181.82, 103272,73. 
• 102237.21 1 -

COST Of FIELD ERECTION AND TUBIN~ PER SQUARE FOOT OF 
SURFACE AREA IS BASED UPON INFORMATION SUPPLIED BY 
WESTINGHOUSE COMPANY AND AVERAGE WAGE LABOR RATES OBTAINED 
FRO~ JUNE 1975 CONSTRUCTION-REVIEW 

DATA ERTCST 1 2.50 1 

DEFINING THE CASE UNDE~ CONSIDERATION 

IF(.NOT.FIRST) GOTO 55 
LFLAGaO 
00 10 I • 1, 13 
ITUI:I"'A a I 
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C 

Ir(CON~AT .EG. TUB~A(I)) GO TO 55 
1 0 CONTINUE 

lriRITE(6,11l 
LrLAG .. l 

11 FOR~AT(5X,"NO ~ATCH FOR CONDENSER TUBE ~ATERIAL"1 
IF(~FLAG.NE.OI STOP 

55 CONTINUE 
FIRsT" .FALSE. 

C OETER~INE TOTAL LENGTH OF TUBING REQUIRED AND cORRESPONDING 
C QUANTITY DISCOUNT 
C 

C 

C 

IF(TOTLT-60000.1102,101,101 
101 DSCT.O.04 

GO TO 103 
102 IF(TOTLT-30000.1105,104,104 
104 DSCT.0.02 -

GO TO 103 
105 Dset.O. 
103 IF(ITUB~A.GEol1) GO TO 107 

KI( .. 7 
00 106 I c 2, a 
IF'(TLA .GE. !lO.O-I)) KK .. 1-2 

106 CONTINUE 
F c rFIITUBMA,KK) 
AODER • 0.00 
IF (ITUBMA • LT. 4 I ADDER .. F 
Ir(ITU8MA .LT. 4) r .. 1.00 

C OETERMINE TOTAL COST or TUBING MATERIAL 
C 

e 

lriT .. 12. - 3.14159 - ROEL(ITUBMAI • (ODLINE(LD)-T~KLINIKGAI) 
S _ THKL.:INIKGA) 

TCSTPF .. CLMIITUB~AI-WT • CLIITUiMAI 
TCSTPF .. Tc~Tpr-F • ADDER 

C TOBE COST ARE F.O.B. COSTS, 1.11 ACCOUNTS FOR PURCHASING 
e AND SHIPPING 
C 

C 
C 

C 

TUBC~T • TOTLT ... TCSTPF ... 11.11 • DSCT) - 1.05 
GO TO 110 

107 GO TO 1108,109.114) ,ITUB~A-I0 
lOS TUBCST .. TOTLT-l.5.1.05-ll.11-DSCT) 

GO TO 110 -
109 TuBesT .. TOTLT.1.6.1.05-ll.11-DSCT) 

GO TO 110 
114 TUBCST .. TOTLT-Z.5-1.05*(1.11-DSCTI 
110 TUB esT .. TuBCST _ POHCND 

C D~TERMINE SHELL COST INCLUDING LENGTH, MULTIPRESSU_E, AND 
C ACCESSORy COST CORRECTIONS. AS APPROPRIATE 
C 

crAC ... 016 - TLA •• 58 
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.. 

\75 

180 

iSs 

190 

j95 

'-'00 

205 

suBRnUTI~E SURCON OPhl 

C 

GO TntIOo.III.112.113).ISUR 
III CFACaCFAC.0.08 

GO Tn 100 
112 CFACaCFAC·0.1b 

GO TO 100 
113 cFACaCFAC.O.03.XNS-0.02 

100 FOD • 1,"0 
IFtLD ~LT, 4) FOO • 0.95 
IFtLD ;E~. b) FOD a 1.05 
ACC~ ~ to.llb.ALOGtX~TS) - 0.48S)-FOO 
IFtITUSMA .EQ. 2) ACCF ~ to.239*ALOGtXNTS - 1.41b)*FOO 

C 
C TME CONDENSER SHELL COSTS ~ERE OBTAINED FROM ~ESTINGHOUSE"S 
C 1973 PRICE LISTING 1312 
C 

C 

AUXCST • O,4S*ARPS.XNS 
BSHCST. tSCCltLD).XNTS • 5CC2t~D)) 
SHLCST.BSHCST.tCFAC.ACCF'-XNS • AUXC5T 

SHLCST • SHLCST - 1.05 -
SHLCST • SHLCST • POHCNO 

C DETERMINE COST OF ~IELD ~RE~TION AND TUBING 
c: 

C 

~ETCST.ERTCST.ARPS-XNS 
FETCST • FETCST • 1.05 
FETCST • FETCST • POHCNO 

C DETERMINE TOTAL COST OF CONDENSER 
C 

C 

cO~C5T.TUBCST.SHLCST.FETCST 
CONBA7·CO~CST 

RETURN 
END 

DIAGNOSIS OF PROBLEM 
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192 
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CARD NR. SEVERITy DETAILS 

IbO A~ IF STATEMENT MAy BE MORE tFFICIENT THAN A 2 OR 3 BRANCH COMPUTED GO TO STATEMENT, 
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SUB~OUTI~E TBPMAX(B~L,~SATMAX,TSATMAX'D~ER,D~ERQ.WATCON,WATCONT. 
1~~AX6RY,T~AXDRy,~DELUG,TDELUG'WATDE'LIC~) 

SUB~OUTINE TB~MAX oETERMINEi THE O~ERATION OF THE HEAT 
T~ANSFER SYSTEM OF THE ~OWER ~LANT WHEN THE BACK PRESSURE 
CURVE OF THE TURBINE IS S~ECIFIED OVER THE WHOLE AMBIENT 
TEMPERATURE RANGE. IT ALSO-DETERMINES THE BACK ~RESSURE OF 
THE TU~BINE OVER THE AMBIENT TEM~ERATURE RA~GE WHEN THE HEAT 
EXCHANGER IS COM~LETELY DRY, -

DEFINITION OF VARIABLES 

A"'TU 

ANTU2 

ATOT 

CONL 

nELl'S 
DELPS2 
DENSIF 

OENSIV 

nENSIV2 

OENSIW 
01 
EF'F 

EI'F2 

ElL'S 

EL:E~G 
EL'EV 
FACTOR 

GAIR2 

8WAT2 

HPG2 

HI2 

- INSIDE AREA OF HEAT EXCHANGER PER TUBE (SQ FT/FTI 
- RATIO OF HEAT TRA~SFER AREA To HEAT EXCHA"'GER 

VOLUME (SQ FT/SQ 'T) -
- NUMRER OF THERMAL-UNITS OF THE DRY HEAT EXCHANGER 

AT DESIGN CONDITIONS (DIMENSIONLESS) 
- NUMBER OF THERMAL UNITS OF THE DRY HEAT EXCHANGER 

AT OFF DESIGN CONDITIONS (DIMENSIONLESS) 
- OUTSIDE AREA OF TME HEAT EXCHANGER PER UNIT 

DIMENSION (SQ FT/rT) . 
- THERMAL CONDUCTIVITY of THE MATERIAL MAKING U~ THE 

HEAT EXCHANGER TUBING (BTU/HR-DEG F.FT) 
- SPECIFIC HEAT OF THE AIR AT THE DESIGN AMBIENT 

TEMPERATURE (BTU/LBM-DEG F -
- SPECIFIC HEAT OF T-HE AMMONIA AT THE DESIGN AMBIENT 

TEMPERATURE (BTU/LBM-DEG F -
- DESIGN SUP~LY ~I~tNG PRESSURE DRO~ (LB/SO FT) 
- OFF DESIGN SUP~LY ~I~ING ~RESSURE DRO~ (LB/SO FT) 
- DENSITY OF THE AMBIENT AIR ENTERING THE HEAT 

EXCHANGER (LBM/CUFT) -
• DENSITY OF THE AMMONIA VAPOR LEAVING THE CONDENSERI 

REBOILER AT DESIGN CONDITIONS (LBM/CU FTI 
- DENSITY OF THE AMMONIA VAPOR LEAVING THE CONDENSERI 

REBOILER AT OFF DESIGN CONDITIONS (LBM/CU FT) 
- DENSITY OF THE AMMONIA LIQUID ILBM/CU FT) 
- INSIDE DIAMETER OF THE HEAT EXCHANGER TUBES (IN) 
- EFFECTIVENESS OF THE DRy HEAT EXCHANGER AT DESIGN 

CONDITIONS (DIMENSIONLESS) -
- EFFECTIvENESS OF THE DRy HEAT EXCHANGER AT OFF 

DESIGN CONDITIONS (DIMENSIONLESS) 
- OUTSIDE SURFACE EFFECTIVENESS OF THE HEAT EXCHANGER 

AT DESIGN CONDITIONS (DIMENSIONLESS) 
- LENGTH OF THE HEAT EXCHANGER TUBES (FT) 
- ELEVATION OF THE PLANT SITE (FT) 
- RATIO OF THE AIR VELOCITY IN THE HEAT EXCHANGER 

WHEN IT IS DELUGED TO THE AIR VELOCITY I~ THE HEAT 
EXCHANGER WHEN IT IS DRY (DIMENSIONLESS) 

- MASS FLUX OF THE AIR THROUGH THE HEAT EXCHANGER 
WHEN IT Is DELUGEP (LBM/SQ FT-HR) -

- MASS FLUX OF THE AMMONIA THROUGH THE TuBES OF THE 
HEAT EXCHANGER (LBM/SQ FT-HR) 

- HEAT OF VAPORIZATION OF AMMONIA AT OFF DESIGN 
CONDITIONS (BTU/L!M) 

- INSIDE HEAT TRANSFER COEFFICIENT OF THE HEAT 
EXCHANGER TUBES AT OFF DESIGN CONDITIONS 
(BTU/HR-DEG F-SQ FT) 
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'14174 

HO 

10402 

Io4~FACl 

NTA 

ODL 
p 

PAT~ 

PE~CENI 

PSI Z 13 

1'12 

1'22 
aORY 

QINl 
Q~EJT" 

QSEC 

!:?ANGE 

RANGE2 

!:?ANGE21 

SIGMAG 

OPTcl Ob/05/78 07.59.59 

- AIR SIDE HEAT TRANSFER COEFFICIENT OF THE HEAT 
EXCHANGER AT DESIGN CONDITIONS (BTU/HR-DEG F-SQ FT) 

- AIR SIDE HEAT TRA~SF~R COEFFICIENT OF THE HEAT 
EXCHA~GER AT OFF DESIGN CONDITIONS 
(BTU/HR-DEG F-SO FT) 

- HEAT RATE FACTOR AT RATING CONDITION 
(DIMENSIONL.ESS) 

- HEAT RATE FACTOR AT DESIGN CONDITIONS 
(DIMENSIONL.ESS) 

- HEAT RATE FACTOR AT OFF DESIGN CONDITIONS 
(DIMENSIONL.ESS) 

- NUMBER OF TEMPERATURE INCREMENTS IN THE AMRIENT 
TEMPERATURE RANGE OF THE P~ANT SITE 
(DIMENSIONL.ESS) -

- NUMRER OF TUBES IN THE WIDTH OF THE HEAT 
EXCHANGER (DIMENSIONL.ESS) 

- OUTSIDE DIAMETER OF THE HEAT EXCHANGER TUBING (t~) 
- BACK PRESSURE OF' THE TURBINE (IN HGA) 
- ATMOSPHERrC PRESSURE AT THE PLANT SITE 

(ATMOSPHERES) -
- FRACTION OF THE HEAT EXCHANGER DEL.UGED 

(DIMENSIONLESS) -
- STORAGE VARIABLE FOR THE FRACTION OF THE HEAT 

EXCHANGER DELUGED-(DIMENSrONLESS) 
- PRANDTL. NUMBER OF' TME AMMONIA L.IQUID AT THE DESIG~ 

CONDITIONS (DIMENiIONL.ESS) 
- TOTAL POWER OUTPUT OF THE PLANT AT DESIGN 

CONDITIONS (MEGAwATTS) 
- AMMONIA PRESSURE AT THE CONDENSER/REBOIL.ER 

(lBF /SQ FTl 
- AMMONIA PRESSURE AT THE HEAT EXCHANGER (l~F/SQ FT) 
- AMOUNT OF' HEAT REJECTED BY THE DRY PART OF THE 

HEAT EXCHANGER (BTU/HP) 
- HEAT INPUT tNTO T~E POWER PL.ANT (BTU/HR) 
- AMOUNT OF HEAT REJECTED BY TME WET-PART OF' THE HEAT 

EXCHANGER (BTU/HRj 
- HEAT REJECTED AT THE DESIGN CONDITIONS OF THE 

PL.ANT (BTU/HR) . 
- HEAT REJECTED AT THE OFF DESIGN CONDITtONS OF' TME 

rlLANT (BTU/HR) 
- AMOUNT OF HEAT RE~ECTED ~Y THE WET PART OF' THE HEAT 

EXCHANGER PER UNIT DIMENSION (BTU/HR) 
- TEMPERATURE RANGE OF' THE AIR THROUGH THE DRY PA~T 

OF' THE HEAT EXCHANGER AT DEStGN CONDITIONS (DEG F) 
- TEMPERATURE RANGE OF THE AIR THROUGH THE DRY PART 

OF' THE HEAT EXCHANGER AT OFF' DESIGN cONDITIONS 
(DEG F) 

- TEMPERATURE RANGE OF THE AIR THROUGH THE DRY PART 
OF THE HEAT EXCHANGER AT OFF DESIGN CONDITIONS 
IDEG F) 

- MASS F'L.OW RATE OF' ArR FL.OWING THROUGH EACH UNIT 
DIMENStON OF THE ~EAT EXCHANGER (LBM/HR) 

- AMOUNT OF WATER EVAPORATED pER UNIT DIMENSION OF' 
THE HEAT·EXCHANGER (L.BM/HR AND THE TOTAL HEAT 
EXCHANGER WHEN IT IS DELUGED (LBM/HR) 

• FREE FLOW AREA TO FRONTAL AREA OF THE HEAT 
EXCHANGER (SO FT/SO FT) . 
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TA 
TAWS 
TErr 

TEFn 

TEFF3 

TEFF4 

• AMBIENT TEM~ERATuRE (DEG F 
• AMBIENT WETBULB TEM~ERATURE (DEG F) 

RASE THERMAL EFFICIENCY OF THE ~LANT 
(DIMENSIONLESS) -

- RATED THERMAL EFFICIENCy Of THE ~LANT 
(DIMENSIONLESS) .. . 

- DESIGN THERMAL EffICIENCy OF THE ~LANT 
(DIMENSIONLESS) 

- Off DESIGN THERMAL EFFICIENCY OF THE ~LANT 
(DIMENSIONLESS) 

T~CO~W - THERMAL CONDUCTIVITY OF THE AMMONIA AT DESIGN 
CONDITIONS (BTU/HR-DEG f-FT) 

T! 

TTD12 

TTD? 

TTD22 

Tl 

Til 

U 

U2 

VAIR 

VISA 

VISv 

• TEM~ERATURE OF THE AMMONIA AT THE INLET TO THE HEAT 
EXCHANGER (DEG F) 

- FRACTION OF THE YEAR THAT THE CORRES~ONDING 
AMBIENT TEM~ERATURE EXISTS (DIMENSiONLESS) 

- TEMPERATURE DIFFERENCE BETWEEN THE SATURATED STEAM 
AND AMMONIA IN THE CONDENSER/REBOILER AT DESIGN 
CONDITIONS (DEG F) 

- TEMPERATURE DIFFERENCE BETWEEN THE SATURATED STEAM 
AND AMMONIA IN THE CONDENSER/REBOILER AT OFf DESIGN 
CONDITIONS (DEG F' 

- TEMPERATURE DRO~ OF THE AMMONIA IN THE SUPPLY 
~IPING (DEG F) 

- TEM~ERATURE DRO~ Of THE AMMONIA IN THE SUP~LY 
PI~ING AT OFF DESIGN CONDITIONS (DEG F) 

- SATURATED STEAM TEM~ERATURE IN THE-CONDE~SERI 
REBOILER (DEG F) -

- STORAGE VARIABLE fOR THE SATURATED STEAM 
TEMPERATURE IN T~t CONDENSER/REBOILER (DEG f) 

• OVERALL HEAT TRA~SFER COEFFICIENT OF THE HEAT 
EXCHANGER AT DESIGN CONDITIONS (BTU/HR-DEG F-SQ fT) 

- OVERALL HEAT TRANSfER COEFFICIENT Of THE HEAT 
EXCHANGER AT OFF DESIGN CONDITIONS 
(BTU/HR-DEG f-SQ FT) 

- MAXIMUM AIR VELOCITY THROUGH THE DRy HEAT 
EXCHANGER (FT/SEC) 

- VISCOSITY OF THE AIR AT THE AVERAGE AIR TEMPERATURE 
IN T'HE DRy HEAT El(CHANGER (LBM/FT-~R) 

- VISCOSITY OF THE AMMONIA VAPOR ENTERING THE HEAT 
EXCHANGER AT DESIGN CONDITIONS (LBM/FT.HR) 

VISw - VISCOSITY OF THE AMMONIA LIQUID ENTERING THE HEAT 
EXCHANGER AT DESIGN CONDITIONS (LRM/FT-HR) 

WATCONA - AMOUNT OF WATER ALLOWED TO BE EVAPORATED OVER THE 
WHOLE YEAR (LBM/yEAR) 

WATCONT - AMOUNT OF WATER EVAPORATED DURING THE WHOLE YEAR 

W3 

w32D 

BY THE PARTIALLY DELUGED HEAT EXCHANGER ~LBM/YEAR) 
- MASS FLOW RATE or AMMONIA AT DESIGN CONDITIONS 

(LBM/HR) 
- MASS FLOW RATE OF AMMONIA AT OFF D~SIGN CONDITIONS 

(LBM/HR) 
- MASS FLOW RATE OF AMMONIA TO THE DRy PART OF THE 

HEAT EXCHANGER AT OFF DESIGN CONDITIONS ~LBM/HR) 
- MASS FLOW RATE OF AMMONIA To THE wET PART OF THE 

HEAT EXCHANGER AT OFF DESIGN CONDITIONS {LBM/HR) 
- MASS FLOW RATE OF AIR THROUGH THE HEAT EXCHANGER 

AT DESIGN CONDITIONS (LBM/HR) 
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YFP • PLANT SCALING rACTOR rOR rAN AND PUMP POWEP LOSS 
xc • LONGITUDINAL PITCH Or THE TUBES IN THE HEAT 

EXCHANGER (IN) 
YFP - PLANT SCALING rACTOR FOR rAN AND PUMP POWER LOSS 

(DIMENSIONLESS) 
Z - HEAT EXCHANGER DEPTH IN NUMBER Or TUBES 

(DIMENSIONLESS) 
ZD - HEAT EXCHANGER DEPTH IN NUMBER OF TUBES 

(DIMENSIONLESS) 

DEFINITION OF ARRAYS 

ANG - THE ANGLE Or THE HEAT EXCHANGER TUBES FROM THE 
HORIZONTAL AND THE SINE AND COSINE Or THAT ANGLE 

- BAC~ PRESSURE LI~tT CURVE lIN HGA) 
• rRACTION Or THE rlEAT-EXCHANGER THAT IS DELUGED rO~ 

EACH AMBIENT TEMPERATuRE INCREMENT (DIMENSIONLESS) 
- FRACTION Or THE HEAT LOAD THAT IS CARRIED OFr BY 

THE DELUGED PART Or THE HEAT EXCHANGER FOR EACH 
AMBIENT TEMPERATU8E INCREMEN7 (DIMENSIONLESS) 

PDELUG - BACK PRESSURE CURVE WHEN THE HEAT EXCHANGER IS 
DELUGED COMPLETEL¥ (IN HGA -

P~AXDRY • ALL DRY BACK PRES'URE CURvE (IN HGA) 
P!ATMAX • BACK PRESSURE CUQVE WHICH CAN INCLUDE ALL DRY OR 

ALL WET BAC~ PRESSURES (IN HGA) 
TDELUG • TURBINE STEAM TEMPERATURE CURVE WHEN THE HEAT 

EXCHANGER IS DELUGED COMPLETELY (DEG F) 
TMAXDRY • ALL DRY TURBINE STEAM TEMPERATURE CURVE (OEG F) 
TPO • ARRAY OF COEFFICIENTS rOR THE CUBIC CURVE rIT OF 

HEAT RATE rACTOR AS A FUNCTION Or TURBINE BACK 
PRESSURE (DIMENSIONLESS) 

TSATMAX • TURBINE STEAM TEMPERATURE CURVE WHICH CAN INCLUDE 
ALL DRY OR ALL WET TURBINE STEAM T~MPERATURES 

VTA 
VTAWB 
VTPER 

(DEG r) 
- AMBIENT TEMPERATuRE CURVE (OEG F) 
- AMBIENT WET BULB TEMPERATURE CURVE (DEG F) 
- FRACTION Or THE YEAR THAT THE AMBIENT AND WET BULB 

TEMPERATURE INCREMENTS EXIST (DIMENSIONLESS) 
WATCON - WATER CONSUMPTION Or THE HEAT EXCHANGER OVER THE 

WHOLE YEAR FOR EACH AMBIENT TEMPERATURE INCREMENT 

"'4TOE 

LOGy CAl,; FRST3 

(LBM/YEAR) - -
- WATER CONSUMPTION Or THE HEAT EXCHANGER WHEN IT IS 

COMPLETELy DELUGED OVeR THE WHOLE YEAR rOR EACH 
AMBIENT TEMPERATuRE INCREMENT (LBM/YEAR) 

LOGICAl FIRST,FRST,FXTEMP,FXTVAR,rXTTTO,FXTLNG 
CO"l"10N 

SArTo, ALPHA, ANG(3) 
• ,BpLIM(16) 
S ,CAPF'~ CSSPKW, CONF', CONL, COSTL, CAPCHG, CONMAT, CONMA2,CAr 
S iCaJ, CTURB, COANG, CLUVR, CHAILS,-CVM 
S ,DFIN,OEEPL,OESVEL,DESVELV,OESVELD.DENSIF 
$ ,E~FP' EFS 
S ,rCR,~IRST,FIXL,rCOS,FrHX,FXTEMP,rACTOR,FRST,rAC!ORD,FSHOT,rOELUG 
S ,F'IXV,FIXTTD,F'XTVAR,rXTTTO,FXTL~G 
s ,GaEFF 
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S ,HXNP,HPCST,HCD 
S ,ITMAX, ITMIN 
S ,JCONS 
S ,KCONV, KALExT 
S ,MxEXT 
S ,NTA,~SIDES,NBUNHI 

COMMON 
S ODD 
S ,PSIlE, PER, PWCOS, PLANC, PFACT, POMDPL 
, ,POHBAF, POHFAN, POHLEC, POHCIR, POHCND, POHSTC, POHSCL 
S , ~~P,REDUCE, REDUCV, ROOFL, RHOUT 
S , ~REJ, QREDUCE, QREDUCV 
5 ,SIGMAG, SAAF, SEGL 
S ,TD, TPO(4), TEFF, TLIM, THFIN, TLPRA, TFIX 
S ,TCD, T\I.I 
S ,UCS, UWS 
$ ,WrV, WATCONA, WATCOST 
$ ,VAS(5) 
, ,X[')f. PA , XW, XD 
COM~0N ISUPPLYI VALIS), CPLN, CPIP, CCOS, W3, COSM, EFF, 

f QrN, CLAND, REAIR, Z,HRFAC2, W4, 0, DELP-, PPow, 
$ FPnW, DELFC, WIDTH, ELENG, VAIR, VWAT, HI, HO, T4, 
$ ~EWAT, NW, NT, NP'P~~NC2,PSIZ12, SPBP, SW4, SW3, 
$ ~PC,PTOTAL,PLANC3,SAFRON, AAIR, VFP, SPCD,PSIZ13, WT2, 
$ B~2, NW2, TCOS, DELPA,DELPWT,DELPWC,CONBAS, XNTSX, VELDX 
$, TLAX, UCON, PMCST, FMCST, FIACC, EFFC, CH, CA, CS 
$, CLTC, CFC, CPCC, FITCO, CSC,CEPREp,DELPIP, AST,OLOCST 
$,CAoCST, XNFAN,BLDANG, CPLEN, DPFEL~ WHX, WTTUB, ADIA, ABLN 
$, WTHDR, WTFRM,STRUCC,CFPERF,HPPERF, TOTCF, TPC, EFFIN, ANTU 
$, ~IpFF, WATFF, XNMOD, TCTPF. FDCPF, Ft.4TRC,-ACCTTp, ADJTP 
$, ACTegD, AOJBPO, ACTVH, ADJV~, ADJPPF, THPAIR, - TCTF, AFCST 
$, CSRD, WATERW, WSTRCT, CFOUND, HUBDIA, TOWLEN, NUMTow, CTowD 
$ ,S~RJ'SQRJS'ATUBC,CBA,TTDl,TTD2'DE~PS'CSTLVP,PIPCSTO 
$ ,CST~S, CYLRNG, CFANEL' PSTACS, PUFITC, PMPCST, RPTPL' SEPCST 
$ ,PwD!I6) ,WATCWD(16) ,DEPERC16j ,JEPERQ(16) 
$ ,wgR,MTDw,NTOWDE,CSTIF,CSJ,CVF,CDP,wS 

CnMt.40N ISCALER/HRFACl, ATUB, CPERA, SSCD,PLANCl,CASSSl, 
$ GAIR, FAIR, HPAIR, HPWAT, WLRTP, PLANCTI -

COMt.40 N IHXDI AI,ATOT,SFA,RFA,ACS 
COMI.40N IVARVARI VTPERCI6), VTA(l6), VTAWB(16) 
COMI.40N/DJB/DI,XDG,SF 
COMt.40N ISURFEXI ODL,DUMLSTC1S) 
COMt.40N/DLUG/TA,TAWB,TI,PATM,HI2,~02'RMA,QSEC,RMEV'VALREQ 
COMt.40NICOUNT/NSLOPE,FRST3 
COMM0N/FAN/FANDAPCI53,10),FANDAHt153,10),FMCOF,FBCPF,P2,R,S, 

$ vELREC,AFC,ELEV,EHR,LOOPER,CTMAX -
COMI.40N IPROPI CPw, THCONw, DENSI_, VISw, HFG, 

• CPv, THCONV, OENSIV, VISv, SIGMA, 
• CPA, T~CONA, DENSIA, VISA 

DIMENSION BPL(16), PSATMAX(16), TSATMAX(16I' WATCON(16I, 
1 PMAXDRY(16). TMAXDRY(16), PDELUG(l6I, TDELUG(161, 
2 WATDE(16). DPER(I6). DPERQ(l6) 

NDBUGI a 0 
WATCONT • 0,0 
NSLoPE • 0 
ZD z Z 
VAL~EQ ~ Z 
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BIGCOM 
BIGCOM 
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BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BI(;COM 
BIGCOM 
BIGCOM 
BI(;CO'l 
BI(;COM 
BIGCOM 
BI(;CO"l 
BIGCOM 
BIGCOM 
BIGCOM 
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SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
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SUPPLY 
SCALER 
SCALER 
TBPMAX 
TBF'MAX 
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TBPMAX 
TBpMAX 
TBpMAX 
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224 
225 
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227 
228 
229 
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C 
C 

C 
C 

C 
C 

C 
C 
C 

C 
C 

C 
C 
C 
C 

C 
C 

C 
C 

C 
C 
C 

C 
C 

C 
C 

c 
C 

C 
C 
C 

C 
C 
C 

C 
C 

C 
C 

nESIGN THERMAL E~~EcTIVENESi O~ THE POWER ~LANT 
TE~~3 • TE~~/HR~AC2 . " 

RATED THERMAL E~FECTIVENESS O~ THE ~OWER ~LANT 
TEF~l • TE~F/HRFAC1 . 

HEAT IN~UT INTO THE POWER ~LANT 
QYN1 • 3413.E·3*PSIZ13/TEF~1 

HEAT REJECTED AT THE DESIGN THERMAL EFFECTIVENESS CF THE 
POWER ~LANT 

QREJT! = QrN1*/1 ... TEF~3) 

RANGE o~ THE AIR AT THE DESIGN AMBIENT TEM~ERATURE 
R~NGE • QREJT1/(W4*(1 •• Y~~)*CPAI 
I~(LIC~.GT.O) GO TO 110 

LOOP TO FIND THE BACK ~RESSURE O~ THE TURBINE OVER THE 
AMBIENT TEM~ERATURE RANGE WITH AN ALL DRY HEAT EXCHANGER 

00 100 J E 1, NTA 
I = NTA • J • 1 

AMBIENT TEMPERATURE 
TA • VU(II 

PERCENT O~ THE YEAR AT THE ABOVE AMBIENT TEMPERATURE 
TpEp • VTPER(I) 

INTIAL GUESS FOR THE ALL DRY TURBINE SATURAT~D STEAM 
TEMPERATURE 

T1 • TA • RANGE/E~F • TT01 • TTD2 

RACK ~RESSURE O~ THE TURBINE AT THE SATURATION TEMPERATURE 
10 ~ • EX P (17.168 .. 9240./(T1 • 460~» 

HEAT RATE FACTOR AT THE ABOVE BACK ~RESSURE 
HR~AC4 • T~O(l) • T~O(2).P • T~0131.~**2 • TPO(4'.P.*3 

THERMAL EFFECTIVENESS Or THE ~LANT AT THE ABOVE BACK ~RESSUqE 
Tr~F4 • TE~F/HR~AC4 

HEAT REJEcTED AT THE ABOVE THERMAL EFFECTIVENESS OF THE 
~OWER PLANT 

QREJT2 E QIN1*(1 •• TE~F4) 

TEMPERATURE OI~FERENCE BETWEEN THE SATURATED STEAM AND THE 
AMMONIA I~ THE CONOENSER/RE80ILER 

TrOI2. (QREJT2/QREJTlI.TTOl 

PRESSURE OF THE AMMONIA ~EAVING THE CONOENSER/RE~OILER 
~12 E FLUID(10.1,T1 .. TT012,Ei..EV."TB~MAX1") . 
H~G2 • FLUIO(9,1.T1 .. TTD12,E~Ev'''TBPMAX2'') 
DENSIV2 • ~~UID(7.1,T1-TT012,E~EV."TB~MAX3") 

MASS FLOW RATE OF AMMONIA THROUGH THE COO~ING SYSTEM 

TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBpMAX 
TBPMAX 
TBpMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TB~MAX 

TBPMAX 
TB~MAX 

TBPMAX 
TBpMAX 
TB~MAX 

TBpMAX 
TBPMAX 
TB~MAX 
TBPMU 
TB~MAX 

TBPMAX 
TBPMAX 
TBpMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBpMAX 
TBPMAX 
TBPMAX 
TB~MAX 
TBPMAX 
TSPMAX 
TB~MAX 

TS~MAX 
TB~MAX 
TB~"IAX 
TBpMAX 
TBpMAX 
TBPMAX 
TBp,",4X 
TBPMAX 
TB~MAX 
TBPMAX 
TBPMAX 

241 
242 
243 
244 
245 
246 
247 
248 
2419 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
26f 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
28 0 
2131 
282 
283 
2B4 
285 
286 
2B7 
2B8 
289 
290 
291 
292 
293 
294 
295 
296 
297 



c 
C 

C 
c 

c 
C 
C 

C 
C 
C 

C 
C 

C 
C 

c 
C 
C 

C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

OPh:1 06/05/78 07.59.59 

W32 • ~REJT2/HFG2 

PRESSURE DROP OF AMMONIA THROUGH THE SUPPLY PIPING 
DELP~2 K DELPS*CW32**2*DENSIV/CDENSIV2*W3**2» 

PRESSURE AT THE END OF THE SUPPLY PIPING 
P22 ~ P12 • DELPS2/144, 
TI K T1 • TTD1 • TTD2 
DELTI • ,001 

LOOP TO DETERMINE THE TEMPERATURE OF THE AMMONIA AT THE END 
DF THE SUPPLY PIPING-

20 FTI •• P22 • FLUIDC10,1.TI,ELEV,"TBPMAX4" 
FTI,EL •• P22 • FLUIDC10,1,TI • DELTI.ELEV,"TBPMAX5") 
TI P1 • TI • DELTI*FTI/CFTIDEL • FTI) 
IF"(A~SITYP1 • TII.LT •• 0001) GO TO 30 
T! • TIP1 
GO TO 20 

TEMPERATURE DROP IN THE AMMONIA ~ROM THE BEGINNING TO THE 
END OF THE SUPPLY PIPING 

30 TTD22 • T1 - TTD12 - TI 

TEMPERATURE RANGE OF THE AIR 
RANGE2 • QREJT2/CW4*C1 •• YFP)*CPAI 

SATURATION TEMPERATURE OF T~E STEAM IN THE CONDENSER/REBOILER 
T11 • RANGE2/EFF • TA • TTD12-. TTD22 

CONVERGENCE CRITERIA FOR THE SATURATION TEMP~RATURE OF THE 
~TEAM IN THE CONDENSER/REBOILER 

IFCABSfT11 • Tl)/Tl1,LT,.0001) GO TO ~O 
Tl ~ T11 
GO TO 10 

I~ THE BACK PRESSURE AT ANY AMBIENT TEMPERATURE IS AROVE THE 
MAXIMUM BACK PRESSURE ALLOWED ALL BACK PRESSURES ASSOCIATED 
WITH AMBIENT TEMPERATURES EQUAL TO AND ABOVE-THAT TEMPERATURE 
ARE SET EQUAL TO THE MAXIMUM BACK PRESSURE PLUS .1 IN HGA 

40 IFCp.r.T.~PLCl» GO TO 105 

STORAGE OF BACK PRESSURE AND STEAM SATURATION TEMPERATURE 
OF THE TURBINE 

PMAXDRYCII • P 
TMAXDRYIII • Tl 

100 CONTINUE 
GO TO 110 

F"lLLING THE DRY BACK PRESSURE ARRAY WITH THE MAXIMUM BACK 
PRESSURE ALLOWABLE PLUS .1 IN HGA 

105 DO 106 JJ • J. NTA 
II • NTA • JJ • 1 

106 PMAxDRYCII) • BPUll •• 1 
110 CONTINUE 

BEGINNING Or THE LOOP TO DETERMINE THE DRy/wET SPLITS Or 
THE HEAT EXCHANGER rOR A SET BACK PRESSURE CURvE 

TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBpMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAx 
T8PMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
T8PMAx 
TBP",Ax 
TBPMAX 
TBPM~,( 

TBPMAX 
TBPMAX 
TBPMAX 
T8PMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAx 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAl( 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 

298 
299 
300 
301 
302 
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305 
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310 
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312 
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314 
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319 
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348 
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352 
353 
354 
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C 

DO coo J .. 1.NTA 
II .. NTA • J • 1 
I~I~CONV.EQ.l.AND.LICK.EQ.O) RETURN 

C WET BULB AMBIENT TEMPERATURE 
TAWR .. VTAWB(II) -

C 
C PERCENT O~ THE YEAR AT THE ABOVE AMBIENT TEMPERATURE 

TpE~ .. VTClER(II) 
C 
C AMBIENT TE~PERATURE 

TA .. VTA I II) 
C 
C DETERMINATION O~ THE POINT AND SETTING O~ THE VARIABLES WHERE 
C DELUGING Or THE HEAT EXCHA~~ER MUST BEGIN ON-THE AMBIENT 
C TEMCIERATURE CURVE 

I~(A8S(~ClLIII) - PMAXDRY(II»/BPL(II),LT.,0025,OR,PMAXDRY(II).LE.9 
1PL<II)1 ClSATMAX(II) .. PMAXDRY(IIl -

1'" (AB5IBCl1. (11) - PMAXDRY (II» /8C1L. (II) ,L T, ,002S,OR,PMAXDRY (1 I) ,LE,B 
IPL(Ii)1 TSATMAX(II) .. TMAXDRY(III -
I~(ABSIRClL(II) - PMAXDRYCII»/8PL.CII),LT,,002S.0R,PMAXDRY(II).LE,8 

IPUTIJJ WATCONCII) .. 0.0 
r~(ABSIBPLCII) - PMAXDRY(II»/BPL(II),LT.,0025.0P. PMAXDRYCIIJ ,LE.9 

1PL<1!11 OPER(IIJ .. 0.0 -
I~(ABSI8C1LCII) - PMAXDRYIII) )/BClL.(II) ,LT •• 0025.0R.PMAXDPY(II) .LE.8 

IPLIIII! DClERG(Ill .. 0,0 -
I~(AB5IBCI~IIII - PMAXDRY(III)/BPL(IIJ.LT.,0025.0R!PMAXDRY(III,LE.~ 

1PL<IIJI GO TO 200 
C 
C DETERMINATION O~ THE POINT WHERE COMPLETE DELUGING O~ THE 
C HEAT EXCHANGER OCCURS ON THE AMBIENT TEMPERATURE CUPVE 

C 

I~(ABSIBPL(II) - PDELUG(II»/BP1./II) .LT •• 002S.0R.BPL(II),LE.PDELU 
IG(It'11 GCI TO Po 

N5LOPE .. NSLOPE • 1 
FRST3 •• TRUE, 

C SATURATION TEMPERATURE O~ THE STEAM IN THE CONDENSER/REBOILER 
C DETERMINED ~RO~ THE BACK PRESSURE CURVE 

T1 .. 9240./(17.168 - ALDGCBPLCIIll1 - 460, 
C 
C HEAT RATE ~ACTOR AT THE BACK PRESSURE ON THE CURVE 

C 

HCI~AC4 IE TPO(l) • TPO(21.BPLIIIJ • TP0(3J.SPL<IIJ**2 • TPOI4J. 
lSPL(III .. 3 

C THERMAL E~~ECTIVENESS O~ T~E PLANT AT THE ABOVE BACK PRESSURE 
TE~~4 • TE~~/HR~AC4 

C 
C HEaT REJECTED AT THE ABOVE THERMAL EF~ECTIVENESS D~ THE 
C ClOWER PLANT 

QREJT2 .. QIN1.(1, - TEFf4) 
C 
C TEMCIERATUPE DI"'~ERENCE BET~EEN THE SATURATED STEAM AND THE 
C AMMONIA IN THE CONDENSERjREBOILER 

TTD12 .. (QREJT2/QREJTl) .nDl 
C 
C D~ESSURE O~ THE AMMONIA LEAVING THE CONOENSER/REBOILER 

P12 • F1.UID(lO.l.Tl - TTD12.ELEV'"TBPMAX6") 

TBPMAX 355 
TBPMAX 356 
TAPMAX 357 
TBPMAX 35B 
TBPMAX 359 
TBPMAX 360 
TBPMAX 361 
TBPMAX 362 
TBPMAX 3b3 
TBPMAX 364 
TBClMAX 365 
TBPMAX 366 
TBPMAX 367 
TBPMAX 368 
TBPMAX 3b9 
TBPMAX 370 
TBClMAX 371 
TBPMAX 372 
TBPMAX 373 
TBPMAX 314 
TBClMAX 375 
TBClMAX 37& 
TBPMAX 317 
TBPMAX 37B 
TBPMAX 379 
TBPMAX 360 
TBClMAX 3Bl 
TBClMAX 392 
TBPMAX 3B3 
TBPMAX 364 
TBPMAX 385 
TBPMAX 3B6 
TBPMAX 3B7 
TBP,.,AX 38B 
TBPMAx 389 
TBpMAX 390 
TBPMAX 391 
TBPMAX 392 
TBPMAX 393 
T8P~AX 39c. 
TBPMAX 395 
TBPMAX 396 
TBP"'1AX 397 
TBPMAX 398 
TBP,.,AX 399 
TRPMAX 400 
TBPMAX 401 
TBPMAX 402 
TBPMAX 403 
TBPMAX 404 
TBPMAX 405 
TBPMAX 406 
TBPMAX 407 
TBoMAX 408 
TBpMAX 409 
T8PMAX 410 
TBPMAX 411 



C 

OPT=l 

HFG? m FLUIDI9,l,T1 - TTD12.ELEV."TBPMAX1"1 
DENSIV2 • ~LUIDI1'l.T1 • TTD12.E~EV."TBPMAX8") 

C MASS FLOW RATE OF AMMONIA THROUGH THE COOLIN~ SYSTEM 
W32 • QREJT2/HFG2 

C 
C P~ESSURE DROP OF AMMONIA THROUGH THE SUPPLY PIPING 

C 
DELPS2 • DELPS-IW32 •• 2-DENSIV/IDENSIV2-W3._211 

C P~ESSURE AT THE END OF THE SUPPLY PIPING 
P?2 "' P12 • DELPS2/144. 
TI • T1 • TTD1 - TTD2 
DELT! • ,001 

C 
C LOOP TO DETERMINE THE TEMPERATURE OF THE A~~ONIA AT THE END 
C OF THE SUPPLY PIPING 

C 

120 FTI "' -P22 • FLUIDIlO.l.TI.ELEV,"TBPMAX9" 
FTIDEL • -P22 • FLUIDIIO.l,TI • OELTI,ELEV."TBPMAX10"l 
TIPI • TT • DELTI-FTI/(FTIDEL - FTI) 
I~IABSITrpl • TIl.LT •• OOOll GO TO 125 
TI "' TIPI 
GCI TO \20 

C TEMPERATURE DROP IN THE AMMONIA FROM THE BEGINNING TO THE 
C END OF THE SUPPLY PIPING 

125 TTD22 • Tl • TTD12 • TI 
C 
C INITIALIZING SOME OF THE VARIABLES FOR THE DRY/WET SPLIT OF 
C THE HEAT EXCHANGER 

JI( • 0 
ODRV • 0.0 
W320 • 0.0 
PERCENT • ,eO 

C 
C BEGINNING OF LOOP TO DETERMINE THE PERCENT O~ THE HEAT 
C EXCHANGER THAT IS DELUGEO 
C 

130 JI< • JI< • 1 
IFIPERCENT,GT.I,) PERCENT •• 99 

C 
C yF THE AMBIENT TEMPERATURE IS GREATER THAN OR EQUAL TO THE 
C TEMPERATURE OF THE AMMONIA ENTERING THE HEAT EXCHANGER ALL 
C HEAT IS REJECTED FROM THE HEAT EXCHANGER BY THE wET MODE 

IFIITl - TTD12 - TT022 - TA).LE.O,O) Go TO 150 
C 
C INITIAL GUESS FOR THE TEMPERATURE DIFFERENCE OF THE AIR 
C ACROSS THE DRy PART OF THE HEAT EXCHANGER 

RANGE2 • tTl - TT012 - TT022 - T~l_EFF 
C 
C LOOP TO DETERMINE THE AMOUNT OF HEAT THAT IS REJECTED FROM 
C THE DRY PART of THE HEAT E~CHANGER 
C 
C CALCULATION OF THE AMOUNT OF HEAT REJECTED FROM THE DRY PART 
C OF THE HEAT EXCHANGER .-

140 QORy • RANGE2-CPA_PERCENT-W4 e I1 •• YFPl 
c 
C MASS FLOW RATE OF AMMONIA TO THE DRY PART OF THE HEAT 

06/0S/18 07.59.59 

TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMA)( 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
T8PMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TEIPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBP"'AX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMt.X 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 

412 
413 
414 
415 
.. 16 
417 
418 
419 
420 
421 
"22 
423 
424 
425 
426 
427 
428 
429 
430 
431 
432 
433 
434 
435 
436 
431 
438 
439 
440 
441 
442 
443 
444 
445 
446 
447 
.. 48 
449 
450 
451 
452 
4S3 
454 
455 
456 
457 
458 
459 
460 
461 
462 
463 
464 
465 
466 
467 
468 
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C EXC~ANGER 
W3ZD &,QORY/HrGZ 

C 
C ~ASS rLUX or A~~ONIA T~ROUG~ THE DRY HEAT EXCHANGER TUBES 

GWATZ & W32D/(ZD*NW.3,14159*DI*~I/(4,*144.)*PERCENT) 
P~w • VIsw*CPW/THCDNW ' 

C 
C I~SIDE ~EAT TRANsrER COErrICIENT O~ T~E DRY HEAT EXCHANGER 

C 

CALL HTCLOIDI,ELENG·12"ANG,GWAT2.1"O"PRW,DENSIW.OENSIV,VISW* 
1.41138,VISV*,41338,THCONw,CPW,HI2,HTC,HTB.HTN.HTK.REWATZ) 

C OVERALL HEAT TRANsrER COE~rICIENT or THE HEAT EXCHANGER 

C 

UZ K l,/(l,/(HO*ErS) • ATOT*ALOG10DL/DIl/ICONL*2,~3.14159l • ATOTI 
1(AI*HI2» 

C NU~~ER or THERMAL UNITS IN THE ~EAT EXCHANGER 
ANTuZ & / ANTW/U) -UZ 

C 
C ErrECTIVENESS or THE HEAT ElCHANGER 

Errz • 1 •• EXPI-ANTUZl 
C 
C TEMPERATURE DIrrERENCE or THE AIR ACROSS THE HEAT EXCHANGER 

RANGEZl & IT1 - TTD12 - TT022-" TA)*EFr2 
C 
C r.ONVERGENCE CRITERIA rOR THE TEMPERATURE DIr~ERENCE or THE 
C AIR ACROSS T~E ~EAT EXCHANGER . 

C 

IrlABSIRANGEZl - RANG(2)/RANGEZ.LT •• OOZ5) GO TO 150 
RANGf2 & RANGEZI 
GO TO 140 

C ~ASS rLOW RATE or A~MONIA TO THE WET PART or THE HEAT 
C EXCHANGER 

150 W3Zw & W32 - W3ZD 
PATu & EXP(3.39B53 - 3.BIB35E-5*ELEV)/Z9,92 

C 
C MASS rLOW RATE or AIR THROUGH THE HEAT EXCHANGER PER UNIT 
C DIMENSION 

C 
C 

RMA & rACTOR*VAIR*OENSIr.3600.*A~S 

MASS rLUX or AMMONIA THROUGH THE HEAT EXCHANGER TUBES 
GwAT2 • W32W/(ZD-Nw*3.1 4159*OI*OII/4.*144.)*/1. - PERCENT» 

C WRITE/6,240l GWAT2,Tl.BPL(II),PERCENT'TA,TAWB,P~AXDRVIII),W32W, 
C lW32,W32D,QREJT1,QREJT2,QDRY 
C 240 rORMAT(2X,IIGWAT2,Tl,RPL(II),PERCENT,TA,TAWB,PMAXORVIII),W3Zw,W32,W 
C 132D,QPEJTl,QREJTZ,QDRY z II,/,ZX,BG15,5,/,ZX.5G15.5/) 
C 
C INSIDE HEAT TRANsrER COEFFICIENT or THE WET HEAT EXCHANGER 

CALL HTCLO(DI'ELENG.12.'ANG,GWAT2,1.,0.,PRW'DENSI~,OENSIV,VISW. 
1.4133B,VISV*.4133B,THCONW,CPW,HI2.HTC,HTB.HTN.HTK,REWAT2) 

C 
C ~4SS rLUX or THE AIR THROUGH THE WET PART or THE HEAT 
C [(CHANGER 

GAIRZ & rACTOR.VAIR*OENSIr*3600. 
C 
C CALCULATION or THE HEAT REJECTED rROM THE WET PART or THE 
C HEAT EXCHANGER AND THE AMOU~T or WATER USED . 

Ir (~DE'LUG.EQ'''DELUG II) CALL HOTER" IrAIR2,H02,~IGMAG,ALPHA'XD, 

TBPMAX 469 
TBPMAX 470 
TBPMAX 471 
TBPMAX 472 
TBPMAX 473 
TBPMAX 474 
TBPMAX 415 
TBPMAX 416 
TBPMAX 477 
TBPMAX 478 
TBPMAX 419 
TBPMAX 480 
TBPMAX 481 
TEiPMAX 4B2 
TBPMAX 4B3 
TBPMAX 484 
TBPMAX 495 
TBPMAX 486 
TB;)MAX 487 
TBPMAX 4BB 
TBPMAx 4B9 
TBPMAX 490 
TBPMAX 491 
TBPMAX 492 
TBPMAX 493 
TBPMAX 494 
TBPMAX 495 
TBPMAX 496 
TBPMAX 497 
TBPMAX 498 
TBPMAX 499 
TBPMAX 500 
TBPMAX 501 
TBPMAX 50Z 
TBPMAX 503 
TBPMAX 504 
TBPMAX 505 
TBPMAX 506 
TBPMAX 507 
TBPMAX 50B 
TBPMAX 509 
TBpMAX 510 
TBP"4AX 511 
TBPMAX 512 
TBPMAX 513 
TBPMAX 514 
TBPMAX 515 
TBPMAX 516 
TBPMAX 511 
TBPMAx 518 
TBPMAX 519 
TBPMAX 520 
TBPMAX 521 
TB~MAX 522 
TBPMAX 523 
TBPt04AX 524 
TBPMAX 525 
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C 
C 
C 
C 

C 
C 
C 

C 
C 

C 
C 
C 

C 
C 
C 
C 

1GAIR2.VISAI 
IF' (~OEL;UG.EQ.IIDEL.BAW 
IF(F'DE~UG~EQ."DEL.UG 
IF'(~DEI.UG.EQ."DEL.BAW 
IF(KCONV.EQ.1) RETURN 

"I CAL.L. ~TCH(GAIR2,H021 
"I CAL.L. DEL.UG 
"I CAL.L. DEL.BAW 

QREJTW ~ QSEC*NW*EI.ENG*(l. - PERCENT) 
RMEV • NW*EL.ENG*(l. - PERCENTI*RMEv 
IF'(NDBUG1.EQ.I) WRITE(6.2201 T1,GWAT2,HI2.GAIR2,H02,TA.TAWB,TI, 

1PATM,RMA,QSEC.RMEV,PERCENT.QREJTW,QDRV'WATCONT 

USE OF' THE CALCUL.ATED HEAT REJECTION FROM THE TOTAL. HEAT 
EXCHANGER AND THE DESIRED HEAT REJECTION TO ~STIMArE THE 
AMOUNT OF' HEAT EXCHANGER THAT NEEDS TO BE DELUGED 

IF'(JK.l.E.1) VI '" QREJTW • QDRV 
IF (JK.t.:E.I) Xl '" PERCENT 
IFIJK.lE.1) PERCENT •• 20 
IF'(JK.L.E.I) GO TO 130 
Y2 ~ vI 
X2 ., xl 
Y1 s Q~EJTW • QDRY 
Xl ., PERCENT 
SLOPE. (Y1 • Y2)/(X1 • X2) 
PERcENt. Xl • (QREJTZ - Y11/SL.OPE 

CONVERGENCE CRITERIA F'OR THE PERCENT OF THE HEAT EXCHANGER 
THAT IS L.EFT DRY 

IF(ARSIPERCEN1 - PERCENT)/PERCE~T.L.T •• 001 GO TO 160 
P~RC~NT ~ PERCEN1 
GO TO 130 

STORAGE OF' VARIABL.ES 
160 WATCON(IlI ., TPER*8760.*RMEV 

WATCONT • WATCONT • WATCON(II) 
TSATMAX(II) .. Tl 
PSATMAX(II) ., BPI.CII) 
DpE~ (I I I II: 1. - PERCENT 
DPE::lC) (I I) = QREJTw/QREJT2 
GO TO 200 

SETTING OF' VARIABL.ES wHEN THE HEAT EXCHANGER IS COMPLETEL.Y 
DEL.UGED 

170 WATCON(III '" WATDE(III 
T5 ATMAX(II) '" TDEL.UG(II) 
PSATMAX(III II: PDEL.UGCIIl 
DpE~(It) .1.0 
DPERr,i (1 I I ~ 1.0 
WATcONT .. WATCONT • WATCON(III 

IF THE WATER CONSUMED OVER THE WHOLE YEAR AT THE MAXIMUM 
BACK PRESSURE CURVE IS GREATER THAN THAT AL.L.OCATED THE 
DESIGN IS THROWN OUT 

200 IF'(wATCONT.GT.WATCONA.AND.L.ICK.EQ.OI KCONV .. I 
RETURN 

220 F'ORMATI2X,IIT1,GWATz.HI2,GAIR2,HOZ,TA,TAWB,TI,PATM,RMA,QSEC,RMEv,PE 
1RCENT,QREJTW,QDRy,WATCONT.II./,2X,8G15.4,/,2X,8G15.4/) 

END 

TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAx 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAx 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAx 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
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TBPMAX 
TBPMAX 
TBPMAX 
TBPMAX 
T8PMAX 
TBPMAX 
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527 
528 
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530 
531 
532 
533 
534 
535 
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537 
538 
539 
540 
541 
542 
543 
544 
545 
546 
51t7 
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549 
550 
551 
552 
553 
554 
555 
556 
557 
558 
559 
560 
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562 
563 
564 
565 
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570 
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572 
573 
574 
575 
576 
577 
578 
579 
580 
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74/74 OPT a l FTN 4,5.414 

C SUBoOUTINE TCAlC CO~PUTES T~E TEMPERATURE, T, FRO~ A 
C ~~OWlEDGE OF 
C T~E ENTHALPY (RI), RELATIVE HUMIDITY (RH), BAROMET~IC PRES-
C ~URE (ATM), TEST IS AN ESTIMATE FOR USE IN tHE ITERATIVE 
C CALCULATION. lIMITS ARE P~ACED UPON THE RANGE OF ~I 
C WMICH WILL BE CONSIDERED IN ORDER TO PREVENT INSTABILITIES 
C r~ TCALC, (FOR EXAMPLE. RI APPROACHES INFINITy AS THE 
C BOILING POINT IS REACHED--THUS, IF THE TEMPERATURE 
C CORoESPONDING TO RI IS NEAR THE BOILING POINT, THE 
C ITERATION WIT~IN TCAlC WIll BECOME UNSTABLE); THE UPPER 
C LIMIT OF RI IS RIMAX, THE ~OWER LIMIT IS RIMIN, SEE 
C SUBoOUTINE lIMIT FOR THE-COMPUTATION OF RIMIN, RIMAX, 
C T~rN AND TMAX. 
C 
C 

COM~ON /WETDRY/ NCYClE,TMAX,RIMAl,TMIN,RIMIN 
COM~0~/COUNT/NSLOPE,FRST3 
DIM~NSION TNEW(20),RINEw(20) 
DATA MAX/20/ 

C FUNCTIO~ FP GIVES THE PARTIAL PRESSURE OF WATER, IN. HG, 
FP(oH,T) a RH*29.92.(O,000203-«T - 32,)/l,B).*2 -

• - 0.011e.(T • 32.)/l,B • 1.095) 
• _EXP! - O,00042&_«T • 32,)/1,8' •• 2 
• • 0.0828*(T - 32,)/1.8 • 5,1&3) 

C FP(RH,T).RH*EXP(17.1&8.9240./(T._&0.)) 
C FUNCTION FAH GIVES THE ABSO~UTE HUMIDITY, LB OF WATER/ 
C lA OF AIR 

FAH(p,ATM)aP*IB,02/«ATM*29,92.P)*2B,97) 
FCS!AH\a.24.,45.AH -

C ~UNCTION FCS GIVES THE HEAT CAPACITY OF HUMID AIR, 
C BTU/OEG F.LB OF DRY AIR 

FRICCS,T,AH)-CS*T·I0 9 4.*AH 
C fUNCTION fRI GIVES THE ENTHALPY, BTU/LB OF DRy AIR 

NDBUG3-0 
I~(oI.LE.RIMIN ,OR, RI,GE,RIMAX) WRITE(&,110) RI 
IFloI,LE.RIMIN ,OR. RI.GE,RIMAX) KCONV _ 1 
IF(OI.LE.RIMIN .OR, RI.GE,RIMAX) RETURN 

110 FOR~ATf"oIN TCALC RI IS LESS THAt>J RIMI", OR GREATER THAN RIMAX. " 
S,"RI a ",lPE13.5) 

N.O 
C IF(NDB~G3,EQ,l)WRITE(&,25)RI,RH,ATM,TEST,T 

C 
C 

25 FORI.\ATllx,/lflX,"ENTERING TCALC".5El7.B,//) 
10 CONTINUE 

N.N.1 

C TEST IS USED AS THE FIRST APPROXIMATION. 
C 
C 

C 
C 
C 
C 

IF EXTRAPOLATION GOES OUT OF TE~PERATURE BOUNDS. A NEW 
ESTIMATE IS MADE. NOTE THAT TMAX AND T~IN ARE THE 

0&/05178 07.59.59 

TCAlC 2 
TCAle 3 
TCAle 4 
TCAlC 5 
TCALe & 
TCALC 7 
TCAlC 8 
TCAlC 9 
TCAlC 10 
TCALC 11 
TCALe 12 
TCALC 13 
TCAlC 14 
TCAlC 15 
TCALC 1& 
TCAlC 17 
TCAle 18 
TCAlC 19 
TCALC 20 
TCAlC 21 
TCALC 22 
TCALC 23 
TCAle 24 
TCAle 25 
TCAlC 2& 
TCAlC 27 
TCALC 28 
TCALC 29 
TCALC 30 
TCALC 31 
TCALC 32 
TCAlC 33 
TCAlC 34 
TCAle 35 
TCALe 3& 
TCALC 37 
TCAle 38 
TCALC 39 
TCAle 40 
TCAle 41 
TCALe 42 
TCALC 43 
TCAlC 44 
TCALe 45 
TCALC 46 
TCAlC 47 
TCAlC loB 
TCALe 49 
TeAlC 50 
TCAlC 51 
TCALe 52 
TCALC 53 
TCAlC 54 
TCALC 55 
TCAle 56 
TCALe 57 
TCAle 58 
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C 
C 
C 
C 

C 
C 
C 
C 
C 
C 

c 
C 
C 
C 
C 

C 

C 
C 
C 
C 
C 

C 
C 
C 
c 
C 

C 
C 
C 
C 
C 
C 
C 

50 

TE~PERATURES CORRESPONDING TO RIMAX AND RIMIN, 
~ESPECTIVELY. 

I~(TNEW(N).GT.TMAX)TNEW(N)=TNEW(~·l).(TMAX.TNEW(N-l»/3. 
IF'(TNEW(N) .L.T. TMIN) TNEW(N);'TIo4IN 
T=T~EWINI 

6 VALUE OF' ENTHALPY CORRESPONDING TO THE TNEWINI, 
RINEWIN), IS CO~PUTED. 

P.,FPIRH,Tl 
AH=~AHIP,AT~) 
Cs·~CSIA"4) 
RrDUMaFpr(CS,T,AH) 
RrNEW(N).RIDUM 

THE DEVIATION IN ENTHALPY Ii COMPUTED, 

DRI.RI-RINEW(N) 
IF'IND~~G3.EQ,1'WRITE(6,50)N,TNEwlN)'RINEWINI,DRI 
F'DRIo4ATIIX,"FROM TCALC 50",I5,3El1.8) 

A TEST FOR CONVERGENCE IS COMPUTED, 

IFIABSIDRI),lT.,OOOl) GO TO 40 

DIAGNOSTIC IF EXCESSIVE NU~BER OF ITERATIONS 

I~(~.EQ.20) WRITE(6,170) FROM,N,RI,TEST,TNEW,RINEW 
S,TMAX,1MIN,NCAlC 

170 FDR~AT(/"lSUBSCRIPT lIMIT IN TCAlC. CAllED ~ROM ",AI0,". N_" 
S ,I5/1X,"RI~"'IPIEI3.5,3X,"TESTa",E13.5/1X,"TNEW_"1 
S411X,I P 5EI3. 5 /)I/IX,"RINEW.,"/411X,l PSE13,5/)I/IX,"TMAX., ",E13.51 
SIX'"T~lN. ",E13.S/1X,"NCAlC. ",15) 
1~(N.EQ.20' RETURN 

A NEW ESTIMATE FOR T IS OBTaINED By USE OF THE DERIVATIVE 
OF T WITH RESPECT To ENTHALPy FOR N EQUAL TO 1, lINEAR 
INTERPOLATION/EXTRAPOLATION TE~HNIQUES ARE USED THEREAFTER. 

IF(N,NE.l)GO TO 45 
TP=T·.OOOI 
PP.~PIRH,TP) 
AHP.F'A"IPP,ATM) 
CSP_~CSIAIoIP) 
RIP.FRI(CSP,TP,AHP) 
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TCAlC 59 
TCAle 60 
TCAlC 61 
TCALC 62 
TCALC 63 
TCALC 64 
TCAlC 65 
TCAlC 66 
TCAlC 67 
TCAlC 68 
TCAlC 69 
TCAlC 70 
TCAlC 71 
TCAlC 72 
TCAlC 73 
TCAlC 74 
TCAl: 75 
TCAlC 76 
TCAlC 77 
TCAlC 78 
TCAlC 79 
TCAlC 80 
TCALC 81 
TCAlC B2 
TCAlC B3 
TCAlC 84 
TCAlC 85 
TCAlC 86 
TCAlC 87 
TCAlC AB 
TCAlC B9 
TCAlC 90 
TCAlC 91 
TCAlC 92 
TCAlC 93 
TCAlC 94 
TCAlC 95 
TCAlC 96 
TCAlC 97 
TCAlC 98 
TCAlC 99 
TCAlC 100 
TCAlC 101 
TCAlC 102 
TCAlC 103 
TCAlC 104 
TCAlC 105 
TCALC 106 
TCAlC 107 
TCAlC 108 
TCALC 109 
TCAlC 110 
TCAlC III 
TCAlC 112 
TCAlC 113 
TCAlC 114 
TCAlC 115 
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C 
C 

T~·T-,0001 
PM.F'PIRH,T~) 

AHM.,,-AI1(P"1,ATM) 
CC;M.F'CSI~HM) 
R!~."-R!ICSM,TM,AH"1) 
DTD~I·;0002/(RIP-RIMI 

45 CoNTINUE 
IF'IN,EQ,1ITNEW(N·l)=TNE WCN).DTORI*ORI 
I,,-(~,GT.l)TNEW(N.ll.TNEW(N-l)·«RI-RINEWfN_l»/(RINEW(N)-RINEW(N-l 

1) )) * (TNEW (N) -TNEW fN~l) ) 
GO TO 10 

40 CONTINI:JE: 

C OUTPUT 1"- DESIRED, 
C 
C 
C IF'(NDBUG3.Ea.l)WRITE(6,100)RI,A~.CS,RH,ATM,T,N,TEST 

100 "-OR"1ATllx,ll HF'ROM TCALC,6EI5,6,I5,E15.6,111 
RETURN -
END 

TCALC 
TCALC 
TCALe 
TCALC 
TCALC 
TCALC 
TCALC 
TCALC 
TCALC 
TCALC 
TCALC 
TCALe 
TCALe 
TCALe 
TCALe 
TCALe 
TCALe 
TCALC 
TCALe 
TCALC 
TCALC 

lIb 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 

C 

C 
C 
C 
C 
C 

C 
C 

100 

102 

99 

103 

98 

104 

105 
106 

107 
109 

.UNCTION TLU(X,XT,YT,NTl 

FUNCTION TLU IS A FOUR-POI~T LAGRANGIAN INTERPOLATION 
TABLE LOOK-UP ROUTINE 

DEFINITION OF VARIABLES 

NT - NUMBER OF DATA PI9~TS 
TLA - DEPENDENT VARIABLE 
~ - INDEPENDENT VARIABLE 
xT - INDEPENDENT VARIABLE ARRAY 
YT - DEPENnENT VARIABLE ARRAy 

nI~ENSION XT(NTl,YT(NTl 

DETERMINE IF INDEPENDENT VARIABLE IS wITHIN RANGE OF 
TAeULATED DATA 

I F( ( x. X T ( 1 l l .( X - X T ( N Tl I ) 1 00 , 1 0 0 , 1 0 1 

DETERMINE IF TABULATED VALUES OF INDEPENDENT VARIABLE ARE 
IN ASCENDING OR DESCENDING ORDER 

IF(XT(ll-XT(2l)102,102.103 

DETERMINE POSITION OF INDEPENDENT VARIABLE IN ASCENDING 
ARRAY 

DO 99 I_l.NT 
yF eX-XT(IllI05,104,99 
CO..,TI t~UE 

DETERMINE POSITION OF INDEPENDENT VARIABLE IN DESCENDING 
ARnAY 

00 911 hI, NT 
YFeX.XTcI)l98.104.10S 
CO~TI"lUE 

IF INDEPENDENT VARIABLE IS EQUAL TO TABULATED VALUE. SET 
FlINCTION EQUAL TO CORRESPONOING VALUE OF DEP~NDENT VARIABLE 

TLU·YTcII 

YF INDEPENDENT VARIABLE IS BETWEEN FIRST TWO OR LAST TWO 
TABULATED VALUES, ADJUST INDEx TO OBTAIN FOUR POINTS FOR 
INTERPOLATION . 

TF C 1-2) 106,106.107 
7-1·1 
GO Tn 108 
IFeI-NT)108.109,109 
I-Y-l 

DETERMINE FUNCTION VALUE USING FOUR-POINT LAGRANGIAN 
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TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLiJ 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
TLU 
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7 
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12 
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F"U~JCTION TOTAlP 

C 
C 
C 
C 
C 
C 

C 
C 
C 

C 
C 

C 
C 
C 

C 
C 
C 

F"UNCTION TOTALP(CfM) 
COM~ON/TOTAL/RECVEL,A60'EA60,VPCOEF",STATP 

T~IS fUNCTION USES THE STATIC PRESSURE LOSS ACROSS THE HEAT 
E~CHANGER AND A CALCULATIO~ FOR THE VELOCITY PRESSURE LOSS 
AT THE FAN EXIT TO DETERMINE THE TOTAL PRESSURE LOS5 IN 
INCHES OF WATER. . . 

VEL"JRIICF~"'A60 
rF"(I~ECVEl.EQ.O.) GO TO 10 

E~IT VELOCITY WITH VELOCITY RECOVERY, 

VE'L.:o:c F"'-EA6Q 
Gn TO 20 

EXIT VELOCITY WITHOUT VELO:ITY RECOVERY. 

10 VEL .. vELN~ 
20 CONTINUE 

CALCULATION FOR VEL.OCITY PRESSURE. 

IF"(QECVEL.EQ.O.IVP,.VPCOEF*VEL*VEL 
Ir(~ECVEL.EQ.1.)VP.VPCOEF"*(0.2*VELNR*VELNR.C.8*VEL.VEL) 

CALCULATION FOR TOTAL PRESSURE. 

T(\TALPIIVP·STATP 
RETLJRIII 
END 

• 
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TOT ALP 2 
TOT ALP 3 
TOT ALP 4 
TOTALP 5 
TOT ALP 6 
TOT ALP 7 
TOT ALP 8 
TOT ALP 9 
TOT ALP 10 
TOT ALP 11 
TOTA~P 12 
TOT ALP 13 
TOTALP 14 
TOTALP 15 
TOT ALP 16 
TOrALP 17 
TOT ALP 18 
TOT ALP 19 
TOT ALP 20 
TOT ALP 21 
TOT ALP 22 
TOTALP 23 
TOTALP 24 
TOT ALP 25 
TOT ALP 26 
TOT ALP 27 
TOTAL!=' 28 
TOT ALP 29 
TOT ALP 30 
TOT ALP 31 
TOTALP 32 

• 
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SUBROUTINE UDEL(TA,RIA,ATM,HD,BETA~,AB,A~,AI,AW,HI,BETAI'THW,RKW, 
• TI,RII,HOD,UD,E~~IN,~ATH,KCONV,NTREST) 

'SUBROUTINE UDEL CALCULATES THE OVERALL TRANSfORMED HEAT 
TRA·IS~ER COEf~IcIENT BETWEEN THE TUBESIDE fLUID AND THE AIR. 
THIS TRANSfORMED HEAT TRANSFER COEr~ICIENT USES ENTHAL~Y AS 
THE DRIVING fORCE iENTHAL~Y-DIfFERENCE DIVIDED BY HEAT 
CAPACITY O~ THE AIR IS ANALOGOUS TO TEMPERATURE 
DIfFERENCE). 

THE OVERALL TRANSfORME~ COEffICIENT IS CALCULATED ~RO~ 
TWO COEf~ICIENTS, THAT BETWEEN THE TUBESIDE FLUID AND THE fIN 
ROOT, UDPR, AND THAT BETWEEN THE fIN ROOT AND THE AIR, UDRA. 
EAC~ Of THESE COEffICIENTS ARE CALCULATED FROM LOWER ORDER 
COE~rICIENTS. THE RESULTS ARE DEPENDENT UPON THREE TEMPERA­
TURES WHICH ARE UNKNOWN AT THE START O~ THE CALCULATION, THE 
TEMPERATURE AT THE ~IN ROOT, THE AVERAGE TEMPERATURE Of THE 
fIN AND THE TEMPERATURE Of THE DELUGEATE-AIR INTER~ACE. 

THUS THE CALCULATION IS CARRIED OUT BY THE METHOD Of 
SUCCESSIVE APPROXIMATIONS. . 

A NOMENCLATURE Of SOME Of TME MORE fREQUENTLY USED 
TERIoIS FOLLOWS. 

AB • AREA Of THE TUBES BETWEEN THE ~INS, SQ. FT. 
Af - AREA Of THE ~lNS. SQ. FT. 
AHR - ARSOLUTE HUMIDITY Of SATURATED AIR AT 

TEM~ERATURE TR, LB O~ WATER/LB O~ DRy AIR 
AHS - ABSOLUTE HUMIDITY Of SATURATED AIR AT 

TEM~ERATURE TS, LB Of WATER/LB Of DRY AIR 
AI - TUBES IDE AREA, SQ. fT. 
ATM - BAROMETRIC ~RESSURE, ATMOSPHERES 
AW - AVERAGE TUBE WALL AREA, SQ. FT~ 
BETA~ - AIR SIDE fOUL1NG COEFfICIENT, BTU/HR-SQ.fT •• f 
BETAI - TUBESIOE fOULING COEffICIENT, BTU/HR.SQ.FT._f 
CSR - HEAT CAPACITy Of SATURATED AIR AT TEM~ERATURE 

TR, BTU/LB. OF DRY AIR-f 
CSS - SPECI~IC HEAT-Of SATURATED AIR AT TEMPERATURE 

TS, BTU/LB Of DRY AIR-OEG. F 
DTDR - ~ACTOR FOR CONVERTING FROM TEMPERATURE DRIVING 

FORCE TO ENTHALPY DRIVING fORCE BETWEEN THE 
TUBES IDE AND THE FIN ROOT, EQUAL TO 
(T! • TR) / (RII - RIR , DEG. f-LB Of DRY AIR 
/ BTU 

DTORI - DERIVATIVE OF THE TEMPERATURE.ENTHALPY CURVE 
AT TR, DEG ~-~B O~ DRY AIR/BTU' 

OTORIR - SAME AS DTDR THOUGH DTORI MAY BE USED AS AN 
APPROXIMATION, DEG.F-LB Of DRY AIR/BTU 

EfFIN - fIN E~FICIENCY, DIMENSIONLESS 
HO - METAL TO DELUGEATE HEAT TRANSFER COEFfICIENT, 

BTU/HR-SQ.fT.-f . 
HI - TUBESIDE HEAT TRANSFER COEFFICIENT,BTU/HR-SQ. 

FT._f 
HOD - DELUGEATE TO AIR HEAT TRANSfER COEfFICIENT, 

BTU/HR-SQ.FT •• f 
PR - PARTIAL 'PRESSURE O~ SATURATED ~IR AT 

TEMPERATURE TR, IN~ HG. 
PS • PARTIAL PRESSURE Of SATURATED AIR AT 

TEMPERATURE TS, IN. HG. 
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UOEL 
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UOEL 
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UOEL 
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UOEL 
UOEL 
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UDEL 
UOEL 
UDEL 
UDEL 
UOEL 
UOEL 
UDEL 
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UOEL 
UOEL 
UDEL 
UOEL 
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23 
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28 
29 
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31 
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RII 

RIR 

RIS 

TAIN 

TF"AV 
THW 
TI 
TMAX 

TMIN 

TR 
TS 

UD 

UDN 
UD~R 

UDRA 

UDRS 

- RELATIVE HU~IDITY AT THE F"IN ROOT, DIMENSION­
LESS 

- E~THAL~Y OF" THE BULK AIR, BTU/LB OF" DRy AIR 
- ENTHAL~Y O~ SATURATED AIR AT TE~PERATURE 

TF"AV, BTU/LB OF" DRY AIR 
- ENTHALPY OF" SATURATED AlP AT THE TUBESIOE 

TEMPERATURE, BTU/LB OF" DRY AIR 
• E~THALPY OF" SATURATED AIR AT TEMPERATURE 

TR, BTU/LB"OF""DPY AIR " 
- ENTHAL~Y OF" SATURATED AIR AT TEMPERATURE 

T5, BTU/LB"O~ DPY AlP -
• THERMAL CONDUCTIVITy or THE TUBE WALL' BTU/HR­

SQ.rT.-F"/F"T 
- TEMPERATURE OF" THE AIR ENTERING THE HEAT 

EXCHANGER, F" " 
- AVERAGE TEMPERATURE or THE rIN, OEG. F" 
- TUBE WALL THICKNESS,F"T. 
- TURESIDE TEMPERATuRE 
- ~AXIMUM TE~PERATURE ALLOWED DuE TO CONSTRAINTS 

UPON THE ANALOGY UPON WHICH THE HEAT TRANSF"ER 
CALCULATION IS BASED, F". (SEE SUBROUTINE LIMIT) 

- MINIMUM TEM~ERATURE ALLOWED TO PREvENT 
POSSIBLE INSTABILITIES WITHIN THE 
SUBROUTINES, F" 

- TEMPERATURE OF" THE F"IN ROOT, DEG. F" 
- TEMPERATURE oF" THE DELUGEATE-AIR INTERF"ACE, 

OEG. F". " 
- TUBESIDE TO AIR HEAT TRA~SF"ER COEFF"ICIENT 

(CONVERTED TO THE DRIVING F"ORCE OBTAINED 
BY DIvIDING T~E ENTHALPY DIF"rERENCE BY 
THE SPECIF"IC MEAT OF" HUMID AIR), 
BTU/HR-SQ.F"T.-DEG. F" 

- AN ARRAY F"OR STORING VALUES or UD 
- TUBESIDE TO 'IN ROOT HEAT TRANSF"ER COEF"FICIENT 

(CONVERTED TO THE DRIVING F"ORCE oBTAI~ED BY 
DIVIDING THE ENTHALPY OIF"F"ERENCE By THE 
SPECIF"IC HEAT OF" HUMID AIR), -
BTU/HR-SQ.F"T.-DEG. F" 

• F"IN ROOT TO AIR HEAT TRANSF"ER COEF"F"ICIENT 
(CONVERTED TO THE ORIVING F"ORCE OBTAINED By 
DIVIDING THE ENTHALPy OIF"FERENCE By THE 
SPECIF"IC HEAT OF" HU~Io AlP), 
BTU/HR-SQ.F"T.-DEG. F" 

- F"IN ROOT TO OELUGEATE HEAT TRANSFER 
COEFFICIENT (CONVERTEO TO THE DRIVING FORCE 
OBTAINED BY DIVIDING THE ENTHALPy DIFF"ERENCE 
BY THE S~ECIFTC HEAT OF" HUMID AIR), 
BTU/HR-SQ.FT._DEG. F 

- TUBESIDE TD FIN ROOT HEAT TRANSF"ER 
COEFFICIENT, BTu/SQ.rT,_HR_DEG. F". 

LOGICAL ~ATH, FRST3 
COM~ON /WETORY/ NCYCLE,TMAX,RIMAX.TMIN.RIMIN 
C~MMON/COUNT/NSLOPE,FRST3 
COM~ON/RPRT4/R4(67Z).RR(3) 

DIMENsrO~ UDN(20),TR5AVE(20),TSSAVE(20),TF"AVSA(20) 
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59 
60 
61 
62 
63 
6/0 
65 
66 
67 
68 
b9 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
Bl 
82 
83 
84 
B5 
86 
87 
8f' 
89 
90 
91 
92 
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9/0 
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110 
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115 

.. 

.. 



• 

.. 

• 

SUBROUTI NE UOEL 

C 
C 

OATA MAX/20/ 

C T~E QUANTITIES INPUTED TO UDEL ARE PRINTED OUT. 
e 

FP'~H.T) = RH*29.92*,0.000203*((T • 32.)/1.8,**2 
• _ o.OllA*(T • 32.,/1.8 • 1.(95) 
• *ExP( - O,000426*«(T - 32.)/1.B)**2 
• • n.0 82e*(T - 32.,/1.8 • 5.163) 

e FP(~H.T'=RH*EXP(17.168-9240,/(T.460.') 

e 
e 

FAHIP.AT~'.P*18.02/((ATM.29,92-pf*2B.97) 
FeSIAHI=,24.,45*AH 
FRIICS,T.AH,·CS*T·1094,*AH 
NnBu!';S.o 
NOBuGSl • 0 
IF(NO~OGS.EQ,l' WRITE(6.100' TA,RIA.ATM.HO.BETAF.AB.AF.AI.AW,HI. 

1BET6I.THW.RKW,TI,RII,HOD,UO,NTREST -
100 FOR~ATI1x.10HFROM UOEL .8E12,5/1l,8E12.5,10x.E12.5~I5,///) 

N';O 

e I~ITIAL ESTIMATES OF TR, TS AND TFAV ARE MAO~ WHEN 
e NTREST IS SET EQUAL TO ONE, 
e 

IF(NTREST ,EQ, 0) TAIN • TA 
IFI.~OT. PATH ,AND, NTREST ,EQ, 11 GO TO 10 
IF(NSLOPE .LE. 2) GO TO 1010 
DEL • TAIN - TAIN2 
OIVIO • DEL/(TAIN2 - TAIN1, 
IF("JTREST .EQ. 11 GO TO 1005 
SLT~ • (TR02 • TR01)*OlYIO 
SLTS • (TS02 - TS01,*OIVIO 
SLTFAV = (TFAV02 - TFAV011*OIVIO 
T~ • TetO? .SLTR 
TS • TS02 • SLTS 
TFAV • TFAV02 • SLTFAV 
UD .. unOI 
Go TO 1200 

1005 SLTR • ITR12 - TR11,*OIVIO 
SLTS • ITS12 - TS11,*OIVIO 
5LTFAV = (TFAV12 - TFAV11,*OIVID 
TR ~ T~12 • SLTR 
TS = T512 • SLTS 
TFAV • TFAV12 • SLTFAV 
UD .. urH 1 
GO HI 1200 

1010 IF(,,!SLOPE ,LE, l' GO TO 1030 
IFI"ITR!ST ,EQ, 1, GO TO 1020 
TR = TRO? 
TS = TS02 
TFAV • TFAV02 
un = UD01 
6('1 TO 1200 

1020 T~ • T"12 
T5 '" TS]i? 
TFAV = TFAV12 
un • 11011 
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11B 
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12& 
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128 
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131 
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DEI 
139 
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142 
143 
144 
145 
146 
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148 
149 
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151 
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1&1 
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1&5 
166 
167 
l&B 
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172 
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C;UAROUTINE UDEL OPTa) 

GO TO 1200 
1030 TR a ITA • TIl/2,O 

C 
1200 RHR a I,D 

10 CONTINUE 
C WRITElb,4251 TR,Ts,TrAV,UD,UDl 

NaN.l 
c 
C A~PROPRIATE WARNINGS ARE ~ADE AND THE PROGRAM IS STOPPED IF 
C THE MINIMUM OR MAXIMUM TEMPERATURE LIMITS ARE EXCEEDED, 
C 

C 
C 
C 
C 

C 

IF" ITIl ;L T, TMIN) WRITE 16,325) TR 
IF ITR ;GE, TMAX) WRITE 16,3251 Til 

325 FOR~ATI"OIN UDEL TR IS LESS THA~ TMIN OR GREATER THAN T~AX, TRc" 
S ,lpE13,5) 

IF"ITR,LT,TMIN,OR,TR,GE,TMAXI KCONy a 1 
IF"ITR,LT,TMIN,OR,TR,GE,TMAX) RETURN 

THE ENTHALPY BASED HEAT TRANSFER COErrIcIENT BETWEEN THE F"IN 
ROOT AND THE AIR IS COMPUTED, 

PpaF"PIRHR,TRl 
AHRaF"AMIPR,ATM) 
CSRaF"CS(AI1R) 
RYRarRl(CSR,TR,AHRl 

C THE ENTHALPY AT THE DELUGE ATE SURFACE, RIS IS CALCULATED 
C 

C 

Ps a rp(RHR,TSl 
AHS a 'AH(PS,ATM) 
CSS = rCS(AHS) 
RIS • ~RI(CSS,TS,AHS) 

C THE ENTHALPY BASED HEAT TRANSFER COEFFICIENT BETWEEN THE FIN 
C ROOT AND THE AIR IS CO~PUTED, 
C 
c 

C 
C 
C 
C 
C 
C 

Ir(PATH ,AND, NSLOPE ,LE, II GO TO 15 
GO TO 20 

TME DERIYATIVE OF THE ENTHA~PY wITH RESDECT TO THE AIR 
TEMPERATURE AT TR IS USED A' AN APPROXIMATION rOR THE 
QUANTITY ttTR.TSl/(RIR.RIS)1 rOR N.l. 

15 CONTINUE 
TPaTR.;OOOl 
PP.FPIRHR,TPI 
AHPaFAH(PP,ATMl 
CsP.rCS(AHP) 
RIPaFRIICSp,TP,AHP) 
T"'aTP .. ;OOOl 
P",aFp(RHR.TM) 
AHM.FAH(P"I,ATM) 
CSM.FCS(AHfooII) 
RIMcF"PI(CSM,TM,AHM) 
DTDRIRa,0002/(RIP-RI"I) 
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175 
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177 
178 
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184 
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Ib6 
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18B 
1A9 
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C 
C 

14/14 

OTOOI • DTORIR 
PATH ... FAlSE. 
GO TO 25 

OPhl 

20 DTDpIR K (TR • TS)/(P]R • RIS) 
25 UDRS K CSR-OTORIR/(1./HO • 1./BElAF) 

UDRA,,1,/Cl./UORS·l./HOO) 
II'"CUORA .lE. 0.0) WRITEC6,15) UDRA,N 
IFCUDRA .lE. 0.0) I(CDNV I: 1 
IFCUDRA .lE. 0.0) RETURN 

15 Ft:lR'-1ATf"OIN UOEl UDRA IS ZERO OR NEGATIVE "o1PE13.5," N"II.IS) 

C THE FIN EFFICIENCY IS COMPUTED. FOR N"I, DT/ORI AT TR IS 
C USED AS AN APPROXIMATION ~OR OT/ORI AT TFAV. 
C 
C CALUlATION OF EFFIN 

C 

IF(.NOT. PATH .OR. N .GT. 1) GO TO 80 
TI:I"TFAV •• 0001 
PP.FPC1.0,TP) 
A~P.FAHCClP,ATM) 

CSP"FC~(AHP) 
RyPaFRICCSp,TP.AHP) 
TM"'TF'AV •• 0001 
PMaFPC!.O,TM) 
AHM.FAH(PM,ATM) 
CSM",FCS(AHM) 
RIM.FPI(CSM,TM.AHM) 
OTOpII:;0002/IRIP.RIM) 

eo CONTINUE 
Ho • UDRA/(CSR-OTDRI) 
CALL FINEFFCHO,EFFIN) 
IFC""FrIN.lT.0.)WRITE(6.l25)EFFI~,N 

125 FnR;ATllX,IIEFFIN lESS THAN ZE~D, EFfIN SET EQUAL To ZERD,EfFIN " 
1 ~'Ei5.6." NI: ",15) -

IFCEfFIN.lT.O.)EFFINI:O. 

C OPTION TO OUTPUT QUANTITIES OF INTEREST. 
C 

IFINOBUG5.EQ.l)WRITEC6,150) 
150 FnRMATClx,"TR,DTORI,TS.RHR,RIS,UORA.DTORIR.EFFIN,N") 

IFCNDBUG5.EQ.l)WRITE(6,200)TR,OTDRI,TS,RHR,RIS. 
lUORA,DTDRIR,EFFIN,N 

200 FOR'-1ATllX,15HFRO~ UDEl.200 ,4ElS.6/1X,4E15.6,I5,//) 
C 
C THE "ALL DRY" AND THE TRANSFORMED HEAT TRANSfER COEFFICIENTS 
C BETWEEN THE TUBES IDE FLUID AND THE F%N ROOT ARE CONPUTEO. 
C 

C 

UPR"I. I CCAR.EFFIN_AF)*ll./CHI*AI).I./C8ETAI*AI).THW/(RKW_AW))) 
DTOP .. CTI • TR)/(RII • RIR) 
ua"p • UPR*CSR*OTDR 

C THE OVERAll TRANSFORMED HEAT TRANSFER COEFFICIENT BETWEEN 
C THE TUBESIOE FLUID ANO THE AIR IS COMPUTED. -
C 

UONCN)·I./(I./UOPR.l./UORA) 
UOl .. UD 
un = UDNIN) 
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UOEl 
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C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

c 
C 
C 
C 
C 

T~E ENTHAL~Y AND TEMPERATUR~ AT THE fIN ROOT IS CO~PUTEO. 

RIR.RIA.UDNCN)·CRII-RIAI/UDRA 
I'C~OAUG5.EQ.1)WRITEC6.2501 

250 fORIoIATIIX,"U~R,UOPR,UONiNI.RIR"1 
IfCNn~UG5.EQ.l)WRITEC6,300)UPR,UO~R,UONCN ,RIR 

300 fnRIoIATC1X,15HfRO~ UOEL#300 ,.E15.6.I5,// 
TESr.:TR 
CALL TCALCCRIR.l,.ATM,TEST,TR."UO TR ".~CONV) 
I. C ~CONV. EO.1) RETURN, 

THE ENTHAL~Y AND TEMPERATURE AT THE OELUGEAT~ AIR INTERfERE 
IS COMPUTED. 

PIS E RIA. (UORA/HOD).CRIR - RIA).CAB • EffIN*Afl/CAB , A.) 
TESTETS 
If (pATio! .AND. NSLOPE .LE. 1) TEST. TR 
caLL TCALC(RIS.1 •• ATM.TEST,TS."UD TS ".~CONV) 
If(~c(')NV.EQ,ll RETURN 

TME AVERAGE ENTHAL~Y AND TEMPERATURE Of THE ~IN (CORRESPOND­
ING TO THE fIN EffICIENCY) IS COMPUTED. 

RIfaV.RIA.EffIN*(RIR_RIAI 
TrST_TFAV 
I.(pATIot .AND. NSLO~E .LE. 1) TEST. TS 
CAlL-TCALC(RIfAV.l •• ATM.TESTtTfA~'''UD TfAV 
I",~CClNV.EO.11 RETURN 

STORAGE fOR LATER OUT~UT. 

I'(NOBDG51.EQ.l1 TRSAVECN).TR 
I.(~ORUG51.EQ.l) TSSAVEIN).TS 
I.('JORlJGS1.EQ.ll TfAVSA(N)aTfAV 

".KCONV) 

TME METHOD O. SUCCESSIVE APPROXIMATIONS IS USED. 

If(PATH .AND. NSlOPE .LE. II GO TO 10 

TEST TO PREVENT EXCESSIVE ITERATIONS. 

I'(~.LT.MAXI Go TO 350 
WRITE(6.10001N 

1000 fOR~ATI" UOEL TERMINATED AT UP~ER ITERATION LIMIT! N."IS) 
UD=UONCNI 
GO TO 500 

CONVERGENCE CRITERIA IS AP~LIED. 

350 n(ABSlCUDNINI-UON(N-lll/UON(N».GT •• OOll GO TO 10 
UO-ll!'NIN) 

5TOQAGE Of VARIABLES fOR EXTRAPOLATION TO TH~ NEXT 
AM~IENT AIR CONDITIONS 
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IF'(",TREST .EQ. 1) GO TO 355 UDEL 344 
IF(.NOT. PATH) GO TO 351 UDEL 345 
IF(.NnT.F"RST3) GO TO 351 UDEL 346 
TR01 .. T~02 UDEL 347 
Ts01 .. TS02 UDEL 348 
TF'AV01 • TF"AV02 UDEL 349 
TAlllj1 .. UIN2 UDEL 350 
TAI",2 • UIN UDEL 351 

351 TRO? • TR UDEL 352 
TS02 • TS UDEL 353 
TF'AV02 • TFAV UDEL 354 
UClOl • UD UDEL 35S 
I!'L • INSLOPE - 1) .. 42 UDEL 356 
R4(ISL • 3) .. UD UDEL 357 
R4(ISL • 4) .. UDR5 UDEL 358 
R4(ISL • 5) .. HOD UDEL 359 
R4 (ySL • 6) .. OTDRIR UDEL 360 
R4 IISL • 7) .. UDRA UDEL 361 
R4(ISL • 8) .. UDI'R UDEL 362 
R4(ISL • 9) .. EFF"I N UDEL 363 
R4(ISL • 10) .. 1-11 UDEL 364 
R4(ISL • 11 ) • C5R UDEL 365 
R4(ISL • 12) .. OTDR UDEL 366 
R4(ISL • 13) .. TR UDEL 367 
R4(ISL • 14) II RIR UDEL 368 
R4(ISL • IS) .. TS UDEL 369 
R4(y5L. 16) • RIS UDEL 370 
R4(ISL • 17 ) .. TF"AV UDEL 371 
R4(ISL • 18) • RIF'AV UDEL 372 
R4(ISL • 19) .. TI UDEL 373 
R4 (15L • 20) .. RII UDEL 37tt 
GO TO 370 UDEL 375 

355 IF'(.NOT. PATI-I) GO TO 356 UDEL 376 
IF' (."IOT .FRST3) GO TO 356 UDEL 317 
TRll • TR12 UDEL 378 
TSll • TS12 UDEL 379 
TFAVll .. TF'AV12 UDEL 380 

356 TR12 .. TR UDEL 381 
T!;12 • TS UDEL 382 
TFAV12 • TFAY UDEL 383 
UDII • UD UDEL 384 
ISL .; ''''SLOPE - 1).42 UDEL 385 
R4(15L • 24) "' UD UDEL 386 
R4IIsL. 25) .. UDRS UDEL 387 
R4(ISL.26) • HOD UDEL 388 
R4(I5L • 27) • OTDRIR UDEL 389 
R4(ISL • 28) • UDRA UDEL 390 
R4qSL • 29) .. UDPR UDEL 391 
R4(ISL • 3D) .. EF'FIN UDEL 392 
R4(ISL • 31) • 1-11 UOEL 393 
R4(!SL • 32) .. CSR UDEL 394 
R4(ISL • 33) .. DTOR UDEL 395 
R4(ISL • 34) .. TR UDEL 396 
R4(ISL • 35) .. RIR UDEL 397 
R4(ISL • 36) .. T5 UDEL 398 

.* R4 (ISL • 37) .. RIS UDEL 399 
R4(YSL • 38) .. TrAy UDEL 400 



c;uRRoUTI NE UOEL 

C 
C 
C 

R4IySL. 39) - RIF'AV 
370 CONTINUE 

PAT", - .,,"ALSE. 

OPTION TO OUTPUT QUANTITIES OF INTEREST. 

IF'(NDBUG51.NE.1) RETURN 
WRITElb,375) 

315 FORI.4ATI]X,IIJ,UDNIJ),TA,TRSAVEIJ),TSSAVE(J ,TFAVSA(J),UD II) 
WRITF'lb,}SO) 
WRlTElb,220)TR,DTDRI,TS,RHR,RIS, 

lUDRA,DTDRiR,E""F'IN,N 
220 F'OR~AT(lx,15HF'RO~ UDEL_220 ,4E1S.6/1X,4E1S.6,IS,II) 

Wo lTElb,250) 
wRITEr6,320)UPR,UDPR,UDNCN),RIR 

320 F'OR~ATIIX,15HF'R0I.4 UDEL-320 ,4E15.6,I5,11 
WRITEI6,330) .-

330 F'oR'4ATIlX,IIJ,UONCJ) ,TA,TRSAVECJ) ,TSSAVE(J ,T,,"AVSA(J) .UDw) 
DO 360 J_l,N 
WRITF:C6,400)J,UDN(J),TA,TRSAVEIJ),TSSAVEIJ),TF'AVSA(J),UD 

400 FOR'4ATCIX,15HLEAVING UDEL ,IS,TE1S.6,111) 
360 CONTINUE 

Io'RITElb,4S0) 
450 F'ORI.4ATIIX,III) 
500 RETURN 

END 

~ 
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UDEL 401 
UDEL 402 
UDEL 403 
UDEL 404 
UDEL 405 
UDEL 406 
UDEL 407 
UDEL 40B 
UDEL 409 
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UDEL 411 
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UDEL illS 
UDEL 416 
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e 
C 
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SUB~OUTINE VARIT(TA. TPER. PCST. KALL. CLSU~. FCSU~) 

SUBROUTINE VARIT DETERMINES THE PERFOP~ANCE OF AN OPTIMUM 
POWER PLANT FOR A SPECIFIED A~BIENT TEMPERATURE THE 
~U~ROUTINE ALSO DETER~INES THE INCREMENTAL COST OF 
OPERATING THE OPTIMUM POWER PLANT AT THAT A~BIENT 
TEMPERATURE .-

DEFINITION OF VARIABLES 

CAPCHG 
CAPeST 
CAPF 
eeOSl 

CLAND1 
CLSlJ~ 

CON8Al 

COSMI 

ePA 
cP P'l 
eSTCL 
DELFC 
O~LPSI 

OELPS2 

DENSIV 

OENSIV2 

EP'F 
E'FI 

FeoS 
FeR 
FCSUM 

FPOWI 
HII'G2 

HItFACl 
HRFAC2 

MRFA2S 

Hl.ITD 
HXL~TD 

- CAPACITY CHARGE (5/~EGAWATT) 
- CAPITAL COST FOR AUXILARY POWER ($) 

• CAPICITY· FACTOR (bI~ENSIO"'lLESS) 
- COST OF THE HEAT EXCHANGER AT OPTIMUM DESIGN CON­

DITIONS (5) 
- COST OF THE LAND AT OPTI~UM DESIGN CONDITIONS If) 
- SUM OF THE PRODUCT BETwEEN THE AUXILARY POWER 

COST AND THE FRACTIoN OF THE YEAR THAT THE 
AMBIENT TEMPERATuRE EXISTS (~ILLS/KWH) 

- COST OF THE CONDE~SER/REBOILER AT OPTIMUM DESIGN 
CONDITIONS ($) 

- MAINTAINENCE COST AT OPTIMUM DESIGN CONDITIONS 
(MILLS/KWH) 

- SPECIFIC HEAT OF THE AIR IBTU/LBM-DEG F) 
- COST OF THE PIPING AT OPTIMU~ OESIGN CONDITIONS (5) 
- AUXILIARY POWER COST (MILLS/KWH) -
- INCREASED FUEL CoST FOR THE PLANT (MILLS/KWH) 
- PRESSURE DROP IN THE SUPPLY PIPING AT THE OPTI~UM 

DESIG"'I CONDITIONS (LBF/SO FT) 
- PRESSURE DROP IN THE SUPPLY PIPING AT THE OFF DE­

SIGN CONDITIONS (LBF/SQ fT 
- DENSITY OF THE VAPOR LEAVING THE CONDENSER/REBOILEP 

AT oPTIMUM DESIGN CONDITIONS (LBM/CU FT) 
- DENSITY OF THE VAPOR LEAVING THE CONDENSER/REBOILER 

AT OFF DESIGN CONDITIONS (LBM/CU FT) 
- EFFECTIVENESS OF THE HEAT EXCHANGER IDIMENSIONLESS) 
- EFFECTIVENESS OF THE HEAT EXCHANGER AT opTIMUM 

DESIGN CONDITIONS (OIMENSIONLESS) 
- FUEL COST (S/MM BTU) 
• FIXED CHARGE RATE (DIMENSIONLESS) 
- SUM OF THE PRODUCT BETWEEN THE FUEL COST INCREASE 

FOR THE PLANT DUE TO-THE OFF DESIGN CONDITIONS 
AND THE FRACTION SF THE YEAR THAT THE AMBIENT 
TEMPERATURE EXISTS I~ILLS/KWH) -

- FAN POWER AT OPTIMUM DESIGN CONDITIONS (KWH) 
- HEAT OF VAPORIZATION AT OFF DESIGN CONDITIONS 

(BTU/LBM) 
- HEAT RATE FACTOR AT RATING CONDITION(OIMENSIO"'lLESS) 
• HEAT RATE FACTOR AT DESIGN CONDITIONS (DIMENSION­

LESS) 
- HEAT RATE FACTOR AT OFF DESIGN CONDITIONS 

(DIMENSIONLESS) 
- HEAT RATE FACTOR AT OPTI~UM DESIGN CONDITIONSIDI­

MENSIONLESS) 
• HEAT EXCHANGER ITO AT OFF DESIGN CONDITIoNS IDEG F) 
• HEAT EXCHANGER LOG MEAN TEMPERATURE DIFFERENCE 

AT OFF DESIGN CONDITIONS (DEG F) -

VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VUIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VUlT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VA~IT 
VARIT 
VARIT 
VARlT 

2 
3 

• 
5 
6 
7 
B 
9 

10 
11 
12 
13 
14 
15 
If, 
17 
18 
19 
20 
21 
22 
23 
2. 
25 
26 
27 
2B 
29 
30 
31 
32 
33 
34 
35 
31) 

37 
3B 
39 
40 
41 
402 
43 4. 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 



C 
c: 
c 
C 
C 
C 
C 
C 
C 
C 
c: 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

I' 
PCST, 

pGHJ 
PFlOWl 
PSIZE 
PTOT 

PWcos 
1'12 

QREJCT2 

P4NGE 

R4NGE2 

SIlCD1 

S"S13 

TA 
TA"'~ 

TCOS 

TO 
TEF'F 
TEFF1 

TEFF3 

TEFF4 

TI 

TTDl 

HDll 

TTD12 

TTD2 

TTD21 

• BACK PRESSURE OF THE TURBINE (IN HGA) 
- PERCENT OF THE YEAR AT THE SPECIFItD A~BIENT 

TE~PERATURE TIMES THE INCRE~E~TAL COST AT THIS 
TE~PERATURE (MILL5/KWH) , 

- POWER GENERATING 8~ THE PLANT (~EGAWATTS) 
- PU~p POWER AT OPTI~UM DESIGN CONDITIONS (KWH) 
- PLANT SIZE (MEGAWATTS) . 
- TOTAL POWER OUTPUT OF PLANT AT OFF DESIGN 

CONDITIONS (MEGAWATTS) 
- REPLACEMENT POwER COST (~ILLS/KWH) 
- A~MONIA PRESSURE AT THE CONDENSER/REBOILER (LBFI 

SO FTl 
- AMMONIA PRESSURE AT THE HEAT EXCHANGER (L~F/SQ FT) 
- HEAT INPUT INTO T~E OpTI~UM p~WER PLANT (PTU/HR) 
- HEAT REJECTED AT THE OPTI~U~ DESIGN CONDITIONS OF 

THE PLANT '(BTU/HR) 
- HEAT REJECTED AT THE OFF DESIGN CONDITIONS OF THE 

PLANT 
- TE~PERATURE RANGE OF THE AtR AT Op!IMU~ DESIGN 

CONDITIONS (DEG F) 
- TE~PERATURE RANGE OF THE AIR AT TH~ OFF DESIGN 

CONDITIONS (DEG "., 
- DIFFERENTIAL COST OF PLANT EXCLUDING THE COOLING 

SYSTE~ AT OPTIMUM DESIGN CONDITIONS ($) 
- TOTAL POWER OUTPUT OF PLANT AT OPTIMUM DESIGN 

CONDITIONS (MEG4WATTS) 
- A~BIENT TEMPERATuRE (DEG F 
- TEMPERATURE OF THE AMMONIA LEAVING THE CONDENSERI 

REBOILER AT THE OPTIMUM DESIGN CONDITIONS FOR THE 
PLANT (DEG F) 

- INCREMENTAL INCREASE IN COST OF THE POWER pRODUCE~ 
BY THE OpTIMU~ pO~ER PLANT DUE TO tHE COOLING 
SYSTE~ (MILLS/KWH) , 

- DESIGN AMBIENT TEMPERATURE (DEG F) 

06/05/78 07.59.59 

- BASE THERMAL EFFICIENCY OF THE pLANT(DIMENSIONLESS) 
- RATED THER~AL EFFICIENCy OF THE PLANT 

VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VAI~IT 
VARIT 
VARIT 
VARIT 
VAR!T 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VA!:IIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VA!:IIT 
VARIT 
VARIT 
VARIT 
VARIT 
VAR!T 
VARIT 
VARIT 
VARIT 
VARIT 
VAI~IT 

VARIT 
VARIT 

S9 
60 
6] 
62 
63 
64 
65 
66 
67 
6R 
69 
70 
71 
72 
73 
14 
75 
76 
77 
7/'1 
79 
80 
81 
82 
83 
84 
B5 
86 
87 
Be 
89 
90 
91 
9Z 
93 
9 .. 

(DIMENSIONLESS; 
- DESIGN THER~AL EFFICIENCY OF THE OPTIMU~ PLANT 

(DI~ENSIONLESS) 

- OFF DESIGN THERMAL EFFICIENCY OF T~E pLA~T 
(DI~ENSIONLESS) , 

- TEMPERATURE OF THE A~~ONIA AT THE INLET TO THE 
HEAT EXCHANGER (DEG F) 

- FRACTION OF THE YEAR-THAT THE CORRESPONDING 
AMBIENT TEMPERATURE EXISTS (DIMENSiONLESS) 

- TEMPERATURE DIFFERENCE BETWEEN THE SATURATED 
STEAM AND AMMONIA IN'THE CONDENSER/REBOILER 
AT DESIGN CONDITIONS (DEG F) 

- TEMPERATURE DIFFERENCE BETWEEN THE SATURATED 
STEAM AND AMMONIA I~ THE CONDENSER/REBOILER 
AT OPTIMUM DESIGN CONDITIONS (DEG Fl 

- TEMPEPTAURE DIFFERENCE BETWEE~ THE-SATURATED 
STEAM AND AMMONIA IN THE CONDENSER/REBOILER 
AT OFF DESIGN CO~DITIONS (DEG F) 

- TEMPERATURE DROP OF THE AM~ONIA IN THE SUPPLY 
PIPING (DEC; F) 

- TE~PERATURE DROP OF THE A~~ONIA IN THE SUPPLY 

95 
96 
97 
98 
99 

100 
101 
10Z 
103 
104 
105 
106 
107 
108 
109 
110 
III 
lIZ 
113 
114 
115 

• 

• 



• 

4 

., 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

OpT:al 

PIPING AT OPTIMU~ DESIGN CONDTIONS (DEG F) 
TTD22 • TEMPERATURE DROP 9F THE AMMONIA IN THE SUPPLY 

PIPING AT OFF DESIGN CONDITIONS (DEG F) 
Tl • SATURATED STEAM TEMPERATURE IN THECONDENSERI 

REBOILER (DEG F) -
W31 • MASS FLOW RATE'OF AMMONIA AT OPTIMUM DESIGN 

CONDITIONS (LBM/~R) 
W32 - MASS FLOW RATE OF AMMONIA AT OFF D~SIGN CONDrTIONS 

(LBM/HR) 
w41 - MASS FLOW RATE OF AIR THROUGH THE HEAT EXCHANGER 

AT OPTIMUM DESIG~ CONDITIONS (LBM/HR) 
vrpMIN - OPTIMUM PLANT SCALING FACTOR FOR FAN AND PUMP 

POWER LOSS (DIMENSIONLESS) 

DEFINITION OF ARRAYS 

DEpERQl - FRACTION OF THE HEAT LOAD THAT IS CARRIED OFF BY 
THE DELUGED PART OF THE HEAT EXCHA~GER FOR EACH 
AMBIENT TEMPERATURE INCREMENT (DIMENSIONLESS) 

DEPERl - FRACTION OF THE HEAT EXCHANGER THAT IS DELUGED 
FOR EACH AMBIENT TEMPERATURE INCREMENT 
(DIMENSIONLESS) 

pWDI - WET/DRY BACK PRESSURE CURVE FOR THE AMBIENT 
TEMPERATURE RANGE (IN HGA) 

T~O - ARRAY OF COEFFICIENTS FOR THE CUBIC CURVE FIT OF 
HEAT RATE FACTOR AS A FUNCTION OF TURBINE BACK 
PRESSURE (DIMENSIONLESS) -

LOGICAL FIRST,FRST,FXTEMp,FXTVAR,FXTTTD,FXTLNG 
COMMON 

$ AFTR, ALPHA, ANG(3) 
• ,RpLIM(16) 
$ ,CAPF, CSSpKW, CONF, CONL, COSTL, CApCHG, CONMAT. CONMA2,CAF 
$ ,C~J, CTURB, CDANG, CLUVR, CHAILS,CVM 
$ ,O~IN,DEEpL.DESVEL,DESVELV,DESVELD,DENsrF 
$ ,EFFp, EF5 ' . 
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116 
111 
118 
119 
120 
121 
122 
123 
124 
125 
126 
121 
12B 
129 
130 
131 
132 
133 
134 
135 
136 
131 
138 
139 
11+0 
141 
H2 

2 
3 
4 
5 
6 
1 
8 
9 

$ ,FCR,FIRST,FIXL,FCOS,FFHX,FXTEMP,FACTOR,FRST,FACTORD,FSHOT,FDELUG 
$ ,FIXV,FIXTTD,FXTVAR,FXTTTD,FXTLNG -

YARn 
YARn 
YARn 
YARn 
YARn 
YARn 
YARn 
YARn 
YARn 
VARIT 
YARn 
VARIT 
YARn 
VARIT 
YARn 
YARn 
YARn 
YARn 
YARn 
YARn 
VARIT 
VARIT 
YARn 
YARn 
YARn 
YARn 
YARn 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
8IGCO" 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOIol 
BIGCOIol 
BIGCOM 
BIGCOM 
BIGCO~ 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOIol 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 
BIGCOM 

10 
11 
12 
13 
14 
15 
16 
11 
18 
19 
20 
21 
22 
23 
2. 
25 
26 
21 
28 
29 
30 
31 

$ ,GClEFF 
S ,HXNp,HPC5T,HCD 
S ,ITMAX, ITMIN 
$ ,JC(\NS 
$ ,KeONV, KALEXT 
S ,MXEXT 
$ ,NTA,NSIDES,NBUNHI 

COMMON 
S ODR 
5 ,p517E, PER, pWCOS, pLANC, pFACT, POMDPL 
$ ,p~HBAF, pOHFAN, pOHLEC, pOHCIR, POHCND, POHSTC, POHSCL 
$ , RBp,REDUCE, REDUCV, ROOFL,-RHOUT 
$ , ~REJ, QREOUCE, QREDUCV 
S ,5IGMAG, 5AAF, SEGL 
$ ,TO, TpO(4), TEFF, TLIM, THFIN, TLPRA, TFIX 
, ,TCD, TW 
$ ,UC", UWS 
$ ,W~V, ,WATCONA, WATCOST 
S ,VIIS(5) 
S ,XDEpA, XW, XD 



e 

OPhl 

COM~ON ISCALER/HRrACl, ATUB, CPE~A, SSCD,PLANCl,~ASSSl, 
$ GtIR, rAIR, HPAIR, HP~AT, wLRTP, PLANCTI 
CO~~OIll ISUPPLYI VALIS), CPLN, CPIP, CCOS, W3, COS~, Err, 

$ Q1N. CLAND, REAIR, Z,HRfAC2, W4, U, DELPW, PPOW, 
S rPOW, DELrC, WIDTH, ELENG, VAIR, VWAT, HI, HO, T4, 
$ REWAT, NW, NT, NP,PLANC2,PSIZ12, SPBP, SW4, SW3, 
$ SPC,PTOTAL,PLANC3,SArRON, AAIR, YrP, SPCD,?SIZ13, WT2, 
$ 8P2, IIIW2, TCOS, DELPA,DELpwT,DELPWC,COIllBAS, XNTSX, VELDX 
$, TLAX. UCON, PMCST, rMCST, rSACC, ErrC, CH, CA, CS 
$, CLTC, CrC, CPCC, rITCO, CSC,CEPREp,DELPIP, AST,OLDcST 
S,CAoCST, XNFAN,BLDANG, CPLEN, DPrEL, WHX, wTTUB, ADIA, ABLN 
S, WTHDR. WTFR~,STRUCC,CrPERr,HOPERr, TOTCr, TPC, ErFIN, ANTU 
S, AIRFF, WATFr, XNMOD, TCTPr, FDCPF, F~TRC,-ACCTTP, ADJTP 
S, A:T8~D, ADJBpD, ACTVH, ADJYH, ADJPPr, T~PAIR, TCTF, ArCST 
~, CSRD, wATERw, WSTRCT, CrOUND, HUBDIA, TOWLEN, NUMTOW, CTOWD 
S ,S~RJ,SQRJS.ATUBC,CBA,TTDl,TTD2'DELPS,CSTLVR,PIPCSTO 
~ ,C~THS. CYLRNG, CrANEL. PSTACS, PUrITC, PMPCST, ~PTPL' SEPCST 
S ,PWDllb) ,WATCWD(lb) ,DEPER/16) ,DEPERQ/16) 
J ',WqB,HT~W,NTOWDE,CSTlr,CSJ,CVr,tDP,W5 

COl.lIo\ON IsINKI VAR (5), CPLNl, C~IPl, CCOSl, W31, COSMl, ErFl' 
$ QI NI. CLANI. REAlI, Zl,HQrA2S, W41, ui, DEPwl, PPOWl, 
s rPOWl, DErCl, WIDTl, ELENl, VAIRl, VWATl, Hll, HoI, T41, 
s RE WA l, NWI. NTl, NPl,ZPLNC2,ZSIZ12, ZSPBP, SW4l, SW31, 
S SOCl, PTOTl,PLNC31, AFROl, AAIRl,YfPMIN, SPCDI, SPS13,WT2MIN, 
S B0 2I.1IN,NW2 MIN, TCOSl, DEPAl, DPWTl, DPwel,CONBAl, XNTSl, VELDI 
s, TLAl, UCONl, PMC51, fMCSl, FBACl, Errel, CHI, CAl, CSI 
$ • CLTel, CfCl, CPCCl,fITCOl, eSCl,CEPREl,DEPIPl, ASTl.0LDCSl 
S.CAPC5l,XNrA Nl.BLDANl,CPLENl,DprELl, WHl, WTTUl; ADIl, ABLI 
$, wTHDl. WTFRl,STRUCl,CrMPfl, ~PPrl,TOTCFl, TPl,EFFINl, ANTUI 
$, AIRr Fl. WATFrl' XNI.IODl, TCTPrl, rDCPrl, FMTRCl, ACTTPl' ADJTPI 
S, ACT RP l, ADJ8Pl, ACTVH1, AOJV~l. AOJPP1, THPAIl, TCTfl , ArCSTl 
S, CSR1. WATERl, WSTRCl, CrOUNl, HUBDIl, TOWLEl, NUMTOl, CTOWDI 
S ,S~RJl,SQRJSl.ATUBCl,CBAl,TTDl1.TTD21.DELPSl,CSTLV1'PIPCTDI 
S ,CSTHSI. CYLRNl, CFANEl, ?STACI. PUFITl, PMPCS1, RPTPLl' SEPCSI 
$ ,PWDlllb) ,WATCWDI (16) ,DEPERI (16I,DEPERQlIl6) 
~ .W3 Bl,HTOWl,NTOWDEl.CSTI r l.CSJl.Cyr l.CDP1,WSl 

COMIo\ON {TINEI XNS, TLA, XNTS, ARPS, -TTD2Q~, LINDR, XNP, XQUALY 
COM~ON/FANI FANDAP(lS3,10) .rANDA~(lS3'10).rMCpr,FBCPf.p2'R.S, 

SVELREC,ArC,ELEv,EHR 
CO"'Io\ON { PROPI CPW, THCONW. DENSIw, VISW, HrG, 

• CPV, THCDNV, DEIIISIV, VISv.SIGIo\A, 
• CPA, THCONA, DENSIA, VISA 

CO"lIo\ON/PDWZ! 
$ TSP"'XZ, POWMAX 

C DESIGN THER"IAL EFFECTIVENESS Or THE POWER PLANT 
TEFr~.'EFf/HRfA2S 

C 
C RATED THERMAL ErFECTIVENESS Or THE POWER PLANT 

TEF·l.TEr r /HRfACl 
C 
C HEAT INPUT INTO THE POWER oLANT 

QYN1E3413.E.3. SPS13/TEFrl 
C 
C HEAT REJECTED AT THE DESIG~ THERMAL EFFECTIV~NESS OF 
C THE POWER PLANT 

QREJCTI • QINl-(l. - TErr3) 

• 
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SCALER 2 
SCALER 3 
SUPPLY 2 
SUPPLY 3 
SUPPLY 4 
SUPPLY 5 
SUPPLV 6 
SUPPLY 7 
SUPPLY tI 
SUPPLY 9 
SUPPLY 10 
SUPPLY 11 
SUPPLY 12 
SUPPLY 13 
SUPPLY 14 
SUPPLY 15 
SUPPLY Ib 
SUPPLV 17 
SUPPLY 18 
SI NK 2 
SINK 3 
SINK 4 
SI NK 5 
SINK 6 
SINK 7 
S I NI< e 
SINK 9 
SINI< 10 
SINK 11 
SINK 12 
SINK 13 
SI NK 14 
51 NK 15 
SINK 16 
SINK 17 
SI NK Ifl 
VARIT 147 
VARIT 148 
VARIT 149 
VARIT 150 
VARIT 151 
VARIT 152 
VARIT 153 
VARIT 154 
\lARIT 155 
VARIT 156 
VARIT 157 
\lARIT 158 
VARIT 159 
VARIT 160 
VARIT 161 
VAPIT Ib2 
VAPIT 163 
\lAPIT 164 ~ 

VARIT 165 
VARIT 166 
VAPIT 167 

• 



• 
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C;UBRoUTINE VARIT 74/74 

C 
C 

RAN~E • IVARll) - TTDII • TTD21 • TD).EFFI 
TAI~AV • TD • RANGE/2. 
C~A • FLUIDIS,2,TAIRAV,ELEV,"VARITl") 
TAM~ • TO • RANGE/EFFI • TTD21 
DENsIV • FLUIDI7tl,TAMM,ELEV,IICALC2S II ) 

C RACK ~RESSURE AT THE AMBIE~T TEM~ERATURE 
~ • PWOllt<ALL) 
Tl • 9240./(17.168 - ALO~I~» .. 460. 

C 
C HEAT RATE FACTOR AT THE ABOVE BACK ~RESSURE 

H~FAC4.TCO(1)·T~0(2)·~·TPO(3)·P··2.T~014).P·.3 
C 
C TMER~AL EFFECTIVENESS OF THE ~LANT AT THE ABOVE BACK 
C PRESSURE 

TEF.4. 7EFF/HRFAC4 
C 
C HEAT REJECTED AT THE ABOVE THERMAL EFFECTIVENESS OF THE 
C ~OWE~ ~LANT 

Q~EJCT2 • QINl_(l ... TEFF4) 
C 
C TEMPERATURE DIFFERENCE BETWEEN THE SATURATED STEAM AND 
C THE A~MONIA IN THE CONOENSEa/REBOILER 

TT012 • IQREJCT2/QREJCTl) - TT011 -
C 
C ~RESSURE OF THE AMMONIA LEAVING THE CONDENSER/REBOILER 

P12 • 'LUIDIlO,},TI-TTDI2,ELEV,IICALC 2211) 
HFG2 • FLUID(9,1,TI-TTD12,ELEV,lItALt 20") 
DENSIV2 • FLUIDI7.1,Tl-TTD12,ELEV,uCALC 2111) 

C 
C MASS FLOW RATE OF AMMONIA T~ROUGH THE COOLING SYSTEM 

W32 = QREJCT2/HFG2 -
C 
C PRESSURE ORO~ OF AMMONIA THROUGH THE SUP~LY ~I~ING 

DELCS2 • DEL~Sl • IW32.-2 - DENSIV/IDENSIV2 _ W31*.Z» 
C 
C PRESSURE AT THE END OF THE SU~~LY ~I~ING 

~22 • P12 - DELPS2/144 •. 
TI • Tl • TTDI - TTD2 
OELTI •• 001 

c 
C LOOP TO DETERMINE THE TEMPERATURE OF THE AMMONIA AT THE 
C END OF THE SUP~LY PI~ING 

C 

10 FTI • ·~22 • FLUIDII0,1,TI.ELEV,"CALC 23" 
FTI~EL -= -~22 • FLUIOII0.1,TI.DELU.ELEV,"CALC 24 11 ) 
TT~l • TI - DELTI.FTI/IFTIDEL .. FTI) 
IF(ABSITII'l .. TI).LT .. OOOl) GO TO 20 
TI • TI~l 
GO TO 10 

C TEM~ERATURE DRO~ IN THE AMMONIA FROM THE BEGINNING TO THE 
C E~D OF THE SUPPLY PI~ING 

20 TTD22 • Tl - TTD12 - TI 
C 
C TEM~ERATURE RANGE OF THE AIR 

IFIOEPERlII(ALL).EQ.l.) RANGE2. 0.0 
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VUlT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
YARn 
VARIT 
YARn 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
YARn 
YARn 
YARn 
VARIT 
VAC!IT 
YARn 
VARIT 
YARn 
YARn 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
YARIT 
VARIT 
YARn 
YARn 
VARIT 

1&8 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
18& 
1'37 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
206 
209 
210 
211 
21Z 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
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IFIDE"ERIIKAI.I.I.EQ.1.1 GO TO 40 
RANGE2. 11. - DEPERQ1 IKAI.L)).QQEJCT2/IW41_ll. - DE"ER1(KAI.I.I).ll. 

1 • YFP~Tp..r1 _CPA I 
C 

VA~IT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
WAR IT 
VARIT 
VARIT 
YARn 
VARIT 
VARIT 
YARn 
VARIT 
VARIT 
VARIT 
VAQIT 
VARIT 
VARIT 
YARn 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
YARn 
YARn 
YARn 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 
VARIT 

225 
226 
22'7 
229 
229 
230 
231 
232 
233 
234 
235 
236 
237 
2311 
239 
?40 
241 
"42 
243 
?'+4 
245 
246 
247 
24/1 
249 
250 
251 
252 
253 
254 
255 
256 
257 
25" 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
e77 
278 
279 
21'10 
281 

C POWER OUTPUT OF THE l.oW-PREiSURE TURBINE AT !HE SPECIFIC 
C A~BIENT TEMPERATURE 

40 "TOT. QINl .TEFF4/3413.E.3 
C 
C POWEQ OUTPUT OF THE PLANT AT THE SPECIFIC AMBIENT TEM_ 
C PERATURE 

C 

PGE~ • PTOT • PPOW1/1000. - FPo~1/1000. 
TJ:F~DETEFF'4 

I~IPGf~.GE.PSIZEI GO TO 50 

C eOST OF THE AUXILIARY POWER REQUIRED TO MAKE UP FOR LOST 
C CAPACITY ON HOT DAYS 

C 

CSTCL=IPSIZE-PGENI/PSIZE.PWCOS 
TEFFD-TEFF3 
Gn Tn "0 

SO CSTCL - 0,0 

C INCREASED FUEL COST Of THE PI.ANT DUE TO OFF DESIGN 
C CONDITIONS -

C 

C 

60 DELFC • FCOS·3413.E-S • (11 •• YF'PMIN)/TEFFD_1./TEF~1 

IFII(ALI..NE.ll GO TO 70 
CAPCST·O.O 
IF(PSIZE.I.E.PGENI GO TO 70 

C CAPITAl. CHARGE FOR THE AUXII.ARY POWER 
CAPCST·CAPCHG·IPSIZE-PGENI 

70 CONTINUE 
C 
C INCREASE IN COST OF OPERATI~G THE PI.ANT AT THIS AMBIENT 
C TE~PERATURE DUE TO THE USE OF THE COOLING SySTEM 

TCoS • ICC(lSl*SPCD1*CLAN1.CPIP1*CONBAl_CAPCST).FCR/(PSIZE.CAPF. 
• 11760.1 • CoSM1 • DEI.FC • CSTCI. + WATCONA.C.1203/1000.I.WATCOST/ 
S(PSIZE*CAPF.S760.)· .. 

C 
C FRACTION OF THE YEAR THAT THIS AMBIENT TEMPERATURE EXISTS 
C TIMES THE INCREMENTAl. COST OF THE COOLING SySTEM AT 
C TMIS AMBIENT TEMPERATURE 

PCST.TPElhTCOS 
C 
C SUM OF THE PRODUCT BETWEEN THE AUXII.ARY POWER COST AND 
C TME FRACTIO~ OF THE YEAR T~AT THE AMBIENT TEMPERATURE 
C EXISTS 

CLSUM • CLSUM • CSTCL _ TPER 
C 
C SUM OF THE PRODUCT BETWEEN THE FUEL COST INCREASE FOR THE 
C PLANT DUE TO THE OFF-DESIGN CONDITIONS AND THE FRAcTION 
C (IF' TME YEAR THAT THE AMBIENT TEMPERATURE EXISTS 

FCSUM • FCSUM • DELFC • TPER 
109(;-0 
IF(IORG.EQ.OI 130To 800 

935 FnR~AT(T2,F6.1. T10.F6.1, T19,Fb.2. T26,FT.4. T33,F7.3 
S.T 41.Fb.3. T47,F7.2, T54.F7.2, T62.F8.3. T72.F7.5, T81.G11.5 

• 

• 

• 
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S T93,r1.4' TI06,F7.3, Tl15,Gll.5) 
936 FOR~ATIIMO) 
937 FOR~A~(lX,"HRFAC4a ... Gll.S,T24."T~FF •• ".G11.5.T46."QREJe ... G11.5. 

5 T65."RANGEa",G11.5,T85,IVAR(3)=".G11.5.TIOS,"T11 a ".G11 ,51 
5 1X."~10TALall'G11.5.T25,"~GEN=II.G11.5.T46'''J:I~OWall'G11.5. 
5 T66,IIF~OWall.G11.5.T87'''QIN1a''.Gl1.51 
S 1X." TEFF3elltGl1.5.T24,IITEFF1al',G11.5.T44."YFP~IN_I,G11,5) 
W~ITE 16,936) 
W~ITEI6.931) MPFAC4,TEFF4.QREJ.RANGE,VAR(3),T11,~TOTAL,~GEN. 

S ~~~w,pPOW.QIN1,TEFF3,TEFF1.YFP~iN - -
WRITE(6,93S) MRFAC2,TEF~,HRFAC,MRFAC1'TEFFO,CCOS1.S~C01,CLAN1. 

S C~I~l.COSMl 
938 FnR~ATI1X'''HRFAC2-''.G11.5.T25,IITEFFall,G11,5.T45, .. MRFACell.Gl1.5, 

ST64",MRFAC1-".Gll.5.T86,IITEFFO_",Gl1.5.Tl06,"CCOS1_ .. ,Gl1.51 
SIX," SPCOlal',G11.5~T24,IICLAN1.II,Gll.5'T45,"C~IPl-~.Gll.5,T65, 
S "Cns~1.II,G11.S) 

939 F(lPIo4ATIT2,IITAI,TAO,TAMM.Tl1,RANG~'TT0111,6G15.61 
800 CONTINUE - . 

TAMIo4 • T1 - TT012 - TTOZ2 
HxITD - T1 - TT012 - TTD22 • TA 
IFIMXITD.GT.O.O) HXLMTO • RANG~2/ALOGIHXITO/(HXITD - RANGE2» 
IrIMXITD.LT.O.O) HXL~TO - 0.0 . 

810 CONTINUE 
!rl~ALL.EQ.1) TB~MXZ-P 
Irl~AL~.EQ.l) ~OWMAX.PGEN 
WRITE(l,,9351 fA 

5,T1 
S.p 
S,I-IRrAC4 
S,RANGE2 
S,TT012 
5,HXLMTD 
5.HXyTD 
S.PGEN 
5,DELFC 
S.CSTCL 
S,TCOS 
S,T~ER • 100. 
S,PCC;T 
IrIID~G.EQ.O) RETURN 
RETURN 
END 

06/05/18 07.59.59 

VARIT 
VAIHT 
VAIHT 
VARIT 
VARIT 
VARIT 
VARIT 
VARlT 
\tARIT 
VARlT 
VARIT 
VARlT 
VARIT 
YARn 
VARIT 
VARIT 
YARn 
VARIT 
VARIT 
VARIT 
VA~IT 

YARlT 
YARn 
VARIT 
YARn 
YARn 
YARn 
YARn 
YARn 
YARn 
YARn 
VA~n 
YARn 
YARn 
VARIT 
YARn 
VARn 
VARlT 
VARIT 
VA~IT 

YARn 
VUHT 

282 
283 
2B4 
285 
286 
287 
2BE' 
2B9 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
30e 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
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<;UBPOUTINE XTEND OPTsl 

C 
C 
C 

SUB~OLl'I"JE XTENDIL) 

THIS ROUTI~E CHECKS EXTREME VALU~S AT MINIMAL COST POINT. 

DIME N5ION TTRY(2)'RTRYI2)'CTRYI2)'ATRYt2)'WT~Yt2) 
COM~ON ISINKI VARtS), CPLNl, CPIPl, CCOSl, 10131, COSMl, EFFl, 

~ QINl, CLANl, REAlI, Zl,HKFA2S, fl4l, ui, DEPwl, PPOWl, 
I ~POWl, DErCl, WTOTl, ELENl, V4IRl. VWATl, HIl, H~l, T41, 
S ~EWAl, NWl, NTl, NPl,ZPL~C2,ZSIZ12, ZSPBP, SW41, SW31' 
J SPCl, pTOTl,PLNC31, ArROl, AAIR1,YrPMIN, SPCDl, SPS13.WT2MIN, 
S 8 0 2MIN.NW2 MIN, TCOSI. DEPAl, DPWTl, DPWCl,CONBAl, XNTSl, VELDI 
J, TLAl, UCONl, PMCSl, rMCSl, rBACl, EFrCl, CHI, CAl, CSI 
$ ,CLTCl, CrCl, CpCCl,rITCOl. CSCl,CEPREl,OEPIPl, ASrl,OLDCSl 
S,CAoCSl,XNrANl,BLDANl,CPLENl,DPrELl, WHl, WTTUl, ADIl, ABLl 
I, WTHOl, WTrRl,STRUCl.CrMPFl, HPprl.TOTCFl, TPl,ErrINl, ANTUI 
$, AIQrFl, WATr~l, XNMODi, TCTPF1, rDCPrl, rMTRCl, ACTTPl, ADJTPI 
$, AeTgol. ADJBPl, ACTVHl, ADJV Hl, ADJPPI. TH o4Il, TCTrl , ArCSTl 
$, CSR1, WATERl, WSTRCl, CrOUNl, HUBDIl, TOWLEl, NUMTOl, CTOWDI 
s .SO~Jl.SQRJSl.ATUBCl,CBAl.TTDll.TTD21,DELPSl.CSTLVl,pIpCTDl 
$ ,CSTH5l. CYLRNl, C~ANEl, PSTACl, pUrlTl, PMPCSl, RPTPLl, SEPCSI 
I ,PIo/Dlll~) ,WATCWDI (16) ,DEPERI Il~I.,DEPERQl (16) 
S ,WqBI,HTOwl,NTOWDEl,CSTIrl,CSJl.CVrl,CDP1,wSl 
COM~ON ISUPPLYI VALtS), CPLN. CPIP. CCOs, 1013, COSM, Err, 

s ~tN, CLAND, REAIR, Z,HRrAC2, 1014, U, oELPW, PPOW, 
$ rPOW, DELFC, WIDTH, ELENG, VAIR, VWAT, HI, HO, T4, 
$ ~EWAT, Nfl, NT, NP'PLA~C2,PSIZI2, SPBP, SW4, 51013, 
S SPC,PTOTAL.PLANC3,SAFRON, AAIR, VrP, SPCD,PSIZ13, WT2, 
S 9P2, NW2, TCOS, DELPA,OELPWT,DELPWC,CONBAS, XNTSX, VELDX 
$, TLAX, UCON, PMCST, FMCST, rSACC, ErFC, CH, CAl CS 
S, CLTC, CrC, cpcc, rITCO, CSC,CEPREP,DELPIP, AST,OLoCST 
S,CAoCST, XNrAN,BLDANG, CPLEN, OPrEL, WHX, ~TTUB, ADIA, ABLN 
S, WTHDR, WTFRM,STRUCC,CrPERr,HPPERr, TOTCr, TPC, ErrlN, ANTU 
s, AIRrr, WAT.r, XNMOD, TCTPr, rDCPr, FMTRC,-ACCTT~' ADJTP 
S, ACTBPD, ADJBpD, ACTVH, ADJVH, AOJPPr, THPAIR, TCTr, ArCST 
5, CSRD, WATERW, WSTRCT, CrOUND, HUBDIA, TOWLEN, NUMTow, CTOWD 
$ ,S~RJ,SQRJS'ATUBC,CBA,TTDl,TTD2,DELPS,CSTLVR,PIPCSTD 
5 ,C5THS, CYLRNG, CrANEL, PSTACS, PUrtTc, PMPCST, RPTPL, SEPCST 
I ,PWDIl6) ,WATCWD(16) ,DEPERtI6) ,D[PERQtl6) 
$ ,W~B,HTOW,NTOWDE,CSTIF,CSJ,CVr,CDP,wS 

COMMON ITINEI XNS, TLA, XNTS, ARPS, TTDZQE, L!NOR, XNP, XQUALY 
LOGICAL FIRST,FRST,rXTEMP,rXTVAR.FXTTTD,FXTLNG 
COM"10N 

S AFTR, ALPHA, ANG(3) 
• ,BpLYM(16) 
S ,CAPF. CSSPKW, CONr, CONL, COSTL, CAPCHG, CONMAT, CONMA2,CAF 
S ,CRJ, CTURB, CDANG, CLUVR, CHAILS,· CVM 
~ ,DryN,oEEPL,DESVEL,DESVELV,DESVELO,OENSIF 
S ,EFrp, EFS 
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XTEND 
XTEN:l 
XTEND 
XHND 
XTEND 
SINK 
51 NK 
SINK 
SINK 
SINK 
SINK 

2 
3 
4 
5 
6 
2 
3 
4 
5 
t. 
7 
R 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

9 
2 
3 
4 
5 
6 
7 
8 
9 

$ ,FLR'~IRST,FIXL,FCOS,FFHX,FXTEMP,FACTOR,FRST,FACTORD,FSHOT,FDELUG 
S ,FIXV'FIXTTD,FXTVAR,FXtTTD,FXTL~G -

51 'JK 
SINK 
SINK 
SINK 
SINK 
SI NK 
SINK 
SINK 
Sl NK 
SI'lK 
51 NK 
SUPPLY 
SU!'PL'Y 
SUPPLY 
SUPPL.Y 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPLY 
SUPPL'Y 
SUPPLY 
SUPPLY 
SUPPLY 
XTEND 
RIGCO~ 
B I GCO~ 
BIGCO'" 
BIGCOM 
BIGCDM 
BIGCOM 
BIGCO" 
BIGCDIoI 
BIGCOM 
BIGCOM 
BIGCOIol 
BIGCO~ 
BIGCO~ 
BIGCO~ 
BIGCO~ 

BIGCO~ 
BIGCO~ 

10 
11 
12 
13 
14 
15 
16 
17 
18 

, ,GsEr'-
$ ,Hx~P,HPCST,HCD 

S ,IrMAX, ITMIN 
S ,JCONS 
S ,KCONV, KALEXT 
S ,MxEXT 
$ ,NTA,NSIOES,NBUNHI 

• 



CO~>,40"l 

S nD~ 
S ,PSI7E, PER, PWCOS, PLANC, PrACT, POMOPL 
S .PnH~A~. PO~rAN, POHLEC. POHCIQ~ POHCNO. POHSTC, PO~SCL 
S • RRP.REDUCE, REDUCV, ROOFL, RHOUT 
S • QREJ, QREQUC::. QREOUCV 
s ,SIG~AG. SAAr, SEGL 
s ,To, TD~r4l' rErr, TLIM. THrIN, TLPQA. TFIX 
, ,TCO, T\rI 
S ,ues. lJlrtS 
s .1rt~V. WATCONA. WATCOST 
S .VAS!S) 
S ,XjEPA, )I. •• XD 
COM~ON ILACALLI SRN 
TTRVrll.VAR(1)-ZO. 
I~ rTTPv(ll .LE. 0.0) TTRV(Uo:10. 
TTPv(21=VAR(1)+20. 
I~(TTRV(2) .GE.170.) TTRY(Z).110. 
I~(~XTEMDI TTRv(l) z TnX 
I~ (r:'XTEMD) TTRv (2) .. Tnx 
CTRv(11-VAR(3).3. 
r~(:TRV(lJ.LE.o.) CTRV(l'"'.5 
CTRy(2Io:VAR(3)+Z. 
ATRy(l1 _ VAR(4) • 30.0 
ATRv(21 _ VAR(4) • 30.0 
I~(n"¥(Z) .LT. 10.0) ATPv(Z) - 10.0 
WTRy(ll .. VAP(5).Z.0 
WTRv(?I • IFIX(VAR(S)IZ.O) 
I~(WTDV(ZI .LT. 11 WTRY(Z) • 1.0 
RTRvell • VAP(Z) • 3.0 
RTRv(21 • VAR(2) - 3.0 
01'1 3 1-1.2 
SRN.II/XTE"lD.11 II 

DO ~ I1~.1.2 
If" (.XTI/AR) pTRv rIR) 0: nxv 
CALL CALC('H RY(I),RTpv(IR),VU(31,VAR(4),VAR(5),1) 
I~(I(CClNV.EQ.l) GO TO 3 
!~ rOELDA.LE.XDEPA) GO TO 3 
I~rTCOS.GT •• 99.TCOSl) GO TO 3 
TCOC;l· Tcns 
vAs/l!·TTRvrI) 
VAS(2) • RTRV(IR) 
VASr31.VAR(3) 
VASr41.VM~(4) 
VAS(S).VAR(5) 
L .. l 

3 CONTI"'UE 
DO 10 1.1,2 
SPN.I/XTE"lO-3/" 
r~(nTTTD) eTRvrI) .. rpeTTD 
CALL CALC (VAP (1) ,VAR (2) ,CTRY (I) .\lAR (ltl ,yAP (;!, 1) 
rF(I(Cnr~v.EQ.1) GO TO 10 
Ir(jELPA.LE.XDEPA) G~ TO 10 
I~(TCOS.GT •• 99.TCOSll GO TO 10 
TCO!l;I .. TC('IS 
VAS r 11 .VAR (1) 
VASrZ) 0: VAR(2) 
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BIGCO"4 
BIGCO~ 
BIGCOM 
BIGCOM 
BIGCOIII 
BIGC'M 
BIGCOM 
BIGCO~ 
BI GCO" 
BIGCOIo1 
BIGCO~ 
BIGCO~ 
BI5CO"l 
XTENO 
XTEND 
XTEND 
XTEND 
XTEN~ 

XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XT[ND 
XTEND 
XTEN::l 
XTENj 
XTEND 
XTEND 
XTEIliD 
XTEND 
XTEN::l 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTENO 
XTENO 
XTEND 
XTEND 
XTENO 
XTEND 
XTEND 
XTENO 
XTEND 
XTEND 
XTEND 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
11 
12 
13 
h 
15 
16 
17 
18 
19 
20 
21 
22 
Z3 
24 
25 
26 
27 
2'1 
29 
30 
31 
32 
33 
34 
35 
36 
37 
311 
39 
40 
41 
42 
1t3 
44 
45 
46 
47 
48 
49 
5c 
51 
52 
53 
5. 



SUBROUTINE XTEND 

VAS(3'·CTRY(I) 
VAS(It).VAR(4) 
VASt51.VARCS) 
L .. l 

10 CONTINUE 
DO 11 hl.2 
IF(FXT~NG) GO TO 11 
CALL CALC(VAR(1).VAR(2).VAR(3).ATRY(I).VAR(S),2_I) 
IF(I(CONV,Ea,ll GO TO 11 
IFcnELPA,LE,XDEPA) GO TO 11 
IF(TCOS,GT,,99.TCOSl) GO TO 11 
TCOSlcTCOS 
VAS(ll-VAR(l) 
VAS (?) " VAR (2) 
VAS(~I·VAR(3) 
VASC4\.ATRY(I) 
VAS(S).VAR(5) 
L.l 

11 CONTINUE 
SRN."/XTEND·4/,, 
DO 12 10:1.2 
JF(OEEPL,GT,O,O) GO TO 12 
CALL CALC(VAR(1).VAR(2),VAR(3),VAR(4),WTRY(I),3.I) 
IFII(CONV,EC,l) GO TO 12 
IFCOELPA.LE,XDEPA) GO TO 12 
IFCTCOS,GT,,99-TCOSl) GO TO 12 
TCOSI-TCOS 
VASCl'-VARCl) 
VAS(2) - VAR(2) 
VASC3'.VAR(3) 
VASr4\-VAR(4) 
VAS(5!·WTRY(I) 
L .. l 

12 CONTINOE 
SRN ~ "/XTEND-5/" 
DO 1 4 t R • 1, 2 
IFCFXTVAR) GO TO 14 
CALL CALCCVARCl),RTRY(IR).VAR(3).VARCIt),VARI5),1) 
IFII(CONV ,Ea, 1) GO TO 14 
IFCnELPA ,LE, XDEpA) GO TO lit 
IFCTCOS ,GT, O,99-TCOSll GO TO 14 
TCOSI - TCOS 
VASil! "' VAR(l) 
VA5t2\ • RTRVltR) 
VASt31 • VAR(3) 
VASt 4 , • VAR(4) 
VAS C5! - VAR IS) 

L - 1 lit CONTINIJE 
IFIL.EQ,l) WRITEC6,13) 

13 FOR~ATI" XTEND CALLED, AND CHANGE MADE") 
IF CL ;EQ, 1) t<ALEXT 0: KALEXT • 1 
IF CI(ALExT ,GT, ~XEXT) STOP "CALLS TO S.R. EXTEND EXCEED MXEXT" 
RETUR"I 
END 
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XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 
XTEND 

55 
56 
51 
Sf! 
59 
60 
61 
62 
63 
64 
65 
66 
61 
68 
69 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
80 
81 
82 
B3 
84 
85 
86 
81 
88 
89 
90 
91 
q2 
93 
94 
95 
9f, 
91 
98 
99 

100 
101 
102 
103 
101t 
105 
106 
101 
lOB 
109 
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