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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 I.1 is a subroutine Tinkage chart indicating which subroutines
may call or may be called by others. This chart should be of assistance in
using the Tisting making up the remainder of this appendix.

I.1
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PROGRAM AMCIRC

e N NeNeNeReNeNe N NeNeNeNoNoNe e Ne RaXel

VA ARD AR ANAAAA RN

AAAARAARALA DA

E I I N )

T4/74 OPT=] FTIN 4,52414 06/05/78
PROGRAM AMCIRC (INPUT,OUTPUT,TAPES=INPUT,TAPE6=0UTPUT) BNwW1B
BNw13
PROGRAM AMCIRC IS A PROGRAM WHICH DETERMINES THE OPTIMUM BNwW18
DESIGN OF A WET/DRY COOLED POWER PLANT WITH AMMONIA AS THE BNwWi3
INTERMIDIAYE FLUIDe THE OPTIMUM DESIGN 1S DETERMINED BY BNW1B
REPEATING THE DESIGN OF THE COOLING SYSTEM OVER A RANGE BNW]B
OF DESIGN CONDITIONS INORDER TO FIND THE COOLING SYSTEM BNNW]S
WITR THE SMALLEST INCREMENTAL COSY, THMIS 1S ACCOMPLISHED BNW18
RY VARYING FIVE PARAMETERS OF THE PLANT AND COOLING SYSTEM BNW18
OVER RANGES OF VALUES. THESE PARAMEYERS ARE VARIED BNW13
SYSTEMATICALLY ACCORDING TO TECHNIQUES THAT PERFORM PATTERN BNwW13
AND GRADIENT SEARCHES, BNW1B
THE DRY COOLING SYSTEM OPTIMIZED BY PROGRAM AMCIRC IS BNW]3
COMPOSED OF A CONDENSER/REROILER (CONDENSATION OF STEaM BNw]B
AND BOILING OF AMMONIA)s PIPING SYSTEM (TRANSPORTS AMMONIA BNW13
VAPOR OUT AND AMMONIA LIQUID FROM THE WET/DRY COOLING BNW18B
TOWERS)» AND POLYGONAL SHAPED TOWER SYSTEM (HORIZONTAL BNW1B
ONE«PASS HOTERV HEAT EXCHANGERS FORMING THE LENGTH OF THE BNW18B
SIDES OF THE TOWERS WITH COCURRENT AMMONIA FLOW IN THE TUBES BNN1B
OF THE HEAT EXCHANGER ' BNW]B
DIMENSION PCST(16) BNW1B
LNGICAL FIRSTyFRST | FXTEMPyFXTVARIFXTTTDIFXTLNG BIGCOM
COMMON BIGCOM
AFTRs ALPHA, ANG{3) BIGCOM
+BPLIM(16) BIGCOM
+CAPF» CSSPKW, CONF, CONL,y COSTL, CAPCHG, CONMATs CONMAZ,CAF BIGCOM
+CRJUs CTURBe CDANGs CLUVR. CHAILSy CVM BIGCOM
+OFINeDEEPL oDESVEL ¢+ DESVELVyDESVELD+DENSIF BIGCOM
+EFFPy EFS BIGCOM
yFCRIFIRST o FIXLoFCOSIFFHX9FXTEMRIFACTORYFRST4FACTORDFSHOTFDELUG BIGCOM
sFIXVIFIXTTDoFXTVARFXTTTDFXTLNG BIGCOM
yGREFF BIGCO™
¢yHXNP s HPCSTHCD BIGCOM
s ITMAX, ITMIN BIGCOM
+JCONS BIGCOM
JKCONV, KALEXT BIGCOM
oMXEXT BIGCOM
sNTASNSIDESINBUNHI BI1GCOM™
COMMON BIGCOM
oD= BIGCOM
+PS1ZE, PERs PWCOSs PLANC, PFACT, POMDP| BIGCOM
+PnHARAF, POHF AN, POHLEC, POHCIRs POHCND,s POHMSTCs POHSCL BIGCOM
+ PRP.REDUCE, REDUCV, ROOFiL, RHOUT BIGCOM
s, OREJ, OREDUCE, OREDUCV BIGCOM
+SIGMAG, SAAF, SEGL BIGCOM
+The TPO(4)s TEFF, TLIMs THFINy TLPRA, TFIX BIGCOM
yTCDe TW BIGCOM
sUCSs UWS BIGCOM
JWEYs WATCONA, WATCOST BIGCOM
1 VAS(S) BIGCOM
+XDEPA, XWy XD BIGCOM
COMMON /SINK/ VAR(S)y CPLNly CPIPly CCOS]» w3ls COSMl, EFFlse SINK
nINl, CLANJ, REAIl, Z1+HRFAZS, Whls Ul, DEPW1l, PPOW]s SINK
FPoWl, DEFCl, WIDT1l, ELENly VAIRl, VWAT], HIl, Holy T4ly SINK
REWA], NW] NT1, NP1+ZPLNC2+251712¢ ZSPRP, SWé4l, SW2l, SINK
SPCly PTOT14PLNC3ly AFROls AAIRI1,YFPMINs SPCDl,y SPS13,WT2MINy SINK
BP2MIN,Nw2MIN, TCOSl, DEPAl, DPWTl, DPWC1,CONBAl, XNTS!, VELDI SINK
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PROGRAM AMCIRC T4/74 OPT=] FTN 4,5¢41% 06/05/7% 07,59,59

$+ wWTHDR, WTFRM,STRUCC,CFPERF,HPPERF, TOTCF., TPCs -EFFIN, ANTU SUPPLY
$y» AIRFF, WATFF, XNMOD, TCTPFy FDCPF, FMTRCy ACCTTP, ADJTP SUPPLY
$: ACTRPD, ADJBPDy ACTVH, ADJVHs ADJPPF, THPAIR, TCTFs AFCSTY SUPPLY

$ 4 TLAl, UCON1, PMCSl, FMCSls FBACly EFFCl, CHly Cal, csl SINK 8

€ , CLTCly CFCls CPCCLlsFITCOLls CSClyCEPRE}WDEPIPls AST1,0LDCS] SINK 9
$,CADCS]  XNFAN] ,BLDANL yCPLEN]OPFEL], wHl, WTTUls ADIls ABL} SINK 10

€, WYHDl, WTFR1,STRUC]CFMPFly HRPF]1,TOTCF], TPLyEFFINL, ANTU] SINK 11

$y AIPFF], WATFFly XNMOD1l, TCTPF)s FDCPF], FMTRCls» ACTTP]s ADJTP] SINK 12

$, ACTBPl, ADJBP]y ACTVH], ADJVHls ADJPP1, THPAIly TCTFl 4 AFCSTI SINK 13

$+ CSR1y WATER1« WSTRCls CFOUNl, HUBDI), TOWLEl» NUMTOl, CTOWD] SINK 14

$ ,SHRJ14SORJS14ATURC1+CBAL»TTD]119TTD2]4DELPS] +CSTLVI+PIBCTD] SINK 15

$ yCSTHS1s CYLRMN1s CFANEl, PSTACls PUFIT)]s PMPCS1y RPTPL1s SEPCSI] SINK 16

¢ PWDl!16)4WATCWD]) (16) DEPERL (16} ,DEPERG] (16} SINK 17

$ JWBR1eRTOW!sNTOWDE] +CSTIF1+CSJI2CVF14CDP],W51 SINK i8
CoMupgN /SCALER/HRFACYs ATUBy CPERA, SSCDIPLANC]1+CASSS), SCALER 2

€ GAIRy FAIR, HWPAIR, HPWAT, WLRTP, PLANCT] SCALEZR 3
CnMunN /SUPPLY/ VAL (5)s CPLNs CPIP, C(CCOS» W3, COSM, EFFs SUPPLY 2

[3 QIN, CLAND, REAIR, Z+HRFACZ, W4y Uy, DELPWwW, PPOwW, SUPPLY 3

L3 FPOW, DELFCs WIDTH, ELENGs VAIRy VWAT, Hl, HO, T4y SUPPLY 4

$ RFWAT, NW NT, NPsPLANC2yPSTZ12, SPBP, Swé, Sw3s» SUPPLY 5

$ SPCyPTOTAL 4PLANC3,SAFRONy AAIR, YFPy SPCO,4PSIZ13, wT2y SUPPLY 6

$ APZ, NW2, TCOSy DELPAWDELPWT+DELPWCsCONBASy XNTSX, VELDX SUPPLY 7

$ 4 TLAX, UCON, PMCST, FMCST, FBACC, EFF(C, CH, Chy cs SupPLY 8

$ , ¢cLTC, CFCy CPCCy FITCO, CSCyCEPREP,DELPIP, AST,0LDCST SUPPLY 9
$9CAPCSTy XNFAN,BLDANGe CPLEN, DPFEL» wWHX, WTTUBs ADIA, ABLN SUPPLY 10

11

12

13

$9 CSRDy WATERW, WSTRCTs CFOUND, HUBDIA, TOWLEN, NUMTOW, CTOWD SUPPLY 14

$ ,SEPJ*SORJSIATUBC,CBAyTTD1+TTD24DELPS,CST VRyPIRPCSTD SUPPLY 15

$ ,CSTHS, CYLRNG, CFANELs PSTACS, PUFITC, PMPCSTy RPTPL, SEPCST SUPPLY 16

$ JPWNI16) sWATCWD(16) sDEPER(16)+DEPERR()G) SUBPLY 17

$ JWBRemTOWINTOWDEWCSTIF+CSJWCVFCDP WS SUPPLY 18
cCoMunN /VARVAR/ TPER(16), TA(l6)y TAWB(]6 BNwW) B 27
COMMON /INDIS/ DISTY BNw]1B 2e
CoMMoN /TINE/ XNSy TLAs XNTS. ARPS, TTD2QE, LINORs XNP, XQUALY BNW]B 29

81 FORMAT(")1TD USED IN THE FOLLOWING CALCULATIONS 1S =nfFsg,3) BNW18 3¢
930 FORMATITN2,"AMBIENT TURBINE", T28,wHEATn, TB3,¢COST Tov, BNw]B 31

$ T93,"POWER COSTH, T1054mPCT TIMEW,T)15,uPORTION OFw) BNw1B 32

931 FORMATITO4yMTEMPY,y Ti0 MOUTLETY, T20,"BACKN, T2B,"RATE", TS50 MHX" BNw]8 33
SeTST AKX, T4y "POWER'",y TT72,"CHANGE INv, vg3,"REPLACEW, BNw]8 34
$1T7S3,"AT AMBIENT", T104s"AT AMBIENT", T11§,"INCREMENTAL™) BNW18 35
932 FORMATIT]I1 +"TEMPH,T18y"PRESSUREN s T27 4 "FACTORM, T35,WRANGEN BNW18B 36
$yT424"TIDPH, T4y MTD"y TST7,"ITOM, T62,0GENERATEON BN&1B 37
FoTT2."FUEL COST", T83+"LOST CAP#y TOS,HTEMPYH, T]106,uTEMPH BNW]B 38
SyT11R+"POWER COSTH) BNW]B 39
933 FNARMAT!E TOZ24131(M=tt)y TGe” MyT1TeM Mty T26,0 1y T3340 1y T404n 0 BNw1B 40
SaT4T M My TSeytt My TEL WM My TTLeM 1y TRI,M My, TG2eM 1y 10341 0 BNw1B 4]

Se TI1ben 1y BNW1B 42

834 FORMAT! TO03,"DEG Fny T11,"DEG Fuy TIOywIN, HGM, T35,"DEG Fn BNW]8B 43
$9T4]1,"DEG F'y T4BynDEG Fny TS56,"DEG F*, TH2,WMEGAWATTS BNw]8 IS

$9 TT2s"MILLS/KWH'y THR24"MILLS/KWHYU, TO3,0MI_|LS/KWHN BNW18 45
$yT1069"PERCENTN, T1154"MILLS/KWHY) BNw18B 46
944 FARMAT(1HO,T91,"FINAL INCREMENTAL COSTM,611.5) BNw]8B 47
945 FORVMAT{IHO,T96"CAPACITY CHARGE $",515,9) BNW]B 48

546 FORMAT(//4TR2e"PERCENT OF "y T139"BERCENT OF M, /,T2+"HX DELUGED",T)3s BNWIB 45
1"HEAT REJECT" /9 T139"BY WET HX#,T26"wATER EVAPORATED") BNW]B 50
947 FORMATIT2442(1am) 4 T11 gt nyT24en Ny BNW1B 51
948 FORUATIT264"ACRE FEETM) BNW18 g

949 FORMATITZ24F10,69T13¢F10e49T269F10,4) BNwW]8 53



PROGRAM AMCIRC T6/74 OPT=1 FTIN 4,5+44146

(e NeNeXe NeNel

(e Xe Xe)

OO0

[ XeNel

OO0

OO0

e NeNeNeg)

44

FIRST=.TRUE,
FRST = (TRUE.

READ IN THE EXTERNALLY FIXED VARIABLES OF THE AMMONIA

DRY COLING TOWER SYSTEM AND THE INITIAL STARTING POINT FOR
THE OPTIMIZATION ROUTINE 4 DESCRIPTION OF THE INPUT cARDS

IS GIVEN TN SUBROUTINE SETUP
CALL SETUP(TSTAR,TEND)
INPUT SUMMARY AND CASE DESCRIPTION

CalL INPSUM
DO 7 1S=1.8
VAR (1S)=N,0
TD=T&TAR
wnITE(6,681)7TD
Keé

SCALE UP THE STEAM SUPPLY SYSTEM OF YHE POWER PLANT RECAUSE

OF OFF«RATING CONDITIONS
CaLL SSCALE

IF(FSHOT EQe "CONSTANT ") GO TO 10
IF (FSHOT NE,"SKIP SHOT ') GO TO 4
CAF z 10,

TCOS = 1,E+37

TCOS1 = 1,E«37

0O 44 1 = 1y 5

VAR (I} = VAS(I)

vaL (1) = VAS(I)

CONTINUE

6o Tn 22

COARSE PATTERN SEARCH FOR DPTIMUM POINT

CALL SHOT(1)
IF LOWEST COST COOLING SYSTEM HAS INCREMENTAL COST ABOVE
7ERO GO To 5 IF IT IS LESS THAN ZERO REDUCE FRONTAL AREA
OF THE HEAT EXCHANGER BY 75 PERCENT

IF(TCOS1,6T,0,0) GO TO §

VAS (4)®VAS(4) /4,

GO To ¢

Le0

EXTEND THE AREA OF INVESTIGATION FOR THE FIVE VARIABLES
IN THE SEARCH FOR ANOTHER MINIMUM

caLL XTEMND(L)

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

IF(L,ER,1) GO TO &

06/05/79

BNW]8B
BNwW13B
BNWLB
BNW]B
BNW]B
BNW]18
BNW1B
BNW18B
BNwW1B
BNwl1B
BNW1B
BNW1B
BNwW18
BNwlB
BNwW13
BNW1B
BNW18B
BNW1B
BNw1B
BNW1B
BNW1B
BNW1B
BNw18B
BNW1B
BNW1B
BNW18B
BNw1B
BNw1B
BNW1B
BNW1E
BNW]B
BNW18
BNwW1B
BNw13
BNwW1B
BNwW1B
BNwW18B
BNW1B
BNW1B
BNW1B
BNW1B
BNW1B
BNwW18B
BNW1B
BNW1B
B8NwW1B
BNwW1B
BNwW1B
BNW1B
BNW1B
BNwlB
BNw]1B
BNW1B
BNwW13B
BNW18B
BNw1B
BNw1B

07,59,5¢%

110



PROGRAM AMCIRC T4/74 0PT=] FIN 4,5¢4]14

[aNeNe)

[aNaNe)

(e Xe Ne Nl

(e NeNe)

OO0OMNO OO

2l
22

10

20

100

FINE PATTERN SEARCH FOR OPTIMUM POINT

CalLl SHOT(2)

Do 21 I = 14 S

VAL (1) = VAR(ID)

CONTINUE

CALL CALC(VAL(1)sVAL(2)9VAL(3)oVAL(4) s VAL(S) 41}
CaL_ STORE

JCONSEQ

GRADIENT SEARCH FOR OPTIMUM POINT

CalLt SERCH
CoST]l = COST2
CoST?2 = TCOS1

1F SERCH KAS DETERMINED AN OPTIMUM GO YO 10 BUT IF IT
HAS NOT FOUND AN OPTIMUM CALL SERCH AGAIN

IF(JUCONS ,EGs 0) GO TO 20

K:K-i

IF(k,67,0) GO TO 2

1F (ARS(COST] = COST2)/C0ST2 LT, 0,00) GO TO 20
K = ]

6o T 2

CONTINUE

CALL CALCITFIX FIXVeFIXTTDSFIXLsDEEPLW])

CaLL STYORE

CANT INUE

PRINTOUT OF OPTIMUM DESIGN DF THE COOLING SYSTEM

CALL OUT2(RBPyHRFAC]+SSCDsCASSS1ePLANCT] PLANC]1+CTURB.TCD)
Cal.L PIT4 (1)

Call 0OUT4 (2)

CALL RPTHXD

call RPTHXC(AFROI)

Caly, RPTDEL

CALL RPTSUP (DESVELVyNUMTOL4CTOWD] ¢ WBB1sHTOW] 4NTOWDE])

CALL RPTRET(CTOWD]l, POHCIR,s PSTACl, PUFIT}, PMPCSl, RPTPLI],

§ SEPCS1.PIPLTDY)

CALL RPRT2(EFFC14CONMATCONMAR)
CALL RPTFAN

CaL. ERRMSG{3)

WRITE(65,100)

FORMAT (1H1)

PRINTOUT OF OPERATING PARAMETERS AND CONDITIONS OF THE

PLANT VERSUS AMRIENT TEMPERATURE ALSO PRINTOUT OF INCRE=
MENTAL POSER PRODUCTION COSTS ATTRIBUTED TO EACH AMBIENT
TEMPERATURE AND THE TOTAL INCREMENTAL POWER PRODUCYION COSTS

WRITE(6,630)
WRITE(5,63])
WRPITE(6,932)
WRITE (64933)

06/05/78

BNW]8B
BNw]8
BNW]18
BNw) 8
BNwW1B
BNw]8
BNwW]B
BNw]B
BNwW1B
BNW]B
BNw18
BNw]18
BNW1B
BNw18
BNw]18B
BNwl3
BNwW1B
BNW18
BNw)B
BNW1B
BNwW18B
BNw]18
BNw18
BNwW1B
BNW18B
BNwl13
BNW18
BNwW}B
BNw]B
BNw18
BNW]8B
BNwW]8
BNw18
BNwW]B
BNw1B
BNw]B
BNW18B
BNw)B
BNW]B
BNW1B
BNw]3
BNw18
BNW]1B
BNw1B
BNW18B
BNW18B
BNW1B
BNW]18
BNwW1B
BNwW18
BNwW18
BNw18
BNw13
BNw]13B
BNw]8
BNW18
BNwW)3

07.59.50
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[V P VI

116
117
118
119
120
121
122
123
124
1258
126
127
128
129
130
131
132
133
134
135
136
137
138
1309
140
141
142
143
14¢
145
146
147
148
146
150
151
152
153
156
158
156
157
158
156
160
161
162
163
164
165
166
167

B



2 e
PROGRAM AMZIRC T46/74 OPTe] ’ FIN 4,5¢416 06/05/7¢

e NeNeNe)

%
3
¢

WRITE (6,934}
WRITE(6,933)
CLSumM=0,0
FCSUM ® 0,0
DO 3 IW],NTA
CALL VARIT(TA(TI)sTPER(I}¢PCST(I} eI sCLSUMFCSUM)
WRITE (6,946)
WRITE(6,947)
WRITE (69948}
WRITE (64947

= NTA
BS,?Efe,qi;) DEPER) (1)w100++DEPERQ1(I)m100,swATCWD] (I1/2716015,
CONTINUE
ACOS=040
DO A =] (NTA
ACOS=ACOSsPCST (I}
CONTINUE
WRITE (6,944) ACOS
WRITE (64945) CAPCS)
TD=TD # S,
FIRST = ,TRUE,
KALEXT = 0
IF(THLE,TEND) GOTO 1}
CONTINUE

PRINTOUT OF THE CAPITAL AND UNIT ENERGY COSTS OF THE DRY
COOLING TOWER SYSTEM

U FCRy PSIZE, CAPFs CCOS1s CPIP], CONBAly ATUBCl, CPLEN]
Cf%;Ag1?cgaésg.'STgbc1. CFOUNLY CAPCS1, SPCD1y SSCD, HRFAC]
JHRFA2S, YFPMIN, PLANCy CLAN]y CLSUMy, FCSUM, COSMl, CSTLV]
¢yCSTHS] (CFANE ] «XNFANT/Z{YFPMIN®] ) CYLRN]#XNFAN] ¢WATCONA,WATCOST)
CALL SUMMARY
END

BNw18B
BNw13
BNw1B
BNwW18B
BNwW138
BNW1B
BNW1EB
BNwW18
BNw13
BNw18
BNwW18
BNW]S
BNw18
BNw1B
BNW13
BNwW1B
BNW1B
BNw1B
BNW]1B
BNWlB
BNwWl1B
BNW]B
BNW18
BNwW]1B
BNw18
BNW18
BNw}B
BNW18
BNW]S
BNW]B
BNW1B
BNW1B
BNW18
BNW] 8

07.59.59

168
169
170
171
172
173
174
175
176
177
178
179
180
18]
182
183
184
185
186
187
188
189
150
151
192
193
154
198
196
197
198
199
200
201
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oPT=) FYN 4,5+614 06/05/78

SUBRNUTINE CALC(T1+FVAIRyTTD2ELENH,ZD M)

SUBPCUTINE CALC IS USED FOR THE ANALYSIS OF THE AMMONIA

WET/DRY COOLING SYSTEM, IN THIS SUBROUTINE THE CONDENSER/
REBCILER, G
SYSTEM ARE DESIGNED, THE COSTS FCR ALL OF THESE SYSTEMS ARE

FOUND ALONG WITH THE INCREMENTAL COST FOR OPERATING THE PLANT

PIPING SYSTEMy HEAT EXCHANGER, TOWERS» AND DELUGE

WITH THE DRY/WET COOLING SYSTEM OVER THE ENTIRE YEAR,

THE FOLLOWINMG FIVE VARIABLES ARE THME FIVE INDEPENDENT
VARIABLES

T
TTD1
FVAIR

ELENH
Z0

THAT ARE USED TO DESIGN THE AMMONIA COOLING SYSTEM,

TURBINE OUTLET TEMPERATURE (DEG F)

TEMPERATURE DIFFERENCE BETWEEN THE OUTLEY TEMPERA=
TURE OF THE TURBINE AND THWE TEMPERATUYRE OF THE
AMMONIA IN THE CONDENSER/REBOILER (DEG F)

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

LENGTH OF THE HEAT EXCHANGER TYUBES (FT)

HEAY EXCHANGER DEPTH IN NUMRBRER OF TUBES
(DIMENSTIONLESS)

DEFINITION OF VARIABLES

YY)
AFC
AFRON
ANTU

ARPS
ATUR

COANG
CONF
CONL
CPaA
cP1IP
CPw
CTOWD
DELPA
DELPIP
DELPR
DELPS
DELPW
DELPWC

DELPWT

ATRSIDE AREA OF THE HEAT EXCHANGER (SQ FY)
ANNUAL COST OF THE FAN SYSTEM ($/YEAR)

FRONTAL AREA OF THE HEAT EXCHANGER (SQ FT)
NUMBER OF TRANSFER UNITS IN THE HEAT EXCHANGER
(DIMENSIONLESS)

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

ANGLE OF THE HEAT EXCHANGER BUNDLES FROM THE
CIRCUMFERENCE OF THE COOLING TOWERS (DEGREES)
THERMAL CONDUCTIVITY OF THE FINS IN THE KEAT
EXCHANGER (BTU/HReFT=DEG F

THERMAL CONDUCTIVITY OF THE TURE LINER
(BTU/HR=FTeDEG F)

SPECIFIC HEAT OF THE AIR (BTU/LBM«DEG F)

COST OF THE PIPING SYSTEM (%)

SPECIFIC HEAT OF THE AMMONIA (BYU/LBM=DEG F)
DIAMETER OF CIRCULAR COOLING TOWERS (FT)
AIRSIDE PRESSURE DROP ACROSS THE HEAT EXCHANGEPR
(LBF/SG FT)

PRESSURE DROP OF THE AMMONIA THROUGH THE
SUPPLY AND RETURN PIPING (LBF/SQ FT)

PRESSURE DROP OF LIQUID FROM TOWERS TO TURBINE
BUILDING (LBF/SQ FT)

PRESSURE DROP OF VAPOR FROM TURBINE BUILDING TO
THE TOWERS (LBF/S8 FT)

PRESSURE DROP OF THE AMMONIA YHROUGH THE WHOLE
PIPING SYSTEM (LBF/SQ FT)

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

PRESSURE DROP THROUGM THE TUBES OF THE HEAT
EXCHANGER (LBF/SQ FT)

AMCALC
AMCALC
AMZALZC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALLC
AMCALC
AMCALC
AMTALC
AMCALC
AMCALLC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMZALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMZALC
AMZALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AmMcaLC
AMZALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCZALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMZALC
AMCALC
AMCALC
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Ta/s74

DENAV
DENIN
DENOUT
DENSIF
DENSTV
DENSIW
NEPTH
DESVEL
DESVELD

DESVELV
DFIN

nl
DIST
DPTINW

EFF
EFFIN

EFFP
EFFs

ELENG
ELEV
ENGTH
FACTORD
FAIR
GAIR
GWaAT
HF G
HGBMAX
K1

w0
HPWAT
HPWATD
HPWAT]

HeWAT?2

HRF AC2
HTOW

OPT=] FIN 4,5¢414

AVERAGE DENSITY OF THE AIR IN THE HMEAT EXCHANGER
(LBF/SO FT)

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

DENSITY OF THE AIR LEAVING THE HEAT EXCHANGER
{LBM/CU FT)

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

DENSITY OF AMMONIA VAPOR (LBM/CU FT)

DENSITY OF AMMONIA _IQUID (LBM/CU FT)

DEPTH OF THE HEAT EXCHANGER (FT)

DESIGN VELOCITY OF AMMONIA LIQUID (FT/SEC)
DESIGN VELOCITY OF THE OELUGE WATER IN THE DELUGE
PIPING (FT/SEC)

DESIGN VELOCITY DOF AMMONIA VAPOR (FT/SEC)

FIN DIAMETER OF THME TUBES IN THE HEAT EXCHANGER
{IN)

INSIDE DIAMETER OF THE TUBES IN THE HEAT EXCHANGER

(IN}

DISTANCE FROM TURBINE BUILDING TO COOLING TOWERS
(FT)

AIRSIDE PRESSURE DROF ACROSS THE HEAT EXCHANGER
(IN H20)

06/05/78

AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALLC
AMCALC
AMCALC
AMCALC

EFFECTIVENESS OF THE HEAT EXCHANGER (DIMENSIONLESS) AMCALC

FIN EFFECTIVENESS OF THE TUBES IN THE HEAT
EXCHANGER (DIMENSIONLESS)

PUMP EFFICIENCY (OIMENSIONLESS)

OVERALL SURFACE EFFICIENCY OF THE FINNED TUBES
(DIMENSIONLESS)

LENGTH OF THE HEAT EXCHANGER TUBES (FT)
ELEVATION OF THE PLANT SITE (FT)

LENGTH OF THE HEAT EXCHANGER TUBES (IN)

RATIO0 OF THE AMOUNT OF DE{ UGE WATER PUT ON THE
HEAT EXCHANGER TO THE AMOUNT OF WATER EVAPQRATED
(DIMENSIONLESS)

FRICTION FACTOR OF THE PRESSURE DROP THROUGH THE
HEAT EXCHANGER (DIMENSIONLESS)

MASS FLUX OF THE AIR IN THE HEAT EXCHANGER
(LBM/HRaSQ FT)

AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC

MASS FLUX OF THE AMMONTIA ON THE INSIDE OF THE TUBES AMCALC

IN THE REAT EXCHRANGER (L.BM/HR«SQ FT})

HEAT OF VAPORIZATION OF THE AMMONIA (BTU/LBM)
AIRSIDE PRESSURE DROP OF THE HWEAT EXCHANGER

AT THE REFERENCE TEMPERATURE OF 70 DEG F

(IN H20)

INSIDE HEAT TRANSFER COEFFICIENT OF THE TUBES OF
THE HEAT EXCHANGER (BTU/HReSR FT~DEG F)

OUTSIDE HEAT TRANSFER COEFFICIENT OF THE MEAT
EXCHANGER (RTU/HR»SQ FT-DEG F)

HORSEPOWER LOSS FOR THE TOTAL PIPING SYSTEM (HP)
HORESPOWER (0SS THROUGH THE DELUGE PIPING (HP)
HORSEPOWER LOSS THROUGH THE SUPPLY AND RETURN
PIPING AND THE TUBES OF THE HFAT SXCHANGEK (HP)
HORSEPOWER L0SS THROUGH THE TURING OF THE CON=
DENSER/REBOILER (HP)

HEAT RATE FACTOR OF THE TURBINE (DIMENSIONLESS)
HEIGHT OF THE COOLING TOWFRS (FT)

AMCALC
AMCALC
AMCALC
AMCALC
AMCalLC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC

07.55.,5%

596
60
61
62
63
64
65
66
67
68
69
70
71
72
73
T4
75
Te
77
78
79
80
81
82
83
B4
85

106
107
108
109
110
111
lle
113
lle
115
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T6/74

HYDDIA
NHUNH ]
NSIDES
NTA
NTOWDE
NUMTOW
NwW

[eJa]
0DR

=]
pF
PIPCSTD

PIPCSTL
PIPCSTV
PL
PMPCST
POKCIR

POMLEC

PROW
PPOWD
PRW
PSIZE
PUFITC

0IN
QREJ
RANGE

REAIR
REWAT
RPTEL
SF
TAIRAV
TC0S
TCWFCS
0
TEFF

TEFFM
THCONW

THFIN

HYDRAULIC DIAMETER OF THE TUBING ARRANGEMENT

(IN)

NUMBER OF HEAT EXCHANGER BUNDLES WIGH THE COOLING
TOWER ARE (DIMENSIONLESS)

NUMBER OF SIDES TME POLYGONAL COOLING TOWERS HAVE
(DIMENSIONLESS)

NUMBER OF TEMPERATURE INCREMENTS IN THE AMBTIENT
TEMPERATURE RANGE OF THE PLANT SITE (DIMENSTONLESS)
NUMRER OF THE COOLING TOWERS THAT ARE DE[UGED
(DIMENSIONLESS)

NUMBER OF CIRCULAR COOLING TOWERS

(DIMENSIONLESS)

NUMBER OF TUBES IN WIDTH OF THE HEAT EXCHANGER
(DIMENSIOMLESS)

OUTSIDE DIAMETER OF THE TUBRE LINER (IN)

ROOT DIAMETER OF FINNED TUBE IN THE HEAT EXCHANGER
(IN)

BACK PRESSURE OF THE TURBINE (IN HGA)

FIN PITCH OF THE TUBES IN YHE HEAT EXCHANGER (IN)
COST OF THE PIPING USED 70 DELUGE THE HEAT
EXCHANGER (§)

LIQUID PIPING COST ($)

VAPOR PIPING COST ($)

LONGITUDINAL PITCH OF THE TuSES (IN)

COST OF THE PUMPING SYSTEM (§)

INDIRECY COSY FACTOR FOR THWE CIRCULATION PIPING
(DIMENSIONLESS)

INDIRECT COST FACTOR FOR THE ELECTRICAL SYSTEMS
(DIMENSIONLESS)

PUMP POWER (HP)

PUMP POWER FOR THE DELUGE PIPING (HP)

PRANDTL NUMBER OF THE AMMONIA (DIMENSIONLESS)
STZE OF THE PLANT (MGW)

PUMP FITTING COSTS FOR THE THE AMMONIA SYSTEM
(1000 8)

HEAT INPUT TO THE PLANT (BTU/HR)

HEATY REJECTION TO THE ENVIRONMENT (BTU/HR)
TEMPERATURE DIFFERENCE OF THE AIR ENTERING AND
EXITING THE HEAT EXCHANGER (DEG F)

REYNOLDS NUMBER OF THE Alm IN THE HEAT EXCHANGER
(DIMENSTIONLESS)

REYNOLDS NUMBER OF THE AMMONIA FLOW THROUGH THE
TUBES OF THE HEAT EXCHANGER (DIMENSIONLESS)

PUMP MOTOR ELECTRICAL CoOST (%)

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/KwH)

TOTAL COST OF THE PIPING SYSTEM (§)

AMBIENT DESIGN TEMPERATURE (DEG F)

THERMAL EFFECTIVENESS OF THE PLANT AT THWE DESIGN
RACK PRESSURE (DIMENSTONLESS)

THERMAL EFFECTIVENESS OF THE PLANT (DIMENSIONLESS)
THERMAL CONDUCTIVITY OF THE awMONTA LIQUID
(BTU/HR«FT=DEG F}

THICKNESS OF THE FINS OF THME TUBES IN THF

HEAT EXCHANGER (IN)

0PT=) FTN 4,564}14 06/05/78

AMZALC
AMZALC
AMCALC
AMCALC
AMCALC
AMCALLC
AMCALC
AMCALC
AMCALC
AMZALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCaALC
AMZALC
AMCALC
AMCALC
AMCZALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALL
AMCA_C
AMCALC
AMCALL
AMCALC
AMCZALC
AMCALC
AMCALZ
AMCALC
AMCALC
AMZALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMZALT
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMcalcC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC

07.58,59
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119
120
121
lez
123
124
125
126
127
1286
129
130
131
132
133
136
135
136
137
138
139
lap
141
142
143
l4é
145
146
147
148
149
150
181
152
153
154
155
15¢
157
158
159
160
16}
162
163
164
165
166
167
168
169
1710
171
172
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Ters74

TIN
TINHX

TLA
TTD1

TTD2
TWATAV
T4

Y]

VAIR
VELD

VELDD

vVisa
visy
Visw
voL

vwar

WATCONA
wa
WIDTH
wWLRAT
w3

Wé

ws

XD

XDG

XNP

XNS

XNTS
XouaLyY

Xw
D

TEMPERATURE OF THE AMMONIA ENTERING THE SUPPLY
PIPING (DEG F)

TEMPERATURE OF AMMONIA ENTERING THE HEAT
EXCHANGER (DEG

LENGTH OF THE TuaEs IN THE CONDENSER/REBOILER (FT}
TEMPERATURE DIFFERENCE BETWEEN THE SATURATED
STEAM AND AMMONIA IN THE CONDENSER/REBOILER (DEG F)
TEMPERATURE DROP OF THE AMMONIA IN THE SUPPLY
PIPING (DEG F)

TEMPERATURE OF THE AMMONIA IN THE CONDENSER/
REBOILER (DEG F)

TEMPERATURE OF THE AIR EXITING THE HEAT EXCHANGER
(DEG F)

OVERALL HEAT TRANSFER COEFFICIENT OF THE HWEAT
EXCHANGER (BTU/HR=SQ FT=DEG F)

VELOCITY OF THE AIR IN THE HEAT EXCHANGER (FT/SEC!
INLET VELOCITY OF THE AMMONIA ENTERING

THE CONDENSER/REBOILER (FT/SEC)

OUTLET VELOCITY OF THE AMMONIA LEAVING THE
CONDENSER/REBOILER (FT/SEC

VISCOSITY OF AIR IN THE HEAT EXCHANGER (LBM/FT=HR)
VISCOSITY OF AMMONIA VAPOR (LAM/FT=HR)

VISCOSITY OF THE AMMONIA (LBM/FTeHR)

VOLUME OF THE HEAT EXCHANGER (CU FT)

VAPOR VELOCITY OF THE AMMONIA IN THE ENTRANCE OF
THE TUBES OF THE MEAT EXCHANGER (FT/SEC)

AMOUNT OF WATER ALLOWED TO BE EVAPORATED OVER TWE
WHOLE YEAR WHEN DELUGING THE HEAT EXCHANGER
(LBM/YEAR)

BUNDLE WIDTH OF HEAT EXCHANGER (FT!

WIDTH OF THE HEAT EXCHANGER (FT)

WIDTH LENGTH RATIO OF THE HEAT EXCHANGER (FT/FT)
MASS FLOY RATE OF THE AMMONIA (LBM/HR}

MASS FLOW RATE OF THE AIR (LBM/MHR)

MAXIMUM AMOUNT OF WATER PUMPED THROUGH THE DELUGED
PIPING SYSTEM (GPM)

LONGITUDINAL PITCH OF THE TUBES IN THE HEAT
EXCHANGER (IN)

DIAGONAL PITCH OF THE TUBES IN THE HEAT EXCHANGER
(IN)

NUMBER OF PASSES IN THE CONDENSER/REBOILER
(DIMENSIONLESS)

NUMBER OF SHELLS IN THE CONDENSER/REBOILER
(DIMENSIONLESS)

NUMBER OF TUBES PER SHELL (DIMENSIONLESS)

EXIT QUALITY OF THE AMMONIA LEAVING THE
CONDENSER/REBOILER (DIMENSIONLESS)

TRANSVERSE PITCH BF THE TURES (IN)

TUBE DEPTH OF THE HEATY EXCHANGER (DIMENSIONLESS)

DEFINITIOMN OF ARRAYS

ANG

DEPER

THE ANGLE OF THE HEAT EXCHANGER TUBES FROM THE
HORIZONTAL (DEG) AND THE SINE AND COSINE OF THAT
ANGLE (DIMENSIONLESS)

FRACTION OF THE HEAT EXCHANGER THAT 1S DELUGED
FOR EACH AMBIENT TEMPERATURE INCREMENT

OPT=) FIN 4,5¢414 06/05/78

AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALLC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMZALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
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173
174
175
176
177
178
179
180
181
182
183
154
185
166
187
188
189
190
191
192
193
184
195
196
187
198
199
200
201
202
203
204
205
206
207
208
209
210
211
2l2
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229



DO O0OMNOO

T6/74 OPTe} FIN 4,5¢416 06/05/78
(DIMENSIONLESS) AMCALC
TPER = FRACTION OF THE YEAR THAT THE AMBIENT AND WET BULB AMCALC
TEMPERATURE CURVES EXIST (DIMENSIONLESS) AMCALC
TR0 = ARRAY OF COEFFICIENTS FOR THE CUBIC CURVE FIT AMCALC
OF HEAT RATE AS A FUNCTION OF TURBINE BACK PRESSURE AMCALC
{DIMENSIONLESS) AMCALC
WATCWD = WATER CONSUMPTION OF THE HEAT EXCHANGER OVER THE AMCALC
WHOLE YEAR FOR EACH AMBIENT TEMPERATURE INCREMENT AMCALC
(LBM/YEAR) AMCALC
LOGICAL FIRST4FRST,FXTEMPyFXTVAReFXTTTD,FXTLNG BIGCOM
COMMON BIGCOM
$§ AFTRe ALPHA, A&ANG(3J) BIGCOM
s JBPLIM(16) BIGCOM
§ ,CaoFs CSSPKW, CONFy CONLs COSTL, CAPCHG, CONMATs CONMAZ,CAF BIGCOM
$ sCRJs CTURBs CDANG, CLUVR, CHAILS, CVM BIGCOM
§ (DFIN'DEEPLsDESVEL +DESVELVOESVELDIDENSIF BIGCOM
$ ,EFFPs EFS BI6C0
$ JFCosFIRSTWFIXLIFCOSyFFHXyFXTEMRFACTOR,FRSTFACTORD FSHOT,FDELUG BIGCOM
S JFIXVIFIXTTDWFXTVARFXTTTDFXTLNG BIGCOM
$ ,G]pFF BIGCOM
$ JHXNPsHPCSTyHCD BIGCOM
$ ,ITMAX, ITMIN BIGCOM
£ ,JCONS BIGCOM
$ ,KCONV, KALEXT BIGCOM
§ ,MygxT BIGCOM
$ JNTAINSIDESINBUNHI BIGCOM
COMMON BIGCOM
$ oD=r BIGCOM
$ +PSIZEy PERy PWCOS, PLANCs PFACT, POMDPL BIGCOM
$ ,PnHRAF, POMFAN, POHWLEC, POHCIR, POWCND, POHSTC, POHSCL BIGCOM
$ 4 RRP+REDUCE, REDUCV, ROOFL, RHOUT BIGCOM
$ , nrREJ, QREDUCE, QREDUCYV BIGCOM
¥ SIGMAG, SAAF, SEGL BIGCOM
$ ,TD, TPO(4})s TEFF, TLIM, THFIN, TLPRA, TFIX BIGCOM
$ JTCDy TW BIGCOM
$ +UCSe UWS BIGCOM
$ ¢WFve WATCONA, WATCOST BIGCOM
§ LVAS(S) BIGCOM
$ ,XDrPA, Xw, XD BIGCOM
CAMMON /SUPPLY/ VAL(5)y CPLNs CPIP, (CCOS» W3, COSM, EFFy SUPPLY
$ QIN, CLAND, REAIR, ZyHRFAC2, Woy U, DELPW, PPOWs» SUPPLY
$ FPOwW, DELFC, WIDTH, ELENGs VAIR, VWAT, HI, HO o T4y SUPPY
3 REWAT, Nwy NT, NPsPLANC2+PSIZ212y SPBP, SwWé, Sw3s SUPPLY
s SPCyPTOTALyPLANC3ySAFRONs» AATR, YFPy SPCDyPS1213, WT2y SUPPLY
$ BP2, NWz2s TCOSy DELPAWDELPWTDELPWC,CONBAS, XNTSX, VELDX SUPPLY
$ , TLAX, UCON, PMCST, FMCSTy FBACC, EFFC, CHy CAy cs SUPPLY
$ , cLTC, CFCy CPCCy FITCO, CSCyCEPREP,DELPIP, AST,OLDCST SUPPLY
$yCAPCSTy XNFAN,BLDANGy CPLENs DPFELS WHX, WTTUBs ADIA, ABLN SUPPLY
$v WTHNR, WTFRMSTRUCCCFPERFHPPERF,y TOTCF, TPCy EFFIN, ANTU SUPPLY
$+ AIRFF, WATFF, XNMOD, TCTPF, FDCPF, FMTRCy ACCTTP, ADJTP SUPPLY
$y ACTRPD, ADJBPD, ACTVH, ADJVHs ADJUPPF, THPAIR, TCTYFy AFCST SUPPLY
$y CSRDy WATERW, WSTRCTe CFOUNDy HUBDIA, TOWLENs NUMTOW, CTOWD SUBPLY
$ +SAPJISORUSIATUBC,CRA«TTDITTD2sDELPSyCSTLVRWPIPCSTD SUPPLY
$ ,C8THS, CYLRNGy CFANEL+ PSTACS, PUFITC, PMPrST, RPTYPL, SEPCST SUPPLY
$ JPWN(16) WATCWD(16)DEPER(16)+DEPERN(16) SUPPLY
% JWRRWHTOW,NTOWDE yCSTIF+CSJ9CVF,CDPyWS SUPPLY
CoMuAN /SINK/ VAR(5), CPLN1y CPIPl, CCOS1, w3l, COSMl, EFFls SINK

07,59.59

230
23}
232
233
234
235
236



SUBROUTINE CALC

1002 FORMATISX,nAl,PF,SFASEFA,RFA 1, 56]12,6/5X,nATOT yHXVOL 4 ART ,AF ,ACS =

[aNeXe NaTXe]

n o

Ta/74 OPT=) FTN 4,5¢+414

QIN1,
FpOWw],

CLAN],
DEFCls WIDT],
REWA]L, NWl, NT1,
SPC1y PTOT],PLNC31,

REAIL, Z19HRFA2S, W&l

ELENly VAIR], VWAT],
NP1 ,ZPLNC2,2Z517212,

AFROls AAIR]1ZYFPMIN,

BOSMINGNW2MINy TCOS1s DEPAls DPWT1ly DPWC1sCONBAly

$ 4 TLAl, UCONly PMCSly FMCSle FBACly EFFCly  CHl,

$ , CLTCl, CFCl, CPCCl,FITCOly CSCl,CEPRE1,DEPIPl, ASYl,0LDCS]

$4CAPCS1yXNFAN] ¢BLDAN] yCPLEN]yDPFEL] wH], WTTUl» ADI1s ABL)

$9  WTHDls WTFR1sSTRUC1+CFMPF1y HPPF],TOTCF] TPlsEFFIN]l, ANTUI

Sy ATIRFF1l, WATFFly XNMODl, TCTPFls FDCPFl, FMTRClys ACTTPly ADJTP!

$, ACTBR], ADJBP1, ACTVH1, ADJVH1,s aDJPP), THWPAIl, TCTF1 , AFCST]

Sy CSR1, WATER), WSTRCls CFOUNls+ HUBDI}, TOWLEls NUMTOl, CTOWD]

$ ySIRJ1ySORUSIZATURCICBALYTTD1)#TTD21,4DELPS])sCSTLVIIPIPLCTD!]

¢ ,CSTHS1y CYLRN],y CFANEl, PSTACls PUFIT], pMPCSl,s RPTPL1s SEPCS]

$ ,PWD1t16) WATCWD] (16),DEPER] (16} ,DEPERD] (16)

$ ,WABYsHTOW1sNTOWDEL1+CSTIF14CSJUL9CVF1eCDPL,W5E]

CNMMON /SCALER/HRFACly ATUBs CPERAs SSCDePLANC1+CASSS],

$ GAIRy FAIR, HPAIR, HPWAT, WLRTP, PLANCT]

CoMMAN/DJB/DI v XDGsSF

CoMMON /INDIS/ DIST

CnMuaN /LACALL/ SRN

COMMON /TINE/ XNS, TLAs» XNTS, ARPS, TTD20E, LINORs XNPy XQUALY

Ul,
HIl,
ZSPBP,
SPCD1,

DEPW]l+ PPOW]y
HOl, T4l
SW4l, Sw3l,
SPS13yWT2MINy
XNTS1e VELD]
CAly Csl

oA A Y

COMMAN /HEADEX/ CHHyCNyCHMsCMWICRIICWJyCSToCMO9ICSReCSMyPITCHF ¢ CPM,y

1 PRESSI+HEDMAT yHEDTYPyNPASS, WBy TSRy CSHyCSHP
COMMON /SURFEX/ ODLsDUMLST({15)

COMMON /HXD/ AT9ATOTsSFAyRFAJACS

LoGIcal LOOPER

COMMON/F AN/ FANDAP (153,10) +FANDAM(153,10) yFMCPFFBCPF,P2,R,S,
¢ VELREC, AFCy ELEV, EMRy LOOPER, CTMAX

COMMON / PROP/ CPW, THCONWy DENSIW, VISW, HFG,
. CPV, THCONV, DENSIV, VISYy,SI1GMA,
. CPA, THCONAs DENSIA, VISA
COMMON/VARVAR/TPER (16) 9 TA(16) 2 TAWB(16)

DATA PI/3,14159/, GC/32.0/

1",5612¢6/5Xs"AFTRyALPHAYSIGMAG ="43G12,6/
KcONveD

LNOPER = ,FALSE,

CTMaAX = 0,0
IF(FXTLNG)
TTD] = TTD
WRAB = WR
COUNT ® COUNT « 1,0

ELENH = FIXL

HEAT REJECTED BY THE TURBINE

BACK PRESSURE OF TURBINE AS A FUNCTION OF THE SATURATION
TEMPERATURE

PaExXP(17,168=9240,/(T1460,))

8p2=p

HEAT RATE FACTOR OF THE PLANT AT THE DESIGN BACK PRESSURE
HRFAC2ETPO (1) +TPO(2)#P +TPO(3)»Peu?2 ¢ TPO(4)sPunl

EFFICIENCY OF THE PLANT AT THE DESIGN BACKPRESSURE
TEFFMsTEFF/HRFAC2

06/05/78

SINK

SINK

SINK

SINK

SINK

SINK

SINK

SINK

SINK

SINK

SINK

SINK

SINK

SINK

SINK

SINK

SCALER
SCALER
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
FANDEK
FANDEK
FANDEK
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALT
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC

07.59.59
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13
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15

17
18

243
244
245
246
247
248
249
250

es52
253
254
25%
256
257
258
259
260
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262
263
264
265
266
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268
269
270
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SUSROUTINE CaLC

OO0

(g Xg] (g Xa) e Ne) (e NaXeNe) (g Nal

(e Nel

[a Nal

OO0 OO0

o0

e Ne]

T4/74 OPT=] FIN 4,5¢616

HEAT PUT IN By THE BOILER (BTU/HR)
QIN=3413,PS1ZEs1000.,/TEFFM

HEAT REJECTED YO THE ENVIRONMENT (BTU/MR)
ORE juQIN# (1, TEFFM)
SARJ = QREY

CALCULATION OF THE AMMONIA HWEAT OF VAPORIZATIDN

TAIRAV = TD

TWATAV = T)] = TTDI

CaLi, PRPERT{TWATAV,TAIRAVELEV)
DENSIF = DENSI&

PRW = CPWaVISW/THCONMW

MASS FLOW RATE OF AMMONIA THROUGH THE HMEAT EXCHANGEP

w3 = DREJ/HFG
ssnesUUNIT GEOMETRIES OF THE HEAT EXCHANGER

INSIDE AREA PER FOOT (FTes2/FT)
Al = PleNIel2,0/144,0

FIN PITCH (FINS/IN)
PF = 140/ (SF « THFIN)

SIDE FIN AREA (FTes2/FT)
SFA = 2,0ePFe (xWsXD = PI«ODRss2/8,)/12,

ROOT FIN AREA (FTes2/FT)
RFA & PI=ODR* (1,00 » PF*THFIN)/12,0

TOTAL SURFACE AREA (FTsw2/FT)
ATOT = SFA ¢ RFA

HEAT EXCHANGER VOLUME (FT*22/FT)
HxVOL ® XweXDel,/146,

CROSS«-SECTIDNAL ROOT TUBE AREA (FTss2/FT)
ART = ODR/12,0

CROSS-SECTIONAL FIN TUBE AREA (FTea2/FT)
AF £ PFa({XW = ODR)sTHFIN/12,

CROSS~SECTIONAL AREA (FTes2/FT)
ACS = Xw/l2,0

AFTP « AIR SIDE FIN AREA/TOTAL AlR SIDE AREA
AFTR = SFA/(SF& ¢ RFA}

ALPHA = ATR SIDE HEAT TRANSFER AREA/M, X, VOLUME
ALPHA B ATOT/MXVOL

SIGMAG = FREE FLOW AREA/FRONTAL AREA
SIGmAG = 1, = (ART + AF)/ACS
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AMCALC
AMCALC
AMCALC
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AMCALC
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AMCALC
AMCALC
AMCALC
AMCALL
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IF(KDEBUGJNE0) WRITE(6+1002) Ale PFy SFA, EFAy RFA, ATOT, KXVOL»
$ ARTy AF. ACSs AFTRy ALPHAy SIGMAG

DESIGN OF THE CONDENSER/REBOILER

CALL SPDES(T1sTTD1 s XNSoXNPyQREUSTLAWXQUALY,VELDsVELDO)ARPS4XNTS,
1DELSWCHL INOR)

CHECK IF NUMBER OF TUBES IN DEPTH IS TO BE HELD CONSTANT
1F(DFEPL,GT.0.00) 2D = DEEPL

GUESS THE TEMPERATURE DROP IN THE PIPING FROM THE
CONDENSER/REBOILER TO THE HEAT EXCHANGER

TTD2 = 2,

T S L I I ImmTTI I mhLImImTTmTmTTTTTmMmTr
*evesBEGINNING OF ITERATION LOOP THAT DETERMINES THE HEAT sxsss
ssessEXCHANGER, TOWERs AND FAN CONFIGURATIONS ssnse

"--........‘.-......‘..l.-.‘“......‘................‘..........-.

CNW = QREJ/(FVAIR#3600,DENSIFeELENNs (XW/124)(T] = TTD] = TTD? =
1TD)Y e ,9%CPA}

KNl ¢ O

XNW1 = CNW

L L L LR L T LR T T I TE T T T T TY PUY T T P P v T Ty g
swsssBEGINNING OF ITERATION LOOP FOR DETERMINING THE NUMBER susssw
ssxaeOF HEAT EXCHANGER TUBES IN WIDTH casex

L PR T T T T Y T L L I I I
RANGE ® QREJ/(FVAIReDENSIFELENHeCNWaXWaCPA®3600e/124)

EFFECTIVENESS OF THME MEAT EXCHANGER
EFF = RANGE/(T]1 = TTDl e TTD2 = TD)
IF(EFFeGEe1 oo ORJEFF,LLE,0,0) GO TO 250
TAIRAV = TD ¢ RANGE/2.0
TWATAV = T1 = TTDl - TTD2
CalLl ORPERT (TWATAV,TAIRAVELEV)

NUMBER OF TRANSFER UNITS IN THE HEAT EXCHANGER
ANTU ® = ALOG(140 = EFF)

DEPTH OF THE HEAT EXCHANGER
IF(2D «FGQ, 0) GO TO 250
DEPTH = 2DsxD/12,0

LENGTH OF TUBES AND FRONTAL AREA OF THE MEAT EXCHANGER
ELENG = ELEN™
ENGTH = ELENGs*12,0
WIDTH = CNWeXW/12,0
WLRAT = WIDTH/ELENG
AFRON & ELENG=WIDTH
NW2 = CNW
WTZ2 = WIDTH

AMCALC
AMZALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALL
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
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e NeNeNeNaNe] e NeNel (s Nel a0 O0OMNOO

o000 (e Nl

(e e Ne)

OO0

225

1

T4/74  OPT=) FIN 4,5¢614

AIR SIDE FRICTION FACTOR AND HELT TRANSFER COEFFICIENT
OF THF MEAT EXCHANGER

MAXIMUM ATR VELOCITY AND TOTAL MASS FLOw THROUGH THE HEAT
EXCHANGER

VAIR = FVAIR/SIGMAG

W6 = FVAIRwAFRONSDENSIF#3600,0

MAXIMUM MASS FLUX THROUGH THWE HEAT EXCHANGER
GalR = VAIR«DENSIF#360040

AIRSIDE HEAT TRANSFER AND FRICTION FACTOR COEFFICIENTS
REATIP & GAIR®4,*SIGMAG/ (ALPHASVISA)
CalLL HOTERV{FAIR¢HO+SIGMAG.ALPHAWXDeGAIR)

FIN EFFICIENCY OF THE FINNED TUBES OF THE HEATY EXCHANGER
Cal. FINEFF(HMO,EFFIN)

OVERALL SURFACE EFFICIENCY 6F THE FINNED TURES OF THE
HEAT EXCHANGER
EFS = 1,0 = AFTRe(1,0 = EFFIN)

LI A A AL R R R R R R PR R R R N R R R A R Y R S Y Y R P e I T A T I I I I Y
«seosBEGINNING OF ITERATION LODP THAT DETERMINES THE TURBE ssuss
*urasDEPTH OF THE HEAT EXCHANGER senny

I T LA I A A N R T N R R R R R R R R Y R Y P R L A I s I

KN = 0
Zpl = 2,

MASS FLUX OF AMMONIA IN TUBES OF THE HEAT EXCHANGER
GWAT ® W3/ ((ZD1/HXNP)=CNWePIeDInDI/{6on1b4,))

VAPOR VELOCITY OF AMMONIA AT INLET OF TWE TUBES OF THE
HEAT EXCHANGER
VWAT = GWAT/ (DENSIVe3600,)

INSIDE AMMONIA HEAT TRANSFER COEFFICIENT OF THE TURES
OF THE MEAT EXCHANGER

CaLL_ HYCLO(DI ,ENGTH4ANGyGWAT41440,,PRW,DENSIW,DENSIV,VISKs,41338,

VISV s 41338y THCONWCPW o HIyHTCoHTByHTNIHTK 4 REWAT)
OVERALL HEAY TRANSFER COEFFICIENT OF THE MEAT EXCHANGER

REFF = ATOT/(2,0sP1)

U= 140 / (1e0/(EFSeHD)
REFF«ALOG(ODL/DI)/CONL
ATOT/(AI®RI))

A1IRSIDE AREA OF THE HEAT EXCHANGER
Aalz = ANTU=CPAww4 /U

VOLUMN OF THE MEAY EXCMANGER
VoL = AAIR/ALPHA

TURE DEPTH OF THE HWFAT EXCHANGER
DEPTH] & VOL/AFRON
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AMCcalLC
AMZALC
AMCALC
AMCALT
AMCALC
AMZALL
AMCA . C
AMCALC
AMZALC
AMCALC
AMCALC
AMCALC
amMcalLc
AMCALC
AMCA_C
AMCALC
AMCALC
EMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALLC
AMCALC
AMCALC
AMCA LT
AMCALC
AMCALT
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMZALC
AMCALC
AMCALC
AMCALC
AMCALZ
AMZALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMZALC
AMCALC
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o000

OO0

OoO000O0

OoO00000

1000

230

240

Te/T4 0PT=) FTN 4,5¢414 06/05/78

PZD = ZID) AMCALC
Znl = 12,0sDEPTH1/XD AMCALC
AMCALC

CONVERGENCE CRITERIA OF THE TUBE DEPTH OF THE HEAT AMCALC
EXCHANGER AMCALC

’ AMCALC

IF{ABS(ZD] = PZD)/ZD1.LT,+00001) GO TO 230 AMCALC
KN 2 KN ¢ 1 AvcaLC
IF(XNeGT,70) WRITE(6+1000) KNsPZDsZD1+AFRON AMCALC
FORMATIEX s "KNoPZD1ZD1+AFRON ="y 13,3612,6/ AMCALC
IF (XN +GT, BO) GO TO 250 AMCALC
Z = 701 AMCALC
GO TO 225 AMCALC
AMCALC

LI N I I I mMTIMmMmMmMmMMIIILImMmMTTmmTT T AMCALC
warssFND OF ITERATION LOOP FOR DETERMINING THE TUBE DEPYH OF w»exss AMCALC
sevusTHE HEAT EXCHANGER . sasss AMCALC
I XL EEE AR EZ R R RS R R R E R R RN RS R S N R RS R R R R I RS I AHCAL.C
AMCALC

SLOPE FINDING TECHNIQUE FOR FINDING THE WIDTH OF THE HEAT AMCALC
EXCHANGER THAT MATCHES ITS DEPTH AMcaALC
IF(KN1+GE,1) GO TO 240 AMCALC
YNW] = 2D} AMCALC
XNW2 s CNW ¢ 500, AMCALC
CNW = CNW « 500, AMCALC
KNl = KN1 o 1 AMCALC
GO TO0 Y70 AMCALC
CHNTINUE AMCALC
YNW2 = ZD] AMCALC
Nw = XNW AMCALC
SLOPE ® (YNW] = YNW2)/(XNW]l = XNW2) AMCALC
BLOPE 8 (YNW2*XNW] o XNW2*YNW1)/IXNW] = XNW2) AMCALC
XNW = (ZD « BLOPE)/SLOPE AMCALC
IF(XNWelEe0,00) XNWw = XNW2  1000,0 AMCALC
IF({XNWsLE,0,00) GO TO 320 AMCALC
YNW] ® YNW2 AMCALC
XNW)] = XNW2 AMCALC
XNW? = XNW AMCALC
CNW £ XNW AMCALC
AMCALC

CONVERGENCE CRITERIA FOR THE HEAT EXCHANGER WIDTH AMCALC
(CONVERGENCE IS DONE BY COMPARING THE ACTUAL VERSUS THE AMCALC
DESIRED TUBES IN DEPTH OF THE HEAT EXCHANGER FOR THE AMCALC
CORRESPONDING HEAT EXCHANGER wIDTH) AMCALC
IF(ABS(ZD = ZD1)4LT..,001} GO TO 300 AMCALC
KNl = KN1 o 1 AMCALC
IF(KN1+GTe70) WRITE(691030) KNI yNWyAFRON,WIDTHeZD1l o YNW2,YNW] o XNWR, AMCALC
1XNW] AMCALC
1030 FORMAT (SX¢nKN1 yNWyAFRONyWIDTH =14134112,7612,6) AMCALC
IF(XKN1.GT.80) GO TO 250 AMCALC
60 To 170 AMCALC
AMCALC

SRRt LSRR AR N RN S RN LSRR NN R RSB ASn e usRaantetaananansnnnnnnen AMCALC
ssxuwEND OF ITERATION LOOP FOR DETERMINING THE WIDTH OF THE wsmss AMCALC
susesMEAT EXCHANGER sxsew AMCALC
AL s I I I I I MMM AMCALC

AMCALC
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250

300
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KCONY ® )
LVC = M
Go 1O 320
Z = 7D

AIR SIDE PRESSURE DROP ACROSS THE HEAT EXCHANGER

AVERAGE DENSITY OF THE AIR IN THE HEAY EXCHANGER
T4 = TD ¢ RANGE
DENDUY = FLUID(7+24T4sELEVs""CALCSM)
DENIN = FLUID(7+2,TDsELEVI"CALC 30}
DENAV = (DENIN o DENOUT)/2.0

MAXIMUM VELOCITY IN THE HEAT EXCHANGER BASED ON THE
AVERAGE DENSITY OF THE AIR

VAIR = GAIR/(3600,0«DENAY)

AIRFF a FAIR

PRESSURE DROP ACROSS THE HEAT EXCHANGER
DELPA = DENAV = FAIR » ZD + VAIRss2 / GC
DoTinw = DELPA/S,2022

DESIGN OF THE FAN SYSTEM

HGMAX = DPTINW0,07495/DENOUTY
IF (HGMAX L,GT. 1,35) GO Tp 320

COST ANAYLSIS OF THE HEAT EXCHANGER
CaLL COSTEX(AFRONsyATOT)

DESIGN OF THE LEAST COST FAN SYSTEM FOR THE ABQOVE HEAT
EXCHANGER DETERMINATION OF THE NUMBER AND DIAMETER
OF THE TOWERS 1S ALSO DONE ’

CaLL FAN(DPTINW,AFRON)

IF(,NOT, LOOPER ,AND, AFC LEQ, 5+Ee¢B) CALL ERRMSGI(])

IF(LADPER}Y CALL ERRMSG(2)

WBBzHTOW/NBUNHI

IF AFC 1S GREATER THAN ,49E+9 IT MEANS NO SUITABLE FAN
wWAS FOUND BY SUBROUTINE FaN IF TH1S EXISTS TCOS 1S
SEY EQUAL TO A HIGH VALUE INORDER TD THROW OUT THIS
POINT IN THE SEARCH FOR A MINIMUM

IF(AFCeGT.+65E¢9) KCONV & )

IF(AFC ,GT, +49E¢9) GO Yo 320

DESIGN OF THE SUPPLY PIPING SYSTEM

TIN ¢ T1 =« TTD)

XTOW ® NUMTOW

DENSTV = FLUID(T7914TINGELEV,"CALLS™)
VISV = FLUID(B,1sTINJELEVH"CALCH")

CALL PIPCLS(XTOWsCTOWD W39 TINYDIST,DESVELV,WNSBsREDUCV+QREDUCY s

POHCIRINSIDES  HTOWsNBUNHI sELENGyDELPS(PIPCSTV,yTINHX)

CONVERGENCE CRITERIA ON THE TEMPERATURE DROP OF THE
SUPPLY PIPING
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TTD22 = T1 » TTD1 = TINHX

TTD23 ® TTD2

TYD? = TTD22

IF(TINHX,LE,TD) KCONV = 1
IF(TTD2,6T,204) KCONV = 1

IF (KCONV,EG, 1) RETURN

IF(ARS{TTD23 = TTD22)4LT4e1) GO TO 310
CALL PRPERT (TINHXsTAIRAV,ELEV)

PRW = CPWsVISW/THCONW

Go To leo

IR A IS RS R R PSR R RN R R R R R I R X P P R TR L LY

*asseEND OF ITERATION LOOP FOR DETERMINING THE HEAT EXe
»asaxCHANGERs TOWER, AND FAN CONFIGURATIONS

‘-‘-‘.‘“l“t“-l‘t'"‘--‘tllt“-"t“".-"'.."".'l."'.'.".

CONTINUE

DESIGN OF THE RETURN PIPING SYSTEM

CALL PIPCLR(XTOW,CTOWD,W3,DIST,DESVEL +WBByREDUCE,QREDUCEPOHCIP,

NSIDES+HTOWsNBUNHIZELENGsDELPRIPIPCSTL)

PRESSURE DROP OF THE AMMONIA THROUGH THE TUBES OF THE
HEAT EXCHANGER

06/05/78

AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALLC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC

CALL DPCON(GOSW,DIENGTH,ANGyGWAT,]14+40,,DENSIW,DENSIV,VISWs,41338, AMCALC

SVISVee41338sDELPWT DPFoDPGeDPMe XLMyPHIL 4yPHIL2 ¢ VFsWATFF ¢sRL4RV)

DFLeWT = DELPWT=l44,

COST OF PUMPS TO CIRCULATE AMMONIA AROUND THE PIPING

CaLL PUMPCST(W3, DELPS, DELPR, DELPWT, DELPWC, XQUALY, DESVEL,
$ PMPCST, PUFITC)

TCWFCS = PIPCSTL « PIPCSTV « PMPCSTepPOHCIR

HORSEPOWER DISSIPATED BY THE AMMONIA FLOWING THROUGH
THE SYSTEM

DEL®IP = DELPS « DELPR

DELPw = DELPWT « DELPWC ¢ DELPS # DELPP

HPWAT1 = (DELPWT + DELPS ¢ DELPR)sW3/(DENSIWes3600e%550,)
HPWAT2 = DELPWC*W3/(DENSIWSXQUALY¥*3600,2550,)

HPWAT ® HPWAT! + HPWAT2

ELECTRICAL COST OF THE CIRCULATION PUMPS
CALL PUMLEC (POHLEC, HPWAT, DIST, EFFP, RPTP|)

PLiMP POWER REQUIRED TO DRIVE THE AMMONIA THROUGH THE
SYSTEM

PPOW = HPWAT/(1,34]1sEFFP)
C=1,/(365,924,3600,%550,)
€=5,7654F=11
HPWATDECeHTOWeFACTORD*WATCONA
PPOWDSHPWATD/ (1,34 ]1EFFP)

AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALLC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALLC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
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315

320

T&/74 OPT=) FIN 4,5¢414
PPOwW=PPOWePPOWD
ATUR = (1,0 = AFTR)=AAIR

COSTING OF THE PLANTs LAND, PIPING, AND CONDENSER/
REROILER

CaLL SCALP(T1+RANGEAFRONsWLRAT,TCWFCSyNUMTOW)
DENSIV = FLUID(T791yTINJELEV"CALL TM)

DETERMINATION OF THE BACK PRESSURE CURVE THAT THE YURBINE
CAN OPERATE AT OVER THE AMBIENT TEMPERATURE RANGE WITH THE

06/05/78

AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC

AMOUNT OF WATER ALLOCATED FOR DELUGGING OF THE MEAT EXCHANGER AMCALC

CALL CONSUMP
IF (KCONV,EQ.1) RETURN

CALCULATE THE NUMBEPRP OF TOWERS THAT HAVE DELUGE PIPING AND

COST THE DELUGE PIPING

NTOWDE = DEPER(1)#XTOW ¢ ,99999
XTOWNE = NTOWDE

WATMAX = 0,0

Do 315 I = 1eNTA

WATCONM = WATCWD(1)sFACTORD/(TPER(]1)«8760,)
IF(WATMAX,LToWATCONM) WATMAX = WATCONM

CoANTINUE

WS = WATMAX/(60,62,2%,13368)

EvAbMX=WS/FACTORD

CallL OELUGEP(XTOWDEsCTOWDsDESVELDyWS5,WS/FACTORDIDIST+PIPCSTD)
PIP2STD = PIPCSTD#POHCIR

Cplo = CPIP » PIPCSTD=1000,

INCREASED COST OF OPERATING THE PLANT WITH THE ABOVE
DESIGNED COOLING SYSTEM THROUGHOUT THE WHOLE YEAR

CALL NOVART(TCOS,RANGE)
LvCaM
CONTINUE

RETYRN
END

AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALLC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
AMCALC
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OO0 00

SUBRAUTINE CHNGE (M)

TRIS ROUTINE IS CALLED BY SUBROUTINE SERCH WHEN PRESSURE DROP RE~
STRICTION 1S ENCOUNTERED. IT SEARCHES BY CHANGING A VARIABLE
OTHER THAN THAT SELECTED BY SUBROUTINE SERCH,

DIMENSION DP(S),DV(5)4VAJ(5)
CoMMoN /SCALER/HRFAC)s ATUBs CPERAy SSCDsPLANC)IsCASSS],
§ GAaYRsy FAIRy HPAIRy HPWAT, WLRTP, PLANCT]

LOGICAL FIRST9FRSTyFXTEMPFXTVARIFXTTTDyFXTLNG

COMMON

$ AFTRe ALPHA, ANG(3)

* BPLIM(]6)

$ ,CapFs CSSPXW, CONF, CONLs COSTL, CAPCHG, CONMAT» CONMA2,CAF

$ 4CRJs CTURBy CDANG, CLUVR, CHAILS, CVM

$ JDFINIDEEPLIDESVELDESVELVIDESVELDDENSIF

$ |EFFPQ EFS

$ JFCRyFIRST,FIXLsFCOSeFFRXsFXTEMRyFACTOR\FRSTFACTORDFSHOT,FDELUG
$ FIXVIFIXTTDyFXTVARFXTTTD,FXTLNG
$ ,GagfFF

$ ,HXNP+HPCSTeHCD

$ ,ITMAX, ITMIN

$ ,JCONS

% ,KCoNV, KALEXT

$ JMXEXT

$ yNTasNSIDES+NBUNHI

CoMMON

§ 0oDr

$ ,PSTZE, PERy PWCOSs PLANC, PFACT, POMDPL

$ ,PoHRAF, POHFAN, POHLEC, POMCIRy POHCND, POHSTC» POHSCL

$ , ’RRP«REDUCE, REDUCV, ROOFL, RHOUT

$ o QREJ, QREDUCE,s QREDUCY

$ ,SIgMAG, SAAF, SEGL

$ +TDy TPO(4)» TEFF. TLIM, THFIN, TLPRA, TFIX

£ ,TCDy TW

$ JUCSs UWS

$ JWFys WATCONA, WATCOST

$ L,VAS!(S)
$ JXDEPA, XWy XD

COMMON /SUPPLY/ VAL I(5)y CPLNs CPIP, (COSy W3y COSMy EFF
L3 QIN, CLAND, REAIR, Z+HRFAC2Z, Wi U, DELPW, PPOW,
$ FPOW, DELFC, WIDTH, ELENGsy VAIR, VWAT, HI, HO+ Ths
3 REWAT, Nw o NT» NPyPLANC2+PSI212sy SPBRP, SWé, SwW3e
$ SPC+PTOTAL «PLANC3,SAFRONy AAIR, YFPy SPCO+PSIZ]3, WTZ
3 BR2, NW2, TCOS, DELPA,DELPWT,DELPWC,CONBAS, XNTSX, VELDX
$ , TLAX, UCON, PMCST, FMCST, FBACC, EFFC, CH, CA, €S
$ 4, cLTC. CFCey cPCCs FITCO, CSC+CEPREPYDELPIP, AST,0LDCST

$9CAPCSTy XNFANJBLDANGs CPLENs DPFEL) WHX, WTYTUR* ADIA, ABLN
$+ WwWTYHDR, WTFRM,STRUCC,CFPERF,HPPERF, TOTCF, TPC, EFFIN, ANTU
$, AIRFF, WATFF, XNMOD, TYCTPF, FDCPF, FMTRCs ACCTTP, ADJTP
$s ACTBPD, ADJRPD, ACTVH, ADJVHs ADJUPPF, THPAIR, TCTFs AFCST
$y O£SRD, WATERW, WSTRCTs CFOUNDs HUBDIA, TOWLENs NUMTOW, CTOWD

$ ,SARJeSQRJSIATUBC,CBA,TTD1,TTD24DELPS,CSTLVR,PIPCSTD

$ JCSTHS, CYLRNGs» CFANELs PSTACS. PUFITC, PMPCSTy RPTPL, SEPCST

$ PWDI16)WATCWD(16)DEPER(16)9DEPERR(16)

§ JWARIHTAWSNTOWDE +CSTIF9CSJ9CVF,CDP WS

CoMunh /SINK/ VAR(5)s CPLN1ly CRIPl, CCOS)1, wWil, CoSMl, EFFl»

CHNGE
CHNGE
CHNGE
CHNGE
CHNGE
CHNGE
CHNGE
SCALER
SCALER
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOW
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
8IGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
SUPPLY
SUPPLY
SuUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
supPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SINK
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UBRNUTINE CHNGE T4/74 oPT=1

» W

10

11

QINl, CLAN1y REAIl, Z11HRFAZS,
FpOWl, DEFCls WIDTly ELENl+ VAIRI,

BP2MIN,NW2MINy TCOS1,y DEPAly DPWT),
» TLAl, UCON1, PMCS], FMCSls FBAC1,

P A ANNN

REWAl,  NW1, NT1, NP1,2PLNC2,251212,
S§PCly PTOT]PLNC31y AFROls AAIR1WYFPMIN,

FIN 4,56416

Uly
HIl,
25PBP,
SPCD1y

CH1,

$ 4 CLTC1ly, CFCly CPCC1,FITCOls CSC1,CEPRE1,DEPIPI,

$yCAPES1 yXNFAN] yBLDANL1yCPLEN]DPFEL],

$¢y WTHD1,y WTFR)4STRUC1+CFMPFly HRPF1,TOTCF],

$y ACTBP1l, ADJBPl, ACTVHl, ADJVH1, ADJPP),
$y» CSRl, WATER], WSTRC1l,» CFOUN], HUBDI1,

THRAIL,
TOWLEL

WYTUL

DEPWl,y PPOWl,
HOl, Taly
Swal, Sw3l,
SPS13,WT2MIN,

DPWC1sCONBAly XNTS1, VELDI]

Cal, €sl
AST1,0LDCS1
ADI1y ABL1)

C TP1,EFFINLy ANTUL
$s+ AISFF1, WATFFl, XNMOD1l, TCTPFls FDCPF1, FMTRCls ACTTPls ADJTPI

TCTF1 4 AFCST1
NUMTO1, CTOWD]

S SORJ1,SORJUS1I4ATURCL+CBALyTTD114TTD21,DELPS]+CSTLVIWPIPCTN]
+CSTHS1y CYLRN1y CFANEl, PSTACls PUFIT1, PMPCSls RPTPL1s+ SEPCSI

$
$ JPWwD1(16)sWATCWD]1 (16)4DEPER1(16)DEPERQ](16)
$

yWBB1loHTOW1 sNTOWDELsCSTIF1,CSJUL1sCVF14CDP1,WS]

CoMMaN /LLACALL/SRN

COMMON /TINE/ XNSs TLA» XNTSy ARPS, TTD2QE, LINORY

IDB=p

L=0

Kl=g

Do 1 Im],3

DV(1)=e¢05

DVI(2} ® 0,20

DV{e) ® 2,00

Dv(s) ® 1,0

Dp 3 I=),5

VAJ(1)@VAR(])

VAL (T)®VAR(])

VAL (M)® (] ,eDV(M))sVAR (M)
IF(FXTEMP) VAL(]1) = TFIX
IF(FXTLUNG) VAL(4) = FIXL
IF(FxTVAR) VAL (2) = FIXV
IF(FXTTTD) VAL(3) = FIXTYD
IF (VAL (M) ,LE+0,0) GO TO 36
IF(M,67,3) GO T0 10
IFtval )y L,LE, 0,0} GOTO 36
SRNe"/CHNGE=1/ #

CALL CALC(VAL(1)9VAL{2) VAL {3) sVAL (&) VAL (S),])

IF(XCONV,,EG,1) GO TO 36
PaapELPA

PalenEPA]

Dp (M) mDE_PA=DEPA]

11C = 5

IF(FXTEMP) 1IC = &

118 ¢ 1

IF (PEEPL,GT,0,00) JIIB = 2
DO 3% Il = IIB,!IC

Isball
IF(1,EQ,5,AND DV (1} ,6GT,.005) GO TO 35
IF{1 ,EQ,M) GO TO 35
VAL(1)®().¢DV(T))sVAR(I)
IF(VAL{1)4LE«0.,0) GO TO 34
VAJ(TI®VAL (1)

IF(FXTEMP) VAJ(]l) = TFIX
IF(FYTLUNG) VAJ(4) = FIXL
IF(FXTVAR) VAL (2) = FIXV

XNPy XQUALY

06/05/78

SINK

SINK

SINK

SINK

SINK

SINK

SINK

SINK

SINK

SINK

SINK

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
CHNGE
CHNGE
CHNGE
CHNGE
CHNGE
CHNGE
CHNGE
CHNGE
CHNGE
CHNGE

07,59,59



SUBRQAUTINE CHNGE

12
17

18

24

25

26

27

33

T4/74  OPTE) FTN 4,5e614

IF(FxTTTD) VAL(3) = FIXTTD

IFt{1.,GT.3) GO TO 17

IF(vaJ(l) uLEo 0.0) GOTO 12

Go T0 17

VAJ(T)aVAR(])

Gn To 34

NES!

IF(M, LT, 1) =M

SPNz=1/CHNGEw2/ M

CALL CALC(VAJ(L1) e VAJ(2)Y e VAJ(3) o VAU(S4)YIVAJ(S) 4 J)
VAJ(1)=sVAR(])

IF(XeNNV,EQ,1) GO TO 34

PA=DELPA

PalenEPAL

DP{1)=DELPA=DEPA)

E=0,

C=z1,

b=1,
VAL(7)®(],4DV{I)s{(E=DP{M))/DP(1)}sVARI(I])
IFtsXTEMP) VAL{]) = TFIX

IF(FXTUNG) VAL(4) = FIXL

IF(FXTVAR) VAL(2) = FIXV

IF(FXTTTD) VAL(3) = FIXTTD
IF(VAL(I}.LE«0,0) GO TO 34

IF{1,67.3} GO TO 24

IF (vAL(1) .LE, 040) GOTO 34
SRNz"/CHNGE=3/

CALL CALC(VAL(I)wVAL(2) 2 VALI(3) s VAL (4)IVALI(S) )
IF(xcONV,EG.,]1) GO TO 34

IF{NELPA,GE,XDEPAANDJDELPA,LE.)1+01*XDEPA GO TO 26

IF(nFLPA,GE,1.,0]1#XDEPAY GO TO 25
C=D/10.

IF(C.LT,4001) GO TO 3¢

EeEec

GO T0 18

D=C/70.

IF(DsLTos001) GO TO 34

E:E-6

Gn 1O 18

IF(TA0S,6E5,TCOS1) GO TO 34

CaLL STORE

Lel

Do 27 ld=1,5

VAJ{IJY=VAR(IJ)

VAL (M)® (] ,eDV (M) )sVAR (M)
IF(FXTEMP) VAJ(]1) = TFIX

IF (FXTEMP) VAL(l) = TFIx
IF(FXTLUNG) VAL(4) = FIXL
IF(FYTVAR) VAL (2) = FIXV
IF(eEXTTTN) VAL(3) = FIXTTD
IF(VALIM) .LE«0,0) GO TO 36
IF{M,G67.3) GO TO 33

IF(VAL()) GEe1T0.,0R.VAL{1),LTs21l0,) GO TO 36
SRNe /CHNGE=4 /0

CALL CALC(VAL (1) oVAL(2) 9 VAL (3) VAL (4) sVAL(5) 4M)
IF(KCONV,EQ,)) GO TO 36
PaAleDEPRAL

06/05/78
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07.59.,59

564
S5
56
57
58
59
60
61
62



SUBRNAUTINE CHNGE

34
35

36
a7

38

39
103

Té/T¢  OPTs]

Pa=npLPA

DP (M) mDE|PA=DEPAL
Go Tp !

val (IYsvaR(l}
CONTINUE

DO 37 Ix].5

Dy (1)mmDv(I)
KizxKlel

IF(k1.E0,1) GO TO 4
Kl=0

IF(DVI(1) LE.«005) GO TO 3%
Do 38 I=1,5
Dv(1)=Dv(])/5,

GO Tn &

TF(L.EQ.1+AND,IDB,NE.O) RETURN
FARMAT (1 AND CHANGES MADEM)
RET!RN

END

FTN 4,564

06/05/78

CHNGE
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CHNGE
CHNGE
CHNGE
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T4/74  OPT=) FIN 4,5¢414

FUNCTION CMARTIN(XMART s JMART yKMART)

FUNCTION CMARTIN SUPPLIES THWE MARTINELLI COEFFICIENTS FOR
TWO=PHASE F{OW

DIMENSION PHI(94692)
DEFINITION OF MARTINELLI INDICES FOR DATA SUPPLY

PHI (IMARTY s JMART ¢KMART)
IMART = COEFFICIENTS OF CURVE FITS (1 = 9)

JMART = FLOW REGIME (1 = &}
] == VISCOUS = VISCOUS
2 ~« TURBULENT « VISCOUS
3 =« VISCOUS = TURBULENT
4 == TURBULENT = TURBULENT
HOLDUP CORRELATIONS (5 = 6)
5 ~e MARTINELLI PARAMETER (X) LESS THAN ONE
6 == MARTINELLI PARAMETER (X} GREATER THAN ONE

KMART « FLUID
1 == LIQUID
2 =« VAPOR
MARTINELLI FUNCTIONAL COEFFICIENTS FOR THE L1QUID

DATA({PHY (IMART+JMART 1)y IMART = 1y 9), UMART = 1, 6)/
VISCOUS = VISCOUS

» 0,07995 , ®0,42951 4 0,09563 + «0,00547 4, 0,00142 s 0,00011
« 0,00000 4 0,00000 o 0,00000 o

TURBULENT « VISCOUS
* 1,24907 4 ®0,44314 4 0406680 ¢+ =0,0052]1 o =0.00057 » 0,00012
« 0,00000 o 0,00000 o+ 0,00000

VISCOUS = TURBULENT
«  1,23807 4, =0,46B44 ¢ 0407189 ¢ «0,0044é o =0,00070 » 0,00012
« 0,00000 o 0,00000 4+ 0,00000 o

TURBULENT = TURBULENT
s 1,46065 , »0,50445 4 0.06212 4 «0,00106 , «0,0010) 4 0,00003

« 0,00000 + 0,00000 o 0,00000 »

RL HOLDUP CORRELATION = MARTINELLI PARAMETER LESS

THAN ONE
= 0,22206 » 0404251 ¢ =0.00127 ¢ 0,00002 ¢+ 0.00000 v+ 0.,00000
« 0,00000 , 0,00000 o 0,00000

RL HOLDUP CORRELATION =~ MARTINELLI PARAMETER
GREATER THAN ONE

* 0,22918 4 0,11270 + 0401113 » =0,00431 » 0.00050 + 0,00099
* =0,00013 , «0,00007 ¢+ 0,00001 /
MARTINELLI FUNCTIONAL COEFFICIENTS FOR THE VAPOR
DATA((PHI (IMARTJUMART+2) s IMART ® 14 9), JUMART = 1y 6)/
} VISCOUS « VISCOUS
= 1,70310 4 1,49656 4 =0,01132 o+ 0,00014 4 0,00000 4 0,00000

« 0,00000 + 0,00000 o 0,00000

TURBULENT = VISCOUS

06/05/78

CMART
CMART
CMART
CMART
CMaRT
CMART
CMARY
CMART
CMART
CMART
CMART
CMART
CMART
CMART
CMART
CMART
CMART
CMART
CMART
CMART
CMART
CMART
CMART
CMART
CMARY
CMART
CMART
CMART
CMART
s CMART
CMART
CMART
s CMART
CMART
CMART
s CMART
CMART
CMART
s CMART
CMART
CMART
CMART
» CMART
CMART
CMART
CMART
y CMART
CMART
CMART
CMART
CMART
CMART
CMART
CMART
s CMART
CMART
CMART
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FUNCTION CMARTIN T4rs74 0PT=)] FTN 4,5¢414 06705778 07,59,59

s 1,24906 4 =0,55672 ¢+ 0,06678 » «0,00518 4 =0,00057 » 0,00012 , CMART 59

s 0,00000 4 0,00000 » 0,00000 ¢ CMART 60

o VISCOUS = TURBULENT CMART 61
* 1,23850 4+ 0.53139 s 0407181 » =0,00442 » «0,00069 » 0,00012 s CMART 62

« 0,00000 4 0,00000 o 0,00000 CMART 63

9 TURBULENT = TURBULENT CMART 64
» 1,464105 , 0,49541 » 0,06153 ¢ «0,00113 4, =~0,00095 4 0,00003 4 CMART 65

« 0,00002 4 0,00000 4+ 0,00000 CMART 66

c RG WOLDUP CORRELATION = MARTINELLI PARAMYER LESS CMART 57
¢ THAN ONE CMART 6R
*» =0,25522 + *0,10583 » =0,02893 4 =0,00BB4 » 0,00000 9 0,00000 s CMART 69

= 0,00000 o O0,00000 o+ 0400000 » CMART 76

c MARTINELLI PARAMETER GREATER THAN ONE CMART 71
*« =0,25522 4 *0,10573 y =0.02893 4 =-0,008R4 , 0,00000 » 0,00000 o CMART 72

s 0,00000 4 0,00000 » 0.,00000 / CMART 73

c CMART T4
o MARTINELL! PARAMETER CALCULATION CMART 75
c CMART 76
IMART = © CMART 77

J = JMART CMART 78

K = xMARY CMART 79

syM = 0,00 CMART 80

IF(J +£Q, 1 ¢AND, K L,EQs 2) GO TD 75 CMART 81

IF(J +EQs 5 oAND, K LEGQe 1) GO TD 75 C”ART Be

Do 80 I & 1y IMART CMART 83

SiM = SUM & PHI(IyJsK)wAL OG(XMART)ss (I o 1) CMART 84

S0 CONTINUE CMART Bg
CMARTIN = EXP({SUM) CMART 86

IF(J oE0. 6 .AND. K .EQ. 1) CMAQTIN = SUM C”ART 87
RETURN CMART 88

75 D0 100 I = 1y IMART CMART 89
SIM = SUM ¢ PHI(I19JsK)sXMART®= (] = 1} CMART 90

100 CONTINUE CMART 9]
CMARTIN = SUM CMART S2
RETURN CMBRT 93

END CMART S¢
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SUBROUTINE CONSUMP

SUBROUTINE CONSUMP 1S USED TC DETERMINE THE BACK PRESSURE
CURVE THAT THE TURBINE CAN OPERAYE AT OVFR TME ENTIRE YEAR

WITH THE
DELUGING

TOTAL AMOUNT OF A_LOCATED WATER EVAPORATED IN

THE WET/DRY TOWERS, IF DELUGING THE TOWER DOES NOT

CONSUME ENOUGH WATER TO MAXKE IT ABOVE THWE AMOUNY ALLOWED TO
BE CONSUMED THE DESIGN IS TERMINATED, THE SAME OCCURS IF

THERE IS

NOT ENOUGH WATER TO KEEP THE BACK PRESSURE AT THE

RACX PRESSURE LIMIT CURVE.

DEFINITION OF VARIABLES

BPLZ -

BPL2I =

BRPLZII =

NTA -
WAYTCONA®

WATCWD T

WATCl2 =

WATC1Z3~

WATDET e

WATWDT )=

STORAGE VARIABLE USED IN THE S| OPE FINDING
TECHNIGUE FOR THE CORRECT WET/DRY BACK

PRESSURE (IN HGA;

STORAGE VARIABLEs, USED IN THE SLOPE FINDINS
TECHNIQUE FOR THE CORRECT WET/DRY BACK PRESSURE
(IN HGA)

STORAGE VAIABLEs UBED IN THE SLOPE FINDING
TECHNIQUE FOR THE CORRECT WET/DRY BACK PRESSURE
(IN HGA)

NUMBER OF TEMPERATURE DIVISIONS IN THE YEARLY
TEMPERATURE PROFILE (DIMENSINONLESS)

AMOUNT OF WATER THAT CAN BE EVAPORATED DURING THE
YEAR (LBM/YEAR)

STORAGE VARIABLEs USED IN THE SLOPE FINDING
TECHNIQUE FOR THE CORRECT WET/DRY BACK PRESSURE
(LBM/YEAR)

WATER EVAPORATED BY THE MEAY EXCHANGER OVER THE
WHOLE YEAR WHEN THE BACK PRESSURE IS5 AT THE BACK
PRESSURE SEPARATING ZONE 1 AND ZONE 2 (LBM/YEAR)
WATER EVAPORATED B8Y THE HEAY EXCHANGER OVER THE
WHOLE YEAR WHEN THE BACK PRESSURE IS AT THE RACK
PRESSURE SEPARATING ZONE i} PROM ZONE 3 OR ZONE 2
FROM ZONE 3 (LBM/YEAR)

AMOUNT OF WATER CONSUMED IF THE HEAT EXCHANGER IS
DELUGED COMPLETELY YEAR AROUND (LBM/YEAR)
STORAGE VARIABLE, USED IN THME SLOPE FINDING
TECHNIQUE FOR THE CORRECT WET/DRY BACK PRESSURE
(LBM/YEAR)

DEFINITIOMN OF ARRAYS

BPLIM =
BPLZI -
DEPER =

DEPERQ =

POELUG =

PMAXDRYw
PWD ™

TDELUG =

MAXIMUM BACK PRESSURE LIMIT CURVE (IN HGA)

BACK PRESSURE CURVE (IN HGA

FRACTION OF THE HEAT EXCHANGER THAT IS DELUGED FOR
EACH AMBIENT TEMPERATURE INCREMENT (DIMENSIONLESS)
FRACYION OF THE HEAT LOAD THAT IS CARRIED OFF RY
THE DELUGED PART OF THE HEAT EXCHANGER FOR EACH
AMBIENT TEMPERATURE INCREMENT (DIMENSIONLESS)

BACK PRESSURE CURVE WHEN THE HEAT EXCHANGER IS
DELUGED COMPLETELY (IN HGAa)

ALL DRY BACK PRESSURE CURVE (IN HGA)

RACK PRESSURE CURVE WHICH CAN INCLUDE ALL DRY OR
ALL WET BACK PRESSURES (IN HGA)

TURBINE STEAM TEMPERATURE CURVE WHEN THE HEAT

06/05/78

CONSUMP
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CONSUMP
CONSUMP
CONSUMP
CONSUMP
CONSUMP
CONSUMP
CONSUMP
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CONSUMP
CONSUMP
CONSUMP
CONSUMP
CONSUMP
CONSUMP
CONSUMP
CONSUMP
CONSUMP
CONSUMP
CONSUMP
CONSUMP
CONSUMP
CONSUMP
CONSUMP
CONSUMP
CONSUMP
CONSUMP
CONSUMP
CONSUMP
CONSUMP
CONSUMP
CONSUMP
CONSUMP
CONSUMP
CONSUMP
CONSUMP
CONSUMP
CONSUMP
CONSUMP
CONSUMP
CONSUMP
CONSUMP
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CONSUMP
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EXCHANGER IS DELUSED COMPLETELY (DEG F) CONSUMP

TMAXDRYe® ALL DRY TURBINE STEAM TEMPERATURE CURVE (pEG F) CONSUMP

TWD * TURBINE STEAM TEMPERATURE CURVE WHICH CAN INCLUDE CONSUMP

ALL DRY OR ALL WET TURBINE STEAM TEMPERATURES CONSUMP

(DEG F) CONSUMP

WATCWD = WATER CONSUMPTION OF THE HEAT EXCHANBGER OVER THE CONSUMP

WHOLE YEAR FOR EACH AMBIENT TEWMPERATURE INCREMENT CONSUMP

(LBM/YEAR) CONSUMP

WATDE = WATER CONSUMPTION OF THE HEAT EXCHRANGER WHEN IT IS CONSUMP
COMPLETELY DELUGED OVER THE WHOLE YEAR FOR EACH CONSUMP

AMBIENT TEMPERATURE INCREMENT (LB“/YEAR) CONSUMP

LOGICAL FIRSTFRSTFXTEMPyFXTVARWFXTTTDFXTLNG BIGCOM
CoMunN BIGCOM
$ AcTR, ALPHA, ANG(3) BIGCOM
s (Bp 1M116) BIGCOM
§ CAPF+ CSSPKW, CONFs CONLs COSTL, CAPCHG, CONMATs CONMAZ,CAF BIGCO™
$ ,CaJs CTURRs CDANGy CLUVR, CHAILS, CVM B1GCOM
$ JDFINSDEEPL'DESVEL +DESVELVDESVELD+DENSIF BIGCOM
$ LE€FP.s EFS B8IGCOM
$ .FcboFIPST.FIXL.FCOS.FFHX.FXTE“PoFACTOR.FRST.FACTORD.FS”OT.FDELUG BIGCO™
£ JFIXVeFIXTTDsFXTVARGFXTTTDFXTLNG BIGCOM
€ ,GaffFF BIGCOM
$ ,HYNPsHPCSTIHCD BIGCOM
$ ITMAX, ITMIN BIGCOM
$ ,JOONS BIGCOM
$ JKeaNV, KALEXT BIGCOM
s ,MxEXY BI5COM
$ JNTaoNSIDESsNBUNHI BISCOM
COMVON BIGCOM
¢ nDo BIGCoOM™
$ .PSTZE. PERy PWCOS, PLANC, PFACT, POMDP_ BIGCOM
$ ,PnHRAF, POHFAN, POHLEC, POHCIRy POHCND, PONSTC, POHSCL BIGCOM
$ , PRPYREDUCE, REDUCVs ROOFL, RHOUT BIGCOM
$ + NREJy QREDUCEs QREDUCV BIGCOM
$ ,S1GMAG, SAAF, SEGL BlGgCcoM
$ ,TDe TPO(4)s TEFF, TLIM, THFIN, TLPRA, TFIX BIGCOM
$ ,TCDs T BIGCOM
$ JUCSY UWS B1GCOM
§ JWEyse WATCONA, WATCOST BIGCOM
£ LVAS(S) BIGCOM
$ JXIFPA, XwW. XD BIGCOM
COMMON /SUPPLY/ VAL (5)y CPLNy CPIP, (CCOS» W3, COSM, EFFs SUPPLY
$ CIN, CLAND, REAIR, ZsHRFAC2, Way U, DELPW, PPOWs SUPPLY
$ FPOW, DELFCy WIDTHy, ELENGs VAIR, VWAT, HI, WOy T4y SUPPLY
$ REWAT, NWw NT s NPsPLANC2,PSIZ)2y SPBP, SWé Sw3s SUPPLY
L3 SPC+«PTOTALWPLANC3ySAFRON, AAIR, YFP, SPCD|p51213! WT2 SUepLY
L RP2, NW2e TCOS, DELPAJDELPWT,DELPWC)CONBAS, XNTSX, VELDX SUPPLY
$ , TLAX, UCON, PMCST, FMCST, FBACCy EFFC, CH, ca, cSs SUPPLY
$ 4, CLYC, CFCs CPCCy FIYCO CSCyCEPREP+DELPIP, AST,OLDCST SUPPLY
$+CAPCSTy XNFAN,BLDANGs CPLENy DPFEL, WHX, WTTUSs ADIA, ABLN SUPPLY
$y WTHDR, WTFRM,STRUCC,CFPERFHPRERF, TOTCF, TPC, EFFIN, ANTU SUPPLY
$+ AIRFF, WATFF, XNMOD, TCTPF, FDCPF, FMTRCy ACCTTP, ADJTP  SUPPLY
$« ACTR®D, ADJBPD, ACTVH, ADJVH, aDJUPPF, THPAIR, TCTFy AFCST SUPPLY
$s (RN, WATERW, WSTRCTs» CFDUND, HUBDIA, YOWLEN, NUMTOW, CTOWD SUPPLY
$ 4SARJIISORJUSIATUBCCRAWTTD1 4 TTDR4DELPSyCSTLVR,PIPCSTD SUPPLY
$ ,CSTHSs CYLRNGs CFANELs PSTACS, PUFITC, PMP£STy RPTPLy SEPCST SUPPLY

€ JPWD(16) WATCWD(16) +DEPER(16)4DEPERQ(]6)

SUPPLY
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DIMENSION BPLIM(16)y PDELUG(16)y TDELUG(16)y WATDE(16))

PMAXWD (16)y TMAXWD(16)y WATMBP (16}, PMAXDRY(16),

2 TMAXDRY (16)s BPLZ1(16)9 TWD(16)
NDBUG) = ©
NPByG2 = 0

DETERMINATION OF THE ALL WET RACK PRESSURE CURVE
Cal|: DELUGT (PDELUG,yTDELUGsWATDE yWATDET,RPLIM)
IF(KCNNV,L,EQ,1) RETURN
PMAXDE = PDELUG())

DETERMINATION OF THE ALL DRY BACK PRESSURE CURVE AND THE

WATER CONSUMPTION AT THE BACK PRESSURE [ IMIT CURVE

CALL TRPMAX(BPLIMyPWDyTWDDEPERDEPERGyWATCWD,WATCWDT PMAXDRY

1TMAXDRY + PDELUG s TDELUG+WATDE 40}
IF (XCONV,EQ,1) RETURN

IF(NDBUGY+EQe ) WRITE(64190) PDELUG()) sPDELUG(NTA) *WATDET, PWD (1)

1y PWD (NTA) s PMAXDRY (1) ¢ PMAXDRY (NTA) yWATCWDT

RETHURN IF THE ALL DRY MODE 1S ENCOUNTERED
IF(WATCONA,EQ,0,0) RETURN

WATER CONSUMPTION CONVERGENCE CRITERIA
IF (ARS(WATCWDT = WATCONA)/WATCONALLT,¢005 RETURN

IF BACK PRESSURE LIMIT CURVE IS A FLAT CURVE GO TO

IF(RPLIM(NTA) LEQ,BPLIM(1)) GO TO 60

REGION ONE

DETERMINE IN WHICH STEP OF THE BACK PRESSURE CURVE

TOTAL AMOUNT OF WATER CONSUMPTION IS OBTAINED

INCREMENTING THE STEPS
DO 20 JK = 1eNTA
J  NTA & UK ¢ ]
IF{UK.EQ,1} GO TO 5
IF(9PLIM(J) JEQ.BPLIM(Js1l)) GO TO 20

FILLING THE BACK PRESSURE ARRAY WITW THE STEP pACK

S Dn 10 1K = UKy NTA
1 e ':JTA e IK + ]
BpL21(1) = BPLIM(U)

IF INSIDE THE BACK PRESSURE LIMIT STEP THE MAXIMUM
PRESSURE IS ENCOUNTERED THE BACK PRESSURE ARRAY IS

WITH THAT PRESSURE

REGION TwO

THAT THE

PRESSURE

BACK
FILLED

10 IF(RPLIM(U) GT,PMAXDRY {1) ¢ANDsJKsGTs1) BPLZ1(I) = PMAXDRY(])
CalL|, TBPMAX(BPLZ1+PWDyTWDsDEPERYDEPERQWATCWD s WATCWDT »PHMAXDRY

1TMAXDRY ¢ PDEL UG TDE[ UGsWATDE 1)

WATER CONSUMPTION CONVERGENCE CRITERIA
IF(ABSIWATCWDT « WATCONA) /WATCONA,(T,.005 RETURN

CRITERPIA FOR STAYING IN ZONE 1 OR GOING TO ZONE 2

IF(UK.EQe1.AND WATCWDT LT .WATCONA) GO TO &0
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CRITERIA FOR DETERMINING WHICH STEP IN ZONE 1 WAS YHE BAZK
PRESSURE WHICH WILL CONSUME TWE REQUIRED AMOUNT OF wATER
IF(JUKeGT 41 ¢AND,WATCWDT,LT,wWATCONAY GO TO 30
20 WATWDTL = WATCWDT
30 BpPL7Z = BPLZ1(Jsl})

PREDICTING WHICH BACK PRESSURE IN THE STEP OF ZONE 1 wILL
CONSUME THE REQUIRED AMOUNT OF WATER
40 BPL?I = ((BPLZ1(J) = BPLZ)/(WATCWNDT « WATWDT]}))* (WATCONA =
1WATWNTYY) « BPLZ
IF(NDRUG2,EQel) WRITE(69200) BPLZI+BPLZ1{J)+8PLZ1{Js))sWATCWDT,
IWATWNT]
BpLz = BPLZY(J)
WATWDT] = WATCWDT

FILLING THE BACK PRESSURE ARRAY PAST THE AMBIENT TEMPERATURE
WNERE THE STEP IN BACK PRESBURE STARTS WITH THE PREDICTED
BACK PRESSURE
Do 50 IKK = JKWNTA
] = NTA & TKK & )
S0 BPL21(1) = BPLZI

DETERMINATION OF THE WATER CONSUMPTION AT THE ESTIMATED
BRACK PRESSURE
CALL TBPMAX(BPLZ1yPWNDyTWD'DEPERDEPERQ, WATCWD,WATCWDT ¢ PMAXDRY o
1 TMAXDRY 4 PDELUG, TOEL UGy WATDE, 1)
IF(NDBUG2.EQe)) WRITE(64260) (DEPER(I)sIx1,8)y (WATCWO(I)sI=]198)
260 FORMAT (G Xy "DEPER(I1mMy/94X9BGLl5,59 /06X snWATCWD(I1®N,/34X9BG15,5/}

WATER CONSUMPTION CONVERGENCE CRITERIA
IF (ABS(WATCWDT = WATCONA)/WATCONA,LT,.005 RETURN
GO TO 40

REGION TWwD

IF THE MAXIMUM ALL WET BACK PRESSURF 1S LARGER THAN THE
MINIMUM BACK PRESSURE LIMIT ZONE 2 DOES NOT EXIST YHEREFORE
60 TO ZONE 3
60 IF(SDELUG(1)¢GE,BPLIM(NTA)} GO TO 130
WATC12 = WATCWDT

FILLING THE BACKX PRESSURE ARRAY WITH THE BACK PRESSURE THAT
SEPARATES ZONES 2 AND 3
0o 70 ! = 14 NTA
70 BpL71(I) = PDELUG(])

DETERMINATION OF THE WATER CONSUMPTION FOR THE BACK PRESSURE
THAT SEPARATES ZONES 2 AND 3
Cali TBPUAX(BPLZ]1yPWDyTWOyDEPER,DEPERG¢WATCWD +WATCWDT s PMAXDRY s
1TMAXDRY 4, PDEL UG, TDELUGsWATDE 4 1)

WATER CONSUMPTION CONVERGENCE CRITERIA
IF (ARS{WATCWOT - WATCONA)/WATCONA,LT,.005 RETURN

CRITERIA FOR STAYING IN ZONE 2 OR GOING TO ZONE 3
IF(WATCWDT LT WATCONA) GO TO 130
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WATWDTY = WATCWDT
BPLZ = PDELUG(L)

DERTERMINE WHICH ORY BACK PRESSURE 1S A30VE THE MAXIMUM ALL
WET BACK PRESSURE
DO 80 J = 1yNTA
] = NTA » ¢ ]
IF(PMAXDRY (1) .GT,PDELUG (1)) GO TO 50
80 CONTINUE

FILLING THE BACK PRESSURE ARRAY WITH THE DRY BACK PRESSURE
90 Do 100 I7 = 1, NTA
100 BoL721(11) = PMAXDRY(I)

BPLZI = PMAXDRY(I)

DETERMINATION OF THE WATER CONSUMPTION FOR THE DRY BACK
PRESSURE ’
CALL THPMAX({BPLZ1+PWDyTWDIDEPERYDEPERQ)WATCWD sWATCWDT ,PMAXDRY
1TMAXDRY +PDELUGy TDELUGsWATDE, 1) .

WATER CONSUMPTION CONVERGEN?E CRITERIA
IF(ABS{WATCWDT « WATCONA)/WATCONA,LT,s005 RETURN

CRITERIA FOR DETERMINING WHICH DRY BACK PRESSURE STEP
CONTAINS THE BACK PRESSURE WHICH WILL REQUIRE THE ALLOCATED
AMOUNT OF WATER

IF(WATCWDT,LY+WATCONA} GO TO 110

WATWNAT] = WATCWDT

BplLZ = BPLZI

INCREMENTING TO THE NEXT DRY BACK PRESSURE
I =21«

SETTING THE WATER CONSUMPTION AND BACK PRESSURE AT THE
UPPER | IMIT OF ZONE 2

IF(PMAXDRY (1) 4GT,APLIM(NTA)) WATCWOT = WATCl?

IF (PMAXDRY (]} 4GT.BPLIM(NTA})) BPLZI = BPLIM(NTA)

IF (PMAXDRY (1) ,GT.BPLIM(NTA)) GO TOo 110

Gn TO 90

PREDICTING WHICH BACK PRESSURE IN THE DRY BACK PRESSURE STEP
WILL CONSUME THE REQUIRED AMOUNT OF WATER
110 BPLZII = ((BPLZI = BPLZ)/(WATCWDT « WATWDT]))= (WATCONA » WATWDT])
lenaPy 7 i
IF (NDBMG2+EQe]l) WRITE(69220) BPLZIIsBPLZI+BPLZyWATCWDTIWATWDT]
BPLZ = BPLZI
BrPLzy = BPLZII
WATWDT] = WATCWDT

FILLING THE BACK PRESSURE ARRAY WITH THE PREDICTED BACK
PRESSURE
DA 120 I = 1. NTA
120 BpL21(11) = BPLZII

DETERMINATION OF THE WATER CONSUMPTION AT THE ESTIMATED BACX
PRESSURE
CaLL THPMAX(BPLZ)sPWDTWDDEPERDEPERQ,WATCWDWATCWDT 4PMAXDPY,y
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1TMAXDRY yPDELUGy TDELUGIWATDE ]
IF (NDRUG2,EQel) WRITE(64260) (DEPER(I)sI=14B)y (WATCWD(I)oel=lsB)

WATER CONSUMPTION CONVERGENCE CRITER!A
IF(ARSIWATCWDT « WATCONA)/WATCONA,LT,s005 RETURN
60 10 119

ZONE 3

FILLING THE BACK PRESSURE ARRAY WITW THE DRY BACK PRESSURE

130 WATZ2123 = WATCWDT

BPL? = PDELUG(NTA)

WATWDT] = WATDET

Dn 135 1J = 1,4NTA

I = NTA & 1J ¢ 1

IF (PMAXDRY (I} L,GT, PDELUG(I)) 62 TO 136
135 CONTINUE
136 CONTTNUE
140 Dn 180 II = 1, NTA
150 BPL71(I1) = PMAXDRY (1!}

RPLZI ® PMAXDRY (1)

DETERMINATION OF THE WATER CONSUMPTION FOR THE DRY BACK
PRESSURE
CaLl TBPMAX(BPLZ)+PWOsTWDsDEPERyDEPERQWATCWD yWATCWDT yPMAXDRY s
1TMAXDRY «PDELUG, TDELUG ' WATDE, 1)

WATER CONSUMPTION CONVERGENCE CRITERIA
IF (ABS(WATCWDT=-WATCONA) /WATCONA,LT, 005) RETURN

CRITERIA FOR DETERMINING WHICHM DRY BACK PRESSURE SYEP
CONTAINS THE BACK PRESSURE WHICH WILL REQUIRE THE
ALLOCATED AMOUNT OF WATER -

IF(WATCWDT,LT.WATCONA) GO TO 160

WATWDTL & WATCWDT

BpPL? = BPLZI

I =19+

G0 1O léo

PREDICTING WHICH BACK PRESSURE IN THE DRY BACK PRESSURE STE®
WILL CONSUME THE REQUIRED AMOUNT OF WATER
160 BPL?IT = ((BPLZI = BPLZ)/(WATCWDOT e WATWDT]1))» (WATCONA « WATWDT!)
l¢ BpL 2
IF (NDBUIG2+EQe]l) WRITE(69240) BPLZIIwBPLZIWBP ZoWATCWDTyWATWDTI
RPL? = BAPLZ]
BpLZ] = BPLZII
WATWDT! = WATCWDT

FILLING THE BACK PRESSURE ARRAY WITH THE PREDICTED BACK
PRESSURE
DO 170 IT = 1, NTA
170 BoL2)(I1) = BPLZII '

DETERMINATION OF THE WATER CONSUMPTION AT THE ESTIMATED BACK
PRESSURE
CaLy TBPMAX(BPLZ14+PWDsTWDyDEPERIDEPERQ W WATCWDyWATCWDT yPMAXDRY,
1TMAXDRY 4 PDELUG, TDELUGsWATDE, 1)
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IF (NDBUG2,EQs]) WRITE(64260) (DEPER(I)yImloB), (WATCWD(I),I=148) CONSUMP 299

¢ CONSUMP 300
c WATER CONSUMPTION CONVERGENCE CRITERIA CONSUMP 301
IF{ARS(WATCWCT = WATCONA)/WATCONA,LT,.e005 RETURN CONSUMP 302

Gn To 160 CONSUMP 303

190 FORMATI(2Xy¥PDELUG (1 =NTA) ¢yWATDET»PMAXWD (1 =NTA) yPMAXDRY (1«NTA) 9WATMB CONSUMP 304
1PT=1, /02X 48BG12.5/) CONSUMP 308

200 FORMAT(2X4"BPLZIWBOLZ1(J) ¢BPLZ]1 (Um]l) yWATCWDT ,WATWDT121,5G12,6) CONSUMP 306
220 FORMAT (2Xs"BPLZITyBPLZI+BPLZyWATCWDT WATWDT]1"¢5612,6) CONSUMP 307
240 FORMATI(2Xs"BPLZIT +sBPLZI1BPLZsWATCWDT yWATWDT]922"456G12,6) CONSUMP 308
END CONSUMP 309

SEVERITY DETAILS DIAGNOSIS OF PROBLEM

1 BPLIM PREVIOUSLY DIMENSIONED ARRAY, FIRST DIMENSIONS WILL BE RETAINED,
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SUBROUTINE COST

EX(AFRONsATOT)

SURROUTINE COSTEX DETERMINES THE COST OF THE HEAT EXCHANGER
BUNDLES OF THE DRY COOLING TOWERS, THE COST OF THE HEAT

EXCHANGER
1,
2,
3,
‘0
S,
6
THE WEIGHT
ALSO CALCU
DEFINITION
ARC -

AT -
ASECF -

ca

CRa
cBy
CELAST
CEPREP
CFs

CH

CHC
CHF
CHX
CoATC

CPCC
CRY

cS

csc
CSEALP
CwJ
NPFIN
DY
ELENG
EPREPC
FA
FacT

FITco
FR

Fl

F2

KD
HEDMAT
HEDTUB
HEDTYP
HEDVOL
HWF

Hw
HXNP

BUNDLE IS BROKEN DOWN INTO SEVERAL SUBCOMPONENTS
HEADER
TUBING
TUBING SEALANT
SPACERS
BUNDLE FRAME
BUNDLE ASSEMBLY
OF THE HEAT EXCHANGER BUNDLE AND THE WATER ARE
LATED.

OF VARIABLES
HOLE FACTOR FOR THWE HEADER COSTS (DIMENSIONLESS)
CROSS~SECTIONAL AREA OF THE TUBE (SO IN)
BUNDLE SHIPPING AND ERECTION FACTOR OF THE HEAT
EXCHANGER (DECIMAL)
BUNDLE ASSEMBLY AND FRAME COSTS (%)
BUNDLE ASSEMBLY COST (%)
COST OF BOLTED HEADER JOINT ($/FT)
COST OF THE ELASTOMER ($/_BF)
COST OF END PREPARATION FOR EaCH TUBE ($/TUBE)
UNIT FRAME COSTS ($/LBF)
COST OF THE HEADER FOR EACH BUNDLE
STEEL HEADER COSTS ($/LBF)
BUNDLE FRAME COST (%)
COSY OF THE HEAT EXCHANGER ()
COST OF COATING THE AIR SIDE SURFACE AREA
($/5Q FT)
COST OF COATING THE HEAT EXCHANGER TUBES (%)
COST OF ROLLED JOINTS FOR THE HEADER (&/TUBE}
COOLING SURFACE COST (%)
TUBE SPAGER COSTS ($/TUBE~SPACER)
COST OF SEAL PLATE ($/LBF)
COST OF WELDED JOINT FOR THE HEADER ($/TUBE)
OUTSIDE DIAMETER OF FIN (IN)
INSIDE DIAMETER OF TUBE (IN)
LENGTH OF THE HEAT EXCHANGER TUBES {(FT)
END PREPARATION COSTS ($/TUBE)
TOTAL TUBE FLOW AREA PER PASS SO (IN)
HEADER FACTOR WHICH DEPENDS ON THE TYPE OF HEADER
(DIMENSIONLESS)
TUBING COST ($/FT)
PRESSURE FACTOR (DIMENSIONLESS)
HEADER DEPTH MATERIAL FACTOR (IN)
HEADER WIDTH MATERIAL FACTOR (IN)
HEADER DEPTH PER PASS(IN)
TYPE OF HEADER MATERIAL (DIMENSIONLESS)
NUMBER OF TUBES PER HEADER
TYPE OF HEADER
HEADER VOLUME (CU FT)
FIN HEIGHT (IN)
HEADER WIDTH (IN)
NUMBER OF PASSES THROUGH THE HEAT EXCHANGER
(DIMENSIONLESS)
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TUBVOL
Tw
WATERW

wR

wF
WH X
Wl
WYFRM
WTHDR
wTTUS
XD
XNBUN
Xv

2

ZINCC

ARRAYS
TUBMA
CL
CLM
ROEL
BAGL!
THKLIN
FINTY
CFM
cF
ODL INE
MAXFH
STANFT
FPL
FPH
HEDTY
HEDMA
ROEWM
CHM
CMw
CN
CHH
FF
FINMA
FPL

-
-
-
-
-
»
-

0PT=) FTIN 4,5¢616

= NUMBER OF HEAT EXCHANGER TUBES IN WIDTH
(DIMENSIONLESS)

OUTSIDE DIAMETER OF TUBE (IN)

OUTSIDE DIAMETER OF THE LINER (IN)
PROCURMENT COST FACTOR (DECIMAL)
INDIRECT CONSTRUCTION COST FOR HEAT EXCHANGER
FIN PITCH (FINS/IN)

BUNDLE (DECIMAL)

TUBING MATERIAL DENSITY ((BM/CU IN)
SPACING BETWEEN FINS (IN)

SPACING BETWEEN SPACERS (FT)

FIN THICKNESS (IN)

VOLUME OF WATER INSIDE THE TURES (CU FT)
THICKNESS OF THE HMEADER wALLS (IN)

TOTAL WEIGHT OF THE WATER IN THE HEAT EXCHANGER
BUNDLE (LBF)

WIDTH OF THE HEAT EXCHANGER BUNDLE (F)

WEIGHT OF THE FINS OF THE HEAT EXCHANGER (LRF)

WEIGHT OF MATERIAL IN THE HEAT EXCHANGER (LBF)
WEIGHT OF THE HEAT EXCHANGER FRAME (LBF)

WEIGHT OF THE HMEAT EXCHANGER HEADER (LBF)
WEIGHT OF THE TUBES IN THE HEAT EXCHANGER (LBF)

TRANSVERSE TUBE PITCH NORMAL TO AIR FLOW (IN}
NUMBER OF HMEAT EXCHANGER TUBES IN DEPTH
(DIMENSIONLESS)

= COST OF THE ZINC FOR THE TUBE SPACERS ($/LBM)

LINER MATERIAL

LINER FIXED COSTS (%)

LINER MATERIAL COSTS (%/LB)

DENSITY OF LINER MATERIALS (LB/CU IN)

LINER GAGE i

THICKNESS OF LINER 1IN)

TYPE OF FIN

FIN MATERIAL COSTS (S$/LB)

FINNING FIXED COSTS ($/FT)

COMMON DIAMETERS OF LINER (IN}

MAXIMUM FIN HEIGHT {IN)

STANDARD FIN THICKNESS (IN)

LOWEST FIN PITCH (FPI)

HIGHEST FIN PITCH (FP1)

TYPE 0oF HEADER

HEADER MATERIAL

HEADER MATERIAL DENSITY (LB/CU IN)

COST OF HEADER MATERIAL ($/LB)

COST OF HEADER MACHINING AND WELDING (S/FT)
NOZZEL AND ATTACHING COST (s/MOLE)

TUBE AND PLUGHOLE PREPARATION ($/HOLE)

COST LENGTH FACTOR FOR TUBES (DIMENSIONLESS)
TYPE OF FIN MATERIAL

LOWER LIMIT ON STANDARD FIN PITCHES THAT ARE
COMMERCTIALLY AVAILABLE (FINS/IN)

THICKNESS OF THE FIN AT THE ROOT OF THE FIN (IN)

WEIGHT OF MATERIAL MAKING UP THE EXCHANGER (LBF}

LONGITUDINAL TUBE SPACING BETWEEN TUBE ROWS (IN)
NUMBER OF HEAT EXCHANGER BUNDLES (DIMENSIONLESS)

06/05/78

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
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
CosSTEX
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
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59
60
61
62
63
64
65
66
67
68
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FPH = UPPER LIMIT ON STANDARD FIN PITCHES THAT ARE COSTEX
COMMERCIALLY AVAILABLE (FINS/IN} COSTEX

MAXFH = MAXIMUM FIN HEIGHT FOUND COMMERCIALLY (IN) COSTEX

ROEF = DENSITY OF FIN MATERIAL (LBM/CU IN} COSTEX
STANFT= FIN THICKNESS LIMITS FOUND COMMERCIALLY (IN) COSTEX
COSTEX

COSTEX

REAL NTUB COSTEX
COSTEX

LOGICAL FIRSTWFRSTFXTEMPsFXTVARIFXTTTD,FXTLNG BIGCOM
CoMUNN BIGCOM
$ AFTR, ALPHA, ANG(3) BIGCOM
= JBpLIM(16) BIGCOM
$ 4CAPFs CSSPXW, CONFy CONLs COSTLy CAPCHGy CONMATs CONMA2,CAF BIGCOM
$ +C3Js CTURBy CDANGy CLUVRy CHAILS, CVM 81GCOM
$ yOFIN'DEEPLDESVEL +DESVELVIOESVELD+DENSIF BIGCO™
$ JEFFPs EFS BIGCOM
] oFCPvFIRST'FIXLvFCOSvFFHXvFXTE“PoFACTORoFPSTvFACTORDQFSHOTvFDEL'JG BIGCOM
$ JFIXVIFIXTTDWFXTVARGFXTTTDFXTLNG BIGCOM
$ ,Gopff BIGCOM
$ JHYNPsHPCSToHCD BIGCOM
§ ,ITuAXy ITMIN BIGCOM
$ ,JCONS BIGCOM
$ JKCONV, KALEXT BIGCOM
L 'MXEXT BIGCOM
§ (NTAYNSIDESINBUNHI BIGCOM
COMMON BIGCOM
$ oDn BI1GCOM
$ +PSIZE, PERy PWCOSs PLANCy PFACY, POMDPL BIGCOM
$ ,POHBAF, POHFAN, POHLEC, POHCIRs POHCND, POHSTC, POHSCL BIGCOM
$ , 7P REDYCE, REDYCV, ROOFL, RHOUT BIGCOM
$ , OREJ, QREDUCE, QREDUCV BIGCOM
$ ,SIGMAG, SAAF, SEGL BIGCOM
$ 4TDs TPO(4)s TEFF, TLIM, THFIN, TLPRA, TFIX BIGCOM
$ sTCDy TW BIGCOM
$ JUCSs UWS BIGCOM
$ JWFys WATCONA, WATCOST BIGCOM
$ JVAS(S) BIGCOM
$ JXDEPA, Xwy XD BIGCOM
CoMMON /SUPPLY/ VAL (5)9 CPLNy CPIP, CCOS» W3, COSM, EFFy SUPPLY
$ QIN, CLAND, REAIR, ZoHRFAC2, W4y Uy DELPW, PPOW, SUPPLY
s FPOW, DELFCy WIOTH, ELENGy VAIR, VWAT, HI, HO, T4y SUPPLY
s REWAT, NWy NT, NP PLANC2,PSIZ212, SPBP, Swé, Sw3s SUPPLY
s SPC+PTOTALPLANC34SAFRONy AAIR, YFP, SPCD,PS1Z]13, WT2y SUPPLY
s RP2, NW2y TCOSy DELPAWDELPWT,DELPWCyCONBAS, XNTSX, VELDX SUPPLY
$ + TLAX, UCON, PMCST, FMCST, FBACC, EFFC, CH, Chy cs SUPPLY
$ , CLTC, CFCy CPCCy FITCO, CSCyCEPREP,DELPIP, AST,OLDCST SUPPLY
$4CADCSTy XNFAN,BLDANGy CPLENy DPFEL) WHX, WTTUB* ADIA, ABLN SUPPLY
$y WTHDR, WTFRM,STRUCC+CFPERF/HPRERF, TOTCF, TPCy EFFINy, ANTU SUPPLY
$y AIRFF, WATFF, XNMOD, TCTPF, FDCPF, FMTRC, ACCTTP, ADJTP SUPPLY
$¢ ACTAPD, ADJBPD, ACTVH, ADJUVH4, aDUPPF, THPAIR, TCTFy AFCST SUPPLY
$y CcRD, WATERW, WSTRCT» CFOUNDs HUBDIA, TYOW_ENs NUMTOW, CTOWD SUPPLY
$ +SNRJeSORJSYATUBCHCBAyTTD]1yTTD2+DELPS,CSTLVR,PIPCSTD SUPPLY
$ +CsTHS, CYLRNGs CFANELs PSTACS, PUFITC, PMPCST, RPTPL, SEPCST SUPPLY
$ JPwD(16) yWATCWD(16)+DEPER(16)DEPERQ(16) SUPPLY
$ yWARIHTOWINTOWDE+CSTIFsCSUsCVFCDP WS SUPPLY

COMuNN /DJUB/ DI4XDGeSF

COSTEX

07.,59,.5¢9

1le
117
13 Y:)
llg
120
121
122
123
124
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OO0

OO0

OO0

(e XeNeXNe)

COMMAN /PLCOST/ WPL

06/05/78

COMMON /SCALER/ HRFAC1sATUBWCPERAYSSCDyPLANC1sCASS]1yGAIRIFAIRY

e HPATRIHPWAT WL RTP

COMMON /HEADEX, CHHyCNyCHMyCMW o CRUsCWUyCST,CMOsCSRy CSMyRITCHF 4 CPM,

+PRESSe HEDMAT, HEDTYP, NPASSs W3, TSPy CSH, CSHP

COMMON /SURFEX/ ODLsGAGLINsNTUByTUBMAT FINTYP,FINMATCFRYAPLATE

$SCOATCIZINCCICASTCoSSIEPREPCIXTUBMA W XHEDTY s XFINTY

COMMON /RPRT3/ TURCSTsSHLCSTWFETCST,CHX

COMMON /ESCAL/ BSECF

COMMON / PROP/ CPW, THCONW: DENSIW, VISW, HFG,

CPV,y THCONVs DENSIVyy VISV,SIGMA,

. CPA, THCONA, DENSIA, VvISaA

DIMENSTION TUBMA (B)4CL(8)CLM(B) yROEL (B) yGAGLT (13} s THKLIN(13
€ FINTY(T)y CFM(Te2)s CF(T)sODLINE(6)y MAXFH (K0T 92) s STANFT(
$ FP_(69742)9 FPH(6,T¢2)9s FINMA(2), ROEF (2

DIMENSION HEDTY (4)y HEDMA{3)s ROEHM(3)y CHC(4) CHMAT (3)
DIMENSION FF(8y6)y CPSUI(3)

TABLE 1
LINFR TUBING COSTS AND DENSITY

DATA CL /040¢ Oo0s 040y 0s0s 0405y 0,12, 0,38, 0,20/
DATA CLM / 1.30' 1.3‘0 1052' 1.330 1!04' 0,32 0!““' 1‘63/

DATA ROEL / +3084,323y ,323s ,323y ,09751, ,284y .2B4y .25
DATA TURMA , n"ADMIRALTY n, nCOPPER "y NCYU~10 NI 1y,
1 NCUe30 NI mymALUMINUM ", nSTEE|L WELDW,

WSTEEL SEAMu WWELDED sST"/

TABLE 11
STANDARD TUBE WALL THICKNESS

DATA GAGLI/22¢+200915¢91B8e0170316091509164,5914001349120911),
DATA THKLIN / 0,028, 0,035y 0,042y 0,049, 0,058y 0,065y 0,0
¢ 0s078 0.0839 0.095. 0.109. 0.120’ 0Del34 /

TABLE III
€OST FACTORS FOR TUBE FINNING

DATA FINTY / "STRAIGHT Friy #SINGLE FOO", "DOUBLE FOO"»

s WEMBEDDED ws "EXTRUDED v, WPLATE ",

$ "NO LINER " o/

DATA (ICFM(IaJ)s I = 19 6)9 J 2 1y 2) /650,900 1246y 1400s
o 2%0,2%, 0,00 /

DATA (CFM(T41)4Ia1,2) /1,4641,E450/

DATA CF /3%0e¢10y 0,209 =0alls 0420y =0,11/

DATA CPBS /0495/y CPSJ /04659 1,20y 0465/

TABLE 1V
COMMERCTIALLY AVAILABLE FINNED TUBES

DATA ODLINE / 0,625, 0,750y 1,000y 1,250, 1,500, 2,000 /
DATA(EL MAXFH(1aJoK)alzly6)y JrlsT)y Kz),42)

$ 46875, ,56250y 750009 493750y 1,12504 1,5000
$9.50000¢ 46250009 o750009 875009 1400009 140000
%$,,50000, ,625000, ,75000, ,87500, 1,0000, 1,0000

Yo
69702)

/

910./
T2

3%0,00

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
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
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
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12e
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
158
15¢
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
178
176
177
178
175
180
181
182
183
184



FUBROUTINE COSTEX

e Ne] OO0 OO0 O000

e XeNe] e Ne}

T4/T4  OPT=z)

$9,43750, ,50000, 4,625
$,,43750, ,50000, %«,625

$16%0,

0

$9,437500 ,50000s 4=,625
5.6-0.0

$i6%0,
.0

$16%0

0

$¢,31250, ,37500+ ,500009 3,
$»,31250, ,375004 500009 3=,

$e6%n,

0

$9,31250y 4375004 o50000s 3s,

$ /
DATA
DATA

DATA

DATA
DATA

DaTa

DATA
DATA
DATA
DATA

DATA
DATA
DATA
DATA

DaTA

DATA
DaTa

DATA

(U(STANFT(ToJgK)oI=]1e6)9JEleT)sKm],?2

625
625

625

CLIFPLILsUaK) 9 Im196)9Jz10T)eKn1,42)
$ 622,0+1827,0,18«5,0418%0,046%7,0,1825,0/
CCFPH(TaUsK) oIl 96)0duleT)sKel,y2)
$ 682740 36211, 180,04 629,

ROEF , 0,0975)y 0,2840

TABLE V
HEADER FABRICATION COST

0y 18#11,0 ,
FINMA / MALUMINUM 1y WSTEEL

/

S

/

/

/

/ 42s

FIN 4,5e414

«016,

HEDTY / "WELD REMOVn, WWELD PLUG n, WFORM REMOVYY,

WFORM PLUG n
(HEDMA (1) +121,3)/"STEEL
ROEMM / « 284y 909751' .
CHMAT / ,53y 1.3y #57/
CHC / 1.05' 1.00' 00950

TABLE VI
TUBING LENGTH PENALTIES

FOR COPPER ALLOYS

(FF(1yeJ)eJelee)/ 0400,
(FF(2eJ)0J=146)/ 0400,
(FF(3¢J)eUxle6)/ 0400
(FF(4sJ)sdzle6)/ 06009

FOR ALUMINUM
(FF(S5yJ)edmlyb)/ 1,00,

FOR STEEL
(FF(6yJ)sJx196)/ 1400,
(FF(TaJd)au=196)/ 1400y

FOR STAINLESS STEEL
(FF(BsJ)eusle6)/ 1,00,

DEFINING THE TYPE OF TUBING UNDER CONSIDERATION

IF(,NNT,FIRST) GOTO SS
Do 10 I=1,8
TTUBMA = I

IF (TUBMAT LEQ, TUBMA(I))

10 COANTINUE

284/

0,50

0,000
0,000
00000
04009

1.060

1.09.
1009.

1.00'

GO TO 15

/

0,00,
000,
0400,
0.00'

1.10'

1,13,
1,13,

1,064,

"y MALUMINUM

0,07,
0,07,
0,07,
0,07,

1,16,

1.17'
1,17,

1.08'

"y"GALVANIZED"/

0,08,
0,08,
0,08,
0,08,

1.180

1-210
1421y

1.12'

0,09
0,09
0,09
0,09

1,22

1.25
1,25

1,16

420

NNN N

~N
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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
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
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
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1858
186
187
188
189
190
191
192
193
194
195
196
157
198
199
200
201
ehe
203
204
20s
206
207
208
209
210
211
ele
213
2l
215
2le6
217
2l8
219
220
2el
222
223
224
2és
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241l
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11
15
20
21
25
30
31
35
40
41
45
S0
51
55

C

Cunnnx

c

c

C

C
57

C

C

c
59

C

FTN 4,5¢414 06/05/78

PRINT 11 COSTEX
STOP COSTEX
FORMAT(5X¢"NO MATCH FOR LINER MATERIALM) COSTEX
Do 20 J=1,13 COSTEX
16AGLI = J COSTEX
IF(ARS(GAGLIN=GAGLI(J))#LT,,001) GOTO 25 COSTEX
CONTINUE COSTEX
PRINT 21 COSTEX
FORMAT(5X 4 "NO MATCH FOR LINER GAGEW) COSTEX
STOP COSTEX
Dn 30 K=1,7 COSTEX
IFINTY = K COSTEX
IF (FINTYP LEQ, FINTY{K)) 60 TO 35 COSTEX
CONTINUE COSTEX
PRINT 31 COSTEX
FORUAT (5X 4 "NO MATCH FOR TYPE OF FIN') COSTEX
Do 40 L=ly2 COSTEX
IFINMA = | COSTEX
IF (FINMAT ,EQ, FINMA(L)) GO TO 45 COSTEX
CONTINUE COSTEX
PRINT 41 COSTEX
FORMAT (SXy"NO MATCH FOR FIN MATERIAL") COSTEX
IF (IFINTY ,EQ. 7) GOTO 59 COSTEX
DO &0 =146 COSTEX
10DLIN = 1 COSTEX
IF(oDL .LE, ODLINE(I)) GO TO 55 COSTEX
CONTINUE COSTEX
PRINT S1 COSTEX
FORMAT (5Xy"NO MATCH FOR OUTSIDE DIAMETER OF [INER'™) COSTEX
STOP ) COSTEX
CONTINUE COSTEX
IF{IFINTY ,EQ, 7) GOTOD 59 COSTEX
1IF (FIRST) GOTO 59 COSTEX
COSTEX

FINNED YUBE COSTS COSTEX
COSTEX

LINER TUBING COSTS COSTEX
COSTEX

WL = 37,6991 1*ROEL(ITUBMA) » (ODL=THKLIN(IGAGLT))*THKLIN(IGAGLI) COSTEX
COSsTEX

Lies COSTEX
Do 57 1=3,8 COSTEX
IF (ELENG,GE.(10%1)) LI=Ie2 COSTEX
CONTINUE COSTEX
F=FFr (ITUBMA,LI) COSTEX
ADDER=0,0 COSTEX
IF(ITUBMA, L T,.,5) ADDER = F COSTEX
IFCITUBMA,LT.5) Fel,0 COSTEX
CLTC = (CLM(ITUBMA) = WL ¢ CL(ITUBMA)) = F ¢ ADDER COSTEX
PCF = 1,10 COSTEX
CLTC = CLYC=PCF COSTEX
COSTEX

FINNING COSTS COSTEX

_ COSTEX

PF = 1¢/(SF * THFIN) COSTEX
GNTD (HGe70+8049001009110+105) » IFINTY COSTEX

COSTEX

07,59.59

242
243
264
245
246
247
248
249
250
251
252
253
254
25%
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
2T
272
273
274
2715
276
277
278
279
280
281
282
283
284
28s
286
287
4-1]
289
290
291
292
293
294
295
296
297
298
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OO0

a0

60

70

el

50

100

108

110

120

FIN WEIGHTS

STRAIGHT FIN
ODR=0DL
HF= (DF INeODR) /2,0
WF = 37,69911sROEF (IFINMA) s THFINSODL *PFaKF
6o vo0 120

FOOTED FIN
ODR=zODL ¢ 2.*THFIN
HFe (pF IN=ODR) /2,0
WSF = 37,6991 1sROEF (IFINMA) s THFIN2OD sPFapF
WF e WSFe (SF=],/PF)swWSF/KF
60 To 120

DOUBLE FOOTED FIN
ONRz ODL ¢ 4.2THFIN
HE= (DF INODR) /72,0
WSF 2 37,699119ROEF (IFINMA) «THF INsOD *PFaHF
WE =z WSFe= (SF=2,/PF)sWSF /HF
Go 10 120

EMBEDDED FIN
O0DR=0DL
HFz (DF INeODR) /2,0
WSF 2 37,699114ROEF (IFINMA) s THF IN&QD| $PF s HF
WF ¢ 0,S4sWSF
60T0 120

EXTRUDED FINS
CONTINIE
TR e 0,035
ODR=0DL ¢ 2,*TR
HF= (DF INeODR) /2,

WF=37,699)11%ROEF (IFINMA) o (THF INsPFeHF® (ODReHF} + (ODL+TR) « TR)

Go TO 120

EXTRUDED FINS WITHOUT LINER
T® = THKLIN(IGAGLI)
ODR = ADL
HE = (DFIN=ODR) / 2,

WF £37.699]1)1*ROEF (IFINMA)y» (THFINSPFeHF s (ODReHF) + (ODL=YP} & TR}

GoTo 120.

PLATE FINS
ODRz0ODLe2,s THFIN
APLATE = XWaXD e 3,14159s0DR#s2/4,0

06/05/78

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
COoSTEX
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX

WF & 12,0%ROEF (IFINMA) = (APLATE«THFIN « 3,14159+0DRsODR*YHFIN/4,0)s COSTEX

$ PF
AR = 37,69911%0DL*PFsTHFIN
Go 1o 121

IF(HF GT ,MAXFH (IODLINs IFINTYsIFINMA)) PRINT 115

COSTEX
COSTEX
COSTEX
COSTEX

115 FORMATISXs"HEIGHT OF FIN IS LARGER THAN THE MAXIMUM ALLOWABLE VA.U COSTEX

116 FORMATISX HFIN THICKNESS IS LESS THAN THE SPECIFIED LIMITH)

¢ENY
IF (THFIN LT, STANFT(IODLINSIFINTYs1)) PRINT 116

IF (THFIN ,GT. STANFT(IODLINsIFINTYs2}) PRINT 117

COSTEX
COSTEX
COSTEX
COSTEX

07.,59,.59

299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
3ia
318
316
317
318
319
320
321
322
323
324
32%
326
327
328
329
330
331
332
333
334
338
336
337
338
339
340
34}
342
343
364
345
346
3647
348
349
350
351
352
353
354
355
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117
118

e NeNeNg NeoNe] o000

o000

c

Crunne

c
c

Ceneta

c

c

Chrenne

c

e XeXNe])

125

130

131
135

140

141
162

FORMAT(SX4"FIN THICKNESS IS GREATER THAN THE SPECIFIED LIMITw)
IF (PF oLTe FPL{IODLINJIFINTYsIFINMA)} PRINT 118
FORMAT(SXs"FIN PITCH IS LESS THAN THE SPECIFIED LIMITM)

IF (oF ,GT, FPH(IODLIN,IFINTY,IFINMA)) PRINT 119

FORMAT (5Xy"FIN PITCH 1S GREATER THAN THE SPECIFIED LIMITM)
CONTINUE

IF (FIRST) GOTO 125

COSY OF BONDING THE FIN TO THE TUBING « IF THERE IS NO
BONDING TO BE DONEs CF3 SHOULD BE EQuUAL TO ZERO
CFC = CFM(IFINTY, IFINMA) wwWFe (CF(IFINTY)+CFB®AR)

PROTECTIVE COATING COSTS

IF a4 PROTECTIVE COATING IB NOT WANTED, COATC 1S SET
EQUAL TO ZERO IN THE INPUT

AS = ATOT = ELENG » Z » NW
CPCC = COATC®AS

COST OF THE TUBING AND FINS PER Foor
FITCO & CLTC*CFC+CPCC
TUBE SPACER COSTS
CSC = ZINCC % 0,1 = (XWes2 = QDRw#2) ¢ CASTC
END PREPARATION COSTS
CEPREP = EPREPC
TOTAL COOLING SURFACE COSTS

CS = Z®NWs (FITCO*E{ ENG#CSCe ( (ELENG=,5%SS) /5S)«CEPREP)
Cs £ CS & POHBAF

DEFINING THE CASE FOR THE HEADER

IF (,NOT, FIRST) GOTO 145

DO 130 I=ls4

IHEDTY = [

IF (HEDTYP ,,EQ, HEDTY(I)) GO TO 135
CONTINUE

PRINT 131

STOP

FORMAT (SX¢"NO MATCH FOR HEADER TYPEW)
DO 140 Imxl,3

IHEDMAR]

IF (HEDMAT.EQ.HEDMA (I})) GOTO 142
CONTINUE

PRINT 141

STOP

FORMAT (65X 31NO MATCH FOR HEADER MATERJIAL W)
FIRST=+FALSE.

Re TURN

06/05/78

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
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
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
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356
357
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SURPNUTINE COSTEX T4/T4 OPT=] FIN 4,5¢414

Cesnex HEADER AND NOZZEL COSTS

r

~

C
c

o0 o0 (e Xe] OO0 o0 o0 e Ne) O 0

OO0 o0

OO0

145 D1=0pLw2,*THKLIN(IGAGLI)

146

NUMBER OF TUBES PER BUNDLE
HEDTUB = 12,0%Z%WBB/XW

FLOwW AREA PER TUBE BUNDLE PER PASS
Fa = 0eTRE398»DIsDIwHEDTYB/HXNP

HEADER SIZE MATERIAL CORRECTION FACTOR
F = gNRT(FA0,53 /7,0

NIIMGQER OF BUNDLES IN THE COOLING TOWERS
XNBUN = NWwsXW/ (12,0*WBB!}

NUIMBER OF TUBE ROWS PER PASS
Re = Z/HXNP

HEADER DEPTH
HD = (XDwRP ¢ 1,0)sHXNP o 2,0%FuTW

HEADER WIDTH
Hy = FA/(2,0%XDeRP o 1,0)

LONGITUDINAL WELD FACTOR
A = 4,08 (HXNP o 1,0)
IF(THEDTY ,EQ, 3 .OR, IHEDTY .EQs 4) A = &, 0sHXNP

THICKNESS OF THE HEADER WALL
IF({TW ¢GT, 000) GO YO 146
PPESS = 250,0
TWA = U,500 ¢ 0,0014%PRESS
IF(IHEDMA EQ, 2) TWA = 0,500 ¢ 0,0027+PRESS
TW = Twa
CONTINUE

HOLE FACTOR
R = 1,0
IF(IHEDTY ,EQ, 2 .0R, IHEDTY ,EQ, 4} B s 2,5

COST OF NOZZE{ AND ATTACHING
CN = 5.0 ¢ 4.0«SQRT(FA/3,14159)

COST OF HEADERS

CHP = CHMAT ({IHEDMA) «ROEHM(IHEDMA) » (12, 0%WRBB® (4,0%HD ¢ 2,0

¢ (HXNP o 1,0)eHW) o 2,0%HXNPsFA)*FuTw ¢ CMwe (AsWBB o

(B, 0nHD o

* 408 (HXNP o 1,0)8HW)/12,0) ¢ 4.08CBUS(ND/12,0 ¢ WBB) o

¢ CHH»R*HEDTUB ¢ 4,0¢CNeSQRT(FA/3,14159)
CH = CHP=XNBUN=POHBAF
IF (wB 6T, 14,0) PRINT 150
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COosSTEX
COSTEX
COSTEX
CosTEX
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
CDOSTEX
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
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
CoSTEX
COSTEX
COSTEX
COSTEX
CoSTEX

150 FORMAT(5X"THE SPECIFIED HEADER LENGTH 15 BEYOND THE PRACTICAL LI COSTEX

‘IT")

BUNDLE STIFFNER COSTS FOR PLATE FIN BUNDLES

COSTEX
COSTEX
COSTEX
COSTEX
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4la
415
416
617
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42)
422
423
424
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31
432
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SUBROUTINE COSTEX T6rsT4 o0PT=] FTN 4,5¢414

IF(IFINTY ,NE, 6) GO TO 160

CSP = CPRS* (XWsHD/Z)*TSPeROEHM(IHEDMA) « CSH
NSECT = ELENG/SEGL ‘
CSTIF & CSP*{ELENG/SS) *HEDTUB*=XNBUN*POHBAF

c
C SECTION JOINT COST
c
CSJ = (2,08 (CPSU(IHEDMA) » (XW*HD/2) « TW*ROEHM (THEDMA) ¢ CSHP) =
¢ HEDTUR « 2,0eCBJU*(HD/]}2,0 ¢ WBB))eNSECT«XNBUN®POHBAF
c
c RIUNDLE FRAME COST
c
CVF = CSTeELENG® (770 ¢ Z2.0=WBB) = XNBUN = POHBAF
c
C ALUMINUM DRAIN PLATE COSTS
C
WP = 4,0
TP z 0.250
CDP = CPRBS«ROEHM(2)sELENG*WP*12,0sTPeXNBUNSPOHBAF
c
c BUNDLE ASSEMBLY COST
c
CRA = (CRJ ¢ CWJ)*HEDTUBNSECT*XNBUN®POHBAF
CA = CHA « CVF
C
Coens TOTAL COST OF THE PLATE FINNED HORIZONTAL HEAT EXCHANGER
C
CHX = CS ¢« CH « CSTIF « CSJ ¢ CVF « CDP & ¢Ba
Go to 170
c
Coenusn BUNDLE ASSEMBLE AND FRAME COSTS
c
160 CONTINUE
CA = HEDTUBs(CRJU ¢ CWJ) ¢ 20,0%ELENG* (2,0 + WBB/(2,0%5S))»
¢ SQRT(2/6,0)%CST
CA = CA « XNBUN « POHBAF
c
Ceune TOTAL COST OF VERTICAL HEAT EXCHANGER BUNDLE
C
CHX ¢ CA ¢ CH « CS
C
Crmssse WEIGHT OF HEAT EXCHANGER
c
c MATERIAL TUBE WEIGHT OF THE COOLING TOWER
170 WYTYR B ZeNW*ELENG= (WL ¢ WF)
c
c MATERIAL HEADER WEIGHT OF THE COOLING TODWER
WTHNR ® ROEHM(THEDMA) *TWe (2440 (WBB* (HW + HD) + 12,0*HWsHD) =
¢ FA)eXNRUN
c
c TNTAL FRAME WEIGHT OF THE HEAT EXCHANGER
WTFaMm ® 20,0%ELENGe (240 & WBB/(2s0%SS)}eSQRT(2/6.0) sXNBUN
c
c TOTAL WEIGHT OF WATER IN THE HEAT EXCHANGER

TUBVOL = ZeNWeELENG*3.141592D1¢01/(144,0¢4,0)
HEDvOL = 2,0*HDeHWeWBB/144,0 * XNBUN
WATERW = TUBVOL®DENSIV + (HEDVOL/2,)«DENSIw o+ (HEDVOL/2,)sDENSIV
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SUBROUTINE COSTEX T4/74 OPT=]

c

¢ WEIGHT OF YHE HEAT EXCHANGER
WHX 2 WTTUB ¢ WTHDR + WTFRM

c
RETURN
END

FIN 4,5+6]4 06/05/78

COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
COSTEX
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T4/74 0PT=]

SUBROUTINE DELBAW

SURROUTINE DELBAW CALCUALTES THE HEAT TRANSFER AND THE WATER

FIN 4,5+6146

EVAPORATED FOR A DELUGED HEAT EXCHANGER, THE B AND W
COMPUTATIONAL METHOD IS USED, THE DRIVING FORCE

USED TO CALCULATE THE HEAT TRANSFER 1§ THE ENTHALPY
t8TU/LB OF DRY AIR) AS IS COMMONLY USED IN WET TOWER
DESIGN METHODS. ALL CONDUCTIVE AND CONVECTIVE TERMS ARE
APPROPRIATELY TRANSFORMED FROM A LINEAR TEMPERATURE
PDEPENDENCE T0 A ENTHALPIC DEPENDENCE,

SUBROUTINE DELBAW OBTAINS THE HEAT TRANSFER BY TAKING
THE 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 EEFECTIVENESS.
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 DELBAW
AIR AND FROM THE MASS FLOWRATE OF THE AlR,

THE COMPUTATION OF THE EXIT CONDITIONS OF THE AIR
EXITING THE HEAT EXCHANGER 1S CONDUCTED BY SUCCESSIVE
APPROXIMATIONS,

A NOMENCLATURE OF SOME OF THME MORE FREQUENTLY USED

TERMS FOLLOWS,

AHWB

a1l
ATM
AW
RETAF
BETAI
cslI

CSIN
CSLVG
CSwB
D1

oDL
EFF

AREA OF THE TUBES BETWEEN THE FINS, sa, FT,
AREA OF THE FINS, SQ, FT,

ABSOLUTE HUMIDITY OF SATURATED AIR AY THE
TUBESIDE TEMPERATURE, LB OF WATER/LB OF AIR
ABSOLUTE HUMIDITY OF THE AIR ENTERING THE
HEAT EXCHANGERy LB« WATER/LB, AIR

ABSOLUTE HUMIDITY OF THE AlR LEAVING THE
HEAT EXCHANGER, LB OF WATFR/LB OF AIR
ABSOLUTE HUMIDITY OF SATURATED AIR AT THE
WET BULB TEMPERATURE, LB OF WATER/LB OF alR
TUBESIDE AREAs SQ, FT,

BAROMETRIC PRESSURE, ATMOSPMERES

AVERAGE TUBE WALL AREAy S0, FTe

AIR SIDE FOULING COEFFICIENTs BTU/HReSQ,FT,«F
TUBESIDE FOULING COEFFICIENTy BTU/HRmSQ,FT,.»F
HEAT CAPACITY OF SATURATED AIR AT THE TUBESIDE

TEMPERATUREs BTU/LB. OF DRY AIRwF

HEAT CAPACITY OF THE AIR ENTERING

THE HEAT EXCHANGERs BTU/LR OF DRy AIR=F
HEAT CAPACITY OF THE AIrR LEAVING THE HEAT
EXCHANGERy BTU/|B, OF DRY AIR=F

SPECIFIC HEAT OF SATURATED AIR AT THE WETY
BULB TEMPERATUREs BTU/LB OF DRY AIR-DEG F
INSIDE DIAMETER OF TyBE, FT,

OUTSIDE DIAMETER OF TUBE LINERe FT,
DELUGED HEAT EXCHANGER EFFECTIVENESS

THIS EFFECTIVE~

06/05/78

DELBAW
DELBAW
DELRAW
DELBAW
DELBAW
DELBAW
DELBAN
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELRAW
DELBAW
DELBAW
DELBAW

DELBAW
DE_LBAW
DE_LBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DE_BAW
DELBAW
DELBAW
DELBAw
DELBAW
DELBAwW
DELBAW
DELBAW
DELBAW
DELBAW
DE_LBAW
DE_BAW
DELBAW
DELRAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DE_LBAW
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T4s/T4  OPT=)

FDQ

HD

HI

PRI
PPIN
PPLVG
PPWB
PSATIN

QSEC
QSEC)

QSEC2
RHIN
RHLVG
RHOUT
RII
RIIN
RIL
RILOUT
RILVG
RIMAX
RIMIN

RIWB

RKW

RPMA

FIN 4,5¢416 06/05/78

(EQUAL TO THZ DIFFERENCES BETWEEN THE ENTHALPY
OF THE EXITING AND ENTERING AIR DIVIDED BY THE
DIFFERENCE BEYWEEN THE ENTHALPY OF SATURATED
AIR AT THE TUBESIDE TEMPERATURE AND THE
ENTHALPY OF THE ENTERING AIR)s» DIMENSIONLESS,
QUANTITY USED FOR CONVERGENCE TEST, EGUAL TO
THE DIFFERENCE IN THE WATER EVAPQORATION RATE
COMPUTED BY THZ CURRENT AND BY THE PREVIOUS
ITERATIONy DIVIDED BY THE WATER EVAPORATION
RATE COMPUTED BY THE CURRENT ITERATIQOW,
DIMENSIONLESS,

METAL TO DELUGEATE HEAY TRANSFER COEFFICIENT,
BTU/HR'SQ-"TciF

TUBESIDE HEAT TRANSFER COEFFICIENT,BTU/HR=SHO,
FT.-F

PARTIAL PRESSURE OF WATER AT SATURATION AT THE
TUBESIDE TEMPERATURE,IN, HG.

PARTIAL PRESSURE OF WATER IN THE ENTERING
AIRO INO HG.

PARTIAL PRESSURE OF wATER IN THE AIR LEAVING
THE HEAT EXCHANGERe IN, MG,

PARTIAL PRESSURE OF WATER AT THE WET BULB
TEMPERATURE (SATURATED CONDITIONS) INs: WG,
PARTIAL PRESSURE OF SATURATED AIR AT THE
TEMPERATURE OF THE ENTERING AIR, IN=HG

HEAT TRANSFER RATEs» LB/HR,

HEAT TRANSFER RATE COMPUTED BY CURRENT
ITERATION, LB/HR.

MEAT TRANSFER RATE COMPUTED BY PREVIOUS
ITERATIONy LB/HR.

RELATIVE HUMIDITY OF THE alR

ENTERING THE MEAT EXCHANGER

RELATIVE HUMIDITY OF THE AIR LEAVING THE

HEAT EXCHANGER

RELATIVE HUMIDITY OF THE EXITING AIR,
DIMENSIONLESS

ENTHALPY OF THE SATURATED AIR AT THME TURESIDE
TEMPERATURE BTU/LB. OF DRY AIR

ENTHALPY OF THE ENTERING AIRs BYU / LB

OF DRY AIR

ENTHALPY OF THE AIR LEAVING THE HEAT
EXCHANGER,y 8TU/LB OF DRY AIR

ESTIMATE OF THE ENTHALPY OF THE AIR LEAVING
THE HEAT EXCHANGERs BTU/LB OF DRY AIF
ENTHALPY OF THE AIR LEAVING THE HEAT EXCHANGER
BYU/LB OF DRY AIR

ENTHALPY OF SATURATED AIR AT TMaX, BYU/LB

OF DRy AIR

ENTHALPY OF SATURATED AIR AT TMINe BTYU/BL

OF DRY AIR

ENTHALPY OF SATURATED AIR AT TWBIN, BTU/LB

OF DRy &lP

LB/HR

THERMAL CONDUCTIVITY OF THWE TUBE WALLs BTU/HR=
SO FT,=F/FT,

MESS FLOW RATE OF AIR, LB/HR

DE_LBAW
DELBAW
DELBAw
DELRAW
DELBAW
DELBAW
DELBAwW
DELBAW
DELBAW
DE_BAW
DELBAW
DELBAW
DELBAW
DE_BAW
DELBAW
DELBAw
DELBAwW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DE_LBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DE_LBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAwW
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TasT4 OPT=]

RMEVAP =
RMEVAP] =

RMEVAP2=

RNTUAV =

RNTUIN =

RNTULV =

SIGIN =

SIGLVG =

SIGMA =

T -
TAIN -

TAL -
TEST -
THW -

TI -
TMAX =

TMIN -

TOUT -
TWBIN =

FTN 4,5¢6]6 06/05/78

WATER EVAPORATION RATE, LB/HR

WATER EVAPORATION RATE COMPUTED DURING CURRENT
ITERATION, LB/HR

WATER EVAPORATION RATE COMPUTED DURING PREVIOUS
ITERATION» LB/ZHR

ARITHMETIC AVERAGE OF THE NUMBER OF (DELUGE)
TRANSFER UNITE AT THE LEADING AND AT THE
TRAILING EDGE OF THE HEAY EXCHANGER,
DIMENSIONLEESS

NUMBER OF (DELUGE) TRANSFER UNITS AT THE
LEADING EDGE OF THE HEAT EXCHANGER,
DIMENSIONLESS

NUMBER OF (DELUGE) TRANSFER UNITS AT THE
TRAILING EDGE OF THE HEAT EXCHANGER,
DIMENSIONLESS

TUBESIDE TO AIR MASS TRANSFER COEFFICIENT
EVALUATED FOR CONDITIONS AT THE LEADING EDGE
OF THE HEAT EXCHANGER, LB MASS/SQ.FTs=HR
TUBESIDE TO AIR MASS TRANSFER COEFFICIENT
EVALUATED FOR CONDITIONS &T THE TRAILING

EDGE OF THE HEAT EXCHANGER,

LBs OF DRY AIR/SQ,FT,FT=HR

MASS TRANSFER COEFFICIENT BETWEEN THE DELUGEATE
AND THE AIRs LB, OF DRY AIR/SQe¢FTeeHR,
TEMPERATUREy DEG, Fo

TEMPERATURE OF THE AIR ENTERING THE HEAT
EXCHANGERy F

TEMPERATURE OF THE AIR LEAVING THE HEAT
EXCHANGERy F

ESTIMATE OF TEMPERATURE 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 THE HEAT TRANSFER
CALCULATION IS$ BASED,F

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

TEMPERATURE OF AIR LEAVING THE HEAT EXe
CHANGERy DEG,F

WET BULB TEMPERATURE OF THE AIR ENTERING THE
HEAT EXCHANGERs DEG, F

LOGICAL FRSTls FRSTZ2y FRST3

LAGICAL FIRST4FRST,

COMMON

FXTEMP yFXTVAR)FXTTTD,FXTLNG

AFTRe ALPHA, ANG(3)

WBRLIM(16)

«CAPF,y CSSPKW, CONF, CONLy COSTL, CAPCHG, CONMAT: CONMA?,CAF
vCBJe CTURRe CDANGs CLUVR, CHAILS, CVM
.DFINoDEEPLoDESVELoDESVELYoOESVELDvDENSIF

+EFFPy EFS

FCRIFIRSTFIXLsFCOSsFFHXsFXTEMP4FACTOR,FRST4FACTORDFSHOT,FDELJG

WFIXVSFIXTTDsFXTVARWFXTTTDWFXTLNG

WGREFF
yHXNPyHPCSTWHCD
s ITMAX, ITMIN

DELBAW
DE|_ BAwW
DE_BAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DE_BAW
DE_BAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DE_BAW
DELBAW
DE_BAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DE_LBAW
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
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SURRQUTINE DELBAW T4s/74  OPTE) FIN 4,5¢4]4

o JCONS
+KCONV, KALEXT
JMXEXT
oNTAINSIDES#+NBUNH]
COMMON
[o]01-]
+PST2E, PERs PWCOS, PLANC, PFACT, POMDPL
+PDHBAFy POHFANy POHLEC, POHCIRs POHCND. PDHSTCs POHSCL
+ RAPIREDUCEs REDUCVs RDOFLs RHOUT
y OREJ, RREDUCE, QREDUCV
'SI6MAG, SAAF, SEGL
+TDy TPOC(4)s TEFF, TLIM, THFIN, TLPRA, TFIX
s TCDe TW
0UCS' UwS
+WFVe WATCONA, WATCOST
sVag(s)
yXDEPA, XWy XD
COMMAN/DLUG/TAINy TWBIN,TI+ATMiHI1SIGMA RMA,RSECyRMEVAP,VALREQ
COMMON/HXD/AI JATOT SFAWRFA,ACS
COMMAN/DJB /DI XDGSF
COMMON/SURFEX/ODL 9DUMLST (15)
COMMON/COUNT/NSLOPE,FRST3
COMMON /WETDRY/ NCYCLE,TMAX,RIMAX,TMINGRIMIN
COMMON/ZRPRT4 /R4 (6T2) ¢ RR(3)
COMMON/CONS/HD +BETAF yBETAI yABoAF o AT T o AW, THW o RKW
DIMENSION TAL(10)RIL(10)
FPtaHeT) = RHu29,92%(0,000203=((T » 32,)/1,B)0s?2
¢ - 0.0119'(T = 32.)/18 ¢ 1,095}
+ sEXD( = 0,000426%({T = 32,)/1e8)es2
¢ 4 0,0828%(T » 32,)/1.,8 « 5,163)
c FP{RHT)aRHeEXP (17,16Be9240,/(T+460,.))
FAH(PyATM)2P®]1B8,02/((ATM229,92=~P)s28,97)
FCS(AH) =, 24+ ,45mAH
FRI(CSeT AH)ECSnT) 094, AN

L R N N

DA PANAANANAWN

FRSTl = ,T,

FRS12 8 ,7,

NDBUGE = 0

RHLVG ® RHOUT

HD = HCD

AR g RFAVALREQ

AF o SFAsVALRED

ATl = AIsVALREQ

THW = (0ODL = DI)/l2,
RxwW = CONL

Aw = (ODL + DI)/24,sVALREQs3,14159

THE INPUTS TO DELBAW ARE PRINTED.

e NeNel

IF (NDRBUG6,EQel) WRITE(69150)
150 FORMATULIXy"TAIN, TWBINsTIyATMyRH VGyHD sBETAF4ABM /01X
SUAF AT o HT s THW RKWySIGMAGORMAZRETAIY /1 X AW, ///)
IF (NDBUGE.EQsl) WRITE(69200) TAIN,TWBIN,TY ,ATM,RHLVGsHD ,BETAF,AB
JAFyATTsHI o THWyRKWySIGMA9RMAZBETAL JAW
200 FORMAT(IHO,1PBE]1]1,3//1X¢BE1Y1,3//1X48E1}),3
c

06/05/78

BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BI6COoM
BIGCOM
BIGCOM
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DE_BAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAwW
DELBAW
DELBAW
DELBAW
DELBAW
DE_BAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DE_LBAW
DELBAW
DELBAW
DE_BAW
DELBA®
DELBAW
DELBAW
DELBAW
DE|BAW
DELBAW
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23
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4
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165
16¢
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SUBRQUTINE DE|BAW T6/74 OPT=] FIN 4,5464)4 0b6/05/78 07,59.59

C THE MINIMUM AND MAXIMUM TEMRERATURES WITH THE CORRESPONDING DELBAW 201
c ENTHALPIES ARE COMPUTED IN SUBROUTINE LIMIT,. DELBAW 202
c IF TAIN LIES OUTSIDE THESE BOUNDS THE COMPUTATION IS ABORTED., DELBAW 203
d ) DELBAW 204
IF{FRST) CALL LIMIT(ATMsTMAXsRIMAX,TMINJRIMIN) DELBAW 205

FRST = ,F. DELBAW 206
IF(TAIN,LE,TMIN ,0R, TAIN,GE,TMAX} WRITE(6,5) TAIN DE_BAW 207
IF(TI.LE,TMIN ,OR, TI,GE,TMAX) WRITE (6,7} TI DELBAW 208
IF(TTeLE.TMIN,OR,T]+GE,TMAX) KCONY = DELBAW 209
IF(TAIN,LE,TMIN,OR, TAINJGE.TMAX) KCONV = } DELBAW 210
IF(KCONV,EQ,1) RETURN DELBAW 211

5 FORMAT(#OTAIN IS LESS THAN TMIN DR GREATER TWHAN TMAX IN DELUGE * DELBAW 212

§ 4"TAINzn,1PE13,5) DELBAW 213

7 FORMATI("OTI IS LESS THAN TMIN OR GREATER THAN TMAX IN DELUGE, ® DELBAW 2la
$9nTI="v1PE13,5) DELBAW 215

c DELBAW ele
c PROPERTIES OF THE INLET AIR ARE COMPUTEN, DELBAW 217
c DELBAW 218
PPWa=FPR (1,,TWBIN) DELBAW 219
AHWR=FAH (PPWByATM) DELBAW 220
CaWR=FCS (AHWB) DELBAW 221
PIWS=FRI (CSWBysTWBINyAHWS) DELBAW 222
RYINERIWR DELBAW 223

AHINZ (RIIN=,242TAIN) /{,45*TAIN+1084,) DELBAW 224
CsINz,264¢ ,45S*AHIN DELBAW 225

PPIN= (AHINWATM#866,T8240)/(18,02¢AHIN®2R,97T) DELBAW 226

T = TAIN DELBAW 227
PSATIN & 29,92s(0,0002034({(T = 32,)/1¢8)us? DELBAW 228

¢ = D,01188(T » 32,)/148 ¢ 1,095) DELBAW 229

¢ sExp( = 0,000426%((T = 32,)/1,B)%s2 DELBAW 230

¢ ¢ D,N828e(T = 32,)/148 » 5,163) DELBAW 231

c PSATIN2EXP (17 ,16865240,/ (TAING46K0,)) DELBAW 232
RHIN=PPIN/PSATIN DELBAW 233

c DELBAW 234
c THE HEAT TRANSFER COEFFICIENT AT THE LEADING EDGE 1S COMPUTED DELBAW 235
c DELBAW 236
PPIarFP(1,0,TI) DELBAW 237

AHI2F AR (PPI,ATM) DELBAwW 238
CSImpCS(AHI) DE_LBAW 239
RII=FRI(CSIs+TIyAR]) DELBAW 2640

CaLL S1GRAW(TAINJRIIN)ATMyHDBETAF,ARVAF,ATITAWsHI,BETAT, DELRAW 241
STHWeRKWy TI¢RIIySIGMA,SIGINsFRST1 s KCONV,0) DELBAW 242

IF (KCONV,EQ,1) RETURN DELBAW 243

c DELBAW 244
c THE NUMBER OF HEAT TRANSFER UNITS (BASED ON ENTHALPY DRIVING DELBAW 245
c FORCE! BASED ON CONDITIONS AT THE LEADING EDGE ARE COMPUTED. DELBAW 246
c DELBAW 26471
RNTUIN=SIGIN® (AB+AF) /RMA DELBAW 248

N = p DELBAW 249

c DELBAW 250
c ESTIMATION THE EXIT TEMPERATURE AND ENTHALPY OF THE AIR DELBAW 251
c LEAVING THE HEAT EXCHANGER DELBAW 252
c DELBAW 253
IF(vsSLOPE ,LE, 2) GO TO 90 DELBAW 254

c DELBAW 255
c TEMPERATURE DELBAW 256

Ta3 = TAIN DELBAW 257
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(e Nel
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(s ReNel (e Xe Ne ]

e XeNeNe)

90

100

SLOPE B (TOUT2 « TOUT1)/(TA2 - TAl)
TOUT3 & TOUTZ + SLOPE=(TA3 = TA2)
ToUT = ToUT3

ENTHALPY
RILOUT = RILOU)
6o TO 1190
CONTINUE
IF (NSLOPE ,LEs 1) 6O TO 100

TEMPERATURE
TOUT = TOUTZ

ENTHALPY
RILOUT = RILOU]

Go v0 llo

EFF = 1,0 = EXP{=RNTUIN)

RILOUT = RIIN « EFF=(RI1 » RIIN)
TEST = TAIN ¢ 0,6%(T] = TAIN}

FTIN 4,5¢414 06/05/78

DELBAW
DELBAW
DELBAW
DELBAW
DE_BAW
DELBAW
DELBAW
DELBAW
DELBAW
DE_LBAW
DELBAW
DELBAW
DELBAW
DE_BAW
DE_BAW
DELBAW
DELBAW
DELBAW
DELBAW
DE_LBAW

TEMPERATURE OF THE AIR LEAVING THE HEAT EXCHANGER OBTAINED DELBAW
FROM TCALC (FROM A XNOWLEDGE OF ENTHALPY OF THE EXITING AIR), DELBAW

DELRAW

CALL TCALC(RILOUT RHLVGIATM,TEST TDUMs"DLG AQUT ",KCONV) DE_LBAW
IF(XKCONV,EQ,1) RETURN DELBAW
TOUT = TDUM DELBAW
110 CONTINUE DELBAW
IF (NDRUGKEQe]) DELBAW
INRITE(6,410) TAINsTALyTA2yTA39sTOUT1»TOUT2,TOUTI»SLOPE(RILOUT DELBAW
410 FORMATISXsMTAINyTALsTA29TA3sTOUT1»TOUT2,TOUT3»SLOPE,ZRILOUTY, DELBAW
*/1PBE14,5,/1PE14,5/) DELBAW
IF (NDBUGKEQel) DELBAW
INRITE(64660) RNTUINJEFFoRIINJRIToRILOUT,TAIN,TI,»TOUT DE_BAW
460 FORMATISXs"RNTUINJEFFyRIINJRIIsRILOUTITAIN,TITOUTH,/5X, DE(BAW
+1PBF14.4y) DE_BAW
DELBAW

PROPERTIES OF EXITING AIR COMPUTED, DELBAW

DELBAW

PPLVG=FP (RHLVG,TOUT) DELBAW
AHLVGRFAH (PPLVGsATM) DE_BAwW
CsLvaeFCS (ARLVG) DELBAW
RILVG®FRI (CSLVGsTOUT s AHLVG) DELBAW
DE_LBAW

START OF ITERATION LOOP FOR EXITING CONDITIONS DELBAW

DELBAW

10 CONTINUE DELBAW
N s N # } DE_LBAW
TaL (N} = TDUM DELBAW
DELBAW

THE HEAT TRANSFER COEFFICIENT AT THE TRAILING EDGE 1S DE_BAW
COMPUTED, DELBAW

DELBAW

CalLl SIGBAV(TOUToRILVGoATM.HD.BETAF.AB.AF.AII.AN.HI.BETAI. DELBAW
STHWRKWoTI¢RII,SIGMA,SIGLVGyFRST24KCONV,} DELBAW
IF(KCONV,EQ,1) RETURN DELBAW
DELBAW

THE NUMBER OF HEAT TRANSFER UNITS BASED ON CONDITIONS AT THE DELBAW

07,58,59

258
259
260
261
262
263
266
265
266
267
268
269
270
271
272
273
274
275
276
277
278
27%
280
281
282
283
284
285
286
287
258
289
290
291
29e
293
294
295
296
297
298
299
300
301
30z
303
304
305
30e
307
308
308
310
311
312
313
3l¢
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e NeNel aO000 (e NaNel (a]

OO0

e NeNeXe]

c
c

o000

TRAILING EDGE 1S COMPUTED,
RNTULVSSIGLVG* (AB+AF) /RMA

THME AVERAGE NO. OF HEAT TRANSFER UNITS 1S CALCULATED,
RNTUAVS (RNTUINSRNTULV) /2,

TWE ENTHALPY AND TEMPERATURE OF THE AIR EXITING THE
HEAT EXCHANGER IS COMPUTED.,

EFF =]1.=EXP {*RNTUAV)

RILVG®RIIN ¢ EFFs (RII=RIIN)

RIL (N)®RILVG

TEST = TDUM

CaLL TCALC(RILVGyRHLVGIATMsTESToTDUMMDLG TAL (N)"9KCONV)
IF(KCONV,EQ,1) RETURN

TOUT = TDUM

TAL (N)STDUM

PROPERTIES OF EXITING AIR ARE COMPUTED

PPLVG & FP(RHLVG,TOUT)

AHLVG = FAH{PPLVGsATM)

CSLVG = FCS(AHLVG)

IFIN +EQ. 1) QSEC] = RMA%(PILVG = RIIN)
IF(N +EB, 1) RMEVA] = RMA®*(AHLVG = AWIN)
IF(y +EQ. 1) GO TO 10

06/05/78

DELBAW
DE_BAW
DE_BAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DE[BAW
DELBAW
DELRAW
DELBAW
DELBAW
DELBAW
DELBAW
DE_LBAwW
DELBAW
DELBAW
DELBAW
DELBAW

THE HEAT TRANSFER AND WATER EVAPORATION OF THE HEAY EXCHANGER DELBAW

1S COMPUTED.,

6SEC? = OSEC)

RMEVA2 = RMEVA]

QSECT = RMA®(RILVG = RIIN)
RMEVA] = RMA®(AMLVG = AHIN)

THE CHANGE IN HEAT REJECTED AND WATER EVAPORATED FROM THE
PREVIOUS ITERATION,

FpQ = ARS(QSEC1 - QSEC2)/GSECI
FDM = ABS(RMEVA]1 =~ RMEVA2)/RMEVAL
IFINDBUG6,EQe]l) WRITE(69280)

280 FORMAT (IXo"NoeTAL (N)sRIL(N)sFDRsFDMyEFF yRNTUIN,RNTULV")

IF (NDBUGK,EQel) WRITE (64300) NyTAL (N)9RIL(N)4FDQ+FDMsEFFRNTUIN,
1RNTYLV

300 FORMAT(1X,"FROM DELBAW $300"sI5,TE16.7//)

PROTECTION AGAINST EXCESSIVE NUMBEP OF ITERATIONS,
IFtN,BE,10)WRITE (6,350)N

350 FORMAT(®UPPER ITERATION LIMIT REACHED IN DELUGE N=» I5)

IF(N «BE, 10) KCONV = )
IF(N oGE, 10) RETURN

CONVERGENCE CRITERIA USING MEAT REJECTED AND MASS FLOW
RATE OF WATER EVAPORATED.
IF(FD6 ,67, 0,001 ,0R, FDM ,GT, 0,001) Go TO 10

360 CONTINUE

DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DE_LBAW
DELBAW
DELBAW

07,59,59

3ls
3le
317
318
3l
320
321
322
323
32¢
325
326
327
328
329
330
33)
332
333
334
335
336
337
338
339
340
34)
342
343
344
3458
3646
347
348
349
350
351
352
353
354
358
356
357
358
356
360
36)
362
363
364
365
366
367
368
369
370
371
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e Xe NaNe)

(e NeXel

370

390
395

375
400

450

STORAGE OF VARIABLES FOR EXTRAPOLATION TC THE NEXT

AMBIENT AIR CONDITIONS

IF(,NOT,FRST3) 6O TO 370
ToUTl = YOUTZ

Tal = TA2

Ta2 g TAIN

ToutT2 = TOUT

RILOU] = RILVG

IsL = (NSLOPE = 1)ws26
Ro(1el ¢ 1) = TAIN

R&4({ISL « 2) = RIIN
Retral ¢ 13) = AHIN
R4(TSL ¢ 14) = TOUT
R4 (1sl ¢ 15y = RILVG
R4 (ISL « 24) = QSECI
R4 t1sl ¢ 25) = RMEvA]
R4{ISL + 26) = AMLVG

RR(1) = ATM
RR(2) = BMA
RR{3) = NSLOPE
OsEc = QSEC]
RMEVAPa RMEVAL
FrSt3 = ,FALSE,

OUTPUT STATEMENTS,

1F (NDBUGK,NE«]1) RETURN

Do 390 Jel,yN

WPITE (6,395)JyTAL (J) sRIL (J)

CONTINUE

FORMAT{1Xs"NsTAL (N} AND RIL(N)= ",15,]1P2E17,8)
WRITE(6,375)

FORMAT (1Xy"NeQSECYRMEVAPUDINyUDLVGeRNTYAV M)
WRPITE(64400)NyQSEC,RMEVAPsSIGINsSIGLVG RNTUAV
FORMAT (1Xy"_EAVING DELBAW $400",1P5E15,6)
WRITYE(6,450)

FORMAT (1Xy///)

RETUBN

END

06/05/78

DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DE_BAwW
DE_BAW
DELBAW
DE_BAW
DELBAW
DE_BAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DE_BAW
DELBAW
DEL_BAW
DE_BAW
DELBAW
DELBAW
DELBAW
‘DELBAW
DE_BAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAW
DELBAwW
DELBAW
DELBAW
DELBAw
DELBAw
DELBAW
DELBAN
DELBAW
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372
373
374
378
376
377
378
379
380
381
38e
383
384
385
366
387
38e
389
390
393
392
393
394
398
396
397
398
399
600
401
402
403
406
405
406
407
408
409
410
611
4l2
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Tes74 OPT=} FTN 4,5¢414

SUBRQUTINE DELUG

SUBROUTINE DELUG CALCULATES THE HEAT TRANSFER AND THE
WATER EVAPORATION RATES FOR A DELUGED HEAT EXCHANGER, THE
COMPUTATIONAL METHOD DEVELOPED BY D,K, KRIED AND EXTENDED
T FIN TUBES RY D, We FALETTI IS USED, THE DRIVING FORCE
USED TO CALCULATE THE HEAT TRANSFER IS THE ENTHALPY
(RTU/LB OF DRY AIR) AS IS COMMONLY USED IN WET TDWER
DESIGN METHOD DIVIDED BY THE HEAT CAPACITY OF AIR. ALL
CONDUCTIVE AND CONVECTIVE TERMS ARE
APPROPRIATELY TRANSFORMED FROM A LINEAR TEMPERATURE
DEPENDENCE TO A ENTHALPIC DEPENDENCE,

SUBROUTINE DELUG OBTAINS THE HEAT TRANSFER BY TAKING
THME AVERAGE OF THE NUMBER OF TRANSFER UNITS AT THE LEADING
EDGE AND AT THE TRAILING EOGE OF THE HEAT EXCHANGER AND

CALCULATING A HEAT EXCHANGER EFFECTIVENFSSs THIS EFFECTIVE=-

NESS IS THEN USED T0O DETERMINE THE HEAT TRANSFERRED AND THE
OUTLET TEMPERATURE OF THE AIR, THE EVAPORATION RATE OF

06/05/78

DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUSG
DELUG
DELUG
DELUG
DELUG
DELUG

WATER 1S5 OBTAINED FROM THE CHANGE IN ABSOLUTE HWUMIDITY OF THE DELUG

AIR AND FROM THE MASS FLOWRATE OF THE AIR,

THE COMPUTATION OF THE CONDITIONS OF THE AIR
EXITING THE HEAT EXCHANGER 1S CONDUCTED BY SUCCESSIVE
APPROXIMATIONS,

A NOMENCLATURE OF SOME OF THE MORE FREQUENTLY USED
TERMS FOLLOWS,
AB = AREA OF THE TUBES BETWEEN THE FINS, s@, FT,
AF -~ AREA OF THE FINSy SQ, FT.
AHIN = ABSOLUTE HUMIDITY OF THE AIR ENTERING THE
HEAT EXCHANGERs LBe. WATER/LB, AIR

All - TUBESIDE AREAs SQ, FT,

ATM ~ BAROMETRIC PRESSUREs ATMOSPHERES

AW = AVERAGE TUBE WALL AREA, SQ, FTs

BETAF = AIR SIDE FOULING COEFFICIENTy BTU/HR«SQ,FT.=F
BETAI =~ TUBESIDE FOULING COEFFICIENTy BTU/HReSQ,FT,.=F

TEMPERATUREs BTU/LB, OF DRY AlReF

CSIN « HEAT CAPACITY OF THE AIR ENTERING
THE HEAT EXCHANGERs BTU/LB OF DRY AIR«F

CSLVG =« HEAT CAPACITY OF THE AlR LEAVING THE HEAT
EXCHANGERs» BTU/LB, OF DRY AIR~F

CS¥B - SPECIFIC HEAT OF SATURATED AIR AT THE WET
BULB TEMPERATUREs BTU/LB OF DRY AIR=DEG F

nl - INTERNAL DIAMETER OF THE TUBESY FT,

EFF - DELUGED HEAT EXCHANGER EFFECTIVENESS (EQUAL
TO THE DIFFERENCE BETWEEN THE ENTHALPY OF
THE EXITING AND OF THE ENTERING AlR DIVIDED
BY THE DIFFERENCE BETWEEN THE ENTHALPY OF
SATURATED AIR AT THE TURESIDE TEMPERATURE
AND THE ENTHALPY OF THE ENTERING AIR)

HEAYT CAPACITY OF SATURATED AIR AT THE TUBESIDE

DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUS
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUS
DELUG
DELUS
DELUG
PELUG
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Tars74 OPT=]

EFFIN =
FDM -

FDO -

HI -
HD -

oDL -
PPl -

PPIN -
PPLVG =

PPWB -

PSATIN =

0SEC1 -
QSEC2 =~
QSEC -
RHIN -
RHOUT =
RI1 -
RIIN -
RILOUY =
RILOUI -
RILVG =
RIWB -
RKW -
RMA -
RMEVAP o
RMEVAP] -

FTN 4,5e64]6 06/05/78
DIMENSIONLESS DELUG
FIN EFFICIENCY, DIMENSIONLESS DELUS
QUANTITY USED FOR CONVERGENCE TEST, EQUAL DELUG
TO THE DIFFERENCE IN WEAT TRANSFER COMPUTED DELUG
BY THE CURRENT AND BY THE PREVIOUS ITERATION DELUG
DIVIDED BY THE HEAT TRANSFER COMPUTED BY THE DELUS
CURRENT ITERAYION, DIMENSIONLESS DELUG
QUANTITY USED FOR CONVERGENCE TEST, EQUAL Tp DELUS
THE DIFFERENCE OF THE WATER EVAPORATION RATE DELUG
COMPUTED BY TME CURRENT AND BY THE PREVIOUS DELUG
ITERATIONs DIVIDED BY THE WATER EVAPORATION DELUG
RATE COMPUTED BY THE CURRENT ITERATION, DELUG
DIMENSIONLESS DELUB
TUBESIDE HEAT TRANSFER COEFFICIENT,BYU/HR-SQ, DELUS
FT,=F DELUSG
METAL TC DELUGEATE HEAT TRANSFER COEFFICIENT, DELUG
BTU/HR=SQFT,oF DELUG
OUTSIDE DIAMETER OF THE LINERy FT, DELUG
PARTIAL PRESSURE OF WATER AT SATURATION AT THE DELUSG
TUBESIDE TEMPERATURE,IN, WG, DELUG
PARTIAL PRESSURE OF WATER IN THE ENTERING DELUG
AIR, IN, HG. DELUG
PARTIAL PRESSURE OF WATYER IN THE AIR LEAVING DELUG
THE HEAT EXCHANGERs IN, HG, DELUG
PARTIAL PRESSURE OF WATER AT THE WET BuLB DELUB
TEMPERATURE OF THE ENTERING AIR (SATURATED DELUG
CONDITIONS) s IN,HG, DELUG
PARTIAL PRESSURE OF SATURATED AIR AT THE DELUG
TEMPERATURE OF THE ENTERING AIR, IN,HG, DELUG
OF THE ENTERING AIR, IN HG, DELUG
HEAT YRANSFER RATE COMPUTEL BY CURRENT DELUG
ITERATIONs LB/HR DELUG
HEAT TRANSFER RATE COMPUTED BY PREVIQUS DELUS
ITERATIONy LB/HR DELUG
HEAT TRANSFER® FROM THE HEAT EXCHANGER SECTION  DELUG
DEFINED BY AB AND AF, BRTU/HR DELUG
RELATIVE HUMIDITY OF THE AIR ENTERING THE DELUG
HEAT EXCHANGER, DIMENSIONLESS DELUG
RELATIVE HUMIDITY OF THE AIR LEAVING THE DELUG
HEAT EXCHANGERy DIMENSIONLESS DELUG
ENTHALPY OF SATURATED AIR AT THE TUBESIDE DELUS
TEMPERATUREs BTU/LB OF DRY AIR DELUG
ENTHALPY OF THE AIR ENTERING THE HEAY EXCHANGER DELUG
BTU/LB. OF DRY aAlIR DELUG
ENTHALPY OF THE AIR EXITING THE HEAT EXCHANGERs» DELUG
BTU/LB OF DRY AIR DELUG
ENTHALPY OF THE AIR EXITING THE HEAT EXCHANGERs DELUG
BTU/LB OF DRY AIR DELUG
ENTHALPY OF THE AIR EXITING THE HEAT EXCHANGER, DELUG
BTU/LB OF DRY AIR DELUG
ENTHALPY OF SATURATED AIR AT TWBIN, BTU/LB DELUG
OF DRy AIR DELUG
THERMAL CONDUCTIVITY OF THE TUBE WALL,s BTU/HR= DELUS
SOFT,=F/FT DELUG
MASS FLOW RATE OF AlR, LB/HR DELUG
WATER EVAPORATION RATE, LB/AIR DELUG

WATER EVAPORATION RATE COMPUTED DURING CURRENT

DELUG

07,59.5¢9
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ITERATIONs LB/HR

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

RNTUAV = ARITHMETIC AVERAGE OF THE NUMBER OF (DELIGE)
TRANSFER UNITS AT THE LEADING AND AT THE
TRAILING EDGE OF THE HEAT EXCHANGER,
DIMENSIONLESS

RNTUIN « NUMBER OF (DELUGE) HEAT TRANSFER UNITS AT THE
LEADING EDGE OF THE HEAT EXCHANGER,
DIMENTISONLESS

RNTULV = NUMBER OF (DELUGE) TRANSFER UNITS AT THE
TRAILING EDGE OF THE HEAT EXCHANGER,
DIMENSIONLESS

TAIN = TEMPERATURE OF THE AIR ENTERING THE MEAT
EXCHANGERy F

TaL = TEMPERATURE 0Of THE AIR LEAVING THE HEAT
EXCHANGERy F

THW = TUBE WALL THICKNESS.FT,

TEST - ESTIMATE OF TEMPERATURE OF AIR EXITING
THE HEAT EXCHANGERs DEG, F.

TI - TUBESIDE TEMPERATURE, DEG, F.

TMAX = MAXIMUM TEMPERATURE ALLOWED DUE TO CONSTRAINTS
UPON THE ANALOGY UPON WHICH THE HEAT TRANSFER
CALCULATION IS BASED,F

TMIN « MINIMUM TEMPERATURE ALLOWED TO PREVENT
POSSIBLE INSTABILITIES WITHIN THE

. SUBROUTINES, F

TOUT = TEMPERATURE OF AIR EXITING THE
HEAT EXCHANGER, DEG. F,

TWBIN = WET BULB TEMPERATURE OF THE ENTERING AIR,
DEG, F,

UDIN = TUBESIDE TO AIR HEAT TRANSFER COEFFICIENT
(CONVERTED TO THE DRIVING FORCE OBTAINED BY
DIVIDING THE ENTHALPY DIFFERENCE BY THE
SPECIFIC HEAT OF HUMID aAlR) AT THE LEADING
EDGE OF THE HEAT EXCHANGER,
BTU/HP-SQ.FT.'DEG. F

UDLVG =~ TUBESIDE TO AIR HEAT TRANSFER COEFFICIENT
(CONVERTED TO THE DRIVING FORCE OBTAINED BY
DIVIDING THE ENTHALPY DIFFERENCE BY THE
SPECIFIC HEAT OF AIR) AT THE TRAILING EDGE
OF THE HEAT EXCHANGER,

BTU/SQ.FT.'DE@- F’HR
LnGICAL FRSTls FRST2,y FRST3

LOGICAL FIRST+FRSTFXTEMPsFXTVARYFXTTTD,FXTLNG

CoMuON
AFTR, ALPHA, ANG (3}
W8P IM(16)
+CAPF s CSSPKW, CONF, CONLs COSTL, CAPCHG' CONMATs CONMAZ,CAF
+CBJs CTURBs CDANGs CLUVRy CHAILS, CVM
sDFIN'DEEPL +DESVEL yDESVELVyDESVELD+DENSIF
+EFFPs EFS
.FCDQFIQSToFIXL-FCOS:FFHX.FXYE“PvFACTOR.FPST.FACTORD.FSHOT.FDELUG
FIXVeFIXTTDWFXTVARWFXTTTDFXTLNG
s GREFF
yHXNPsHPCSTHCD
s ITMAX, ITMIN

DELUG
DELUS
DELUS
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUSG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
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O00O000

150

s JCONS

JKCONV, KALEXT

MYEXT

s NTAWNSIDES e NBUNHY
COMMON

obR

+PST12E, PERy PWCDSy PLANCy PFACT, POMDP_

+POHBAF, POHFANs POKLEC,y POHCIRs POHCND, POMSTC, POHSCL

o RRP,REDUCE, REDUCV, ROOFL, RHOUT

+ NREJy QREDUCE, QREDUCY

+SIGMAG, SAAF, SEGL

vTDs TPO(&4)s TEFF, TLIM, THFIN. TLPRAy TFIX

oTCDe Tw

+UCSe UWS

sWEVs WATCONA, WATCOST

JVAS(S)

'XDEPA. XWe XD
COMMON/DLUG/TAINy TWBIN, TI+sATMyHI+sHODsRMA,QSEC RMEVAP I VALREQ
COMMON/HXD/ Al ,ATOT+SFAsRFALACS
COMMON/DJB /DI XDGySF
COMMON/SIIRFEX/0ODL 4 DUMLST (15)
COMMON/COUNT/NSLOPE 4FRST3
CoMMAN /WETDRY/ NCYCLE s TMAXyRIMAXyTMIN,RIMIN
COMUON/RPRT& /R4 (6T72) yRR(3)
COMMON/CONS/HDyBETAF ¢BETAI sAByAF S AT Iy AW, THW ) RKW
DIMENSION TAL(10)sRIL(10)

FOIRHIT) = RH¥26,92#(0,000203%((T = 32,)/1,8)»s2
L 0.0118‘(T - 32.)/1'8 * 1.095)

v wEXP( = 0,000626%((T « 32,)/1.8)un2

+* + O.ORES'(T - 32.)/1'8 - 5.163)

FP(RHsT)aRHReEXP(17,168=9240,/(Te460,))

FAH(PeATU) eP*18,02/((ATMe29,92=P)«28,97)

FCS (AR E,24+e450AH

FRI(CS+TeAH)ZCSeTe1004,5AH

FRSTY = ,T,

FpSY2 = .7,

NNDBUGA=ED
RHLVG = aWOUT

HD = HECD

AR = RFASVALRED

AF SFAsVALREQ

ATl = AlsVALREQ

THW = (ODL « DI)/12,

RkW =z CONL
AW e {ODL « DI)/24,sVALREQe3,14159

L A X

N ARAAN AN AR AN N

THE INPUTS TO DELUG ARE PRINTED,

IF(NDBLIGE,EQs]1) WRITE (61150)
FORMAT({1Xy"TAINyTWBINGTI ATMyRHLVG,HDsBETAF 4 AR, /9] Xy
I"AF.AI'HI'THW'RKN'HonyRMAvBETAI"'/'IXQ"AN"'///)

IF(NNBUGKEQel) WRITE(69200) TAINyTWBIN,TI,ATMyRHLVG9HD BETAF,AB,

JAF s AT oHI s THWsRKWeHOD9RMAYBETAL AW

200 FARMAT (1H041PBE11.3//1XsBE11.3//1X,8E11,3

c
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BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
B13GCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BI1GCOM
BIGCOM
BIGCOM
BIGCOM
DELUG
DELUG
DELUB
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUS
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUSG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUS
DELUG
DELUS
DELUG
DELUS
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15
16
17
18
19
20
21
22
23
24
28
26

177
178
176
180
181
182
183
1B4
188
186
187
188
189
190
151
152
193
194

196
197
198
199
200



SURRQUTINE DELUG

e NeNaNeNaXe]

(e NeNeleNeNal

(s X XeNeNel

o NeNeNe Ko Ne]

s XeNeNe]

FRST

IF(Ta
IF(TI
IF(TY
IF(TA

S FpRMA
S JMTA
T FnRMA
SonTIe

PPWR=
AHWBz

RIWB=
RYINE
AHINE
csIns
PPINE
PSAT!
RHINe

PPIxF
AHI=F
CSI:F
RYler
[of YN N

¢RII H
IF(xC

RNTUI
N & @

T46rs74 OPT=] FIN 4,5¢414 n6/05,78
DELUG

THE MINIMUM AND MAXIMUM TEMPERATURES WITH THE CORRESPONDING DELUS
ENTHALPIES ARE COMPUTED IN SUBROUTINE LIMIT. DELUG
IF TAIN LIES OUTSIDE THESE BOUNDS THE COMPUTATION IS ABORTE?D, DELUG
DELUG

DELUG

IF(FRST) CALL LIMIT(ATMyTMAXIRIMAX,TMIN,RIMIN) DELUG
E JFa DELUG
INJLE,TMIN ,0R, TAIN,GE,TMAX) WRITE(6,5) TAIN DELUG
.LE.TMIN OOR. TI.GE.TMAX’ “RITE(6|7) TI DELUG
oLEJTMIN,OR,T],GE, TMAX) KCONV = ] DELUG
INJLE.TMING,OR,TAIN.GE+TMAX) KCONV = 1 DELUG
IF(KCONV,EQ,l) RETURN DELUS
TIWoTAIN IS LESS THAN TMIN DR GREATER THAN TMAaX IN DELUGE * DELUB
IN=n,1PE13,5}) DELUG
T(enTI 1S LESS THAN TMIN OR GREATER THAN TMAX IN DELUGE. ™ DELUG
WelPE13,5) DELUS
DELUG

DELUG

PROPERTIES OF THE INLET AIR AND TUBESIDE FLUID (IN ENTHALPIC DELUG
EQUIVALENT) ARE COMPUTED, DELUG
DELUG

DELUG

FP(1ssTWBIN) DELUG
FAH (PPWByATM) DELUG
CeWgeFCS {AHWB) DELUG
FRI(CSWByTWBINJAHWB) DELUSG
RIWR DELUG
(RIINe 24 TAIN)/{,45%TAIN¢10S4,) DELUG
v24e ,458AHIN DELUG
(AHIN®ATMeB866,78240)/(18,02+AHIN®28,97) DELUG
N = FP(ls9TAIN) DELUG
PPIN/PSATIN DELUG
DELUG

DELUG

THE HEAT TRANSFER COEFFICIENT AT THE LEADING EDGE IS COMPUTED DELUG
DELUG

DELUG

Pl{l1,0.T1} DELUG
AW (PP ATM) DELUG
CS(aHI) DELUG
RI(CSIsTIWAHI) DELUG
UDEL (TAINyRIINyATM9HOsBETAF s ABsAF s AT T o AW HI +BETAI s THWyRKW,TIs DELUG
ODyUDINSEFFINZFRST] 4 KCONV D) DELUG
DNV, EQ,l) RETURN DELUG
DELUG

DELUG

TWE NUMBER OF MEAT TRANSFER UNITS (BASED ON ENTHALPY DRIVING DELUG
FORCE) BASED ON CONDITIONS AT THE LEADING EDGE ARE COMPUTED, DELUG
DELUG

DELUG

NeUDIN (AR+EFFINSAF) / (RMASCEIN) DELUG
DELUS

DELUG

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

DELUG

07.,59459
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207
20R
209
210
2ll
2le
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214
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2lé
217
clB
219
220
221
222
223
224
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229
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232
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SUBROUTINE DELUG Tes74  OPT=] FTN 64,5¢6414

e NeNeXeXeNel [a Nel

e NeXeXe] [eXe Nel

(e Ne Nel

OO0 0

90

100

10

IF{NSLOPE LJLEs 2) GO TO S¢C

TEMPERATURE
TA3 = TAIN
SLOPF = (TOUTZ « TOUT1)/(TAZ =~ TAl)
TOUT3 @ TOUTZ2 « SLOPE=(TA3 = TA2)
TEST = TOUT3

ENTHALPY
RILOUT = RILOU1
Go TO 110
CONTINVE
IF(NSLOPE LLE. 1) GO TO 100

TEMPERATURE
TEST = TouT2

ENTHALPY
RILOUT = RILOUL
Go 10 llo
EFF = 1,0 = EXP(=RNTUIN)
RILOUT = RIIN ¢ EFF«(RII = RIIN)
TEST = TAIN + 0,6¢(T] = TAIN)

TEMPERATURE OF THE AIR LEAVING THE HEAT EXCHANGER ORTAINED
FROM TCALC (FROM A KNOWLEDSE OF ENTHALPY OF THE EXITING AIR)

CALL TCALC(RILOUTRHLVGsATMyTESTsTDUMsMDLG ADUT " sKCONY)
IF(KCONV,EQ,1l) RETURN

TOUT = TDUM

CONTINUE

N z Nel

TAL(NY = TDUM

PROPERTIES OF EXITING AIR COMPUTED,

PeLvnasFP (RHLVG, TOUT)
ARLVGEFAH (PPLVG,ATM)
CsLvaxFCS (AHLVG)

RILVGSFRI (CSLVGsTOUTAHLVG)

THE HEAT TRANSFER COEFFICIENT AT THE TRAILING EDGE 1S
COMPUTED,

CALL UDEL(TOUT,RILVGyATM HDyBETAF yABsAF yATToan s HI¢BETAI s THW,RKW,
¢T1+RT1TeRHODVUDLVGIEFFINGFRST2+KCONV41)
IF(KCONV,EQ,1} RETURN

THE NUMBER OF HEAT TRANSFER UNITS BASED ON CONDITIONS AT THE

TRAILING EDGE 1S COMPUTED,
RNTHILVEUDLVGY (AB+EFFINsAF) / (RMA=CSLVG)

THE AVERAGE NO., OF WEAT TRANSFER UNITS IS CALCULATED,

06/05,78

DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DEL_UG
DELUG
DELUB
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUS
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
» DELUG
DELUG
DELUG
DELUS
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUS
DE_UG
DELUG
DELUS
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUS
DELUS
DELUG
DELUSG
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276
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28]
282
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288
289
290
291
292
293
294
29%
296
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SUBROUTINE DELUG

o000

OO0

OO0 0

(e Mo Ne)

e e Ne Xe)

o000

280

300

350

360

370

Tas74 oPT=] FTN 4,5¢414

RNTUAVS (RNTUIN+RNTULV) /2,

THE ENTHALPY AND TEMPERATURE OF THF AIR EXITING THE
HEAT EXCHANGER 1S COMPUTED,

EFF £13=EXP (*RNTUAV)

RILVGERIIN + EFF*(RII=RIIN)

RIL (N)SRILVG

CALL TCALC(RILVG,RHLVG,ATMsTEST,TDUMs"DLG TAL (N) "1 KCONV)
IF (KCONV,EG,1) RETURN

TOUT = TDUM

TAL (N)®TDUM

06/05/78

DELUG
DELUSG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG

THE HEAT TRANSFER AND WATER EVAPORATION OF THE HEAT EXCHANGER DELUG

IS COMPUTED.

Q@sEc? = QSECI

RMEVAZ = RMEVA]

RSEC] ® RMAS(RILVG = RIIN}
RMEVA] = RMA® (AHLVG = AHIN)

THE CHANGE IN HEAT REJECTED AND WATER EVAPORATED FROM THE

PREVIOUS ITERATION,

FDG = ABS(QSEC1 » QSEC2)/QSEC]
FDM = ABS(RMEVA]l = RMEVA2)/RMEVAl
IF (NDBUGG,EQel) WRITE(6:280)

FORMAY [1Xy¥NsTAL (N) yRIL {N) oFDQyFDMyEFF yRNTUIN,RNTULVY)
IF (NDRUGK+EQel) WRITE(6+300) NeTAL(N)IRIL(N)yFDQeFDMIEFFsRNTUIN,
1RNTULYV
FORMAT (1 X4 HFROM DELUGES300".IS-7E16.7|//
PROTECTION AGAINST EXCESSIVE NUMBER OF ITERATIONS,
IF(N,GE,10) WRITE(69350) N
FORMAT(#UPPER ITERATION LIMIT REACHED IN DELUGE N=» IS5)
IF(N +GE, 10) KCONV = 1]
IF(N «BE, 10} RETURN
CONVERGENCE CRITERIA USING MEAT REJECTED AND MASS FLOW
RATE OF WATER EVAPORATED. ’
IFtFDQ 6T, 04001 ,0R, FDM ,GT. 0,001) GO TO 10
CONTINUE

STORAGE OF VARIABLES FOR EXTRAPOLATION TO THE NEXT
AMBTENT AYR CONDITIONS

1F(,NOT,FRST3) GO Y0 370
TouTl ® ToUTZ

TAl = TA2

Ta2 = TAIN

Tout2 = TOUT

PILOUl = RILVG

OsEc = QSECI

RMEvVaPs RMEVA]

IsL = (NSLOPE = 1)w»é2

DEL UG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
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320
321
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327
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332
333
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3490
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348
346
347
348
349
350
351
352
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355
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357
358
359
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362
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368
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370
371



SUBROUTINE DELUG

OO0 0

295
390

375
4«00

450

T4/74  OPTE} FTN 4,5¢414

Ra{IglL ¢ 1) = TAIN
RG{ISL ¢ 2) & RIIN
Ra{rglL + 21) = AHIN
R&4(ISL + 22) = TOUT
R4 (el ¢ 23) = RILVG
R4 (ISL + 40) = QSEC)
R&(1gL ¢ 41) = RMEvaAl
R4 (I1SL ¢ 42) = AHLVG

RR(1) = ATM™
RP(?2) ® RMA
RP(3y ®= NSLOPE
FrsT3 = ,FalSE,

oUTPUT STATEMENTS,

IF(NPBUGE,NE«l) RETURN

Dn 390 Jsl N

WRITE(64395)JsTAL (J)sRIL (U}

FORMAT (1Xe"NsTAL (N} AND RIL(N)w M,15,]1P2E}17,8)
CONTTNUE

WRITE (6,375)

FORMAT I X s UNsQSECyRMEVAP,UDINyUDLVGYRNTUAV M)
WRITE(6,400)NyQSEC,RMEVAP,UDIN,UDLVG4RNTUAY
FORMAT (1 Xyt LEAVING DELUGE w400"yI741P5E]15,6)
WRITE (64450)

FORMAT(1Xy//7)

END

06/05/78

DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUS
DELUB
DELUS
DELUG
DELUG
DELUG
DELUS
DELUG
DELUG
DELUG
DELUG
DELUG
DELUG
DELUB
DELUG
DELUBG
DELUS
DELUG
DELUG
DELUG
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SUBROUTINE DELUGEP(CTOWDELsTOWDIAWVELDELDELH20sDELMUP«DISDEL Y

1DELCST?

OPT=)

FTIN 4,56416

THIS SUBROUTINE APPROXIMATES THE COSY OF THE DELUGE

PIPING SYSTEM,

PORTIONS OF THE MAKEUP AND TOWER COMPONENTS,

THIS IS DONE BRY COSTING THE MAJOR

ARE DETERMINED FROM THE DELUGE FLOW RATE AND DESIGN

VELOCTITY.
CONST) =~ CONVERSION FACTOR
CTOWDEL = NUMBER OF DELUGED TOWERS
DELCST = TOTAL COST OF THE DELUGE SYSTEM
DELH20 =~ DELUGE FLOW RATE (GPM)
DELMUP = MAKEUP FLOW RATE 1GPM)
DELYOW = DELUGE FLOW RATE PER TOWER (GPM)
DIa = PIPE DIAMETER (IN)
DYIADEL =~ MAXIMUM DIAMETER OF TDWER PIPING (IN)
DIAMUP =~ MAXIMUM DIAMETER OF MAKEUP PIPING (IN)
DISDEL =~ DISTANCE FROM DELUGE WATER SUPPLY AND TOWER
BOUNDARY (FT)

DISTCST = COST OF MAKEUP PIPING ($1000)
GPMCST = PUMPING COSTS ($/GPM) -
IM,IT ~ INDICES FOR MAKEUP AND TOWER PIPING
NTOW ~ INTEGER NUMBER OF TOWERS DIVIDED BY 2
PIPCST = PIPE COST ($1000)
PIPCSTM =~ COST OF MAKEUP PIPING ($1000)
PIPLEN = APPROXIMATE MAKEUR PIPE [ENGTH (FT}
PMPCST = MAKEUP PUMPING COSTS ($1000)
RHODEL = DENSITY OF DELUGE WATER (LBM/FTCU)
TOWCST = COST OF TOWER COMPONENTS (81000}
TOWDIA <« TOWER DIAMETER (FT)
TOWPIP = COST OF TOWER PIPING ($1000)
TOWPMP =« TOWER PUMPING COSTS ($1000
VALYCST « VALVE COST (81000}
VELDEL = DELUGE DESIGN VELOCITY (FT/SEC)

DIMENSION DIA(10}, PIPCST(10)s VALVCST(10

DATA DIA/

. 6. v 12, s 18, ' 24, ’ 30, ’

. 6. ’ 42, ’ 48, ’ 50, ' 60, /

DATA PlPCST/

* L01T «025 ¢035 066 062 v

. L087T 116 0147 182 .218 /

DATA VALVCST/

s 3,250 ¢+ 3,959 4 64250 ¢ B,986 , 10,125 ¢

» 14,073 , 16,500 4 214530 » 26,750 , 34,880 /
COST THE MAKEUP PIPING,

IF (NELH20,EQe0,0) RETURN

CONST] = 1,/(7,481e60,)
GPMCST = 2,50

NTOWw=CTOWDE

PIPLEN®DISDEL+,5+TOWDIA+] ,S5¢eNTOWETOWD]IA

L/2,

DYAWUP = SORY (DELMUP«CONST1/VELDEL)*12,

PIPE DIAMETERS

06/05/78

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
DELUGEP
DELUGEP
DELUGEP
DELUGEP
DELUGEP
DELUGEP
DE_LUGEP
DELUGEP
DELUGEP
DELUGEP
DELUGEP
DELUGEP
DE{UGEP
DELUGEP
DELUGEP
DELUGEP
DELUGEP
DELUGEP
DELUGEP
DELUGEP
DELUGEP
DELUGEP
DEL UGEP
DELUGEP
DELUGEP
DELUGEP
DELUGEP
DELUGEP
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SUBROUTINE DELUGEP T4/74  OPTx) FIN 4,5¢414

(e e NeNe)

OO0 0 OO0

(s XeNe]

20
21

IF(DIAMUP,LToDIA(])) DIAMUP=DIA(])
Do 10 I=l,10

IM=1

IF(DIAMUP=DTA (IM)) 11,11,10
CONTINIE

DIAMUPSDTIA (1M}

70 PERCENT OF THE LARGEST DIAMETER PIPE COST WAS USED
TO DETERMINE THE AYERAGE PIPE COST

PIPASTME ,708PIPLENSPIPCST(IM)
PMPCST = DELMUP«GPMCST/1000,

90 PERCNT OF THE MAKEUP COSTS WERE FROM PIPEsVALVE
AND PUMP COSTS

DISTCSTe (PIPCSTMePMPCSToVALVCST (IM)) /.50

COST THE TOWER COMPONENTS. PUMPS, VALVES AND
PIPING REPRESENT 51,5 PERCENT OF THE TOWER COSTS,

DETERMINE THE DIAMETER OF THE TOWER PIPING

DELTOWRDELH20/C TOWDEL

DIADEL = SQRT(DELTOWsCONST1/VELDEL)s12,
IF(DIADEL.LT.DIA(l)) DIADELaDIA(l)

Do 20 Iel410

IT=1

IF(DIADEL-DIA(IT)) 21+21,20

CoNTINUE

DIADELSDIA(IT)
TOWeTP®3 , «TOWDIA=PIPCST(IT)

TOWOM® = DELTOWGPMCST/1000,

TOWCSTE (TONPIP«6,#VALVCST(IT) ¢ TOWPMP) /515

DETERMINE THE YOTAL DELUGE PIPING SYSTEM COSTS
DELCSTEDISTCST«CTOWDEL «TOWCST

RETURN
END

06/05/,78

DELUGEP
DELUGEP
DEL_UGEP
DELUGEP
DELUGE®R
DELUGEP
DELUGEP
DELUGEP
DELUGEP
DELUGEP
DELUGEP
DELUGEP
DELUGEP
DELUGEP
DELUGEP
DELUGEP
DELUGEP
DELUGEP
DELUGE®P
DELUGE®P
DELUGEP
DELUGEP
DELUGEP
DELUBEP
DELUGEP
DELUGE®
DELUGEP
DELUGEP
DELUGEP
DELUGEP
DELUGE®
DELUGEPR
DE[UGEP
DE_UGE®P
DELUGEP
DELUGEP
DELUGEP
DELUGEP
DE_LUGEP
DELUGEP
DELUGEP
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T46/74

NPTz FIN 4,54414

SUBROUTINE DELUGT (PSATD+TSATDyWATCON,WATCONT,BPL)

SURROUTINE DELUGT IS USED TO DETERMINE THE OPERATION OF THE

POWER PLANT OVER THE ENTIRE YEAR WHEN THE ENTIRE HEAT
EXCHANGER IS DELUGED. IT DETERMINES THE BACK PRESSURE OF

THE TURBINE AND THE SATURATION TEMPERATURE OF THE STEAM IN

THE CONDENSER/REBOILER AS a FUNCTION OF THE AMBIENTY AIR
TEMPERATURE AND WET BULB AMBIENT TEMPERATURE.

DEFINITION OF VARIABLES

ALPKA
CPa
CPw
DELPS
DELPS2
DENSIF
DENSIV
DENSIV?
DENSIW
DI

EFF
ELENG
ELEV
FACTOR
GAIR?
GWAT?
HF G2

HIz

HO2

HRFAC]
HRFAC2

HRFAC#4

NTA

NW

RATIO OF HEAT TRANSFER AREA T0 HEAT EXCHANGER
VOLUME (S@ FT/SQ FT)

SPECIFIC HEAT OF THEZ AIR AT THE DESIGN AMEIENT
TEMPERATURE (BTU/LBM=DEG F

SPECIFIC HEAT OF THE AMMONIA AT THE DESIGN AMBIENT

TEMPERATURE (BTU/LBMeDEG F
DESIGN SUPPLY PIPING PRESSURE DROP (LB/SQ FT)

OFF DESIGN SUPPLY PIPING PRESSURE DROP (LB/SQ FT)

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

06/05/78

DELUGT
DELUGT
DELUST
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGY
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT

DENSITY OF THE AMMONIA VAPOR |EAVING THE CONDENSER/ DELUGT

REBOILER AT DESIGN CONDITIONS (LBM/CU FT)

DELUGT

DENSITY OF THE AMMONIA VAPOR LEAVING THE CONDENSER/ DELUGT

REBOILER AT OFF DESIGN CONDITIONS (LBM/CU FT)
DENSITY OF THE AMMONIA LIQUID (LBM/CU FT)

INSIDE DIAMETER DF THE HEAT EXCHANGER TUBES (IN)
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 YO THE AIR VELOCITY IN THE HEAT

EXCHANGER WHEN IT 1S DRY (DIMENSIONLESS)
MASS FLUX OF THE AIR THROUGH THE HEAT EXCHANGER
WHEN IT Is DELUGED (LBM/SQ FT=HR)

MASS FLUX OF THE AMMONIA THROUGH THE TUBES OF THE

HEAT EXCHANGER (LBM/SQ FTeHR)

HEAT OF VAPORIZATION OF AMMONTA AT OFF DESIGN
CONDITIONS (BTU/LBM)

INSIDE HEAT TRANSFER COEFFICIENT OF THE HEAT
EXCHANGER TUBES AT OFF DESIGN CONDITIONS
{BTU/HR=DEG F=SQ FT)

AIR SIDE HEAT TRANSFER COEFFICIENT OF THE HEAT
EXCHANGER AT OFF DESIGN CONDITIONS

(BTU/HR<DEG F=SQ FT)

HEAT RATE FACTOR AT RATING CONDITION
(DIMENSTONLESS)

HEAT RATE FACTOR AT DESIGN CONDITIONS
(DIMENSIONLESS)

HEAT RATE FACTOR AT OFF DESIGN CONDITIONS
(DIMENSIONLESS) *

NUMBER OF TEMPERATURE INCREMENTS IN THE AMBIENT
TEMPERATURE RANGE OF THE PLANT SITE
(DIMENSIONLESS)

NUMBER OF TUBES IN THE WIDTH OF THE HEAT
EXCHANGER (DIMENSIONLESS)

DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUBT
DELUGT
DELUGT
DELUGY
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGTY
DELUGT
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Ta/T4

[-4
paTM

PR
PSIZ13
Ple
P22
QIN1
QREJT]
NREJT2
QSEC
RANGE

RMA

RMEV

SIGMAG
TA
TAWB
TEFF
TEFF)
TEFF3
TEFF&
THCONW
TI
TRER

TTD1

TID12

TTn2
T

VAIF
VIsa

visy

BACK PRESSURE OF THE TURRBINE (IN HGA)

ATMOSPHERIC PRESSURE AT THE P_LANT SITE
{ATMOSPHERES)

PRANDTL NUMBER OF THE AMMONIA LIQUID AT YWE DESIGN
CONDITIONS (DIMENSIONLESS)

TOTAL POWER OUTPUT OF THE PLANT AT DESIGN
CONDITIONS (MEGAWATTS)

AMMONIA PRESSURE AT THE CONDENSER/REBOILEP
(LBF/sSG FT)

AMMONIA PRESSURE AT THE MEAT EXCHANGER (LBF/SQ FT)
HEAT INPUT INTO THME POWER P_LANT (BTU/HR)

HEAT REJECTED AT THE DESIGN CONDITIONS OF THE
PLANT (BTU/MR)

HEAT REJECTED AT THE OFF 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 WEAT EXCHANGER (LBM/HR)

AMOUNT OF WATER EVAPORATED PER UNIT DIMENSION OF
THE HEAT EXCHANGER (LBM/HR AND THE TOTAL HEAT
EXCHANGER WHEN IT IS DELUGED {(LBM/MR)

FREE FLOW AREA TO FRONTAL AREA OF THE HEAT
EXCHANGER (S0 FT/SQ FT)

AMBIENT TEMPERATURE (DEG F

AMBIENT WETBULB TEMPERATURE (DEG F)
BASE THERMAL EFFICIENCY OF THE PLANTY
(DIMENSIONLESS)

RATED THERMAL EFFICIENCY OF THE PLANT
(DIMENSIONLESS)

DESIGN THERMAL EFFICIENCY OF THE PLANT
(PIMENSIONLESS)

OFF DESIGN THERMAL EFFICIENCY OF THE PLANT
{DIMENSIONLESS)

THERMAL CONDUCTIVITY OF THE AMMONIA AT DESIGN
CONDITIONS (BTU/HR=DEG FeFT)

TEMPERATURE OF THE AMMONIA 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 AMMONTIA 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 DROP OF THE AMMONIA IN THE SUPPLY
PIPING (DEG F)

SATURATED STEAM TEMPERATURE IN THE CONDENSER/ !
REBOILER (DEG F)

MAXIMUM AIR VELOCITY THROUGH THE DRY HEAT

EXCHANGER (FT/SEC)

VISCOSITY OF THE AIR AT THE AVERAGE AIR TEMPERATURE
IN THE DRY HEAT EXCHANGER ([ BM/FTeHR)

VISCOSITY OF THE AMMONIA vAPDR ENTERING THE HEAT

oPTE] FTN 4,566414 06/05/78

DELUGT
DELUGT
DELUGT
DELUGTY
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUBT
DELUGT
DELUGT
DELUGT
DELUSY
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUST
DELUGT
DELUST
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUST
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUST
DELUGT
DELUGTY
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
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VISW
WATCONA
WATCONT
w3

w3z

wé

XD

YPP

z

7D

EXCHANGER AT DESIGN CONDITIONS (LBM/FT=HR)
VISCOSITY OF THE AMMONIA L1QUID ENTERING THE HEAT
EXCHANGER AT DESIGN CONDITIONS (LBM/FT=HR)

AMOUNY OF WATER ALLOWED TO BE EVAPORATED OVER THE
WHOLE YEAR (LBM/YEAR)

AMOUNT OF WATER EVAPORATED DURING THE WHOLE YEAR
BY THE COMPLETELY DELUGED HEAT EXCHANGER (LBM/YEAR)
MASS FLOW RATE OF AMMONIA AT DESIGN CONDITIONS
{LBM/HR)

MASS FLOW RATE OF AMMONIA AY OFF DESIGN CONDITIONS
{LBM/HR)

MASS FLOW RATE OF AMMONIA THROUGH THE HEAT
EXCHANGER AT DESIGN CONDITIONS (LBM/HR)
LONGITUDINAL PITCHM OF THE TUBES IN THE HEAT
EXCHANGER (IN)

PLANT SCALING FACTOR FOR FAN AND PUMP POWER LOSS
(DIMENSIONLESS)

HEAT EXCHANGER DEPTH IN NUMBER OF TUBES
{DIMENSIONLESS)

HEAT EXCHANGER DEPTH IN NUMBER OF TUBES
(DIMENSIONLESS)

DEFINITION OF ARRAYS

ANG

APl
PSATD

TRPO

TSATD
vTaA

VTawWS
VTPER

WATCON

LnGICAL FRST3

THE ANGLE OF THE WEAT EXCHANGER TUBES FROM THE
HORIZONTAL AND THE SINE AND COSINE OF THAT ANGLE
BACK PRESSURE LIMIT CURVE (IN HGA)

TURBINE BACK PRESSURE CURVE WHEN THE HEAY EXCHANGER
1S 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 HEATY
EXCHANGER IS DELUBED COMPLETELY (DEG F)

AMBIENT TEMPERATURE CURVE ({(DEG F)

AMBIENT ¥ET BULB TEMPERATURE CURVE (DEG F)
FRACTION OF THE YEAR THAT THE AMBIENT AND WET BULSB
TEMPERATURE INCREMENTS EXIST (DIMENSIONLESS)

WATER CONSUMPTION OF THE HEAT EXCHANGER WHEN IT IS
COMPLETELY DELUGED OVER THE WHOLE YEAR FOR EACH
AMBTENT TEMPERATURE INCREMENT (LBM/YEAR)

LOGICAL FIRSTyFRST,FXTEMP+FXTVARSFXTTTD FXTLNG

CoMmpoN

AFTRs ALPHA,

WBRLIM(16)

ANG (3)

yCAPFy CSSPKw, CONF, CONL, COSTL, CAPCHG, CONMATs CONMAZ,CAF

»C8JUs CTURB»

CDANGy CLUVRy CHAILS, CVM

sDFINeDEEPL s DESVEL#DESVELVDESVELD+DENSIF

JEEFPy EFS

yFCRIFIRST (FIXLyFCOSsFFHXFXTEMP,FACTOR,FRST,FACTORDFSHOT,FDELUG
yFIXVIFIXTTDsFXTVARCFXTTTD,FXTLNG

+GRFFF

sHXNP o HPCST ¢ HCD
JITMAX, ITMIN

» JCONS

0PTe) FIN 4, 50416 06/05/78

DELUGT
DELUGT
DELUGT
DELUSGT
DELUGY
DELUGT
DELUGT
DELUGT
DELUGY
DELUGT
DELUGT
DELUSGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUSGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUSBT
DELUGT
DELUGT
DELUSGT
DELUGT
DELUGT
DELUGT
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
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T4/74 OPT=1 FTN 4,5¢4]6

$ JKzcoNVy KALEXT

s ,MXEXT

$ (NTAWNSIDESsNBUNNT

COMMON

$ oDwr

$ ,P512E, PERy PWCOS, PLANC, PFACT, POMDPL

$ JPnHBAF, POHFAN, PDHLEC, POHCIRs POHCND, POHRSTC, POHSCL

£ , apPYREDUCE, REDUCV, ROOFL, RHOUT

$ , 2REJ, QREDUCE, QREDUCV

$ ,SIGMAG, SAAF, SEGL

§ ,THy YPD(4)y TEFF, TLIM, THFIN, TLPRA, TFIX

$ ZTCDe Tw
$ 4UCSy UWS
$ WFye WATCONA, WATCOST
£ ,VAaS(S)

 JXDEPA, XwWy XD

CoMMON /SUPPLY/ VAL (S)s CPLNs CPIP, C(CCOS, w3, COSM, EFF
S GIN, CLAND, REAIR, ZsHRFAC2, Wéy Uy, DELPW, PPOW»
] FPOW, DELFCy WIDTH, ELENGy VAIR, VWAT, Hi, HO, Téy
[ REWAT, Nw s NT, NPyP_ANCZ,PSIZ12y SPRP, SWé Sw3y
$ SPC,PTOTAL +PLANC3+SAFRONs AAIR, YFPy, SPCD,PSIZ13, wWT2,
[ 3 RPZ2, Nw2, TCOS, DELPAYDELPWT,DELPWCyCONBAS, XNTSX, VELDX
$ , TLAX, UCON, PMCST, FMCSTs FBACC, EFFC, CHy Chy cs
$ , CLTc, CFCy CPCCs FITCO» CSC+CEPREP,DELPIP, aST,0LDCST
$+CAPCST, XNFAN,BLDANG, CPLEN, DPFEL, WHX, WTTUB» ADIA, ABLN
$y WTHOR, WTFRMySTRUCC,CFPERF+HPPERF, TOTCF, TPCy EFFIN, ANTU
$y AIRFF, WATFF, XNMOD, TCTPF, FDCPF, FMTRC, ACCTTP, ADJTP
$y ACTBPD, ADJBPDs ACTVH, ADJVHs ADJUPPF, THPAIR, TCTFe+ AFCST
$y CSRDs WATERWs WSTRCTs CFOUNDs HUBDIA, TOWLENs NUMTOW, CTOWD

$ SORJ»SQRISHIATUBC,CBA,TTD14TTD2+sDELPS,CSTL_VR,PIPCSTD

§ o,CSTHSy CYLRNG, CFANELs PSTACS,y PUFITC, PMP(CSTs RPTPL, SEPCST

§ PWwD(16) WATCWD (16)+DEPER(16)4DEPERQRI(16)

$ +WARIMTOWINTOWDE,ZCSTIF2CSJI»CVF,LDP WD
COMMON /SCALER/HRFACY, ATUB, CPERA,

§ GATRs FAIR, HPAIR, HPWAT, WLRTP,
COMMON /KXD/ ATI4ATOTsSFAJRFALACS
COMMAN /VARVAR/ VTPER(16)y VTAL(]}6),
CAMMON/DJS /DIy XDGy SF
CAMuAN /SURFEX/ ODL +DUMLST(15)
COMMON/DLUG/TA,TAWB s TIyPATMyHIZ 1 HO29RMA,QSEC,RMEVIVALRER
COMMON/COUNT/NSLOPE,FRST3
COMMON/FAN/FANDAP (153410) 9FANOAH{153,10) FMCPF+FBCPF9P2,R,4S,

$ VE_ BECyAFCIELEVIEHR,)LOOPERCTMAX )

SSCDyPLANC19CASSS],
PLANCT)

VTAWB {16}

COMMON /PROP/ CPws THCONWs» DENSIWy VISw, HFG,
. CPVy THCONV, DENSIV, VISV, SIGuA,
= CPAy THCONA, DENSIA, VISA

DIMENSION PSATD(16)y TSATD(16)s WATCON(1e6 , BPLI(16)
NDBUGY = O

WATCONT = 0,0

NSLOPE = 0

ZD = 2

VALRER = Z

NESIGN THERMAL EFFECTIVENESS OF THE POWER PLANT
TEFF3 = TEFF/HRFAC?

RATED THERMAL EFFECTIVENESS OF THE »OWER PLANT

pbs05/7%

BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
B15CO™
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
suep|y
SUPPLY
SUPPLY
SCALER
SCALER
DELUST
DELUSBT
DELUGT
DELUGT
DELUGT
DELUGT
DELUSBT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUBT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
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o
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163
166
165
166
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168
169
170
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172
173
174
175
176
177
178
179
180
161
182
183
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[aNe Ne] (g Xe]

OO0

OO0

0o o0

o0 OO0

OO0 aXe] 00

e XeXe]

00

10

TEFF] ® TEFF/HRFACY

HEAT INPUT INTO THE POWER PLANT
QIN] = 3413,E+3«PSIZ13/TEFF]

HEAT REJECTED AT THE DESIGN THERMAL EFFECTIVENESS OF THE
POWER PLANT
QREJT] = QINls(]l, = TEFF3)

LOOP TO FIND THE BACK PRESSURE OF THE TURBINE OVER THE
AMBTENT TEMPERATURE RANGE

Do 100 U = 19NTA

I = NTA & J ¢ ]}
NSLAPE = NSLOPE o )
FRST3 = ,TRUE,

Jrk = 0

AMBIENT TEMPERATURE
Ta = VTA(D)

WET BULB AMBIENTY TEMPERATURE
TAWS = VTAWB(I)

PERCENT OF THE YEAR AT THE ABOVE AMBIENT TEMPERATURE
TPER = VTPER(D)

RANGE OF THE AIR AT THE DESIGN AMBIENT TEMPERATURE
RANGE ® QREJT1/(Wae(l, ¢ YFP)«CPA)

INITIAL GUESS FOR THE aALL WET TURBINE SATURATED STEAM
TEMPERATURE
Tl = TAWR + TTD] ¢ TTD2 « (RANGE/EFF)

P

BACK PRESSURE OF THE TURBINE aT THE SATURATION TEMPERATURE

P = EXP(17,168 = 9240,/(T] ¢ 460,))
JK = JX e ]

HEAT RATE FACTOR AT THE ABOVE BACK PRESSURE
HRFAC6 = TPO(l) « TPD(2)eP o TPD(3)*Pan2 o TPO(&L)*Pms3 .~

06/05/78

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
DELUGTY
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT

THERMAL EFFECTIVENESS OF THE PLANT AT THE ABOVE BACK PRESSURE DELUGT

TEFF4 = TEFF/HRFAC

HEAT REJECTED AT THE ABOVE THERMAL EFFECTIVENESS OF THE
POWER PLANT
GREJT2 = QIN]l s(], = TEFF4&)

TEMPERATURE DIFFERENCE BETWEEN THE SATURATED STEAM AND THE

AMMONTA IN THE CONDENSER/REBOILER
TTD12 = (GREJT2/QREJT1)*TTD]

PRESSURE OF THE AMMONIA LEAVING THE CONDENSER/REBOILER
P12 = FLUID(1041sT] » TTDI2+ELEV™DELUG 1)
HFG2 = FLUID(941,T] « TTD12,ELEVe"DELUG 2M)
DENSIV2 = FLUID(7y14T1 = TTDI2+ELEVe"DELIIG 3IM)

DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUST
DELUGT
DELUGT
DELUGT
DELUGT
DELUST
DELUGT
DELUGT
DELUGT
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186
188
186
187
188
189
190
191
182
183
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
21}
212
213
214
2ls
216
217
218
219
220
221
222
223
2246
22s
226
227
228
229
230
23]
232
233
234
235
236
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238
239
240
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OO0 s NaNe e NaNe Nel OO0 g Xa Ne) (e N} [a el O

o000

o000

20

30

MasSs FLOW RATE OF AMMONIA THROUGM THE COOLING SYSTEM
W32 = QREJT2/HFG?2

PRESSURE DROP OF AMMONIA THROUGH THE SUPPLY PIPING
DELPS2 = DELPS=(W32s42+DENSIV/(DENSIV2eW3es2))

PRESSURE AT THE END OF THE SUPPLY PIPING
P22 = P12 - DELPS2/144,

TI = T! = TT01 « TYD2

DELTY = ,001

LOOP TO DETERMINE THE TEMPERATURE OF THE AMMONTA AT THE END
OF THE SUPPLY PIPING

FTI = =P22 « FLUID(10y1sTISJELEV,YDELUG 4n

FTINDEL = =P22 « FLUID{10414T] ¢ DELTIWELEV,"DELUG 5n)

TIP) = T1 - DELTI®FTI/(FTIDEL = FTI)

IF(ARSITIP] = TI1),LT7,.0001) GO T8 30

T = TIP)

Go Tn 20

TEMPERATURE DROP IN THE AMMONIA FROM THE BEGINNING TO THE
END OF THE SUPPLY PIPING
TTD?22 = T1 » TTD12 » TI

06/05/78

DELUGT
DELUGT
DELUGT
DELUGT
DELUST
DELUGT
DELUBT
DELUBT
DELUST
DELUSTY
DELUGT
DELUGT
DELUGT
DELUGT
DELUSGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGY
DELUST
DELUGT
DELUGT

WRITE(64500) TTD14+TTD12+TTD2+TTD224QREJT24QREJT1P12+HFGZ,DENSIVE, DELUGT

1DENSIVIW32,DELPSDELPS2+P224 719 WATCONT
INSIV W32,DELPS,DELPS2+P22,TI WATCONTE", /,2X4R512454/12X,6612.5/)

INSIDE HEAT TRANSFER COEFFICIENT OF THE HEAT EXCHANGER
WHEN IT 1S DELUGED
GwAT2 = W32/(ZDeNWs3,14150eDIsDI/ (4,144, )
PPW = VISwWsCPW/THCONW
CALL HYCLO(DIWELENG®12,9ANGyGWAT241490,9sPRWsDENSIW,DENSIV,VISWe
10413389 VISVees1338,THCONWICPWIHI2¢HTCoHTByHTN HTKIREWAT?2)

AIR SIDE HEAT TRANSFER COEFFICIENT oF TWE HEAT EXCHANGER
WHEN IT 1S DELUGED
GAlR2 = FACTOR«VAIR«DENSIF=3600,

IF(FDELUGLEQ."DELUG ") CALL HOTERV(FAIR2,HO2+SIGMAG,ALPHA,XD)
16AIR2,VISA)
IF(FDELUG.EQ."DELBAW "y CALL MTCH(GAIR2,HO2)

PAT4 = EXP (3439853 « 3,81835E-5sELEV) /29,92

MASS FLOW RATE OF AIR THROUGH A UNIT PART OF THE HEAT
EXCHANGER
RMA = FACTOR*VAIR®DENSIF«3600,=ACS

CALCULATION OF THE HEAT REJECTED FROM THE ALL WET HEAT
EXCHANGER AND THE AMOUNT OF WATER USED

IF(FDELUGLEQ«"DELUG ") CALL DELUSG

IF(FDELUG,EQ."DELBAW vy CALL DELBAW

IFI{XCONV,ER,1} RETURN

OREJTN = NwsELENG#QSEC

RMEY & NWesELENG«RMEYV

IF(NDRUG) 4EQel) WRITE(6460) T19PyGWAT2,HI2,GATR2+HO2+TA,TAWB,TI,

1PATURMA,QSECyRMEV ,QGREJTN

DELUGT

500 FORMAT(2Xy"TTD1,TTD12,TTD2yTTD22+QREJT2,QREJT1»PI2yHFG24DENSIV2+DE DELUGT

DELUGT
DELUGT
DELUGTY
DELUGT
DELUGTY
DELUGT
DELUGT
DELUGTY
DELUGT
DELUGT
DELUGT
DELUST
DELuUST
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGTY
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUST
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o0

e KeXe)

s Ne Kol

OO0

40

USE OF THE CALCULATED HEAT REJECTED AND THE DESIRED HEAT
REJECTION TO ESTIMATE THE SATURATION TEMPERATURE OF THE
STEaM IN THE CONDENSER/REBOILER

IF(UKsLE,Y1) T11 = T1

IF(UXeLE,]1) QREJUTM = QREJTN

IF(JUKeLESY) Tl = T1 « 5,

IF(JK.LE,1) OREJTM = QREJTN
IF(JUKeLEL1) Tl = 71 = 5,

IF(JKsLE41) GO 7O 10

SLOPF = (QREJTN « QREJTM)}/(T] = T11)
T11 = 71

T} = T1 ¢ (QREJUT2 « GREJTN)/SLOPE

CONVERGENCE CRITERIA FOR THE SATURATION TEMPERATURE OF THE
STEAM IN THE CONDENSER/REBOILER

IF(ARSITI « T11)/T1.LT,40025) GO TO 40

GREJTM = QREJTN

Go TO0 10

STORAGE OF VARIABLES
TsATPDI(l) = T}
PSATD(tI) = P
WATCONI(I) = TPER#8760,*RMEV
WATCONT & WATCON(I) + WATCONT

IF THE BACK PRESSURE CURVE OF THE DELUGED SYSTEM IS ABOVE
THE BACK PRESSURE LIMIT CURVE THIS DESIGN IS THROWN OUT
IF(PSATD (1) .6T,BPL (1)) KCONV = 1
IF(PSATD(1),6T,BPL(I}) RETURN

1QPEJTN®SI /42X sBG12,49/92X26812447)

100 CoNTINUE

IF THE AMOUNT OF WATER USED TO DELUGE THE HEAT EXCHANGER
ALL YEAR AROUND 1S BELOW THE AMOUNT ALLDCATED THIS DESIGN
1S THRDWN OUT

IF (WATCONA,GE«WATCONT) KCONV = |

RETURN

END

06/05/78
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DELUGY
DELUGT
DELUGT
DELUGT

60 FORMAT (22X 4MT1yPsGWAT29HI29GAIR24yHMO29TA, TAWB,TIyPATM,RMA,QSECIRMEV, DELUGT

DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
DELUGT
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SUBROUTINE DPCON(GOWSsOTI#DL1ANGeGToXI s XOsDENLsDENVIVISLOVISVIDP

OPT=] FIN 4,5+414

1 DPFDPGsDPMeXLMyPHILWPHIL2sVFeFLyRLIRY)

SUBROUTINE OPCON CALCULATES THRE Twp PHASE PRESSURE DROP
INSIDE TUBES WHETHER IT BE CONDENSATION OR ROILING THE
PRESSURE DROP IS CALCULATED ACCORDING TO THE METHOD OF
LOCKHART AND MARTINELLI

DEFINITION OF VARIABLES

ANG (2}

DENL
DENV
pL
ne
DPF
DPG
DPwM

DR
DTl
FL

GT
PHIL
PHIL?Z
RL

RV

SN

vIisL
visy
xa

XAy
XD

x1
XLwM
X0

THE SIN OF THE ANGLE THE TUBE MAKES FROM THF
HORIZONTAL (DIMENSIONLESS)

DENSITY OF THE LIGUID PHASE OF THE TwWO PHASE FLOW
DENSITY OF THE VAPOR PHASE 0F THE TWO PHASE FLOW
LENGTH OF THE TUBE (IN)

TOTAL PRESSURE DROP IN THE TUBE (LBF/SQ IM)
PRESSURE DROP DUE TO FRICTION (LBF/SQ IN)
PRESSURE INCREASE DUE To GRAVITY (LBF/SG IN)
PRESSURE DROP OR INCREASE DUE TO MOMENTUM LOSS OR
GAIN (LBF/SQ IN)

DENSITY RATIO (LIQUID/VAPOR) (DIMENSIONLESS)
INSIDE DIAMETER OF THE TUBING (IN}

= LIQUID FANNING FRICTION FACTOR BASED ON THE VAPQR

QUALITY AND THE INSIDE DIAMETER ON THE TUBE (DIMe
ENSIONLESS)

MASS FLUX OF FLUID IN THE TUBE (LBM/HR«SQ FT)
MARNTINELLI FUNCTION (DIMENSIONLESS)

MARTINELLI FUNCTION SQUARED (DIMENSIONLESS)
REYNOLDS NUMBER L1QUID FRACTION (DIMENSIONLESS)
REYNOLDS NUMBER VAPOR FRACTION (DIMENSIONLESS)
NUMBER OF DIVISIONS IN THE LENGTH OF THE TUBE
(DIMENSIONLESS)

VISCOSITY OF THE LIQUID (CENTIPOSE)

VISCOSITY OF THE VAPOR (CENTIPOSE)

AVERAGE VAPOR QUALITY IN EACH SECTION OF THE TUBE
(DIMENSIONLESS)

AVERAGE VAPOR QUALITY IN THE TUBE

CHANGE IN VAPOR QUALITY FROM ONE END OF YHE TUBE
TO THE NEXT OR FOR EACH SECTION OF TUBE
{DIMENSIONLESS)

INLET VAPOR QUALITY (DIMENSIONLESS)
LOCKHART=MARTINELLI PARAMETER (DIMENSIONLESS!
EXIT VAPOR QUALITY (DIMENSIONLESS)

DIMENSION ANG(3)
DHOMO (X)m (] ,40eX) /DENL+X/DENY

DpPG = 0,0
DDM = 0.0

PRESSURE DROP AS A RESULT OF FRICTION

SETUP OF VARIABLES FOR CALCULATION oF PRESSURE DROP
INCREMENTALLY ALONG THE LENGTH OF THE TUBE
DR = DENL/DENV
XD = ABS(XI~XO)
XAV = 0,5»(X1+x0)
N = XD']O.—.OI
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DPCON
DPCON
DPCON
DPCON
DPCON
DPCON
DPCON
DRCON
DPCON
DPCON
DPZON
DPCON
DPCON
DPCON
DPCON
DPCON
DPCON
DPCON
DPCON
DPCON
DPCON
DPCON
DPCON
DPCON
DPCON
DPCON
DPCON
DPCON
DPCON
DPCON
DPCON
DPCON
DPCON
DPCON
DPCON
DPCON
DPCON
DPCON
DPCON
DPCON
DPCON
DPCON
DPCON
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DPCON
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DPCON
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N =2 N e

SN = N

XD = XD/SN

SUM = 0,0

SUG = 0,0

XA = X1 « XD%,5

IF(XTsLTX0) XA & XI = XD#*,5

PRESSURE DROP INCREMENTALLY CALCULATED ALONG THE LENGTH
OF YHE PIPE

DO 10 ! = 14N

IFIxnelToXI) XA = XA = XD

IFIXT.LT X0) XA = XA ¢ XD

XV = AMAX]1(0+109XA)

DETERMINATIDN OF MARTINELLI FUNCTION
CaLL DPLMNB(DTIGTyXVeDRyVISLIVISYV,PHIL yPHIL2yFLsXLM9RLyRV)
SUG = SUG ¢ 1,/PHIL

DETERMINATION OF THE SUM OF THE VARIABLE PARTS IN FRONT
OF THE TWo PHASE PRESSURE DROP EQUATION
SUM = SUM ¢ (1,0 = XV)ws2aF sPRIL2

PRESSURE DROP INCURRED BY THE TWO PHASE FLOW IN THE PIPE
DUE TO FRICTION
DPF = +333E=10 ¢ DL*GT+«%24SUM/ (DTI«DENLsSN)

INCPEASE IN PRESSURE DUE TO GRAVITY

VF = 1+ = SUG/SN
DPG = wANG(2)#DL* (DENV&VF ¢ DENL®(les=VF))/]1728,

INCREASE OR DROP IN PRESSURE DUE TO CHANGES IN MOMENTUM
THE MODEL IS BASED ON A HOMOGENEOUS MODEL THAT ASSUMES
THE CHANGE IN MOMENTUM APPLIES JUST Y0 THE VAPOR

DPM ¢ BTww2/6,E10% (DHOMO (X0) =DHOMO (X1})
DPM g NPMaXAVsa?

TOTAL PRESSURE DROP

DP = DPF « DPG + DPM
RETURN
END
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SUBQOUTINE DPFFF(REWFFLILT)

SUBROUTINE DPFFF DETERMINES THE FANNING FRICTION FACTOR
FOR SMOOTH TUBES

DEFINITION OF VARIABLES

RE ~ REYNOLDS NUMBER (DIHENSIONLESS)
FF = FANNING FRICTION FACTOR (DIMENSIONLESS)
ILT =z 2

IF (RE & 1600,) 30,3040
I (RE = 3950,) 40940020
1 (PE = 52000,) 50+50:60

LAMINAR FLOW REGIME
FF = 16,/RE

ILT = 1
Go T0 70

TRANSITION FLOW REGIME
FF = 05010
IF(RELLT,2000,) ILT = 1
6o T0 70

TURBULENT FLOW REGIME
FF = 04079)1/RE»»0,25

60 v0 70

FF = 010660/RE"0o20
RETURN

END
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SUBROUTINE DPLMNB(DTI +GT,XDyDRyVISLeVISV,PHIL,PHIL2,FLyXLM,RL,RV)
SUBROUTINE DPLMNB DETERMINES THE MARTINELLI FUNCTION FOR
ROTLING INSIDE OF TUBES BY CURVE FITS OF THE LOCKHART=
MARTINELL] PARAMETER

DEFINITION OF VARIABLES

DR = DENSITY RATIO (LIQUID/VAPDR) (DIMENSIONLESS)
DT? = INSIDE DIAMETER OF THE TUBING (IN)

FL e LIGUID FANNING FRICTION FACTOR (DIMENSIONLESS)
Fu =~ VAPOR FANNING FRICTION FACTOR (DIMENSIONLESS)
GY = MASS FLUX OF FLUID IN THE TUBE (LBM/(HR=SQ FT))
PHIL = MARTINELLI FUNCTION (DIMENSIONLESS)

PHIL2 = MARTINELLI FUNCTIOGN SOUARED (DIMENSIONLESS)

RL, « REYNODLS NUMBER LIQUID FRACTION

RV = REYNOLDS NUMBER VAPOR FRACTION

VISL = VISCOSITY OF THE LIQUID (CENTIPOSE)

vIsy e VISCOSITY OF THE LIQUID vaPpR (CENTIPOSE)

XA = VAPOR GQUALITY OF THE FLUID (DIMENSIONLESS)

XLM = LOCKHART=MARTINELLI PARAMETER (DIMENSIONLESS)

XA =2 PNLIM(1eEwDy,45999,XD)

LIGUID REYNOLDS NUMBER
RL = DTI#GTe{]l,=XA}/(VISL*29,)

VAPOR REYNOLDS NUMBER
RV = DT14GT#XA/ (VISVe29s)

- FANNING FRICTION FACTOR FOR THE LIQUlD
CALL DBFFF(RLWFLWILTL)

FANNING FRICTION FACTOR FOR THE VAPOR
CalLL DPFFF (RVFV,ILTV)

LOCKHART=MARTINELL] PARAMETER
XLM = SQRT(FL/(FV*DR)) = {l,=XA)/’XA

VISCOUS FLOW LIOGUID = VISCOUS FLOW VAPOR
IF(ILTLWEQs1+AND,ILTV,EQ,1} JMART = ]

TURRULENT FLOW LIGUID « VISCOUS FLOW VAPOR
IFC(ILTLLEQs2sANDWILTVLEQ,1) JUMART = 2

VISCOUS FLOW LIQUID = TURBULENT FLOW VAPOR
IF(ILTLEQ.I+AND,ILTV,EQ,2} JUMART = 3

TORBULENT FLOwW LIQUID » TURBULENT FLOW VAPOR
IF(ILTL'EQuZOANDuILTVCEQ.Z) \JMART = 4

MARTINELLI FUNCTION
PHIL = CMARTIN(XLM,JMART, 1}

MARTINELLI FUNCTION SQUARED
PHl_ 2 = PHIL*PHIL
RFTURN
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SUBRAUTINE DPLMNR T6/74 NPY=) FIN 4,5¢41¢ 06/065/78 07,.,59.5%9

END DP_MNB 56



‘UBRAUTINE ERRMSG T4/74 OPT=} FIN 4,54616

o NaRg e Nal

SURRAUTINE ERRMSG (KEY)

IF XEY 1S 1 INCREMENT THE COUNTER FOR NO FAN FOUND
IF XEY 1 S 2 INCREMENT THE LOOP COUNTER
IF KEY IS 3 PRINT THE COUNTERS

IF (KEY oEQ, 1) NFKTR = NFKTR ¢ 1
IF (KEY ,EQ, 2) LPKTR = [PKTR ¢ 1}
IF (MOD (LPKTR,.20) +EQs 0 +ANDs LPKTR ,GT, 0) WRITE(64200)PKTR
1F (KEY LEQ, 3) WRITE(6+100) NFKTR,LPKTR
100 FORMATI(////7/7" THE NUMBER OF TIME NO FAN WAS FOUND %,120,
$" TWE NUMRER OF TIMES LOOP ESCAPE WAS REQUIRED ="+120)
200 FORVAT(1X,15¢" FAN LOOP ESCAPES REQUIRED S0 FaR"Y)
RETUURN
END

06/05/78

ERRMSG
ERRMSG
ERRMSG
ERRMSS
ERRMSE
ERRMSG
ERRMSG
ERRMSG
ERRMSG
ERRMSG
ERRMSG
ERRMSG
ERRMSG
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T4s74 oeT=] FIN ¢,54416 06/05/78 07,59,59

SUBRQUTINE FAN(DPTINW, AFRON: FAN 4
FAN 3

SUBROUTINE FAN SELECTS THE OPTIMUM FAN SYSTEM FOR THE PARTIC- FaN -
ULAR HEAT EXCHANGER GEOMETRY SELECTED, FOR THE PARTICULAR FaN 5
FAN SYSTEM TWE FOLLOWING PARAMETER ARE SPECIFIED- FaN 6
1, BLADE DIAMETER FAN 7

2. HUR DIAMETER FAN 8

3, NUMBER OF BLADES PER FaN FaN 9

4, BLADE ANGLE FAN 10

KNOWING THE NUMBER OF FANS AND THE PACKING FACTOR OF THE FAN 11
FANS, THE CIRCUALR TOWER DIAMETER CAN EASILY BE FAaN 12
DETERMINED, THE COST OF THE FAN SYSYEM 1S THEN FOUND, THE FAN 13
FAN SYSTEM RESULTING IN THE MINIMUM COST IS SPECIFIED AS THE FA&N ls
OPTIMUM, FAN 15
IN YHIS SURROUTINE THERE ARE TWO ARRAYS WHICH CONTAIN DATA FaN le
FOR THE FOLLOWING FAN DIAMETERS (24,2642B4,30¢40960). FOR FAN 17
EACW FAN DIAMETER THERE 1S PERTORMANCE DATA FOR FANS WITH FAN 18
DIFFERENT NUMBER OF BLADES AND BLADE ANGLES. THE DATA FAN lg
ARRAYS FANDAP CONTAINS THE FOLLOWING INFORMATION- FAN 20
FANDAP (1,J) FAN 21
Jm]1 48 - COEFFICIENTS FOR THIRD ORDER CURVE FIT OF VOLU= FaN 22
METRIC FLOW RATE VERSUS TQTAL PRESSURE DROP ACROSS FAN 23

THE FAN FAN 24

J=6 ~ LOWER PRESSURE DROP LIMIT (IN WATER) FAN 25
Ja7 = UPPDR PRESSURE DROP LIMIT (IN WATER) FAN 26
Jeg ~ DIAMETER OF FAN(FT) FAN 27
Ju9g = NUMBER OF BLADES PER FAN FAN 28
Je10 = BLADE ANGLE (DEGREES) FAN 29
I=],18%3 = DIFFERENT SETS OF DATA FOR FACH FAN AND FAN 30
PERFORMANCE POINT Fan 31

THE DATA ARRAY FANDAH CONTAINS THE FO_LLOWING INFORMATION= FAN 3z
FANDAH (I} FaN 33
Jm],5 - COEFFICIENTS FOR FOURTH ORDER CURVE FIT oF FaN 34
HORSEPOWER VERSUS VOLUMETRIC FLOW RATE FAN 35

J=o - LOWER LIMIT ON VOLUMETRIC FLOW RATE OF AIR THROUGH FAN 36
THE FAN FOR wHICH DATA IS AVAILABLE FAN kh

J=7 = UPPER LIMIT ON VOLUMETRIC FLOW RATE OF AIR THROUGH FAN 38
THE FAN FOR wHICH DATA IS5 AVAILASBLE FAN 39

J=R ~ DIAMETER OF FAN(FT) ’ FAN 40
J=9 - NUMBER OF BLADES PER FAN FAN 4]
Jel0 - BLADE ANGLE (DEGREES) FAN 4z
FAN “3

DEFINITION OF VARIABLES FAN o4
A = AIR FLOW AREA OF THE FAN (SQ FT) FAN «5
ARLN = NUMBER OF FAN BLADES (DIMENSIONLESS) FAN 46
ADIA = FAN DIAMEYER (FT) FAN 47
AFRON =~ FRONTAL AREA OF THE HEAT EXCHANGER (SQ FY) FAN 48
ANFCOS =« ANNUAL FAN COSTS (%) FAN 49
ANSFPC = ANNUAL CAPITAL COBT OF PLENUM, FOUNDATIOMs AND FAN S0
STRUCTURES (§%) FAN 51

ANSFPF = TOTAL ANNUAL COST OF THE FAN SYSTEM AND STRUCTURE FAN 52
BAR - BAROMETRIC PRESSURE (IN HGA) FAN 53
BUDANG = FAN BLADE ANGLE (DEGREES) FAN 56
CAPF = PERCENTAGE OF TIME THE PLANT 1S PRODUCING POWER FAN 55
(PERZENT) FAN S6

ChaMG = COSINE OF THE ANGLE FOR THE DELTA HEAT EXCHANGER F AN 57

ARRANGEMENT (DIMENSIONLESS FAN S8
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CFM
CFROS
ct
CINC

cMOT
cPL
¢ou
CSR
CVM
DIST

DPTINW
DSGT™
DTow
NTTSG
EFCSF
EMR
ELENG
ELEV
FNAD
FANLEC
FCOS
FCR

FCsT
FMC

FNDC
FPOW
GSEFF
HB

HFR
MPAIR
HOPF
HUBDTA

1
TTMAX

ITMIN
ITMIN

1TOWN
LBF«LFE
NRUNKI
NOF
NSINES

PFACT

ESTIMATE OF THE VOLUMETRIC FLOW RATE OF AIR THROUGH
EACH FAN (CU FT/MIN)

FAN STACK COSTS WITH AND WITHOUT VELOCITY RECOVERY
(%)

CONVERGENCE PARAMETER FOR YHE VOLUMETRIC FLOW RATE
THROUGH EACH FAN {DIMENSIONLESS)

INCREMENTAL VOLUMETRIC FLOW RATE OF AIR USED IN
DETERMINING THE FAN PERFORMANCE POINT (CU FTY/MIN)
COST OF FAN MOTORS PER FAN ($)

COST OF PLENUM FOR THE ENTIRE TOWER SYSTEM (%)
COST OF PLENUM MATERIAL (s/|BM)

COST OF THWE SPEED REDUCER t$)

FAN RING MATERIAL UNIT COST (s/LBF)

DISTANCE FROM THE CONDENSER ROOM TO THE FIRST
CIRCULAR TOWER (FT)

PRESSURE DROP ACROSS THE HEAT EXCHANGER (IN H20)
DISTANCE FROM THE SWITCH GEAR TO THE MOTOR (FT)
DIAMETER OF THE CIRCULAR TOWERS (FT)

DISTANCE FROM THE TOWER Tp THE SWITCH GEAR (FT)
ESCALATION FACTOR FOR FAN COST (DIMENSIONLESS)
HEAT RATE OF PLANT (3TU/KweHR)

LENGTH OF HEAT EXCHANGER TUBES (FT)

PLANT ELEVATION FROM SEA LEVEL (FT)

FAN DIAMETER (FT)

ELECTRICAL WIRING COSTS FOR THME FAN SYSTEM (§)
PLANT FUEL COST (CENTS/MMBTU)

FIXED CHARGE RATE ON CAPITAL FOR ONE

YEAR (FRACTIONAL)

CAPITAL COST OF TWE FAN (s

FAN MOTOR COST PER MORSEPOWER FOR MOTORS OF SMALL
HORSEPOWER (S$/HP)

FOUNDATION COSTS FOR THE CIRCULAR TOWERS (§)
POWER REQUIREMENTS OF THE FAN SYSTEM (KW)

GEAR BOX EFFICIENCY OF THE FAN SYSTEM (PERCENT)

HEIGHT OF THE FAN RING (FT

HORSEPOWER REQUIREMENTS OF THME FAN SYSTEM (HP)
HORSEPOWER REQUIREMENTS OF EACK FAN (HP)

DIAMETER OF THE FAN HUB (FT)

PERFORMANCE POINT OF A FAN (DIMENSIONLESS)
MAXIMUM NUMBER OF TOWERS AL|LOWED BY INPUT VARIARLE
(DIMENSIONLESS)

N

MINIMUM NUMBER OF TOWERS ALLOWED BY INPUY VARIABLE
(DIMENSIONLESS)

NUMBER OF CIRCULAR TOWERS {(DIMENSIONLESS)
VARIABLES USED IN SPECIFYING WHICH FANS ARE TO BE
CONSIDERED FOR USE IN THE FAN SYSTEM
{DIMENSIONLESS)

HEIGHT OF THE TOWER IN NUMBER OF BUNDLES
(DIMENSIONLESS)

NUMBER OF FANS MAKING UP TME FAN SYSTEM
(DIMENSIONLESS)

NUMBER OF SIDES THME POLYGONAL COOLING TOWERS WAVE
{PIMENSIONLESS)

PACKING FACTORs RATIO OF CIRCULAR TOWER ROOF AREA
TO FAN SWEPT AREA (DIMENSIONLESS)

0PT=) FTN 4,5¢414 06705778

FAN
FAN
FAN
F AN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
F AN
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
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PLANC ~ BASE PLANT COSTS ($/KW) FAN 116

POHFAN = INDIRECT COST FACTOR FOR FANS (DECIMAL) FAN 117

POHSTC « INDIRECT COST FACTOR FOR CIRCULAR TOWER STRUCTURES FAN 118

(DECIMAL) FAN 118

ROOFL = CIRCULAR TOWER ROOF LOAD (LBF/SG FT) FaN 120

SAAF = SHIPPING AND ASSEMBLY FACTOR (DECIMAL) FAN 121

SPVoOL ~ SPECIFIC VOLUME OF THE AIR EXITING THE HEAT FAN 122

EXCHANGER (LBM/CU FT) FAN 123

STRUCC =~ CIRCULAR YOWER STRUCTURE COST ($) FAN 124

TAN1S = TANGENT OF 19 DEGREES T0 BE USED IN COSTING OF FawN 125

ENTRY BELL TO THE FAN (DECIMAL) Fax 12¢

TAN B = TANGENT OF B DEGREES TO BE USED IN COSTING OF ExIT Faw 127

STACK FROM THE FAN (DECIMAL) FAN 128

TCSTF =~ TOTAL COST OF THE FAN SYSTEM ($) FAN 126

TCSYPF  « TOTAL COST OF A FAN (%) FAN 130

YOTCFM = TOTAL VOLUMETRIC FLOW RATE FOR THE AIR THROUGHW FaN 13)

THE FAN SYSTEM (CU FT/MIN) FAN 132

TOTHP =~ TOTAL HORSEPOWER REQUIREMENT OF THE FAN SYSTEM (HP) FAN 133

TP = TOTAL PRESSURE DIFFERENTIAL ACROSS THE FAN (IN HM20) FAN 134

T4 = AIR EXIT TEMPERATURE FROM THE HEAT EXCHANGER FAN 135

(0EG F) FAN 138

ucs = UNIT COST OF THE STACK ($/LBF) FAN 137

Uws = UNIT WEIGHT OF THE STACK (LBF/CU FT) FAN 138

VEL » AVERAGE VELOCITY OF THE AIR LEAVING THE FAN FAN 139

(FT/SEC) FAN 140

VELREC =~ SPECIFIES WHETHER VELOCIY RECOVERY STACKS ARE FaN 141

GOING TO BE USED OR NOT (DIMENSIONLESS FAN 142

VP - NON RECOVERABLE AIR VELOCITY HEAT EXITING THE FaN Faw 163

(IN H20) FAN 144

WATERW = WEIGHT OF WATER IN THE HEAY ExXCHANGER TUBRES AND FAN 145

BUNDLES (L BF) FAN 146

wh = APPROXIMATE BUNDLE wIDTH OF THE HEAT EXCHANGER (FT) Faw 147

L = BUNDLE WIDTH OF THE HEAT EXCHANGER (FT) FAN 148

wFyv = UNIT wEIGHT OF THE ENTRY BELL (LBF/SQ FT) FaN 149

WHX = WIEGHT OF THE HEAT EXCHANGER (LBF) FAN 150

WIDTH = WIDTH OF THE HEAT EXCHANGER (F) Fan 15]

we = WIEGHY OF THE PLENUM MOTERIAL (LBF/ SQ FT) FAN 152

we ~ MASS FLOW RATE OF AIR THROUGH THE HEAT EXCHANGER FAN 153

(LBM/HR) FAN 154

XNF AN = NUMREP OF FANS (DIMENSIONLESS) FAN 158

FAN 156

REAL NANF FAN 157

LNGICAL LOOPER FANDEK 2
COMMON/FAN/ FANDAP (153,10) +FANDAN(153410) ¢FMCPFFBCPF,P24R,S, FANDEK

$ VE_REC, AFCs ELEV, EHRy LOOPER, CTMAX FANDEK 4

LOGICAL FIRSTFRST,FXTEMP FXTVARGFXTTTD,FXTLNG BIGCOM 2

COMUQN BIGCOM 3

§ AFTRy ALPHA, ANG(3) BIGCOM 4

= yBo IM(16) BIGCOM 5

$ ,CAPFy CSSPKW, CONF, CONL+ COSTL, CAPCHGs CONMAT+ CONMA2,CAF BIGCOM 6

t ,C84s CTURBs CDANG,y CLUVR, CHAILS, CVM BIGCOM 7

€ ,DFINJDFEPLDESVEL+DESVELVDESVELDWDENSIF BIGCOM 8

$ JEFFPy EFS BIGCOM™ 9

$ JFCReFIRSToFIXLFCOS)FFHX4FXTEMP yFACTOR,FRST,FACTORD FSHOTFDELUG BIGCOM 10

$ JFIXVAFIXTTOWFXTVARWFXTTTDWFXTLNG RIGCOM 11

$ +GREFF BIGCOM 12

§ JHXNPoHPCSTeHCD BIGCOM 13



LUBROUTINE FAN
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$ ,ITMAX, ITMIN

$ L JCONS

¢ ,KCONV, KALEXT

$ JMXEXT

$ JNTAINSIDES+NBUNHI

CoMupN

s obRr

¢ ,PS12E, PERy PWCOSs PLANC, PFACY, POMDPL

¢ ,PNHBAF, POHFAN, POHLEC, POHCIRy POHCND, POWSTC» POHSCL

$ , RW/PIREDUCEY REDUYCVy ROOFLs RHOUT

s , OREJ, OREDUCE., QREDUCV

$ ,SIGMAG, SAAF, SEGL

$ ,TD, TPD(4)s TEFF, TLIM, THFIN, TLPRA, TFIX

$ ,TCDy TW
L .UCSI Uws

$ JWFVy WATCONA, WATCOST

$ ,Vac(S)

$ JXDEPA, XwWy XD

CoMMON /SUPPLY/ VAL ({S)y CPLNy CPIP, CCOS» w3, COSM, EFFy
3 OIN, CLAND, REAIR, ZoHRFAC2, Way U, DELPW, PPOW»
3 FPOW, DELFCy WIDTHy ELENGy VAIR, VWAT, HI, MO, Téo
$ REWAT, NWy NT, NPyPLANCZ2yPSIZ12y SPBP, SWé, Sw3y
L3 SPC,PTOTAL+PLANC3ySAFRON, AAIR, YFP, SPCD,PSIZ13, WT2
1] BP2, NW2y TCOS, DELPASDELPWTDELPWCyCONBAS, XNTSX, VELDX
$ .+ TLAX, UCONs PMCST, FMCSTs FBACCy EFFC, CHy CAy cs
$ , CLTCy CFCy CPCCy FITCO CSCyCEPREP,DELPIP, AST,0LDCST
$.CAPCSTy XNFAN,BLDANGy CPLENs DPFEL) WHX, WTTUB» ADIA, ABLN
$y WTHOR, WTFRMySTRUCCCFPERF;HPRPERF, TOTCF, TPCy EFFIN, ANTU
$, AIRFF, WATFF, XNM0OD, TCTPFy FDCPF, FMTRC, ACCTTP, ADUTP
$, ACTBPD, ADJBPD, ACTVH, ADJVHs ADJPPF, THPAIR, TCTFs AFCST
$, CsRD, WATERW, WSTRCT, CFOUND, RUBDIA, TOWLEN, NUMTOW, CTOWD

% ySARJISORUSIATUBC,CBAsTTD1+TT024DELPS,CSTLVR,PIPCSTD

$ ,CSTHS, CYLRNGy CFANELs PSTACSy PUFITC, PMPCSTs» RPTPLy SEPCST

$ +PWD(16) ¢WATCWD(16) ¢DEPER(16)sDEPERQ(16)
$ JWBRIHTOWNTOWDE +CSTIFsCSJUsCVFCOP W5

COMMON /SCALER/HRFAC1s ATUBs CPERAs SSCDyPLANC1+CASSS],
$ GATRs FAIRy HPAIR, HPWAT, WLRTP, PLANCT]

COMMON /HREADEX/ CHHoCNyCHMyCMW4CRUICWI3CSToCMOsCSRyCSMyPITCHF yCPM,

1 PRESSsHEDMAT yHEDTYP4NPASS ¢WBy TSP ,CSHeCSHP
COMMON /FNLOOP/ LFBWLFE

CoMMaN /PLCOST/ WPL

COMMON /TINDIS/ DIST

COMMAN /PME/ PMELEC
COMMON/TDTAL/RECVELsA6O0sEAB60s VPCOEF STATP

DATA (FANDAP( 1eJ)eJ=1910) /
L 3 .7961 906520 'v»6,316 111,944 .-8.252 ’
s .16 10625 v 244 v b4 v 6, /

DATA (FANDAP( 24J}eJzlell) /
$ 1.069 e 8172 v =, 1262 +42533 ,-.2331 0
$ .25 10765 ’ 264, o é. ’ 8, /

DaTA (FANDAP( 39U} eJ=zlel0) /

S 10346 0-1.635 '10685 ,-1.666 '.5889 L]
s 31 e 9] v 264 9 6, y 10, / ,
DATA (FANDAP!{ 44J)eJdElsl0) /

$ ,5643 14,692 1=14,336 115,960 v =6,562 "
s .365 !'9“ ’ 2‘. ’ b. ’ 12. /

DATA (FANDAP( SyJU)ed=lel0) /

06/05/78

BIGCOM
BIGCOM
BIGCOM™
BIGCOM
BIGCOM
BI1GCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
SURPPLY
SUPPLY
SupPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SuUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SCALER
SCALER
FAN
FAN
FAN
FAN
FAN
FAN
FAN
F AN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN

07.59.5

162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
175
180
18}



SUBRAUTINE FAN

T4s74 0PYT=1
s .‘015 16,087 1=16,629
$ 62 1098 s 244
DATA (FANDAP( 64J)9J=1210) /
$ 1.337 109316 1=b 4656
$ 477 1095 s 26.
DATA (FANDAP( ToJ)eJdelsl0) /
$ 3,076 126,409 1*57,505
$ ,532 11401 y 244 0y
DATA (FANDAP({ BsJ)ed=11910) 7/
$ 1,226 v3,829 »=11.905
£ ,605 1098 v 24y
DATA (FANDAP( 94.J)sJelel0) /
$ -17,189 196,0 1=182,6414
s .69 v14016 v 2b, 0
DATA (FANDAP( 10sJ)sJ=1910) /
t ,9109 1",6216 1=,0576
$ ,2ns% 14795 ) 2he o
DATA (FANDAP( 114Jyedelel0) /
$ 1,069 1 7222 140581
$ ,264 10969 v 24,
DATA (FANDAP( 129J)eJdxlnl0) /
$ 1,104 '™ 6306 v*,0933
$ ,327 v1.,138 s 24,
DATA (FANDAP( 13,J)sJslel0) /
$ 1,662 +=1,399 +1,550
& ,383 1lel2 Y 244
DATA (FANDAP( lé4J)eJ=1e10) /
$ ,4807 94,638 v=10,373
s .465 '1021 ’ 24y 0
DATA (FANDAP( 15,J)ed=1010) /
$ 1.633 y* 5932 o-,53“3
$ ,529 vlelé ’ 244 9
DATA (FANDAP( 164J)eJxlel0) /
s 244 070202 y=14,895
$ ,612 11425 v 24,
DATA (FANDAP( 179J)sJ=1910) /
$ 2,321 ve*2,232 11,862
$ .7 01-15 ] 2‘0 ’
DaTa (FANDAP( 1ByJ)eJslsl0) /
§ ~12,148 155,65 »*B3,947
$ ,8665 vle26 y 244 9
DATA (FANDAP( 194J)eJ=1910) /
§ ,B525 1=,2121 'y =,6816
$ .25 1095 s 24,
DATA (FANDAP( 20¢J)eJ=1910) /
$ 1,307 y*2,057 13,129
s 3 v1.16 v 24,
DATA (FANDAP( 21,4J)esJele10) /
$ 14140 »=43050 0'.6077
s ,30 11,365 s 24,
DATA (FANDAP([ 224J)ad=l910) /
$ 1,211 1" 1516 v»,5856
$ ,46 11,34 v 244
DATA (FANDAP( 23,J)9J=1910) /
$ 1.247 100813 y=e6502
£ .53 1.6 v 24,4 0
DATA (FANDAP( 244J)9J=1910) /

|17|327
6, v 16. /

'5.368
6, 9 16, /

156,456
6, » 18, /

112,904
6, v 20, /

1152,343
6. L 22. /

v.,0959¢
e' ’ 6. /

v,038¢
eo ’ 8. /

’.01957
8, » 10, /

y=1,418
8. ’ 12. /

18.728
8. ’ 1‘0. /

v, 6B0S
By v 16, /

12,133
ec ’ 18. /

y e 745
Bt ’ 20. /

+55,657
eo ’ 22. /

ve5534
10, » 6, /

v=2,760
10, « 18, /

00?5‘3
10, » 10, /

ve3418
10, » 12, /

v,1965
10, » 14, /

FTN 4,5¢4]14

vmb6e713

y=2e4l4

y»19,277

e=5,303

1=47,879

y=o0758

se 0674

'-.009“7

), 4356

!'2.718

e, 3261

13,683

vee0T14

+1=13,939

v, 1894

1e8712

.’.0612

'-.07576

s e 01166
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FAN
FaN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
Fax
FaN
FAN
FAN
FAN
FAN
FAN
FAN
FaN
FAN
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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

07,59.59

182
183
184
185
186
187
188
189
190
191
192
193
156
195
1596
157
198
199
200
201
202
203
204
205
206
207
208
209
210
21}
2le



cURROUTINE FaN

T4/74¢  OPTs)

£ 1,314 105641 v*1,534
$ ,62 v 1,37 ’ 24, o
DATA (FANDAP({ 25,J),yJ=ly10)} /
$ ,5787 14,4363 1*7.5248
§ T4 11455 y 24,
DATA (FANDAP( 264J)yJ=els10) /
< -.076 l6.982 "10.783
$ B4 146 v 26,4 9
DATA (FANDAP( 279J)ysJdelel0) /
$ -168,996 ,5648,34 1~659,02
§ l.02 11,48 s 2hy o
DATA (FANDAP( 2B83J)sJelsll) /

$ 14090 +*1,005 182432
$ 205 »¢55 v 26, 9
DaTA (FANDAP( 29,JVeJelsl0) /
$ 1,144 1, 0621 1»3,5%0
L3 .268 9066 . 26. []
DATA (FANDAP( 30sJd)ed=lel0) /
$ 14196 ve1327 y=2,291
s ,255 ve178 v 26,
DATA (FANDAP( 3leJ)esJ=lel0) /
$ 1576 1w],.413 11,077
$ ,35 ve84 v 26,
DATA (FANDAP( 32,J)sJx1910) /
$ =,3976 213,678 38,403
L3 .‘01 '|B7 [ 26. []
DATA (FANDAP( 33,J)sd=1910) /
$ 2,497 1=4,479 15,789
£ L4686 y 88 ’ 26,
DATA (FANDAP( 34yJ)eJ=l910) /
$ «3]1,553 200,29 9=450,42
£ ,52% v¢89 s 26,4 v
DATA (FANDAP( 35,J)sJmlsl0) /
$ -37,986 1229.06 1=693,08
£ .60 + 088 . 26,
DATA (FANDAP( 36+J)eJxl010) /
$ 199,88 v*%40,76 +11663,3
s 722 190 [) 26,
DaTA (FANDAP( 37,J)sJxlysl0) /
$ 1.166 s=1,456 12,750
$ l22 '0605 ’ 26. ’
DATA (FANDAP({ 3R,J)sJelsl0) /
$ 1,178 s=e 1032 y=2.,070
$ .275 29755 v 26,
DATA (FANDAP( 39,J)sJelsl0) /
$ 1,431 129074 2006604
L ,333 s+ BBS ’ 266
DATA (FANDAP( 40sJ)eJzlel0) /
s 1.33ﬂ l'5823 "30196
$ .39 v 4985 s 26,
DATA (FANDAP( 414J) ¢J=l910) /
3 .8602 03v760 '.8097‘
g ,4% v1.,083 v 264 v
DATA (FANDAP( 424J)ed=1910) 7/
¢ 1,829 ™ 6431 y=,5586
$ 518 01603 s 26,

DaTa (FANDAP( 43,J)sJ=1910) /

o.5592
10, o 16, /

040961
10. ’ 18. /

I60833
10. 1] 20. /

+350.82
100 ’ 22. /

101717
6o v 6, /

16,245
8, » 8, /

110492
6, 9 10, /

1'08904
6, ¢ 12, /

V44,263
8, » 14, /

0'2.571
§l ’ 16. /

.“5.5
6, » 18, /

1468448
6. ’ 20. /

»=1295,9°
6. ’ 22. /

0'90222
@- ] 6, 7/

13,033
Bl ’ B. /

'.5361
8. ’ 10. /

13499
8, o 12, 7

s7.814
8' . 160 /

11,9619
Bo ’ 16. /

FTIN 4,5¢414

0'01959

0‘102;1

l'106§7

’-690?09

v=1.515

v=b,382

0'027?7

0'02331

1»19,254

v=1,061

vo166067

1=166+53

+373.75

+1,818

+=1,935

1=e6993

1=1.643

ve2.708

y=e6993

’

06/05/78

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
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FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
F AN

07.59,59

239
240
241}
g4z
243
244
2645
246
2¢7
248
249
25¢
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
277
278
279
280
28l
282
283
284
285
286
287
288
289
2%
291
292
293
294
295



SURROUTINE FAN

Tas74 O0PTx]
$ -6,905 v 44,985 +=B7,056
$ 586 1lel4 v 26,
DATA (FANDAP!( 4&49J)ed=le]0} /
$ -13,827 176,312 v=138,97
$ ,68 11,06 v 26,
DATA (FANDAP( 45,J)yJ=1910) /
$ -14,507 168,914 v»108,62
£ ,9 110125 vy 26,
DATA (FANDAP( &460J)rJ=1910) /
$ 1.086 12,5961 143743
$ .23 1o 7R v 26,
DATA (FANDAP{ 474Uy ed=lsl0) /
$ 1,284 »=,5283 105886
$ ,29 yeOR y 26,
DATA (FANDAP({ 48sJ)sd=1910) /
$ 1,320 '»»,09006 1v=1,233
$ ,385 v1.15 + 264 s
DATA (FANDAP{ 49,J)yeJslel0) /
$ 14,3R5 903155 1*1.958
¢ ,415 11428 v 26,
DATA (FANDAP( S0yJ)edmls]0) /
$ 14376 207735 1*2.250
$ .49 114415 v 264
DATA (FANDAP{ S14yJ)sJ=1910) /
$ ,4%B4 154011 1=11,267
s .57 sl,644 v 26,
DATA (FANDAP!{ S2,J)sJ=1910) /
€ -6'276 .3‘.035 |-5302655
$ .65 11.525 ¢ 26,
DATA (FANDAP( S34J)eJelel0) /
$ -256,743 v103,427 1=144,837
$ .89 '1.35 ] 26, »
DATA (FANDAP( S4,J)sJ=le]0) /
LS -67.994 1225,828 9'2730144
$ 1.171 '1.“6 ] 260 ]
DATA (FANDAP{ SS,J)yJ=1410) /
s 10]“1 "0331 0.1.453
< '19 ve54 ’ 28,
DATA (FANDAP( S6e¢J)sd=1¢10) /
§ 1,045 02,745 116,574
§ .23 063 s 28,
DATA (FANDAP( S5T4J)ed=le10) /
s .9281 '50303 "23.573
$ ,28 IXRA! y 28, v
DATA (FANDAP( S84J)sJd=1410) /
$ 1.058 +5,352 1=22,775
§ ,33 1071 v 2B,
DATA (FANDAP( §9,J)2J=1910) /
§ =3,092 +37,887 v*111,736
$ .39 ye78 s 28,
DATA (FANDAP( 60sJ)yJ=1910) /
% -1.&39 '26.222 1=79,847
§ ,4195 172 v 28,
DeTa (FANDAP( 6lyJ)osJxlsl0) /
$ -22,914 167,722 y=422,78S
$ ,49 v+ 785 ’ 28,
DATA (FANDAP( 624J)9J=1910) /

172,668

€,

»111,05]

18,

20,

'75063

8,

22,

+=e6713

11,

v»1,0606

11,

6,

8,

|1.396

11,

lo,

v1.880

11,

12,

11701

11,

14,

+8¢504

11,

16,

.35o676

11,

ls,

9890298

11,

146,373

11,

20,

ez,

v=1,59]

€,

6,

+30,038

6.

8,

'36o246

6.

io,

133,866

6.

»139,178

6.

v102.926

6.

05670638

6.

12,

14,

16,

18,

/

/

/

/

/

/

/

/

/

/

/

/

FTN 4,5¢414

1y=22,635

"330333

.-2000

++ 2083

»4303

.-.6365

o't719“

ee 5449

1=20414

,=8,8359

'.200922

129,455

120453

'-20.517

y=20.78]

v=18,87)

vo664,532

y»50,00

y~193.335
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Fan
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FAN
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FAN
FAN
FAN
FAN
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FaN
FaN
FAN
FAN
FAN
FAN
F AN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
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FAN
Faxn
FAN
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297
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323
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328
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32e
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33«
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336
337
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339
340
34)
342
343
344
345
346
347
348
349
350
351
352



URRAUTINE FAN

T4/s74 OPTe)

L 3 -4.125 "'6¢711 0'1310305
S .53 '!76 [] 28. 1]
DATA (FANDAP( €3yJ)eJ=11v10) /
$ 99,267 9607,748 s=1365,6
-3 .5% '.79 ’ 28. ’
DATA (FANDAP( 644J)eJd=1910) /
$ 1,149 1=, 0283 923,051
$ ,20 se67 v 28,4 ¢
DATA (FANDAP( 659J)sJ=lsl0) /
$ 103“6 1= 4003 122,450
$ ,255 079 s 28,
DATA (FANDAP( 664J)sJx=1910) /
€ 14479 e"eb131 !'08639
S .3 009 L] 28. ’
DATA (FANDAP( 6T9¢J)sJdsl910) /
$ 14542 1,115 y»6,969
$ .36 109 ’ 28,
DATA (FANDAP( 6B4J)sJ=1910) /
§ ,4543 19.668 1=26,867
$ .44 ve98 s 28,
DATA (FANDAP( 69,J)sJxls10) /
$ -,1495 013,991 ¢=36,402
£ ,49 1094 v 28,
DATA (FANDAP( 7053J)ed=1910) /
$ «1,626 122,206 1v=51,296
% 567 ve98 y 284
DATA (FANDAP( T1lsJ)sJElel0) /
$ -15,419 494,430 1=191,291
$ .62 s 996 ’ 28,
DATA (FANDAP( T724J)9sJ=1010} 7/
$ ~182.795 4850,555 ,=1466,4
s ,B 01401 9 28,
DATA (FANDAPR( 739J)sJ=1910) /
£ 1.507 y»8,165 1264542
$ .203 0072 ’ 280 ’
DATA (FANDAP( 744J)sJ=1910) /

$ 1.707 12,471 15,482

s .3 11,025 ’ 28. ’
DATA (FANDAP( 7S4.J)yJm=lyl0) /

$ =5,491 143,171 195,661

$ ,443 11,045 v 28,
DATA (FANDAP( 769J)sJ=1910) /

£ -11,476 v 71,058 y=139,628

$ ,5K5 v1.08 s 28,

DATA (FANDAP( TTsJ)sJ=1el10) /

$ 111,138 ,485,02 1=778,16

$ .82 11,11 [} 28,
DATA (FANDAP( TBeJ)suxmlel0) /

$ ,9187 1*.6397 +1e1263

s ,118 2054 y 28,
DATA (FANDAP( T79,J)euxlel0) /

£ 1.]91 y®+5515 "'046

s .2 ve8 v 28,
DATA (FANDAP(L R04JyeJslel0) /

$ 1,478 '",2616 122,549

s 3 01,03 ]

DATA (FANDAP( Bl.J)sd=1910) /

+158.511
6, ¢ 20, /

+1360,4
6y 22. /

13,750
By o 6, 7/

+3.275
Bl ’ B. /

1= 0806
B, ¢+ 10, /

19,507
8., » 12, 7

o2§.991
By v 14, 7

'380619
Bo ’ 16. /

"9.975
Bt ’ 18. /

v170,303
Bo ’ 20. /

11121,9
Bo '22. /

v=39,870
9. v 6, 7/

0'7-257
9, ¢+ 10, 7

190,264
S. o 14, /

'1190048
9, ¢+ 18, /

1553,6442
?! | 22. /

v=1,283

10. * 2. /

1=e974

10, 6. /

13,408

28, » 10, 4 l0, /

FTN 4,5¢414

"7109578

.-5083349

.-1.911

sw] 655

103017

.-4.849

o-11-§55

e=15,385

"180322

y=56,97

y=321.938

120,833

13,078

1=31,495

,»37,792

yw1474595

11,08

ve6976

rel 070
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38s
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387
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40]
602
403
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cUBRGUTINE FaN T4/74 0P Te] FTN 4¢,56414 06/05/7R 07,59,56

$ 0ebR4S v8.207 y=20,171 +19,338 y=b,8%94 ' FAN 410
$ ,45 +1,15 vy 28, v 10, » l&, / FAN 611
DATA (FANDAP( B2¢J)eJ=1410) / FAN 412
$ ~12,856 175,341 y=141,915 ,115,92] y=35,119 ' FAN 413
$ ,5A8 11,417 y 28, » 10, » 18, / FAN 4lée
DATA (FANDAP( B34J)eJslel0) 7/ FAN 415
$ «131,149 4,528,522 =784 ,766 516,323 v»127.273 FAN 416
£ .9 11e21 v 2%, » 10, 4 22, / FAN «17
DATA (FANDAP( Bé4yJ)oeJ=1910) / FAN 418
$ ,9394 v»,6355 103496 1el,169 v,77582 N FAN 419
¢ ,122 v 064 vy 2By 9 124 v 2, 7/ FAN 420
DaTa (FANDAP{ BS,J)yJ=ls)0) / FAN 42)
$ 1,205 1,51 ve1897 v=1,018 16163 ’ FAN 422
$ ,216 1496 y 28, v 12, v 6, / FAN 422
DATA (FANDAP( B6sJ)edmlyl0) / FAN 424
$ 1,504 1".1562 v»=1,506 11.6%90 v 7334 . FAN 425
$ .33 v1.2 v 2B, 9 12, » 10, 7/ FAN 426
DATA (FANDAP( B7,J)eJely]0) / FAN 427
$ ,60R6 16,967 1=15.,551 113,34) y 64216 ’ FAN 428
$ ,48 11,32 v 2B, v 12, v 14, v/ FAN 429
CATA (FANDAP( BRyJ)sJs1910) 7/ FaN 430
$ 1,227 14,416 1=9,275 +7.309 v 2,178 ’ FAN 43}
$ .7 v1,44 y 28, v 12, » 18, 7/ FAN 432
DATA (FANDAP( BG,J) J=ly10) / FAN 433
$ 1,036 1 8416 1=6,142 115,126 y=14,598 ’ FAN 434
$ ,12 ye 38 s 30, ¢+ By v 2, 7/ FAN 43%
DATA (FANDAP( 904sJ)sJ=ls10) / FAN 436
$ 2,034 y=5,822 v13,159 1elBe606 46,562 . FaN «37
$ 22 1064 ’ 30, o B, 6, / FAN 438
DaTA {(FANDAP{ 91,J)sut=1910) / FAN 439
$ 1,100 16,519 v=26,233 135,842 »=18,121 ’ FaN 460
s ,32 1e79 ’ 30, B, » 10. / FAN bb)
DATA (FANDAP( G§2,J)yJslsl0) / FAN 442
$ -9,4R9 176,086 7=183,B16 190,216  ,=73,502 FAN 443
¢ .5 1085 ’ 30, 8, » 14, 7 FAN bub
DaTA (FANDAP( 934J)eJ=1910) / FAN 445
$ -1009:5 v5246,.17 ¢e=10188,02 ,8781,48 v=2836,03 , Fan 446
LI | s 088 y 30, » 8, » 18, 7/ FAN “47
DATA (FANDAP( 944J)4J=ly10) / FAN 448
$ 5.9445 »y"4,875 10, s0 20 ’ FAN 449
5§ .88 991 y 30, 8, 22. / FAN 450
DATA (FANDAP( 95,J)4J=1v10) / FAN 45]
¥ 1.05% 1"eT416 v=2+354 164096 y»6,699 ' FAN 452
s ,12 1ol v 30, 9 104 v 2, 7/ FAN 453
DATA (FANDAP( 964J)sJ=lsl0) 7/ FAN 4546
$ 14611 y=1,7058 011,163 ve1,643 +.7516 ’ FAN 45%
$ .23 1e? » 30. » 10, o 6, 7 FAN 456
DaTA (FANDAP( 974J)eJ=1910) 7/ F AN 457
¢ 5192 19,050 v=26,526 029.297 y@12,083 " FAN 456
$ L34 ve9 y 30, » 1C, » 10, / FAN 459
DATA (FANDAP( 984J)su=1410) / FAN 460
$ =5,716 +71,057 +=157,856 4,150,679 y=53,458 ’ FaN 461
$ ,53 11,0 v 30, o+ 10, v 4, / F &N 462
DATA (FANDAP{ 69,4J)4JE]ls]10) / FAN 463
§ =5n4.715  42209.6 1236064036  42607,84  4w7064956 FaN 464
s ,82 11045 v 30, 4y 10, » 18, / FAN 465

DATA (FANDAP(100sJ)sd=1910) / FAN 466



SUBROUTINE FAN Te/T4 OPT=] FTN 4,5¢414 06/05,78 07,5%,59

$ =35]15.6 +13639,07 4=20708.7 ,13672,5 +»3385,42 FAN 467
s ,95 v1,08 s 30, v 10, y 22, / FAN 468
DATA (FANDAP({1014J)eJelsl0) / FAN 469
$ 1.076 1*,9295 v>,3826 104669 0'08643 ’ FAN 470
$ ,12 XL s 30, 9 11, » 2, 7/ FAN 471
DATA (FANDAP(1029J)eJ=mls10) / FAN 472
$ 1,585 »"1,08 "a4653 '05259 ".2670 [} FAN 473
$ .24 10765 sy 30, v 11, » 6, 7 FAN 4746
DATA (FANDAP(103sJ)9Jd=1910) / FAN 475
$ ,9216 16,142 +~18,702 418,968 yeTe415 . FAN 476
§ .35 2998 v 30. o 11e o 10, 7/ FAN 477
DATA (FANDAP(1044yJ) yu=1y10) / FAN T8
$ =18,2T4  4109,84) v=218,930 ,1BR,787 ,=60.35] . FAN 479
$ .576 '1.07 ’ 30. v 11. ’ 1“. / FAN ‘80
DATA (FANDAP(10S5sJ)sJsldl0) / FAN 48)
$ «3000.2 1 12053,9 y=18124,3 412096,4 y=3024,19 FAN 482
$ L,917 vl.11 o 30, v 11, 4 18, / FAN 453
DATA (FANDAP({1064J)sJ=1910) / FAN 4Ba
$ -35,918 ,78,558 1=36,938 40,0 1040 ’ FaN 485
$ 1.07 01'16 L] 30. ’ 11. ’ 22. / FAN 486
DaTA (FANDAP(10T7.J}ed=1910) / FAN 487
$ 1.032 r*,2723 »=3.,275 164874 .-5.731 ’ FAN 488
$ .125 00685 (] 300 ’ 12. ’ 2. / FAN ‘89
DATA (FANDAP(1089J)sJ=xlel0) / v FAN 490
$ 1,523 w8049 y=,869 19265 .-.397 . FAN 49
$ ,245 »eB83 ’ 30, o 12, 6, / FAN 492
DATA (FPANDAP{109yJ)sJElr10) / FAN 493
$ 1,151 944,199 »=12,180 v11,996 '-4.‘?5 . FAN 493
$ ,36 11,08 v 30, v 12, v 10, / FAN 495
DATA (FANDAP(110yJ)eJ=1910) / FAN 496
$ -]A.OSS 83,826 "160.6A9 '132.788 ,-40.§73 ' FAN 497
$ S5 11014 v 30, 9 12, 9 14, / FAN 498
DATA (FANDAP(111,J)9eJ=1e10) / FAN 499
$ =47R9,064 ,17935,56 4=25154,2 ,15654,5 y=3648,91 FAN 500
$ ,978 v1.19 s 30, 9 12, s 18, / FaN 501
DATAr(FANOAP(IIZOJ)vJ=1910) / FAN 502
$ 1,76 1®,1865 y=15,858 153,187 +=69,015 N FAN 503
$ ,13 + ¢ 385 ’ 40, 8, » 2. / FAN 504
DATA (PANDAP(1134yJ)sd=1910) / FAaN 50%
£ 2.60R 1y 2,762 16,513 1=15,566 19,364 ’ FAN 506
$ .225 1064 ’ 40, so ] 6. / FAN 507
DATA FANDAP(114,4J)9sJElsl0) / FAN 508
§ 1,969 16,766 y=22.052 124,257 y=11,119 ’ FAN 50Q
s ,32 1083 ’ 40, 8, 10. / FAN 510
DATA (PANDAP(1159J)9JElN10) / FAN 511
$ '6.!69 163,616 v~156,602 l1630373 .-63.3“6 [ FAN 512
$ L6447 191 v 404 9 B¢ 9 14, / FAN 513
DATA (PANDAP(1164J)eJslel0) / FAN 514
$ «5,464 155,577 v=127,737 4128,57 y=49,557 ’ FAN 515
$ .54 1096 [} 40, B, » 18, 7 FAN 516
DATA (FANDAP(11T79J)sJ=1+10) / FAaN 517
$ -191,8¢5 ,955,903 1=1748,1%4 41419,63 y=433433 ' FAN 518
% .75 '1-0 ’ ‘on ’ Bo L} 22. / FAN 519
DATA (FANDAP(11ReJ)oey=1910) / FaN 520
s 10"\2 10454 "110977 I27-924 .'270983 [ FAN 521
$ ,la s e 3R . 40, » 10, . / FAN 522

DaTa (FANDAP(1194J)9J=1910) / FAN 523



eURRAUTINE FaAN

T4/74 OPT=1

% 2.22? 02.029 l'9o762 '1008‘1
s 253 172 s &40, 9 10, » 6,
DATA (FANDAP(1209J)9J=19l0) 7/

$ 1,717 +10,358 1=31,846 136,638
$ .367 0!92 L 40, o lon L] 10.
DATA (FANDAP(121yJ)eJ=1910) /

$ 10,728 185,651 1~189,652 4,179,696
$ ,495 v1.02 v 40, 0 10, 4 14,
DATA (FANDAP(122,J)0J21410) /

$ =9p,R12 v472.054 y=B75,215 4713,056
$ ,59 114073 s 40, + 10, 4 18,
DATA (FANDAP(123yJ)eJ=1s10) /

$ =25)1.346 4,1060,7 '»1650,93 41141,5]
s ,8n 114127 ’ 404 o 10, 22.
DATA (FANDAP(1244J)9sJ=1910) /

$ 1.920 v®1,696 13,019 1=8,274
$ L4 rvebd v 40, v 12, » 2,
DATA (FANDAP(1254J)¢Jmly10}y /

$§ 2,661 »*1.195 101299 1=1,262

$ .265 ve B4 s 40, 9 12, ¢ 6,
DATA (FANDAP(126+J)sJs1910) 7/

$ 4206 +17,453 v1=43,184 142,370

s .3° '1006 ] 40, 9 lzo 1] 10.
DATA (FANDAP(12T79J)eJ31e10) /

$ wl], 4é 176,814 1=145,248 4117.676

$ .52 v1,17 v 40, 9 12, 9 16,
DATA (PANDAP(12ByJ)sJels10) /

S «7,134 151,677 +y*90,389 168,768

$ .635 '1-2‘ ’ ‘00 ’ 120 * 18.
DATA (FANDAP(1294J)eJs1910) /

$ 448,199 ,1598,46 1=2116483 41265,43

$ .99 0103 ’ ko. ’ 12- ' 22.
DATA (FANDAP(130,J)9J=1s10) /

§ 1,843 1*,07B4s v»6,985 117,722
$ .155 s o 4B ’ ‘on ’ 1". ' 2.
DATA (FANDAP(131,4J)sJ=1y10) /

$ 24625 1,142 907597 w2214
£ .27 +¢93 v 40, 9 146, » 6,
DATA (FANDAP(132+sJ)sJ=1910) /

$ ,8452 v13,03 129,085 125,619

$ ,40 11,19 v 40, v 14, » 10D,
DATA (FANDAP(133,J)9J=ls)0) 7/

$ «3,55%5 939,492 »»78,853 164,69

$ ,573 v1,28 y 40, o 14, » 14,
DATA (PANDAP(1349J)9J=1910) /

s -39.136 v178,576 "27209§5 v181.,609

¢ .68 l1.35 ] ‘0. ' 1‘. ] 18.
DATA (FANDAP(135,J)sJm1s10) /

§ =118,82 1406,731 1=504,396 4,278,236

$ 1,12 »1,438 v 40, o 164, , 22,
DATA (FANDAP(1369JyyJ=1010) /

$ 4,988 e~2,08] 124,207 v55,248

$ ,185 0492 v 60, 9 12, » &,
DATA (FANDAP(1374J)sJ=1910) /

$ 5.529 v*02277 vy=27,.832 v50,082
b3 .1°5 150 ] 60, lzn ’ 6,

DATE (FANDAP(138,J),J=ls10) /

/

/

/

/

/

/

/

/

/

/

/

/

/

FIN &,5e614

v=5,528
1=16,2645
1=63,371
1=2164564
.-296,657
13.907
».399
y=15,566
y»35,539
119,929
122754191
17,908
v1.017
»=8,539

v 19,54

1 46,911
1*57,.9%6
yo45,947

1=33,077

’

’

06/05/78

FAN
FAN
FAaN
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
F AN
FaN
FAN
FAN
FAN
FAN
FAN
F AN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN

£7.59,59

524
52%
526
527
528
529
530
531
532
533
534
538
53¢
537
538
539
540
541
542
543
S4e
545
546
547
548
549
St¢
551
552
553
554
555
556
557
E5¢g
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
57¢
579
58¢



SUBRMAUTINE FAN T4/746 OPT=] FTN 4,5¢4)6 06/05/78 07,59,59

§ 24068 v38,6009 e=157,76 02404715 e=1370116 ’ FAN 581
§ ,236 1066 v 60 v 12,0 9 8, / FAN 582
DATA (FANDAP(139,J)ey=1s10) / FAN 583
$ 2,644 . 437,353 1=166,207 4,215,777 ¢=115445 ' FAN 584
s ,Zﬂ 0073 Iy 60, o 12. [ 10. / FAN 585
DATA (FANDAP(1409J)sJ=1910) / FAN 586
$ -4]1,65R 1 396,76 1»1195,8 11548, e =T740092 ’ FAN SBY
$ -333 "7b4 ’ 600 L] 12. L] 12. / FAN 588
DATA (FANDAP{1414J)sdele)0) / FAN 589
§ =7,944 9124,78 +»369,35 1656,25 vw21069] ’ FAN 590
$ .397 veT6 v 60, v 12, v 14, v/ Fan 591
DATA (FANDAP{1429J)9sJ=le)0) / FAN 592
§ 40,774 1y349,5 1=829,9 y1076,8 y=468043 » FAN 593
§ L47 2016 y 60, » 12, » 16, / FAN 594
DATA (FANDAP(1434J)sJ=1010) / FAN 598
$ =1619.9 19661,.7 »=21438,7 ,21080,3 y=7758,4 1y FAN 596
$ ,5¢ »ye 786 » 60, s 12, s 18, / FAN 597
DATA (FANDAP(1444J)9ux]1910) / FAN 598
$ 4,129 y*3,795 197758 y=8,697 18,977 ’ FAN 599
f .12 se4B ’ 604 o 16, 2. / FAN 600
DATA (FANDAP(14S4J)eJ=1910) / FAN 601
$ 4,R06 v*3,225 s=lelé2 1 3,317 120953 ’ FAN 602
$ 154 1062 v 60, 9 16, » &, / FAN 603
DATA (FANDAP(1464J)9Jele)0) / . FaN 604
$ 5,766 '»,89009 »=9,21 98,711 ,-3.3_66 v FAN 608
$ .202 '076 1 60- L 160 L 6. / FAN 606
DATA (FANDAP(1470J)sJ=1910) / FAN 607
$ 6,2175 1=3.071 11,696 1=2,459 12,489 ' FAN 606
$ .25 1el6 v 60, ¢ 16, v B8, / FAN 609
DATA (FANDAP(148,J)sJ=1910) / FAN €10
$ 5.008 114,169 1=55,056  +68,65] y=31.803 FAN 611
s .31 0!93 ’ 60. ’ 16. ’ 10. / FAN 612
DATA (FANDAP(149,J)sJalel0) / FAN 613
$ 5,504 v13,941 »»45,551 147,758 y=19,574 ’ FAN 614
$ ,366 v:90 v 60, 9 16, 4 12, / FAN 615
DATA (FANDAP(1504J)9Jx1910}) / FAN 616
$ 34,38 v265,14 y=612,11 0604,0]1 922051 ’ FAN 617
$ 46 1098 s 60, 9 16, v 14, / FAN 618
DaTA (FANDAP(15]1,J)yJ=lr10) / FAN 619
$ 25,353 1*96,07 v197,51 v»185,15 1624299 R FAN 620
s .58 +:91 y 60, o 16, » l6, / FAN 621
DATA (FANDAP(1524J)sJ=l210) / FAN 622
$ .220,95 »1153,5 1=2169, v1802,6 1=562409 , FAN 623
$ .70 '198 [ ] 60. ’ 1§o ’ 18. / FAN 626
DATA (FANDAP(153,J)sJ=1410} / FAN 62%
$ -390,.,836 1841,7 1=445,22 9040 2040 ’ FAN 626
$ ,95 11,0 y 60, » 16, 4 22, / FAN 627
DATA (FANDAR( 1yJ)eJ=1910) / FAN 628
t -93,866 v983,678 122376414 42520,20 11060461 FAN 629
$ 400000, v 760000, v 2449 6, 4 6, / FAN 630
DATA (FANDAM( 24J)sJ=1s10) / FAN 631
§ 7.793 »288,38 v=4Bl,24 1349465 »=139.86 . FAN 632
$ 400000, +860000, v 24, 9 b, 4 B, FAN 633
DATA (FANDAK( 3yJ)9eJm)sl10) / FAN 634
$ «115,79 +1005,09 1w]1B46,07 216498,74 1e48646 N FAN 635
$ 400000, »950000, s 26, 4+ 6, 4 10, , FAN 636

DATA (FANDAM( 4,Jys0r1010) / ' Fay 637



JBROUTINE FAN T4/74 OPT=) FTN 4,5¢6414 06s/05,78 07,565,855

$ 80,754 y*163,62 +1729.59 v=B4B,42 v281,78 ’ FAN 638
$ 400000, 21025000, o 24, v 6, + 12, / FaN 639
DATA (FANDAK( SyJ)ed=1110) 7/ FAN 640
$ 155,98 y=527,75 9»1664 ,58 r=1467 .0 460,03 ’ FAN 64
$ 400000, 01100000, » 26, v 6, v la, / FAN 642
DATA (FANDAH({ 64¢J)su=1910} / FAN 643
$ -196,02 v1138,28 1 ®14600.T6 4745,8] 163017 ' FAN (XYY
% 650000, +11B0000, o+ 26, » 6, » 16, / FAN €45
DATA (FANDAW( T4Jyypd=1910) / FAN 646
§ 206,61 y=576,29 v1312.33 v-1087,12 ,296,36 ' FAN 647
$ 500000, v 1250000, o+ 264 0 64 9 18, / FAN 646
DATA (FANDAH( ByJ)ed=1910) 7/ FAN 646
$ 705,77 1*2402,05 +3785,21 1=252)1,68 L,601,4 ’ FaN 650
$ 80p000, 01330000, o+ 24, 9 6, » 20, / FAN 651
DATA (FANDAH( SeJ)eds1910) 7 FaN 652
$ 721,32 +=2164,69 43)143,5 y»1886,8) ,405,B ' FAN 653
$ 50000, 91400000, ¢ 24, 9o 6, ¢ 22, / Fan 654
DaTA (FANDAKH{ 104J)sd=1e10) / FAN 655
$ 177,57 'y »697,3 W1776,89 vy=2005,05 ,757,58 ’ FAN 656
€ 40p000, 1780000, y 260 9 By vy 6, 7/ FAN 657
DATA (FANDAH( 119J)ed=1el0) / FAN 658
$ 185,52 1=582,33 v1372,23 #21637,06 501,17 ' FAN 659
$ 400000, +880000, v 24, ¢+ B, +» 8, / FAN 660
DATA (FANDAH({ 124J)9sJmls)0) / _ FAN 661
$ 163,97 »"162.78 v439,12 LI ] 1119446 ' FAN 662
$ 400000, +970000, v 24, v By v 10, / FAN 663
DATA (PANDAH( 134J)sJ=1910) 7/ FAN 664
$ 169,15 1=256,19 512,11 +=361,99  ,36,13] , FAN 665
$ 500000, 11050000, o 264 0 B, 4 12, / FAN 666
DATA (FANDAM( léyJ)sJxls]10) / FAN 667
$ 77,675 11050.7 1=1876,53 ,1567,15 1=530¢3 ' FAN 668
$ 500000, v1140000, o 26, » B, y 14, / FAN 669
DATA (FANDAM{ 15,J39Jelel0) / FAN 670
$ 148,08 12168,6 627,63 v 604,74 1160,84 ' FAN 671
$ 700000, 112640000, o+ 24, ¢+ B, 4 l&, / FAN 672
DATA (FANDAH{ 164J)9Jely10) / FAN 673
£ 142,97 +1=183,66 178641 1=T749,69 22064.99 ’ FAN 674
$ 650000, v1330000, » 264, » B, » 18, / Fan 675
DATA (FAMNDAH( 1T4J)ed=l910) / FAN 576
§ -235-94 '1539071 "209“092 01360006 |-356331 (] FAN 677
$ 500000, 41400000, o+ 24, ¢ B, » 20, / FAN 678
DATA (FANDAH( 1B84J)sd=1s10) / FaN 679
$ -112006 |869.65 '-906.93 ’56“088 e®»163.17 . FAN 6890
§ 000000, 21600000s v 240 0 B, » 22, / FAN 681
DATA (FANDAM( 164J)9sy=zlsl0) / FAN 682
$ 22,074 1483,11 +*1316,1  41603,54 ,e833.33 , FAN 683
$ 400000, » 780000, s 24, 4 10, v 6, / FaN 684
DaTA (FANDAH( 204J)sJelsl0) / FAN 685
$ 58,107 1631,89 v1=1131.38 ,1166,97 1=524048 ’ FAN 686
$ 400000, +880000, v 24, ¢ 10, » 8, / FAN 687
DATA (FANDAH( 214J)su=1010) / FaN 688
$ 112,64 1139,49 »y=323,24 1300.12 sw1654609 ’ FAN 689
$ 400000, +970000, y 24, 4 10, 4 lo0, / FAN 690
DATA (FANDAH{ 22¢J)9sJ=)910) / FAN 69]
$ 100,95 v1345,9) 1=2651405 42365,19 y=B839¢16 ’ FAN 692
$ 550000, 21060000, o+ 264 » 10, s 12, / FAN 693

DATA (FANDAK{ 23,J)yJsle]10) / FAaN 694



2UBROUTINE FAN T4/76  OPT=1 FIN 4,5¢4]4 06/05/78 07,59,56

$ =196.47 1186445 ++3537.84 ,3061,97 y»1031,47 Fan 695
$ 58(\000- '1140000. ] 240 9 10,4 o 14. / FAN 696
DATA (FANDAH( 249J)sJd=1910) / FAN 697
$ 436,64 12801,51 1=4681.25 43371,12 +=1051,86 FAN 698
$ 720000, 01250000, o+ 24, 9 10, » 16, / FAN 699
DaTa (FANDAH( 259J)sJ=1910} / FAN 700
$ =27,599 620,01 »=768,57 1558436 1e191e62 ’ FAN 701
$ 650000, 1330000, » 24, o 10, 4 18, / FaN 702
DATA (FANDAM( 264J)9Jelsl0) / FAN 703
$ =752,28 +330%9.25 1=4177.96 42502,21 1=599465 . FAN 704
$ 85p000, v1400000, ¢ 24, » 10, » 20, / FAN 705
DATA (FANDAH( 274J)eJd=lyl0) / FAN 706
$ «279,.88 +1653,67 1=2140,73 41475,52 1416492 ’ FAN 707
€ 900000, 116400000, o+ 24, » 10, y» 22, / FAN 708
DATA (FANDAH( 28,J)sJel»10) / FAN 706
t 59,966 164]1,02 y~1263,86 ,1123,3¢9 s 414,92 ’ FAN 710
% 500000, +900000, v 26, 0 6,9 6, / FAN 711
DATA (FANDAH( 294J)sJ=lsl0) / FAN 712
$ 147,46 1=436,19 v915,07 1o 784,62 +208,79 . FAN 713
£ 500000, 1950000, v 26, 0+ 6, 4 B, / FAN 714
DaTA (FANDAH( 304J)su=ly10) / FaN 718
s 66.130 1166,75 "282¢52 '27201 12126046 ’ FAN 716
$ 500000, +1080000, o+ 26, » 6. » 10, / FAN 717
DATA (FANDAKH! 31,J)sJelel0) 7/ FaAN 718
$ 138,96 y»252,12 1498,13 1=354,08 267,873 ’ FAN T1¢
$ 500000, »1180000, o+ 26, v 6, » 12, / FAN 720
DATA (FANDAH( 32,J)sJelsl0) / FAN 721
$ 172,97 y»372,85 v722,.,82 1=517,47 114,80 N FAN 722
$ 500000, 211270000, » 264 v 6, 9 lé, / FAN 723
DATA (PANDAH{ 33,J)sJmly10) / FAN ’ 724
$ -,3206 1652,26 yo648,81 9493,6496 '»156459 FAN 725
$ 750000, v1350000, o+ 26, 0 64 9 16, / FAN 726
DATA (FANDAH!( 349J)1Jm1)0) / FAN 727
$ 130.3 +1%92,296 +235,.,95 y=117,.56 v2.7589 ’ FAN 728
$ 700000, 11630000, 9 264 v 6, 9 18, / FAN 729
DATA (FANDAH{ 354J)sJ=1s10) / FAN 730
3 162.10 0'194.34 '“32003 "27896‘ .53.34 » FAN 731
$ 500000, »1500000, +» 26, ¢ 6, » 20, / FAN 732
DaTa (FANDAH( 364J)sJxly)0) / FAN 733
$ 322,67 1 o7, 74 1423,14 - y»95,091 v»15,404 , FaAN 734
§$ 940000, +1500000, o+ 26, » 6, v 22, / FAN 7358
DATA (FANDAH( 374J)sJ=l910) / FAN 736
$ ~350,23 12212431 1=4250, v3636,36 y=1212412 FAN 737
$ 600000, 1940000, y 26, ¢ B, s 6, / FAN 738
DATA (FANDAH( 3B8,J)eJ=1910) / FAN 739
$ 83,709 17433 115,75 v»152,03 123,31 ’ FAN T4
$ 600000, 01040000, o+ 26, » B, s 8, / FAN 741
DATA (FANDAH![ 394J)esJrlsl0) / FAN 742
$ 160,08 1=245,62 1483,82 1364 ,34 167,599 . FaN 743
$ 600000, 21150000, » 26, 9+ B, 4 10, / FAN Tés
DATA (FANDAM( 404J)eJ=1910) / FAN 745
$ 77,046 +115,59 y=11,038 1=49,109 e=3,771 ' FAN 746
$ 600000, v1250000, o+ 26, » 8B, » 12, / Fan 747
DATA (FANDAM( 4lyJ)eJdxlyl0) / FAN 748
§ 176 39 »=257,33 1 583,44 ) =449 32 ,100,18 ’ FAN 749
$ £00000, v1340000, o+ 26, 9 B, ¢ l4, / FAN 750

DATA (FANDAML 42+J)9g=1910) / FaAN 751



SUBRNUTINE FAN

T6/74 oPTE]

€ =474,23 12189,22 1=2769,16 ,1597,82
$ B4p000, v164640000, +» 26, » B, 4 16,
DATA (FANDAH( 434J)9J=1010) 7

$ 193,55 1°288,44 1678,44 1o479,28
$ 600000, »1520000, » 26. v B, » 18,
DATA (FANDAH( 449J)eJslsl0) /

$ =559,8¢4 +2354,58 1=2754,35 11546,54
$ 1050000, ,1570000, » 26, » 6, » 20, /

DATA (FANDAH( 454J3sJdmlel0) /
$ ~4347,74 413226,42 4=164504.08 ,7162,39

$ 1150000, 416020000, o+ 26. » B, , 22,
DATA (FANDAH( 464J)sJxlel0) /

$ 324,08 12261,12 1=4456,17 43%924,24

$ 60@0001 '970000; L} 260 L 11. ’ 6.

DATA (FANDAH!{ 4T9J)eJ=lel0) /

$ 207,49 1674 ,34 1923,08 »=453,77

& 600000, +1080000, o 26, » 11, « 8,
DATA (FANDAH( 48,J)yJ=lel0) /

% !66.7‘ y=105,07 169,48 '-?40391

$ 600000, 11190000, » 26, ¢ 1ls v loO,
DATS (FANDAH( 494J)9Jslel0) /

§ =121.2) 11158.54 1=1704,69 ,1170,060

$ 600000, »1300000, v 266 9 1le 9 12,

DATA (FANDAH({ 504J)yJ=1910) /

$ -34,067 ,818,08 1=1116,2% ,766,02

$ 600000, +1390000, o+ 264 ¢ lle v lo,
DATA (FANDAH( S)leJ)eJd=le10) /

s 12.91R y602,92 y»670,08 9415,16

] 600ﬂ00. .1500000. ’ 26. ’ 11. ’ 16.
DATa (FANDAH( 524J)eJxl9l0) /

§ 223.46 '*,088 v80,012 11166

$ 600000, »1600000, o+ 26, » 11, » 18,
DATA (FANDAH({ 534J)eJzlel0) /

$ =3,929 +1038,49 v=1360.42 4B4T7.22

s 1000000. v1600000. L} 26. ' 110 [} 20.

DATA (FANDAH{ S544J)yJelr10) /

L3 -3%55;6g 011081.15 '-11777008 i5652078

$ 1170000, 41600000, » 26, ¢+ 11, » 22,
DATA (FANDAH( 55,J)sJs1s10) /

$ 32,976 197,99 +v-185,86 +1213,99

$ §00p000, 010200001 [] 28, 6, 6o
DATA (FANDAH( 569J)9J=1910) /

$ 80,295 v=T71,86 9y 154,45 t=110,7
3 5000000 011100000 ’ 280 ’ 6- ' 8.

DATA (FANDAH{ B7,J)eJ=1910) 7/

$ 85,739 y#39,55 1764619 12264452

L3 500000. .1220000. ’ 28' ] 6. ] 10.
DATA (FANDAH( 584J)sJx1910) /

¢ 163,72 'y»352,71 1588,45 y=352,27

$ 73n000, +1330000, o+ 28, » 6, » l2,
DATA (FAMDAMI{ S59yJ)9J=1910) /

$ «3p,52) 1391,0 v=386,5 1205, 0

$ 500000. 914500000 L} 28. ’ @. v 1“.

DATA (FANDAR{ 60yJ)sJ=)e10} /
$ 52?.91 "1352.27 o1663.‘s 09841.6
$ 1030000, v1560000, s 2B, ¢+ 6, 4 16,
DATA (FANDAH{ 61eJ)eux=lsl0) 7

/

/

/

/

/

/

/

/

/

/

/

/

/

/

FIN 4,5¢41¢

s»363064
v100,02
1=335466
y~1342,66
v=1363,64
90,0
v=71,678
.f335311
y 230063
s=126402
¢=34,965
y»20B433
y»1041,67
v*116455
11,083
v~174992
156,818
1y»55,028

11645,26

*

0b6/05/78

FAN
FAN
FAaN
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
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAxN

07.59,.59

752
753
754
755
756
757
758
756
760
761
T62
763
T6s
765
766
767
768
765
770
771
772
773
774
775
776
777
178
779
780
781
782
783
784
7858
786
787
788
789
790
791
792
793
794
798
796
797
798
799
800
801
B02
803
806
B80S
806
807
BO8



TUARNUTINE FAN T4/74 0PT=]) FTN 4,54414 06/05/78 07,.,59,5¢%

$ 744,29 y~1905.75 ,2170, v=1022,22 ,166,67 ' FAN B80S
$ 1000000, +1630000s » 2B, s+ 6. 9 18, / . FaN 8lo
DATA (FANDAH( 624J)sJ=lel0) / FAN 811
$ 550,31 y*1015,79 914,44 y=298,9? 021,461 ' FAN 812
$ 1250000, +1700000. v 284 9 6, 9 20, / FAN 813
DATA (FANDAH( 634sJ)sJalel0) / FAN 8lé
$ 190,67 »1135,05 121362,37  ,T760,4 y@159.66 ’ FAN 815
$ 1280000, 41760000, o+ 28, » 6, 4 22, / FAN 8l6
DATA (FANDAH( 64sJ)eJd=1930) / FAN gl7
$ «51,432 v688,46 y=1396,44 4,1273,01 461016 , FAN B18
$ S000N00, »1050000. o+ 28, v B8, » 6, / FAN 819
DATA (FANDAH( 654J)eJd=l9]0) / FAN 820
$ 27,126 12T71,.6 +=455,18 +381.06 '=143486 ) FAN B2]
b 530000. '11800000 ] EB. [] 8. ) 8, / FAN B2E
DATA (FANDAH( 664J)9Jelsl0) / FAN B23
$ 157,2% 1*318,65 1623,34 yo446,78 191,05 ’ FaN 524
% 550000, 1280000, o+ 28, » B, 4 10, / FAN 82s
DATA (FAMDAH{ 6T7yJ)eJelel0) / FaN B26
$ 297,63 s»B873,87 v1501,18 y~1021,21 ,231,07 ’ FAN 827
$ 650000, +»1400000., o+ 28, 9o B, » 12, / : FaN 828
DaTa (FANDAW{ 684J)eJ=1910) 7/ FaN 829
£ 177,36 ¢*395,03 1889,58 y=672,74 +160,98 ’ FAN 830
$ 600000, v15640000, o+ 28, 9 B, o 14, / FAN 83)
DATA (FANDAH!{ 69¢J)sJalel0) / FAN 832
$ 79,603 v»25,755 1395,79 ym348,17 B0,492 ¢ FAN 833
$ 900000, v1600000, ¢ 28, » B8, o 16, / FAN 834
DaTA (FANDAH( T0sJ)9oJ=ls10} / FAN 835
.3 250.75 |-520069 0949.3‘ '-600.17 .122.38 [] FAN 836
§ 93n0n0, +1700000, o+ 28, ¢+ B, » 18, / . FAN B37
DATA (FANDAMI( T14J)9Jelel0) / JFAN 838
$ 311,62 y®376,48 1398,49 eelléd, 14 w087 N FAN 839
$ 1200000, 41750000, o+ 28, » B, y 20, / FAN 840
DATA (FANDAH( T2sJ)suslel0) / FAN 841
S -257036 01167'2 1.1165.6“ |581|78 '-120254 [] FAN 8“2
§ 1250000, 1770000, » 28, » 8, » 22, / FAN B43
DaTa (FANDAH( T39J)euxlel0) / FAN 844
$ «18,151 +1483,04 y»828,15 1703.03 y»274:70 N FAN B4S%
$ 500000, »1050000, o+ 28, v 9, ¢+ 6, / FAN Bé46
DATA (FANDAMH( TéoJyeJslel0) 7/ FAN 847
$ 102,65 27,178 +38,104 139,954 1 =66,374 ' FAN B48
$ 500000, v1290000, o+ 2B, ¢ 9, s l0, / FAN 846G
DaTa (FANDAH( 754sJ)eu=z1910) / FAN 850
$ 125,18 150,834 v318,54 v =260,86 +51,636 . FAN 851
$ 600000, v1570000. ¢+ 28, o 9, s l4, / FAN 852
DATA (FANDAH( T64yJ)9dmlyel0) / FAN 853
s 188,11 vy»95,277 1404.56 1*307,01 161,861 ’ FAN 8S4
$ 95n000, +1770000, o 28, ¢+ 9, o+ 1B, / FAN 855
DATA (FANDAH( T74J)sd=1s10) 7/ FAN 856
S w731645 4119307441 +=18251.29 97656,64 ,#1207.28 FAN 8s7
$ 1250000, 1770000, o+ 2B, ¢ 9, » 22, / FAN 858
DATA (FANDAH( T8yJ)edJElsll) / F AN 859
$ 16416,%4 1*87T70,24 421006,06 m22060,6 ,B4B4eB4 ’ FAN 860
$ 500000, s830000, v 28, 9 10, 4y 2, / Faw 861
DATA (FANDAH( 79,U)9Jxl»l0) / FAN 862
$ -88,9 W8l0,41 v*1370.82 »1144,03 y=b22 ) ’ FAN 863
$ 550000, 1070000, » 28, v 10, » 6, / " FAN 864

DATA (FANDAM( B0y4J)sJzlsl0) / : FaN 865



SUSRAUTINE FAN

T4/74  OPT=)
$ 131,94 v*73,089 1191,.6
£ 570000, 11320000, y 28,

DATA (FANDAH( BlaJ)sJd=1010) /
$ 224,08 1 =284,12 +540,09
$ 500000, +1580000, o+ 28,

DATA (FANDAW{ B24J)sJ=1910) /
£ 71R,7 '»1798,52 42459,26
$ 85n000, 21770000, sy 28,

DATA (FANDAK( 839J)sJ=1910) /
$ =1153,75 ,4181,1 1=4529,62
§ 1200000, +1770000, ¢ 28,

DATA (FANDAH( B4oJ)suxlel0) 7/
$ 1161.37 1=6675,67 414912,.2
$ 50000C, 860000, s 28,

DaTa (FANDAN{ B85,J)edslsl0) /
$ 287,57 v1727,79 1»2934,3
$ 555000, 41180000, 4 28,

DATA (FANDAH( B6yJ)eJelr)0) /
$ 90,637 v287,08 12615,77
b3 570000. .13‘00000 ’ 28. 1]

DATA (FANDAH, B74J)eJds)el0) 7/
$ 454 ,R7 1*1066, »1726,52
$ 500000, +1630000, o+ 28,

DATA (FANDAM( B8B4J)sdmlsl0) /
5 555085 0.9203‘7 '1271066
$ &5n000, 21770000, e 28,

DATA (FANDAK( B9eJ)eJEle10) 7/
€ 71,003 y*131,14 v292.2
§ 50p0n0, vy920000, ’ 30,
DATA (FANDAKM( 90,J)9J=1910) 7/
b3 .6‘23 '399.6‘ '.784.08
£ 50np00, 11220000, » 30,

DATA (FANDAK{ 9)yJ)yeJdmlel0) /
$ 140,32 1*267.88 1605,71
€ 500000, v1490000, ' 30,
DATA (FANDAR( 924U)9Jd=1910) 7/
¥ 223,24 »*353,83 +1529,46
$ 500000, +1770000, o 30, »

DATE (FPANDAK( 93,J)4Jz1910) /
$ 689,74 +19%52,01 1=2176,.9
€ 1000000, 41770000, o+ 30, »

DATA (FANDAK( 96,J)sJ=1010) /
$ =2790.78 v 7918,48 1=7719,83
$ 1400000, 41770000, ¢ 30, o

DATA (FANDAH( 95,J)Jx1s10) /
$ =21]16.64 411988,3 y»24400,
$ 600000, 1940000, v 304 ¢

DATA (FANDAW( 96sJ)sJE]10) /
L3 -155'27 l1062. "17¢9.?8
S 600000. |1260000' ’ 30. ’

DATA (FANDAW( 974J)sJ=1910) /
$ 70,016 1278,3 1v*4679,95
% 600000. '15300000 ] 30. ]

DATA (FANDAMI( 984J)pJEle]l0) 7/
$ 48,686 1624 ,68 1=556,3
$ 600000, v1870000, 4+ 30,

DATA (FANDAH{ 99,J)4Jx=1s)0) /

6

12684245

10.

1=336,88

10,

lo,

le,

/

/

y=1336,48

10,

12243,76

10,

18,

22,

/

/

1=164463,5

12,

12274 ,14

le,

1341,86

12,

v=1108,2

12,

..67‘.16

12,

y~268,88

8.

2,

6,

lo,

14,

18,

2.

270645

8.

"“60o68

8

v=270,74

v1116,75

8.

v»3355,9]

8,

v21818,2

10,

0136‘01P

10,

6,

lc,

le,

18,

ez,

2.

6,

p606031

10,

lo,

1368.77

10,

la,

/

/

/

/

/

/

/

/

/

/

/

/

/

FIN 4,5¢414

1v=68,295

455,138

259,29

y 42606

2510947

1=T726096

12146+78

0233,1

+108,39

166,078

12263437

v109,65

1404306

0'216'07

y=546.08

y=7272,73

'-QZOQGB

v=128.79

"950019

06/05/78

FAN
FaN
FAN
Fay
FAN
FAN
FAN
FAN
FaAN
FAN
FAN
FAN
FaN
FAN
FaN
FAN
FAN
FaN
FAN
FAN
Fay
Fay
FAN
FAN
FAN
FAN
FAN
Fay
FAN
FaN
FaN
FAN
FaN
Fay
Fan
FAN
FAN
FAN
FaN
FAaN
FAaN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FaN
FAN
Fay
FAN
Fa&N
FAN
FAN
FAaN
FAN

07459459

366
867
B68
663
870
871
872
873
874
87¢%
87¢
877
B78
87%
880
881
88z
823
884
Bes
886
887
888
889
890
B9
692
893
894
895
89¢%
8397
898
899
900
9C}
902
903
904
905
506
e
908
609
310
931
912
813
914
91%
316
917
918
31%
920
521
922



IRRAUTIMNE FAN T4/74 OPT=] FTIN 4,5¢414 06/05/78 07,359.59

$ 18138,82 1®6736,59 ,5146,6 +=2386,56 ,400,87 ’ FAN 923
$ 1110000, 1870000, + 30, ¢ 10, o 18, / FAN 924
DATA (FANDAH(1004sJ}oJ=1910} / FaN 925
$ 3860.5 y=B553,07 ,L,7718,76 y»3055,38 ,449,55 R FAN 926
§ 16440000, 1870000, » 30, » 10, ¢ 22, / FAN 927
DATA (FANDAH(10leJ}euslel0) / FAN 928
£ 573,86 ym2682,76 ,5269,32 y=4489 g 11363464 ’ FAN 929
$ 600000, +950000, v 30, ¢ 11, v 2,/ FAN 93¢0
DATA (FANDAH{102yJ)9J=1910) / FAN 93)
$ 106,31 v®77,393 1160,7 1=29,672 ym7,368 ’ FAN 932
$ 600000, y1280000, o 30, o 11, v+ 6, / FAN 933
DATA (FANDAH(103,J)sd=1010) 7/ FAN 934
$ «166.28 +11106.85 +#1431,07 4B64,3) 4=19745 ' FAN 935
§ 600000, 11560000, ¢ 30, 9 11, s 10, / FAN 936
DATA (FANDAW(I0G4J)eu=1910) 7/ FAN 937
$ 108,35 1142,38 1=19,254 1+15,095 e=2455 ' FaN 938
$ 700000, +1B70000, ¢+ 30, 9 1l o l4, / FaN 93¢
DATA (FANDAH(10S¢J)sd=l910) / FAN 940
§ 1262.38 1#3070,33  ,3409,94 v+1571,36 ,255,68 ' FAN 94]
$ 1040000, 41870000, o 30,4 » 11ls o 18, / FAN 942
DATA (FANDAH({1064J)sJ=1910) / FAN 943
$ 648,32 y?164968,6 413695, v=5504,56 L,B21,78 ’ FAN 944
$ 1450000, ,1870000, o+ 30, » 11, » 22, / FAN 945
DATA (FANDAH(107yJ)eJE1s10) / FaAN 946
$ w58,06 v308,6 102,27 1e616,16 +303,03 ’ FAN 947
$ 500000, 1950000, v 30, 9 12, 0 2,7/ FAN 948
DATA (FANDAH({108yJ)sJelel0) / FaN 949
§ =272.65 016420,3 »~1840,91 41030,3 y22727 . FAN 950
$ 60p000, 11290000, » 30, » 12, ¢+ 6, / FAN 951
DATA (FANDAH(10G4J)eJxle)0) / FAN 952
S 107,44 1844 ,15 v=980,16 1527, rel19046 N FAN 953
$ 600000, »1580000, ¢ 30, » 12, » l0, / FAN 954
DaTa (FANDAR(110,J)sJ=1910) / FAN 955
€ 172,04 1o 76,343 334,06 ym264 ,14 148,077 ’ FAN 556
£ 700000, v1870000, » 30, o 12, » l&, / FAN 957
DATA (FANDAH(11lleJyed=1el0) / FAN 958
$ BET, 4t 1®1854,72 42097,.31 1=952,54  ,148,6 ’ FAN 959
$ 1050000, 41870000, o+ 30, ¢ 12, » 18, / FAN 960
DATA (FANDAH(112yJ)ed=1010) / FAN 961
$ hR4p, 58 +®1667,56 41862,69 »=928,03 1y170,.45 ’ FAN 962
$ 1000000, 41620000, o+ 40¢ ¢ B, » 2, / FAN 963
DATA (FANDAH(1139J)sJ=1910) / FAN 964
$ =234.8 1936,78 »=B837,06 2339,5¢ y»55,0 . FAN 965
% 1000000, 42160000, o+ 40, » 8, » 6, / FAN 966
DATA (FANDAH(1144J)eJzlel0) / FAN 967
g 59.02 '212|2 '-810972 il".603 '.2.878 » FAN 568
$ 1000000, ,2570000, 4 40, » B, » 10, / FAN 969
DATA (FANDAH{]1153J)eJ=1910) / FAN 970
$ 420,1 y w458 ,47 9450,55 v=159,26 »18,324 ’ FAN 971
$ 1200000, 3040000, » 40, 9o B8, » l&, / FAN 972
DATA (FANDAH({116¢J)sJ=le10) / FAN 973
§$ 502,08 1=436,25 +352,16 1«95,755 07,843 N FAN 974
$ 1700000, 43320000, o+ 40, » &, » 1B, / FAN 97%
DaTa (FANDAHI(11TeJ)eJEl910) / FAN 976
3 26624 v1014,48 1=557,16 1169,48 »y=15,597 ’ FAN 977
% 2200000, 3550000, o+ 40, » B8, s 22, / FAN 978

DATA (PANDAH(11B4J)sJElel0) / FAN 979



IRRALUTINE FAN T4/74 OPT=} FTN 4,544 05/05/78 07,59.5%

$ 28B76.11 y»768B,46 ,8025,69 y=3689,81 ,625.0 ’ FaN 980
$ 1200000, 41700000, o+ 40, s 10, » 2, / FAN 981
DaTa (FANDAH(1194J)eJ=1910) / FaN 982
f «9n4.63 92572,63 122225435 4B66,9 v=130+21 ’ FaN 983
$ 1200000, 2260000, v 40, 9 10, o 6, / FAN 984
DATA (FANDAH(120sJ)eJ=1910) / FAN 985
$ 29,648 1465,32 1°341,49 1132462 s=22,035 ’ FAN 985
$ 1200000, 42740000, o+ 40, » 10, » 10, / FAN 987
DATA (FANDAH{121,J)sJElr10) / FAN 984
§ =556.8 11461,13 1v=834,02 1221453 +1=23.765 ’ FAN 9895
$ 1270000, 43180000, » 40, » 10, » le6, / FAN 99¢
DATA (FANDAH(1224J)sJmls10) / FAN 99
s 621,15 1 =428,07 1259,22 'v=60,185 114457 ’ FAN 992
$ 1800000, +3460000, oy 40, » 10, » 18, / FaN 993
DATA (FANDAM(1234¢J)sJ=1910) / FAN 994
$ 0056.63 v=11236,6 45513,37 +=1173,03 ,91,146 ’ FAN 59¢
$ 2500000, +3740000, » 40, o 10, » 22, / FAN 956
DaTa (FANDAH(12449J) eJxl910) / FAN 997
$ =230.79 1658,96 +1=336,11 137,037 000 ’ FAN 998
$ 1200000, 41720000, o+ 40, 9 12, » 2, / FAN 999
DATA (FANDAW{1259J) sJ®1910) / FaN 10090
¢ 254,45 1508,1 »=574,62 1157.2 1=18,939 " FAN 1001
$ 1260000, 42330000, o+ 40, v 124 9 6, / FAN 1002
DATA (FANDAH(1264J)sJ=lel0) / FAN 1003
$ «151.19 2 779,21 1o466,03 1116,08 v=14,569 ’ FAN 1004
$ 1200000, +2830000, ¢ 40, » 12, » 10, / FAN 1005
DATA (FANDAR({12T9sJ)rJ=1910) / FAN 1006
$ 843,7 1=459,8] v452,62 y=152,98 016,208 ’ FAN 1007
$ 1300000, 43270000, o+ 40, » 12, o l&, 4 FAN 1008
DATA (FANDAH(12B4J)sJ=lel0) / FAN 1009
$ 1111447 4=1181,9 794,01 1=202,17 416,754 ' FAN 1010
$ 1850000, 43610000, + 40, » 12, » 1B, / FAN 1011
DaTa (FANDAH(129yJ)su=1910) / FAN 1012
$ «13201,1 ,17641,8 1=8397,4 +1786,5 e®143423 N FAN 1013
$ 2540000, 3750000, o+ 40, 9 12, s 22, / FAN 1014
DATA (FANDAH(130,J)eJmls)0) / FAN 1015
£ 2617845 117637.9 +*18314,6 4B8430,56 y»1458,33 , FAN 1016
§ 1200000, 1730000, s 40, » 14, » 2, / FaN 1017
DaATE (PANDAK(1314J)9J=1s10) / FAN 1018
$ 227,15 1112,24 +=105,4 160,29 ¢ =16,572 R FAN 1019
¢ 1200000, 2330000, v 404 o 14, » €&, / FAN 1020
DATA (FANDAK(132sJ)sJ=1910) / FAN 1021
L3 181.38 '23‘0.11 '.570838 0007285 '-1.0?3 ’ FAN 1022
% 1200000, +2B70000, o 404 o 16, » 10, / FAN 1023
DATA (FANDAH(133,J)sJxl910) / FAN 1024
$ -103,26 1846,19 y=428,36 1105,65 11,837 ' FAN 1025
$ 1270000, 93360000, ¢ 40, ¢ 14, » 14, / FAN 1026
DATA (FANDAH(1349J)sJEls10) / FAN 1027
$ 754,94 r»702,92 +618,55 182,21 116,936 ’ FAN 1028
$ 1520000, 43720000, 4 40, o 14, » la, / FAN 1026
DATA (FANDAMI(135,J)yJEl010) / FAN 1030
$ 1717.77 1*1161.5 1466,83 +»55,358 1=eB156 » FAN 1631
$ 2640000, 43750000, o+ 40, » 14, 4 22, / FAN 1032
DATA (FANDAH(1364J)sd=1910) / FAN 1033
£ 27,579 v253,49 +1=106,3 121,961 y=2+126 ' FAN 1034
$ 2000000, 44250000, o+ 60, ¢ 12, » 4, / FAN 1035

DeTa (FANDAH(1374J)sJ=lel0) / FAN 103¢



IURRAUTINE FAN

(¢ Xa]

123
10
15

T4/T4 OPT=)
$ =-15,R98 9293,.64 1 w]122.47
$ 2000000, 14750000, o+ 60,
DATA (FANDAH!{13B4J)yJ=ls10) /
$ 253,5 126,009 04145
$ 2000000, 5220000, ' 60, »
DATA (FANDAH(136,4J)yJ=1410) 7/
b 3 21“.06 .37.044 928,83
$ 2000000, 45650000, o 60, o
DATA (FANDAH(1404J)aJd=1910) /
$ 417, 1=96,1665 67,171
¢ 2250000, 6170000, o+ 60,
DATA (FANDAM(1414J)edmlsl0) /
§ -760,05 +915,66 y=243,21
$ 3250000, +6700000. » 60,
DeTA (FANDAM{1429J)9d=1910) /
§ -14R3,86 ,1518,.16 1=419,53
$ 4100000, 7000000, v 60,
DATA (FANDAH(1434J)sJ=ls10) /
$ 2267.4 »=1224,36 4330,67
$ 4500000, 7000000, o+ 60, o
DATA (FANDAM(1444J)eJml910) /
§ =165,98 1544 ,46 +=304,18
$ 2000000, 143700000, s 60, o
DATA (FANDAM({l454J)eJzls10) /
t .75,05 1442,02 +1=203,85%
$ 2000000, 44250000, o+ 60, o
DATA (FANDAH{1469J)9Jd=1+10) /
$ 70,414 1251,15 v ~86,013
] 2000000. 04850000. ’ 600 ’
DATA (FANDAW(14ToJ)eJ=1910) /
$ =94,021 1440,34 1=147,36
27000600 '52500000 L} 60. ’
DATA (FANDAH(1484J)sJ=slsl0) /
$ -2n,122 +394,28 y=107,36
§ 2000000, 5930000, o+ 60,
DATA (FANDAH({1494J)yJxl910) /
$ 502,59 v=132,89 v102,98
$ 3170000, 46370000, ¢ 60,
DATA (FANDAM{150sJ)eJelsl0) /
$ 39p,.3% vB4,842 +12.235
$ 2500000, »7000000, sy 604
DATA (FANDAH{1514J)sJelsl0) /
$ «149B.49 +1558,69 1=601,72
$ 4700000, 47000000, ¢ 60, o
DATA (FANDAM(1529J)9Jmlel0) /
% 5656,16 y»3754,3 v1080,28
£ 4200000, 7000000 o+ 604 ¢
DATA (FANDAH(153,J)9J=1e10) /
$ 1251,93 y*90,429 113,143
$ 5250000, »7000000, y 60,
DATa Pl /3,14159265/
DATL TANR /,1405/, TAN1S/,344/,

FORMAT (]1X44G1l2,4)
FORMAT(S5F10,492F10,5¢3F3,0)
FORMATISF10,4,42F10,1,3F3,0)

125,347
12, » 6, /

1=9,273
12, » 8, 7/

!'80833
12, + 10, /

!-110709
12, » 12, 7

930,626
12, » 14, /

l530“
12, o+ 16, 7/

'-36.
12, 4 18, /

V79,677
16, ¢+ 2, /

161,82
160 ’ ‘. /

114,616
164 » 6, /

124,961
16, » 8, /

|140133
16, » 10, /

0-19-“95
16, 4 12, 7

"3.3‘4
16, v 14, /

048'621
16, v 16, /

ym133,41
16. ’ 18. /

9040
16. ’ 22. /

HB/S5,/

FUNCTION TO DETERMINE VOLUMETRIC FLOW

FIN 4,5¢414

12,262
v o242
v05606
145361
s=1.576
2=24615
+1.33
1v=8,727
3,628
v=1,285
1=1,903
1we9016
+1403
90746
y=24346
164

1040

RATE FROM THE

PRESSURE

06/05/78
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FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
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FAN
FAN
FAN
FAN
FAN
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Tas76¢  OPT=) FTIN 4,5+414

RISE ACROSS THE FAN,

TCFMPF (T 4P)=]1,E06% (FANDAP(141)¢FANDAP(]I42 wPeFANDAP (I,3)sPsPs
SFANDAP (] ,4)#PsPsPeFANDAP (1,5)2PesPupap)

SPECIFIC VOLUME OF AIR LEAVING THE HEAT EXCHANGER AT THE
ELEVATION SPECIFIED FOR THE PLANT

BAR| N=23,39853~3,81R35E=5ELEV
BAR=zEXP (BARLN)
SPVOL=E(T4+459,67)/1,325/BAR

TOTAL VOLUMETRIC FLOW RATE OF THE FAN SYSTEM

TOTCFMaW4=SPVOL /60,
AFC=5.ED8

AC=0.

AMHP=0,

ADla=0,

AR N=0,

ABLA=0,

ANFEOQ

AVEL =0,

EXIT STACK FACTOR USED TO COMPUTE STACK EXIT DIAMETER WHEN
VELOCITY RECOVERY IS5 USED, VELOCITY RECOVERY IS BASED ON

13 FOOT HIGH STACKS FOR 28 FOOT DIAMETER FANS, THE DIFFUSER
ANGLE 1S 8 DEGREES,

ESFx2,+TAN(BDEG)*13,/28,

VELOCITY PRESSURE COEFFICIENT USED TO COMPUTE VELOCITY
PRESSURE IN INCHES OF WATER,
VPCOEF=20,07495#29,92413,5951/(2,%32,174#144,%14,696)

VeCHEF®2,239E=04

STATP®0,07495%SPVOL#DPTINW

RECVFL®VELREC

IF(LFEsLT,1) LFE = 153

IF(LFBSLT, 1) LFB = 1

START OF ITERATIVE LOOP FOR DETERMINING THE OPTIMUM FAN
SYSTEM

Do 400 IalFBWLFE

IF(1.€Q,27) GO TO 400
IF(1.EQ,103) GO TO 400
IF(1,ER,122) GO TO 400

INITIALIZATION OF FAN OPTIMIZATION DARAMETERS

TP=0,
RCFMPF®0,

06/05/78

FAN
FAN
F AN
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
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
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1100
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111%
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2URRAUTINE FAN

T4/74  OPT=1

CrMprm0,

NOF =0

HPPF=

0.

TOTHP‘OA

FCST=

0,

CMOT=04

CSR:O
CFD=z0
CeC=0
CpL=0

TCSTPF=0,
TCSTFeO,

VEL=0
CINC=
CFM=4
FLOve
Te=o,
DF=p,
C1=0,

OO0

IF(I,
IF(r,
IFt1,
IF(I,
IF(1,
IF(1,
FAND=
EXITD
ExIvta
Eabosx
A60=]

eRa e RaNoNaXasNeNaNe e NoNoNoNeRaNg e NaNaNeKe

KI=0

»
a0o0oo0,
00000,
=0,

CROSS=SECTIONAL FLOW AREA FOR THE FAN DEPENDING ON THE FAN

DIAMEYER

LE.27) A=429,08
GY,27.,AND.I,LE.S54) A=695,96
GT.S“.AND.I.LE'BB) A=586,5
GT.BB,AND,1,LE,111) A=658,37
GT.]IIQANDOI.LEllas) A.1123|91
GT,135) A=2680,4

FANDAP (1+8)

=(],+ESF)*FAND

0, 7B54%EXITDEXITD
10/7160,*EXITA)

o/ (60,0R)

DETERMINE THE NUMBER FANSs THE VOLUMETRIC FLOW RATE THROUGH
EacH FaN, AND THE TOTAL PRESSURE DROP ACROSS EACH FAN

THIS ITERATION SCHEME DETERMINES THE OPERATING POINT FOR

THE OPERATING POINY IS THE INTERSECTION OF THE FaN
PRESSURE CURVE AND THE TOTAL PRESSURE CURVE.
USES THE FAN DATA AS CFM VERSUS TOTAL PRESSURE, PLOTTED AS
THE POINTS (XPsYP) REFER Tp THE POINTS ON THE
REFER TO THE POINTS
THE LIMITING VALUES OF CFM aND
AMD FAN PRESSURE FROM THE FAN DATA aRf USED To GET THE
LIMITING POINTS OF THE FAN RRESSURE CURVE AND THE YOTAL
THESE POINTS ARE USED TO DETERMINE TwO

FAN nyn,

Y VERSUS X,
FAN PRESSURE CURVEs THE POINTS (XT,YT)
ON THE TOTAL PRESSURE CURVE,

PRESSURE CURVE,

FTN 4,5¢6414

STRAIGHT LINES: YP=AP#XP4BP AND YTeATsXTeBT, THE
INTERSECTION OF THESE LINES IS THE NEw FLOW RATE FOR THE NEXT FAN

ITERATION, THE ITERATIONS CONTINUE UNTIL CONSECUTIVE

INTERSECTIONS ARE NEARLY IDENTICAL,

THE ITERATION

0b/05/78

FAaN
FaN
FAaN
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
F AN
FAN
FAN
FAN
FAN
FAN

(2 F S Y I F SR AR R AR R RN R R ER R R ESR R R R R E YRS 2 R a R R R s S S R T I FAN

FaN
FAaN
FaN
FAN
FAN
FAN
FAN
FAN
FAN
FaN
FAN
FAN

FAN
FAN
FAN
FAaN

07.59,56



JUBRAUTINE FaN T46r76 0PT=) FIN 4,5¢434 06/05/78
Ke0 FAN
Xp2zFANDAP (146) FAN
YP2=zTCFMPF (T4 XP2) FAN
SAVEP2aYP? FAN
XP4aFANDAP(I+7) FAN
YP4=TCFMPF (14XP&) FAaN
SAVEP&4mYPL FaN
YTl=YP4 FAN
XT1=2TOTALP(YT]) FAN
YT3gYP2 Faxn
XT3=TOTALP(YT3) FaN
IF(XTLIeGTXP4) GO TO 400 FaN
IF(XxT3.LT.XP2) GO TO 400 FAN

20 KeKel FAN
IF(x,67,20) GO YO 40C FAN

Apz (YP2eYP4 )/ (XP2eXP4) FAN
Bpzyp2eAP&XP2 FAN

AT= (YT1aYT3)/(XT1eXT3) FaN
BTeyT1=ATsXT] FAN
YTl=(ATsRP-APSRT) / (AT=AP) FAN
IF(x1.EQ,0) GO YO 12 Fan

IF (ABS{ (COMPAR=YT]) /COMPAR) ,LT,0,001) GO YO 30 FanN

12 x1=1 FAN
CoMPAR=YT] FAN
XT1=TOTALP (YT]) FAN
XpZ2exT! FAN
1F(XT14LT,FANDAP (I,6))XP2=FANDARY],6) FAN
Yp2eYCFMPF (10XP2) FAN
YT3=YP2 FAN
XT3270TALP(YT3) FaN
Xp&eXT3 FAN
IF(XT3.GTFANDAP (I,7))XP4eFANDAPT],7) Fan
YP4=TCFMPF (14XPk) FaN

G0 YO 20 FaAN

c FAN
CostmasunuedOantsstannddavssstanss s stasintunnssnsssnsnduntnsansnnnnnsnn FAN
c FaN
30 CFMbFreYT) FAN
RCFMUPFaCFMPFs] E=06 FaN
TRp=xT] FAN
VP=TP=STATP FAN

c FaN
c CALCULATION OF THE NUMBER OF FANS IN THE FAN SYSTEM FAN
c FAN
NOFeTOTCFM/CFMPF FAN

c FAN
o CALCULAYION OF HORSEPOWER REQUIREMENTS 0OF EACH FAN FAN
¢ FAN
P11 =CFMPF FAN
P2=R1=R] FAN
R3=Q2e«R) FaN
Rg=n3eR] FAN
HPPE=FANDAH (I41]1)eFANDAH(192)sRY«FANDAK(],3)8R24FANDAH(1,6) 2R3 FAN
SFANDAWIT 5)sR4 FAN

WpPF =HPPF/, 07495 /SPVOL FAaN

HPPF = HPPF/GREFF FAN
1F(4PPF 1T, 0,0) WRITE(6+7727) 1, RCFMPF, YT], COMPAR, XT1, Fan

07.59.59
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1229
1230
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1234
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SURROUTINE FAN Tas74 OPT=1} FTN 4,5¢6414 06/05/78

$ xP2s YP2s YT3, XT3, XPé4, YP4y HPPF
7727 FORMATI("OI 4RCFMPFYT1=1yT2]141441P2G20.8/
§ nOCOMPAR,XT1 3 XP2,YP220,T24,44620,8/
$ uOYT39XT34XPh,YP4=4T2496520¢8/
§ wOWPPF = ' 4G20,8)
IF (4PPF LT, 0,0} GOTO 400

CALCULATION OF THE NUMBER OF CIRCULAR TOWERS BASED ON AN
ALLOWABLE FAN PACKING FACTOR

OO0

TOWN = PIsFANDAP(1,B)ss2sNOF®#TAN(2,*Pl/(2,sNSTIDES))#PFACT/ (ELENG*»
12«NSIDNES)

ITOWN ® TOWN+,99099

IF (1TOWN LT, ITMIN) GOTO 400

1IF (ITown 6T, ITMAX) GOTO 400

o CALCULATION OF THE DIAMETER AND THE HEIGHT OF THE TOWERS
DTOWw = ELENG/SIN(2,%Pl/(2.,«NSIDES))
BUNHI = AFRON/(ITOWN«NSIDESeWB*ELENG)
NRUNHT = BUNHI + ,9999
WRB x AFRON/(ITOWNuNSIDES*NBUNHI®ELENG)
HTOW = WRBeNBUNHI

FAN ELECTRICAL WIRING COSTS

(e NeNe]

VMz2300,

1F (HPPF ,LTs 250,) VM = 480,

IF (HPPF ,GT, 2000,) VM = 6900,

DPTTWR & DIST

DTTSG = DTOW / 4, «{ITOWN=®({3,/2,) = 1)

DsGTM = DTOW /7 2, ¢ DITSG /7 2,

IF(HPPF LT, 251s) TRMA = 225000,/NOF ¢ 7,8B«HPPF ¢ (]16, = 4159
[3 « HPPF) = HPPF

I1F (HPPF ,GE. 251,) TRMA 2225000,/NOF + 7,B8RB&HPPF +
3 870,/SQRT (HRPF) =HPPF

VS = 7200.

IF (HPPF ,LTe 2000,} VS = 13800,

VS = 7200,

IF(4PPF ,LT, 550,) VS = 13800,

TRMS = (DPTTWReDTTSG=1000.) * {37, & +4Te¢HPPFeNOF/ SQRTLVS)
$ + ,5 % NOF) / NOF

TRMZ = (100, ¢ 1,1«HPPF) » (DSGTM=250.) ,/ SORT (VM)

CSR = HPDF & 55, ¢ HPPF=s 1,5 = 1000,

FANLEC = TRMA « TRMB e+ TRMC

FAN MOTOR COSTS

(e Xe Nel

FMC e 26,62

IF (HPPF ,GT. 300,) FMC = 24,33
BIGMC = 0,0

IF (HPPF ,GT. 300,) BIGMC = 8000,
CMCT = HPPF = FMC ¢ RIGMC

TOTAL HORSEPOWER REQUIREMENT OF THE FaN SYSTEM

[aNeNal

70 TOTHPaWPPFuNOF

(e

FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FaN
FAN
FAN
FAN
FAaN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FAN
FaN
FanN
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
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T4/74 0PTe] FTN 4,5¢416 06/05/78
CapITAL COSTS OF THE FaN FaN
FAN
IF(T LT,RB)FCST=FANDAP (1,9)5(22,4¢FANDAP(1,B)wb0,/¢]19,28FANDAP (148 FAN
») FAN
1IF(1,GE,BB)FCST=FANDAP (1,9)% (5] ,2¢FANDAP(],8)=950+)¢136,6aFANDAP (1 FAN
*y8) w2700, FaN
ErCSF = 1005 Fay
FCST = FCST *= EFCSF FAN
HFP = 13, / 28, = FAND FAN
FAaN
STACK COSTS WITH VELOCITY RECOVERY FAN
IF(VFLREC.EQel,) CFROS=® UCS & UWS » Pl &« (FANDeHFR®TANS) s HFR FAN
e * SORT (1, ¢ TANB=s2) Fay
$ ¢ UCS » UWS » Pl » (FANDeHB=TAN]9) s HB Fan
p * SORT (1. ¢ TANIGwa2) Fan
FAvy
STACK COSTS WITH OUT VELOCITY RECOVERY FAN
IF(VELREC ,EQ,04) CFROS = CVM » WFY s Pl o FANDsaZ2 / 6, FaN
L3 » UCS = UWS » P] e (FAND ¢ HB & TAN19) s =R FAN
s « SORT(1, & TAN1Gss2) FAN
) Fan
INCREASING THE FAN COSTS TO TAKE INTO ACCOUNT FOR SHIPPING FaN
AND ASSEMBLY OF FAN SYSTEM COMPONENTS FaN
CFRNS = CFROS*POHFAN ' FAN
FCST = FCSTsPOHFAN Fan
CSR = CSRsPOHFAN FAN
CMOT = CMOT#POHFAN FAN
FAN_EC = FANLEC»POH_EC FAN
FAN
TOTAL CAPITAL COST OF THE FAN SYSTEM Fan
TCSTPF = FCST « CMOT » CSR ¢ FANLEC ¢ CFROS FAN
TCSTF = TCSTPF = NOF ' Fan
FAN
ANNUAL COST OF THE FAN SYSTEM FAN
Fan
ANFZOSE(TCSTFeTOTHPS ,T45T72PLANC) o FCReEHRSFCOS /100584 TOTHP» FAN
$,74572CAPF«8769, FAN
FAN
COST OF PLENUM FaN
FAN
CPL = CPM « WP »{(ITOWN & P1/4, » DTDWen?2 o NOF » PI/4,.8 (FAND+¢3,5) FAN
£ wn?) FAN
CPLeCPL « POHWSTC FAN
FAaN
STRUCTURAL AND FOUNDATION COSTS OF TWKE CIRCULAR TOWER FAN
FAN
CallL STRUCT(ITOWNSNSIDES HTOWIELENGySEGL NRUNHT sWHX yWATERW FAND s FAN
INOF yROOF s STRUCCyFNDC) FaN
STRUCC = STRUCC#POHSTC FAN
FNDZ = FNDC®POHSTC F AN
ANSFPZ = (CPL ¢ STRUCC ¢ FNDC)sFCR Fan
FAN
ANNUA[ FAN, STRUCTURAL AND FOUNDATION COSTS FAN
FAaN
ANSFRPF = ANSFPC ¢ ANFCOS FAN
150 I (ANSFPF ,GT, AFC) GOTO 400 Fav
FAN

07.59,55
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aUBROUTINE FAN T4/74 0PTe} FTN 4,5¢414 06/05/78 07.59.59

o STORAGE OF DESIGN PARAMETERS FOR THE LEAST COST FAN SYSTEM TO FAN 1379
C TO g PRINTED OUY BY THE SUBROUTINE RPTFAN FAN 1380
C FAN 1381
AFC x ANSFPF FAN 1382
AFCw = ANFCOS FaN 1383
AC=TCSTF FAN 1384
AHP=TOTHP FAN 1385
ADIA=FANDAP (I48) FAN 1386
AQLNZFANDAPR (1,40} FAN 1387
B DaANGSFANDAP (1,10} FAN 1388
XNF aN=NOF FaN 1389
XTOWN ® TOWN FAN 1390
NUMTOW & ITOWN FAN 1391
CTOWD = DYOW FAN 13%2
AVEL =VEL FaN 1393
CFPERFxCFMPF FAN 1394
HPPERFBHPPF FAN 1395
TPC=TP FAN 1396
ToTer=TOTCFM FAN 1397
FRCOF = FZST FAN 1398
FMCPF = CMOT ¢ CSR FAN 1395
CPLEN®RCPL FaN 1400
CYLRNG = CFROS FAN 1401
HPATRETOTHP FAN 1402
FPOWaTOTHP/1,434] FAN 16403
DPFeL=(VP/{,074958SPVOL) )*5,2022 FAN 16404
DeHx = DPTINW » 5,20218 / 144, FAN 1405
HUBNTA = SQRT (ADIA*»2 = 4,vA/3,14159) Fan 1406
TcTPF & TCSTPF FAN 1407
FDCPF = FCSTY FAN 1408
FMTRC w CMOT FAN 1409
ACCTTP® (DPYINW ¢ VP/(,07495%SPVOL)) » S,201R/144. FAN 1410
CFANEL = FANLEC FAN 141)
ADJTP = TP » 5,20218/144, FAN 1412
ACTSPD = DPHX FAN 1413
ADJBPD = DPHX « ,074955sSPVOL FAN 1416
ACTvH B DPFEL/144, FAN 1415
ADJVH & VP » 5,20218 / 146, FAN 1416
ACT®PF = WHPPERF FAN 1417
ADJUPPF = HPPF » SPYOL = ,07495 FAN 1418
TWPAIR = WPAIR FAaN 1416
TCTF = AC FAN 1420
AFSCST = AFC FAN 1421
AFCsT = AFCH F AN 1422
CSRD = CSR FAN 1423
400 CONTINUE FAN 1424
IF( CTMAX LEQ, 0.0) XTMAX = 0 FAN 1425
IF (ARS (CTMAX = XTOWN) ,LT, 40001} _LOOPER = ,TRUE, FAN 1426
CTMAX s BMAX]1 { CTMAXy XTOWN) . FAN 1427
KTMAX ®= KTMAX o ] FAN 1428
IF(KTMAX ,GT, 10) LOOPER = ,TRUE, FAN 1426
IF (LOOPER) AFC = 5,E«8 FAN 1430
RETURN FAN 1431

END FAN 1432
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SURRQUTINE FINEFF TarsTa OPT=] FTN ¢,5¢6414 06/05/78
SURRAUTINE FINEFF (HOLEFFIN) FINEFF
FINEFF

SURROUTINE FINEFF CALCULATES THE FIN EFFECTIVENESS OF aN FINEFF
EXTENDED FIN USING DUSINBERRE®S RELATIONSHIP AND A CURVE FINEFF

FIT OF THE DIFFERENCE BETWEEN DUSINBERPRE"S AND THE BESSEL FINEFF
FUNCTION SOLUTION OF THE FIN EFFECTIVENESS SECOND ORDER FINEFF
DIFFERENTIAL EQUATION WITH CONSTANT FIN THICKNESS, FINEFF
FINEFF

LOGICAL FIRST W FRSTFXTEMPFXTVARFXTTTD,FXTLNG BI1GCOM
COAMMON BI3CO™
ASTRy ALPHA, ANG(3) BIGCOM
WBOLIM([16) BI1GCOM
+CaPFos CSSPKwW, CONF, CONLs COSTLs CAPCHGy CONMATs CONMAZ,CAF B1GCOM
+C3Js CTURBs CDANGy CLUVRe CHAILS, CVM B15C04
+DFINSDEEPLWDESVE| +DESVELVDESVELDDENSIF 81GCOM
JEEFPy EFS BIGCOM
WFrRsFIPST  FIXL oFCOSsFFHXFXTEMP sFAZTOR,FRSTFACTORD ,FSHOT FDELUG BIGCOM
WFIXVIFIXTTDWFXTVARGFXTTTDFXTLNG EIGCOM™
+GREFF BIGCOM
+HYNP s HPCSTeHCD BIGCOM
JITMAX, TTMIN BIGCOM
+JCONS BIGCOM
+KCONV, KALEXT BI1GCOM
yMYEXT BISCOM
+NTAINSIDES s NBUNH] BIGCOM™
CoOMuUnN BISCOM
nDa BIGCOM
+PSIZE, PERs PWCOSs PLANC,y PFACT, POMDP_ B8IGCOM
«POHRAF, POHFAN, POHLEC, POMCIR, POWCND, POHSTC, POHSCL BIGCOM
» QRPREDUCE,s REDUCVs ROOFLs RHOUT BlGCOM
s NREJ,y QGREDUCE, QREDUCVY BIGLOM™
+STIGMAG, SAAF, SEGL BIGCOM
W T, YPO(4Ys TEFF, TLIM, THFIN, TLPRA, TFIX BIGCOM
W TeDe TW BIGCOM
yUCSs UWS BIGCOM
¢WFVe WATCONA, WATCOST BIGCOM
yVAS(R) BIGCOM
Wy XDEPA, Xwy XD BIGCO™
LOGICAL PATH FINEFF
DaTa PATW /,TRUE,/ FINEFF
DATA Ay B / 0,06313766, 0,00745032 / FINEFF
FINEFF

DUSINBERRE"S RELATIONSHIP FINEFF
FINEFF

IF(,NOY, PATH) GO TO 10 FINEFF
RE z DFIN/12.0/2,0 FINEFF
RR = ODR/12,0/2,0 FINEFF
RC £ PE = RR FINEFF
YR = THFIN/12,0/2,0 FINEFF
CsT)] = RE/RB FINEFF
AW x RC=RC=SORT(CST1)/CONF/YB/3,0 FINEFF
PATW = ,FALSE, FINEFF
CONTINUE FINEFF
EFFD = 1,0/(1,0 ¢ HO=AW) FINEFF
FINEFF

DUSINBERRE"S AND BESSEL FUN?TION SOLUTION DIFFERENCF FINEFF

(e NeXe]

FINEFF

07,59,5%
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SUBROUTINE FINEFF Ta/76- OPTs] FYN 4,5¢414 06/05/78 07,59,59

DELTA = Ax ()40 =« EXP(=BwHO)) FINEFF 30
C FINEFF 31
c EFFECTIVENESS OF FIN FINEFF 32
C FINEFF 33
EFFIN = EFFD + DELTA FINEFF 34
c FINEFF 35
RETURN FINEFF 36

END FINEFF 37



FUNCTION FLUID
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T4/s74

0PT=1 FIN 4,5¢4)0¢

FUNCTION FLUID(NPROPyNFLUIDsTEMPWALTITD, OCAT)
DIMENSION LOCAT (2}

DIMENSION COLLAU(124842)

DIMENSION FLU(2)y PROP(12,3)

LOGICAL wARN

IFLAG]Y = 1

SURPOUTINE FLUID DETERMINES THE THERMODYNAMIC AND PHYSCIAL
PROPERTIES OF SATURATED AMMONTIA AND AJR, THE VALUES ARE

DETERMINED

PHERIC PRESSURE WHILE THE PWYSICAL PROPERTIES ARE FOR
SATURATED AMMONIA GAS,

COLLAJINFLUID, NPROP, ICLa)

NFLUID » FLUIC INDEX

ICLA

nH R A" NN

[N

N~ O 0 J 90U WN—

D~ U WD

LI B B B I ]

= AMMONIA
w AIR

PROPERTY INDEX

SPECIFIC HMEAT (LIQUID) (BTU/LRMeDEG F)
THERMAL CONDUCTIVITY (LIQUID (RTU/HR=FT=DEG F})
DENSITY (LIQUID) (LBM/CU Fr)

VISCOSITY (LIQUID) (LBM/FTeHR)

SPECIFIC MEAT (GAS) (BTU/LBMeDEG F)

THERMAL CONDUCTIVITY (GAS) (BTU/MR=FT<DEG F)
DENSITY (GAS) (LBM/CU FT)

VISCOSITY (GAS) (LBM/FTeHR)

HEAT OF VAPORIZATION (BTU/LBM)

PRESSURE AS A FUNCTION OF TEMPERATURE (PSJ,
TEMPERATURE AS & FUNCTION oF PRESSURE (DEG F)
SURFACE TENSION (LBF/FT) )

COEFFICIENTS, LIMITS AND ADJUSTMENT FACTORS

FIRST COEFFICIENT

SECOND COEFFICIENT

THIRD COEFFICIENT

FOURTK COEFFICIENT

LOWER TEMPERATURE LIMIT

UPPER TEMPERATURE LIMIT

FIRST ADJUSTMENT FACTOR, ADDED TO TEMPERATURE
SECOND ADJUSTMENT FACTORs DIVIDED INTO TEMPERATURE

DATE VALUES FDR AMMONIA

DATA((COLLAJIIWUsl)y J = 148B)y I = 1, 9)/

] 1.0880
s 2000

LIQUID SPECIFIC HEAT (lyJ,l

y =4,15152E«05, T,34B4B5E=06, 0,0 y 0,0
v 0,00 ] 1-000.

LIQUID THERMAL CONDUCTIVITY (24del)

06/05/78

FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID

BY CURVE FITS OF THE PROPERTIES VERSES TEMPERATURE FLUID
THE LIGUID PROPERITIES OF AMMONIA ARE FOR SATURATED AMMONIA,
THE THERMODYNAMIC PROPERTIES FOR AMMON]A GAS ARE FOF ATMOSe

FLUID
FLUID
FLUID
FLUID
FLJUID
FLUID
FLUID
FLyld
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLJdl2
FLUID
FLUID
FLUID
FLUID
FiLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLuld
FLUTD
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID

07,59.59

—
DO D NN W



FUNCTION FLUID

e Eg NeXa]

[g]

T6/74 oPT=] FTN 4,5¢414

» 3.348732E=01y =7,24969E=04s =T437431E=09y 0,0 ' 9,0
= 18R,0 sy 0,00 vy 1,000,

LIGQUID DENSITY (3,U,1)
. 4],266 v =3,63362E-02y =9,16190E~05y 0,0 v 0,0
» 200.0 s 0,00 ] 1.000'

LIOUID VISCOSITY (éyuyl)
s 5,370136E=01y =3,05283E=03, 6,727532Ew06y 0,0 sy 9,0
* 18R,0 v 0400 v 1,000

SPECIFIC HEAT OF GAS (S59Jy]
* 4,B53833E«01ly 1,716071Ee04y 1,39B8809E~074 0,0 s 50,0
» 180,0 s 0,00 v 1.000,

THERMAL CONDUCTIVITY OF GAS (6sJy))
* 1,161967E«02, 3,020539E=05y 2,388301E=0Ry 0,0 v 50,0
« 18p,0 s 0,00 v 1,000,

-
»

DENSITY OF GAS (7,Jyl)
9¢N59293E=02y 5,5868934E«03y =4,04296E=05, 4,343057E-07, 0,0

20000 ’ 0.00 ’ 1.000'
VISCOSITY OF GAS (Byusl)
2+375058Em02y 4,175724E=05¢ B8,421106E=0By 0,0 v 9,0
188,0 y 0,00 v 1,000,
HEAT OF VAPORIZATION (9,J,1)
5.667073E+02y =6,09783E«01y =2.75342E=03y 0,0 » 0,0
20000 ’ 0.00 ’ 1.00/

DATA((COLLAJ(IsJdsl)y J = 1y Bis 1 = 10, 12)/

PRESSURE AS A FUNCTION OF TEMPERA&TURE (10sJsl)
2+9R3273E+01e B,155492E=01y 5,019419E=03y 4,990846E=05, 0,0
190.0 s 0,00 e 1,000,

TEMPERATURE AS A FUNCTION OF PRESSURE (1leJsl)

-1,50307E+01y 7,921579E«01, «1,33280E=03, B,BB573%FE=07, 30,0
710.0 y 0,00 s 1,000,

SURFACE TENSION (124Je))
240213Fe03 y=B,1309E=06 4 0,0 10,0 sy 30,0
200,0 v 0,00 v 1,000/

DATA VALUES FOR AIR (PRESSURE OF ONE ATMOSPHERE)

DATA((COLLAJ(I Js2)r J E 1y B)e 1 = 1y B)/

LIQUIC SPECIFIC HEAT (le4,2

060 v 0,0 s 0,0 s 0,0 y 0,0
Nel s 0,0 s 040 ’

LIQGUID THERMAL CONDUCTIVITY (2,Js2!}
Deh ’ 0.0 1] 0.0 ] 030 ’ 000
Ds0 s 0,0 s 040 .

LIQUID DENSITY (3,J,2)
0e0 y 0,0 y 0.0 v 0,0 v 0,0
00 » 0,0 y Gs0

LIQUID VISCOSITY (4,4Us2)
0.0 L 0.0 1] 0.0 [ 0.0 [ 0,0
0ol v 0.0 ’ 0.0 1]

SPECIFIC HEAT OF GAS (SsJ,2
2¢603053FE=0)y 6,7987568E=7y 1,5005827E=Ry 7,061570E=]11, =40,0
14040 y 0,0 s 140

THERMAL CONDUCTIVITY OF GAS (6,J02)
103069064Ew2y 2,6570901E=Sy 5,0393357E=fy =4,11082E=10y =40,0
14000 ’ 000 1] 1.0 ’

DENSITY OF GAS (74Jy2)

06/05/78

FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLYID
FLUID
FLUID
FLu1D
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID

07.59.59

59
60
61
62
63
64
65
66
67
6R
69

109
110
111
112
113
114
118



FUNCTION FLUID

OO0 moOo0 DOOO0 [a Xp]

e e Ne]

OO0

T4s74 0PT=1

 B,6353004E=2y =]1,B74T752E=6¢y 3,7316434E=7,

= 1400 s 0,0 v 1,0 '
VISCOSITY OF GAS (ByJs2}

-“.

FIN 4,5+414

66929E=10y =40,0

* 349387711E-2y 64R722417E=5, =3,483392E=8, 2,452609E=]1, =640.0 ,

= 140,0 + 0,0 v 1.0

DATA (FLUIIYY I = 1y 21/9WATERMN,UATRYY

DATA FOR PRINTING OF ERROR MESSAGES

DATA((PROP(IsJ)s J &8 1y 339 1 =1, 121/

MTEMPERATURM,E AS A FUN",nCTION OF Pu,
MSURFACE TE","NSION AS A"," FUNCTIONTH,

= 0SopCYFIC HMyWEAT OF LIQY,nUID "y
s MTHERMAL COMeUNDUCTIVITYN,n OF LIQUIDNM,
- "Dz"\,ngy QF Mg n LIQUID Mg ||’
» "VTSCOSITY "y npF LIQUID nyn LI
» uSPECIFIC HH G HEAT OF GAS" " )
= nTWERMAL CO"yUNDUCTIVITYU 1 OF GAS "y
» aDEMSITY OF* v GAS "Hen ",
s NVISCOSTTY Y, 00F GAS Wett LI
= WHTAT OF VAV UPARTIZATION! g0 Hy
« UPQESSURE A'"4"S A FUNCTIW UON OF 7 LY
]

.

DETERMINATION OF ERROR IN INPUTS
IF(NFLUID ,57, 2) RETURN
NF = NFLUID
NP = NPRAD

AIR PROPERTIES NOT AVAILABLE
IF(NF 2EB. 2 «AND. NP LLE., 4} GO TD 50
WARNE o«FALSE,

PROPERTIES ASKED FOR OUTSIDE THE RANGE OF TEMPERATURES

sLLOWED FOR
IF (TEMP LT+ COLLAJINPsSINF))
IF (TEMP ,GTe COLLAJINPsKINF))

FLUID PROPERTY CZALCULATION

WARN = ,TRUE,
WARN = ,TRUE.

T = (TEMP o COLLAJU(NP,ToNF})/CO,LAJINP,8,NF)

FLUTD & COLLAJ(NPy]oNF)
$ o COLLAJINP G NF)nT»n3

ALTITUDE CORRECTION FOR DENSITY OF AlR

IF(NF +FE0. 2 +AND, NP «EGe 7} FLUID =

$ 1,325 = EXP({3,39853 =~ 3,B81835E«5 s ALTITD)

BRINTING OF ERRORS

1P (,NOY, WARN) RETURN
IF(IFLAG3 L,EQ, 0) RETURN

/

(TEMP ¢ 459 ,67)

06s05/78

FLUID
FLUID
FLUID
FLUID
FLUIOD
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUIC
FLUID
FLUID
FLJUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUIO
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID

LUlID
FLUID
FLUID
FLUID

¢ COLLAJINP42sNFIeT o COLLAYINP,3yNF)sT=x2 FLUID

FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID
FLUID

07.,59.59

116
117
118
119
120
121
122
123
124
12%
126
127
128
126
130
131
132
133
134
135
136
137
138
136
laC
14¢]
142
142
144
145
146
147
148
149
150
151
152
153
154
15%
156
157
158
159
160
16}
162
163
1664
165
166
167
168
169
170
171
172

.



FUNCTION FLUID Tes74 0PT=) FTN 4,5¢641¢ 06/05/78 07.59,59

/.

¢ TEMPERATURE LTMITS EXCEEDED ERROR PRINTOUT FLUID 173
WRITE(6+1) TEMP, (PROP(NPROPsI} 12193}y FLUINy FLUINFLUID), FLUID 174

» COLLAJ(NP,SINF)y COLLAJINPy6INF),y LOCAT FLUID 178

1 FORMAT ("0sssWARNINGssstt/ FLUID 176

»" THE INPUT TEMPERATURE ("yFBe3s") FOR DETERMINING THE #43A10) FLUID 177

0 ((WeFPR Jyn yuy FLUID 178

»" Fpp "eAQe" IS OQUTSIDE THE RANGE OF '"yFB,34" TO "» FB,3/ FLUID 178

e THE CALL TO FLUID WAS IN ",2A10//) FLUID 180
RETUBN FLUID 183

c FLUID 182
c ATR PROPERTY ERROR PRINTOUT FLUID 183
50 WRPITE(6960) NP FLUID 184

60 FORMATIBX"THIS PROPERTY OF AIR IS NOT aAVAILABLE IN FUNCTION FLUID FLUID 185

s sus WARNING «ss NP & Wy]2/) FLUlD 186
FLUID = 0,000 FLUID 187

C FLUID 188
RETURN FLUID 189

END FLUID 190



SUBROUTINE FRICT

(g NeXe] OO0 (e NeNel e NeNeXe) OO0 [aNeNeNeNe e NeNe Ne]

e XaNeNaNeNe] PO N

s NeNa)

100

101

T4/74 0PT=) FIN ¢,54614

SUBROUTINE FRICT(DIA«GTeVIS)IDsF)

SUBROUTINE FRICT FOR GIVEN VALUES OF INSIDE DIAMETER (IN),
MASS FLUX (LBM/SQ FT=SEC)s AND VISCASITY (LBM/FTeHR),
DETERMINES THE FRICTION FACTOR OF DRAWN TUBING (ID=1), STEEL
PIPE (1D=2)y OR CAST IRON PIPE (IDx3 USING MOODY FRICTION
FACTOR CHART EQUATIONS

REFERENCE,y KNUDSEN» JoGs AND KATZ, D,Ls "FLUID DYNAMICS AND
HEAT TRANSFER", MCGRAW=HILie NEW YORK, 1958, P, 176

DIMENSION EP(3)
INSIDE SURFACE PROTUBERANCES FOR COMMERCIAL TUBING AND PIPE
pAt2 EP/0,0000640,001890,01027

CALCULATE REYNOLDS NUMBER AND DETERMINE IF IN (AMINAR QR
TURBULENT REGION

RE = 300,=GT*DIA/VIS
TF (RE@2000.)10091014101

CALCULATE LAMINAR FLOW FRICTION FACTOR

FE16./RE
F & 4,%F

RETURN

CALCULATE RECIPPOCAL OF RELATIVE ROUGHNESS AND RECIPROCAL OF
SQAUARE ROOT OF FRICTION FACTOR FOR FULLY TURBULENT FLoOW

PFeDYTA/EP(ID}
FF=4,%A  OG]D(RF}e2,28

CHECK TCO DETERMINE IF TURBULENT FLOw IS FULLY DEVELOPED

CF=oF *FF /RE
1F(CF®0,01)1044103,103

DETERMINE RECIPROCAL OF SQUARE ROOT OF FRICTION FACTOR FOR
TRANSITION FLOW INITIALLY ASSUMING IT Tn BE THE SAME AS FOR
FULLY TURBULENT FLOW

TReeFF
TPrC=FF-4.aALOGIO(1.0h.67onF-TQF/RE)

I¥F CALCULATED AND ASSUMED VALUES OF RECIPROCAL OF SOUARE ROD
NF TRANSITION FLOW FRICTION FACTOR DO NNT AGREE WIYHIN
SPECIFIED LIMITSs ASSUME NEW VALUE EQUAL TO CALCULATED VALUEZ
AND REPEAT CALCULATION

1F ((ARS(TRFC=TRF)/TRF)»0,001)1054105+106
TRF=TRF(
GO TO 107

CALCULATE FULLY DEVELOPED TURBULENT F_Ow OR TRANSIYION FLOW
FRICTION FACTOR

06/705/78

FRICT
FRICT
FRICT
FRICT
FalcT
FRICT
FrRICT
FRICT
FRICT
FRICT
FRICT
FPICT
FRICT
FRICT
FRICT
FRICT
FRICY
FRICT
FRICT
FRICT
FRICT
FRICT
FRICT
FriCT
FRICT
FRICT
FRICT
FFIZTY
FRICT
FPICT
FRICT
FRICT
FRICT
FRICT
FRICT
FRICTY
FRICT
FRICT
FRICT
FRICT
FRICT
FRICT
FRICT
FRICTY
FRICT
FRICT
T FRICT
FRICT
FRICT
FRICY
FRICT
FRICT
FRICT
FRICT
FRICT
FRICT
FRICTY

07.59.59



cURRQUTINE FRICT 16774 OPT=} FIN 4,5¢414 06/05/78 07,.,59,59

c FRICT 59
105 FF=TRF FRICTY 60
106 rF=14/FFea? FRICT €1l

F = 4.%F FRICT 62

C FRICT 63

RETURN FRICT 64

END FRICT 65
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T4/74

OPT=] FIN 4,5+414

SUBROUTINE HEADER(DOTMyDOTBRsDESVEL syRHOWREDs JeNNyDIAJWDIL, TCST,
SRCSTUPCSTHELCOSTFLGCOSTIEJCOST]

THIS SUBROUTINE DETERMINES DESIGN AND COST INFORMATION FOR
THE MAIN CIRCULATION PIPING AND THE QUADRANT PIPING,

DEFINITION OF VARIABLES

APIPCS
DESVEL
DIA
DOTRR

NOTM
EJCoOSY
ELCOST
FLGCOS
NKOS
NN

PIPEST
RED

REDCOS
REDUCT

BRHO
TEECOS
1PCSY
VACSY

T -

T

T -

T

ABOVE GROUND PIPE COST ($1000/FT)

DESIGN VELOCITY (FY/SEC)

PIPE COMPONENT DIAMETER (INCHES)

MASS FLOW RATE T9 BRANCH, I,E,, TO CIRCULAR TOWER
OR TO TUBE BUNDLE (LBM/HR)

MASS FLOW RATE IN GIVEN HEADER SECTION (LBM/HR)
EXPANSION JOINT COST ($1000)

90 DEGREE ELBOW COST (%1000}

FLANGE COST ($1000)

NUMBER OF POSITIONS IN UNIY COST ARRAYS

IF=0 THEN MAIN CIRCULATION HEADER 1S DESIGNED
IFe)] THEN QUADRANT HEADEP IS DESIGNED

BELOW GROUND PIPE COST ($1000/FT)

ALLOWABLE REDUCTION IN DIAMETER BETWEEN ADJACENT
HEADER SECTIONS (INCHES), 1IF RED=0 THE PROGRAM
CALCULATES THE REPUCTION

REDUCER COST ($1000)

REDUCTION IN DIAMETER BETWEEN ADJACENT HMEADER
SECTIONS (INCHES)s ONLY USED WHEN RED=0
DENSITY (LBM/CUFT)

TEE COST ($1000)

UNIY PIPE COST (31000/FT)

VALVE COST ($1000}y VALVES ARE MOTOR OPERATED
BUTTERFLY VALVES

DIMENSION DIAM(243, FLGCST(24)s EJUCST(24)y REDCST(24)y ELCST(24)
s TEECST(24)9s PIPCST(24)+ APIPCST(24)

$s VACST(24)

DATA DIAM /
% 6 v
% 42, ,
$ TR, ’
$ 1le, '
DaTa FLGCST
$ . 136,
L3 £.,82
S 33l° *
L) 7205 ’

DaTa TEECST
e384,
3107 ’
12¢, ’
23=o ’

WM M A

DATa PIPCST
s .06'
s L7120,

l2
48
84
120

/

S
4c
78

/

37

/

. ’ 18, ’ 24, [ 30, ’ 36, ’
. ’ 564, ’ 60, ’ 66, ’ 72. ’
. ’ 90- A 96! ] 102. ] 1080 ’
N s 126, v 132, s 13R, [} 144, /
.520. 1.03 ’ 1.92 [] 3.17 L] 6042 []
22 12,0 la,7 211 27,5
s N 46,8 53,2 [] 59,7 ’ 66,1 '
] ’ 85,4 ' 91.R ’ 9R,2 ) 105, /
535, 1,96 3.B2 , 14,8 25,8
N N 83,4 ’ 63,1 ’ e7,% ’ 107, ’
. v 163, v 182, y 201, y 220, ’
R, y 277, y 296, y 314, y 333, /
2113, e 167 .219, 409, 2599,

.841. 1'08 L} 1.31 [} 1.57 * 108“ L]

06/05/78

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
HELDER
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

07.59,5¢6
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sUBRAUTINE HEADER yars OPT=1]

OO0 e NaXsNeNeNe)

[e) e Xe ¥e Ko Xe Xa Xe Xe Nl

10
11

3

2,10 2.36
3.67 ’ 3.93 []
DATA ELCST/
0275, . 715,
27,4 38.8

% 1330 ’ 155- ’
[ 26R. L] 2900 L

E B N " AN

Y P

DATA EJCST/

.586, 1.67
lﬂ,s . 23.8 ’
7905 ’ 93'3 *

162, ’ 176, ’
DATa REDCST/

R0 0320,
13.2 ’ 1609 ’
84,1 + 100, N

175, y 195, ’

DAT4 API®CST/

«03¢ « ,L073 '
Blay « 719,
1.91 ' 2,16
3,4! . 3.66 '
DATA NKOS /24/
RCST=0.

2.62
6,19
1,35 ,
51,9
178, ’
312, ’
3,15
30,9
107, .
190, ’
o TET
26,7
116, ’
211. L}
.066 ’
«93G,
2,41
3,91 o

CONST1®4,/(341616¢3600,)

1'78

227,

,155
1,16
2466
4,16

FIN 4,54414

' 3,15 344l

’
0 4,72 ¢ 4e98 /
’ 5,54 16,1
’ 87.6 2 110 ’
v 222, y 245, ’
v 357, y 380, /
’ 9.72 » 13.3
) 51,9 65.8
+ 135, v 148, ’
’ 2170 L 2310 /
[ 5,58 » Gsb0
' 52,3 6R,2
+ 148, y 163, ’
y 243, y 259,
’ «332 510,
’ 1,41 1.67
' 2,99 3416
[} b,42 667

CALCULATE THE REQUIRED DIAMETER BASED ON MASS FLOW RATE AND
THE DIAMETER ASSIGNED TO THIS HEADER
SECTION IS THE NEXT LARGEST PIPE IN 6 INCH INCREMENTS FROM

DESIGN VELOCITY.

THE ARRAY DIAM,

DYA=SQRT (DOTMsCONST]/ (RHO®DESVEL)) w12,

Do 10 IT = ]1eNKOS
Iely
IF(DIA=DIAM(I))11s11
CONTINUE

DIA=DIAM(])

10

THE MAIN CIRCULATION HEADER HAS AN EXPANSION JOINT AND
ARPPROPRIATE FLANGES AT THE CONDENSER INLET AND OUTLET,

IF(J.EQa14ANDs NNJEQ.1)FLGBCOST=3,#FLGCST (1)
IF(J.EQ.I.AND.NN.EQ.I,EJCOST.EJC$TtI)

IN THE STATEMENTS THROUGH STATEMENT 12 THE REDUCTION IN
DIAMETER BETWEEN ADJACENT HEADER SECTIONS 1S SPECIFIED.
THE REDUCER COST IS DETERMINED,
THE ARRAY POSITIONS FOR OTHER COMPONENT COSTS ARE DETERMINED, HEADER

THE INDEXES USED TO DEFINE

FOR Je] THIS ROUTINE IS BY=-PASSED BECAUSE THE FIRST HEADER
WIL{ NOT HAVE A REDUCER PRECEDING 1IT,

IF{J,ER,1) GO YO 12

06/05/78

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
HEADER
HE ADER
HEADER
HEADER
HEADER
HEADER
HEADER
HEADER
HEADER
HEADER
HEADER
HEADER
HEADER
HEADER
HEADER

HEADER
HEADER
HEADER
HEADER
HEADER
HEADER

07.55,59

59

108
109
110
111
112
113
114
115



i

SUBROUTIMNE HEADEP Tas74 OPT=] FTN 4,5+41%4 06/05/78
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D00
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OO0

13

14

16

15
12

THME PROGRAM MAY HAVE A SPECIFIED VALUE OF RED WHICHM FIXES THE
REPDUCTION IN PIPE DIAMETERS BETWEEN WEADER SECTIONS, RED
MIIST BE A MULTIPLE OF 6., IF RED=0 THE ROUTINE CALCULATES A
REDUCTION, FOR EXAMPLEy HEADER SECTION J=1 HAS BEEN ASSIGNED
A DIAMETER OF 96 INCHES, IT 1S DETERMINED THAT HEADER SECTION
J SHOULD BE B4 INCHES, THE REQUIRED REDUCTION IS )2 INCHES,
IF PED=C THEN A 96 INCH REDUCER IS COSTED AND HEADER SECTION
J WILL BE ASSIGNED A DIAMETER OF 78 INCHES. IF RED=6 INCHES
4 95 INCH REDUCER IS COSTED BUT DIAMETER J WOULD BE ASSIGNED
A VALUE OF 90 INCHES, IF RED=12 INCHES THEN A 96 INCH RE=
DUCER IS COSTED AND DIAMETER U IS ASSIGNED A VALUE OF B4
INCHES, IF RED=18 INCHES OR MORE THWEN NO REDUCER IS SPECI-
FIED AND DIAMETER J IS ASSIBNED A VALUE OF 96 INCHES, LARGE
VAL JES OF RED RESULT IN PIPE SIZES LARGER THAN REQUIRED BUT

FEWER REDUCERS ARE REQUIRED,
CALCULATION OF REDUCTIONs RED NOT SPECIFIED,
If(REDNE,0,)GO TO 13
IF(N1A.EQ,DIAJ) GO TO 12
REDCTeDIAJ=DIA
MeREDUCT/6,0401
TUK=l
Go To 14

RED SPECIFIEDy POSSIBLE REASSIGNMENT OF DIAMETER J,

IF(DTALGT.DIAJ=RED)GO TO 15
DtA=pI&J=RED

M=RED/6,4,01

IKe (NTA=DIAM(I)} /6, ¢ 401
K=0

NN

DETERMINE REDUCER COST, 1IT HAS BEEN ASSUMED FROM YHE RE=
DUCER COST DATA THAT, FOR EXAMPLE, a4 96 INCH REDUCER WILL
€OST THE SAME WHETHER THE REDUCTION IS TO 90+ 84, OR 78
INCHES, IF THE TOTAL REDUZTION BETWEEN ADJACENT HEADER
SECTIONS EXCEEDS 1B INCHES THEN AN ADDITIONAL REDUCER MUST BE
COSTEDs IN THE EXAMPLE, THIS WOULD BF & 78 INCH REDUCER, IF
THE TOTAL REDUCTION EXCEEDS 36 INCHES, SAY 96 TO 54, THEN A
96, 78+ AND 60 INCH REDUCER WOULD BE COSTEDs AND So ON,

CONTINUE

IF(IJKeJJGT+NKOS) STOPH"IN HEADER IJkeJ) EXCEEDS NKQSH
RCST = RCST ¢ REDCST(IJKeJJ)

KeKel

JuxEM=3eK

IF(JU.LE, D) GO TO )2

Go To 16

D1ALD14y

Mz (DTA®DTAM(I}) /6,4,01

IF(1+M 6T, NKOS) STOP “IN HEADER I+M EXCEEDS NXOSH

IF THE LAST HEADER SECTION 15 BEING DESIGNED USE AN ELBOW
RATHER THAN A TFE,
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SUBROUTINE HEADER Tes/74  OPT=) FTN 4,5¢4164 06705778 07,59,59

IF (ARS (DOTM=DOTBR) (L. T+ 0001)ELCOST=ELCST (1eM) HEADER 173
¢ HEADER 174
¢ TEE COSTS ARE ASSUMED TO BE +67 TIMES THE COST OF A TEF HEADER 175
c OF THE M"RUN'™ DIAMETER PLUS ,33 TIMES THE cOST OF A TEF OF THE HEADER 176
c "BRANCH" DIAMETER, DETERMINE THE “RUN" PORTION OF THE TEE HEADER 177
c COST HERE, HEADER 178
C HEADER 179
IF(INTM,GTDOTBR) TCSTa ,67*TEECST (I M) HEADER 180
o HEADER 181
o MAIN CIRCULATION PIPING IS UNDERGROUND, QUADRANT PIPING IS HEADER 182
c ABOVE GROUND, FITTINGS COSTS WERE NOT DEPENDENT ON ABOVE OR HEADER 183
o BELOW GROUND SPECIFICATION, HEADER 184
C HEADER 185
IF (NN LEQ, 0) UPCST = APIPCST(IeM) HEADER 186
IF (NN  NE, 0) UPCST = PIPCSTI(IeM) HEADER 187
RETURN HEADER 188

END HEADER 189
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SURRQUTINE HLAMMO(TINDOTMAWDIAWHMLENGTH DIV TOUT,DELP)
COMMONZ/PROP/CPWy THCONW s DENSIWsVIBW I HFG,
CPVyTHCONVDENSTIVeVISV,SIGMA,
CPA, THCONA,DENSIArv]ISA

SUBROUTINE HLAMMO CALCULATES THE PRESSURE AND TEMPERATURE
nepps OF AMMONIA DUE TO THE FLUID FLOW OF ITS VAPOR
INSIDE A LENGTH OF PIPE

DEFINITION OF VARIABLES

DELP ~ PRESSURE DROP IN THE PIPE (LBF/SO FT)

DELTX ~ SEGMENT OF THE PIPE (FT)

MENSIV = DENSITY OF THE AMMONIA VAPOR (LBM/CU FT)

nNTA - DIAMETER OF PIPE (IN)

nly - NUMBER OF DIVISIONS OF AMMONIA IN THE LENGTH OF
THE PIPE (DIMENSIONLESS)

DOTMA = MASS FLOW RATE IN THE PIPE (LBM/HR)

F - FRICTION FACTOR FOR THE vaAPQOR FLOW (DIMENSIONLESS!

€] MASS FLUX OF AMMONIA IN THE PIPE (LBM/SQ FT HR)
HLENGTH « LENGTH OF THE PIPE (FT)

Pl = PRESSURE OF THE AMMONIA AT THE FRONT OF YHE PIPE
(LBF /S0 IN}
P2 < PRESSURE OF THE AMMONIA AT THE END OF THE PIPE
(LBF/SQ IN)
TIN ~ TEMPERATURE AT THE BEGINNING OF THE PIPE
TouT - TEMPERATURE AT THE END OF THE PIPE
DELP = 0,0
J=z o

GA = 32,16«3600,%3600,

NUMBER OF DIVISIONS IN THE PIPE
I = DIV « ,01

INLET PRESSURE
Pl = FLUID(10s1eTINSELEV,"CALC 1My

LENGTH OF PIPE SEGMENTS
DELTX ® HLENGTH/DIV

MAGS FLUX OF AMMONIA THROUGH THE PIPE
G = DOTMA/(3.14159eD10e%2/(4,v144,))
J o= ogoe )
FRICTION FACTOR IN THE PIPE
CaLL FRICT(DIA,G/36004sVISVy2¢F)

PRESSURE DROP IN THE SEGMENT OF PIPE PLUS THE SUM OF THE
PRECEDDING PRESSURE DROPS CAUSED BY PRECEEDING SEGMENTS
nF PIPE

DELP = FeGea2sDELTX/(2,%GA®DENSIVS (DIA/12,)) « DELP

NEw PRESSURE AT THE END OF THE SEGMENT OF PIPE
P2 = Pl e DELP/144,

NEw TEMPERATURE OF AMMONIA AT THE END OF THE SEGMENT OF

06/05/78

HLAMMD
HLAMMD
HLAMMO
HLAMMO
HLAMMD
HL AMMQO
HLAMMO
HL_AMMO
HLAMMO
HLAMMD
HL AMMD
HLAMMD
Hi_AMMD
HLAMMO
HL AMMO
HLAMMO
HLAMMO
HLAMMO
HLAMMO
HLAMMO
HL AMMO
HLAMMO
HL AMMO
HLAMMO
HLAMMO
HLAMMO
HiL AMMO
HL AMMO
HL AMMO
HLAMMD
HL AMMO
HLAMMO
HLAMMOD
HLAMMO
HLAMMO
HLAMMO
HL. AMMO
HLAMMO
HLAMMO
HLAMMO
HLAMMO
HL_AMMO
HLAMMQO
HLAMMO
HL AMMD
HL AMMO
HLAMMO
HL AMMO
HLAMMO
HLAMMO
HLAMMO
HLAMMD
HL AMMD
HLAMMD
HLAMMD
HL AMMD
HLAMMD

07.59,59

oD NS WY

10

~



SUBROUTINE HLAMMO Ta/T4 0PT=] FTN 4,5¢414

g ReNe)

20

30

40

PIPE
Tt = FLUID(11s1sP2,ELEVs"CALC 1PY)
DELTI = ,001
FT! = aP2 « FLUID(10414TIZELEV,nCALC 2m)
FTIDEL = = P2 ¢ FLUID(10+1+TIeDELTIsELEV,nCALL 3™)
TIP1 = T1 « DELTIFTI/(FTIDEL = FTI)
IF(ABSITIP] = TI},LT.,0001) GO 7O 30
T = TIP)
60 70 20
TOUT = T1

NEW VAPOR DENSITY AND VISCOSITY OF THE VAPOR AT THE END

OF THE SEGMENT OF PIPE
DENSIV = FLUID(T91sTOUTHELEVHCALC 4*)
VISV = FLUID(841+TOUTELEVy"CALC 5")
IF(J.EQ,T) GO TO 40
GO TO 10
CONTINUE
RETURN
END
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T6/74 0PT=} FIN 4,5+414

SURRAUTINE HOTERV(FATRyHO+SIGMAGIALPHA,XDyGAIR)

HOTERV CALCULATES THE FRICTION FACTOR AND HEAT TRANSFER
COEFFICIENT FOR AIR FLOW NORMAL TO A BAVK OF TUBES »ITH
CONTINUOUS PLATE FINS (HOTERV SURFACE)

DEFINITION OF VARIABLES

CONA = THERMAL CONDUCTIVITY OF AIR (BTU/MR FT DEG F)

nH ~ HYDRAULIC DIAMETER OF SURFACE (FT)

FAIR = AIR SIDE FRICTION FACTOR FOR WOTERV INLINE TUBE
SURFACE (DIMENSIONLESS)

FleF2 = CORRELATION COEFFICIENTS FOR AIR SIDE FRICZTION
FACTOR (DIMENSIONLESS)

GAIR = AIR SIDE MASS FLUX AT THE MINIMUM Flow AREA
(LBM/SQ FT HR)
MO ~ AIR SIDE HEAT TRANSFER COEFFICIENT

(ATU/HR SO FT DEG F)
Hlan3 = CORRELATION COEFFICIENTS FOR AIR SIDE HWEAT
TRANSFER COEFFICIENT (DIMENSIANLESS)

bR « PRANDTL NUMBER OF AIR (DIMENSIONLESS!

REAIR = REYNOLDS NUMBER OF AIR AT THE MINIMUM FLOX AREA
(DIMENSIONLESS)

XD ~ LONGITUDINAL TUBE PITCH (IN)

COMMON/PROP/CPW,y THCONW DENSIWoVISW, HFG,

1
2

DaTa
DaTa

DH =

CPVyTHCONV 4 DENSIVyVISV,SIGMA,
CPAyTHCONALDENSTA,VIBA

Fly F2 7/ 4,7B1062, »0,240/
Hly H2y H3 / 0,18534135y 0,5767722, 0,33333 /

Alp SIDE HYDRAULIC DIAMETER AND REYNOLDS NUMBER

4.0sSIGMAG/ALPHA

RFATR = GAIR®DH/VISA

Alrp SIDE FRICTION FACTOR

FAIOP = FleREAIR=eF2

Falo

PR =
CONa
HO =

= FAIRP
HEAT TRANSFER COEFFICIENT
VISA*CPA/THCONA

= THCONA
(CONA/DH) «H] = (REAIRe*H2) # (PRoeH3)

RETURN

END
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IU3RAUTINE HTCLO T6/74 OPT=} FIN 4,5¢61¢ 06/05,78 07,59,59

SUBROUYINE HTCLO(DTIoDL9ANGsGToX19X21PRLyDENL yDENVVISL,VISVsTKLy HTCLD 2
1CPLyHTLsHTCoHTBIHTNIHTKeRET) HTCLO 3
DIMENSION ANG(3) HTCLD 4

c HTCLO 5
¢ SUBROUTINE HTCLO CALCULATES THE TUBESIDE TWO=PHASE LIQUID HTCLO 6
c FILM HEAT TRANSFER COEFFICIENT FOR THE CONDENSATION OF HTCLO 7
c A FLUID ON THE WALLS OF A TUBE HTCLD B
¢ HTCLO S
¢ DEFINITION OF VARIABLES HTCLO 10
C HTCLO 11
¢ ARG(1) = ANGLE THE TUBE MAKES FROM THE HORIZONTAL (RAD) HTYCLD 12
c ARG (2) = SINE OF THE ANGLE THE TUBE MAKES FROM THE HTCLO 13
c HORTZONTAL (DIMENSIONLESS) HTCLO 14
C DENL = DENSITY OF THE LIBUID (LBM/CU FT) HYCLO 15
c NENY = DENSITY OF THE VAPOR (LBM/CU FT) HTCLO 16
¢ DL ~ LENGTH OF THE LIOQUID AND vAPOR TUBE (IN) HTCLO 17
¢ DR =« RATIO OF THE DENSITIES (DIMENSIONLESS) HTCLO 18
C DTI =~ INSIDE DIAMTER OF THE TUBE (IN) HTCLO 19
c GT = MASS FLUX OF THE FLUID THROUGH THE TUBE (LBM/ HTCLO 20
¢ HRwSQ FT) ) HTCLO 2]
¢ HTR =~ HEAT TRANSFER COEFFICIENT ACCORDING TO THE CORRELA= HTCLO 22
c TION BY BOYKO AND KRUZHILIN (BTU/MR=SQ FY=DEG F) HTYCLO 23
c HTC -~ HEAT TRANSFER COEFFICIENT ACCORDING TO THE HTCLO 24
¢ CORRELATION BY CHATO (BTU/HR=50 FT=DEG F) HTCLO 25
o HTK - HEAT TRANSFER COEFFICIENT ACCORDING 10 THE HTCLO 26
c CORRELATION BY KIRKBRIDE AND BADGER (BTU/MR=SQ FT= HTCLO 27
c DEG F) HTCLD 28
c HTN = HEAT TRANSFER COEFFICIENT ACCORDING TO THE HTCLO 29
c CORRELATION BASED ON THE NUSSELT TYPE ANALYSIS HTCLO 30
c (BTU/HR=SQ FT=DEG F) HTCLO )|
> ¢ PR = PRANDTL NUMBER OF THE LIQUID (DIMENSIONLESS) HTCLO 3z
o RET « REYNOLDS NUMBER (DIMENSIONLESS) HTCLO 33
c KL = THERMAL CONDUCTIVITY OF THE LIQUID(BTU/HR=FT=-DEG F) HTCZLOD 34
¢ VISL - VISCOSITY OF THE LIQUID (CENTIPOSE) HTCLD 38
¢ L) = CHANGE IN VAPOR QUALITY FROM THE INLET TO THE EXIT HTCL: 36
c OF THE TUBE (DIMENSIONLESS HTCLO 37
C X1 = INLET QUALITY (DIMENSIONLESS) HTCLO 38
c xD « EXIT QUALTTY (DIMENSIONLESS) HTCLO 39
¢ HTCLD 40
Dr = DENL/DENV HTCLO 4]

RET = DTI®GT/(VISL=2%,) HTCLO 2

X0 = AMIN] (X24,999) HTCLO 3

¢ HTCLO 44
c GRAVITY CONTROLLED STRATIFIED CONDENSATION (CHATO) HTCLD 45
c ANGLE OF THE CONDENSATE = 120 DEGREES B HTCLO 46
XD = AMAX] (XI=X0y,001) HTCLO 47

HYC = 924.#TKL=(DENL* (DENL=DENV)®D[ *ANG (3 / HTCLD 48

1 (VISL*DTIwe2eGTaXD) ) w33 HTCLO 49

C HTCLO 50
c PRESSURE GRADIENT CONTROLLED ANNULAR CONDENSATION (BOYKO= HTCLO 5]
c KRUZHILIN) HTCLO 52
FTP = ISQRT(l, ¢ (DR = l,)eXI) ¢ SQRT(l, ¢ (DR = 1,)*XD))=,5 HTCLO 53

HTR = ,024%TKL*RETu=,BxPRL**,43sFTP/DTIx12, HTCLO 54

KOO = 0 HTCLO 55
IF(ANG(1)=0,017) 30930950 HTCLD 56

30 IF(MTCeHTB) 100,100,40 HTCLD 57

40 KNOL=1 HTCLO 58



cUBROUTINE HTCLO T4s74  OPT=] FIN 64,5416 06/05/78 07,59,59

Go TO loo HTCLD 59

S0 PPN = TK_»(64s]1REB=ANG(2)«DENL® (DENL=DENV)/(VISL*2¢42)%%2) %s,33 HYCLD 60

c HTCLO 61
c GRAVITY CONTROLLED VERTICALLY LAMINAR CONDENSATION (NUSSELT) HTCLO 62
HTN = 1 ,47«PPN/(RET®(],=x0))=*,33 HTCLO 63

c HTCLD 64
¢ GRAVITY CONTROLLED VERTICALLY TURBULENT CONDENSATION HTCLO 65
c (KIRKBRIDE=BADGER) HTCLO 66
HTK = 0077« {RETs(],=X0))*n,4%PPN HTCLO 67

100 HYL = AMAXI (MTCyHTBeHTNWHTK) HTCLO 68
RPETURN HTCLD 69

END HTCLD 70



sUBROUTINE HYDLOS
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Tas74 oPT=] FTN 4,5e414 06705778

SURRNUTINE HYDLOS(DIA,ZVELVIS)RMO,IDeHDLS)

SIURRDUTINE HYDLOS FOR GIVEN VALUES OF INSIDE DIAMEYER,
VELGCITYs VISCOSITY,s AND DENSITYs DETERMINES THE FRICTION
HEAD LOSS PER FEET OF DRAWN TUBING (ID=1)s STEEL PIPE (1D=2),
DR CAST IRON PIPE (ID=3) USING MOODY FRICTION FACTOR CHART
EQUATIONS

REFERENCEs KNUDSENy JoGe AND KATZs D.Le "FLUID DYNAMICS AND
HEAT TRANSFER®, MCGRAW=HILLs NEW YORK, ]19S8, P,176

DIMENSION EP(3)
INSIDE SURFACE PROTUBERANCES FOR COMMERCIAL TUBING AND PIPE
DATA EP/0,0000640,0018+0,0102/

CALCULATE PEYNOLDS NUMBER AND DETERMINE IF IN LAMINAR OR
TURBULENT REGION

PE=300,#RHO*VEL*DIA/VIS
IF (RE®=2000,)10041014101

CALCULATE LAMINAR FLOW FRICTION FACTOR

F=16+/RE
60 TO 102

CALCULATE RECIPROCAL OF RELATIVE ROUGHNESS AND RECIPROCAL OF
SQUARE ROOT OF FRICTION FACTOR FOR FULLY TURBULENT FLOW

RF=DTA/EP(1D)
FFeb,®ALOGI0(RF})+2,28

CHECK TO DETERMINE IF TURBULENT FLOW IS FULLY DEVELOPED

cF=RF*FF/RE
YF(CFeD,01)1044103,103

DETERMINE RECIPROCA[L OF SQUARE ROOT OF FRICTION FACTOR
FOR TRANSITION FLOW INITIALLY ASSUMING TT TO BE THE SAME AS
FOR FULLY TURBULENT FLOW

TRF=FF
TRFCEFF w4 ,#ALOG10(1s*4e67*RF*«TRF/RE)

1F CALCULATED AND ASSUMED VALUES OF RECIPROCAL OF SQUARE ROOT
OF TRANSITION FLOW FRICTION FACTOR DO NOT AGREE WITHIN
SPECIFIED LIMITS, ASSUME NEW VALUE EQUAL TO CALCULATED VALUE
AND REPEAT CALCULATION

IF {(ARS(TRFC=TRF)/TRF)=0,001)105,105+106
TRF=TRFC
G0 TH 107

CALCULATE FULLY DEVELOPED TURBULENT FLOW OR TRANSITION FLOW
FRICTION FACTOR
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eUBRPAUTINE MHYDLOS

e NeNal

105
104

102

Tes74 OPT=]

FF=TRF
FE] ,/FFus?

DETERMINE FRICTION HEAD LOSS
HDLS=T4,504%FwVEL_ww2/DIA

RETURN
END

FTIN &,5¢414 06/05/78
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SUBRAOUTINE INPSUM T4/74 OPT=e] FTN 4,5¢414 06/05/78
SUBROUTINE INPSUM INPSUM
INPSUM

THIS ROUTINE REPORTS INPUT SUMMARY AND CASE DESCRIPTION INPSUM
INPSUM

L0GICAL FIRSTyFRSTFXTEMPyFXTVARIFXTTTD4FXTLNG BIGCOM
CAMMON BIGCOM

$ AFTRes ALPHA, ANG(3) BIGCOM

» (BpLIM(16) BIGCOM

$ ,CAPF, CSSPKwW, CONF, CONL, COSTL, CAPCHG, CONMATs» CONMAZ,CAF BISCOM

$ +C3Jr CTURBs CDANGs CLUVR, CHAILS, CVM BIGCOM

$ JOFINSDEEPLsDESVEL +DESVELVsDESVELDsDENSIF BIGCOM

$ JEFFPy EFS BIGCOM

$ JFCRWFIRST FIXLFCOSIFFRX+FXTEMPyFACTOR,FRSTFACTORDFSHOTFDELUG BIGCOM

€ JFIYVeFIXTTDyFXTVARGFXTTTDFXTLNG BIGCOM

$ ,GREFF BIGCOM

§ JHXNPeHPCSTHCD BIGCOM

$ ,ITMAX, ITMIN BIGCOM

$ +JCONS BIGCOM

$ JKCONV, KALEXT BIGCOM

$ JMYgXxT BIGCOM

$ NTAGNSIDESyNBUNHI BIGCOM
COMMON BIGCOM

$ 0D= BIGCOMm

$ ,PS1ZE, PERy PWCOSy PLANCs PFACT, POMDPL BIGCOM

$ PnHBAF, PDHFAN, POHLEC, POHCIRs POHCND, POWSTCy POHSCL BIGCOM

$ , RRPYREDUCE, REDUCVs ROOFLs RHOUT BIGCOM

$ , OREJ, QREDUCE, QREDUCV BIGCOM

$ ,SIGMAG, SAAF, SEGL BIGCOM

€ oTny TPO(4)s TEFF, TLIM, THFIN, TLPRA, TFIX BIGCOM

§ +TCDy TW BIGCOM

$ JUCSy UWS BIGCOM

$ +WFVy WATCONA, WATCOST BIGCOM

§ ,VAS(S) BIGCOM

$ JXNEPA, XW,y XD BIGCOM
LOGTCAL { NOPER FANDEK
COMMAN/F AN/ FANDAP(153410)+sFANDAM 153410} ¢FMCPF FBCPF,P2,R,S, FANDEK

$ VELREC, aFCy ELEY, EHRy LOOPER, CTMAX FANDEK
ComMmaN /TINEZ/ CCM INPSUM

126 FNRMAT (//TOXs"COEFFICIENTS FOR POLYNOMIAL CURVE FITwm) INPSUM
127 FORMAT(TOX ) MADN 1 1XoMALM 11X 9 MA2M 11X MA3N, J1X )AL, INPSUM
128 FoRMATI" HEAT RATE FACTOR AS FUNCTION oOF BACKPRESSURE (INCHES OF M INpSUM™
¢ERCURYY w,]P5E13,5//) INPS UM
129 FORMAT (T4 o"TURRINE RATING BACKPRESSUREM,F&,2+" INCHES OF MERCURYY") INPSUM
130 FORMAT (T4 nSITE ELEVATION",F7,0," FEET ABOVE SEA LEVEL"™) INPSUM
202 FORMAT(]IW],T30,I NP U T SUMMARY AND CaAaSsSE INPSUM
$D ES CR I P T 1 0 N“Y/) INPSUM
204 FORMATIT2 )3 (Vememmcnawa!) ;TG0 92 (Hlennamanupt) 4ital) INPSUM
206 FORMAT(T2,"OPTIONS SELECTED FOR THIS RUNH,THN,"STARTING CONDITIONS INPSUM
L1 INPSUM
200 FORMATIIMD) INPSUM
210 FARMAT (T4 "EXCHANGER DEPTH UNCONSTRAINED" INPSUM
211 FORMAT(1He TTBy"NUMBER OF H,X, TUBES IN DEPTH ZD"9F10,0} INPSUM
207 FORMAT (T4 "FRICTION FACTOR AND MY TRFR COEFF BY '",Al0) INPSUM
208 FORMAT (T64"UPPER LIMIT ON TURBINE TEMPwH,Fg 1,n Fi) INPSUM
215 FORMAT (T4 "EXCHANGER DEPTH CONSTRAINED 70 "yA4y1X9F5.19" TUBESH) INPSUM
218 FORMAT(T4W"EXIT TEMPERATURE OF TURBINE CONSTRAINED YO ",F6,14" F1") INPSUM
219 FORUATIT4W"EXIT TEMPERATURE oF TURBINE UNCONSTRAINED') INPSUM
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SUBRQUTINE INPSUM T4s74 oPT=) FTN 4,5¢4]14 06/05/78 07,59,59

220 FORMAT(1He,TBOW"TURBINE OUTLET TEMPERATURE, T1"™eFl0,3," Fm) INPSUM 28
225 FORMATI(T4,"EXCHANGER LENGTH UNCONSTRAINED?) INPSUM 29
226 FNRMAT (1He,TT4, " LENGTH OF HEAT EXCHANGER TUBES ELENG",F10,1., INPSUM 30
1" FegT") INPSUM 31

230 FORMAT (T4 y"EXCHANGER LENGTH FIXED AT ",F5,04" FEET") INPSUM 32
233 FORMAT (T4 "TERMINAL TEMPERATURE DIFFERENCE CONSTRAINED TO w,F5,2, INPSUM 33
1M Fuy INPSUM 34

234 FARMAT (T4, " TERMINAL TEMPERATURE DIFFERENCE UNCONSTRAINED") INPSUM 35
235 FORMAT(1He s TT4 ¢ MTERMINAL TEMPERATURE DIFFERENCE TTDIM",F10,3+" FH) INPSUM 36
2640 FORMAT (T4 "RUN WITH VELOCITY RECOVERY') INPSUM 37
245 FORMAT (T4 s"RUN WITHOUT VELOCITY RECOVERY® INPSUM 36
255 FORMATIT4yUNTU CALCULATION IS By »,2al0) INPSUM 33
260 FORMAT(T4yFRONTAL AIR VELOCITY CONSTRAINED TO "yF5.24" FT/SECH] INPSUM 40
261 FORMAT (T4 ,"FRONTAL AIR VELOCITY UNZONSTRAINEDM) INPSUM “]
262 FNRUAT {1H4, TB4,"FRONTAL AIR VELOCITY, VAIR",F7,2," FT/SECH) INPSUM 42
300 FORMAT(//TS1eMUNTT COSTS AND COSTING FACTORS"/TS1930(nen) s ) INPSUM 43
305 FORMATITZ ZMFUEL ",F7,3sn CENTS/MMBTY" INBSUM bé
$4T309"PORER PLANT CONSTRUCTION",F11,3s" §/KW" INPSUM 45
SyT104e"FIXED CHARGE RATEN,F9,3) INPSUM 46

310 FORMAT({T2,"LAND 1 ,F7,3¢» $/53 FTn INPSUM 47
SeT30"REPLACEMENT POWER",TXosF11,3¢M MILLS/KWH" INPSUM 48
£,T1N64""CAPACITY FACTOR"F9,3) INPSUM 45

315 FORMAT (T2, UMOTORS" ,FT7,3y1 § / HPN INPSUM S0
$sT301"STEAM SUPPLYN,T54eF11,39" S/KW TURBINE OUTPUTH INPSUM s1
$y798,"BASE THERMAL EFFICIENCY",FG,3) INPSUM 52

320 FNRMATIT30,"CAPACITY CHARGEM,TS&sF1]1,3,n g/ Mwn INPSUM 53
$4T93y"CONSTRUCTION COST MULTIPLIER'".F9, 3} INPSUM Sa

325 FORMAT(TO5,"MAINT COSTS /CAPITAL COSTSH,F9,3) INPSUM . 85
WRITE(6,202) INPSUM 56
WRITE(6,204) INPSUM 57
WRITE(&,206) INPSUM 5a
KRITE(64204) INPSUM 59
WRITE(6,200) INPSUM 650
WRITE(6,208) TLIM INPSUM 61

WRITE (6,207) FFHX INPSUM Y4

c INPSUM 63
C INPSUM b6
I (FXTEMPIWRITE (64218) INPSUM 65
IF(,NOT,FXTEMP) WRITE (6+219) INPS UM 66
WRITE(6,220) VAS(]) INPSUM 67

C INBSUM 58
IF(FXTVAR) WRITE (6,260) INPSUM 69
IF(,NNT ,FXTVAR) WRITE(64261) INPSUM 70
WRITE(64262) VAS(2) INPSUM 71

c INPSUM 72
IF(FXTTTD) WRITE(6,233) INPSUM 73
IF(NOTFXTTTD) WRITE (6+234) INPSUM Ta
WeITE(6,235) VAS(3) INPSUM 75

c INPSUM 76
IF{FXTLNG) WRITE (6,230) FIXL INPSUM 77

IF( NNT FXTLNG) WRITE (69225) INPSUM 78
WRITE(6,226) VAS(4) INPSUM 79

c INPS UM 80
IF(DEEPL,GT,0,00) WRITE(6,215) DEEPL INPSUM 81
IF(NEEPL ,EQeN,00) WRITE (64210} INPSUM 82
WRITE(649211) VAS(S) INPSUM 83

c INPSUM R4



SUBROUTINE

e NaNel

INPSUM T6/746

oPTe]

IF(VELREC.EG+D400) WRITE (642645}
IF(VELRECNE+0,00) WRITE (64240}

WRITE(6,4]126)
WRITE(64127)
WPITE(6,128)
WRITE(6y129)
WRITE(6,130)

WRITE(64300)
WoITE(6,305)
WRITE (64310}
WRITE(6,315)
WRITE (64320)
WRITE t6,325)
RETURN

END

{TPO(I)s1Izleé)
RRP
ELEV

FCOSs+PLANCFCR
COSTL +PWCOS,CAPF
HPCST,CSSPKW, TEFF
CAPCHGCCM

PER

FIN 64,5414 06/05/78

INPSUM
INPSUM
INPSUM
INPSUM
INPSUM
INPSUM
INPSUM
INPSUM
INPSUM
INPSUM
INPSUM
INPSUM
INPSUM
INPSUM
INPSUM
INPSUM
INPSUM
INPSUM
INPSUM
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SURRQUTINE L1IMIT T4s76 oPT=) FTN 4,5¢6414

s XaEeaNe]

10

SURRAUTINE LIMIT(ATM,TMAXJRIMAX,TMIN,RIMIN)
SURROUTINE LIMIT CALCULATES THE MAXIMUM AND MINIMUM A OWAB_
TEMPERATURES, THE MINIMUM TEMPERATURE TO TWC DEGREES F, T+
MAXIMUM TEMPERATURE 1S ARSITRARILY SET EQUAL TO 2 DEG F.
F LESS THaAN THE BOILING POINT (THE ENTHALPY/LB OF
NRY AIR HAS NO PHYSICAL MEANING FOP PARTIAL PRESSURES
FRUAL TO OR EXCEEDING THE aTMOSPHERIC PRESSURE)
WHICH CAN CAUSE INSTABILITIES IN SUBROUTINE TCalC.

FUMCTIONS FPy FAH, FCS AND FRI COMPUTE THE PARTIAL PRESSURE
OF WATEP (IN, WGe)s ABRSOLUTE WUMIDITY {LB OF WATER /
LR OF DRY AIR), HEAT CAPACITY (RTU/DEG, FeLBE OF DRY AIR) AND
ENTHALPY (BTU/LR OF DRY AlIR), RESPECTIVELY,

FP(oHsT) = Phs29,922(0,000203°((T - 32,)/1,8)9s2

¢ - 0.011“'(7 ® 32:.)/148 o 1.095)

¢ 2E¥YP( = 0,0006426( (T » 32,)/)148!0x2

o+ 0,0R28s(T = 32,)/1,6 - 5,163

FP{aHeT)eRHeEXP (17,168=9240,/(T«460,))

FAH(PyATM) =P R ,02/((ATMe2G ,92=2}228,97)

FCS(AM) = ,2644,45mtH

FRI(CSsT,AR)=CS*T¢]1004,8AH
THE RELATIVE HUMIDIYY IS SET EQUAL 10 1,

RH = 1l
THE BOILING POINT IS COMPUTED,

T = <460, «0240./(ALOG(ATM*29,32/RH)=17,168)

TMAY = Te2,

PMAYFP (PH,TMAX)

AHMAXEF AR (PMAX 4 ATM)

CsMaxsFCS (AHMAX)

PIMAY3IFRT (CSMAX,TMAX s AHMAX)
THE MINIMUM AL OWED TEMPERATURE IS ARBITRARILY SET EQUAL
YO 2 DEGREES F, AND THE CORRESPONDING VALUES OF PARTIAL
PRESSURE, ABSOLUTE HUMIDITY. SPECIFIC WEAT AND ENTHALPY
ARE COMPUTEN,

TMIN B8 2,

PUIN=FP (RH,TMIN)

AHMIN=F AR (PMIN,ATM)

CaeMINEFCS (ARMINY

PIMINEFRT (CSMIN,TMINyARMIN)

WRITE(6,10) TMAX, TMINJRIMAX ¢RIMIN

FORMATIWOIN SR LIMIT TMAXsTMINJRIMAX,RIMIN=",1P4E)5,5)

RETUPN

END

06/05/78

LImrT
E LIMIT
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LIMIT

LIMIT

LIMIY

LIMIT

LIMIT

LIMIT

LIMIT

LIMIT
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cUBROUTINE MTCH

DO DO OTOODOOO

Te/T4 0PT=) FTIN 4,5¢414

SUBRAUTINE MTCH(GAIRsSIGMA)

SUBROUTINE MTCH CALCULATES THE MASS TRANSFER COEFFICIENT
AS A FUNCTION OF THE MASS FLOW RATE OF A]R THROUGK THE
WETTED HOTERV SURFACE

DEFINITION OF VARIABLES

GAIR e MASS FLUX OF AIR THROUGH THE HEAT EXCHANGE SURFACE
AT THE MINIMUM FLOW AREA (LBM/HR=SQ FT)

SIGMA = MASS TRANSFER COEFFICIENT (RTU/WR=SQ FT=DEGREE F)

DATA Al A2 / 0,124789¢ 0,615 /
SIGMA ® Als (GAIRe=A2)

RETUYRN

END

06/05/78

MTCH
MTCH
MTCH
MTCH
MTCH
MTCH
MTCH
MTCH
MTCH
MYCH
MTCH
MTCH
MTCH
MTCH
MTCH
MTCH
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T4/74

0PT=) FTN 4,5¢414

SUBRNUTINE NOVART (VCST,,RANGE)

SUBROUTINE NOVART DETERMINEE THE PERFORMANCE OF A PLANT
NESIGNED AT & SPECIFIC AMBIENT TEMPERATURE OVER A WHOLE
YEar  THE ROUTINE ALSO DETERMINES THE INCREMENTAL (¢OST OF
OPERATING THE POWER PLANT OVER THE ENTIRE YEAR

NDEFINITION OF VARIABLES

CAPCHG
CAPCST
CApPF
cecos
CLAND
CONSAS
COosM
cP1P
CSTCL
DELFC
FCOR
FCR
FPOW
HRFAC)
HRFAC?

HRF ACA
NTA

p
BARCOS

PAREN
PPOW
PS1ZE
PS1713
PTOY
PWCOS
P22
QIN]
AREJCTL
AREUCT?
S9Ch

TEFF
TEFF)

TEFE3
TEFF4

TPER

CAPACITY CHARGE ($/MEGAWATT:
CAPITAL COST FOR AUXILARY POWEP (S!)
CAPICITY FACTOR (DIMENSIONLESS)
COST OF THE HEAT EXCHANGER (%)

COST OF THE LAND(S)

COST OF THE CONDENSER/REBOILER (%)
MAINTAINENCE COST (MILLS/KWH)

COST OF THE PIPING (§)

AUXILTARY POWER COST (MILLS/KWH)
INCREASED FUEL COST FOR THE PLANT (MILLS/KWH)
FUEL COST ($/MM BT

FIXED CHARGE RATE (DIMENSIONLESS)
FAN POWER (KWH)

06/05/78

NOVART
NOVART
NOVART
NOVART
MOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART

HEAT RATE FACTOR AT RATING CONDITION(DIMENSIONLESS) NOVART

HFAT RATE FACTOR AT DESIGN CONDITIONS (DIMENSIONe

LESS)
HEAT RATE FACTOR AT OFF DESIGN CONDITIONS
(DIMENSIONLESS)

NOVART
NOVART
NOVART
NOVART

NUMBER OF TEMPERATURE INCREMENTS IN THE TEMPERATURE NOVART

RANGE OF THE SITE

BACK PRESSURE OF THE TURRINE (IN HGA)
INCREMENTAL POWER PRODUCTION COST AT THE AMBIENT
TEMPERATURE (MILLE/KWH)

POWER GENERATING BY THE PLANT (MEGAWATTS)
PUMP POWER (KWH)

PLANT SIZE (MEGAWATTS)

TOTAL POWER OUTPUT OF PLANT AT DESIGN
CONDITIONS (MEGAWATTS)

TOTAL POWER OUTPUT OF PLANT AT OFF DESIGN
CONDITIONS (MEGAWATTS)

REPLACEMENT POWER COST (MILLS/KWH)

AMMONTIA PRESSURE AT THE HEAT E£XCHANGER (LBF/SQ FT)

HEAT INPUT INTO THE POWER PLANT (BTU/HR)

NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVARY
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART

HEAT REJECTED AT THE DESIGN CONDITIONS OF THE PLANT NOVART

(RTU/HR)

HEAT REJECTED AT THE OFF DESIGN CONDITIONS OF THE

PLANT (BTU/HR)
DIFFERENTIAL COST OF PLANT EXCLUDING THE COOLING
SYSTEM (%)

NOVART
NOVART
NOVART
NOVART
NOVART

BASE THERMAL EFFICIENCY OF THE PLANT (DIMENSIONLESS) NOVART

RATED THERMAL EFFICIENCY OF THE PLANT
(DIMENSIONLESS)

DESIGN THERMAL EFFIZCIENCY OF THE PLANT
(DIMENSIONLESS)

OFF DESIGN THERMAL EFFICIENCY NF THE PLANT
(DIMENSIONLESS)

FRACTION OF THE YEAR THAT THE CORRESPONDING
AMBIENT TEMPERATURE EXISTS (NIMENSIONLESS)

NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVARTY
NOVART

07,59,59
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T4/74 OPTEe] FTN 4,5¢4)4% 06/05/78
VCST = INCREMENTAL INCREASE IN COST OF THE POWER PRODUCED NOVART

RY THE OPTIMUM POWER PLANT DUE TO THE COOLING NOVART

SYSTEM (MILLS/KwH} NOVART

YFP = PLANT SCALING FACTOR FOR FAN AND PUMP POWER LOSS NOVART
(DIMENSIONLESS) NOVART

NOVARTY

DEFINITION OF ARRAYS NOVART

PwWD -~ WET/DRY BACK PRESBURE CURVE FOR THE AMBIENT NOVART
TEMPERATURE RANGE (IN HGA) NOVART

TPD =~ ARRAY OF COEFFICTENTS FOR THE CUBIC CURVE FIT OF NOVART

HEAT RATE FACTOR AS A& FUNCTION OF TURBINE BACK NOVARY

PRESSURE (DIMENSIBONLESS) NOVART

VIPER = FRACTION OF THE YEAR THAT THE AMBIENT AND WET BULS NOVART
TEMPERATURE INCREMENTS EXIST (DIMENSTIONLESS) NOVART

COMMON /VARVAR/ VTPER(16)y VTA({16)y VTAWB(16) NOVART
COMMON / PROP/ CPwW, THCONW, DENSIW, VISW, HFG, NOVARTY
CPV,y THCONVy DENSIV, VISYV,SIGMA, NOVART

CPA, THCONA, DENSIA, VISA NOVART

LOGICAL FIRST sFRST,FXTEMPsFXTVARFXTTTD,FXTLNG BIGCOM
COMMON BIGCOM
AFTRs ALPHA, ANG(3) BIGCOM
WBOLIM(16) BIGCOM
+CaPFs CSSPKW, CONFy CONLs COSTLs CAPCHG, CONMATs CONMAZ,CAF BIGCOM
+CBJy CTURBs CDANGy CLUVR, CHAILS, CVM BIGCO™
+DF IN«DEEPL+DESVEL « DESVELVsDESVELDDENSIF BIGCOM
+EFFPy EFS BIGCOM
sFCRIFIRSTFIXLsFCOSsFFHX+FXTEMRyFACTORJFRST4FACTORD +FSHOTFDELUG BIGCOM
oFIXVIFIXTTDWFXTVARIFXTTTDyFXTLNG BIGCOM
»GREFF BIGCOM
+HXNP s HPCST o HCD BIGCOM
+yITMAX, ITMIN BIGCOM
yJCONS BIGCOM
+KCONV, KALEXT BIGCOM
JMXEXT BIGCOM
+NTAWNSIDESINBUNHI BIGCOM
COMMON BIGCOM
obz BIGCOM
+PSIZE, PERs PWCOSs PLANCs PFACT, POMDPL BIGCOM
+PAHBAF, POHFAN, POHLEC, POHCIRy POHCND, POWSTC, POHSCL BIGCOM
+ Q8PyREDUCE, REDUCVs ROOFLs RSOUT BIGCOM
y QREJ, OREDUCE, QREDUCV BIGCOM
+SIGMAG, SAAF, SEGL BIGCOM
2T TPOC(4) s TEFF, TLIMy THFIN, TLPRA, TFIX BIGCOM
yTCDs TW BIGCOM
sUCSs UWS BIGCOM
yWFYe WATCONA, WATCOST BIGCOM
yVAS(5) BIGCOM
¢+ XDEPR, XWy XD BIGCOM
COMMON /SUPPLY/ VAL (5)s CPLNsy CPIP, C(CCOS. w3, COSM, EFFy SUPPLY
QIN, CLANDs REAIR, ZyHRFAC2,y W4y Uy DELPW, PPOW, SUPPLY
FPOW, DELFC, WIDTHy ELENGsy VAIR, vVWAT, Hls HO» Téy SUPPLY
REWAT, NW, NT, NPyPLANC2,PS51212y SPBP, SWé, Sw3, SUPPLY
SPC,PTOTAL yPLANC34SAFRON, AAIR, YFPy, SPCD,PSIZ13, WT2+ SUPPLY

RR2, NW2y TCOSs DELPAJDELPWT,DE|LPWCyCONBASy XNTSX, VELDX SUPPLY

s TLAX, UCON, PMCST, FMCSTy FBACC, FEFFC, CHy CA» ¢S SUPPLY
y CLTC, CFCy CPCCy FITCOY CSCoCEPREPDELPIP, AST,OLDCST SUPPLY
' CAPCST, XNFAN,BLDANGs CPLENy DPFEL, WHX, WTTURs ADIA, ABLN SUPPLY

07.,59.5%
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NNVART TesTe oPT=1 FIN 4,5¢0416
Se  WTHDR, WTFRM,STRUCC,CFPERF,APPERF, TOTCF, TPC, EFFIN, ANTU
Sy +IRFF, WATFF, XNMOD, TCTPF, FDCPF, FMTRCy ACCTTP, ADJTP
$. ACTEPD, ADJBPD, ACTVH, A4DJVH» ADJPPF, THDPAIR, TCTFs AFCST
$, (CSRD, WATERW, WSTRCTs CFOUND, HUBDIA, TOWLEN, NUMTOW, CTOWD
$ ySARJeSORUSIATUBC,CRALTTDL,TTDRsDELPSWCSTLVR,PIPCSTD
$ ,CSTHS, CYLRNG. CFANELs PSTACS, PUFITC, PMPCST, RPTP_, SEPCST
$ JPWN(16) WATCWD (16)DEPER(16) +DEPERQ(16)
$ (WARAByHTAWNTOWDE CSTIF+CSUsCVFCDPy W5
CoMMON /SCALER/HRFACLy ATUB, CPERAy SSCDWPLANC1»CASSS],
& GAIRsy FAIRy HPAIR, HPWAT, W_LRTP, PLANCTI1
COMMON /TINE/ XNSy TLAs XNTSe ARPS, TTD2QE, LINORs XNP, XQUALY
DIMENSION VLIST(8), XCOST(16)}
DaTA NYRIP/G/
DATA VLIST /"CCOS" NSPCDMHy"CLANDN HCPIPU neNRBASH»HNCOGMN
% ,"TpE'Q","DARCOS"."VCST"/
DESIGN THERMAL EFFECTIVENESS OF THWE POWER PLANT
TEFF3=TEFF/HRFAC2
RATED THERMAL EFFECTIVENESS OF THE POWER PLANT
TEFF) = TEFF/HRFAC)
HEAT INPUT INTO THE POWER PLANT
QIN)] = 3413,E¢3sPS1Z13/VEFF]
VesST = 0,0
LNOP TO FIND THE INCREMENTAL COST OF THE CONLING SYSTEM
DN ROC T = 1eNTA
PERCENT OF THE YEAR AT THE ABOVE AMBIENT TEMPERATURE
TPEQ = VTPERI(T)
RACK PRESSURE AT THE AMBIENT TEMPERATURE
P = PWI(])
HEAT RATE FACTOR AT THE ABOVE BACK PRESSURE
HPFACS = TPOI(1) ¢ TPO(Z2)eP ¢ TPD(3)ePsx? o TPO(4)*Pas3
THEDMAL EFFECTIVENESS OF THE PLANT AT THE AROVE BACZK
PRESSURE
TeFeE4 & TEFF/HRFACY
HEAT REJECTED AT THE ABOVE THERMA[ EFFECTIVENESS OF THE
POWER PLANT
QPEJCTZ = QINlx{]l, « TEFF&)
HEAT REJECTED AT THE DESIGN THERMAL EFFECTIVENESS of
THE POWER PLANT
OPEJCTL = QINI*(l, « TEFF3)
€Q2 (S = QREJCT]
POWER OUTPUT OF THE LOW=-PRESSURE TURRINE AY THE SPECIFIZ
AMRYENT TEMPERATURE
40 PYOT = QIN! »TEFF&4/364)13,FE¢3
POWER OUTPUY 0OF THE PLANT &T THE SPECIFIC AMBIENT TEMa
PERATURE

06/05/78

SuyepPL_Y
SUPPLY
. SuPPLY
SuepP_Y
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SCALER
SCALER
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVARTY
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVARTY
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVARY
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOYVART
NOVART
NOVART™T



SURRAUTINE NOVART Tes7e DPT=1 FTN 4,5¢414
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50

60

100

RO0

R20

900
901
902

PGENZPTOT«PPOW/1000,~FPOW/1000,
TEFENETEFF4
1F(PGFN,GE,PSIZE) GO TO 50

COST OF THE AUXILIARY POWER REQUIRED TO MAKE UP FOR LOST
CAPACITY ON HOT DAYS '

CeTCL=(PSIZE=PGEN) /PSIZESPWCOS

TEFeEn=TEFF3

60 TO A0

CSTCL ™ 0.0

INCREASED FUEL €OST OF THE PLANT DUE TD OFF DESIGN
CONDITIONS

DELFC ® FCOS*3413.E=5 & ((1,4YFP)/TEFFD=1,/TEFF)

IF(T NF,1) GO TO 100

CAPCST = 0,0

1F (pgI2E,LELPGEN) GO TO 100

CAPITAL CHARGE FOR THE AUXILARY POWFR
CAPCSTECAPCHGS (PS1Z2E«PGEN)
CONTINUF

INCREASE IN COST Of OPERATING THE PLANT AT THIS AMBIENT
TEMPERATURE DUE TO THE USE OF THE COOLING SYSTEM
PARCOS = (CCOS ¢ SPCD « CLAND « CPIP + CONBAS ¢ CAPCST) » FCR/
$ (PgyZE = CAPF = B760.,) ¢ COSM ¢ DELFC « CSTCL
§ o WATCONA-(.1203/1000.)-NATCOST/(PSIZE:CAPF-876031

FRACTION OF THE YEAR THAT THIS AMBIENT .TEMPERATURE EXISTS
TIMES THE INCREMENTAL COST OF THE COOLING SYSTEM AT
THIS AMBIENT TEMPERATURE

XCOST(I)=TPER*PARCOS

CONTINUE

SUMMING THE PRODUCTS TO OSTAIN THE TOTAL INCREMENTAL COST
OF THE COOLING SYSTEM

Dﬁ 620 IEI'NTA

VCST=VEST«XCOST (1)

CANTINUE

NOBUGED

IF(NDRUG,EQ,0) RETURN
NTRIPENTRIPe1

WRITF(64902) NTRIP
WRITEt6+900) CCOSySPCDICLANDICPIPyCONBASCOSMs TPERLWPARCOSVCST
WRITE(6,901) VLIST

FORMAT{1K 48G14,6)

FORMATIIH ¢9(4XsA644X))

FORMAT (nGNOVART CALL NOWnyI10)
RETURN

END

06/05/78

NOVART
NOVART
NOVART
NOVARY
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
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NOVART
NOVART
NOVART
NOVARTY
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART
NOVART

07.59.50

127
12k
129
130
131
132
133
136
135
136
137
138
139
140
141
142
163
144
145
146
147
148
149
150
151
152
153
15¢
155
156
157
158
159
16¢
161
162
163
164
16%
166
167
168
166
170
171
172
173
174
175
176
177
178



SURPAUTINE 0OUT2 74/74 0PT=] FTN 4,5+414 06/05/78 07.,59.5%

SUB2AUTINE OUT2 (RBP4HRFAC]+SSCDyCASSS]14PLANCT] »PLANC],CTURE,TCD) ouT?2 2

c ouTte 3
¢ THIS ROUTINE REPORTS STEAM SUPPLY COSTS DUE TO INCREASED HEAT RATE QUT2 4
c AT 2™/ TING BACKPRESSURE. ouT2 g
c our2 6
1 FORMAT!IHOT3y"STEAM SUPPLY SCALING TO COMPENSATE FOR INCREASED ", OUT2 7

s nHEAT RATE AT RATING BACKPRESSURE, RBPzM,F5,24TFT7,"IN, HG", ouT2 g

$ TI134"HRFACL=®1,Fl1,6) ouTe2 S

2 FORMAT(T]T7,"STEAM SUPPLY COST DIFFERENTIAL $u,F12.0 ouT?2 le

§ JTO]s"TURRINE COST DIFFERENTIA MyFl1,0,T128,"8/KWity puT2 11

3 FORWATI(T2"PLANT COST INCLUDING STEAM SUPPLY AND TURBINE $n,F12,0 OUT2 i2

$ oTe6+"PLANT UNIT CDST INCLUDING STEAM sUPBLY AND TURRINE®,F11,0 oure 13

§ (T12Retgn) oure ia
Wolteth,)1) RBP,HRFAC] ouT2 1=
WRITE(h,?) SSCD, TCD ouTe le

WRITE (643) PLANCT],PLANC] oure 17

RET RN ouT2 1R

END ouT2 19



SUBROUTINE OUT4

s NeEeNeRe o Ne)

WA ARLA AR ALAR AR A SN

A A RN AR N AN N

N AW AN

13
3
s
3
s
$
3
%

$
L3
$

$

T4/76 OPT=] FTIN 4,5e¢bk14 06/05/78

SUBROUTINMNE OUT4 (KWHICH) OUT4

OUT4

WHEN CALLED WITH KWHICH = ] THIS ROUTINE REPORTS CONDITIONS AFTER OUT4

SCALING PLANT AND STEAM SUPPLY BUT RE=~ OUT4

FORE SCALING FOR FANS AND PUMPS OUT4

OUT4

WHEN CALLED WITH KWHICH NOT 1 THE ROUTINE REPORTS CONDITIONS AFTER QUT¢

SCALING FOR FANS AND PUMPS OUT4
LNGICAL FIRSTWFRST,FXTEMP FXTVARYFXTTTD,,FXTLNG BIGCOM
COMMON BIGCOM
AFTRs ALPHA, ANG(3) BIGCOM
WBOLIM(16) BIGCOM
+CAPFs CSSPKW, CONFs CONLy COSTLy CAPCHGy CONMATY CONMA2,CAF BIGCOM
+CRJy CTURRY CDANGy CLUVRy CHAILS, CVM BIGCOM
+DFINVDEEPL 1 DESVEL ¢DESVELV4DESVELD'DENSIF BIGCO™
WEFFPy EFS BIGCOM
WFORGFIRST FIXL FCOSyFFHX,FXTEMP ,FACTOR,FRST,FACTORDFSHOT,FDELJG BIGCOM
+FIXVIFIXTTD9FXTVARGFXTTTD FXTLNG ~ BIGCOM
+GREFF RIGCOM
+HXNPsHPCSTyHCD BIGCOM
s ITMAX, ITMIN BIGCOM
s JCONR BIGCOM
¢+KCONV, KALEXTY BIGCOM
JMXEXT BIGCOM
+NTASNSTDESsNBUNH] BIGCOM
CoMMON BIGCOM
noR BIGCOM
.PslZE, PER, PWCOS, PLANC, PFACT, POMDP_ BIGCOM
+POHRAF, POHFAN, POHMLEC, POHCIR:s POHCND, POHSTC, POHSCL BIGCOM
s+ RRP+REDUCE, REDUCV, ROOFLs RHOUT BIGCOM
s OREJ, QREDUCE, QREDUCV BIGCOM
+SIGMAG, SAAF, SEGL BIGCOM
oTDs TPO(4)s TEFF, TLIM, THFIN, TLPRA, TFIX BIGCOM
v TCDy TW BIGCOM
+UCSy UWS BIGCOM
+WEVe WATCONA, WATCOST BIGCOM
WVAS(S) BIGCO™
s XDEP&A, XW, XD BIGCOM
COMMON /SUPPLY/ VAL (5)y CPLNs CPIP, (CCOS» W3, COSM, EFFs SUPPLY
GIN, CLAND, REAIR, ZeHRFAC2, Wé, U, DELPW, PPOWy SUPPLY
FPOW, DELFC, WIDTH, ELENGsy VAIR, VwAT, HI, HO T4y SUPPLY
QEwWAT, NW NT, NPyPLANC2,PSTZ12y SPBP, SWéy Sw3s SUPPLY
SPC,PTOTALPLANC3sSAFRONy AAIR, YFPy SPCO,4PSTIZ13, WT2s SUPPLY
BP2, Nw2, TCOSs DELPADELPWT,DELPWC,CONBAS, XNTBX, VELDX SUPPLY
s TLAX, UCON, PMCST, FMCSTs FBACC: EFFC, CH, Chay cs SUPPLY
v CLTC, CFCs CPCCy FITCO» CSC+CEPREP.DELPIP, AST,OLDCST SUPPLY
1yCABCSTy XNFANJBLDANGy CPLENs DPFELY WHX, WTYTUBY ADIAy ABLN SUPPLY
vy WTHDR, WTFRM,STRUCC,CFPERF,HPPERF, TOTCF, TPCy EFFIN, ANTU SUPPLY
+ AIRFF, WATFF, XNMOD, TCTPFy, FDCPF, FuTRC, ACCTTP, ADJTP SUPPLY
s ACTBPD, ADJBPD, ACTVH, ADJVHy ADJUPPF, THRAIR, TCTF» AFCST SUPPLY
s 72SRD, WATERW, WSTRCT, CFOUND, HUBDIA, TOWLENy NUMTOW, CTOWD SUPPLY
+SORJUISQRUSIATUBCCBAsTTD1 s TTD2+DELPS,CSTLVR,PIPCSTD SUPPLY
vC5THS, CYLRNGy CFANEL s PSTACS, PUFITC, PMPCSTy RPTPL, SEPCST SUPPLY
+PWD(16) WATCWD(16) yDEPER(16) +DEPERO(16) SUPPLY
sWRBIHTOWINTOWDE ¢ CSTIF9CSUICVF+CDPIWS SUPPLY

COMMON /SINK/ VAR(5)y CPLN1s CPIPls CCOS1» w3l, COSMl, EFFls SINK

aIN}, CLAN1y REAIl, Z19HRFARS, wel, Uly DEPWl, PPOWls 5SINK

07459.5%

ODNTNLEWNODEI0N S WR



QURRAUTINE OUT4

S01

906
911
816
917
918
%21
923
926
931
936
941
546
951
956
961
%962
963
964
965
100l

1005
1006
1011
1016
1021
1n26
asgag

T4/74 OPT=z) FTIN 4,56414

FPO%1, DEFCl, WIDT1, ELENl, VAIRl, VwaT), HIl, HOl, T4l
REWA], NW] NT1, NP1 +ZPLNC2+2S1Z12y 2SPRPy SwWaly SW3l,
SPCly PTOT14PLNC3ly AFROlys AAIRI,YFPMIN, SPCDly SPS13,WT2MINy
Bo2MIN,NW2MIN, TCOS1., DEPAl, DPWT1, DPwC1,CONBALl, XNTS1, VELD]
+ TLAl, UCON], PMCS1y FMCS1y FBACl, EFFC), CHL, Cal, cs1
v+ CLTCl, CFCly CPCClsFITCOls CSCl4CEPRE)ZDEPIPl, AST1,0LDCS]
$,CAPCSI XNFAN] ,BLDAN]1yCPLEN14DPFEL], wHl, wWTTUls ADI1s ABL1Y
$s  WTHD1, WTFR]14STRUCLsCFMPF1y HPPF],TOTCF), TP1.EFFINly ANTUL
$y ATRFFl, WATFFl, XNMODl, TCTPFls FDCPF], FMTRCls ACTTP1+ ADJTPI]
$y ACTRP], ADJUBP], ACTVH1, ADJVH1, ADJPP], THPAIl, TCTF1l + AFCST]
$y 1£SR1, WATER],y WSTRCly CFOUNl, HUBDI1, TOWLEls» NUMTOl, CTOWD!
$ ,SORJ1ISORUSIVATURBCIWCBALSTTD119TTD21,DELPS]+CSTLV]4PIPLCTD]
$ ,CSTHS1, CYLRN1y CFANEl, PSTACl: PUFIT1, PMPCS1,s RPTPL]y SEPCS]
S PWD1{16)WATCWDY (16)+DEPER]1(16)DEPERQ] (16)
S JWRRLIsHTOW] INTOWDE1+CSTIF14CSULeCVF14COPL, 5]
CoMMON /SCALER/HRFAC]1y ATUB, CPERA, SSCDyPLANC1+CASSS],
$ GalRs FAIF, HPAIR, HPWAT, WLRTP, PLANCT])
COMMNON /DJB/ DIyXDGsSF

A A AR

FORMAT tn CONDITIONS AFTER SCALING PLANT AND STEAM SUPPLY (BEFORE

*SCALING FOR FANS AND PUMPS) "y TBBy"HRFAC2e",615,7)

FORMAT (1XyTRBEByHUPSIZ125"9G15,T 9! Mwm)
FORMATUIXyTBRyUPLANCZ2E"yG15,Te" S/KW")

FORMAT(1XyTBBy1t SPRP=xM, G15,9," $u)

FORMATI1XsTB1"BACK PRESSURE=",GlS,7+" IN, HGM)
FORMAT{IX s TT9+"SAT TEMPERATUREE"9G15,%9,m DEG F")

FORMAT {1XyT129"AMMONTA FLOW RATE ",G15,9," LB MASS , HRm)
FORMAT (1XsT14y" REAT REJECTED "sG15.9,0 BTU/HRM)
FORMATIIXyT14yMAIR FLOW RATE "y G1549, " LB MASS / HRW)

FORMATLIXgT]t g PUMP POWER "y G15,9, 1 KILOWATTSM)
FORMATILIY 4 T14yn FAN POWER 1y G15,9, " KILOWATTSH,
FORMAT (1X,yT14s"HX SURFACE AREA M, 15,9, " Sp FT")
FORMAT (1XyT1égn FRONTAL AREA 1y G15,9, » g FT")
FORMAT(1XyT11o"wWIDTH/LENGTH RATIO "y G15,9)

FORMAT [IX T15,41 WIDTH "ya111,4T45,n TUBES™)
FARMAT (1XgT15st WIDTH "4G15.9+% FEET™)

FARMAT(1X+T9s"NO, CONDENSER TUBES ",G615,9
FORMAT {1X, TRy "CONDENSER TUBE LENGTH "¢G15,94n FT,")
FORPUAT {1XyT13¢"AMMONTIA VELOCITY 1,G15,9,4 FT/SEC")
FORMAT{1XsTTy"CONDENSER KT TRFR AREA ",G]5,9," SO FT TOTAL")
FAORMAT (1X4"SCALING FOR FAN AND PUMP POWER REQUIREMENTSM,
T8N "SCALING FACTOR 'y G15.9)

FORMAT (1XeTRBy1" PSIZE MeG15,99" Mw")

FORMAT(IX s TBBynPSTZ213 "y G15,5, 1 Mwn)
FORMAT(IXyTBRyUPTOTAL "9G1S,%y " Mw")

FORMAT (1X s TRBy"PLANCI My G15,9y" S/KW!)

FORMAT (1 X« TRB " SPC My G1B5,9y §M)
FORMAT(1XyTBEByt  SPCD "yGlB,9," Sy

FARMAT L1HN12(" =s s w» W) //)

WRITF(6,RB888)

WLRTP = WwIDTI/ELEN)

IF(xWHICH,NE.1) GOTO 2000

wWelTE(6,901) HRFAZS

WRITE(6,906) 251712

wrRITEt6,011) ZPLNC2

WRITE (6y016) ZSPBP

WRITE(6y917) BPZMIN

WRITE (6,818} VAR(])

*

06/05/78

SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SCALER
SCaLER
oUTS
oUTs
OUTe
0UT4
ouTs
oUT4
0UTS
oUTS
ouUT4
oUTe
0UT4
ouTS
oUT4
OUT4
OUT4
QUTé
oUT4
ouTé
ouUTS
ouUT4
oUT4
[o]UA £
oUT4
0JT4
OUT4
ouT4
ouUTé
OUT4
oUT4
oUTS
oUT4
OUT4
ouUT4
oUTS
ouUTé
oUT4
UTS
QUT4
OUT4
oUT4

07.59.59



SUBROUTINE 0QUTS

2000

T4/74

WRITE(6492])
WRITE(6,923)
WRITE(6,926)
WRITE(6,403])
WRITE16,9136)
WRITE(64941)
WRITE (64546)
WRITE 6,651}
WRITE (6,956)
WRITE (6,96])
WRITE(64965)
WRITE 16,962}
WRPITE (640863)
WRITE(6,4964)
RETURN
CONTINUE
WRITE(6,1001)
WRITE(6,1005)
WRITE(6,1006)
wWpItE(5,1011)
WRITE(6,1016)
WRITEt6,1021)
WRITE(6,1026)
wrRITE (6,921)
WRITE(64623)
WRITE(64926)
WRITE(6,931)
WRITE (6,936)
WRITE(64941)
WRITE(6,566)

OPTa)

w3}

SORJ1

Wl
(PPOW1/(1,¢YFPMIN} )
(FPOW]/ (1,%YFPMIN))
(AATR1/(1,¢YFPMIN})
{AFRO1/ ({1, ¢YFPMIN})
WLRTP/ (1,+YFPMIN)
NW2MIN

WT2MIN

AST]

XNTS1

TLA)

VELDI

(1,+YFPMIN)
PSIZE
SPS13
PTOT]
PLNC31
SPCY
SPCD1Y
SW31
SQRJS]
Swél
PPOW]
FPOW]
AAIRL
AFRO1}

WRITE t64951) WLRTP

WRITE ({6,956)
WRITE t6,961)
WelTE(6,965)
WRITF(6,4962)
WRITE(6,063)
WOITE(6,4664)
RETURN

END

NW1

WIDT1

AST]1 « (1o ¢ YFPMIN)
XNTS1 * (ls ¢ YFPMIN)
TLAL

VELD1

FTN 4,5¢414

06/05/78

OUT¢
oUT«
ouUTS
ouTé
OUT4
oUTe
OUT4
oUTé
ouUT4
oUTs
oUT4
ouUT4
0UT4
CUT4
oUT4
oUT4
0UT4
oUT4
OUTs
oUT4
ouTS
ouUT4
oUT4
0UT4
0UTe
OUT4
ouUTé
OUT4
oUT4
ouUT4
OUT4
oUTé
oUT4
oUTé
OoUT4
oUT4
oUTé
QUTé
OUT4

07,59,59

Se
55
56
57
58
59
60
61
62
63
64
65
66
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SUBROUTINE PIPCLP

$
LY
§
$

§
$

%
$

§
$
$
L

L3
$
$
$

$

A .

Taes74 OPTx)
DATA ODIAM /

6o ’ 12, ’ 18, ’ 4, ’
‘2. ' “8. ] 5‘. [} 60. ’
78- L} 6‘0 [} 90- . 960 ) 1

]]‘. [} 1200 L} 126| ’ 1320 L] 1
DaTa FLGCST/

.136, «520, 1,03 1,92

H.RZ ' 9.22 ’ 12.0 ’ 1‘.7 ’
33,9 , 40,4 , 46,8 , 53,2
7?-5 ’ 78-° ’ 85.‘ ' 9108 ’

DATa TEECST/
036" 0935' 1-96 ’ 3.52 ’
21,7 » 3746 4 53,4 o BG5,1
1260 ’ 1‘5' ’ 163- ’ 182' ] 2
239. ’ 258. ' 277. ’ 296. ' 3
DaTs PIPCST/
06, «113y «167 0219,

« 720 841, 1,08 1631
2.10 2,36 , 2,62 2,88 ,
3,67 , 3.93 4,19 bbb

DaTA VACST/

?0“7 L] 7.09 L] 1609 ’ 2607 ’
109, v 161, v 166, + 187, v 2
265, v 293, s 319, ] 346, y 3
425, ' 52, + 478, ’ 505, ’ 5

DaTa ELCST/
275, .715, 1,35 , 2.96 ,
27,4 38,8 51.% 65,1
133- L] 155. ] 178. ’ 200. [} 2
268, v 290, y 312, y 335, v 3
DATA EL4S/
« 230 558, 2947 2416
20.2 ] 27.2 [} 37.7 [} “B.l []
102. ’ 120. ’ 138. , 157. , 1
Zl’n L 2290 1] 2‘70 ’ 2651 [] 2
DaTs APIPCST/
N3 [} 073 ’ 2096 L] . 155,

Jh14, W T19, .936, 1,16
1,91 2,16 , 2,641 2,66 ,
.41 3466 4 3v91 ’ 4416

DATA NFSWNFL /2004,200/
ICHORNaNSIDES/4

IF (TCHORDEQe 0}
ICHECK = ICHORD/2

ICHORD =

IF (2 ICHECK=ICHORD,LT.0)

IF(ICHOPRN,LE«0)STOP "IN PIPCLR ICHORD

NRUNPAO= ICHORDeNBUNHT
KRUNZNBUHPQD

IF(MRUNPQD (LE,0)STOP "IN PIPCLR NBUNPGD 18

2

ICHORD = ICHORDs]
LE.

FTN 4,5¢416

30, ' 36 ’
66, ' 72, 0
02, y 108, ’
38. ’ 1“0 /
3.17 ' ‘.‘? L]
21,1 o 27,5
56,7 66,1 ’
98,2 ¢ 105, /
14,8 25.8
87,9 » 107, ’
0l, y 220, ]
16, y 333, /
0409 «599,
1,57 » l1e84
3.15 , 30“1 ’
‘.72 ’ ‘-95 /
S2.2 ¥ T7:8
13, v 240, ’
72. * 3991 1]
31. ’ 5580
9,54 16,1
87,6 » 110, '
22, y 245, D
57, » 380, /
TebT o 13.2
66.2 ’ 8“3 []
75, y 193, )
83, y 301,
+332 510,
1,41 1.67
2099 ’ 3016 ’
6.“2 L] ‘u67

ZgRO"

ZERC DR | ESSH

06/05/78

PIPCLR
PIPCLR
P1PCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
s PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLF
PIPCLR
PIPCLR
PI1PCLR
PIPCLR
PIPCLR
PIPCLR
/ PIPCLR
PIPCLR
PIPCLR
PIPCL.R
PIPCLR
PIPCLR
/ PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLK
PIPCLP
PIPCLR
PIPCLR
PIPCLR
PIPCLR

07.59,59

173
174
178
17¢
177
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
214
els
2lé
217
218
215
220
221
222
223
224
225
226
227
228
229
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T6/74 oPTz) FIN 4,5+6414
($1000)

TCSTY - TEE COST ($1000)

THITE = HEIGHT OF TOWER (FEET)

TOWDIA = DIAMETER OF CIRCULAR TOWER (FT)

TRQCOST « TOTAL RETURN QUADRANT PIPING COSTS ($1000)

TRTNCST = TOTAL RETURN DISTRIBUTION AND TOWER PIPING COSTS
($1000)

TUBEL = LENGTH OF HEAYT EXCHANGER TUBES (FEET)

UPCceT - UNIT PIPE COST ($1000/FT)

URPBLST = UNIT PIPE COST FOR EXTERIOR VERTICAL QUADRANT
HEADER ($£1000)

UPVPCST = UNIT PIPE COST FOR INTERIOR VERTICAL QUADRANT
HEADER (%1000)

VACST - VALVE. COST ($1000)s VALVES ARE MOTOR OPERATED
BUTTERFLY VALVES

06/05/78

PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLFR
PIPCLR
PIPCLR
PIpPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR

VEJCST =~ COST OF AN EXPANSION JOINT IN THE INTERIOR VERTICAL PIPCLR

QUADRANT PIPING ($1000)

VELO = FLUID VELQCITY BABED ON FLOW RATE AND NOMINAL PIPE
DIAMETER (FT/SEC)

VFLGCST = COST OF FLANGE FDR THE INTERIOR VERTICAL QUADRANT
PIPING ($1000)

VHEDR = LENGTH OF INTERIOR VERTICAL QUADRANT HEADER (FEET)

Visw = VISCOSITY OF LIGUID AMMONIA (L BM/FT HR)

VRENUCR = ALLOWABLE REDUCTION DIAMETER BRETWEEN ADJACENT
QUADRANT HEADER SECTIONS ($1000)

COMMON/PROP/CPW, THCONWyDENSIWsVISW,HFG,

] CPV,y THCONV  DENSIVeVIBV,SIGMA,

L] CPA,THCONA,DENSIA,VISA

COMMON /RPTRET/

$ sDELLs SOESVE, DIARD, DIART, SDDTMA, DYNWDL

$y HEDRI(200)

%y JR

$, KR

$¢ SPIPCS

$y OMEDR(200)+ QRLCST ‘

$y» RDIAL(200)y RPCST(200)y RRCST(200)y RTCST(20n0)s RBFCST, RCOST
$y PQDIA(200)s RQPCST(200) yRARCST (200} sRATCST (200) yREUCSTLRELCST
¢y RFELGCSTy RACOST, RTDCST

$+ SToWDI, TRGCOST, TRTDCSTY

COMMON /PCDIM/ NFS,NFL

CoMMAN /PME/ PMELEC

cCoMmMON /QPTRET/
$ RPDIA(200)y RVDIA(200)e LR
$y PHEDR(200)+ VHEDR(200)
$4+ RPRCST(200), RVRCST(200)
$y ROTCST(200)s RVYCST(200)
$,PR_ CST, VRLCST
$+RPPCST(200) s RVPCST (200)
$+ ROCOST,RVCOST
$+INT,NBUN

DYMENSION UPPPCST(200)y UPVPCST (200)
DIMENSION UPIPCST(200)

DIMENSION DIAM(24), TEECST(24}s PIPCST (24 , ELCST(24)y EL45(24)
$9 VACST (24}, FLGCST(24)y APIPCST(24)

PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLP
PIBCLR
P1PCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
P1PCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR

07,59,59

116
117
118
116
120
12}
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
YA
145
146
147
148
146
15¢
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
168
170
171
172
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T4/76

KR
LAYER
LR
NBUINPQD
NF

NFS

NPS

NQS
NRLPO
PEJCSTY

PFLGCST
PHEDR
PIPCSTY
P1PCSTL
POHCIR
PREDUCR

PRLCST

OHEDR

QREDUCR =

ARLCST
RSFCST
RCOST

RCSY
REDUCER

REJCST
RELCST
RPFLGCST
RHD
RPCST
RPDIA
RPRCST
RPYCSY

RACOST
RADTA

ROPCST
RPARCST
RRCST
RYCST
RTDCST
RVD1A

RVRCST

PVTYCST

0PT=] FTN 4,5¢414

IDENTIFIES QUADRANT HEADER SECTION

NUMBER OF TUBE BUNDLE LAYERS PEP TOWER

IDENTIFIES VERTICAL QUADRANT HEADER SECTION
NUMBER OF BRUNDLES PER QUADRANT

UPPER LIMIT TO NUMBER OF TURE RUNDLES PER QUADRANT
UPPER LIMIT TO NUMBER OF CIRCULAR TOWERS

UPPER LIMIT OF THE NUMBER OF TOWER LAYERS

UPPFR LIMIT OF THE NUMBER OF cHORDS PER QUADRANT
NUMBEFR OF RETUNR LINES PER qQuUapRant

CNST OF AN EXPANSION JOINT IN EXTERIOR VERTICAL
QUADRANT PIPING ($1000)

COST OF FLANGE VERTICAL QUADRANT PIPING (%1000}
LENGTH OF VERTICAL QUADRANT HEADER SECTIQN (FT)
BELOW GROUND PIPE COST (§1000/FT)

TOTAL CIRCULATION RETURN PIPING COST (%1000)
INDIRECT COST FAZTOR FOR CIRCULATION PIPING
ALLOWABLE REDUCTION IN DIAMETER BETWEEN aDJACENT
QUADRANT HEADER SECTIONS (INCHES)

COST OF 906 DEGREE ELBOW AT END OF QUADRANT WEADER
($1000)

LENGTH OF QUADRANT HEADER SECTION (FT)

ALLOWABLE REDUCTION IN DIAMETER BETWEEN ADJACENT
QUADRANT HEADER SECTIONS (INCHES)

COST OF 9¢ DEG E_LBOwW AT END OF QUADRANT HEADER
($1000)

COSY OF BUNDLE FITTINGS ($1000)

COSY OF MAIN CIRCULATION PIpPpING ($1000)

REDUCER COST ($1000}

ALLOWABLE REDUCTIGN IN DIAMFTER BETWEEN ADJACENT
MAIN CIRCULATION MEADER SECTIONS (INCHES)

COST OF EXPANSION JOINT AT CONDENSER/REBOILER
INLET ($1000)

COST OF 9¢ DEG ELBOW AT END OF MAIN CIRCULATION
HEADER ($1000)

TOTAL COST OF APPROPRIATE F|ANGES AT CONDENSER/RE=-
BOILER INLET (%1060

DENSITY OF AMMONIA _LIQUID (LBM/CUFT)

COST OF PIPE FOR MAIN CIRCULATION HEADER ($1000)
COMPONENT DIAMETER OF EXTERIOR VERTICAL QUADRANT
HEADER SECTION (INCHES)

COST OF REDUCER FBR EXTERJOFR VERTICAL GQUADRANT
HEADER ($1000)

COST OF TEE FOR EXTERIOR VERTICAL QUADRANT HEADER
($1000)

COST OF QUADRANT RIPING ($1000)

COMPONENT DIAMETER OF QUADRANT HEADER SECTION
{INCHES)

COST OF PIPE FOR QUADRANT HEADER (%1000}

COST NF REDUCER FOR QUADRANT HEADER ($1000)

CHOST OF REDUCER IN MAIN CIRCULATION HEADER ($1000)
COST OF TEE IN MAIN CIRCULATION HEADER ($1000)
COST OF DISTRIBUTION AND TOWER PIPING ($]1000)
COMPONENT DIAMETER OF INTERIOR VERTICAL QUADRANT
HEADER SECTION (INCKWES)

COST OF REDUCER FOR INTERIOR VERTICAL QUADRANT
HEADER ($1000)

COST OF TEE FOR INTERIOR VERTICAL QUADRANT HWEADER

06705778
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SURRDUTINE PIPCLR{CTOW,TOWDIA¢DOTMAWDIST,DESVELL BUNWIDY REDUCR
QREDUCRIPOHCIRINSIDES+HTOW o NBUNHI y TUBEL ¢ DELL *PIPCSTL)

THIS SUBROUTINE DESIGNS AND COSTS THE RETURN PIPING SYSTEM
wHICH TRANSPORTS THE LIQUID AMMONIA, THIS INCLUDES ALL THWE
PIPEs VALVESy AND FITTINGS BETWEEN THE HEAT EXCHANGER AND

THE CONDENSER/REBOILER,

AMMONTIA F| OW RATE AND THE LIQUID DESIGN VELOCITY, VALVE AND
FITTING SIZES CORRESPOND T0 THE PIPE SIZES WITH THE SaAME
FLOW RATE,

DEFINITION OF VARIABLES

APIPCST
BRCHDTA

RRCST
RUNWIDT
CNDANG
CPw
CYOwW
DELL

DELPBR
DELPDsT

nELRH,Q

DENSIW
DERRP,V

DESVELL
DlaR
DlarD
DIART
DIST

DOTMA

ABOVE GROUND PIPE COST ($1000/FT)

DIAMETER OF DISTRIBUTION PIPING DR BUNDLE FITTINGS
(INCHES)y 15 USED To GET wBRANCH" PORTION 0OF THE
TEE COSTS

COST OF “BRANCH" PORTION oF TEE COST (%1000}

WIDTH OF TUBE BUNDLE (FT)

ANGLE OF DELTA HEAT EXCHANGER (DEGREES)

SPECIFIC HEAT OF AMMONIA LIQUID (RTU/LBM DEG F)
NUMBER OF CIRCULAR TOWERS

PRESSURE DROP IN RETURN CIRCULATION PIPING FOR
LIQUID AMMONIA (PEF)

PRESSURE DROP IN BUNDLE FIYTINGS (PSF)

PRESSURE DROP IN DISTRIBUTION PIPING, TOWER PIPING
(T)y (PSF)

PRESSURE DROP IN MAIN CIRCULATION HEADER, QUADRANT
HEADER (@) (PSF)

DENSITY OF AMMONIA (IQUID (LBM/CU FT)

PRESSURE DROP IN EXTERIOR VERTICAL PIPING (P},
INTERIOR VERTICAL PIPING (V)

AMMONIA LIQUID DESIGN VELOCITY (FT/SEC)

DIAMETER OF MAIN CIRCULATION RETURN HEADER (INCHES)
NIAMETER OF DISTRIBUTION PIPING (INCHES)

DIAMETER OF TOWER PIPING (INCHES)

DISTANCE FROM CONDENSER/REBOILER TO BOUNDARY OF
TOWERS (FT)

TOTAL MASS FLOW RATE (LBM/HR)

DOTMAB4QeT » MASS FLOW RATE YO TUBE BUNDLE, QUADRANT (Q),

DOTMAE I =

DOTREM
DYNHDL
ELCST
FL4S
EQLEN
FLGCST
HEAD

HEDR
ICHORD
1D

INT

1T

JR

TOWER (T}, (LBM/HR)
MASS FLOW RATE TO EXTERIOR (E) AND INTERIOR (I)
VERTICAL QUADRANT PIPING (LBM/HR)

FLOW RATE REMAINING IN HEADER SECTION (LBM/HR)
DYNAMIC HEAD LOSS (FT OF AMMONIA}

90 DEG ELROW COST ($1000)

45 DEG ELBOW COST ($1000)

EQUIVALENT LENGTH (FT)

FLANGE COST ($1000)

HEAD LOSS (FT OF AMMONIA/)00 FT OF EQUIVALENT
LENGTH)

LENGTH OF MAIN CIRCULATION HEADER SECTION (FT)
NUMRER OF CHORDS PER QUADRANT

INDEX REFERS TO DISTRIBUTION PIPING

NUMBER OF INTERIOR VERTICAL QUADRANY RETURN LINES
INDEX REFERS TO TOWER PIPING

INDENTIFIES MAIN CIRCULATION HEADER SECTION

PIRE DIAMETER IS DETERMINED FROM THE

PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPC.R
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PI®CLR
PIPCLR
PIPCLR
PIPCLR
PIBCLR
PIDCLR
PIPCLR
PIPCLR
PIPCLR
PISCLR
PIPCLR
PIPCLR
PIPCLR
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40

DOTMATEDOTMA/CTOW
DOTMAQEDATMAT /4,
DOT«aABaDOTMAQ/NBUNPQRD
CONSTI®G, /(3,16168360C,)
RCOST=O,
ROCNSTmO,

Do 1 Is)4NFS
PRCST(I1)e0,

Do 2 1w]  NFL
RORCeT(I)=0,
DELoH=0,

DELRQOeO,

DELRP=O,

DELRVEO,
RVChSTa(,
RPCASTEC,

N@ES=]00

NPSs100

RELCSTAO,
RFLGCSTeO,
RFJCSTEO,

Do 40 Iz]4NFS
RRCeT(1)e0,

THE DENSITY AND VISCOSITY OF THE AMMONIA LIGUI[ ARE ASSUMED
CONSTANT IN THE RETURN PIPING AND ARE EVALUATED AT THE HWEAT
EXCHANGER OUTLET CONDITIONS,

RHO=DENSTW

VIS=VISW
CONST2m4 2146,/ (3,141643600,)
JR=)

DATREM=EDOTMA

IN THE STATEMENTS THROUGH 4T ¢ 1 THE MAIN CIRCULATION PIPING
1S DESIGNED AND COSTED, THE PRESSURE DROP IS DETERMINED FOR
PUMPING RFQUIREMENTS,

CALL HEADER TC DESIGN AND COST THE COMPONENTS OF HEADER
SECTION JR, ALL HEADER SECTION COMPONENTS ARE DETERMINED
BETWEEN STATEMENTS 43 AND 42 « 1,

43 Cal| HEADER(DOTREM,DOTMATDESVELL +RHOYREDUCRyJRy19DTAU,
SDIAR,TCSTHyRCSTWUPCSTWRELCSTyRFLGCSTREUCST)

THE DIAMETER OF HEADER SECTION JR (D!AR) IS REPLACED BY DIAJ
IN ORDER TO COMPARE THE DIAMEYER OF SECTION JR WITH SECTION
JR « i1 TO DETERMINE REDUCER REQUIREMENTS, RDIA IS THE STORED
VALUE OF THE DIAMETER OF HEADER SECTION JR.

DrAg=DIAR
RDYA(JR)=DIAR
PYCST(JR) = 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 REDUCER,

PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIBCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIeCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPLLR
PIPCLR
PIPCLR
PIPCLR
PIPCLF
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
FIPCLR
PIPCLR
PIPCLR
PIPCLP
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PI®PCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
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c PIPCLR
IF(JRBT,1) RRCST(JR=])uRCST PIPCLR
UplocST(JR)=UPCST PIPCLR

C PIPCLR
c DETERMINE LENGTH OF HEADER BECTION, THE FIRST HEADER SECTION PIPCLR
c 1S DESIGNATED HEADER SECTION 1. ALL EVEN NUMBERED WEADER PIPCLR
Cc SECTIONS ARE EFFECTIVELY ZERO LENGTH BECAUSE THE CIRCULAR PIPCLR
c TOWERS ARE PAIRED ON OPPOSITE SIDES OF TWE MAIN CIRCULATION PIPCLR
c HEADER, THERE IS ONE HEADER SECTION DESIGNATED FOR EACH PIPCLR
c CIRCULAR TOWER, PIPCLR
c PIPCLR
IF(uR.EQ,1) GO TO 10 PIPCLR
IF(MOD{JR42)+EQ,0) HEDR(JR)=0, PI®CLR
IF(MOD{JRy2) e NE,0) HEDR{JR)=1,5«TOWOTA PIPCLR

Go TO0 11 PIPCLR

10 HEDR({JR)=DISTe,5«TOWDIA PI®PCLR

11 CONTINUE PIPCLR

C PIPCLR
c DETERMINE THE HEAD LOSS AND PRESSURE DROP IN HEADER SECTION PIPCLR
c JR, THE EQUIVALENT LENGTH INCLUDES AN L/D OF 20 FOR THE TEE PIPCLR
¢ NRUNY , PIPCLR
c PIPCLR
EQLEN®MEDR{JR) +20,«D1AR/12, PIPCLR
VELOeDOTREM»CONST2/ (RHO*DIARSDIAR) PIPCLR

CALL HYDLOS(DIARYVELDsVISsRHO924READ} PIPCLR
DELRH=DE_ RH+HEAD*RHO*EQLEN/100, PIPCLR

c PIPCLR
c SUBTRACT OUT THE FLOW TO ONE CIRCULAR TOWER TO GET THE FLDW PIPCLR
¢ IN HEADER SECTION UR # 1, PIPCLR
c PIPCLR
DOTREMSDOTREM=DOTMAT PIPCLR

c PIPCLR
c IF THE REMAINING FLOW IS ZERO THEN THE LAST HEADER SECTION PIPCLR
c HAS BEEN DESIGNED, PIPCLR
C PIPCLR
IF(DOTREM,LE«D,) GO TO 42 PIPCLR

JRE R PIPCLR

IF( JR ,G6T, NFS) PIPCSTL = 1.,E¢e0 PIPCLR

IF( JR ,6T, NFS) RETURN PIPCLR

GO TO 43 PIPCLR

c PIPCLR
c DETERMINE THE DIAMETER OF THE DISTRIBUTION PIPING, PIPCLR
c PIPCLR
42 BRCHDIA=SQRT (DOTMAT=CONST]/ (RHO=DESVELL))=)2, PIPCLR
IF(BRCHDTA,LT.DIAM(1}} BRCHDIAaDIAM{1) PIPCLR

Do 44 Iam),23 PIPCLR

I1=} PIPCLR

IF (ARCHDTADIAM(I1))45,45444 PIPCLR

44 CONTINUE PIPCLR

45 RRCHDIA=DIAMI(IT) PIPCLR

Cc PIPCLR
C THE COST OF A TEE IS ASSUMED TO BE ,67 TIMES THE COST DF a PIPCLR
[+ TEE OF THE W“RUN"™ DIAMETER PLUS ,33 TIMES THE COST OF A TEE PIPCLR
c DF THE YBRANCH" DIAMETER. THE “RUN" PORTION WAS DETERMINED PIPCLR
c IN SUBROUTINE wMEADER", TME wBRANCHM PORTION 1S DETERMINED PIPCLR
c HERE . PIPCLR
c PIPCLR

07,59,59
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46

47

50
51

52
53

BRCSTe 33«TEECST (I

DO 646 Iey1eJR

FTCST(1)mRTCST(1)+BRCST

RPCST (I aUPIPCST (1) «aHEDR(])

RTCST (JURYZO,

Do 47 I=1,4JR
IF(14LT,JRIRCOST=RCOST4RPCST(I}«RRCST(I)eRTCST(])
IF(1.,EQR,UR)RCOST=RCOST+RPCST (1) «RRCST(I)«RELCST
CONTINLUE

RCOST=RCOST«RFLGCST+REJCST

IN THE STATEMENTS THROUGH 5] « 4 THE DISTRIBUTION PIPING IS
NESIGNED, INDEXES FOR UNIT COST ARRAYS ARE DEFINED.,
PRESSURE LOSS 1S EVALUATED,

D1ARD=SART (DOTMAT#CONST]L/ (RHO®DESVELL) 12,
IF(DIARD,LT,DIAM(1))DIARD=DTAM(])

Do S50 I=),23

I1D=1

IF(NTARDeDIAM(ID))51,51+50

CONTINUE

D1ARDsDIAM(ID)

THE EQUIVALENT LENGTH INCLUDES THE LENGTH OF PIPE CONNECTING
THE MAIN CIRCULATION HEADER TO THE TOWER DISTRIBUTION HEADER,
THIS LENGTH 1S ASSUMED TO BE ,2 TIMES THE TOWER DIAMETER,

EnLene2sTOWDIA«200,»DIARD /12,
VELOxDOTMATSCONST2/ (RHO®DIARDDIARD)
CaLL HYDLDS(DIARDyVELOYVIS+RHO2HEAD)
DELPDaNEADsRHOSEQLEN/100,

IN THE STATEMENTS THROUGH 53 + & THE TOWER PIPING IS
DESIGNED, INDEXES FOR UNIT COST ARRAYS ARE PEFINED.
PRESSURE [ 0SS 1S EVALUATED,

D7ART=SQRT (DOTMAQ=CONST1/ (RHO®DESVELL))w}2,
IF(NIART,LT,DIAM(1))DIART=DIAM(])

Dn 82 I=1.23

Ir=?

IF(D1ARTDIAM(IT))53,53+52

CONTINUE

D1AnT=DIAM(IT)
EALEN=TOWDIA®60,sD1ART/12,
VELDYaNOTMAQSCONST2/ (RHO®DIART*DIART)
CAL{ ™YDLOS(DIART,VELOsVISsRHOy24HEAD)
DELPTaHEADsRHOSEQLEN/100,

DELTD = DELPT & DELPD

SUM THE PRESSURE OROPS IN THE TOWER AND DISTRIBUTION PIPING,

COMPUTE THE COST OF THE DISTRIBUTION AND TOWER PIPING, PIPE
LENGTHS INCLUDE THE LENGTH OF PIPE CONNECTING THE MAIN CIRCe
ULATION WFADER TO THE TOWEP DISTRIBUTION HEACER (,2%TOWDIA)

PIPCLR
PIPCLR
PIPCLR
P1PCLR
PrIeCLR
PIPCLPR
PIPCLR
PIPCLP
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLP
PIPCLR
PIPCLF
PIPCLR
PIPCLR
PIPCLP
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLFR
PIPCLR
PIPCLR
PIPCLF
PIPCLR
FIPCLR
PIPCLFK
PIPC._R
P1PCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
RIPCLR
PIPCLR
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o AND THE TOTAL LENGTH OF PIPE CONNECTING THE TOWER PIPCLR
c DISTRIBUTION HEADER TO THE FOUR QUADRANT HEADERS (3.25+% PIPCLR
¢ TOWDIA)e THESE LENGTHS ARE GENERAL APPROXIMATIONS, THE PIPCLR
c TOWER DISTRIBUTION HEADER IS ASSUMED TO APPROXIMATE THE PIPCLR
c COST OF FOUR TEES, INDEX nID» REFERS To THE DISTRIBUTION PIPCLR
c PIPINGs M“IT" TO THE TOWER PIPING. PIPCLR
c PIPCLR

RYDCEST®,2¢ TOWDIAsPIPCST(ID) ob v (467T*TEECST(ID) ¢ ,33eTEECST(IT)) PI®CLR
$43,25%TOWDIA®PIPCST(IT) 10 #ELCST (IT)¢2,sEL4B(IT) PIPCLR
$64,8VACST(IT)¢8,#F GCST(IT) PIPCLR

TRTDCST=RTOCST#CTOW PIPCLR

c PIPCLR
¢ IN THE STATEMENTS THROUGH 67 ¢ 1] THE QUADRANT PIPING 1S DE=- PIPCLR
c SIGNED AND COSTED. THE PRESSURE L0OSS IN THE QUADRANT HEADER PIPCLR
c AND BUNDLE FITTINGS 1S DETERMINED, PIPCLR
¢ THE QUADRANT PIPING CAN BE SEPARATED INTO TWO GROUPS= THE PIPCLR
c PORTION THAT RUNS ALONG THE BASE OF THE QUADRANT AND PIPCLR
c DISTRIBUTES NH3 TO THE CHORDS (HORIZONTAL) AND THE PIPCLR
¢ PIPING THAT DISTRIBUTES NH3 TO THE TUBE BUNDLES (VERTICAL) PIPCLR
c PIPCLR
c PIPCLR
c EACH QUADRANT MUST HAVE INDEPENDENT PIPING SO THAT PARTIAL PIPCLR
c SHUTDOWN 1S AVAILABLE, THE TUBE BUNDLES ARE INSTALLED WITH  PIPCLR
c A SLIGHT SLOPE TO ACCOMODATE THE FLOW OF NH3 LIQUID. TO PIPCLR
¢ FACILITATE DESIGN EACH QUADRANT MUST HAVE AN EVEN NUMBER OF  PI®CLR
C CHORDS., PIPCLR
c PIPCLR
c TO DESIGN THE VERTICAL RETURN PIPING TWD SITUATIONS MUST BRE PIPCLR
c CONSIDERED=THE PIPING AT THE ENDS OF THE QUADRANT (EXTERIOR) PIPCLR
c WHICH SUPPLIES ONLY ONE CHORD AND THE PIPING INBETWEEN THF PIPCLR
¢ EXTERIOR PIPING (INTERIOR) WHICH SUPPLIES TWO CHORDS, PIPCLR
¢ PIPCLR
c DOTMAE AND DOTMAI ARE THE FLOWS TO THE EXTERIOR AND PIPCLR
c INTERIOR VERTICAL PIPINGy, RESPECTIVELY, PIPCLR
c PIPCLR
c DESIGN AND COST THE HORIZONTAL QUADRANT PIPING PIPCLR
€ PIPCLR

NRLPQ ® ICHORD/2 + 1 PIPCLR

IF(NRLPQ,GT,200) STOP "IN PIPCLR NRLPO EXCEEDS 200w PIPCLR

Do 60 I=)yNRLPQ PIPCLR

60 RERCSTII) =0« PIPCLR

KRz ] PIPCLR

DOTREMeDATMAQ PIPCLR

DOTUAESDOTMAG/ ICHORD PIPCLR

DOTWAIN2,#DOTMAE PIPCLR

63 DOTMAH®DOTMAI PIPCLR
IF(XKRWEQ,] sOReKR,EQNRLPQ) DOTMAMRDOTMAE PIPCLR
caLL HEADER (DOTREMyDOTMAHIDESVELL +RHO+QREDUCRIXKR+0sDIAJ9DIARYTCSTy PIPCLR
SRCST,UPCSTVORLCST+QFLFCSTIQEJCST! PIPCLR
¢ PIPCLR
c THE DIAMETER OF HEADER SECTION KR (D1AR) 1S REPLACED BY DIAJ PIPCLR
c IN ORDER TO COMPARE THE DIAMETER OF SECTION KR WITH KRel TO PIPCLR
c NETERMINE REDUCER REQUIREMENTS. RGDIA IS THE STORED vaALUE OF PIPCLP
c THE DIAMETER OF HEADER SECTION KR, PIPCLR
c PIPCLR
D1AusDIAR PIPCLR
RQDIA(KR)sDIAR PIPCLR

07459459
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70

RATCST{KR)=TCST

ASSIGN THE COST OF 2 REDUCER TO THE PRECEDING HEADER
SECTIONs THE COST OF A REDUCER IS gASED OF THE LARGEST
DIAMETER OF THE REDUCER.

IF(KR+GT,]1) RQRCST (KR=])=eRCST
UP1PCST (KR} =UPCST

THE FIRST QUADRANT HEADER IS5 ASSUMED TO WAVE ZERO LENGTH,
THE PIPE LENGTH FDR THE REMAINING SECTIONS IS THE CHORD
LENGTH (TUBEL),

IF(XR.EQ.]1) QHEDR(XR)®=0,
IF(XKR,QT,1! QHEDR(KR)=2,*TUBEL

DETERMINE THE HEAD LOSS AND PRESSURE DROP IN THE MORIZONTAL
QRUADRANT HEADER SECTION,

EQLEN=QHEDR (KR)«20,sDIAR/12,
VELO=DOTREM*CONST]/ (RHOD1AR*DIAR)
CaLL HYDLOS(DIARyVELOyVISIRHO92,HEAD)
DELRQ=DPE| RO+HEAD=RHO=EQLEN/100,

SUBRTACT OUY THE FLOW TO ONE TUBE BUNDLE. IF THE FLOW
REMAINING IS ZERO THEN THE LAST HORIZONTAL GQUADRANY HEADER
SECTION HAS BEEN DESIGNED,

DOTREMEDOTREMaDOTMAN
IF(NOTREM,LE.0) GO TO 62
Kpakpsl

IF (KRBT ,NQS) PIPCSTLE]lE*40
IF(XR.GT,NQS) RETURN

Gn YO 63

CONTTINUE

NOw DESIGN THE VERTICAL QUADRANT HEADER PIPING, THE
EXTERIOR PIPING wWILL BE DESIGNED FIRST,

IF (NBUNH1,6GT+200) STOP "IN PIPCLR LAYER EXCEEDS 200w
DO 70 Iw) NBUNHI

RPRZST (1) =0

LRe]

DOTREMEDOTMAE

06705778
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PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLK
PIPCLR
PIPCLR
PIPCLR
PIPC.R
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR

73 CaLL HEADER(DOTREM,DOTMAByDESVELL ¢RHOsPREDUCRsLRsO4DIAJJDIAR,TCST, PIPCLR

SRCSTyUUPCSTyPRLCSTyPFLGCSTPEJCST)

THE DIAMEYER OF HEADER SECTION LR (plAR) 1S REPLACED BY DIAJ
TN ORDER TO COMPARE THE DIAMETER OF SECYION LR WITH LRe] TO

NETERMINE REDUCER REQUIREMENTS, RPDIA 1S THE STORED VALUE O
THE DIAMETEP OF HEADER SECTION LR,

D1agyeDIAR
RPDIA(LR)YEDIAR
RPTAST(LR)=TCST

PIPCLR
PIPCLR
PIPCLR
PIPCLR
F PIPCLR
PIPCLR
PIPCLR
PIBSCLR
PIPCLR
FIPCLR
PIPCLR

ASSIGN THE COST OF A REDUCER TO THME PRECEDING HEADER SECTION, PIPCLR

07.59,56

458
459
b0
46}
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
48]
482
483
48B4
488
48¢
487
488
489
4990
49]
492
493
494
498
496
497
49§
49%
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501
502
503
504
5058
506
507
508
509
S10C
511
slg
513
514
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c THE COST OF THE REDUCER IS BASED ON THE LARGEST DIAMETER PIPCLR
c OF THE REDUCER, PIPCLR
c PIPCLR

IF(LR«BT,1) RPRCST(LR~])=sRCST PIPCLR
UPPPCST (LR)=UPCST PIPCLR

c PIPCLR
c TNE FIRST QUADRANT HEADER 15 ASSUMED TO HAVE ZERO LENGTH, PIPCLR
c THE LENGTH OF THE TEE "RUN" IS ASSUMED TO BE 1,75 YIMES THE PIPCLR
o PIPE DIAMETER, THIS LENGTH IS SUBTRACTED,. PIPCLR
(o PIPCLR
IF({LR.EQ,]1) PHEDR(LR)=0, PIPCLR
IF({LR.B8T,1) PHEDR(LR})=BUNWIDT~1,75sDIAR/]2, PIPCLR

c PIPCLR
c DETERMINE THE HMEADLOSS AND PRESSURE DROP IN THE EXTERIOR PIPCLR
d VERTICAL GUADRANT HEADER SELTION, PIPCLR
c PIPCLR
EQLENEPHEDR (LR) +20.,%DIAR/12, PIPCLR
DELRPSDE_ RP+HEADSRHO*EQLEN/100, PIPCLR

o PIPCLR
c SUBTRACT THE FLOW TO ONE TUBE BUNDLE, IF THE FLOW PIPCLR
c REMAINING 1S ZEROs THEN THE LAST VERTICAL EXTERIOR QUADRANT PIPCLR
c HEANRER SECTION HAS BEEN DESIGNED. PIPCLR
d PIPCLR
DOTREMEDOTREM=DOTMAB PIPCLR
IF(DOTREM,LE«0,) GO TO 72 PIPCLR

LRz Rel PIPCLR
IF(LRsGTNPS) PIPCSTL=],E+40 PIPCLR
IF(LR«BT,NPS) RETURN PIPCLR

Go TO0 73 PIPCLR

72 CONTINUE PIPCLR

c PIPCLR
c NOW DESIGN THE INTERIOR PORTION OF THE VERTICAL QUADRANT PIPCLR
c HEADER PIPING, PIPCLR
o PIPCLR
c DETERMINE THE NUMBER OF INTERIOR RETURN LINES, PIPCLR
c PIPCLR
INT=ICHORD/2»1 PIPCLR
IF(INTJ.LE,O0) GO TO 90 PIPCLR

c PIPCLR
Do 80 l=],NBUNHI PIPCLR

80 RVRCSTI(I)=0, PIPCLR
Lre] PIPCLR
DDTREMSDOTMAL PIPCLR
DOTMAVE2 ,#DOTHMAR PIPCLR

83 calL| HEADER(DOTREM,DOTMAVDESVELLsRHOSVREDUCRyLR9OsDIAJIDIARYTCSTy PIPCLR
SRCST,UPCST,VRLCSTVFLGCST, VEJCST] PIPCLR

c PIPCLR
c THME DIAMETER OF HEADER SECTION LR (DIAR) 1S REPLACED BY DIAJ PIPCLR
c IN ORDER TO COMPARE THE DIAMETER OF SECTION LR WITH LRel PIPCLR
c TO DETERMINE REDUCER REQUIREMENTS, RVDIA IS THE STORED PIPCLR
c VALUE OF THE DIAMETER OF HEADER SECTION LR. PIPCLR
c PIPCLR
D1AJU=DIAR PIPCLR
RvDYA(LR)=DIAR PIPCLR
RVTCSTILR)=TCST PIPCLR

c PIPCLR
[« ASSIGN THE COST OF A REDUCER TO THE PRECEDING HEADER SECTION, PIPCLR

07.59.59

51§
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527
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532
533
534
538
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5640
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551
552
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OO0 OO0 00

OoO00NO

OO0 OO0

90

Sl
92

THE COST 1S BASED OF THE LARGESY DIAMETER OF THE REDUCER.

IF(_R«BGT,1) RVRCST(LR=~])eRCST
UPVecST (LR)sUPCST

THE FIRST QUADRANT HEADER 18§ ASSUMED TO HAVE ZERO LENGTH.
THE LENGTH OF THE TEE "RUN" 1S ASSUMED TO BE 1,75 YIMES
THE PIPE DIAMETER, THIS LENGTH IS SUBTRACTED,

IF(LR.EQ,1) VHEDR{_LR)=0,
IF(LR4GT,1) VHEDR(LR)®BUNWIDT=1,75%DI1AR/12,

DETERMINE THE HEADLOSS AND PRESSURE DROP IN THE INTEPIOR
VERTICAL QUADRANT HEADER SECTION,

EQLENSVHEDR(LR) «¢20,sDIAR/12,
VELD=DOTREM=CONST]/ (RHO*DIARSD]AR}
CALL HYDLOS(DIAR,VELOsVISsRHOs2sHEAD)
DELRVeDE|L RVeHEAD*RHOSEGLEN/100,

SUBTRACT THE FLOW TO TWO TUBE BUNDLES, IF THE FLOW

REMAINING IS ZERO, THEN THE LAST VERTICAL INTERIOR QUADRANT

HEADER SECTION HAS BEEN DESIGNED,

DNTREMSDOTREM=DOTMAV
IF(D0TREM,LE,0,) GO TO 90
LRe_ pel

IF(LR,OTNPS) PIPCSTL=],E+40
IF(Lr.8T,NPS} RETURN
Go TO 83

COMPUTE THE DIAMETER OF THE BUNDLE FITTINGS
BRCHDIA=SQRT (DOTMAB=CONST]/ (RHOSDESVELL) )2,
IF(BRPCHDTIA,LT,DIAM (1)) BRCHDIA=DIAM(])

Do 91 I=1,23

Il=]

IF (RRCHDIA«DIAM(II)) 92992491
CONTINUE

BRCHDIA=DIAM(I]}

NETERMINE THE COST OF THE BUNDLE FITTINGS

THE PIPE CONNECTING THE QUADRANT HEADER

TO THE TUBE BUNDLE HEADER
RBFCST®3, s APIPCST(IT1)eELCST(II)e2,sFLGCST(1])

THE BRANCH PORTION OF THE TEE COST IS ASSUMED T0 BE ,33
TIMES THE BRANCH DIAMETER,

BRCSTm 33+ TEECST (I1)
EVALUATE THE COST OF THE QUADRANT WEADER
FIRST DETERMINE THE COST OF THE HORJZONTAL SECTION,

Do 93 I=m].XR

06/05/78

PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLP
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPC.R
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
RIPCLR
PIPCLR
PIPCLR
FIPCLR
PIPCLR
PIPCLR
PIPCLP
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PISCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLK
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR

07,59,59
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563
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600
601
602
603
604
605
606
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OO0

OO0

OO0

O000

93

2%

95

96

97

98
99

RAPEST I =UPIPCST (1) «QHEDR(I)

POTCST(KR) =0,

Do 9% I=z14KR

IF(1.LTeKR) RQCOST=RQCOST+RQPCST(])*RATCST (1) «RQREST(])
IF(1,EQ.XKR) RQCOST=RQCOSTeRAPCSTII)*RARCST (1) +QRLCST
CONTINUE

SECOND EVALUATE THE COST OF THE VERTICAL EXTERIOR QUADRANT
HEADER PIPING

Do 95 ImlsLR

RPTZLSTII)=RPTCST (1) «BRCST

RPPCST 1) mUUPPPCST (1) sPHEDR(I)

RPTCSTILR)I=®OD

Do 96 I=14LR

1IF{1.LT.LR!) RPCOSTmRPCOST*RPPCSTII)*RPTCST(1)eRPRCST(])
IF(1,EQ.LR) RPCOSTIRPCOST‘RPPCST1I)‘RPRCST(I)OPRL;ST
CONTINUE

THIRD EVALUATE THE COST OF THE VERTICAL INTERIOR QUADRANT
HEADER PIPING

IF(INT.LE.0) GO TO 99

Do 97 I=),LR

RVYCST(I)aRVTCST(1)e2,#BRCST

RVPESTII)=UPVPCST (1)sVHEDRID)

Do 98 I=],LR

1F(1,LT4LR) RVCOST=RVCOSTeRVPCSTII)4RVTCST(I)eRVRCST(])
IF(1.,EQ,LR) RVCOST=RVCOSTeRVPCSTTI)eRVRCST (I)«RVTCSTI(I)
CONTINUE

CONTINUE

DETERMINE THE TOTAL COST OF THE RETURN QUADRANT PIPING
RACOSTBROCOST+2,#RPCOST+INT*RVCOST+RBFCSTeNBUNPQD

TRACASTERQACOSTHCTOWS 4,
DELRQ=DE|_ RQeDELRPeDELRY

06/05/78

PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIOCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PISCLR
PIUCLP
PIPCLR
PIPCLR

DETERMINE HEAD LOSS AND PRESSURE DROP IN THE BUNDLE FITTINGS, PIPCLR

EQLeEN = 150, » BRCHDIA/]Z2,
VELO=DOTMAB*CONST2/ (RHOBRCHDIABRCHDIA)
CALL HYDLOS(BRCHDIAJVELOyVISsRHO#2Z2yHEAD)
DELPBREHEAD=RHOSEQLEN/100,

DETERMINE TOTAL COST AND PRESSURE DROP IN RETURN PIPING
SYSTEM,

PIP2STUBRCOST+TRTDCST#TRACOST
PIPCSTL = PIPCSTL = POMCIR
DELL=DELPHeDELTD+DELRQeDELPBR
DYNHDL®DELL /RHO

SYORE VALUES IN COMMON BLOCK /RPTRET/ FoR LATER USE IN
ouTPUT,

SDESVE = DESVELL
SNOTMA e DOTMA

PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
PIPCLR
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6&]
642
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645
646
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SPIPCS = PIPCSTL
STOWD! = TOWDIA
SpELL = DELL
RETURN

END

FIN 4,5¢41¢6 06/05/78

PIPCLR
PIPCLP
PIPCLR
PIPCLR
PIPCLR

£7.56,59
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T4/74 0PT=} FIN 4,54416 06/05/78

SUBROUTINE PIPCLS(CTON, TOWDIADOTMAYTCONOUT+DISTeDPESVELVeBUNWIDT

REDUCS, @REDUCSyPOHCIRyNSIDES yHTON ) NBUNHI ) TUBEL 4DELV,PIPCSTV

STHXIN)

THIS SUBROUTINE DESIGNS AND COSTS THE SUPPLY PIPING SYSTEM
WHICH TRANSPORTS THE VAPOR AMMONIA, THIS INCLUDES ALL THE
PIPEs VALVESs AND FITTINGS BETWEEN THE HEAT EXCHANGER AND

THE CONDENSER/REBOILER. PIPE DIAMETER IS DETERMINED FROM THE
AMMONIA FLOW RATE AND THE VAPOR DESIGN VELOCITY. VALVE AND
FITTING SIZES CNRRESPOND TO THE PIPE SIZES WITH THE SAME

FLOW RATE,

AMMONIA PROPERTIES ARE FIRST EVALUATED AY THE CONDENSER/
REBOILER OUTLET TEMPERATURE, CONDITIONS ARE ASSUMED YO BE
SATURATED, AFTER DESIGNING EACH HEADER OR PIPE SECTION THE
PRESSURE DROP 1S DETERMINED IN THAT SECTION BY CALLING
HUAMMO, THIS PROVIDES THE QUTLET TEMPERATURE OF THAT
SECTION WHICH BECOMES THE INLET TEMPERATURE FOR THE NEXT
SECTION.

DEFINITION OF VARIABLES

APIPCST » ABOVE GROUND PIPE COST ($1000/FT)

BRCHDIA = DIAMETER OF DISTRIBUTION PIPING OR BUNDLE FITTINGS
{INCHES)s IS USED TO GET nBRANCH'" PORTION OF THE
TEE COSTS

8RCST = COST OF “BRANCH" PORTION OF TEE COST ($1000)
BSDYNHD « DYNAMIC HEAD LOSS IN BUNDLE FITTINGS
(FT OF AMMONTIA)
BUNWIDT = WIDTH OF TUBE BUNDLE (FT)
COANG = ANGLE OF DELTA HEAT EXCHANGER (DEGREES)
cPV = SPECIFIC HEAT OF AMMONIA vaPOR (BTU/LBM DEG F)
CTow ~ NUMBER OF CIRCULAR TOWERS
DOYNHD « DYNAMIC HEAD LOSS IN DISTRIBUTION PIPING (FT OF
AMMONTA}
DELP =« PRESSURE DROP IN MEADER SECTION (PSF)

DELPBS = PRESSURE DROP IN BUNDLE FITTINGS (PSF)

DELPD,T = PRESSURE DROP IN DISTRIBUTION PIPING, TOWER PIPING
(T)y (PSF)

DELSHyQ = PRESSURE DROP IN MAIN CIRCULATION HEADERs QUADRANT
HEADER (Q)s (PSF)

DELSP - PRESSURE DROP IN VERTICAL QUADRANT HEADER (PSF}

PDELV = PRESSURE DROP IN SUPPLY CIRCULATION PIPING FOR
VAPOR AMMONIA (PSF)

DENS = DENSIV

DENSIV <« DENSITY OF AMMONIA VAPOR (LBM/CU FT)

DESVELV =~ AMMONIA VAPOR DESIGN VELOCITY (FT/SEC)

DIAS = DIAMETER OF MAIN CIRCULATION SUPPLY MEADEP (INCHES)

DIASD - DIAMETER OF DISTRIBUTION PIPING (INCHES)

DIAST = DIAMETER OF TOWER PIPING (INCHES)

DIST = DISTANCE FROM CONDENSER/REBOILER TO BOUNDARY OF

TOWERS

DOTMA = TOTAL MASS FLOW RATE (LBM/HR)

DOTMAB QT = MASS FLOW RATE TO TUBE BUNDLEs QUADRANT (Q)
TOWER (T), (LBM/HR)

DOTMAH = MASS FLOW RATE TO VERTICAL SECTION OF QUADRANT
PIPING (LBM/HR)

PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PlpPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIlpPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
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TasT4

DOTREM
DYNHDS

DYNHDV

ELCST
EL4S
EQLEN
FLGCST
HEDR
ICHORD
1D

1T

Js

KS
NRUNMT
LS
NSUNPQD
NFL

NF S

NPS

NQS
NSLPQ
PDYNHDS

PSJCST

PSLGCST
OD1ACST

QDIAH

PIPCSTV
ODYNKHDS

POMCIR
QHEDR
QREDUCS
QSLCST
SRFCST
sCosT
SPDIa

SPPCST
SPRCST

SPYCST
RCST

REDUCS
SEJCST
SELCST

SFLGCST

FLOW RATE REMAINING IN HEADER SECTION (LEM/HR)
DYNAMIC HEAD LOSS IN MAIN CIRZCULATION HEADER (FT OF
AMMONTA)

DYNAMIC HEAD LOSS IN CIRCULATION VAPOR SUPPLY
PIPING (FT OF AMMONIA)

90 DEG ELBOW COST (81000,

45 DEG ELROwW COST (81000,

EQUIVALENT LENGTH (FT)

FLANGE COST ($1000)

LENGTH OF MAIN CIRCULATION WEADER SECTION (FT)
NUMBER OF CHORDS PER QUADRANT

INDEX REFERS TO DISTRIBUTION PIPING

INDEX REFERS TO TOWER PIPING

IDENTIFIES MAIN CIRCULATION HEADER SECTION
IDENTIFIES QUADRANT HEADER SECTION

NUMBER OF BUNDLES VERTICAL

IDENTIFIES VERTICAL QUADRANT HEADER SECTION
NUMBE®R OF BUNDLES PER QUADRANT

UPPER LIMIT 70 NUMBER OF TUBE BUNDLES PER QUADRANT
UPPER LIMIT TO NUMBER OF CIRCULAR TOWERS

UPPER LIMIT TO NUMBER OF TOWER LAYERS

UPPER LIMIT TO NUMBER OF CHORDS PER QUADRANT
NUMBER OF SUPPLY LINES PER QUADRANT

DYNAMIC HEAD LOSS IN VERTICAL QUADRANT HEADER
(FEET OF NH3)

COST OF EXPANSION JOINT IN VERTICAL QUADRANT
PIPING ($1000)

COST OF FLANGE VERTICAL QUADRANT PIPING ($1000)
COST OF BRANCH PORTION OF HORIZ2ONTAL QUADRANT
HEADER

DIAMETER OF HORIZONTAL QUADRANT PIPING (IN)

USED TO GET THE BRANCH PORTION OF THE TEE COSTS
TOTAL CIRCULATION SUPPLY PIPING COST ($1000)
DYNAMIC HEAD LOSS IN QUADRANT HEADER (FT OF
AMMONTA)

INDIRECT COST FACTOR FOR CIRCULATION PIPING
LENGTH OF QUADRANT HEADER SECTION (FT)

ALLOWABLE REDUCTION IN DIAMETER BETWEEN ADJACENT
QUADRANT HEADER SECTIDNS (INCHES)

COST OF 90 DEG ELBOW AT END OF QUADRANT HEADER
{$1000)

COST OF BUNDLE FITTINGS (s1000)

COST OF MAIN CIRCULATION PIPING ($1000)
COMPONENT DIAMETER OF THE VERTICAL QUADRANT HEADER
SECTION (IN)

COST OF PIPE FOR VERTICAL QUADRANT HEADER ($1000)
COST OF REDUCER FOR VERTICAL OQUADRANT HEADER
($1000)

COST OF TEE FOR VERTICAL QUADRANT HEADER ($1000)
REDUCER COST ($1000)

ALLOWABLE REDUCTION IN DIAMETER BETWEEN ADJACENT
MAIN CIRCULATION MEADER SECTIONS (INCHES)

COST OF EXPANSION JOINT AT CONDENSER/REBOILER
QUTLET (51000}

COST OF 90 CEG ELBOW AT END OF MAIN CIRCULATION
HEADER ($)000)

TOTAL COST OF APPROPRIATE FLANGES AT CONDENSER/

OPT&1 FIN 4,5e614 06/05/78

PIPCLS
PIDCLS
PIPC.S
PIPC.S
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPZLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCL.S
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
Plecis
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
P1PCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
P1PCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
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REBOILER OUTLET ($1000)
SPCST e COST OF PIPE FOR MAIN CIRCULATION HEADER ($1000)

SQCOST - COST OF QUADRANT PIPING ($1000)

SQDIA = COMPONENT DIAMETER OF QUADRANT KEADER SECTION
(INCHES)

SOPCST « COST OF PIPE FOR BUADRANT HEADER ($1000)

SQRCST <« COST OF REDUCER FOR QUADRANT HEADER ($1000)

SRCST - COST OF REDUCER IN MAIN CIRCULATION HEADER ($1000}

STCST = COST OF TEE IN MAIN CIRCULATION HEADER (81000}

STDCST = COST OF DISTRIBUTION AND TOWER PIPING ($1000)

TCOMOUT - TEMPERATURE OF AMMONIA VAPOR AT CONDENSER/REBOILER
OUTLET (DEG F)

TCST - TEE COST (%1000}

TDYNHD = DYNAMIC HEAD LOSS IN TOWER PIPING (FT OF AMMONIA)

THITE - HEIGHT OF TOWER (FEET)

TUBEL = LENGTH OF HEAT EXCHANGER TUBES (FEET)

THXIN = TEMPERATURE OF AMMONIA VAPOR AT HWEAT EXCHANGER

INLET (DEG F)

TINy TOUT =« TEMPERATURE OF AMMONIA VAPOR AT INLET AND OQUTLET
T0 EACH HEADER OR PIPE SECTION (DEG F)

TOWDIA «~ DIAMETER OF CIRCULAR TOWER (FT)

TSQCOST TOTAL SUPPLY QUADRANT PIPING COSTS ($1000)

TSTDCST = TOTAL SUPPLY DISTRIBUTION AND TOWER PIPING COSTS
($1000)

TUBLEN = LENGTH OF HEAT EXCHANGER TUBE tFT)e* IT IS ASSUMED

($1000)

TUBLEN = LENGTH OF HEAT EXCHANGER TUBE (FT)s IT IS ASSUMED
THAT THE TOWER HEIGHT EQUALS TUBLEN

UPCSTY - UNIT PIPE COST ($1000/FT)

VagsT - VALVE COST ($1000), VALVES ARE MOTOR OPERATED
BUTTERFLY VALVES

COMMON/PROP/CPW, THCONWSDENSIWVISW,HFG,

3 CPV s THCONV DENSIV.VISY,S1GMA,

L3 CPA, THCONA,DENSTIA,VIBA

COMMON /RPTSUP/

$ SDELV, DIASD, DIAST, SDOTMAs DYNHDV

sy HEDR{200)

%+ JS

%+ K§

$, SOCSTYV
$» QSLCST, QHEDR(200)

%, S8FCST, SCOST, SEJCSTy SELCST, SFLGCST, SQCOSTy STDCSTY

$, SDIAt200) ,SPCST(200), SQADIA(200), SQPCST(200)s SQRCST(200)
$+ SATCST(200)s SRCST(200)s STCST(200)

$, STCONDy STHXINy STOWDI, TSQCOSTy TSTDCST

COMMON /PCDIM/ NFS NFL

CHMUON /OPTSUP/

$SPDI4(200)s LS, PHEDR(200)s SPPCST(200),SPRCST(200)y SPYCST(200)
$y SOCOST, PSLCST, PSLGCSTs PSJCST, UPPPCST (200!
$vDF.NﬂUN

DIMENSION UPIPCST(200)

DIMENSION DIAM(24), TEECST(24)y PIPCST (24 o, ELCST(24), EL4S (24)
Sy VACST(24)y FLGCST(24)s APIPCSTI24)

DaTa DIAM /
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PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
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PIPCLS
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PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
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135
13¢
137
138
139
140
141}
1642
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145
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147
148
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150
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164
165
166
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172
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$ 8, L 12. (] 180 ’ z“o [] 30. [} 36. [] PIPCLS 173

§ 42, 4 4B, 4, 54, 4 60, , 66, 4 T2, ' PIPCLS 174

$ 73. (] 84. L 900 ’ 960 ’ 102. [} 108. ’ pIPCLS 175
11, ’ 120, ] 12,60 ’ 1;20 ’ 138, N 144, / PIPCLS 176

c PIPCLS 177
DATA FLGCST/ PIPCLS 178

$ 136, 2520, 1,03 » 1,92 3,17 » Gok2 PIPCLS 179

$ 6,82 , 9,22 , 12,0 16,7 21,1 27,5 PIPCLS 180

£ 33,9 , 40,4 46,8 §3.,2 , 59,7 o+ 6641 PIPCLS 181

S 7’_.5 ’ 7809 ’ es" ’ 1.8 1] 98.2 ’ 105. / PIDCLS 182

C PIPCLS 183
DATa TEECST/ PIPCLS 184

3 0384, «935, 1,9€¢ 3,82 , 14,8 25,8 PISCLS 185

£ 31,7 37.6 53,4 69,1 87.9 + 107, ’ PIPCLS 186

$ 128, y 145, v 163, v 182, v 201, v 220, ' PIPCLS 187

$ 239, s 258, sy 277, y 296, y N, v 333, / PIPCLS 188

[+ PIPCLS 18¢
DATa PIPCST/ PIPCLS 150

s 2 06, «113, 0147y 0219, 2409 +599, PIPCLS 191

$ 720, 841, 1,08 1,31 1.57 » 1.84 , PIPCLS 192

$ 2.10 2,36 , 2,62 2,88 3,15 3,41 PIPCLS 193

$ 3,67 3,93, 4,19 4,46 4,72 4,98 / PIPCLS 194

[o} PIPCLS 195
DATaA VACST/ PIPCLS 196

$ 287 T.09 o 16,9 26,7 §2,2 v TT¢8 PIPCLS 197

$ 109, v 161, v 164, y 187, s 213, s 240, ’ PIPCLS 198

$ ?66u [} 293. [] 3190 L] 3‘60 [} 372. ’ 399| [} pIPCLS 199

$ 425, ' 452, y 478, y 505, v 531, s 558, / PIPCLS 200

[of PIPCLS 201
DaTs ELCST/ PIPCLS 202

s .2715, «T15, 1,35 » 2.94 9,56 1641 PIPCLS 203

$ 27,6 38,8 51,9 65,1 87,6 o+ 110, ’ PIPCLS 20s

$ 133, v 155, y 178, s 200, y 222, v 245, ' PIPCLS 205

$ 268, y 290, y 312, sy 335, s 357, y 380, / PIRC.S 206

[o PIPCLS 207
DATA EL4S/ PIPCLS 208

$ «230, «558, e 96Ty 2,16 Te6T 13,2 PIPCLS 209

$ 20,2 27.2 37,7 s 48,1 , 66,2 84,3 , PIPCLS 210

$ 102, y 120, v 138, s 157, y 175, y 193, ' PIOCLS 211

$ 211- L 2290 (] 247, ’ 2950 ’ 283. L} 301. / pIPCLS 212

c PIPCLS 213
DATa APIPCST/ PIPCLS 214

£ L,03¢ , L0073 ’ o096 «155, «332 «510, PI=CLS 215

[ .616, . T19, «939, 1,16 1,641 1.67 PIPCLS 216

$ 1.91 2,16 2,41 2,66 2,99 3016 PIPCLS 217

$ 3,41 3,66 3,91 4,16 4,42 4,67 / PIPCLS 218

C PIPCLS 219
100 FARMAT(BF10,2) PIPCLS 220
PFeBOHCIR PIPCLS 221

NPSe] 00 PIPCLS 2e2
NpS=100 PIPCLS 223
ICHORDENSIDES/¢ PIPCLS 224
IF(TeHORD,ENL0) ICHORD=EZ PIPC.S 22s
ICHECK®ICHORD/2 PIPCLS 226

IF (P2« ICHECK®ICHORD LT+ 0) ICHORD=ICHORD 4] PIPCLS 227
IF(ICHORD,LE.C) STO® "IN PIPCLS ICHORD LELJZEROM PIPCLS 228

NBUNPOD=ICHORD «NBUNH]T PIPCLS 229

*
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NBUNsaNBUNPQD
DOTMATEDOTMA/CTOW
DOTMAQRDOTMAT /4,
DOTMAREDOTMAQ/NBUNPQD
TIN=eTCONOUT
CONSTI®4,/(3,1416%3600,)
DELsH=0,
DYNHDS®0,
ScosT=o0,
D1AcSTmoO,

D1AW=0;
PDYNHDS=0,
DELsP=O,
SpPCnsTuO,

DO 1 Iml,NFS
SRCsT(1)w0,

Do 2 I=]4NFL
SQORCST(I)=0,
DELSOm=O,
QDYNHDS=0.
SQCosTmo,
SELCSTm0,
SFLGCST=0,
SEJCST=O,
DOTREMSDOTMA

JS=)

FIN 4,54414

IN THE STATEMENTS THROUGH 1T & 1 THE MAIN CIRCULATION PIPING

IS DESIGNED AND COSTED,

THE DYNAMIC HEAD LOSS AND PRESSURE

DROP ARE DETERMINED FOR PUMPING REQUIREMENTS,

CALL HEADER TO DESIGN AND COST THE COMPONENYS OF HEADER
SECTION JS, ALL HEADER SECTION COMPONENTS ARE DETERMINED

RETWEEN STATEMENTS 13 AND 12 = 1,

13 caALL HEADER(DOTREMyDOTMATDESVELVNyDENSIV,REDUCS»JS)19DIAY,

SDTAS, TCSTRCST,UPCSTVSELCSTISFLGCSTySEUCST)

THE DIYAMETER OF HEADER SECTION JS

(D1AR) IS REPLACED BY DIAJ

IN ORDER TO COMPARE THE DIAMETER OF SECTION JS WITH SECTION
JS « )} TO DETERMINE REDUCER REQUIREMENTS, SOIA IS THE STORED
VALUE OF THE DIAMETER OF HEADER SECTION JS,

D1aU=D1AS
SDIA(JS)=DIAS
STCST(JS)=TCST

ASSIGN THE COST OF & REDUCER TO THE PRECEDING HEADER SECTION,
THE COST OF A REDUCER 1S BASED ON THE LaARGEST DIAMETER OF

THE REDUCER,

IF(JS.BT,1)SRCST(JS»1)sRCST

UPIPCST (JS)=UPCST

DETERMINE LENGTH OF HEADER BECTION,
1S DESIGNATED HEADER SECTION 1.

THE FIRST HEADER SECTION

ALL EVEN NUMBERED HEADER

SECTIONS ARE EFFECTIVELY ZERO LENGTH BECAUSE THE CIRCULAR

06/05/78
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PIPCLS
PIPCLS
PIPCLS
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PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
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230
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10

11

12

14
18

TOWERS ARE PAIRED ON OPPOSITE SIDES OF THE MAIN CIRCULATION
HEADER., THERE 1S ONE HEADER SECTION DESIGNATED FOR EaACH
CIRCULAR TOWER,

IF(JS.EQ,1)G0 TO 190

IF (MOD(JS92) oEG.0)HEDR(JS) =0,
IF(MAD{USs2) sNE,0)HEDR(JS)=]1,5*TOWDIA
Go 10 11

HEDR (JS)=D15T+,5=TOWDIA

DETERMINE THE OUTLET TEMPERATURE AND DYNAMIC MEAD L0OSS FOR
MEADER SECTION JS, THE EQUIVALENY LENGTH INCLUDES AN L/D OF
20 FOR THE TEE "RUNY, THE OUTLET TEMPERATURE BECOMES THE
INLET TEMPERATURE FOR THE NEXT HEADER SECTION, SAVE THE
VAPOR DENSITY TO COMPUTE DYNAMIC HEAD L0SS, HLAMMO PROVIDES
A NEW VAPOR DENSITY (THROUGM COMMON} FOR THE NEXT MEADER
SECTION,

EQLEN®RNEDR (JS)«20,¢DI1AS/)2,

SUBTRACT OUT THE FLOW TO ONE CIRCULAR TOWER TO GET THE FLOW
IN HEADER SECTION Js « 1,

DENgeDENSIV

CALL HLAMMO(TIN,DOTREMyDIASIEQLENs1,4+TOUT4DELP)
DELSH=DE| SHeDELP

DYNHDS®DYNHDSDELP/DENS

TIN =TOUT

DOTREMEDOTREM=DOTMAT

IF THE REMAINING FLOW IS ZERO THEN THE LAST MEADER SECTION
Has BEEN DESIGNED,

IF(DOTREM,LE.D0.)GO TO 12

Jse ysel

IF( JS .GT, NFS) PIPCSTV = 1,E«40
IF( JS 6T, NFS) RETURN

Go 10 13

DETERMINE THE DIAMETER OF THE DISTRIBUTION PIPING,

BPCHDIA=SOPT(DOTMAT-CONSTI/(DENSIV-DESVELV))-12.
IF(3RCHDTA,LTDIAM (1) )BRCHDIA=DIAM(])

Do 14 Izl.24

I1=1

IF (ARCHDIADIAM(TII))15,15514

CONTINUE

BRCHDIA=DIAM(I)

THE COST OF A TEE IS ASSUMED TO BE ,67 TIMES TRE COST OF A
TEE OF THE "RUN" DIAMETER PLUS ,33 TIMES THF COST OF & TEE
OF THE "BRANCH" DIAMETER, THE U“RUN®" PORTION WAS DETERMINED
IN SUBROUTINE WHEADER", THE ®wBRANCH® PORTION IS DFETEAMINED
HERE ,

BRCST=,33»TEECST(11)
Dn 16 Ix)eJs
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PIPCLS
PIPCLS
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PIPCLS
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PIPCLS
PIPCLS
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PIPCLS
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288
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316
317
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OO0 OoO0O00O0

OO0 0

OO0 0O0

OO0 o000

16

17

20
21

22
23

STCST(I)eSTCST (1) «BRCST
SPCST(I1)sHEDR(I)=sUPIPCST(I)

STCST(JS) =0,

DA 17 I=)],JS
IF(1.,LY,JUS)SCOSTRSCOSTeSPCST(I)4BRCST(I)eSTCST(I)
IF(1.EQ,JS)SCOSTESCOSTeSPCST (1) «BRCST(I)eSELEST
CONTINUE

SCOST=SCOSTeSFLGCSTeSEJCST

IN THE STATEMENTS THROUGH 21 « 4 THE DISTRIBUTION PIPING IS
DESIGNED, INDEXES FOR UNIT COST ARRAYS ARE DEFINED.
PRESSURE LOSS AND DYNAMIC HEAD LOSS ARE EVALUATED.

DIASD=SORT(DOTMATeCONST]1/ (DENSIVSDESVELV) =12,
Do 20 lely24

Inpey

IF{DIASDeDIAM(ID))I2]142)920

CONTINUE

D1agDeDIAM(ID)

EQLEN®.2¢TOWDIA200.,#DIASD/ 12,

THE EQUIVALENT LENGTH INCLUDES THE LENGTH OF PIPE CONNECTING
THME MAIN CIRCULATION HEADER TO THE TOWER DISTRIBUTION HEADER,
THIS LENGTH IS ASSUMED Y0 BE ,2 TIMES TWE TOWER DIAMETER.

DENS=DENSTIV
CalL HLAMMO(TINyDOTMAT,DIASDIEGLEN,1,.9TOUT,DELPD)
DDYNHD=DELPD/DENS

THE TEMPERATURE OUT OF THE DISTRIBUTION PIPING IS THE
TEMPERATURE INTO THE TOWER PIPING,

TIN=TOUT

IN THE STATEMENTS THROUGH 23 « 4 THE TOWER PIPING IS
NDESTGNED. INDEXES FOR UNIT COST ARRAYS ARE DEFINED.
PRESSURE LOSS AND DYNAMIC HEAD LOSS ARE EVALUATED,

DIAST=SQRY (DOTMAQ=CONST] /(DENSIVeDESVELY) =12,
Do 22 Im),e24

IT=y

IF(DIASTeDIAM(IT)) 23423922

CONTINUE

DIAGT®DIAM(IT)

EQLEN=TOWDIA+B0,2DIAST/12,

DENSaDENSIV

CaLL HLAMMO(TIN,DOTMAQ)DIASTIEQLENs 149 TOUT,DELPT)
TDYNHORDELPT/DENS

THE TEMPERATURE OUT OF THE TOWER PIPING 1S THE TEMPERATURE
INTO THE QUADRANT PIPING,

TIN=TOJT
COMPUTE THE COST OF THE DISTRIBUTION aND TOWER PIPING, PIPE

LENGTHS INCLUDE THE LENGTH OF PIPE CONNECTING THE MAIN CIRC-
ULATION HEADER TO THE TOWER DISTRIRUTION HEADER (,2=TOWDIA)
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Tes/74  OPTE) FIN 4,54416

AND THE TOTAL LENGTH OF PIPE CONNECTING THE TOWER
DISTRIBUTION WEADER TO THE FOUR QUADRANT HEADERS (3.25s
TOWDTA)s» THESE LENGTHS ARE GENERAL APPROXIMATIONS, THE
TOWER DISTRIBUTION HEADER IS5 ASSUMED TO APPRUXIMATE THE
€0ST OF FOUR TEES., INDEX »ID" REFERS TO THE DISTRIBUTION
PIPING, "IT" TO THE TOWER PIPING,

STDCST'.?'TOWDIA'PIPCST(ID)"-‘(-67‘TEECSY(ID)O.B?'TEECST(IT))
$4(3,25¢TONDIA) #aPIPCST(IT)¢14o*ELCST(IT)a2,«EL65(IT)
$4400VACST (1) ¢B,#FLGCST(IT)

TSTDCSTeSTDCSTCTOW

IN THE STATEMENTS THROUGH 35 ¢ 11 THE QUADRANT PIPING 1S DE=
SIGNED AND COSTED. THE DYNAMIC MEAD LOSS AND PRESSURE DROP

IN THE QUADRANT HEADER AND BUNDLE FITTINGS ARE DETERMINED,

THE QUADRANT PIPING CAN BE BEPARATED INTO TWO GROUPS « THE
PORTION THAT RUNS ALONG THE TOP OF THE QUADRANT AND
DISTRIBUTES NH3 TO THE CHORDS (HORIZONTAL) AND THE PIPING
THAT DISTRIBUTES NH3 TO THE TUBE BUNDLES (VERTICAL}

EACH QUADRANT MUST HAVE INDEPENDENT PIPING SO THAT
PARTIAL SHUT DOWN IS AVAILABLF. TO FACILITATE DESIGN
EACH QUADRANT MUST HMAVE AN EVEN NUMBER OF CHORDS,

DESIGN AND COST THE HORIZONTAL PIPING,

NglLPQuICHORD/2

IF(NSLPQ,GT,.200) STOP "IN PIPCLS NSLPQ EXCEEDS 200"
Do 30 I=]¢NSLPO

SARCST(1)=C,

DOTREMEDOTMAQ
DOTHAHE? , «DOTMAR/TCHORD

06705778

PIPCLS
PIPCL.S
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
P1PCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS

31 caL| HEADER(DOTREM,DOTMAHDESVELVDENSIV,QREDUCS+KS40,D1aJ,D1AS,TC PIPCLS

ESTIRCSTWUPCST+QSLCST¢SFLGCSTHSEUCST)

THE DIAMETER OoF HEADER SECTION KS (DIAS) IS REPLACED BY DIAJ
IN ORDER TO COMPARE THE DIAMETER OF SECTION KS WITH XSel TO

NETERMINE REDUCER REQUIREMENTS, SeDIa IS THE STORED VALUE
OF THE DIAMETER OF HEADER SECTION ks,

D1AU=DlAS
SQADIA(XKS)=DIAS
SOTCSTIXKS)=TCST

PIBCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS

ASSIGN THE COST OF A REDUCER TO THE PRECEDING HEADER SECTION, PIPCLS

THE COST OF A REDUCER IS BASED ON THE LARGEST DIAMETER OF
THE REDUCER,

IF(XS,68T,1) SQRCST (KS=1)=RCST
UPIPEST (KS)=UPCSY

TﬁE FIRST QUADRANT HEADER IS ASSUMED TO HAVE ZERO LENGTM,

PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PlpcCLS

LENGTH OF THE REMAINING SECTIONS 1S THE CHORD _ENGTH (TUBEL), PIPCLS
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THE FIRST QUADRANT MEADER IS ASSUMED TO HAVE ZERO LENGTH,

06/05/78

PIPC.S
PIPCLS
PIbBCLS

LENGTH OF THE REMAINING SECTIONS IS THE CHORD LENGYK (TUBEL), PIPCLS

IF(xS+EQ,1) GHEDR(KS)=0,
IF(xS.6T,1) QHEDR(KS)=2,sTUBEL

DETERMINE THE DYNAMIC HEADLOSS AND PRESSURE DROP IN THE

QUADRANT HEADER SECTION, SAVE THE VAPOR DENSITY BECAUSE 1IT
MIST BE USED IN COMPUTING DYNAMIC WEADLDOSS BUT 1S REDEFINED

IN HLAMMO, THE NEW VALUE OF DENSITY FROM HLAMMO, |IKE

THE TEMPERATUREs TOUT, APPLIES TO THE NEXT HEADER SECTION,

DENS=DENSIV

EQOLENmQKEDR (KS)+20,%DI1AS/12,

Call HLAMMO(TIN)DOTREMyDIASVEQLENI 142 TOUTHDELP)
DELSO=DELSQeDELP

QDPYNHDS=QDYNHDS ¢DELP/DENS

TINeTOUT

SURTRACT THE FLOW T0O ONE VERTICAL SECTION, IF THE FLOW
REMAINING 1S5 ZERO THEN THE LAST HEADER SECTION HAS BEEN

DESIGNED,
DOTREM®SDATREM=DOTMAN
1IF(NOTREM,LE.Q) GO TO 32
Ksuxgel

IF(xSs8T,NQS) PIPCSTVE] Eeé4D
IFIXS+GT,NQS) RETURN
Gn 10 3)

COMPUTE THE DIAMETER OF THE HORIZONTAL OQUADRANT
HEADER FITTINGS,

ADI14aH=SORT (DOTMAHSCONST] / (DESVELVeDENSIV) =12,
IF(ADTAK,LT,DIAM (1)) QDIAHEDIAM(1)

Do 33 I=1,24

11=1

IF(NDTANSDIAM(II)) 34434,33

CONTINUE

GDIAH=DTIAM(II)

THE PORTION OF THE TEECOST ATTRIBUTED To THE "BRANCH" IS

¢33 TIMES THE COST OF & TEE OF THE nBRANCH" DIAMETYER,
ODIACST=,33+TEECST(ID)
NOW DESIGN THE VERTICAL QUADRANT HEADER PIPING

IF (NRUNHI,,GT+200) STOP MIN PIPCLS LAYER EXCEEDS 200w
Do 4n l=) yNBUNMI

SPRCST(Im0,

Ls=)

DOTREMEDOTMAN

DOTMAVEZ ,«DOTMAB

PIPCLS
P1PCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPC.S
PIPCLS
PIPCLS
P1PC.S
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
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PIPCLS
PIPCLS
PIPCLS
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PIPCLS
PIPCLS
PIPCLS
P1PCLS
RIPCLS
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PIPCLS
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PIPCLS
PIPCLS
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PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS
PIPCLS

42 CalL| HEADER(DOTREMyDOTMAVDESVELV,DENSIV,PRENUCS+LSs04DTAUSDIAS,TC PIPCLS

£7+59.59
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SUBROUTINE PIPCLS T64/74  OPTE) FYN 4,5+414

e NeNeReNe] e NeNeXNel e XeXeNeXeNel

OO0

(e XaNeNelg]

OO0

4l

$STIRCSTUPCST4PSLCST,PSLGCSTHPSULST)

THE DIAMETER OF HEADER SECTION LS (DIAS) IS REPLACED BY DIAJ
IN ORDER T0 COMPARE THE DIAMETER OF SECTION KS WITH KSe¢l

TO DETERMINE REDUCER REQUIREMENTS, SPDIA IS THE STORED
VALUE OF THE DIAMEYER OF HEADER SECTION LS,

DI1Ay=DIAS
SPDIA(LS)aDIAS
SPTCST(LS)=TCST

ASSIGN THE COST OF 4 REDUCER TO THE PRECEDING HEADER SECTION
THE COST OF A REDUCER IS BASED ON THE LARGEST DIAMETER OF
THE REDUCER,

IF(LS+87,1) SPRCST(LS=1)=RCST
UPPRCST(LS)mUPCST

THE FIRSY QUADRANT HEADER I$ ASSUMED YO HAVE ZERO LENGTH,
THE LENGTH OF THE TEE "RUN% IS ASSUMED TO BE ],75 TIMES
THE PIPE DIAMETER, THIS LENGTH IS SUBTRACTED,

IF(LSeED.1) PHEDR(LS)=0,
IF(LS.8T,1) PHEDR(L_S)=sBUNWIDT=1,75sD1AS/12,

DETERMINE THE DYNAMIC HEADLOSS AND PRESSURE DROP IN THE
QUADRANTY HEADER SECTION. SAVE THE vaAPOR DENSITY BECAUSE IY
MUST BE USED IN COMPUTING DYNAMIC HEADLDSS BUT IS REDEFINED
IN KLAMMO, THE NEW VALUE OF DENSITY FROM HLAMMO, LIKE

THE TEMPERATUREy TOUT. APPLIES YO THE NEXT HEADER SECTION,

DENSeDENSIV

EQLEN=PHEDR(LS)+20,%DI1AS/12,

CALL HLAMMO(TINyDOTREMyDIASsEQLENs1,4TOUT,DELP)
DELSp=DE_SP«DELP

PDYNHDSmPDYNHDS«DELP/DENS

TIN=TOUT

SUBTRACT THE FLOW TO TWO TUBE BUNDLES, IF THE FLOW
REMATINING IS ZERO THEN THE LASY HEADER SECTION HAS BEEN
NDESIGNED,

DOTREMEDOTREM=DOTMABRZ,
IF(DOTREM,LE,D0) GO TO 41
Ls=LSel

IF(LSeGT,NPS) PIPCSTVE],E«40
IF (U S«8T,NPS) RETURN

GO t0 42

COMPUTE THE DIAMETER OF THE BUNDLE FITTINGS.,

BRCHDIA=SQORY (DOTMAB®CONST1/ (DESVELV*DENSIV) ) =12,
IF(BRCHDTA,LT,DIAM(1)) BRCHDIA=DIAM(])

DO 43 I=1,24

I1=]

IF (BRCHDTARDIAM(IT)) 4bpséys3

43 CONTINUE
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SUBROUTINE PIPCLS Tas74 OPT=] FTIN 4,5¢4]¢

e NeNeNeKe] OO0

OO0 0

s XeNeXe]

o000 [aNeNe]

o000

OO0 0

46

S0

Sl

52

53

BRCHDTALDIAM{IT)

THE PORTION OF THE TEECOST ATTYRIBUTED YO THE "“BRANCH®" IS
¢33 TIMES THE COST OF 4 TEE OF THE ®BRANCH" DIAMETER,

BRCST=<3sTEECST(II)

THE PIPE CONNECTING THE QUADRANT HEADER
DETERMINE THE COST OF THE SUNDLE FITTINGS
TO THE TURE BUNDLE HWEADER

SRFCST®2,=APIPCST (I1)42¢FLGBCST(II)
EVALUATE THE ¢OST OF THE QUADRANT HEADER,
FIRST DETERMINE THE COSY OF THE HORIZONTAL SECTION,

Do 50 I=]4KS

SATLSTII)=SQTCST(I)+QDIACST

SQEPCST (1) eQHEDR (1) sUPIPCST (1)

SATCST(KS) =0,

Do 51 I=14KS

IF(1+LT4KS) SQCOST=SQCOST+SQPCSTTI)+SARCST(1)«SQTCSTI(I)
IF(1,EQ,KS) SQCOST=SOCOST+SAPCST (1) +SQRCST (1) +QSLEST
CONTINUE :

SECOND EVALUATE THE COSY OF THE VERTICAL QUADRANT HEADER

PIPING,

Do 52 Im],lS

SPTLST(1)2SPTCST (1) «BRCST*2,

SPPCST (1) =UPPPCST (1) #PHEDR(I)

SeTCST{LS) =0

Do 53 I=14LS
SPCHSTESPCOST«SPPCST (1) ¢SPRCST(IYeSPTCST (1)
CONTINUE

DETERMINE THE TOTAL COST OF THE SUPPLY QUADRANT PIPING.,

SOCOSTESQCOSTeNSLPQ»SPCOST«NBUNPRDeSBFCST
TeQRCOST=SACOST«CTOWSS,

DETERMINE THE PRESSURE DROP AND DYNAMIC HEADLOSS IN THE

QUADRANT PIPING,

DELSA®DNELSQ«DELSP
QDYNHDS=QDYNHDS+PDYNHDS

COMPUTE DYNAMIC HEAD LOSS IN BUNDLE FITTINGS.

DENS=DENSTYV

EQLFN = 120, » BRCHDIA/IZ2,

calL HLAMMO(TINyDOTMAByBRCHDIAWEQLENy1,sTOUT,DELPBS)
BSDYNHD=DELPBS/DENS

THE VAPOR TEMPERATURE AT THE HEAT EXCHANGER INLET HWAS BEEN
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T4/74  OPTe] FIN 4,5¢414

DETERMINED ON THE BASIS OF THE ACCUMULATIVE PRESSURE DROPS
IN THE SUPPLY PIPING,

THXIN ® TOUT

DETERMINE TOTAL COSTy PRESSURE DROP, AND DYNAMIC MEAD LOSS
IN THE SUPPLY PIPING SYSTEM,

PIPCSTV=SCOST+TSTDCST+TSQCOST

PIPCSTV = PIPCSTV s POHCIR
DELV=DELSHeDELPD«DELPTDELSQ¢DELPBS
DYNHDVRDYNHDS+DDYNHD¢ TDYNHD+QDYNHDS+BSDYNND

STORE VALUES IN COMMON BLOCK /RPTRET,/ FOR LATER USE IN

ouTPUT,
SDELVY = DELV
SPOTMA = DOTMA
SPCSTV = PIPCSTV
STHXIN = THXIN
STCONO = TCONOUT
STHYIN = THXIN
STOWD! = TOWDIA
RETURN
END
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OO0

(g Nel OO0

10

20

30
40
50

TasT4 oPT=} FIN 4,5+6414

FUNCTTION PNLIM{AMIN,AMAX,AFUNC)
FUNCTION PNLIM LIMITS AFUNC BETWEEN AMIN AND AMAX
PNL IMsAFUNC

TP AFUNC IS LESS THAN AMIN SET PNLIM EQUAL TO aAMIN
IF {AFUNC®AMIN) 10,1020

PNLIM=AMIN
Go To S0

IF aMAX IS LESS THAN AMIN JUST SET PNLIM EQUAL TO AFUNC
IF (AMAXeAMIN} 50450430

IF AFUNC IS GREATER THAN AMAX SET PNLIM EQUAL TO AmMAX
1f (AFUNC-AMAX) 50450440
PNLTMwAMAX
RETURN
END
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SUBROUTINE PRPERT(TWATAV,TAIRAV,ALTITD)

SUBROUTINE PRPERT DETERMINES THE THERMODYNAMIC AND PHYSICAL
PROPERTIES OF AIR AND SATURATED AMMONTA

DEFINITION OF VARIABLES

cPa
CcPU
cPw
DENSTA
DENSIV
DENSIW
HF G
SIGMA
TAIRAV
THCONA
THCONV

THCONW

TWATAV
visa
Visv
VISw

COMMON / PROP/

HEAT CAPACITY OF AIR (BTU/LBM=DEG F)

HEAT CAPACITY OF AMMONIA vAPOR (BTU/LBM=DEG F)
HEAT CAPACITY OF AMMONIA LIqUID (BTU/LBM=DEG F)
DENSITY OF AIR (LBM/CU FT)

DENSITY OF AMMONIA VAPOR (L BM/CU FT)

DENSITY OF AMMONIA LIQUID (LBM/CU FT)

HEAT OF VAPORIZATION OF AMMONIA (BTU/LBM)

SURFACE TENSION OF AMMONIA (LABF/FT)

AVERAGE AIR TEMPERATURE (DEG F)

THERMAL CONDUCTIVITY OF AIR (BTU/HR«FT=DEG F)
THERMAL CONDUCTIVITY OF AMMONIA VAPOR (BTU/WR=FT=~
DEG F)

THERMAL CONDUCTIVITY OF aMMONIA LIQUID (BTU/HR=FTe»
DEG F)

AMMONIA TEMPERATURE (DEG f

VISCOSITY OF THE AIR (LBM/HR=FT)

VISCOSITY OF THE AMMONIA VAPOR (LBM/FT=HR)
VISCOSITY OF THE AMMONIA LIQUID (LBM/FTeHR)

CPW, THCONW. DENSIW, VISW, WKFG,
CPV, THCONV, DENSIV, VISV, SIGMA,
CPA, THCONA, DENSIA, VvISa

AMMONTIA PROPERTIES

CPW = FLUID(14s1yTWATAV,ALTITDy"SUBROUTINE PRPERT 1)
THCONW = FLUID (2,1, TWATAV,ALTITDs"SUBROUTINE PRPERT 20
DENSIW = FLUID(3,1,TWATAV,ALTITO,"SUBROUTINE PRPERT 3u)
VISW = FLUTD!4y1yTWATAV,ALTITD#"SUBROUTINE PRPERT 4")
CPV & FLUID(Sy1yTWATAV,ALTITD,"SUBROUTINE PRPERT 5#)
THCONY ® FLUID (641, TWATAV,ALTITDy"SUBROUTINE PRPERT ")
DENSIV = FLUID (7414 TWATAV,ALTITDs"SUBROUTINE PRPERT 7
VISV = FLUID(B,)1yTWATAV.ALTITD,"SUBROUTINE PRPERT 8")
HFG = FLUID(Ss1 s TWATAV,ALTITDy"SUBROUTINE PRPERTB+5M)
SIGMA ® FLUID{12,]1,TWATAVALTITD+"SUBROUTINE PRPERTH,T™)

AIR PROPERTIES
CPA = FLUID(Sy2+sTAIRAVyALTITD»"SUBROUTINE PRPERT om)
THCONA = FLUID (6429 TAIRAV)ALTITDe"SUBROUTINE PRPERT 10"y
DENSIA & FLUID(742,TAIRAV,ALTITDs"SUBROUTINE PRPERT 1}m)
VISA = FLUID(8+2+TAIRAVIALTITDy"BUBROUTINE PRPERT 12"}

RETURN
END
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SUBROUTINE PUMLEC Te/T4 OPTa) FTIN 4,5+414 06/05/78

SUBROUTINE PUMLEC(POHLEC, HPWAT, DISTs EFFP, RPTPL) PUMLEC

DATA NPMP /2/ PUMLEC

DATA DSGTM /100,/ PUMLEC

c PUMLEC
Cesoe COMPUTE PUMP MOTOR ELECTRICAL COS$TS PUMLEC
c PUMLEC
c NPMP, SET BY DATA STATEMENT, THE NUMBER OF PUMPS PUMLEC
c PUMLEC
HPPPMP = HPWAT/(NPMP«EFFP) PUMLEC

1F (HPPPMP LT, 251,) TRMA = 112500,/NPMP ¢ 7,88 s MPPPMP PUMLEC

$ + {116,=¢159¢HPPPMP) s HPPPMP PUMLEC

IF (HPPPMP ,GE, 251, «AND, HPPPMP | E, 4000,) TRMA = 112500,/NPMP PUMLEC

$ + 7,88%HPPPMP « 870,/SQRT(HPPPMP) sHPPPMP PUMLEC

IF (HpPPPMP ,GT, 2000,) TRMA = 112500,/NPMP , 7,88 * HPPPMP PUMLEC

VS = T200, PUMLEC

1F (HPPPMP LT, 2000,) VS = 13B00O, PUMLEC

VM = 6900, PUMLEC

1F (HPPPMP LT, 2000,) VM & 2300, PUMLEC

IF (HPPPMP LT, 251.) VM = 4BO, PUMLEC

TRMB = (DIST/2¢ = 1000,}u(37+ ¢+ 247+HPPPMPsNPMP/SRRT(VS) PUMLEC

$ + ,5 ®NOMP) / NPMP PUMLEC

TRMC = (100, *+ 1.1 s HPPPMP} s (DSGTM «250,) / SQRT (VM) PUMLEC
PMELEC = (TRMA « TRMB ¢ TRMC) * PDHLEC PUMLEC

ReTeL = PMELEC/1000, * NPMP PUMLEC
RETURN ' PUMLEC

END PUMLEC

07.59,59
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Ta/74
SUBROUTINE PUM
$ PMPCST, PUFIT

SUBROUTIN
THE FITTI

OPT=] FIN 4,5¢416
PCST(W3y DELPSy DELPRy DELPWT, DELPWC, X+ DESVEL,
(of]

E PUMPCST DETERMINES THE cOST OF THE PUMPS AND
NGS FOR THE AMMONIA [OOP

DEFINITION OF VARIABLES

cPaA
CPy
cPa
NELPR
DELPS
DELPWC

DELPWT
NENSIW
DESVEL
DIa
GPM)

GPM2 -

PIPCSP]
PIPCSP2 =

PMPCST =
PUMPCS2 =

TDH) -
TDH2 -

w3 -
X -

DIMENSION DIAM
COMMON/PROP/CP
cP
cp

N

DATA DIaMm /

DATA VACST/
L3 2.87 ’ 7
$ 109' L] 1‘1
L3 266. » 293
$ 428, y 452
DATA FLGCST/
136,
6,82 9
33.9 L} 40

L3
$
s
$ 72.5 ’ T8

HEAT CAPACITY OF AIR (BTU/LBM«DEG F)

HEAT CAPACITY OF AMMONIA VAPOR (BTU/LBM=DEG F)
HEAT CAPACITY OF AMMDNIA LJQUID (BTU/LBMeDEG F)
PRESSURE DROP IN THE RETURN PIPING (LBF/SG FT)
PRESSURE DROP IN THE SUPPLY PIPING (LBF/SO FT)
PRESSURE DROP IN THE CONDENSER/REBOILER

(LBF/SQ FT)

PRESSURE DROP IN THE HEAT EXCWANGER (LBF/SG FT)
DENSITY OF AMMONIA LIQUID (LBM/CU FT)

DESIGN LIQUID VELBCITY (FT/SEC)

DIAMETER OF THE VALVES AND FLANGES (IN)

GALLONS PER MINUTE OF AMMONIA IN THE RETURN
PIPING (GPM)

GALLONS PER MINUTE OF AMMONIA ENTERING THE CON-
DENSER/REBOILER (6PM)

FLANGE AND VALVE COST FOR PUMPING IN THE RETURN
PIPING (KS$)

FLANGE AND VALVE COST FOR PyUMPING IN THE LOOP TO
THE CONDENSER/REBOILER (Ks

TOTAL COST OF PUMPING SYSTEM (KS)

COST OF PUMP FDR LBGOP TO THE CONDENSER/
REBOILER (KS)

DYNAMIC HEAD TO 8E MADE yp mpY THE RETURN PUMP (FT)
DYNAMIC HEAD TO BE MADE yp BY THE PUMP IN THE
CONDENSER/REBOILER LDOP (FT)

MASS FLOW OF AMMDNIA (LBM/HR)

EXIT QUALITY OF FLUID EXITING THE CONDENSER/
REBOILER (DIMENSIONLESS)

{243y FLGCST(24)y VACST(24)
WoTHCONW,DENSIW,VIBW,HFG,
Ve THCONVyDENSIV,4VISV,SIGMa,
Ay THCONAZDENSIA,V]IGBA

18, 24, 30, 36.

. ] A ’ ] L
. ’ 54, ’ 60, ’ 66, ’ T2, ’
. . 50, ’ 96. v lo02, y 108, ’
. y 126, y 132, y 138, v 14¢, /
09 16,9 26,7 52,2 TTe8
. y 164, v 187, y 213, y 240, ’
. [} 3190 ’ 3‘6. [] 372. ’ 399I ’
. ’ ‘780 1] 505. (] 531. 1] 558-

0520, 1,03 o 1,92 3,17 4042
022 12,0 ] la,7 ’ 21,1 [] 275 ]
o ] “608 ’ 5302 ’ 59.7 ’ 6601 ’
-9 [} 85'“ L} 91'8 [] 98.2 [} 105. /
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PMPCST
PMPCST
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SUBROUTINE PUMPCST T4/74 OPT=

10

11

12

13

FIN 4,5¢414

[

DATA NKOS§/24/

CONsT] IS 4 / (PI%3600 )
DATA CONST1 / 3,536777 E=04 /

DIAMETER OF PIPE RETURNING FROM THE HFAT EXCHANGER
DIA = SORT(W3*CONST1/(DENSIWsDESVEL))*]2,
Do 10 II = }» NKOS
I = It
IF(DIA = DIAM(I)) 11411410
CONTINUE

DAIMETER OF PIPE ENTERING TWE CONDENSER/REBOILER
DIA = SORT (W3*CONST1/(DENSIWsDESVEL*X})»]12,
Do 12 JJ = 1sNKOS
J s JJ
IF(DIA « DIAM(J)) 13,13412
CONTINUE

FLANGE AND VALVE COSTS FOR BOTH PUMPS
PIPCSP] & 2,%FLGCST(I) ¢ 2, = VACST(I)
PIPCSPZ = 2,%FLGCST(J) ¢ 2,»VACST(U)
PUFITC = PIPCSP) « PIPCSP2

PUMP COSTS
GPM) = W3w7,481/ (DENSIW®60,)
GPM2 = W3s7 ,481/ (DENSIW*X»60,)
TOH] = (DELPS « DELPR o DELPWT)/DENSIW
TOH2 = DELPWC/DENSIW
PUMPCSY = (04032«TDHY ¢ 1,54)sGPM]
PUMPCS2 ® (0+032+TDH2 ¢ 1.54)=5PM2
PUMPCS] = PUMPCS] / 1000,
PUMDCS2 = PUMPCS2 , 1000,

TOTAL COST OF PUMPING SYSTEM
PMPCcST = PUMPCS] ¢ PUMPCS2 + PIPCSPLl o pPIpPCSP2
RETURN
END
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SUBRQUTINE RPRT2 Ters74

OPT=] ' FIN 4,5¢414

SUBROUTINE RPRT2 (EFFCs» TUBEMy TUBEM2)

c THIs ROUTINE REPORTS CONDENSER DESIGN AND COSTS

COMMON/KPRT2/UCONyHOCONYHICON» HWCONSHFCy VEL Dy VELDO 2 TTD s TS s XNP,
IDELPWCsARPS» TLA»XNTSy XNS

COMMON /KPRT3/

6090 FORMAT({1M1)
6100 FORMATI(

TUBCSTySHLCSTFETCST,CHX

C T40,20("=M)/T41y"C O N D E NS E R"T60,20(nat))

6105 FORMAT

L TORy"ewa DESIGN CONDITIONS wm==i
RyT72"wme DESIGN OPERATING CONDITIONS wmatt//)

6110 FoRMATL

L T1se"STEAM TEMPERATURE",F6,14" F1

RyT60,"IVERALL HEAT TRANSFER COEFFJCIENT w,FB,2," BTU/HR SQ FT DES

RF 1)
6115 FORMAT(

L Tl49"AMMONIA TEMPERATUREYWF6,]1UFn

RyT62,"STEAM HEAT TRANSFER COEFFICIENT",FB,2,"BTU/HR SQ FT DEG Fmu)

6120 FORMATI

L T11+e"INLET AMMONIA VELOCITY"sFBa2¢"FT/SECH
RyT60"AMMONIA HEAT TRANSFER COEFFICIENTY,FB,2,"BTU/HR SQ@ FT DEG F RPRT2

R )
6125 FORMATI

L TI0«"OUTLET AMMONIA VELOCITY")FB,24"FT/SECH

RyT63,"WALL HEAT TRANSFER COEFFICIENT"4Fg,2,"BTU/HR SQ FT DEG Fn)

6128 FORMATI

L TOR+"PRESSURE DROP THRU CONDENSERWFB,1 4, B/SQ FTn

RyT64"FORCED CONVECTION COEFFICIENT",FR,2,nBTU/HR SQ FT DEG F")

6130 FORMAT(

L/T069"eme CONDENSER DESCRIPTION wwe!
RiTT9y"eew CONDENSER COSTS =e=''//F

6135 FORMAT(

L T179"NUMBER OF SHELLS"s16,
R TT76:"TUBING MATERIAL $'"¢Fl6e,202X"("92A)109")4)

6140 FORMAT!

L TOS,"HEAT TRANSFER AREA PER SHELL"+Gl1,5,n sQ FT"
R TBE,"SHELLS S$"4F14,2)

6145 FORuAT

L TO7+WNUMBER OF PASSES PER SHELLM,I6,
R TTT¢"FIELD ERECTION $MyFl4,2)

6150 FORMAT(

L T22,"TURE LENGTH",I164T&5"FEETH)

6155 FORMAT{

L TOBy"NUMBER OF TUBES PER SHELL"e16
RyT68,"TOTAL COST OF CONDENSER $"¢F14,0)

WRITE(6,6000)
WRITF(646100)
WRITE(6,6105)
WRITE(6+6110)
WRITE(6,6115)
WRITE(6,6120)
WRITE(646125)
WRITE(6,46128)
WRITE(6,6130)

TSyUCON
YS=TTDs HOCON
VELD, HICON
VELDOs HWCON
DELPWCs HFC

06/705/78

RPRT2
RPRT2
RPRT?2
RPRY2
RPRT?2
RPRTZ2
RPRT2
RPRT2
RPRT2
RPRT2
RPRT2
RPRT2
RPRT2
RPRT?2
RPRT2
RPRT2
RPRT?2
RPRT2
RPRT?2
RPRT?
RPRT2
RPRT2

RPRTZ
RPRT2
RPRTZ2
RPRTZ2
RPRT2
RPRTZ2
RPRTZ2
RPRT2
RPRT2
RPRT2
RPRT2
RPRTZ2
RPRT2
RPRT2
RPRTZ2
RPRT2
RPRTZ2
RPRT2
RPRTZ2
RPRT2
RPRTZ2
RPRT2
RPRT2
RPRTZ
RPRT2
RPRT2
RPRT2
RPRT2
RPRT2
RPRT2
RPRT2
RPRT2
RPRTZ
RPRT2
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T4/74

cPM

cSs

CSE
CSTHS
CSTLVR
CWARA
CYLRNG
DELFC

ELENG
FBacC

FBCPF
FCB2

FCB3
FCOS
FCr

FIXL

FMCPF
FMCST

FPOW
HPAIR
HPWAT
HRFAC)
HRFAC2
HRFR21
HSLVA
ITOWN
KCONV
KGA

LD
NEGV
NUMTOW
NW

PER
PLANC

PLANC1
PLANC?2

OPT=] FIN 4,50414 06/05/78

COST OF PLENUM MATERIAL PER POUND {S/LBM)

COOLING SURFACE COST (§}

COST OF HEADER SEALANT FOR CONNECTING PLASTIC TUBES
TO THE HEADER ($)

COST OF THE HAIL SCREENS FOR THE ENTIRE FRONTAL
AREA OF THE HEAT EXCHANGER ($}

COST OF THE LOUVERS FOR CONTROLLING THE AIR FLOW
TO THE HEAT EXCHANGERS ($)

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 ($/FaN)

INCREMENTAL FUEL COST FOR THE SCALED UP PLANT
{MILLS/KW HR)

LENGTH OF HEAT EXCHANGER TUBES (FT)

COST OF FAN BLADEB AFTER SCALING UP THE NUMBER OF
FANS ($)

COST OF FAN BLADES PER FAN (S/FAN)

FUEL COST FOR THE BASE PLANT WITH A ZERO COST ONCE
THROUGH COOLING SYSTEM (MILLS/HW MR)

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 THWE CODE (FT)

FAN MOTOR COST PER FAN ($/FNA)

TOTAL FAN MOTOR COST FOR THE FAN SYSTEM AFTER
SCALE UP (%)

POWER REQUIREMENTS OF THE FAN SYSTEM (KW)
HORSEPOWER REQUIREMENTS OF THE FAN SYSTEM (HP)
HORSEPOWER REQUIREMENTS OF THE WATER PUMPING
SYSTEM (HP)

HEAT RATE FACTOR AT POINT ON (DIMENSIONLESS)

HEAT RATE FACTOR AT POINT TWO (DIMENSIONLESS)
RATIO OF HRFAC2 TO HRFAC] USED FOR SCALING UP
PLANT TO DESING CONDITIONS (DIMENSIONLESS) ‘
SURFACE AREA COVERED BY HAJIL SCREENS OR LOUVERS
(SQ FT)

NUMBER OF CIRCULAR TOWERS (DIMENSIONLESS)
INTERNAL VARIABLE FOR SPECIFYING THAT THE SET OF
INPUT VARIABLES LEAD TO UNREASONABLE VALUES
(DIMENSIONLESS) .
VARIABLE FOR SPECIFYING GAGE OF TUBES USED IN THE
CONDENSER (DIMENSIONLESS)

VARIABLE FOR SPECIFYING THE DIAMETER OF THE
CONDENSER TUBING {DIMENSIONLESS)

STOPS THE PROGRAM IF THE SCALED UP FRONTAL AREA,
MASS FLOW OF AIR AND SPECIFIC VOLUME OF AIR IS LESS
THAN ZERO (DIMENSIONLESS)

NUMBER OF CIRCULAR 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 18/KW)

PLANT COSTS AT POINT ONE ($/KW)

PLANT COST AT POINT TWO ($/KW)

SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCaL®P
SCALP
SCALP
ScCaLP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
scaL®e
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP

07.,59.59

59
60
61
62
63
64
65
66
67
68
69
70
71
T2
73
T4
75
76
77
78
79
80
81
82
83
84
85
86
87
a8
89
90
91
92
93
84
85
96
Ch
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
118
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T4rs74

0PTe] FIN 4,5¢414

SUBROUTINE SCALP(T1yRANGEsAFRON,WLRATITCWFCS,ITOWN)

SUBROUTINE SCALP SCALES THE PLANT AND DRY COOLING YOwWgR
DESIGNS AND COSTS LINEARLY UPWARD OR DOWNWARD TO ACCOUNT
FOP THE FOLLOWING FACTORS-

THE FOLLOWING ARE POINTS ON THE HEAT RATE
ARE USED IN DESCRIBING THE SCALING OF THE

1

2

» THE DESIGN TEMPERATURE OF TWE POWER PLANT DOES

06/05/78

NOT CORRESPOND TD THE RATED BACK PRESSURE OF THE

STEAM TURBINE,

» PART OF THE TOTAL POWER QUTPUT OF THE PLANT IS
USED IN SUPPLYING POWER TO THE FAN AND PUMPING
SYSTEMS,

ING TOWERS, AT EACH OF THEBE POINTS THE HEAY RATE FACTOR,
PLANT SIZE AND PLANT COSTS ARE DETERMINED,

PAINT

POINT
POINT 2

POINT 3

THE DIFFERENCE RETWEEN POINY TWO AND

CONVENTIONAL TURBINE OPERATING AT RATED BACK
PRESSURE

STEAM TURBINE OPERATING AT RATED BACK PRESSURE
STEam TURBINE OPERATING AT SYSTEM DESIGN EXIT

FACTOR CURVE WHICH
PLANTY AND DRY COOL=-

TEMPERATURE WITH OUTPUT OF TURBINE GENERATOR EQUAL

TO0 THE DESIGN POWER OUTPyT

STEAM TURBINE OPERATING AT SYSTEM DESIGN EXIT
TEMPERATURE WITH THE POWER QUTPUT OF PLANT EQUAL
TO THE DESIGN POWER OUTPUT

BREEN 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 FOR AN INCREASE OR
DECREASE IN THE HEAT RATE FACTOR,

DEFINITION OF VARIABLES

AATR

ADTA
4FRON

ATURC
BSECF

CA
CAPE

cCos
CFANEL

CFOUND

cH
CHALILS
cLAND
CLuve
CONBAS
cngM
cPIP
CPLEN

AIR SIDE WEAT TRANSFER AREA 0OfF MEAT EXCHANGER
{SQ FT)

FAN BLADE DIAMETER (FT)

FRONTAL AREA OF THE HEAT EXCHANGER NORMAL TO AIR
FLOW {SQ FT)

HEAT EXCHANGER TUBE COST (%)

THREE IS THE PLANT HAS

BUNDLE SCHIPPING AND ERECTION COST FACTOR (DIMEN-

SIONLESS)

BUNDLE ASSEMBLY COST (%)

PERCENT OF TIME PLANT IS GENERATING POWER DURING
THE YEAR (PERCENT)

TOTAL COST OF THE DRY COOLING TOWER (5}

COST OF THE ELECTRICAL WIRING FOR THE FAN SYSTEM
(%)

COST OF THE FOUNDATION FOR THE DRY COOLING TOWERS

(%)
BUNDLE COSTS FOR THE HEAT ExCHANGER ($)
CoST OF HAIL SCREENS PER UNIT AREA (/S0 FT)

COST OF LAND COVERED 8Y THE DRY COOLING YOWERS ($)

COST OF LOUVERS PER UNIT AREA ($/S0 FT)

COST OF THE SURFACE CONDENSER ()

INCREMENTAL MAINTENANCE c0STS OF DRY COOLING ($)
COST OF THE PIPING SYSTEM (%)

COSY OF THE PLENUM ON TOP OF THWE COOLING TOWERS

(%)

SCaL®
SCALP
ScaL®
ScaLP
SCaL®
SCALP
SCALP
SCALP
ScaL®
SCALP
SCALP
ScaLP
ScaLP
SCaLP
SCaLP
SCALP
ScaLP
SCALP
ScaLp
SCaL®P
SCaLP
SCALP
SCALP
SCALP
SCALP
SCaLP
ScaL?
ScaL®
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
scaL®
SCaALP
ScapP
SCALP
SCALP
SCALP
SCALP
SCaALP
SCALP
ScaL®
SCALP
SCaALP
SCALP
SCALP
SCALP
SCALP
scaLe
ScaLP
SCaL®
SCALP
SCALP
SCaLP
ScaLP
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SUSROUTINE RPTSUP T4/74 OPT=] FTN 4,5¢414 06/05/78 07,.,59,59

$ommuaenl//PEXyHCIRCULATION PIPINGH//52X,nCOST IN 1028w " RPTSUP S9

$£3 DOLLARS FOR"/‘OX'""--"-""-"--.""-‘---'----"-------"------—--- RPTSUP 60
Smamat /12Xy wHEADER DIAMETER LENGTH plpE TEES REDUCE RPTSUP 61
$RS EXPANSION FLANGES"/2)1Xs"(INCHES) (FEET)®"y33X9WJOINT () (3 RPTSUP 62
$in/y) RPTSUP 63
217 FNRMAT(///10Xe"FITTINGS COST PER BUNDLE S$WyF5,34" =10ss3n) RPTSUP 64
c RPTSUP 65
WRITE(6,213) RPTSUP 66
WRITE(6,216) RPTSUP 67

Do 201 I=l,JS ' RPTSUP 68
IF(1.8T7,1) 6O TO 202 RPTSUP 69
WRITE(6,203) 1+SDIA](I)sHEDR1(I)9SPCSTI(I #PF,STCST] (1)»PF, RPTSUP 70
$SPCSTI(1)sPFySEUCS]1=PFSFLGCl#PF RPTSUP 71

Go Tn 20) RPTSUP 72

202 IF(1.EQ,US) 60O TO 210 RPTSUP 73
WRITE(64203) I4SDIAYI(I)sHEDRL(I)eSPCST](1 #PF,STCST1(1)=PF, RPTSUP T4
$SRCsTI(]1)=PF RPTSUP 75

Go Tn 201 RPTSUP 76

210 WRITE(6,4,203) I+SDIAL(I)sHEDR] (I)eSPCST] (1 sPF,SELCST»pF, RPTSUP 77
SSRCSTI{])=PF RPTSUP 78
201 CONTINUE RPTSUP 79
WRITE(64204) SCOST1ePF RPTSUP 80
WRITE (64205) RPTSUP B}

Do 206 Iml]l¢KS RPTSUP 82
1IF(1,EQ,KS)GO TO 207 RPTSUP 83
WRITE(64214) I+SGDIAL(I) yQHEDR] (I1)4SQPCS1(1)ePF,SQATCS] (1) =PF, RPTSUP 84
$SARCS1 (1) sPF RPTSUP as

Go To 206 RPTSUP -1

207 welTE(642]14) I4SQDTIAL(I) 4QHEDR1 (1) +SQPCS1{1)#PF+QSLLCSY, RPTSUP 87
ESNRCS111)=PF RPTSUP 88
206 CONTINUE _ RPTSUP 89
WRITE (64305) RPTSUP 90

305 FORMAT(/25X¢"VERTICAL QUADRANT SUPPLY PIPING W/ 42XeMCOST  RPTSUP 9]
$IN 10**3 DOLLARS FOR "/40Xs30("al) /12X, "HEADER DIAMETER LENGTH RPTSUP 92

s PIPE TEES REDUCERS" /21X, " (INCHES) (FEET)w//) RPTSUP 93

Do 306 Is],LS RPTSUP 94
WRITE(6,4214) T1,SPDIAI(I)+PHEDS]1(T)¢SPPCST1(1)sSPTCST1(1),SPRCSTI(]I RPTSUP 98

$) RPTSUP 96
306 CONTINUE RPTSUP 97
WRITE(6,517) NBUN RPTSUP 98

517 FORMAT(///10Xy"NUMBER OF BUNDLES PER QUADRANTM",4110) RPTSUP 99
WRITE(6,2]T) SBFCS)ePF RPTSUP 100
WRITE(6,215) SQRCOS1sPF RPTSUP 101
WRITE (6,208) TSGCO1=*PF RPTSUP 102
WRITE(64209) NUMTOWoNTOWDE1,CTOWD]1¢HTOW]1,WBB]14+DIASD]1+DIAST1,STDCS]1 RPTSUP 103
1#pF,TSTDC1%PF RPTSUP 104
WRITE (6,211) DESVELV, DOTMAls TCONOl, THMXIN], DELV1,DYNHD1, PIPCS1 RPTSUP 105
RETURN RPTSUP 106

END RPTSUP 107



*S

<UBRQUTINE RPTSUP T4/74 OPT=) FTN 4,5+414 06/05/78

[eXeNeXeKe]

SUBROUTINE RPTSUP {DESVELVsNUMTOWeCTOWD] ,WBR] HTOW1)NTOWDE])

THIS ROUTINE REPORTS RETURN PIPING DESIGN AND COSTS

COMMON /KPTSUP/

$ Dgrvly, DIASD]y DIAST]1y DOTMAl, DYNHD]

$, HeORY (200)

$v JSSAVE

$y KQSAVE

$y PIPCS)

$y Q8. CS1, QHEDR1(200)
$, S3FCS]1, SCOST1, SEJUCS), SELCST. SFLGC1, SQCOSls STDCS)

$, SDIAL1(200)¢SPCST](200),SODIAL(200)y SOPCS] (200} SARCS] (200)
$e¢ SOTCS1(200) s SRCST1(200)y STCST1(200)
$y TCoNOl. THXINl, TOWDI1l, TSQGCOls TSTDC)

COMMON /KKSUP/
$ SeDIA)(200)y LSSAVE, PHEDS1 (200}, SPPCST]1(200)s SPRCSTI (200}
$y SPTCST1(200) s SPCOST1+PSLCST1+PSLGCS), PSUCST]s UPPPCS1 (200!
SQDF.NRUN

LS={_SSAVE

J& = JSSAVE

KS = KSSAVE

203 FORMATIIH +16X,1241XeTF10.1)
204 FORVMAT(///740XyMTOTAL COST OF CIRCULATION SUPPLY PIPING S$W,F5,0,
S e1nex3nsss/)

205 FORMAT{/25X,""HORIZONTAL GQUADRANT SUPPLY PIPING"
s /742X9M"COST IN 10%#3 DOLLARS FOR"/40X
e mcn et e e accssne=! /12Xy HHEADER NDIAMETER LENGTH
3 P1PE TEES REDUCERS" /21X s " {INCHES) (FEETy"//)

208 FORMAT(///42Xs"TOTAL COST OF QUADRANT SyUPPLY HEADERS $4sF5,0,
§" «10es3ny/r/)

209 FNRMAT(/25X,"TOWER SUPPLY PIPINGH
$ //10X9»"NUMBER OF TOWERS",21Xs15
$ /10X¢"NUMBEF OF TOWERS WITH DELUGE PIPING",2Xy15
$ /10X+"TOWER DIAMETER"23XsF5,04# FEETH/
S 10Xe"TOWER HEIGHTH ,25XsFS.14" FEETW/
$ 10Xs"HUNDLE WIDTH",25X¢FE,19" FEETY/
$10X, “"DIAMETER OF PIPE FROM CIRCULATION
$M/ 10X "HEADER TO TOWER DISTRIBUTION HEADERH,F7,0s" INCHESH/10X,"D1
SAMETER OF TOWER DISTRIBUTION PIPEM™yF7+404" INCHES"//10Xs%COST OF DI
$STYRIRITION PIPING PER TOWER $'"4F5,04" s]0ea3n///40Xs"ToTAL COST O
$F ToWwER DISTYRIBUTION PIPING $',F5,0," 41Desdt////)

211 FORMAT (10X, "VAPOR DESIGN VELOCITYHFS,0y% FPSH/

10Xe"MASS FLOW RATE"91PE1043e" LBM/RRM/

10X e "CONDENSER OUTLET TEMPERATURE®,0PFT,2,n DEG, Fny

10Xe"HEAT EXCHANGER INLET TEMPERATURE",FT7,2," DEG, FUy

1aXe"SUPPLY PIPING PRESSURE DROPH.F7,1,0 PSFW/

1nXe"SUPPLY PIPING DYNAMIC HEADY4FT,)4n FEETW/////

47Xe"TATAL SUPPLY PIPING SYSTEM cOST $13FBe04" =l0nul3n///)

213 FORMAT(1K])

216 FORMAT (1M ']3X’IZ'1X'7F10'1)

215 FORMAT( /10XnCOST OF SUPPLY HEADERS PER QUADRANT Sn,f5,1,
(3L .!o..3n‘

216 FORMAT (30X Nemcenmccnmneanee!//I3DKy"SUPPLY PIPING"/ /30X "eoremanex=

L B N N I ]

RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSJP
RPTSJUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTISUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSJP
RPTSUP
RPTSJUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP

07.,59.59



SUBROUTINE RPTRET T4/76

506
600

517

CONTINUE
CONTINUE
WoeltE(6,517)

0PT=) FTN 4,5¢414

NBUN

FORMAT(///10Xs"NUMBER OF BUNDLES PER QUADRANTH,I10)

WRITE(6,217)
WRITE(6,215)
WRITE(6,4208)
WRITE (64209)
WRITE(6,211)
wrITE(6,300)
WRITF (64310)
WRITE(6,320)
WRITE(6,330)
WRITE (64340)
RETURN

END

RBFCS]»PF
RQCOS)*PF .

TRQCO] *PF

CTOWD)1s DIARD1s DIARTYs RTYDCS]sPFy TRTDC]®PF
DESVEl, DOTMAl, DELL1, DYNHWD}, PIPCSI

(PUMPC1=PUFIT])*PFy PUFIT1ePF, RPTPL]
(PUMPClePF}) ¢ RPTPLI

SEPCS)

PIPCTD1

06/05/78

RPTRET
RPTRET
RPTRET
RPTRET
RPTRET
RPTRETY
RPTRET
RPTRET
RPTRET
RPTREY
RPTRET
RPTRET
RPTRET
RPTRET
RPTRET
RPTRET

07.59,59

116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
13}



SUBROUTINE RPTRET T4/74 0PT=) FTN 4,5¢6414 06/05/78 07,59,5¢

217 FORMAT(///10Xs"FITTINGS COST PER BUNDLE SNyFT,3+" =)l RPTRET 59

c RPTRET 60
300 FORMAT (///T5049 (M"mnn)/T50,P U M P SW/T50,9 (o) ///) RPTRET 61
310 FORMAT(TI0"PUMP COSTH T304"8"yFEB,Dy"e]0nsan RPTRET 62

$ “/T104MPUMP FITTINGS"yT309MSH4FB,0,Me]0nn3" RPTRET 63

s /T104"PUMP ELECTRICAL"s TIO0,"S"yFB,0¢Me)0n®3n) RPTRET 64

320 FORMAT(//T604m"PUMP STATIONN,TBO, 1gn, FB,0,Ne]0nsdn) RPTRET 65
330 FORMAT(///T10+"SEPARATOR COST"eT30¢"S"sF11,0,"e]10%e3") RPTRET 66
340 FORMAT(///T10s"DELUGE PIPING COSTHyTI0s"gH,F1],Ge"e]0neln) RPTRET 6~

. ¢ RPTRET -8
JRrJRSAVE RPTRET 69
KReXRSAVE RPTRET 7L

LR=_ PSAVE RPTRET 71
WRITE(6,213) RPTRET 72
WRITE(6,216) RPTRET 73

Dc 20l ImlyJR RPTRET T4
IF(1«6T,1) GO TO 202 RPTRET 7%

WRITE (64203) Iy RDIAI(I)y HEDR1(I)s RPCST](I)ePFs RTCST](1})ePF RPTRET 76

$ (RRCST) (I)ePFy REJCS1#PFy RFLGClePF RPTRET T

Gn TO 201 RPTRET 78

202 IF(1,EQ.UR) GO TO 210 RPTRET 7%
WRITE(64203) Iy RDIAL(I), HEDR1(I)y RPCST)1 (1)sPFy RTCST] (])ePF RPTRET 80

$ +RRCSTI (1) ePF RPTRET 81

Go 10 201 RPTRET B2

210 WRITEt6,203) 1, RDIAL(I}), HEDR1(I), RPCSTI(I)sPF, RELCS]®PF RPTRET 83

$ +RRCSTI (1)e«PF RPTRET B4

201 CONTINUE RPTRET 85
WRITE(64204) RCOST]aPF RPTRET 86

WRITE (64205) RPTRET 87

Do 206 Imx]l KR RPTRET a8
IF(1.EQ,KR)GO TO 207 RPTRET 89
WRITE(69214) 1, RODIAL (I} QMEDRI(I)y RQPCS1(1)#PF, ROTCS] (1) epPF RPTRET 2

% 4RHRCS) (1) «PF RPTRET $1

Go TO 206 RPTRET 92

207 WRITE(tAs214) I, RODIAL(I)» QHEDRI(I)s RQPCS) (1) ®PF, QRLES]ePF ROTRET 93

$ JRORCS) (1)ePF RPTRET 94

206 CONTINUE RPTRET 95
WRITE (6,4405) RPTRET 96

405 FORMAT(/25X,"EXTERIOR VERTICAL QUADRANT RETURN PIPINGW//42X+"C0ST RPTRET 97
SIN J0e®3 DOLLARS FOR "/40Xs30(Mal) /12X WHEADER DIAMETER LENGTH RPTRET 98

$ plpg TEES REDUCERS" /21 X" (INCHES) (FEETIN/ /) RPTRET S0

Do 6406 Isl, LR RPTRET 10¢
IF(1,EQ,LR) GO TO 407 RPTRET 101
WRITE(64214) I,RPDIAL(I),PHEDR] (1),RPPCST] (I)ePF4RPTCST] (1)sPF, RPTRET 102
SRPRASTI (1) wPF RPTRET 103

GO TN 406 RPTRET 104

’ 407 WRITE(64214) I4RPDIAL(I)PHEDR]I(I)RPPCST] (1)#PF4PRLCST]4PF, RPTRET 105
SRPRCSTI (1) ePF RPTRET 106

406 CONTINUE RPTRETY 107

: IF (INTALE.D) GO TO 600 RPTRET 106
' WOITE(6,5085) RPTRET 109
505 FORMAT(/2SXs"INTERIOR VERTICAL QUADRANT RETURN PIPINGN//42XsMCOST RPTRET 110
$IN 10e*3 DOLLARS FOR "/40X430("al) /12X, WHEADER DIAMETER LENGTH RPTRET 111

.- L3 PIPF TEES REDUCERS®H/21Xy " (INCHES) (FEET)m//) RPTRET 112
Do 504 Iml,yLR RPTRET 113
WRITE(6+214) T4RVDIAYI(I)yVHEDRY (1) yRVPCST] (1)sPFoRVTCST) (1)sPF, RPTRET 11«
SPVRCSET] (1) ePF RPTRET 118



SUBROUTINE RPTRET

Tes74 oPT=1 FTN 4,5¢414

SUBRO!TINE RPTRET(CTOWD1, PFs PSTACl, PUFIT1, PUMPC1s RPTPL1,

$ SEpPeSY,PIPCTDL)

C THIS ROUTINE REPORTS RETURN PIPING DESIGN ANp COSTS

COMMON /KPTRET/

DeiLly DESVEls DIARDls DIART1, DOTMAl, DYNHD]

HEDRI (200)

JRSAVE

KRSAVE

PIPCS])

QWEDR] (200) s ORLCS]

RDIAL (200)9 RPCST1(200)s RRCST1(200)4yRTCST] (200 +RBFCS1,RCOSTI
REDTA] (200)s ROPCS) (200) »RORCS1(200)s RQTCS1(200), REJCS)
RELCS1,y RFLGC1ly RQCOS1,y RTDCS])

TowbDIls TRGCOl,s TRTDC]

CoMMON /KKRET/

$ RPDIAL(200)s RVDIAL(200), LRSAVE
$¢PHEDRL (200) s VHEDR] (200)
$yRPRCST1(200) s RVRCST1(200)
$oRPTCST] (200)s RVTCST1(200)
$sPR_CST1l, VRLCST)

$+PPPCST] (200)s RVPCST1(200)
$yRPCOST]1, RVCOST]

$9 INTINBUN

203 FORMATI(IH 416Xy1241X9TF10,41)
204 FORMAT{///40Xs"TOTAL COST OF CIRCULATION RETURN PIPING $",F5,0,

®10we301////)

205 FORMAT{/25X,'""HORIZONTAL QUADRANT RETURN PIPINGY
$ //762X4"COST IN )10%¢3 DOLLARS FOR"/40X RPTRET

$rlecnrlrncncetcncnacccreracsnanea! /12Xy HFADER DIAMETER LENGTH

$

PIPE TEES REDUCERS" /21X s " { INCHES) tFEETIV//)

208 FORMAT(///42%y"TOTAL COST OF QUADRANT RETURN HEADERS SwyF5,04

x)10wedit////)

209 FORWAT[/25Xs"TOWER RETURN PIPINGH

$

£10X,

06/05/78

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
RPTRETY
RPTRET
RPTRET
RPTRET

RPTRET
RPTRET
RPTRET
RPTRET
RPTRET

//10XyUTOWER DIAMETERM423X9F5,04n FEETH/ RPTRET

WDIAMETER OF PIPE FROM CIRCULATION RPTRET

$'*/10Xy"HEADER TO TOWER DISTRIBUTION HEADERW,FT,04" INCHES"/]10X,"D1 RPTRET
SAMETER OF TOWER DISTRIBUTION PIPEN,FT,0,# INCHESYH//10X,®COST OF D] RPTRET

SSTRIRUTION PIPING PER TOWER

113

TOWER DISTRIBUTION PIPING $"4F5,0," a]0ee3n////)

211 FORMAT(10X¢"LIQUID DESIGN VELOCITYM4F5,0," FPSH/

L3
]
$
3

10Xs"MASS FLOW RATEN,1PE10,3s" LBM/HRH/

10X+"RETURN PIPING PRESSURE DROP",0PFT,)1,n PSFu/

10X+ "RETURN PIPING DYNAMIC HEADW,FT4] 44 FEETH/////
47X+"TOTAL RETURN PIPING SYSTEM COST  $n,Fe,04" elQeeldrn/z/)

213 FORMAT(1H])
216 FORMAT(IN 413X,1241X,7F10,1)
215 FORMAT! /10Xy"COST OF RETURN HEADERS PER QUADRANT $u,F5,],

(10

®10es3n)

$"yF5,00" «10nedt///740X9nTOTAL COST O RPTRET

RPTRET
RPTRET
RPTRET
RPTRET
RPTRET
RPTRET
RPTRET
RPTRET
RPTRET
RPTRET

216 FORMAT(3OXv"""""""'-""//30X'"RETURN PIPING"//30X."--------- RPTRET
$wwmnavat//PEXyNCIRCULATION PIPING"//52X4"COST IN 10esw
$3 DDOLLARS FORN"W/4 (X N wevoeopravccccsonscrncavenancsctreccagrnannawene RPTRET

" RPTRET

S=emat /12Xy "HEADER DIAMETER LENGTH pIBE TEES REDUCE RPTRET
SRS EXPANSION FLANGES"/21Xe" (INCHES) (FEET)",33XynJOINT (1) (3 RPTRET
$yn//) RPTRET

07,59459



SUBROUTINE RPTHXL T4r74

WRITE(6+6655)
WRITE (68,6660}
WRITE(6,6662)
WRITE (6,6665)
WPITE (64,6670}
WRITF(6,6675)
WRITE (8,6680)
WRITE (6,6685)
wolTE (6,6695)

RETURN
END

OPT=)

CASTCyCHH
EPREPCCN
c8J

CMwW

CLTCls CST
cPCC)

CFC1
FITCOL
¢cscl

FTN 4,5+6414 06/05/78

RPTHXD
RPTHXD
RPTHXD
RPTHXD
RPTHXD
RPTHXD
RPTHXD
RPTHXD
RPTHXD
RPTHXD
RPTHXD
RPTHXD
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SURROUTINE RPTHXD T4s74 0PTE] FTN 4,5¢414

6660

FORMAT (
LTS snEND PREPARATION $'4610.49¢"/TUBEM
ReT66"NOZZEL AND ATTACHING S$"oF8,3+"/HOLEM)

6662 FORMAT(

ReT6ETo"HOLTED HEADER JOINT $"y F8,3M/FTH

6665 FORMAT(

RTS8, nHEADER MACHINING AND WELDING St,Fg,3,n/FTH)

6670 FORMAT(

LTNO,"LINER TUBING $MyGl]leSe"/FTH,
RTTO#STRUCTURAL STEEL S%,F8,3+"/[B")

6675 FORMAT(

6680

LT03,"PROTECTIVE COATING §"yG11.5e"/FTH
R}

FORMAT

LT14, "FINNING $1,61145sM/FTY

R)

6685 FORMAT(/

6695

c
6617

6700

6710

20

30

LT29,0FINNED TUBE $4",611,54"/FTn
R} .

FORMAT {

LT28,"TUBE SPACERS $"yGl1,5,"/FT"
R}

FORMAT {
L T27,"LINER GAGE M,F5,1
R ¢T6Se+"FIN TYPE n42410)

FORMAT ¢
L T18,"TURES THRU EACH FIN",FB,0,T47s"TUBESH
RyTS6,"AREA OF PLATE FIN #,F11,1," SQ IN,»

FORMAT (
LT9suLINER TUBING INSIDE DIAMETER "oF7,6,T47y"INCH"
RyT60,"MEADER LENGTHH,F11,3," FEETWH)

WRITE (646600

Do 20 I=1,3

IF (DANGLE LT, 1,E=30) WRITE(6+6602)

IF (NANGLE .67, 0,0) WRITE(6+6602) DANGLEs1BO, / 3,1415%

CONTINUE

WRITE (64,6601}

WRITE(6,6603) SS +ODR

WRITE (6,6605) XW »THFIN

weITE(6,6610) XD sDFIN

WRITE(6,6615) XDG +SF

WRITE(6,6617) GAGLINSFINTYP,XFINT?

IF(FINTYP ,EQ, WPLATE ") WRITE (646700 NTUB+APLATE

WRITE(646620) TUBMATXTUBMA,FINMAT
WRITE (6,6625) CONL ,CONF

WRITE (646630) ODLWHEDTYP XHEDTY
WRITE(6,6710) DIy WB

WRITE (6,6601)

WRITE(6,46601)

Do 30 I=],.3

WRITE (646635)

WRITE (646601)

WRITE(6,6640) CFByHEDMAT,CHM
WRITE(6,6645) COATCCRJY
WRITF (646650) ZINCC CWJ
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UBRROUTINE RPTHXD T4/74 OPT=) FTIN 64,5646
COMMON /DJUB/ DI XDGo SF
COMMON /SUPPLY/ VAL (5)y CPLNs CPIPs (CCOSH W3y  COSMy EFF
3 OINy CLANDs REAIR, ZyHRFAC2Z) Wiy Uy DELPWy PPOW»
s FPCw, DELFC, WIDTH, ELENG, VAIR, vwaAT, HI, HC, Tay
% REWAT, NW,y NT, NPPLANC2yPS1Z12, SPBP, SWa, SW3»
$ SPCyPTOTALWPLANC3,SAFRONy  AAIR, YFPy SPCD4PS12)3, wWT2,
s AP2, NW2s+ TCOSy DELPAYDELPWTDE|_PWCs+CONBASy XNTSX, VELNDX
¢ , TLAX, UCON, PMCST, FMCST, FBACC, EFFC, CH, CA, cs
$ , CLTC, CFCy C€PCCy FITCOy CSCyCEPREP,DELPIP, AST,0LDCST
$SyCAPCSTy XNFAN,BLDANGs CPLEN, DPFEL» WHX, WTTUBY ADIAs ABLN
$y WTHDP, WTFRM,STRUCC,CFPERF,yHPPERF, TOTCF, TPC, EFFI', ANTU
S« AIRFF, WATFF, XNMOD, TCTPFe FDCPF, FMTRCy ACCTTP, ADJTP
$+ ACTBPD, ADJBPDy ACTVH, ADJVHs» ADUPPF, THPAIR, TCTFs AFCST
$+ (CSRD, WATERW, WSTRCT» CFOUND, HUBDIA, TOW_ENs NUMTOW, CTOWD
$ 4ySHARJISORISYATUBC,CBA,TTD],TTD2+DELPS,CSTLVR,PIPCSTD
$ ,CSTHS, CYLRNG, CFANELs» PSTACS, PUFITC, PMPCSTy RPTPL, SEPCST
$ JPWDI16)yWATCWD(16)+DEPER(16)+DEPERG()6)
$ ywWBByMTOWINTOWDE+CSTIF9CSUsCVFCOP WS
6600 FORMAT{IHY)
6601 FORMATI(IH )
6602 FORMAT (JHesT10s" N O N« DE L T A HE AT EXCHANG
L DESCRIPTI ONIWTIONFS,19" DEG W)
6603 FORMAT{
L T22,"SUPPORY SPACING NeFT7,3+T4T¢WFEETH
ReTEN"ROOT DIAMETER! ¢FB,4yTB29""INCH")
6605 FORMAT(
L T8,"TUBE PITCH NORMAL TO AIR FLOW MyF7,3,747,"INCHn
R TE60«"FIN THICKNESS" o FBebtsTB2+"INCH")
6610 FORMAT(
L T2,"TUBE PITCH IN DIRECTION OF AIR FLOW ",F7,39Té7,"INCH"
R sT61s"FIN DIAMETER "yFB,bsTB2WINCHY)
6615 FORMAT!
LT18,"TUBE DIAGONAL PITCH "4FT7,3,T4Ts"INCH"
ReTE29"FIN SPACING" yFB,6ysTB82s"INCH")
5620 FORMAT{
LT23,"LINER MATERIAL 42410
RsT6]+"FIN MATERIAL ",2410)
6625 FORMATI
L T11s"LUINER THERMAL CONDUCTIVITYH,F7,3
RyTS56¢"FIN THERMAL COND, "yG11l.,4+T834"BTU/(HR SG FT DEG F)/FTH}
6630 FORMAT(
LTRynLINER TUBING OUTSIDE DIAMETER " (F7,4yT47,"INCHN
RaT62y"HEADER TYPE ",2410)
6635 FORMAT (1phe
LT38,n=ma U N T T C O ST S =weny
6640 FORMAT(
LTI3,"FIN BONDING $1yGl0e&s"/SQ FTN
RTS8, "MEADER MATERIAL (")1A109") $VyFg,3,n/ B")
664S FARMAT!(
LT6e"PROTECTIVE COATING $"9G10so"/5Q FT0
RTS8, "ROLLED JOIMNT, TUBE T0O HEADER $",Fp,3,n/TUBEM)
6650 FORMAT(
LTRynZINC FOR SPACERS $"yGl0,6s"/LB"
RyTSA,"WELDED JOINT, TUBE TO HEADER §",FB,3yt/TUBEM)
6655 FORMAT!
LT10,"SPACER CASTING $"¢G10,4s"/EAV
RyTS6+"TURE AND PLUG HOLE PREPARATION $4,F8,3,"/HOLE"S
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SUBRQUTINE RPTHXD
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T4/74 0PT=x] FTIN 4,5¢414 06/05/78
SUBROUTINE RPTHXD RPTHXD
] RPTHXD
THIS ROUTINE REPORTS HEAT EXCHANGER DESCRIPTION AND UNIT COST DATA RPTHXD
RPTHXD
LOGICAL FIRSTsFRSTFXTEMPFXTVARWFXTTTD FXTLNG B1GCOM
COMMON BIGCOM
AFTRy ALPHA, ANG(3) BIGCOM
WBRLIM{16) BIGCOM
+CAPFy CSSPKW, CONF, CONL, COSTL, CAPCHGs CONMATs CONMA2,CAF BIGCOM
+C3Je CTURBs CDANGy CLUVR, CHAILS, CVM BIGCOM
sDF IN'DEEPL 'DESVEL +DESVELVsDESVELD9DENSIF BIGCOM
+EFFPe EFS BIGCOM
oFCRIFIRST4FIXL4FCOSeFFHXsFXTEMRVFACTOR,FRST,FACTORD FSHOT,FDELUG BIGCOM
sFIXVeFIXTTDyFXTVARGFXTTTDFXTLNG BIGCOM
»GREFF BIGCOM
yHXNPIHPCSTHCD BIGCOM
s ITMAX, ITMIN BIGCOM
»JCONS BIGCOM
WsKCONV, KALEXT BIGCOM
sMXEXT BI1GCOM
+NTANSIDES I NBUNHI BIGCOM
COMMON BIGCOM
$ oDr BIGCOM
s ,PSIZE, PERs PWCDS, PLANC, PFACT, POMDPL BIGCOM
$ ,POHBAF, POHFAN, POHLEC, POHCIRy POHCND, POHSTC, POMSCL BIGCOM
$ 4 RBP'REDUCE, REDUCYVs ROOFLs RHOUT BIGCOM
$ , orEJ, QREDUCE, QREDUCV BIGCOM
$ ,SIGMAG, SAAF, SEGL BIGCOM
$ ,TD, YPO(4)» TEFF, TLIM, THFIN, TLPRA, TFIX BIGCOM
$ ,TCDe TW BIGCOM
$ JUCSe UWS BIGCOM
S JWFVy WATCONA, WATCOST BIGCOM
$ ,VAS(S) BIGCOM
$ JXDEPA&A, XWy XD BIGCOM
COMMaN /HEADEX/ CHH, CN» CHM, CMw CRY, Cw, csT RPTHXD
s , cMo, CSR, CSM, PITCNMF, CPMy PRESS,HEDMAT ,HEDTYP, NPASS RPTHXD
$ yWRsTSPyCSHICSHP RPTHXD
COMMON /SINK/ VAR (5)s CPLNly CPIPl, CCOS], wW3l, COSM1, EFFly SINK
L 0IN1, CLAN], REAIl, Z1yHRFA2S, Whly Uly DEPWl, PPOWls SINK
s FPOW], DEFCl, WIDT1ly ELENls VAIRl, VWAT], HIl, Hol, Tals SINK
s REWAY, NWl,y NT1, NP1+2ZPLNC2y2S1212y ZSPBP, SWé4l, SW3ly SINK
s SPCly PTOT14PLNC3]ly AFROly AAIR1,YFPMIN, SPCDl, SPS13,WT2MINs, SINK
$ BP2MIN,NW2MIN, TCOS1, DEPAl, DPWT1l, DPWC1,CONBAl, XNTS1l, VELD] SINK
$ , TLAl, UCON)l, PMCSls FMCSly FBACl, EFFC], CHl, Cal, csl1 SINK
$ 4, cLTCly, CFC1,y CPCClsFITCOly CSCl1,CEPRE1,DEPIPl, 4aSY1,0LDCS] SINK
$9CAPCS1 o XNFAN] oBLDANI 9 CPLEN1¢DPFEL] WH1l, WTTUls ADIl1» ABL1 SINK
$y WTHD1, WYFR1,STRUC1,CFMPF]l,y HPPF1,TOTCF], TPl4EFFIN1, ANTUl SINK
$y AIRFF1, WATFF1l, XNMODl, TCTPF1ly FDCPF1, FMTRCls ACTTP1: ADJTP] SINK
$+ ACYBP], ADJBPl, ACTVHl, ADJVHls» ADJUPP1, THPAIls TCTFl » AFCST] SINK
$y CsSRl, WATER), WSTRCly CFOUNl, HUBDI1, TOWLEls NUMTOl, CTOWD] SINK
§ ySARJ1HySARUSLHATUBC1+CBALTTD11+TTD21,DELPS]+CSTLV]WPIPCTD] SINK
$ 4CSTHS1, CYLRN1y CFANEl, PSTACly PUFIT]1, PMPCSls RPTPL], SEPCSI SINK
$ JPWwD1(16)yWATCWD)1(16)+DEPERLI(16)+DEPERQ)Y(16) SINK
$ JWABLlIHTOWlWNTOWDE]yCSTIF14CSJ1eCVF14CDP1, W51 SINK
COMMON /TINE/ XNSy TLAs XNTSs ARPS, TTD2QE, LINORs XNPs XQUALY RPTHXD
COMMON /SURFEX/ ODLsGAGLINy ANTUBsTUBMAY,FINTYPsFINMAT, CFs RPTHXD
$ ,APLATE, COATC, ZINCCs CASTC, SS+EPREPC ¢ XTUBMA , XHEDTY o XFINTY RPTHXD
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SUBROAUTINE RPTHXC Tes74

WRITE(6446420)
WRITE(646424)
WPITE (6,6430)
WRITE (6,6440)
WRITE(646500)

WRITE(6,6515)
WRITF(6,6520)
wPITE (6,6525)
WRITE (646530}
WRITE (6,6532)
WRITF{646533)
WRITE(6,6535)
WRITF(6,6537)
WRITE(6,6540)
IF(FFHX LEQ,
SWRITE(6,6541)
RETURN
END

OPT=1 FTN 4,5¢61¢

SIGMAG.WTHDI]
AFRON®ROOFL s ROOFL
FITCOl/ATOT

NTUCAL

IFIX(SW31),y CS1

IFIX(SWé]l) 4CH]

Zly 21sXxD/s12,y CBAYl & CVF)
NWl, WIDT]l, CPLEN]

ELEN1y CSTLV]

CSTHS1

STRUC!

IFIX(AAIR])y CFOUNI

IFIX (AFRON)

IQHOTERV ")

CSTIFl, CSJUly CVFls CDP1l, CBal

06/05/78
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SUBROUTINE RPTHXC Ta/74 OPT=]

6560 FORMAT(TT3,MAIRY, TRS,"AMMONTA")
6565 FORMATITTO0,25 (Han)y
6570 FORMAT({TS50,"REYNOLDS NUMBER"
§ 42(1PE13,59E14,593X))
6575 FORMAT(T4By"VELOCITY (FT/SEC)Y
$ 42(1PEY13,5,E14,593X))
6580 FORMAT(T364,"PRESSURE DROP (LBS FBRCE/SQ INy®
$ 42(1PE13,5+E16,593X))
6581 FORMAT(T&a4y"INLET TEMPERATURE (FI",1PE13,54E14.5)
6582 FORMAT(T4S,MEXTT TEMPERATURE (F)V,1PE13,5,E14,5)
6583 FORMATI(TS6,"RANGE (F)"y1PE13.5,E14,5)
6584 FORMATI(TEI"TTDIM,7X,1PEL13,5)
6585 FORMATI(T29"HEAT TRFR COEFF (BTU/MR SQ FT DEG F)"
$ J2(1PE13459E14,593X))
6586 FORMATITE2+"NTU",7X41PE13,5)
6587 FORMATITS0,"FRICTION FACTOR®
$ |2(lpE1305051405'3x)) i
6590 FORMATI(T35,#HEAT TRFR SURFACE AREA (5@ FT o
$ L1PF13,5,E14,5)
6592 FORMAT(T3IS,MEXTT TEMPERATURE (F)W¥
$ 42(1PE13.5+E14,5,3X))
6595 FORMAT{T35,"OVERALL U (BTU/HR SQ FT DEG F »
$ ,7x,1PE13,5¢E14,5)
6600 FORMATITS2,"EFFECTIVENESS"
s |T76"7.“’
6610 FORMAT(T51,"FIN EFFICIENCY"®
$ yT764P7,4)
6620 FORMAT (T07,"L0G MEAN TEMPERATURE DIFFERENCE"
$ (Ta6e1FT,2¢TT6,4F7,2)

WRITE(6,6500)
501 FORMATI(1H )
WRITE(6,6505)
WRITE(6,6510)
WRITE(6,6512) XNFANl,y HXNP
WRITE(6,6505)
WRITE (6,6500)
WRITE({646565)
WRITE (6,46560)
WRITE (646555)

FTN 4,5+414

WRITE(6,6570)
WRITE (6,46575)
WRITE (6,6580)
WRITE (6,6585)
WRITE(6,6587)
WRITFE (6,658])
WRITE (6+6582)
WRITF(6,6583)
WRITE(6,6584)
WRITF(6,6586)
WRITE(6,6595)
WRITE (646600}
WRITE(64.6610)
WRITF(6,501)

WRITE(6,46390)
WRITE (646400}
WRITE(646410)

REAI1l, REWAL
VAIR]y VWAT]
HOle HII
ATRFFl, WATFF1
TDs THXINI
T4ly THXIN]
T41=TD

VAR (3)

ANTU]

Ul

EFF1

EFFIN]

WATER]
AFTRy, WTTU)
ALPHAy WTFR]
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BROUTINE RPTHXC T4/74 OPTe] FTIN 4,5¢416

6390 FORMAT!
R T69,"WT OF AMMONIA '"4Flé,0," (B")
6400 FORMAT!
L T9,uaFTRY, Gl4,8
ReTT719"WT OF TUBES "yFlée0s" LB™)
6410 FORMAT!
L TRynALPHAM, Gl4,8
RoTT1e"WT OF FRAME "yFlée0y" [B")
6420 FORMAT(
L T8,"SIGMAN, Gl4,8
ReTT14"WT OF HEADERM,F14,04" LB")
6422 FORMATI
R TT1eMWT OF STRUCTH,Flé,0," LBW)
6424 FORMAT!
L T71,4" ROOF LOADN,Fl4,a04" LB"
ReyT106¢" ("yFBece" LB/SQ FTIM)
6430 FORMAT(
L T3,nFITCO/ATOTYy Gl4,.8
$)
6440 FORMAT (1H0,2A10+T15s"NTU EFFECTIVENESS CORRELATION USED"M)
6500 FORMAT(1HO)
6805 FORMATIT3IS,30(ne))
6510 FORMATI(TI6"H E A T EXCHANGER"®
6512 FORMAT{1He,TO04F6,149" FANS"yT110¢Fhelo" PASSH)
6515 FORMAT!
L T2,» AMMONTIA FLOW RATE",I11+" _BM/HR"

ReTT10 COOLING SURFACE $",F10,0)
6520 FORMATI
L T2, 4IR FLOW RATE",I114" LBM/HR"
ReTT1," HEADER AND NOZZEL $",F10,0)
6525 FORMAT(
L T2," TUBES IN DEPTH",F11.2+" TUBES {("sF7,1¢" FT DEEP)®

ReT71+"BUNDLE ASSEMBLE AND FRAME $',F10,0)
6530 FPRMAT(
L T2,#TUBES ACROSS FRONTW,I114" TUBES ("yFT 14" ET WIDE) "
ReTT71e" PLENUM $v,F10,0)
6532 FORMATI(1X
L +T&y"LENGTH OF TUBES",F10,0s" FEET"

Ry T71e" LOUVERS $",F10,0
6533 FORMAT (1X

Ry T71" HAIL SCREENS $"4Fl0,0
6535 FORMAT!

R T71," STRUCTURE $"4F10,0)

6537 FORUAT!
L T8,#SURFACE AREAN,T1l," SQ FTw,

R TT1," FOUNDATION $v,F10,0)
6540 FORMAT!
L T2," FRONTAL AREAMyI11s" SQ FEET
R)

6550 FORMATI(T40,2 ("FORM" ,F5,0yn DEGREE F AMBIENT "y
6541 FORMATI(

TT7,"AUNDLE STIFFNER COST $"sF10,0/

+TT5¢"SECTION JOINT COST $"yF10,0/

s+ TR0+ "RUNDLE FRAME COST S$u,F10,0/

s TROVMDRAIN PLATE COST §"4F10,0/

oTTOy"RUNDLE ASSEMBLY COST $M4F10,0)

6555 FORMATI(TTO 11 ("et) 42Xy11 (Mat))

VO VU0
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SUBROUTINE RPTHXC

e XeNeNe)

14/74 0PT=] FIN 4,54614 06/05/78
SUBROUTINE RPTHXC (AFRON) RPTHXC
. RPTHXC
THIS ROUTINE REPORTS HEAT EXCHANGER DESIGN, OPERATING CONDITIONS RPTHXC
AND cOST RPTHXC
RPTHXC
LOGICAL FIRSTsFRST,FXTEMPyFXTVARSFXTTTD,FXTLNG BIGCOM
CoMunN BIGCOM
¢ ArTRe ALPHA, ANG(3) BIGCOM
« ,BPLIM(16) . B1GCOM
$ ,CaPFs CSSPKW, CONFy CONLy COSTL, CAPCHGy CONMATs» CONMAZ2,CAF BIGCOM
§ +CJs CTURBe CDANGs CLUVRy CHAILSy CVM BIGCOM
$ ,DFIN¢DEEPL+DESVE| yDESVELVyDESVELDWsDENSIF BIGCOM
$ JEFFPy EFS BIGCOM
S +FCRIFIRSTIFIXLyFCOSsFFHXsFXTEMP 4 FACTORIFRSTFACTORDFSHOTFDELUG BIGCOM
$ JFIXVIFIXTTD I FXTVARWFXTTTDFXTLNG BIGCOM
$ ,GREFF BIGCOM
$ JHXNPyHPCSTHCD BIGCOM
$ ,ITMAX, ITMIN BIGCOM
$ ,JCONS BIGCOM
$ ,KEONV, KALEXT BIGCOM
$ JMYEXT BIGCOM
§ (NTAYNSIDESeNBUNHI] BIGCOM
COMMON BIGCOM
$ oDr BIGCOM
$ ,Pgl2E, PERs PWCODS, PLANC, PFACT, POMDPL BIGCOM
$ ,PoHMBAF, POHFAN, POHLEC, PDHCIR, POHCND, POHSTC, POHSCL BIGCOM
$ , RBPyREDUCEs REDUCVs ROOFLs RHOUT BIGCOM
$ , qrEJ, QREDUCE, QREDUCV BIGCOM
$ ,SIGMAG, SAAF, SEGL BIGCOM
$ .TD, TPO(4)s TEFF, TLIM, THFIN, TLPRA, TFIX BIGCOM
S 4TcDy TV BIGCOM
$ JUCSs UWS BIGCOM
$ JWFVs WATCONA, WATCOST BIGCOM
$ 4VAS(S) BIGCOM
$ JXDEPA, Xws XD BIGCOM
COMMON /SINK/ VAR(5)s CPLNly CPIPl, CCOS)» wily COSMl, EFFly SINK
L3 0INl, CLAN1, REAIl, Z1.HRFA2S, We), Ul, DEPW]l, PPOWly» SINK
s FPOW), DEFCl, WIDTl, ELEN)y VAIRl, VWAT], H1l, HO1, T4ty SINK
$ REWA]L, Nwi, NT1, NP1 +ZPLNC2,2S1212, 2SPRP, SWsl, SW31s SINK
$ SPCl, PTOT1,4PLNC31ly AFROls AAIR1,YFPMIN, SPCDl, SPS13,WT2MIN,y SINK
$ BP2MINNWZMINy TCOSls DEPAls DPWT1s DPWC)+CONBAl, XNTS1, VELD] SINK
$ , TLA), UCON1l, PMCSl, FMCSls FBACl, EFFC]l, CHl, Cal, Csl SINK
$ , CLTCYy CFCly CPCCLsFITCOls CSCl+CEPRE],DEPIPly AST1,0LDCS] SINK
S¢yCAPCSY ¢y XNFAN]1 ,BLDAN]1 CPLEN]1,DPFEL1, wWH1, WTTUle» ADIly» ABL1 SINK
Sy WTHDl, WTFR1,STRUC1+CFMPFly HPPF1,TOTCF1, TP1,EFFINl, ANTU] SINK
$, AIRFF1, WATFF], XNMODl, TCTPFls FDCPF1, FMYRCl, ACTTPls ADJTP] SINK
$, ACTBP1, ADJBPl, ACTVHl, ADJVHl, ADJPP1, THPAIl, TCTFl .+ AFCST] SINK
$s (SR, WATER1, WSTRCls CFOUNl, HUBDI1, TOWLEls NUMTOl, CTOWD1 SINK
$ SARJYySORUS1yATURCL1CBALyTTO114TTD2]1,4DELPS]+CSTLV]IPIPCTD] SINK
$ ,CsTHS1, CYLRNly, CFANEl, PSTACls PUFIT1, PMPCSls RPTPL]y» SEPCS] SINK
$ ,PWD1{16) WATCWD1(16)+DEPER1(16),DEPERQL(16) SINK
$ JWBR1sHTOW1+sNTOWDE]L4CSTIF]1,CSJL1eCVF14COP1,4WS1 SINK
RPTHXC
COMMON /TINE/ XNSy TLAs XNTSs ARPS, TTD2QE, LINORs xNP, XQUALY RPTHXC
COMMON /HXD/ AT +AYOT SFAZRFAyACS RPTHXC
COMMON /ESCAL/ BSECF RPTHXC
COMMON /KPTSUP/ DUM(2017) ¢+ THXIN1#DUM2(3) RPTHXC

07.59,59
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JUBROUTINE RPTFAN 4/746

WRITE(641040)
WRITE(6,41050)
WRITE(6,1060)
WRITE(641070)
WRITE(6,1000)
WRITE(6,1000)
WRITE(6,1080)
WRITE(641000)
WRITE(641085)
WRITE(6,1050)
WRITE(6,1100)
WRITE(6,1120)
WRITE(6,1130)
WRITE(6,1140)
WPITE(6,1145)
WRITE(6,1150)
WRITE(6,1190)
RETURN

END

OPT=}

ADI
BLDAN]
ABL1
XNF AN]

CFMPF]

FDCPFl, TOYCF)

FMTRCly ACTTPls ADJTP]
CSR1,ACTBP1ls ADUBPI
CYLRNl,y ACTVH1, ADUVH]
CFANE]l, HPPF1, ADJUPP)
THPAT]

AFCST]

FTN 4,5¢414 06/05/78

RPTFAN
RPTF AN
RPTFAN
RPTFAN
RPTFAN
RPTFAN
RPTFAN
RPTFAN
RPTFAN
RPTFAN
RPTF AN
RPTFAN
RPTFAN
RPTF AN
RPTF AN
RPTFAN
RPTFAN
RPTFAN
RPTFAN
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SURROUTINE RPTFAN 74774  OPT=) FTN 4,5¢414

DATA (IMOTOR(I4K)sI=1leé)y Keled)/

» WTOTALLY EN"y"CLOSED SQU"s"IRREL CAGEN," MOTOR "y
. WEXPOSION ", n"PROOF SQUIN"RREL CAGE ","MOTOR ",
. nTWO SPEED nynSQUIRREL C"s"AGE Ny n wy
DATA ((DRIVE(I4K)9sIs193)Ku)92)/
L "SPIRAL BEVn,"EL GEAR DR","IVE ",
» "WeBELT DRIM,uVE Noth "y
DATA ((PITCH(I K)yImly3)Kulys2)/
b UMANUAL PITH,nCH BLADES "," ",
. MAUTQO=VARTAN,"BLE PITCH "o"BLADES "y

DaTa ((RECOVY(IyK},y Ix195)eKmle2}/
WFANS NOT EnynwQUIPPED WIWeWTH VELOCITH,ny RECOVERY",
w DIFFUSERSH,
"FANS EQUIP","PED WITH VM"y"ELOCITY REM,"COVERY DIFY,
HFUSERS l!/

- " 8w

1000 FORMAT(IH )

1005 FORMAT(1H])

1010 FORMAT(T52,#F A N s¥)

1020 FORMATITS] jHecccanaant)

1030 FORMAT(T16y"w=c DRIVE SYSTEM ===l TB2ylNeue FAN GEOMETRY ===)
1040 FORWAT(TB4y"BLADE DIAMETER neF6,24" FEETH

1050 FORMATI(TBT"BLADE ANGLE "sFbe2¢" DEGREESH

1060 FORMAT(T7B,"NUMBER OF BLADES/FAN "4F6,2)

1070 FORMAT (T84 ,"NUMBER OF FANS "yF6,0)

1080 FORMAT(T]74"maw FAN COSTS ew=yTT8,"uec DESIGN CONDITIONS wwel)

1085 FORMAT (T100¢' (ACTUAL)"9T122" (ADJUSTED)"
1060 FORMAT(TY3I«"VOLUMETRIC FLOW RATE/FAN ",F12,0¢" CU FT/MIN")
1100 FORMATITI64"BLADE AND HUB COST/FAN S"sF10,0¢TT1

N UTOTAL VOLUMETRIC FLOW RATE "yF12,0," CU FT/MINM)
1120 FORMAT(T24,"MOTOR COST/FAN $"4F10,0+770,

. WTOTAL AIR PRESSURE DROP OF H.Xe "4FB,5," PSI",T120,F8,5)
1130 FARMAT(T10,"SPEED REDUCER DRIVE COST/FAN $M,F10.,09T69,

. wPRESSURE DROP ACROSS H,X, BUNDLE ",F8,5," PSIn,T1204F8,5)
1140 FORMATIT24,"STACK COST/FAN $%4F10,04T72,

» “WNONRECOVERABLE VELOCITY HEAD ",Fg8,5,1n pSIn,T120,F8,5)

1145 FORMAT(T]194"ELECTRICAL COST/FAN $#,F10,0
$ yTA3I"HORSEPOWER/FANYGF13,04" HP",T116,F12,0)
1150 FORMATI(TTO,
sE AN POWER REQUIREMENTS 1 4FB,04' HPM)
1190 FORMAT(T2,me»s ANNUAL OPERATIONAL COSTS $1,F10.0)
1200 FORMAT(T37,5410)
1210 FORMAT!
R T86e"HUB DIAMETER "yF6,2+% FEETH)
WRITE(5,1000)
WRITE(641000)
WRITE(6,1020)
WRITE(6,1010)
WRITE(A,1020)
WRITE(6,1000)
IFI(VELRECJ+EQ+0) WRITE(641200) (RECOVY(I4l)elxls5)
IF(VELRECJ,EQel) WRITE(6,1200) (RECOVY(1,2)s1=1,5)
WPITE(6,]1000)
WRITE(6,1030)
WRITE (64,1000}
WRITE(641210) HUBDII
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SURRAUTINE RPTFAN

DoOo0

Tes74 OPTe] FIN 4,5¢416 06/05/78
SUBROUTINE RPTFAN RPTFAN
RPTFAN
THIS ROUTINE REPORTS FAN DESCRIPTION AND COSTS RPTF AN
RPTF AN
LoGIcAL LDOPER FANDEK
COMMON/FAN/ FANDAP({153410) sFANDAR {15310} +sFMCPF4FBCPF,P24R,Sy FANDEK
$ VELoFCs AFCs ELEV, EHRs LOOPER, CTMaX FANDEKX
LOGICAL FIRSTsFRSTyFXTEMPsFXTVARSFXTTTD,FXTLNG BI1GCOM
CoOMMNN BIGCOM
$ AFTRy ALPHA, ANG(3) BIGCOM
s 4B IM()6) BIGCOM
$ ,CAPFs CSSPKW, CONF, CONLy COSTLs CAPCHGs CONMAT® CONMAZ,CAF BIGCOM
§ ,CaJy CTURBs CDANGs CLUVRy CHAILS. CVM BIGCOM
$ ,DFIN'DEEPLYDESVELsDESVELVsDESVELDsDENSIF B1GCOW™
$ EFFP. EFS BIGCOM
S JFCRVFIRST FIXLyFCOSsFFHXWFXTEMP FACTORFRSTFACTORD,FSHOT,FDELJG BIGCOM
§ JFIXVIFIXTTDWFXTVARGFXTTTDWFXTLNG BIGCOM
$ ,GREFF BIGCOM
§ HXNPsHPCSTeHCD BIGCOM
$ ,ITMAX, ITMIN BIGCOM
$ ,JCONS BIGCOM
$ JKCONVy KALEXT BIGCOM
$ GMxEXT BIGCOM
$ JNTANSIDES+NRBUNHI BIGCOM
COMMON BIGCOM
s 0oDR BIGCOM
$ ,PSI2E, PERs PWCOSs PLANC, PFACT, POMDP_ BIGCOM
$ ,PoHBAF, POHFANy POHLEC, POHCIRs POHWCND, POHSTCs POHSCL BIGCOM
$ 4, RBPWREDUCE, REDUCV,s ROOFLs RHOUT BIGCOM
$ , 0REJ, OREDUCE, OREDUCV BIGCOM
$ ,SIGMAG, SAAF, SEGL BIGCOM
$ ,Tn, TPO(4)s TEFF, TLIMy, THFIN, TLPRA, TFIX BIGCOM
$ ,TCcDy Tw BIGCOM
$ ,UzsSe UWS BIGCOM
$ JWFVe WATCONA, WATCOST BIGCOM
$ ,VAS(S) BIGCOM
€ JXDEPA, XWy XD BIGCOM
RPTFAN
COMMON /SINK/ VAR(5)y CPLN1s CPIPls CCOS1» wW3ly COSM1, EFFls SINK
s nINl1, CLAN1, REAIl, Z1yHRFA2S, Wél, uly DEPWl, PPOWls SINK
3 FPAwl, DEFCl, WIDT1, ELENly VAIRl, VWwWAT], H1l, Hol, Télsy SINK
s REWA], Nwi, NT1, NP1,2ZPLNC2,2ZS1Z12, ZSPRP, SW4l, SW31l, SINK
L3 SPC1. PTOT14PLNC31y AFRO1s AAIR1,YFPMIN, SPCDl, SPS13,WwT2MINy SINK
$ BDP2MINJNWZMIN, TCOSl, DEPAls DPWTl, DPWC1sCONBAl, XNTS1, VELD] SINK
$ . TLA)], UCON1, PMCS1, FMCSl, FBACl, EFFC], CHI, Cal, Csl SINK
$ o CLTC1, CFCly CPCCI+FITCOls CSC)1.CEPRE},DEPIPl,y AST1,0LDCS] SINK
SyCAPCSI ) XNFANL ,BLDAN]yCPLEN1+DPFEL ] WH1y WTTUle ADIly» ABL1 SINK
%y WTHD1, WTFR1,STRUC1,CFMPFl, HPPF1,TOTCF], TP1LEFFIN], ANTY) SINK
S, ATIPFF), WATFF], XNMODl, TCTPFl, FODCPF), FMTRCly ACTTP)}s ADJTP) SINK
$y ACTBP1, ADJBPl, ACTVHl,y ADJVHle ADJPP}, THPAIls TCTFl » AFCSTY SINK
$y» CSRly WATER1, WSTRCls CFOUNls HUBDIl, TOWLEls NUMTQl, CTOWD] SINK
$ +SORJYYSORUS1ATUBC]I+CBAL4TTD114TT021,DELPS]CSTLVIIPIPCTD] SINK
$ ,CSTHS1, CYLRN1, CFANEl, PSTAC), PUFIT), PMPCS], RPTPL], SEPCS] SINK
$ JPWDI(16) ,WATCWDL(16)yDEPER]I(16)4DEPERQ] (16) SINK
$ JWBBlaHTOW]oNTOWDE]4CSTIF1,CSJ1sCVF14CDPL,(W5] SINK
REA| MOTOR(4¢3)y DRIVE(342)y PITCH(342), RECOVY(5s2) RPTFAN
RPTF AN
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JUBROUTINE RPTDEL

10

100

40

50

55

60

70

80

90

T4/74  OPTE]

Do 40 1 & 1, NNN

Nl = (! o 1) & 42 & 22

N2 = Nl ¢+ 9

WRITE(64,1075) (SPRT4(IJ), 1J = N]yN2)
CONTINUE

WRITE(641000)

WRITE(6,1045)

DO 50 I =& 1y NNN

Nl = (1 « 1) * 42 & 32

N2 =z Nl & 6

WRITE(6,]1075) (SPRT&4(IJU)s IJ = N1,N2)
CONTINUE

WRITE(6,1000)

WRITE (641046)

DO 85 I = 1y NNN

Nl =2 (1 w Y1) % 42 o 42

N2 = NIl

WRITE(6,1075) (SPRT4(IJ), IJ = N1,N2)
CONTINUE :

Go ton 100

wRITE(6,1050)

Do 60 1 = 1y NNN

Nl £ (I « 1) = 26 & 1

N2= N1 « ¢

WRITE(6,]1075) (SPRT4(1J)eIJ=N1yN2)
CONTINUE

WRITE(6,1000)

WRITF(6,1055)

Do 70 ! = 1, NNN

Nl = (! o 1) = 26 ¢ 11

N2 = Nl o 2

WRITE(6,41075) (SPRT&(IJ)y1JdnN]1yN2)
CONTINUE

WRITE (64,1000

WRITE(6,1025)

WRITE(6,41000)

WRITE(6,1060)

Do R0 I = 1, NNN

Nl = (] @ 1) = 26 o 14

N2 & Nl ¢ 9

WRITE(6,1075) (SPRT&(IJ),yIJeN1yN2)
CONTTNUE

WRITE(6,1000)

WRITE(6,]1065)

Do 90 ! = 1, NNN

Nl = (1 « 1) % 26 ¢« 26

N2 = N1l ¢ 2

WRITE(6,]1075) (SPRT4(1J)y IJ = N1yN2)
CONTINUE

CONTINUE

RETURN

END

FTIN 4,5+414 06/05/76
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ARROUTINE RPTDEL

10585
1060

1065
1070

1075

20

30

35

¢TERy"NTDRY TBO W WHIN 9 TG29MCSS "9 T106+"TS",T)16,"RIS™")

OroDor nor vor

T4/74 oPTE]

FORMAT (TS HTIMyT20,"RII'"yT3I29"ASINM)

FORMAT (TR, TOUTH,T20 4 "RILVGH,yTI29y"SIGLVGH,T664,#SIGMAN,TEE ,nUDPSH,
¢T6By"DTDRMyTBO s "HINsTO29MCSS" 9y T1044"TSH,T1]16,"R]IS")

FORMATITRyMQSEC" s T20+ "RMEVAPY, T32,yMAHLYG"
FORMAT (
T20v"HD" s T2T91PE1244
Tsév"BETAF".T63.1PEIZ.4o
TO2+"BETAIN,T9G,1PE12,4/
T209mABHT27 4 1PE12,4
TS6s AR, TE3,1PE12,4
TO2+MAIINy TGO, 1PEL2,4/
T20eMAwWN T2T7 9 1PEL1Ce 4
TEEeMTHWN Y TE341PEL2, 4,
TO2sMRKW" 9 T9G 4 1PEL2,4/
T20eMATM" 1 T2T 4 1PEL12,4,
TS6MRMAN TE3 ) 1PE12,4)
FORMAT (TS5, 1P10E12.4)
NNN e SR(3)
WRITE(6,1000)
WRITF(6,1000)
WRITE(6,1015)
WRITF(641000)
WRITE(6,1010)
WRITE(6,1000)
WRITE(6,1015)
WRITE(6+1000)
WRITF(6,1000)
WRITE(6,1070)
WRITE{A,1000;
WRITE(6,1020)
WRITE(641000)

(B{I)eI=198)s (SRIII)eIIl =1,2)

IF(FDELUG.EQs"DELBAW "y GO TO 10
WRITE(6,1030)

DO 2V I = 14 NNN

Nl = (1 @ 1) = 42 ¢ 1

N2 £ Nl ¢« §

WRITE(6,1075) (SPRY4(IJ)y IJU & N1yN2)
CONTINUE

WRITE(6,1000)
WRITE (6,1035)

DC 30 I = 14 NNN

Nl = (1 @« 1) = 42 o« 11

N2 2 N1 ¢« O

WRITE(6,1075) (SPRT4(1J)I1UsN1yN2)
CONTINUE

WRITE(64,1000)
WRITE (6,1036)

DN 35 I = 1, NNN

Nl =2 (] « 1) % 42 « 21

N2 = NIl

WRITE(641075) (SPRT4(IJ)y IJ & N1,yN2)
CANTINUE

WRITE(6,1000)
WRITF(6,1025)
WRITE(6,1000)
WRITE (64,1060

FIN 6,544164 06/05/78
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SUBROUTINE RPTDEL T4/74 OPT=1 FTN 4,S5¢4)4 06/05/78
SUBROUTINE RPTDEL RPTDEL

¢ RPTDEL
c YHIS ROUTINE REPORTS THE OUTPUT FROM THE DELUGING ROUTINES RPTDEL
c {DELUGy UDEL OR DELBAW,y SIGBAW) RPTDEL
¢ RPTDEL
c RPTDEL
LOGICAL FIRSTsFRSTFXTEMPyFXTVARSFXTTTDFXTLNG BIGCOM
CoMuQN BIGCOM

$ AFTRe ALPHA, ANG(3) BIGCOM

s JBoIM(16) BI1GCOM

$ ,CAPF+ CSSPKW, CONF. CONLy COSTLy CAPCHG, CONMATs CONMAZ2,CAF BIGCOM

$ +CBJs CTURBs CDANG, CLUVR, CHAILS, CVM BIGCOM

$ JOFIN'DEEPLDESVELWDESVELV.DESVELDDENSIF BIGCOM

$ ,EFFPy EFS BIGCOM

S JFCRIFIRSTFIXLsFCOSsFFHXyFXTEMP, FACTOR.FRSTcFACTORD FSHOTFDELUG BIGCOM

$ JFIXVeFIXTTDyFXTVARIFXTTTDWFXTLNG BIGCOM

$ ,GREFF BIGCOM

$ JHXNPsHPCSTsHCD BIGCOM

$ JITMAX, ITMIN BI1GCOM

$ +JCONS BIGCOM

$ ,KCONV, KALEXT BIGCOM

$ JMXEXT BIGCOM

$ JNTAINSIDES»NBUNHI BIGCOM
COMMON BIGCOM

$ O0OR BIGCDOM

$ +PSIZE, PERy PWCOSs PLANCy PFACT, POMDP_ BIGCOM

$ ,PpHBAF, POMFAN, POHLEC, POHCIR, POHCND, POMSTC, POMSCL BIGCOM

$ + RRPYREDUCE, REDUCVy ROOFLs RHOUT BIGCOM

¢ , QREJy QREDUCEs QREDUCV BIGCOM

$ ,SIGMAG, SAAF, SEGL BIGCOM

$ 47Dy TPO(4)s TEFF, TLIM, THFIN, TLPRA, TFIX BIGCOM

$ 4TCDs TW BIGCOM

$ 4UCSy UWS BIGCOM

$ JWFyy WATCONA, WATCOST BIGCOM

$ 4,VaAS(5) BIGCOM

$ ,XDEPA, Xwy XD BIGCOM
COMMON/KPRT4/SPRT4 (672) 9SR(3) RPTDEL
COMMAN /HXD/ A(S5) RPTDEL
COMMON /CONS/ B(9) RPTDEL

c RPTDEL
1000 FORMAT(1R ) RPTDEL
1005 FORMATI(1H]) RPTDEL
1010 FORMAT(TS]"DELUGED HEAT EXCHANGER DATAmn) RPTDEL
1015 FORMATI(TS1429 (Mwit)) RPTDEL
1020 FORMAT(T50,"LEADING EDGE OF HEAT EXCHANGERM) RPTDEL
1025 FORMATITS0,"TRAILING EDGE OF MEAT EXCHANGER™) RPTDEL
1030 FORMATITA "TAIN",T20y"RIIN"yTI2¢PUDIN" T44,"UDRSH+TS6,"HOD",T68y  RPTDEL
*"DTDRIRN , TBO s "UDRAN g TO29UDPPH s T104 9 MEFFIN®,TI16,"HIM) RPTDEL

1035 FORMATITBCSRUT209s"DTORMyTI2o TR Tha y"RIRNGTSEIMTSH Y68, WRIS"y RPTDEL
CTROMTFAVH TI2yMRIFAVH,TIQ06 4 "TINyT1160"RT L) RPTDEL

1036 FORMATITBsNAHINM) RPTDEL
1040 FORMAT(TBy"TOUTH TR0 MRILVGH s T32¢MUDLVGN,yT44s"UDRSH,TE6,"HODMsT6By RPTDEL
SNDTORIRY ,TBOI"UDRAN, TS24 HUDPPH y TI D4 s MEFFIN",T116,""HI") RPTDEL

1045 FORMAT(TBy"CSRM",T20+"DTDRM4T329"TRUT44 "RIRM"yTS569MTSHITEB,"RISNy RPTDEL
TR0, "TFAVIyTI2y#RIFAVM,T1044"QSECH,T116,MRMEVAPH) RPTDEL

1046 FORMAT(TB"AMLVG") RPTDEL
1050 FORMATITA "TAININGT20s"RIINN,T32,MSIGINI,T44nSIGMAN,TS6,"UDPSY, RPTDEL

07.59.59
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‘UBROUTINE RPRT?2

Tes74

WRITE (646]135)
WRITE (646140)
WRITE (6,6145)
WRlITE(6,6150)
WRITE(6+6155)
RETURN

END

0PTx] FIN 4,54414

{IFIX(XNS))sTUBCSTs TUBEM» TUBEM?
ARPS,SHLCST

(IFIX(XNP))FETCST

(IFIX(TLAY)
(IFIX(XNTS) ) 9 (TUBCBT«SHLCST#FETCST)

06/05/78

RPRTZ
RPRTZ
RPRTZ
RPRTZ
RPPTZ
RPRT2
RPRT2
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SUBROUTINE RPTDEL T4/76 0PT=x1 FTIN 4,5¢4)4 06/05/78
SUBROUTINE RPTDEL RPTDEL

¢ RPTDEL
c THIS -ROUTINE REPORTS THE OUTPUT FROM THE DELUGING ROUTINES RPTDEL
c (DEL UGy UDEL OR DELBAW, SIGBAW) RPTDEL
c RPTDEL
(o RPTDEL
LOGICAL FIRST4FRST FXTEMPFXTVARFXTTTD,FXTLNG BIGCOM
CoMupN BIGCOM

$ AFTRs ALPHA, ANG(3) BIGCOM

s ,BD L IM({16) BI5COM

€ ,CAPFs CSSPKW, CONF. CONLy COSTL, CAPCHG, CONMATs CONMA2,CAF BIGCOM

$ +CRJs CTURBy CDANG, CLUVR, CHAILS, CVM BIGCOM

$ OFINIDEEPL'DESVELDESVELVDESVELDDENSIF BIGCOM

€ JEFFPy EFS BIGCOM

S JFCReFIRSTWFIXLsFCOSIFFHX4FXTEMPFACTOR, FRST.FACTORD FSHOTFDELUG BIGCOM

S JFIXVIFIXTTDWFXTVARWFXTTTDFXTLNG BIGCOM

$ GQEFF BIGCOM

$ +RXNPsHPCSTIHCD BIGCOM

$ ,ITMAX, ITMIN BIGCOM

$ ,JCONS BIGCOM

$ ,KCONV, KALEXT BIGCOM

S JMyeEXT BIGCOM

$ yNTAWNSIDESINBUNHI BIGCOM
COMMON BIGCOM

$ oDm BIGCOM

$ +PSI2E, PERs PWCOSs PLANC, PFACT, POMDP| BIGCOM

$ ,POHBAF, POHFAN, POHLEC, POHCIRs POHWCND, POWSTC, PONSCL BIGCOM

$ , RRPYREDUCE, REDUCV, ROOFLs RHOUT BIGCOM

¢ + pREJy QREDUCE, QREDUCV BIGCOM

$ ,SIGMAG, SAAF, SEGL BIGCOM

$ +Tp, TPO(4)s TEFF, TLIM, THFIN, TLPRA, TFIX BIGCOM

S +TCDe TW BIGCOM

$ JUCSe UWS BIGCOM

$ ,WFye WATCONA, WATCOST BIGCOM

s ,VvaSt5) BIGCOM

$ JXDEPA, Xwy XD BIGCOM
COMMON/KPRT4/SPRT4 (672) #SR(3) RPTDEL
CoMMaN /HXD/ A (5} RPTDEL
COMMON /CONS/ B(9) RPTDEL

c RPTDEL
1000 FORMATI(IH ) RPTDEL
1005 FORMATtIH]) RPTDEL
1010 FORMATITS]"DELUGED HEAT EXCHANGER DATAn) RPTDEL
1015 FORMATITSE1,29 (Hen)) RPTDEL
1020 FORMAT(TSO0,"LEADING EDGE OF HEAT EXCHANGERM) RPTDEL
1025 FORMATITSO0,"TRAILING EDGE OF HEATY EXCHANGER") RPTDEL
1030 FORMATITB "TAINYT204"RIINU,TI2)VUDINY T4 "UDRS"sTS6 s NHODY 3 T68B o RPTDEL
+NDTDRIRN, TBO Y WUDRANa TO2 9 UDPPHy T104 s MEFFINY, T116,"HIM) RPTDEL

1035 FORMATITBsNCSRU,T209MDTDRM 9 TIZ2oNTRN)Th4 4 RIRMsTS69HTSH, Y68, RISy RPTDEL
¢TRO,MTFAVN T2, HRIFAVI,T1044"TINsT1169"RIIM) RPTDEL

1036 FoRMATlTB."AHIN" RPTDEL
1040 FORMATITBy"TOUTH,T20¢"RILVGNsT320UDLVGN,T44,UDRSH,T56,"HOD"yT6By RPTDEL
’"DTDR!R".TBOo"UDRA".T920"UDPP"9TlOk'"EFFIN"oTllb'"HI" RPTDEL

1045 FORMAT(TSI"CSR",TEO'uDTDR".T329"TR".Tba,npxpu,Tss.nTsn,ybg,ansu, RPTDEL
¢TROZMTFAVH, T2, MRIFAVN,T1044"QSECH, T116,"RMEVAPY) RPTDEL
1046 FORMAT(TB,"AMLVG") RPTDEL
1050 FORMATITBMTAINIyT20s"RIINM,T32,"SIGINI,Ta4ynSIGMAN,TEE, "UDPSY, RPTDEL

07.59.59
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BROUTINE RPTDEL

1055
1060

1065
1070

1675

20

30

35

*¢TEBMNTDRM Gy TBO s "HINGTG29"CSS" 9 T1049"TSH,T]116y"RIS™)

OroDoOor orgor

T4/74 0PT=]

FORMAT (T8 o"TIN T204"RIT"T329MALINY)

FORMAT (TR ynTOUTH,T20,MRILVGH,T3241SIGLVG1,T44,"SIOMAN,TE6,nUDPSH,
eTEB MDOTDRMy T8Oy " HIN,TO29MCSS "y T104¢" TS, T116,"RIS")

FORMATI{TRy"QOSEC"s T20 ¢ "RMEVAP1 T32WAHLVGY
FORMAT (
T209"HD" s T2T741PE1244y
TSEWNBETAFN,T63,1PE12,4y
T92yMBETALIN,T99,]1PE12,4/
T20eMABN,,T27,1PE12,4
TS6sMAFN, T6E341PE1244
TG2eMATI"9 TGy 1PEL2,4/
T20e AWM T2Ty1PE1246
TEOIMTHW s TEI41PEL2, 4,
TO2sMRKW"sTOGy1PEL2,4/
T20e"ATM" 9 T27,1PE12, 4,
TS6eMRMAN I TE341PEL2,4)
FORMAT (TS, 1Pl10E1244)
NNN = SR(3)
WRITE(6,1000)
WRITF(6,1000)
WRITE(6,1015)
WRITF(6,41000)
WRITE(6,1010)
WRITE(6,1000)
WRITE (6,1015)
WRITE(641000)
WRITF(6,1000)
WRITE(6,1070)
WRITE(6,1000)
WRITE(6,1020!}
WRITE(641000)
IF (FDELUG.EQe"DELBAW ")
WRITE(6,1030)
DO 20 I = ]s NNN
Nl = (1 = 1) » 42 o 1
N2 = Nl ¢ S
WRITFE(6,1075)
CONTINUE
WRITE(6,1000)
WRITE(6,1035)
DO 30 1 = 1
Nl a (T o 1}
N2 = N1 ¢« 9
WRITE(6,1075)
CONTINUE
WRITF(6,1000)
WRITE(6,1036)
DN 35 I = ]}y NNN

(B{I)YeI=199)y (SR(IINsIl =1,2)

GO 7O 10

{SPRT4(IJ)y IJ = N1sN2)

NNN
= 42 ¢ 11

(SPRT4 (1J)y1JsN]¢N2)

Nl 2 (1 w 1) # 42 o 21

N2 w NI

WRITE(6,]1075) (SPRT&4(IJ)y IJ = N1yN2)
CONTINUE

WRITE(6,1000)
WRITF16,]1025)
wRITE(6,1000)
WRITE (641040}

FIN 4,5¢6414 06/05/78
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RPTDEL
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RPTDEL
RPTDEL
RPTDEL
RPTDEL
RPTDEL
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RPTDEL
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RPTYDEL
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sUBROUTINE RPTDEL

10

100

40

50

55

60

70

80

90

T4/74¢  OPTE]

DO‘OII]'NNN
Nl:f!o))‘b?o??

N2 = Nl ¢+ 9

WRITE(®,1075) (SPRT&4(I1J}, lJ = N]l,4N2)
CONTINUE

WRITE(641000)

WRITE(6,1045)

DO 80 I = 1, NNN

Nl & (I « 1) » 42 ¢ 32

N2 = Nl + 9

WRITF (68,1075} (SPRT&(IJ)y 1J = N1 yN2)
CONTINUE

WRITE(64,1000)

WRITE(6,41046)

Do 85 I = 1y NNN

Nl = (I = 1) % 42 « 42

N2 = N1l

WRITE(6,1075) (SPRY&4(IJ)y IJ = N1,4N2)
CANTINUE

Go 1o lon

wrRITE(6,1050)

DO 60 I = 14 NNN

Nl & (] w 1) » 26 ¢ 1

N2= N1 + 6

WRITE(6,1075) (SPRT&{1J)+s1JeN1yN2)
CONTINUE

WRITE(641000)

WRITF (641055)

DO 70 ! = 1,y NNN

Nl = (] » 1) « 26 ¢ 11

N2 = Nl o 2

WRITE(641075) (SPRT4(IJ),IJaN]4N2)
CONTINUE

WRITF (641000}

WRITE(6,1025)

WRITE(6,1000)

WRITE!6,1060)

Do A0 I & 1y NNN

Nl = (] @ 1) = 26 ¢ 14

N2 = Nl ¢ 9

WRITE(6,1075) (SPRY&4(IJ)sI1JxN]1N2)
CONTTNUE

WRITE(6,1000)

WRITE(6,1065)

Do 80 I = 1, NNN

Nl = (I « 1) « 26 + 26

N2 = Nl o 2

WRITE(6,1075) (SPRT4(I1J)y 1J = Nl,yN2)
CONTINUE

CONTINUE

RETURN

END

FIN 4,5¢414 06/05/78
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SURRNUTINE RPTFAN Ta/74 OPT=x] FTN 4,S5¢414 06/05/78
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SUBROUTINE RPTFAN
THIS ROUTINE REPORTS FAN DESCRIPTION AND COSTS

LOGIcAL LDOPER
COMMON/FAN/ FANDAP (153410) +FANDAN(1539010) sFMCPF4FBCPFyP24RySy
VELRECs AFCs ELEV, EHR» LOOPER, GTMAX
LOGICAL FIRSTyFRSTFXTEMPFXTVARSFXTTTD,FXTLNG
CoMunN
AFTR, ALPHA, ANG(3}
WBoL TM()6)
+CAPFs CSSPKW, CONFy CONLs COSTLy CAPCHGs CONMATs CONMA2,CAF
+CRJe CTURBs CDANGs» CLUVRs CHAILS, CVM
yOF INIDEEPL s DESVEL +DESVELVyDESVELD s DENSTIF
.EFFg' EFS
oFCRFIRSTyFIXL4FCOSsFFHXsFXTEMP 4FACTORFRSToFACTORD sFSHOT,FDELUG
¢FIXVIFIXTTOWFXTVAR,FXTTTDFXTLNG
'GQEFF
yHXNP o HPCSToHCD
s ITMAZ, ITMIN
»JCONS
WKCONVy KALEXT
dMyEXT
¢+NTAYNSIDES o NRUNHY
COMMQON
o] o]
+PSIZE, PERy PWCOSs PLANCs PFACT, POMDPL
+POHBAF, POHFAN, POHLEC, POHCIRs POHCND, POHSTCs POHMSCL
+ RRPIREDUCE, REDUCV, ROOFLs RHOUT
, 0REJ, OREDUCE, GREDUCV
+SIGMAG, SAAF, SEGL
sTDy TPO(4)s TEFF, TLIMy, THFIN, TLPRA, TFIX
sTCDy TW
sULSs UWS
WWEVy WATCONA, WATCOST
W VAS(5)
s XDEPA, XWy XD

COMMON /SINK/ VAR (S)y CPLNls CPIP1y CCOS1 W3ly COSM1y EFF1o
aIN1, CLANl, REAIl, Z14HRFA2S, Wél, Uly DEPW1, PPOWly
FPAwl, DEFCl, WIDT1, ELENly VAIRl, VWATI, HIl, Hol, Taly
QEWA], NwWi, NT1, NP],ZPLNC2,251212, 2SPBP, SW&4l, SW31,
SPC1. PTOT1,PLNC31y AFROls AAIR]I¢YFPMIN, SPCDly SPS13,WT2MIN,
Bo2MIN,NW2MIN, TCOSle DEPAls DPWTl, DPWC1sCONBAl, XNTS1, VELD]
+ TLA1, UCON1, PMCS1, FMCSly FBAC1, EFFC], CH1, Cal, Cs1
v CLTC1, CFC1y CPCC1sFITCOls CSC1+CEPRE}DEPIPly AST1,0LDCS]
yCAPCSY ¢ XNFAN] yBLDAN1»yCPLENLsDPFEL] WHly WTTUle ADI1s ABL1
» WTHD1, WTFR1,STRUC1,CFMPF1l, HPPF1,TOTCF1, TP1,EFFINl, ANTUL
s ATRFF1, WATFF], XNMOD1, TCTPF1, FDCPF], FMTRCl, ACTTPl, ADJTP}
s ACTBP1, ADJBP1, ACTVHl, ADJVH1s ADJPP1, THPAIls TCTF1 ,» AFCST]
v+ CSRl, WATERl, WSTRCls CFOUNl, HUBDIl, TOWLEls NUMTOl, CTOWDI
+SORJIySAQRUS1 yATUBC] yCBA1 4 TTD11,TTD21,DELPS]1,CSTLYV]sPIPCTD]
+CSTHS1, CYLRN1, CFANE1l, PSTAC1, PUFIT1, PMPCSl, RPTPL], SEPCS]
WyPWDYI(16) yWATCWD1 (16) yDEPER]1 (16} ¢DEPERQL[16)
yWBB1oHTOW]L sNTOWDEL1+CSTIF14CSULsCVF14CDP],W5]
REAL MOTOR(493)y DRIVE(342)s PITCH (3,2} RECOVY(512)

RPTFAN
RPTFAN
RPTFAN
RPTFAN
FANDEK
FANDEK
FANDEK
BI1GCOM
BIGCOM
BIGCOM
BIGCOM
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BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
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BIGCOM
RPTFAN
SINK

SINK

SINK

SINK

SINK

SINK

SINK

SINK

SINK

SINK

SINK

SINK

SINK

SINK
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RPTF AN
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SUBROUTINE RPTFAN Te/74 OPT=) FTIN 4,5¢414

DATA (IMOTORI(I K)eI=leé)y Kxle3)/

- WTOTALLY EN"y"CLOSED SQU"+"IRREL CAGE"," MOTOR ",

. WEXP_OSION ",#PROOF SQUIM,"RREL CAGE ","MOTOR ",

- nTWO SPEED vy n"SQUIRREL C"y"AGE Nyt "y
DATA (IDRIVE(IsK)#1s1+3)4Kuly2)/

- WSPIRAL BEVH,MEL GEAR DR"s"IVE ",

* nWeBELT DRIM,"VE "ot wy

*
L

* B ® &

1000
1005
1010
1020
1030
1040
1050
1060
1070
1080

1085
1090
1100
*
1120
*
1130

DATA ((PITCH(I K)yIm1ly3)Kuly2)/
UWMANUAL PITHM,HCH BLADES 1, ",
HAUTO=VARTIAM,WGLE PITCH "B ADES "y

DaTA ((RECOVY(IsK)y l®195)9Kmly2)/
WFANS NOT En,mQUIPPED WIMe"TH VELOCITH,myY RECOVERY"Y,
n DIFFUSERSY,
"FANS EQUIP",WPED WITH V"4sMELOCITY RE","COVERY DIF",
"FUSERS "y

FORMAT (1H )

FORMAT (1KH1)

FORMAT(TS2,nF A N SM)

FORMAT{TS] yMemmancuaal)

FORMAT (T16y"wwe DRIVE SYSTEM ===! TB2¢Nuce FAN GEOMETRY =mwmat)
FORMAT (TR4y"BLADE DIAMETER "yF6,24" FEETH

FORMAT (TBT y"BLADE ANGLE "sF6e.29" DEGREESH

FORMAT (TTB,"NUMBER 0OF BLADES/FAN M,Fg§,2)

FORMAT {TB4y"NUMBER OF FANS "yF6,0)

FORMAT(T]17y"==e FAN COSTS we="yTT8y"awe DESIGN CONDITIONS «w=')

FORMAT (T100e"(ACTUAL)IYsT122+" (ADJUSTED)®
FORMAT{TT3+"VOLUMETRIC FLLOW RATE/FAN "eF12,09" CU FT/MIN')
FORMAT(T164"BLADE AND HUB COST/FAN $"sF10,09T710

"TOTAL VOLUMETRIC FLOW RATE "yFl2,0,M CU FT/MINM)
FORMAT (T24 #MOTOR COST/FAN $"yF10,0,T70,

wTOTAL AIR PRESSURE DROP OF HyXe "4FB,5¢" PSI"yT120,F8,5)
FARMAT(TI0,"SPEED REDUCER ORIVE COST/FaAN $1HyF10,09769,

wPRESSURE DROP ACROSS H.X. BUNDLE "y FB,S5," PSIN,T1204FB,5)

1140 FORMATIT24,1"STACK COST/FAN $%,F10,0+T72,

. “NON-RECOVERABLE VELOCITY HEAD ",FB 5,n PSIN,T]120,F8,5)

1145 FORMATI(TI9."ELECTRICAL COST/FAN $n,F10,0

$ yTRIV"HORSEPOWER/FAN",F13,00" HP",T116,F12,0)
1150 FORMATI(TT?S,

s'FAN POWER REQUIREMENTS nyFB,04" HPM)

1190 FORMAT(T2,"e>es ANNUAL OPERATIONAL COSTS §",F10,0)

1200 FORMAT(T37,5A10)
1210 FORMAT!(
R TBee"HUB DIAMETER "yF6.24" FEETY)
WRITE(541000)
WRITE (6,1000)
WRITE (6,1020)
WRITE(6,41010)
WalITE(f,1020)
WRITE(6,1000)

IF(VELREC,EQs0) WRITE(641200) (RECOVY(Iy1)s]xls5)
IF (VELREC,EQs]) WRITE(6,1200) (RECOVY(I,2),12105)

WPITE(641000)
WRITE(6,1030)
WRITE(64+1000)
WRITE (641210} HUBDI

06/05/78

RPTF AN
RPTFAN
RPTFAN
RPTFAN
RPTF AN
RPTF AN
RPTFAN
RPTF AN
RPTF AN
RPTFAN
RPTFAN
RPTF AN
RPTF AN
RPTFAN
RPTF AN
RPTFAN
RPTF AN
RPTFAN
RPTFAN
RPTF AN
RPTFAN
RPTFAN
RPTFAN
RPTF AN
RPTF AN
RPTF AN
RPTFAN
RPTF AN
RPTF AN
RPTFAN
RPTFAN
RPTF AN
RPTFAN
RPTF AN
RPTF AN
RPTFAN
RPTFAN
RPTFAN
RPTF AN
RPTFAN
RPTFAN
RPTFAN
RPTFAN
RPTFAN
RPTFAN
RPTF AN
RPTFAN
RPTFAN
RPTF AN
RPTF AN
RPTFAN
RPTF AN
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SUBROUTINE RPTFAN T4/76

WRITE (641040}
WRITE(6,1050)
woITE(6,1060)
WRITE (64,1070}
WRITE(6,1000)
WRITE(6,1000)
WRITE(6,1080)
WRITE(6,1000)
WRITE(6,)085)
WRITE(65,1090)
WRITE(6,1100!
WRITE(6,1120)
WRITE(6,1130)
WRITE(©,1140)
WPITE(6,1145)
WRITE(6,1150)
WRITE(6,41190)
RETURN

END

OPT=}

ADIN
BLDANI]
ABL1
XNF AN]

CFMPF]
FDCPF1, TOTCF]

FMTRC), ACTTP1y» ADJTPI
CSR1.,ACTBPl, ADJBPI
CYLRN]s ACTVH14 ADJVHI
CFANEl. HPPF), ADJUPP)
THPAT]

AFCST]

FTN 4,5¢416 06/05/78
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RPTF AN
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07.59.89

6%
70
71
72
73
T4
75
76
77
78
79
80
8]
82
83
B¢
BS
86
a7



SUBROUTINE RPTHXC

o000

Y4/74 OPT=] FTN 4,5¢414 06/05/78
SUBROUTINE RPTHXC {AFRON) RPTHXC
] RPTHXC
THIS ROUTINE REPORTS HEAT EXCHANGER DESIGN, OPERATING CONDITIONS RPTHX(C
AND COST RPTHXC
RPTHXC
LOGICAL FIRST)FRST FXTEMPyFXTVARSFXTTTD,FXTLNG BIGCOM
COMuNN BIGCOM
$ ArTRs ALPHA, ANG(3) BIGCOM
* ,BpLIM(16) . BIGCOM
$ ,CaPFs CSSPKW, CONFy CONL, COSTL, CAPCHGy CONMATs CONMA2,CAF BIGCOM
$ 4Cayes CTURBs CDANGs CLUVRy CHAILS, CVM BIGCOM
$ DFINWDFEPL9DESVELsDESVELVDESVELDDENSIF BIGCOM
s ,EFFPy EFS BIGCOM
S +FCRIFIRSTHFIXLoFCOSsFFHXsFXTEMPFACTOR, RSTyFACTORDyFSHOT,FDEL G BIGCOM
$ JFIXVIFIXTTDFXTVARFXTTTDWFXTLNG BIGCOM
$ ,GREFF BIGCOM
$ JHXNP4HPCSTHCD BIGCOM
$ ,ITMAX, JTMIN BIGCOM
$ ,JCONS BIGCOM
$ ,KCONV, KALEXT BIGCOM
§ JMXEXT BIGCOM
$ JNTAINSIDESINBUNHI BIGCOM
COMMON BIGCOM
$ oDr BIGCOM
$ ,PgIZE, PERy PWCOSy PLANC, PFACT, POMDPL BIGCOM
$ ,PpHBAF, PDHFAN, POHLEC, POHCIRy POHCND, POHSTCy» POHSCL BIGCOM
$ , RBPsREDUCEy REDUCVy ROOFLs RHOUT BIGCOM
s , QREJ, OREDUCE, QREDUCVY BIGCOM
$ ,SIGMAG, SAAF, SEGL BIGCDM
$ ,Tn, TPD(4)s TEFF, TLIM, THFIN, TLPRA, TFIX BIGCOM
$ 4TcDy TW BIGCOM
£ JUCSe UWS BIGCOM
$ ,WFV, WATCONA, WATCOST BIGCOM
$ ,Vas(s) BIGCOM
$ ,XDEPA, Xws XD BIGCOM
COMMON /SINK/ VAR(5)s CPLNls CPIPl,s CCOSI1s wW3ly COSM1, EFFls SINK
$ @INl, CLAN1, REAIl, Z1yHRFA2S, w1, uUl, DEPWl, PPOW]y SINK
s FPOW], DEFC)y WIDT1, ELEN1y VAIR]l, VWAT), HIl, HOl, T4ly SINK
$ REWA], NwW1, NT1, NP1sZPLNC2,2S1712s ZSPBP, Sw4l, SW3ls SINK
s SPCl, PTOT14PLNC31y AFROls AAIR1.YFPMIN, SPCDl, SPS}13,wT2MINs SINK
$ BP2MIN,NW2MIN, TCOS1, DEPAls DPWTl, DPWC1,CONBAl, XNTS1, VELD1 SINK
$ , TLAYl, UCON)], PMCS1, FMCSls FBACl, EFFC]l, CH1, Cal, Cs1 SINK
$ 4, CLTCl, CFCly CPCCL»FITCOly CSCl+CEPRE] DEPIPl, AST1,0LDCS] SINK
$9CAPCSY ) XNFAN] ,BLDAN]1 yCPLEN] JDPFEL 1, WH1, WTTUls ADI1, ABL1 SINK
$+ WTHDY, WTFR1,STRUC1CFMPF1ly HPPF1,TOTCF1, TPLl,eFFINLl, ANTy] SINK
$+ AIRFF], wWaTFF1, XNMODl, TCTPF1ls» FDCPF1, FMTRCly ACTTPls ADJTP] SINK
$,» ACTBPl, ADJBP], ACTVH1, ADJVHls» ADJPP1, THPAll, TCTF1l , AFCST] SINK
$, (SR, WATER1, WSTRCly CFOUNl, HUBDI1, TOWLEls NUMTOl, CTOWD] SINK
$ oSARJYIISORJIS1yATURCY+CBAL»TTO114TTD214DELPS] +CSTLV1sPIPCTD] SINK
$ 4CSTHSY, CYLRN]s CFANEl, PSTACls PUFIT], PMPCS1, RPTPL]s SEPCSI SINK
§ yPWD1(16)WATCWD](16),DEPER] (16} ,DEPERQ1 (16} SINK
$ yWBR1sHTOW1 sNTOWDE]yCSTIF1,CSJUL1sCVF14CDP] W51 SINK
RPTHXC
COMMON /TINE/ XNSs TLAs XNTS, ARPS, TTD20E, LINORs XNP, XQUALY RPTHXC
COMMON /HXD/ Al +ATOTsSFALWRFALACS RPTHXC
COMMON /ESCAL/ BSECF RPTHXC
COMMON /KPTSUP/ DUM(2017) s THXIN] yDUM2(3) RPTHXC
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BROUTINE RPTHXC T4/74  OPT=) FTN 4,5¢414

6390 FORMAT!

R T6G."WT OF AMMONIA "sFléa 0o L B")
6400 FORMATH

L T9,nAFTRu, Gl4,8

ReTT19"WT OF TUBES "yFlé4,0¢" LB")
6410 FORMATI

L TB,NALPHAM"y Gl&,8

ReTT71e"WT DF FRAME 1yF1440¢" LB")
6420 FORMAT(

L T8,nSIGMAN, (14,8

ReTT7]14"WT OF HEADERW,Fla,0y" LB")
6422 FORMAT!

R TT1+"WT OF STRUCTH,Flés04" LBY)
6424 FORMAT!

L TT7T1s ROOF LOADN,Flé 404" [BY

ReT1060" (MeFB,2," LB/SQ FT)M)
6430 FORMAT!

L T3,nFITCO/ATOTH, Gl4,.8B

$)

6440 FORMAT (1HO,2A10,T15,"NTU EFFECTIVENESS CORRELATION USED")

6500 FORMAT(1H0)
68505 FORMAT(T35,30 ("=t
6510 FORMATIT36y"H E A T EXCHANGER®
6512 FORMAT(1He,TO0,F6,19" FANS",T110eFés)e" PASSH)
6515 FORMAT(

L T2," AMMONIA FLOW RATEM,I11¢" LBM/HR"

ReTTye" COOLING SURFACE $",F10,0)
6520 FnRMATI(

L T2," AIR FLOW RATE'",I11 4" LBM/HR"

RoTT1," HEADER AND NOZZEL $",F10,0)

6525 FORMAT(

L t2," TUBES IN DEPTH",Fll,2," TUBES ("yFTs1e" FT DEEP)®

RyT71+"BUNDLE ASSEMBLE AND FRAME $",F10,0)
6530 FORMAT{

L T2,"TUBES ACROSS FRONT#,Ills" TUBES (MyFT,1e" FT WIDE) M

ReTT10" PLENUM $",F10,0)
6532 FORMATI(1X
L sT44"LENGTH OF TUBES".F10,0s" FEET®

Rsy TT14" LOUVERS $"sFl0,0
6533 FORMAT (1X

Re TT1,4" HAIL SCREENS $%4Fl0,0
6535 FORMAT!

R TT1," STRUCTURE $",F10,0)

6537 FORUAT(
L T8,"SURFACE AREAM,I11," SQ FTH,

R T71," FOUNDATION $%,F10,0)
6540 FORMAT!{
L T2, FRONTAL AREA',I11s" SQ FEET®
R}
6550 FORMAT(T40,2("FORN ,FS,09n DEGREE F AMBIENT "))

6541 FORMAT!

TTT,MBUNDLE STIFFNER COST $"yF10,0/
o TTIe"SECTION JUOINT COST $'yFl1040/
2y TROWMRUNDLE FRAME COST $1,F10,0/

2+ TROVM"DRAIN PLATE COST g"4F10,0/

o T79+"BUNDLE ASSEMBLY COST $¥,F10,0)
6555 FORMAT(TTO 11 (Melt) 42Xe]] (Nmity)

VU0 DO
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SUBROUTINE RPTHXC T6/74 OPT=]

6560 FORMAT(TTI,MAIRN,TBS"AMMONIA")
6565 FORMATITT0,25(1-"))
6570 FORMATI(TS50,"REYNOLDS NUMBERM
§ 32 (1PE13,59E14,593X))
6575 FORMATIT4BWELOCITY (FT/SEC)Y
$ J2(1PE13,59E14,543X))
6580 FORMAT(T34,"PRESSURE DROP (LBS FBRCE/SQ INy»
$ 02(19513.5v514.503l))
6581 FORMAT(T444"INLET TEMPERATURE (FI®,1PE13,5,E14,5)
6582 FORMAT (T45,"EX]IT TEMPERATURE (F)",1PE13,54E14,5)
6583 FORMAT(TS6,"RANGE (F)"y1PE13,5+F14,5)
6586 FORMATI(TE1,"TTD1W,7X,1PE13,5)
6585 FORMATIT291HEAT TRFR COEFF (BTU/MR SQ FT DEG F)"
s '2(1PE13'5'E1405.3X))
6586 FORMATITE2s"NTUM,T7Xs1PEL13,5)
6587 FORMATI(TS50,"FRICTION FACTOR®
S v2(19513-50514.5o31))
6590 FORMAT(T35,"HEAT TRFR SURFACE AREA (SQ FT o °
$ ,1PE13,54E14,5)
6592 FORMAT(T35,"EXIT TEMPERATURE (F)1
$ 02(1"513.5o514.5v3X))
6595 FORMAT(TI5,"OVERALL U (BTU/HR SQ FT DEG F o
$ ,7x,1PE13,5¢E14,5)
6600 FORMATITS2 WEFFECTIVENESSY
§ 4 T769F7,.6)
6610 FORMAT(TS]4"FIN EFFICIENCY"
S +T764PT,4)
6620 FORMAT (T07,"LOG MEAN TEMPERATURE DIFFERENCE®
$ JT669FT ,24TT64FT,2)

WRITE(6,6500)
501 FORMATI(1H )
WRITE(6,6505)
WRITE(6,6510)
WRITE(6,6512) XNFAN1, HXNP
WRITE (6,6505)
wRITE!6,6500)
WRITE(6,6568)
WRITE(6,6560)
WRITE (646555)

FTIN 4,5¢614

WRITE(6,6570)
WRITE(6,6575)
WRITE(6,6580)
WRITE (6,6585)
WRITEt6,6587)
WRITE (646581}
WRITE (6,6582)
WRITF(696583)
WRITE (6,6584)
WRITF (646586}
WRITE (646595)
WRITE(696600)
WRITE(6,6610)
WRITF(6,501)

WOITE (646360)
WOITE (646400}
WRITE(6,6410)

REAT]1, REWA]
VATR], VWAT]
DEPA1/164,4, DPWTl/144,
HOly HI1
AIRFFly WATFF]
TDy THXINI
T4l THXIN}
T41=TD

VAR (3}

ANTU]

U1

EFF)

EFFIN]

WATER1
AFTR, WTTU}
ALPHAy WTFRI
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SUBROUTINE RPTHXC T4/74

WRITE(6,6420)
WRITE(6,6424)
WPITE (6,6430)
WRITE(6,6440)
WRITF(646500)

WRITE(646515)
WRITE(6,6520)
wPITE(6,6525)
WRITE(646530)
WRITE(6,6532)
WRITF(6,6533)
WRITE(6,6535)
WRITF (6,4,6537)
WRITE(646540)
IF(FFHX L,EQ,
SWRITE (6,6541)
RETHRN
END

oPT=1

SIGMAG.WTHD]
AFRON®ROOFLs ROOFL
FITCOl/ATOT

NTUCAL

IFIX(SW31), CS1

IFIX (SWé]l),CHI]

21y 21exDrs12,y CBAYl 4+ CVF)
NW]ly WIDT], CPLEN]

ELEN]y CSTLV]

CSTHS!

STRUCI

IFIX(AAIR]Ys CFOUNI

IFIX (AFRON)
"HOTERV ")

CSTIFl, CSJ1ly CVF1l,y COP1l, (CBAl

FIN 4,5¢414
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SUBROUTINE RPTHXD

o000

T4/74 OPT=] FTN 4,5¢414

SUBROUTINE RPTHXD
THIS ROUTINE REPORTS HEAT EXCHANGER DESCRIPTION AND UNIT COST DAT

LoGrcAL FIRST'FRST.FXTEMPQFXTVAQ'FXTTTD.FXTLNG
COMMON
AFTRe ALPHA, ANG(3)
oBOLIM(16)
s CAPFys CSSPKW, CONF, CONLs COSTL, FAPCHG' CONMATs CONMAZ,CAF
+C8Js CTURB+ CDANGy CLUVR, CHAILS, CVM
yOF INsDEEPL+DESVEL s DESVELVyDESVELDDENSIF
+EFFPs EFS
sFCRIFIRST 4 FIXLoFCOSeFFHXsFXTEMR Y FACTORVFRSTyFACTORD yFSHOT,FDELU
yFIXVIFIXTTDWFXTVARVFXTTTD FXTLNG
2 GREFF
s HXNP s HPCST o HCD
o ITMAX, ITMIN

' KZONV, KALEXT

P A AR AN PBAARAN RN

+NTAWNSIDES+NBUNHI
COMMON

oDRr
+PSIZE, PERy PWCOSs PLANC, PFACT, POMDP_
+POHBAF, POHFAN, POHMLEC, POHMCIRs¢ POHCND, POHSTC, POHSCL
v RBPYREDUCEs REDUCVs ROOFLs RHOUT
+» OREJ, QREDUCE, QREDUCY
+SIGMAG, SAAF, SEGL
+TDy TPO(4) s TEFF, TLIM, THFIN, TLPRA, TFIX
'TCD' Tw
2UCSe UWS
oWFVs WATCONA, WATCOST
s VAS (D)
s XDEPR, XW, XD
CoMMaN /HEADEX/
, €MD, CSR,
s WRe TSP, CSHICSHP
COMMON /SINK/ VAR(S)s CPLNly CPIP1l, CCOS1»
6IN1, CLAN1l, REAIl, Z1+HRFA2S, Wél,
FPOWl, DEFCl, WIDTly ELENl,y VAIR]l, VWAT], HIl, Hol, Tals
REWA], NW1, NT1, NP1¢ZPLNC2+2S1212y ZSPBP, SwW4l, SW3l,
SPC), PTOT14PLNC31y AFROls BAIR1,YFPMIN, SPCDl, SPS]3,WT2MIN,
BP2MIN,NW2MIN, TCOS1, DEPAl, DPWTl, DPWC]1,CONBAl, XNTS1, VELDI
» TLAl, UCON1, PMCS1l, FMCS1ly FBACl, EFFC}, CHl, Cal, csl}
$ » CLTCl, CFCly CPCClsFITCOly CSC1,CEPRE]1,DEPIPl, ASYl,OLDCS!
$9CAPCS]1 s XNFAN]L 4BLDAN) +CPLEN] »DPFEL] WH1, WTTUls» ADI1» ABL]
S, WTHD1, WTFR1,STRUC1,CFMPF1, HPPF1,TOTCF1, TP},EFFINl, ANTUl
Sy AIRFFl, WaTFF1l, XNMOD1l, TCTPFly FDCPFl, FMTRCly ACTTP]ls ADJTP]
$+ ACTRP], ADJUBP], ACTVHl, ADJUVH1, ADJPP1, THPAIls TCTF1l , AFCST]
$y» CSRl, WATERl, WSTRCl, CFOUN1, HUBDIl, TOWLEls NUMTOl, CTOWD]
L3 .SQRJlvSQRJSIvﬂTUBCIvCBAlQTTDIIOTTQZIoDELPSl.CSTLVIOPIPCTDl
$ yCSTHS1,y CYLRN1y CFANEl, PSTACly PUFIT], PMPCSly RPTPL], SEPCS1
$ JPwD1(16),WATCWD] (16)yDEPER1(16),DEPERQ1 {16}
$ +WRR1IMTOW1INTOWDE]L+CSTIF14CSULsCVF14CDP1,W5]
COMMON /TINE/ XNSy TLAy» XNTSs ARPS, TTD20E, LINORs XNP, XQUALY
COMMON /SURFEX/  ODL+GAGLINs ANTUBsTUBMAT,FINTYPsFINMAT, CFs
$ ,ApLATE, COATC, ZINCC,» CASTC, SS+EPREPCyXTUBMA , XHEDTY , XFINTY

AARA AP AANA AN

CHH, CNoy
CSM, PITCHF,

CHM, CMwy CRY,y Cwd, CsT
CPMy PRESS,HEDMAT ,MEDTYP, NPASS

L]

w3ly COSM1, EFF1,»
Uly DEPW1l, PPOWl»

WA A A

06/05/78
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A RPTHXD
RPTHXD
BIGCOM
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URROUTINE RPTHXD T4/74  OPTE)

COMMON /DJB/ DIy XDGy SF
COMMON /SUPPLY/ VA I5)y CPLNs CPIP
QINy CLANDy REAIR, ZyHRFAC2
FPOW' DELFCo WIDTH, ELENG, VAIR
SPCyPTOTAL+PLANC3+SAFRONy  AAIR
RP2, NW2y TCOSy DELPASDELPWT
s TLAX, UCON, PMCST, FMCST, FBACC
+ CLYC, CFCy CPCCy FITCO, csc
S$yCAPCSTy XNFAN,BLDANGy CPLENy DPFE(}
$y WTHDP, WYFRM,STRUCC,CFPERF HPPERF
$s AIRFF, WATFF, XNMOD, TCTPF, F
$y ACTBPD, ADJBPDs ACTVH, ADJVHy AD
$y rSRDy WATERW, WSTRCTs CFOUND, HUB
£ ySHRJIISORJSYATUBC,CBA,TTD1,TTD2,DEL
$ ,CSTHS, CYLRNG, CFANELy PSTACS, PUF
§ JPWD(16)WATCWD(16)4+DEPER(16) +DEPER
$ JWBBeHMTOW NTOWDECSTIF9CSUsCVF,CDPy
6600 FORMATI(1H])
6601 FORMATI(1H )
6602 FORMAT (1HesT10e" N O N DEL_ T A
$ R DESCRIPT I O NUWTI0eFS,
6603 FORUAT!

AW AAA A

FTN 4,5¢4)16

v CCOS» W3, COSMy EFFy
' Wiy Uy DELBWy PPOWs
v  VWAT, HI, HC, Téy

'PS1Z12, SPBF, SWay Sw3y
. YFPy SPCDyPSI1Z213, WT2
'yDELPWC+CONBASy XNTSX, VELDX
b} EFFC' CH' CA' CS
+CEPREP,DELPIP, AST,0LDCST
WHX, WTTUBs ADIAs ABLN
s TOTCF, TPC, EFFI'y, ANTU
OCPFy FMTRCy ACCTTP, ADJTP
JPPF, THPAIR) TCTF AFCST
DIAa, TOW_LEN: NUMTOW, CTOWD
PSyCSTLVR,PIPCSTD
1TC, PMPCSTy RPTPL, SEPCST
0(l6)
WS

HEA&T EXCHANG
lem DEG ™)

L T22+"SUPPORT SPACING "eF7,3+T4T¢"FEETH

ReTENy"ROOT DIAMETERY +F8,649TB2,y"INCH
6605 FORMATI ’ )

L T8,"THUBE PITCH NORMAL TO AIR FLOW W

R T60+"FIN THICKNESS"sFBsbrTB29"INCHY
6610 FORUAT!

L T2,"TURE PITCH IN DIRECTION OF AIR

R »Tele"FIN DIAMETER "¢F8,4,TB2,¥INC
6615 FORMALT(

LT18,"TUBE DIAGONAL PITCH "yFT743,T47

ReT624"FIN SPACING" 4FB,4yTBZ29"INCHM)
6620 FORMAT(

LT23,"LINER MATERIAL ",2A10

ReT6) +"FIN MATERIAL ",2A10)
6625 FORMATI

L T11+"LINER THERMAL CONDUCTIVITYN,FT7

RyT56+"FIN THERMAL COND, ",G11,4,T83,
6630 FORUAT!

LTayuLINER TUBING OUTSIDE DIAMETER n

ReT6E29"HEADER TYPE '1,2A10)
6635 FORMAT {1pe

LT38,me=e U NT T COS TS mawn)
6640 FORMAT(

LT13"FIN BONDING $14Gl0ess™/SQ FTH

RyTSa,'"MEADER MATERIAL (",1A)10.") "
6645 FORMAT!

LTee"PROTECTIVE COATING $1,G10,44'/S0

R+T58,"ROLLED JOINT, TUBE TO HEADER
6650 FORMAT(

LTAynZINC FOR SPACERS $"sG10,4 it/ BY

RyTSA,"wELDED JOINT, TUBE TO HEADER
6655 FoRMaAT{

LT10,#SPACER CASTING $"9G10,6e""/EAN

ReTS6+"TURE AND PLUG HOLE PREPARATION

II)

1F 7,374 Ty INCHY
)

FLOW "yF7,3¢T47, "INCH"
HHY

HINCHY

3
L]
"BTU/(HR SO FT DEG F)/FTH;

tFTa4yTaT7 " INCHN

1FB,3em/LB"M)
FTn
$"yFB,391/TUBEM,

$"yFB,3yn/TUBEM,

$1,FB.3y/HOLE™)
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SUBPLY
SUPPLY
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SURRQUTINE RPTHXD T4/T4 OPT=1 FTN 4,5¢414 06/05/78 07,59,59

6660 FORMAT { RPTHXD 58
LT9snEND PREPARATION $"9610449"/TUBE" RPTHXD 56
RyT664"NOZZEL AND ATTACHING S$"yFB,39"/HOLEM) RPTHXD 57

6662 FORMAT( RPTHXD 58
ReT67e"HOLTED HEADER JOINT "y F8,3y"/FTn RPTHXD 59

6665 FORMAT! RPTHXD 60
RTS8 ,#HEADER MACHINING AND WELDING S$tyFg,3,m/FTH) - RPTHXD 61

6670 FORMAT! RPTHXD 62
LTAS,"LINER TUBING $19Gll,S59"/FTH, RPTHXD 63
RTT0,"STRUCTURAL STEEL S$"yF8,3+"/LB") RPTHXD 64

6675 FORMAT( RPTHXD 65
LT03,"PROTECTIVE COATING $M9611,59M/FTH RPTHXD 66
R) RPTHXD 67

6680 FORMAT! RPTHXD 68
LT14, "FINNING S Gl 5y /FTH RPTHXD 69
R) RPTHXD 70

6685 FORMAT (/ RPTHXD 71
LT29,#FINNED TUBE $"4G1l1,54"/FTn RPTHXD 72
R} RPTHXD 73

6695 FORMAT RPTHXD Té
LT28,"TUBE SPACERS $"yGl]1,5,"/FT" RPTHXD 75
R} RPTHXD 76

c RPTHXD A

6617 FORMAT! RPTHXD 78
L T274"LINER GAGE ",FS5,1 RPTHXD 79
R sT65s"FIN TYPE %,2A10) RPTHXD 80

6700 FORMAT{ RPTHXD 81
L T18,"TURES THRU EACH FIN",F8,0,T474"TURBESH RPTHXD 82
ReTS56,""AREA OF PLATE FIN myFll,1," 80 IN," RPTHXD 83

6710 FORMAT({ RPTHXD 86
LT9 oL INER TUBING INSIDE DIAMETER " yF7,4,T47y"INCH" RPTHXD 8s
ReTEN,"NEADER LENGTHN"4F11,3y" FEETH) RPTHXD 86
WRITE(6,6600) RPTHXD 87

Do 20 I=1,3 RPTHXD 88

IF (DANGLE JLT, 1,E=30) WRITE(6,6602) RPTHXD 89

IF (NANGLE 6T, 0,0) WRITE(646602) DANGLEe180, / 3,1415% RPTHXD 90

20 CONTINUE RPTHXD 91
WRITE(6,46601) RPTHXD 92
WRITE (6,6603) SS »ODR RPTHXD 93
WRITE(646605) XW s THFIN RPTHXD 9%
wRITE(6,6610) XD yOF IN RPTHXD 95
WRITE(6,6615) XDG »SF » RPTHXD 96
WRITE (646617) GAGLIN,FINTYP,XFINT? RPTHXD 97
IF(FINTYP ,EQ, "PLATE ) WRITE (646700 NTUB,APLATE RPTHXD 98
WRITE(6,6620) TUBMATXTUBMA,FINMAT RPTHXD 99
WRITE(6,6625) CONL,CONF RPTHXD 100
WRITE(6,6630) ODLsHEDTYP,XHEDTY RPTHXD 10}
WEITE(646710) DIy WB RPTHXD 102
WRITE (6,6601) RPTHXD 103
WRITE(6,6601) : RPTHXD 104

c RPTHXD 108
Do 30 Ix],3 RPTHXD 106

30 WRITE(6,6635) RPTHXD 107
WRITE(6,6601) RPTHXD 108
WRITE(%,6640) CFBoHEDMAT,CHM RPTHXD 109
wRITE (6,6645) COATCyCRY RPTHXD 110

WRITF(646650) ZINCCsCWJ RPTHXD 1



SUBROUTINE RPTHXC T4/74

WRITE(646655)
WRITF (646660)
WRITE (6,6662)
WRITE (6,6665)
WPITE(6,6670)
WRITE(6,6675)
WRITE(6,6680)
WRITF (6,6685)
wolTE(6,6695)

RETURN
END

OPT=)

CASTC+CHH
EPREPCsCN
cBJ

CMW

CLYCly CST
cPCC)

CFC1
FI17C01
CsCl

FIN 4,5+416 06/05/78

RPTHXD
RPTHXD
RPTHXD
RPTHXD
RPTHXD
RPTHXD
RPTHXD
RPTHXD
RPTHXD
RPTHXD
RPTHXD
RPTHXD
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SUBROUTINE RPTRET T4/74 O0PT=) FTN 4,5¢414 06/05/78
SUBROUTINE RPTRET(CTOWD1, PFy PSTACl, PUFIT], PUMPC],s RPTPL], RPTRET

$ SEP¢S1,PIPCTD]) RPTRET

c ’ RPTRET
C THIS ROUTINE REPORTS RETURN PIPING DESIGN aNp COSTS RPTRET
o RPTRET
COMMON /KPTRET/ RPTRET

$ DeLlly DESVEly DIARD]1s DIART1y DOTMALl, DYNKDI RPTRET

$s HEDRI1 (200) RPTRET

$y JRSAVE RPTRET

$s KRSAVE RPTRET

sy PIPCS] RPTRET

$+ OHEDR] (200)s QRLCS) RPTRET

$y RDIAI(200)9 RPCST1(200)y RRCST1(200)4yRTCST)(200) +RBFCS]1,RCOST] RPTRET

$s RQDIA) (200} RQPCS1(200)sRORCS1 (200)y RQTCS)(200), REJCS] RPTRET

$s+ RELCS], RFLGC)y RQCOS]1, RTDCS) ) RPTRET
COMMON /KKRET/ RPTRET

$ RPDIAY (200)y RVDIAL(200), LRSAVE RPTRET
$yPHMEDRY (200)+ VHEDR] (200} RPTRET
$+sRPRCST]1 (200} s RVRCST1(200) RPTRET
$sRPTCST]1 (200)s RVTCST1(200) RPTRET
S$yPRLCSTly VRLCSTI RPTRET
$,PPPCST1 (200)y RVPCST1(200) RPTRET
$+RPCOST], RVCOSTI] RPTRET

$+ INTINBUN RPTRET

c RPTRET
203 FORMAT(IH 414X,1241X97F1041) RPTRET
204 FORMAT{///7640Xs"TOTAL COST OF CIRCULATION RETURN PIPING $',F5,0, RPTRET
§Y «\0ws3n////) RPTRET

205 FORMAT(/25X,""HORIZONTAL QUADRANT RETURN PIPING" RPTRET

$ //7642X4"COST IN J0®s3 DOLLARS FOR"/40X RPTRET
$olrcmrtre et oo sa e s nanomene /12Xy "HEADER  DIAMETER  LENGTH RPTRET

3 pPIPE TEES REDUCERS"/21X+" { INCHES) {(FEET)"/z/) RPTRET

208 FORMAT(///42Xy"TOTAL COST OF QUADRANT RETURN HEADERS $m,F5,0, RPTRET
S" w)ose3n////) RPTRET

209 FORMAT (/25X,"TOWER RETURN PIPINGH® RPTRET

$

$10X,

//10XsMTOWER DIAMETER"923X9F5,04n FEETH/ RPTRET

"DIAMETER OF PIPE FROM CIRCULATION RPTRET

$'"/10X9e"HEADER T0 TOWER DISTRIBUTION HEADER"4FT,04" INCHES"/]10X,"D] RPTRET
SAMETER OF TOWER DISTRIBUTION PIRPEM,FT,0,1 INZHES"//10X,®COST OF DI RPTRET

SSTRIRUTION PIPING PER TOWER

SF

TOWER DISTRIBUTION PIPING S$"4F5,0," a)Quw3n////)

211 FORMAT(10X,"LIQUID DESIGN VELOCITY"4F5,0,% Fpgn/

B A RN

10Xs"MASS FLOW RATEW,)1PEL0,3¢" LBM/HRU/

10X+"RETURN PIPING PRESSURE DRBP",0PF7,}," pSFu/
10X+"RETURN PIPING DYNAMIC HEADW,F7,1,¢ FEETH/////
47Xes"TOTAL RETURN PIPING SYSTEM COST SVeF6,0" sl0=eldn/z/)

213 FORMAT(1H])
214 FORMAT(IH ,13X,12,1Xs7F10,1)

215 FORMAT

1L

/10Xy"COST OF RETURN HEADERS PER QUADRANT
s]pse3ny

SUyF5,1

$"9F5,00" w)10uwsan///40Xs"TOTAL COST O RPTRET

RPTRET
RPTRET
RPTRET
RPTRET
RPTRET
RPTRET
RPTRET
RPTRET
RPTRET
RPTRET

216 FORMAT (30X ) "@cmncncmcacaceeat/ /30X, "RETURN PIPING"//30Xy"emanewa=ma RPTRET
Secmwocalt/ /25Xy "CIRCULATION PIPING"//52Xy"COST IN 10esn
$3 DOLLARS FORN/40X "meooracnacacercrnccrcrronneresrerarpoecneeenean RPTRET

Seweal/12X"HEADER
$RS EXPANSION

DIAMETER  LENGTH
FLANGES"/21X¢" (INCNES)

PIPE TEES
(FEET)",33XynJOINT (1)

$yu/y)

" RPTRET

REDUCE RPTRET
(3 RPTRET

RPTRET

07,59,59
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sUBROUTINE RPTRET TarsT4 OPT=) FTN 4,5+814 06/705/78 07.59.5¢%

217 FORMAT(///10XKeMFITTINGS COST PER BUNDLE $1yFT,3¢" wlo=slm) RPTRET 59
¢ RPTRET 60
300 FORMAT(///T5049("wn) /T50,#P U M P S1/T50,9 (ngt)/ /) RPTRET 61
310 FORMAT(TYI0nPUMP COSTH T30S yFB,09"m)0ue3n RPTRET 62
s “/T109"PUMP FITTINGS"yT30e"SMoFB, 0 0] 0usl" RPTRET 63

L] /T104"PUMP ELECTRICALYr T304"$"yF8,0"ul0e®3n) RPTRET 64
320 FORMAT(//T609s"PUMP STATIONN,TBO, ngi, FB 0,Me]0ea3dn) RPTRET 65
330 FORMAT(///T104"SEPARATOR COST!"sT304"S"sF11,00"*10%%3") RPTRET 66
340 FORMAT(///T10y"DELUGE PIPING COST" ¢TI0 s1$M ,F1140s'"®]0nu3n) RPTRET 67
s ¢ RPTRET -8
JRzJRSAVE RPTRET 69
KneXRSAVE RPTRET Ty

LRz PSAVE RPTRET 71
WRITE(64213) RPTRET 72
WRITE(6,216) RPTRET 73

De 20l lsl,yJR RPTRET 74
IF(167,]1) GO TO 202 RPTRET 7%
WRITE (64203) I, RDIAl(I), HEDRI(I)s RPCST1(I)sPFy RTCST1(1)ePF RPTRET 76

$ +RRCSY1(I)*PF, REJCS1*PFy RFLGCLlePF RPTRET 77

Go To 201 RPTRET 78

202 IF(1,EQ,JrR) GO TO 210 RPTRET 75
WRITE (64203) I, RDIALI(I)y HEDRI(I)y RPCST1(1)ePFy RTCST] (1)=PF RPTRET 80

$ JRRCSTI(I)ePF RPTRET B1

60 70 201 RPTRET 82

210 WRITE(6,203) I, RDIAY(I), HEDR1(I), RPCST1(I)sPF, RELCS]*PF RPTRET 83
$ JRRCST) (I} ePF RPTRET 8o
201 CONTINUE RPTRET 85
WRITE (64204) RCOST)sPF RPTRET B6
WRITE (6,205} RPTRET 87

DO 206 Im)]yKR RPTRET Rg
IF(1,EQ,KRIGO TO 207 RPTRET 89
WRITE(64216) I, RGDIAL(I)y QHEDRI(I), RQPCS1(I)*PF, RQTCS1(I)=pPF  RPTRET 40

% JRARCS1(1)sPF RPTRET 91

GO TO 206 RPTRET 9z

207 WRITE(%+214) 1, RGDIAY(I)s QHEDR1{I1)s RQPCS](1)#PF, QRLCS]ePF RPTRET 93
$ JRORCS1(1)=PF RPTRET G4
206 CONTINUE RPTRET 95
WRITE(6.405) RPTRET 96

405 FORMAT (/25X "EXTERIOR VERTICAL QUADRANT RETURN PIPING"//42X,"C0ST RPTRET 97
SIN 10%%3 DOLLARS FOR "/40Xy30({"all} /12X, HEADER DIAMETER LENGTH RPTRET 98

$ PlpE TEES REDUCERS" /21X, " {INCHES) (FEETIn/ /) RPTRET 90

Do 406 Im]eLR RPTRET 10¢
IF{1.,EQ,LR) GO TO 407 RPTRET 101
WRITE (6,214) 1,RPDIA)(I),PHEDRI(1),RPPCST] (I)ePF,RPTCST] (1)sPF, RPTRET 102
SRPRESTI (1) =PF RPTRET 103

Go TH 406 RPTRET 104

: 407 WRITE(64214) I.RPDIA)(I}yPHEDRI(T)RPPCST]) (1)#PF4PRLCST#PF, RPTRET 1058
SRPRCSTL (1) »PF RPTRET 106

) 406 CONTINUE RPTRETY 107
IF(INTWLE.0) GO TO 600 RPTRET 108
WRITE(6,5058) RPTRET 109

505 FORMAT(/25Xs"INTERIOR VERTICAL QUADRANT RETURN PIPINGW//42X,"C0ST RPTRET 110
$IN 1023 DOLLARS FOR 1/40X,30("al) /12X WHEADER DIAMETER LENGTH RPTRET 111

- $ PIPE TEES REDUCERSNH/21 Xy " (INCHES) (FEET)w//) RPTRET 112
Do 50h Is],LR RPTRET 113
WRITE(64214) I,RVDIAL (I),VHEDR] (1) ,RVPCST]1 (1}=PFyRVTCST] (1)=PF, RPTRET 11«

SRVRCST] (1) »PF RPTRET 115



SUBROUTINE RPTRET Te/74

506
600

517

CONTINUE
CONTINUE
WolITE (6,817)

OPT=] FTN 4,5+414

NBUN

FORMAT (///10X9s"NUMBER OF BUNDLES PER QUADRANT",110)

WRITE(6,217)
WRITE(6,215)
WRITE(6,208)
WRITE(6,209)
WRITE(6,211)
weITE(6,300)
WRITE(64310)
WRITE (6,320)
WRITE(6,330)
WRITE t64340)
RETURN

END

RBFCS] #PF

RRCOS]»PF .

TRQCO] «PF

CTOWD1s DIARDls DIART1s RTDCS]#PFs TRTDC]*PF
DESVEl, DOTMAl, DELL1, DYNHD], PIPCS]

(PUMPC1=PUFIT])*PFy PUFIT1epPF, RPTPL]
(PUMPC1sPF}) « RPTPLI

SEPCS]

PIPCTD]

06/05/78

RPTRET
RPTRET
RPTRET
RPTRET
RPTRET
RPTRET
RPTRET
RPTRET
RPTRET
RPTRET
RPTRETY
RPTRET
RPTRET
RPTRET
RPTRET
RPTRET
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QUBROUTINE RPTSUP T4/74 OPT=] FTN 4,5+4)4 06/05/78
SUBROUTINE RPTSUP (DESVELV«NUMTOWsCTOWD] yWBB] »HTOWLsNTOWDEY) RPTSUP
RPTSUP

THIS ROUTINE REPORTS RETURN PIPING DESIGN AND COSTS RPTSUP
RPTSUP

RPTSUP

RPTSUP

COMMON /KPTSUP/ ROTSUP

$ DELV!y DIASD1s DIAST1s DOTMAL, DYNHD] RPTSUP

$) HEDRY (200) RPTSUP

$» JSSAVE RPTSUP

$y KSSAVE RPTSUP

$y PIPCS] RPTSUP

$» QSLCS1ly QHEDR1(200) RPTSUP

$, SBFCS], S5COSTl, SEJUCS1, SELCSTy SFLGC1, sacoSly STDCSI RPTSUP

$, SDIA1{200)+SPCST](200),50DIA1(200),» SOPCS1(200)» SORCS51(200) RPTSUP

Sy SQTCS1(200)y SRCST1(200)s STCST1(200) RPTSUP

$y TCONOl, THXINl, TOWDIl, TSGCOl» TSTDC] RPTSUP
COMMON /KKSUP/ RPTSUP

$ SoDIA) (200)y LSSAVE, PHEDS1(200), SPPCST1(200)s SPRCST1(200) RPTSUP

$y SOTCST](200), SPCOST1ePSLCST1WPSLGCS]y PSUCSTYy UPPPCS] (200 RPTSUP
$4pPF NRUN RPTSUP
LSa[ SSAVE RPTSUP

JS £ JSSAVE RPTSUP

KS = KSSAVE RPTSUP
RPTSUP

203 FORMAT (1M +14X91291Xs7F1041) RPTSUP
204 FORMAT(///40Xe"TOTAL COST OF CIRCULATION SUPPLY PIPING $%,F5.09 RPTSUP
LUNE S L KLV IYS RPTSUP
205 FORMATI/25%X,"HORIZONTAL QUADRANT SUPPLY PIPINGM RPTSUP
s //742%X9"COST IN 10ms3 DOLLARS FOR"/40X RPTSUP

Sy emeetrer et re e remeresaneme!l /] 2X s "HEADER  DIAMETER RPTSUP

$ PIPE TEES REDUCERS" /21 X" (INCHES) (EEET)N//) RPTSUP
208 FORMAT(///42Xs"TOTAL COST OF QUAPRANT SUPPLY HEADERS $1sF5,0, RPTSUP
$t Y 0ss3N////) RPTSUP
209 FORMATI(/25X,"TOWER SUPPLY PIPINGH RPTSUP
$ //10XeMNUMBER OF TOWERS#,21Xs15 RPTSUP

$ /10Xs"NUMREF OF TOWERS WITH DELUGE PIPING",2Xs15 RPTSUP

$ /10Xe"TOWER DIAMETER"y23XyF5,09n FEETH/ RPTSUP

$ 10X TOWER HEIGHTH,25XsF541 4! FEETH/ RPTSUP

$ 10X,"BUNDLE WIDTH#425XsF5,1s" FEETM"/ RPTSUP
$10X, YDIAMETER OF PIPE FROM CIRCULATION RPTSUP

$1 /10X "HEADER TO TOWER DISTRIBUTION HEADERM",F7,04" INCHESW/10X,"DI RPTSUP
SAMETER OF TOWER DISTRIBUTION PIPEWsFTe0s"™ INCHES"//10Xs®wCOST OF DI RPTSUP
$SSTRIBUTION PIPING PER TOWER S"yFS5,04" «10ma3t///40Xs"TOTAL COST O RPTSUP

$F ToWER DISTRIBUTION PIPING $9,F5,0," w)10usdt////)
211 FORMAT(10Xy#VAPOR DESIGN VELOCITYH,F5,0,4% FPSH/
10Xs"MASS FLOW RATE"¢1PE103s" LBM/HRY/
10X eMCONDENSER OUTLET TEMPERATUREM,0PFT,2,n DEG, Fny/
10Xs"HEAT EXCHANGER INLET TEMPERATURE®,FT,2," DEG, F"/s
10Xe"SUPPLY PIPING PRESSURE DROPW4F7,1,n PSFn/ ~
10Xs"SUPPLY PIPING DYNAMIC HEAD",FT,1,n FEETN/////

A AN AN

213 FORMAT(]1H])
214 FORMAT (1M ,13X41291X,47F10,1

215 FORMAT( /10Xs"COST OF SUPPLY HEADERS PER QUADRANT S§v,f5,1,

M =) 0.'3n)

47Xy"TATAL SUPPLY PIPING SYSTEM COST SHyFH,00" =10%03n///)

RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSUP
RPTSJP
RPTSUP
RPTSJP
RPTSJP
RPTSUP
RPTSUP
RPTSUP

216 FORMATI(3(X "recavanamamraree!"//30X,"SUPPLY PIPING"//30X,"ecoaaman- RPTSUP
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SURROUTINE RPTSUP T6/s74 0PT=) FTN 4,5+414 06/05/78 07.59,.,59

$=cuuneet/ /25X WCIRCULATION PIPING"//52X4nCOST IN 10awn " RPTSUP 59

€3 DOLLARS FO‘?"/40X."---------------------'-------------.---------- RPTSUP 60
Sea=tt/12xywHEADER DIAMETER LENGTH PIPE TEES REDUCE RPTSUP 6]
$RS EXPANSION FLANGES"/21Xs"(INCHES) (FEET) "9 33XswJOINT (1) (3 RPTSUP 62
$)n//) RPTSUP 63
217 FORMAT(///10XsMFITTINGS COST PER BUNDLE SWyF5,3," slQue3n) RPTSUP 64
o RPTSUP 65
WRITE(6,213) RPTSUP 66
WRITE(6,216) RPTSUP 67

DO 201 I=1,JS ' RPTSUP 68
IF{(1.8T,1) GO TO 202 RPTSUP 69
WRITE(6,4203) 1,SDIAL1(I)sHEDRL(I)4SPCSTI (I #PF,STCST)(1)sPF, RPTSUP 70
$SPCSTI(I)wPFeSEJCS1=PF,SFLGC18PF RPTSUP 71

Go Tn 201 RPTSUP 72

202 IF(1EQ,JS) GO TO 210 RPTSUP 73
WRITE(64203) I14SDIAL(I)sHEDRI(1)eSPCST1 (1 sPF,STCST1 (1) *PF, RPTSUR T4
$SRCST11(1)ePF RPTSUP 75

6o Tn 201 RPTSUP 76

210 WRITE(64203) 1,SDIAL(1)+HEDRL(I)eSPCST) (1 «PF,SELCSTePF, RPTSUP 77
SSRCSTI () ePF RPTSUP 78
201 CONTINUE RPTSUP 79
WRITE(64204) SCOST1ePF RPTSUP 80
WRITE (64205) RPTSUP 81

Do 206 ImlyKS RPTSUP 82
1F(1 ,EQR,KS)GO TO 207 RPTSUP 83
WRITE(6+214) I+SQDIALI(I)2QHEDR] (1) 4SOPLCS](1)sPFySATCS1(])PF, RPTSUP B4
$SORCS1 (1) «PF RPTSUP 8s

Go ToO 206 RPTSUP 86

207 WRITE(64,214) I,SQDIAI(I)4QHEDR]I (1)+SOPCS] (1) ePFsQSLLST RPTSUP 87
$SORCS1 (1) #PF RPTSUP as
206 CONTINUE . RPTSUP 89
WRITE(6,305) RPTSUP 90
305 FORMAT (/25X "VERTICAL QUADRANT SUPPLY PIPING "/ 62X "COST RPTSUP 9]
SIN 10**3 DOLLARS FOR "/40Xs30 (eM) /12X "HEADER DIAMETER LENGTH RPTSUP 92

s PIPE TEES REDUCERS" /21X M (INCHES) (FEET)w/ /) RPTSUP 93

DO 306 I=l,sLS RPTSUP 94
WRITE(642164) 1.SPDTA)(1)4PHEDS1(1)¢SPPCST]1(1),SPTCST1(1)sSPREST1(] RPTSUP 95

$) RPTSUP 56
306 CONTINUE RPTSUP 97
WRITE(64517) NBUN RPTSUP 98

S17 FORMAT(///10Xs"NUMBER OF BUNDLES PER QUADRANT,110) RPTSUP 99
WRITE(64217) SBFCS]®PF RPTSUP 100
WRITE(6,215) SQCOS)sPF RPTSUP 101
WRITE(6,208) TSQGCO1sPF RPTSUP 102
WRITE(64209) NUMTOWsNTOWDE1+CTOWD1 ¢HTOW] ,WBB]14DIASD1+DIAST]1+STDCS] RPTSUP 103
1#pF ,TSTDC]1«PF RPTSUP 104
WRITE (64211) DESVELVs DOTMAls TCONOly THXINl, DELV1,DYNHD}, PIPCS] RPTSUP 105
RETURN RPTSUP 106

END RPTSUP 107
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T4/74 OPTE} FTN ¢,5¢414 06/05/76 07,555,569

SUBROUTINE SCALP(T1sRANGE+AFRONyWLRATITCWFCS,ITOWN) SCaLP 2
: : SCALP 3

SUBROUTINE SCalLP SCALES THE PLANT AND DRY COOLING YOWER SCaL®P 4
DESIGNS AND COSTS LINEARLY UPWARD OR DOWNWARD TO ACCOUNT ScaLP 5
FOP THE FOLLOWING FACTORS=- SCaLP 6
1, THE DESIGN TEMPERATURE OF THE POWER PLANT DOES SCALP 7

NOT CORRESPOND TO THE RATED BACK PRESSURE OF THE SCAL® 8

STEAM TURBINE, SCALP ]

2, PART OF THE TOTAL POWER OQUTPUT OF THE PLANT IS SCALP 10

USED IN SUPPLYING POWER TO THE FAN AND PUMPING SCALP 11

SYSTEMS, SCALP 12

THE FOLLOWING ARE PDINTS ON THE HEAT RATE FACTOR CURVE WHICH SCAL® 13
ARE USED IN DESCRIBING THE SCALING OF THE PLANT AND DRY COOLe SCALP 14
ING TOWERS, AT EACK OF THESE POINTS THE HEAT RATE FACTOR, SCALP 15
PUANT SIZE AND PLANT COSTS ARE DETERMINED, SCALP 16
SCALP 17

POINT 0 =« CONVENTIONAL TURBINE OPERATING AT RATED BACK ScaLP 18
PRESSURE SCaLP 19

POINT )} = STEAM TURBINE OPERATING AT RATED BACK PRESSURE ScaL®p 20
POINT 2 = STEAM TURBINE OPERATING AT SYSTEM DESIGN EXIT o Y 21
TEMPERATURE WITH QUTPUT OF TURBINE GENERATOR EQUAL SCALP 22

TO THE DESIGN POWER OUTPUT ScaLP 23

POINT 3 = STEAM TURBINE OPERATING AT SYSTEM DESIGN EXIT SCALP 2
TEMPERATURE WITH THE POWER OQUTPUT OF PLAKNT EQUAL SCALP 2%

TO THE DESIGN POWER OUTPUT SCALD 2¢

THE DIFFERENCE BETWEEN POINY TWO AND THREE IS THE PLANT HAS SCALP 27
BEEN SCALED UP TO ACCOUNT FOR THE POWER CONSUMPTION OF THE ScaL? 28
FANS AND PUMPS, BETWEEN POINT ONE ANp TWO THE POWER PLANT ScaLP 29
HAS BEEN SCALED UP OR DOWN TO ACCOUNT FDR AN INCREASE OR SCALP 30
DECREASE IN THE HEAT RATE FACTOR, SCALP 31
SCALP 32

DEFINITION OF VARIABLES SCaL® 33
scalP 34

AAIR - AIR SIDE WEAT TRANSFER AREA OF HEAT EXCHANGER SCALP 35
(SQ FT) SCALP 36

ADIA = FAN BLADE DIAMETER (FT) SCAL® 37
AFRON = FRONTAL AREA OF THE HEAT EXCHANGER NORMAL TO AIR ScaLP 38
FLOW (SQ@ FT) SCALP 39

ATURC = HEAT EXCHANGER TUBE COST (%) SCALP 40
BRSECF = BUNDLE SCHIPPING AND ERECTION COST FACTOR (DIMEN- SCALP 4]
SIONLESS) SCALP 42

ca = BUNDLE ASSEMBLY COST (%) SCALP 43
cAPF = PERCENT OF TIME PLANTY 1S GENERATING POWER DURING SCALP “4
THE YEAR (PERCENT) SCALP 45

ccos = TOTAL COST OF THE DRY COOLING TOWER (3) SCALP “6
CFANEL = COST OF THWE ELECTRICAL WIRING FOR THE FAN SYSTEM ScaLP 47
(s) SCALP 48

CFOUND = COST OF THE FOUNDATION FOR THE DRY COOLING TOWERS SCaLP 49
(%) SCALP 50

CH = BUNDLE COSTS FOR THE WEAT ExCHANGER ($) SCALP 51
CHAILS = COST OF HAIL SCREENS PER UNIT AREA (/S0 FT) SCALP 52
CLAND = COST OF LAND COVERED BY THWE DRY COOLING YOWERS (%) SCALP 53
CLUVR = COST OF LOUVERS PER UNIT AREA ($/SQ0 FT) SCaLP 54
CONBAS =~ COST OF THME SURFACE CONDENSER ($} SCALP 55
cnsM = INCREMENTAL MAINTENANCE CcOSTS OF DRY COOLING (§) SCALP “6
cPIP - COST OF THE PIPING SYSTEM (g) SCALP 57
CPLEN « COST OF THE PLENUM ON TOP OF THE COOLING TOWERS (%) SCALP 58
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cPM

cs

CSE
CSTHS
CSTLVR
CWARA
CYLRNG
DELFC

ELENG
FBACC

FRCPF
FCBZ

FCB23
FCos
FCR

FIxL

FuCPF
FMCST

FPOwW
HPAIR
HRWAT
HRFAC)
HRFAC2
HRFR2]
HSLVA
TTOWN
KCONV
KGA

LD
NEGV
NUMTOW
NW

PER
PLANC

PLANC]
PLANC?2

OPT=}

FIN 4,5¢414

COST OF PLENUM MATERIAL PER POUND

COOLING SURFACE COST (%)

COST OF HEADER SEALANT FOR CONNECTING PLASTIC TUBES

TO THE HEADER (§)

ts/LBM)

COST OF THE HAIL SCREENS FOR THE ENTIRE FRONTAL
AREA OF THE HEAT EXCHANGER ($)
COST OF THE LOUVERS FOR CONTROLLING THE AIR FLOW
TO THE HEAT EXCHANGERS (§)
RATIO OF HEAT CAPACITY OF THE WATER TO THE AIR

{DIMENSIONLESS)

COST OF THE FAN RING AND THME VELOCITY RECOVERY
STACK IF THEY ARE USED ($/FAN)
INCREMENTAL FUEL COST FOR THE SCALED UP PLANT

(MILLS/KW HR)
LENGTH OF HMEAT EXCHANGER

FANS (%)

TUBES (FT)
COST OF FAN BLADE® AFTER SCALING UP THE NUMBER OF

COST OF FAN BLADES PER FAN ($/FAN)
FUEL COST FOR THME BASE PLANT WITH A 2ERO COST ONCE
THROUGH COOLING SYSTEM (MILLS/KHW HR)

FUEL COST FOR THE SCALED

UP PLANT

(MILLS /KXW 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 TME CODE

(FT)

FAN MOTOR COST PER FAN ($/FNA)
TOTAL FAN MOTOR COST FOR THE FAN SYSTEM AFTER

SCALE UP (%)

POWER REQUIREMENTS OF THE FAN SYSTEM (KW)
HORSEPOWER REQUIREMENTS OF THE FAN SYSTEM (HP)
HORSEPOWER REQUIREMENTS OF THE WATER PUMPING

SYSTEM (HP)

HEAT RATE FACTOR AT POINT ON

{DIMENSIONLESS)

HEAT RATE FACTOR AT POINT Tw0 (DIMENSIONLESS)
RATIO OF HRFACZ2 TO HRFAC] USED FOR SCALING UP

PLANT TO DESING CONDITIONS

{DIMENSIONLESS)

SURFACE AREA COVERED BY HAIL SCREENS OR LOUVERS ~

(SQ FT)

NUMBER OF CIRCULAR TOWERS

{DIMENSIONLESS)

INTERNAL VARIABLE FOR SPECIFYING THAT THE SET OF
INPUT VARIABLES LEAD TO UNREASONABLE VALUES

(DIMENSIONLESS)

VARIABLE FOR SPECIFYING GAGE OF TUBES USED IN THE
CONDENSER (DIMENSIONLESS)
VARIABLE FOR SPECIFYING THE DJAMETER OF THE
CONDENSER TUBING {DIMENSIONLESS)
STOPS THE PROGRAY IF THE SCALED UP FRONTAL AREA,

MASS FLOW OF AIR AND SPECIFIC VOLUME OF AIR 1S LESS

THAN ZERO (DIMENSIONLESS)

NUMBER OF CIRCULAR TOWERS

{DIMENSIONLESS)

NUMBER OF HEAT EXCHANGER TUBES IN WIDTH

(DIMENSIONLESS)

PERCENTAGE OF TOTAL CAPITAL C0STS OF DRY COOLING

TOWER ALLOWED FOR MAINTENANCE COST

BASE PLANT COSTS 1$/Kw)
PLANT COSTS AT POINT ONE
PLANT COST AT POINT TwO

($/7XKw)
($/KW)

(PERCENT)

06/05/78

SCALP
SCALP
SCaLP
SCALP
SCALP
SCaLP
SCALP
SCALP
SCALP
SCaLP
ScaLP
SCALP
SCALP
SCALP
SCALP
SCaALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCaLP
SCaALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCaLP
SCALP
SCALP
SCALP

07.,59,59

109
ilo
111
112
113
114
118
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T4/74
PLANCA
PMELEC
POMCND
POMSCL
POMSTC
PPOW
PS12E

PSIZle

PSIZ13

PTOTAL
RANGE
ROOFL
SAFRON
sPgp

S$PC
sPCo

STRUCC
SWLRAT
Sw3
Swa
TCwFCS
TD
YEFF

TLA
T4

VA
WATERW
wH X

wIDTK
WLRAT

WP
¥STRUCT

0PT=] FIN 4,5+46414

PLANT COSTS AT POINT THREE

06/05/78

COST OF ELECTRICAL WIRING FOR WATER PUMPING SYSTEM

(%)

INDIRECT COSTS FOR SURFACE CONDENSER AS A PERCENT=

AGE OF BASE COSTS (PERCENT
INDIRECT COSTS FOR AMIL SCREENS AND LOUVERS
AS A PERCENTAGE OF BASE COSTS (PERCENT)

INDIRECT COSTS FOR THE STRUCTURES AND FOUNDATION
FOR THE CIRCULAR TOWER AS A PERCENTAGE OF BASE

COSTS (PERCENT)

= POWER REQUIREMENTS OF THE WATER PUMPING SYSTEM (KW}

SPECIFIED POWER DUTPUT OF THE PLANT AND MAKE UP

SYSTEM TO THE POWER GRID (Mw)

POWER OUTPUT OF TURBINE AT THE TURBINE RATED BACZK

PRESSURE FOR A POWER OUTPUT OF THE TURBINE OF
PS1ZE AT DESIGN CONDITIONS (Mw)

POWER OUTPUT OF TURBINE AT TME TURBINE RATED BACK
PRESSURE .FOR A POWER oUTPUY DF THE PLANT OF PIZSE

AT DESIGN CONDITIONS (Mw)

TOTAL POWER OUTPUT OF THE TURBINE AT DESIGN
CONDITIONS (MW)

TEMPERATURE DIFFERENCE OF THE WATER ENTERING
AND LEAVING THE MEAT 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 YO AIR FLOW (SQ FT)
INCREMENTAL PLANT COST BETWEEN PLANT DESIGNED

RATED CONDITIONS {POINT 1) AND AT DESIGN CONDITIDNS

(POINT 2) (%)
COST OF PLANT AT DESIGN CONDITIONS (POINT 3)

AT

~ INCREMENTAL COST OF PLANT USING DRY COOLING TOWERS

AT DESING CONDITIDNS (POINT 3) OVER PLANT AT RATED

CONDITIONS (POINT 1) (%)

- STRUCTURAL COST OF THE CIRCULAR TOWERS (8§}

SCALED UP WIDTH YO LENGTK RATIO OF THE HEAT
EXCHANGER (DIMENSIONLESS)

SCALED UP MASS FLDW RATE 0F WATER THROUGH THE
HEAT EXCHANGER (LBM/MR)

SCALEC UP MASS FLOW RATE OF AIR THROUGH YHE HEAT

EXCHANGER (LBM/HR}
TOTAL COST OF THE PIPING SYSTEM (K$)

DESIGN TEMPERATURE OF THME DRY COOLING TOWER (DEG F)

RATED BACK PRESSURE EFFICIENCY OF THE STEAM
TURBINE (PERCENT) ‘
LENGTH OF CONDENSER TUBING (FT)

EXIT TEMPERATURE OF THE aIR FROM THE HEAT EXCHANGER

(DEG F)

SPECIFIC VOLUME FQ THE AIR (Cy FT/LBM)

WEIGHT OF WATER IN THE MEAT EXCHANGER BUNDLES
TOTAL WERIGHT OF THE HEAT EXCHANGER EXCLUDING
WATER (LBM)

TOTAL HEAT EXCHANGER WIDTH (FT)

RATIO OF THE WIDTH TO THE LENGTH OF THE HEAT
EXCHANGER (DIMENSIORLESS)

(LBM)

WEIGHT OF THE PLENUM PER UNIT AREA (LBF/SC FT)

TOTaL WEIGHMT OF THE COOLING TOWER STRUCTURES

(L8F)

SCALP
ScaLP
ScaLP
SCALP
SCALP
SCALP
SCALP
SCaALP
ScaLP
SCaL®
SCaALP
ScaL®P
ScaLp
ScaLP
SCALP
ScaL?P
ScaL®
SCALP
SCaLP
scaLP
SCALP
SCALP
SCaLP
SCALP
SCALP
ScaL®
SCALP
SCALP
SCALP
SCALP
SCaLP
SCAL®
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCAL®
Scap®
ScaL®
SCaLP
scaL®?
SCALP
SCaLP
SCALP
ScaL®
SCALP
SCALP
SCALP
SCaALP
SCAL®
SCALP
SCALP
ScaL?
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120
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122
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124
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W30
135
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13+
l4e
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l1e(
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182
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172



e NeNeNoNeNeoNeNeNeNeNs s Ne ke NeXe)

T4/74 OPT=1 FTN 4,5+416 06/05/78 07,59,.59

WTFRM » TOTAL WEIGHT OF THE HEAT EXCHANGER FRAM (LBG) SCALP 173

WTHNR = TOTAL WEIGHT OF THWE HEAT EXCHANGER HEADERS (LBF) SCALP 174
WTTUB" = TOTAL WEIGHT OF TRE HEAT EXCHANGER TUBES (LRF) SCALP 175

w3 - MASS FLOW RATE OF THE WATER THROUGH THE HEAT SCALP 176

we = MASS FLOW RATE OF THE AIR THROUGH THE HEAT SCALP 177
EXCHANGER (LBM/HR) SCALP 178

XNF AN = NUMBER OF FANS IN THE FAN SYSTEM (DIMENSIONLESS) SCALP 179

XNS = NUMRER OF SHELLS IN THE SURFACE CONDENSER SCALP 180
(DIMENSIONLESS) SCALP 18]

XNTS - NUMBER OF CONDENSER TUBES PER SHELL (DIMENSIONLESS) SCALP 182

Xw = TRANSVERS PITCH BETWEEN ADJACENT TUBES IN THE SAME SCALP 183

TUBE ROW OF THE HEAT EXCHANGER FROM CENTERLINE Y0 SCALP 184

CENTERLINE (IN) SCALP 185

YFPP] « PLANT SCALING FACTOR YO TAKE INTO ACCOUNY FOR PUMP SCALP 186

AND FAN POWER SCALP 187

SCALP 168

LOGICAL NEGV SCALP 189
LOGICAL FIRSTIFRSTFXTEMPFXTVARSFXTTTD,FXTLNG . BIGCDM 2
CoMMaN . BIGCOM™ 3
s AFTRy ALPHA, ANG(3) BIGCOM 4
v 4BDOLIM(16) BIGCOM 5
$ ,CAPF. CSSPKW, CONF, CONLy COSTLy CAPCHG, CONMATs CONMAZ2,CAF BIGCOM 6
$ 4CBJs CTURBs CDANGs CLUVR, CHAILS, CVM BIGCOM 7
$ JDFINJDEEPLsDESVELDESVELV+DESVELDyDENSIF BIGCOM 8
$ ,EcFP, EFS BIGCOM 9
$ JFCRIPIRSTIFIXLOFCOSIFFHXsFXTEMPyFACTORFRST,FACTORD,FSHOT,FDELUG BIGCOM 10
$ JFIXVsFIXTTDyFXTVARVFXTTTDFXTLNG BIGCOM 9|
s ,GREFF BIGCOM 12
§ ,HXNP+HPCST4HCD BIGCOM 13
$ ,IvMax, ITMIN BIGCDOM 14
$ ,JCONS BIGCOM 15
$ ,KCONV, KALEXT BIGCOM 16
$ JMYXEXT BIGCOM 17
$ ¢NTAWNSIDESeNRUNHI BIGCOM 18
COMMON BIGCOM 19
s oD® BIGCOM 20
$ ,PSI?E, PER, PWCOS, PLANC, PFACZT, POMDP_ BIGCOM 21
$ ,PpHRAF, POHFAN, POHLEC, POHCIRs POHCND, POMSTC, POHSCL BIGCOM 22
$ , RBPeREDUCEs REDUCVy ROOFL» R®HOUT BIGCOM 23
$ , OREJ, QREDUCE, QREDUCVY BIGCOM 24
$ ,SIGMAG, SAAF, SEGL BIGCOM 25
$ ,TD, TPO(4)s TEFF, TLIM, THFIN, TLPRA, TFIX BIGCOM 26
$ ,TcDy TW BIGCOM 27
§ JUCSs UWS BIGCOM 28
$ JWFVs WATCONA, WATCOST BIGCOM 29
$ ,VAS(S) BIGCOM 30
$ JXDEPA, XWy XD BIGCOM 31
COMMON /SUPPLY/ VAL (5)y CPLNs CPIP, (COS, W3, CDSM, EFFy SUPPLY 2
s OINy, CLAND, REAIR, ZyHRFAC2, Woy U, .DELPW, PPOW, SUPP.Y 3
[ FPOwW, DELFCy WIDTHy ELENGy VAIR, VWAT, Hl, HO, T4 SUPPLY 4
$ REWAT, Nw o NT» NPsPLANC2,PS1Z212+ SPBP, Swé, Sw3y SUPPLY 5
L3 SPCyPTOTAL,PLANC3,SAFRONy AAIR, YFP, SPCD,PS51213, WT2y SUPPLY 6
s RP2, NW2y2 TCOSy DELPA+DELPWT,DELPWCsCONBAS, XNTSX, VELDX SUPPLY 7
$ 4 TLAX, UCON, PMCST, FMCSTy FBACC, FEFFC, CH, Ch, cs SUPPLY 8
s , CLTc, CFCy CPCCy FITCO, CSC,CEPREP,DELPIP, AST,0LDCST SUPPLY 9
$9CAPCST, XNFAN,BLDANGy CPLENs DPFEL, WHX, WTTUBs ADIA, ABLN SUPPLY 10
$y WTHDR, WTFRM,STRUCC,CFPERFHPRERF, TOTCF, TPC, EFFIN, aNTU SuPPLY 11
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v AIRPF, WATFF, XNMOD, TCTPF, FDCPF, FMTRCs ACCTTP, ADJUTP
+ ACTBPD, ADJBPDy ACTVHy ADJVHe ADJPPF, THPAIR, TCTFy AFCST
v+ CSRD, WATERW, WSTRCT, CFOUND, HUBDIA, TOWLEN, NUMTOW, CTOWD
s SORJISORUSYATUBCICBA2TTD14TTD29DELPSWCSTLVR,PIPCSTD
+CSTHSy CYLRNGy CFANELs PSTACSs PUFITC, PMPCSTs RPTPLy SEPCST
2PWD (16 yWATCWD (16) +DEPER(16) yDEPERQ(16)
yWBBeHTOW NTOWDE 4 CSTIF 1CSJsCVF4CDPy w5
COMMON /SINK/ VAR(5)y CPLNls CPIP1l, CCOS1., W3ly COSM1, EFFlys
QIN1y CLANl, REAIl, Z11HRFA2S, Whly Ulsy DEPWl, PPOWls
FPOW), DEFCl, WIDTl, ELENl, VAIR]l, VWATl, HIl, HOl, Téely
REWAL, NW1y NT1 NP1+ZPLNC242S1Z12, 2SPBP, SWsl, SW3l,
SPCl,y PTOT1,PLNC3], AFROls AAIR]1,YFPMIN, SPCDl, SPS13,WT2MIN,
BP2MIN,NW2MIN, TCOS1ly DEPAl, DPWT1, DPwC],CONBAIl, XNTS1, VELDI
« TLAl, UCON], PMCS1l, FMCS1ls FBACl, EFFC1, CH1, Cal, cs1
s CLTC1, CFCls CPCC1+FITCOly CSCl+CEPRE],DEPIPl, ASY1,0LDCSI
«CAPCSY ¢ XNFAN] ,BLDANYsCPLEN]yDPFEL] wHl, WTTUle» ADI1s ABLI
s WTHD1, WTFR],STRUC1,CFMPFl: HPPF1,TOTCF1, TP1,EFFIN], ANTU]
v AIRFF), wWaTFF1, XNMOD1l, TCTPFl, FDCPF], FMTRCl, ACTTP1y ADJTP]
v ACTBP], ADJBP]l, ACTVHl, ADJVHls ADJUPP1, THPAIls TCTFl + AFCSTI1
v (SR, WATER), WSTRCls CFOUNl, HUBDI1l, TOWLEls NUMTOl, CTOWD}
+SORJI1SORUS1ZATUBC] yCBAL,TTD114TTDZ1,DELPS],CSTLVIWPIPCTD]
+CSTHSY, CYLRN], CFANE1l, PSTACl, PUFIT], PMPCS1, RPTPL1, SEPCSI
+PWD1(16) yWATCWDY(16) +DEPER1 (16} +DEPERQLY(16)
+WBRIsHTOW1 s NTOWDEL1+CSTIF14CSJUL+CVF14COPL,W5]
CoMuoN /SCALER/MRFAC1. ATUB, CPERA, SSCD,PLANC1,CASSS],
GAIRs FAIRy HPAIR, HPWAT, WLRTP, PLANCT)
COMMON /L ACALL/ SRN
COMMON /ESCAL/ BSECF
COMMON /TINE/ XNSs TLAs XNTSs ARPS, TTD20E, LINORs XNP. XQUALY
COMMON/TUBE /KGAsLD,TID(T46)
CoMMoN /PLCOST/ wWPL
CoMMON /PME/ PMELEC
COMMON /HEADEX/ CHHyCNyCHMyCMWICRUICWIyCSTCMOICSRyCSMIRITCHF »CPM,
PRESSIHEDMAT yHEDTYP ¢ NPASSyWB 9 TSPy CSHyCSHP
LnGyICal LOOPER
COMMON/FAN/ FANDAP (153410)sFANDAM(153410) oFMCPFyFBCPF4P2yR,Sy
VE_REC, AFCs ELEV, EHRy LOOPER, ETMAX
DaTa NEGV/,FALSE,/

901 FORMATIIXyA)09"T)yRANGE)CWARAYWAFRONIWLRATY (5614 44)

NAMELIST /DBNL/ FLOSSs»AFRONyVAsW4 s THITE,TDy T4 s CWARAZRANGE
XTOw = ITOWN

SCALING FACTOR FROM POINT 1 TO POINT 2 TO ACCOUNT FOR CHANGE
IN HEAT RATE FACTOR

HRFR21wHRFACZ2/HRFAC)
POWER OUTPUT OF TURBINE AT RATED BACK PRESSURE (POINT 1) WHICH
GIVES REQUIRED POWER OUTPUT PSIZE AT THE DESIGN
BACk PRESSURE (POINT 2)

PSI712ePSIZE®HRFR2]

PLANT COSTS AT DESIGN CONDITIONS (POINT 2} WHICKH INCLUDE
STEAM SUPPLY AND BACK PRESSURE SCALING TO POINT 2

PLANC2®P| ANC] » HRFR21}

SUPPLY
SUPPLY
SUPP_Y
sypp._Y
SUPP_Y
SUPP_Y
SUPPLY
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SCALER
SCALER
SCALP
SCALP
SCAL®P
SCALP
SCALP
SCALP
SCALP
SCALP
FANDEK
FANDEK
FANDEK
SCALP
scCaLe
SCALP
SCaALP
SCALP
SCALP
SCALP
SCALP
SCaLP
SCALP
SCALP
SCALP
Scap®
SCALP
SCALP
SCALP
ScaLP
SCALP
SCALP
SCALP
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INCREMENTAL
RATE "‘FACTOR

COST OF SCALING UP PLANT DUE TO INCREASED HEAT

SPBPx (PLANC2«P_ANC)#PSIZE#) ,Ee3

SCALING FACTOR FOR SCALING RLANT SIZE TO MEET PUMP AND FAN
POWER REQUIREMENTS

IF(PSIZE#1000.=PPOW=FPOW,E,0+0) KCONV=)
IF (xCONY ,EQ,)) RETURN
YFP = IPSIZE®1,E+3)/(PSIZEwl,E+3 =~ PPOW = FPOW) = 1,0

POWER OUTPUT OF THE TURBINE GENERATOR AT THE RATED

BACK PRESSURE (POINT 1) WHICH MEEYS THE POWER REQUIREMENTS OF
THE FANS AND PUMPS (POINT 3] AND THE POWER OUTPUT OF THE
PLANT AT THE DESIGN BACK PRESSURE (POINT 2)

PSIZ13m(1,+YFP)ePSIZ12

TOTAL POWER

PYOTAL = PSIZE =

OUTPUT OF THE PLANT AT POINT 3

(1,¢YFP)

PLANT COST AT POINY 3 EXCLUDING THE DRY COOLING TOWER COST

PLANC3SPLANCZ» (],

+YFP)

SPCePLANC3#PSIZE=s] Ee3

INCREMENTAL

COST OF PLANT DUE TO DRY CDOLING TOWERS

SPCD = (PLANC3~PLANC) = PSIZE « 1000,

SCALING UP THE DRY COOLING YOWER DIMENSTIONS AND THE COSTS
ASSOCIATED WITH IT )

INDEPENDENT

YePp1aYFP o 1,
SW3zW3eYFpPP]
SWasWesYFPP]

PARAMETERS OF TME DRY COOLING TOWER

SAFRONSAFRONSYFPP}
SWLRATEW|L RAT = YFPP1

SURFACE CONDENSER DIMENSIONS AND C0STS

Isun = )
CALL SURCON(ISUR,

KGAs LDy TLAy XNTS,y ARPS, XNSs» CONBAS, CONMAT

+POHCND)

XNTS = XMTSeYFPP)

CONBAS = CONBAS=YFPP)

SCALE THE NUMBER OF TUBES IN WIDTH AND THE WIDTH OF TME
HEAT EXCHANGER

IF (FXTLNG) WIDTH=SAFRON/FIXL

IF (NOY,FXTLNG)

WIDTHeSQRT (SWLRAT#»SAFRON

SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCAL®
SCALP
SCALP
SCALP
SCALP
ScaLP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
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SCALP
SCaALP
SCALP
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SCALP
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SCALP
SCALP
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SCALP
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SCALP
SCALP
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SCALP
SCALP
SCALP
SCALP

07.59,59

223
224
22s
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
24}
242
243
244
24S
246
247
248
249
25¢
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
27s8
276
277
278
279



SUBRQUTINE SCALP T4/74 oPTE] FIN 4,5¢416 06705778 07,59.59

TOWLEN = WIDYH / (XTOwWs2,) SCALP 280
NweWIDTH/XWwel2, SCALP 28]

c SCALP 282
c CHECK ON THE EXIT TEMPERATURE OF THE AIR LEAYING THE HEAT SCALP 283
c EXCHANGER SCaLP 284
o SCALP 285
T4 = RANGE + TD SCALP 286
Vam53.358(TD9460,)/(15,8144,) sCa_P 287
IFtelL0SS,LT.0,0) NEGVE,TRUE, SCALP 283
IF(SAFRON,LT,0,0) NEGV=,TRUE, SCALP 289
IF(vA,LT,.0,0) NEGVa,TRUE, SCALP 29¢
IF(aWé,e| T,040) NEGV=,TRUE, SCALP 291
IF(THITE ,LT.04,0) NEGVE,TRUE, SCaLP 292
IF(NEGV) WRITE(64DBNL) SCaALP 293

IF (NEGV)Y STOP SCALP 294

41 CONTINUE SCALP 295
UNSHPARHPATIR SCalP 296
UNSNFARXNFAN SCALP 297

c SCALP 298
9 FAN AND PUMP POWER SCALP 299
c SCAL® 300
FPOW=FPOW » YFPP] scaL® 31
PPOW=PPOW » YFPP] SCALP 32
FPPOW = PPOW ¢ FPOW SCALP 303
HPWATENPWAYT & YFPP] ScaLb 304
HPAIR=® HPAIR s YFPP] * SCALP 305
FOHD=HPWAT « HPAIR SCaLP 306
XNFANSXNFANSYFPP] SCALP 307

c SCALP 308
o FAN BLADE COSTS SCALP 3909
(o SCALP 31
FRACCHFBCPF « XNF AN SCALP 311
FCSTT=FBACCeFMCST SCALP 3le

o SCALP 313
c THE NUMBEP OF FANS AND THE MOTOR, BLADE, AND ELECTYRICAL SCaLP 3le
c WIRING COSTS OF THE FAN SYSTEM SCAL® 315
9 SCaAL®P 316
FUCST=XNFANSFMCPF SCALP 317
CFANEL = CFANEL = YFPP] SCALP 318

o} SCALP 319
C FLECTRICAL WIRING OF THE PIPING SYSTEM SCALP 3zZ¢
c ScaL® 321
PMELEC = PMELEC v YFPP] SCALP e

c ScaL® 32x
c DIMENSIONS AND WEIGHT OF THE HEAT EXCHANGER ScaLP 324
c SCaLP 328
ATURC ® CS + CH ¢ CSTIF « CSJ ¢ CVF « CDP « CBA SCaALP 326

ATURC & ATUBCs=YFPP] ’ SCaLP 327
AAIRzAAIR » YFPP) SCALP 328
WHXcWHXsYFPP] SCALP 329
F¥TTUR=WTTUBsYFPP] SCALP 330
WTHORZWTHDRs YFPR] . SCALP 331
WTFRMeWTFRMeYFPP] SCALP 332
WATERW = WATERW = YFPP] SCALP 333

c sCaLP 334
(o INCREASED FUEL COST OF THE RLANT SCaLP 33%
o SCaLP 336



wt

SUBRDUTINE SCALP T4/76¢  OPTm=) FIN 4,564

s NeNaXe)

o000 e NeNel (e NaXe]

OO0

o000 o000

e Xe) (e Xe Ne]

FUEL COST, FOR THE BASE PLANT WITH A CONVENTIONAL TURBINE
OPERATING AT RATED BACK PRESSURE

FCBZe FCOS » 3413,E«5 / TYEFF
INCREASED FUEL COST FOR THE SCALED UP PLANT

FCB3 = FCOS » 3413,E=5e (HRFAC2/TEFF) e (1,+YFP)
DELFCs FCB3-FCB2

LAND AND PIPING COSTS

TEDIA=TEDIA * (1, ¢ YFP)

CLAND = COSTL#SAFRON

SEPCSY = (6,397) » W3/60, » 140264,71)/ 1000,
SEPCST = SEPCST » POHCIR

TCWFCS = TCWFCS ¢ SEPCST o RPTPL

CpIp = YCWFCS. « YFPP] » 1000,

TOWER DIAMETERS
BUNH] ® SAFRON/ (ITOWNsNSIDESsWBsELENG)
NBUNHI = BUNHI + ,9999
WBB = SAFRON/ (1TOWN=NSIDES«NBUNHI«ELENG)
HTOW = WBB«NBUNHI
PLENUM SIZE AND COSTS
CPLEN & CPMeWPL® (,25«EL ENGo#2*NSIDES«ITOWN/TAN(2,%3,14159/ (2.
INSIDES))
$ - XNFAN » 3,14159/4, » (ADIA¢3,5)as?)
CPLEN s CPLEN = POHSTC
STRUCTURE AND FOUNDATION COETS
CALL STRUCT(ITOWNINSIDES,HTOWIELENGySEGL ¢NBUNHI ¢ WHX ,WATERW,ADI A
1XNFaNsROOFLySTRUCC,CFOUND)
STRUCC = STRUCC#POHSTC
CFOUND = CFOUND®POMSTC
LOUVER AND HAIL SCREEN COSTS
HSLva ® ITNWNeNSIDES=HTOWSELENG
CSTLVR = CLUVR » HSLVA = POHWSCL
CsTHS ®= CHAILS = HSLVA s POMSCL
TOTAL COST OF DRY COOLING TOWER

Cc0s = FBACC * ATUBC ¢ FMCST ¢ CPLEN ¢ STRUCC + CFOUND
$ ¢« CSTLVR ¢ CSTHS « CFANEL*XNFAN/YFPPl « CYLRNG*XNFAN

MAINTENANCE COST OF THE DRY CODLING TOWERS
CoSv = PER s (CCOS ¢+ CPIP + CONBAS) / (PSIZE«CAPF*B760,)

INCREMENTAL COST OF DRY COOLING TOWER (NOY USED IN

06/05/78

SCALP
ScCaLP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
ScaLP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCaALP
SCALP
SCALP
SCALP
SCaALP
SCALP
SCaLP
SCALP
SCALP
ScaLP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCALP
SCaALP

07.,59.59

337
a3s
339
340
341
342
343
364
348
346
347
348
349
350
35
352
353
354
355
35e
st
358
359
360
361
362
363
364
365
366
367
368
369
370
37y
372
373
374
375
376
377
378
379
380
381
38ez
383
384
38s
386
387
3Bs
389
3990
391
392
393



SUBROUTINE SCALP

$

T4/74 OPTx] FIN 4,5¢414

NPTIMIZATION)

OLDAST® (CCOS*SPCDeCLAND#CPIP+CONBAS) #FCR/ (PSTZESCAPF #8760, )
« COSme DELFC )

RETHRN

END

06/05/78

SCALP
SCALP
ScCaLP
SCALP
SCaLP
SCALP

07,59.59

394
395
3%¢
397
39¢g
399



SUBROUTINE SERCH Tes74 OPT=)] FTN 4,5+4]14 06/05/78

OO0

N AA NP N

$
$
]
$
$
$
3
$
s
$

A AN

3
$
$
$
s
$
$
$
$
$

$

AMAANRAANA NS EN

SUBROUTINE SERCH
THIS ROUTINE SEEKS MINIMUM BY SINGLE VARIABLE SEARCH METHOD

COMMON /L ACALL/ SRN
DIMENSION C(5)

CoMMON /SUPPLY/ VAL (5)s CPLNy CPIP, (€COS» W3, COSM, EFF»
OINy CLANDs REAIR, ZyHRFAC2, Way Uy DELPW, PPOWy
FPOW, DELFCy WIDTHy ELENGs VAIR, VWAT, HI, MOy Téy
nEwAT, Nwy NT, NPyPLANC2,PST1Z12y SPBP, Swé, Sw3,
SPC,PTOTAL,PLANC3,SAFRON, AAIR, YFP, spPcD,pS1213, WT2,

BP2, Nw2, TCOS, DELPA'DELPWT,DE_PWC,CONBAS, XNTS§X, VELDX

+ TLAX, UCON, PMCST, FMCSTy FBACC, EFFC, CH, CAy cs
s CLTC, CFCy CPCCy FITCO, CsSCyCEPREP,DELPIP, AST,OLDCST

yCARPCST, XNFAN,BLDANGy CPLENs DPFEL, WHX, WTTUBs ADIA, ABLN
v WTHDR, WTFRM,STRUCC,CFPERF+HPPERF, TOTCF, TPCy EFFIN, ANTU
v AIRFF, WATFF, XNMOD, TCTPF, FDCPF, FMTRC, ACCTTR, ADJTP
+ ACTRPD, ADJBPD, ACTVH, ADJVHe ADJPPF, THPAIR, TCTF, AFCST
s CSRD, WATERW, WSTRCTs CFOUND, HUBDIA, TOWLEN, NUMTOW, CTOWD
+SORJISARUSIATUBC,CBAsTTD]1yTTD2+DELPSyCSTLVR,PIPCSTD
+CSTHS, CYLRNG, CFANELs PSTACS, PUFITC, PMPCSTy RPTPL, SEPCST
WyPWD(16) yWATCWD (16) +DEPER(16) 4DEPERG(16)
s WBRIHTOW I NTOWDE yCSTIF9CSUICVFCDPy w5
COMMON /SINK/ VAR (5)s CPLNly CPIPl, CCOS]» W3l, COSM1, EFFly
QIN1, CLAN]y REAIl» Z19HRFA2S, wél, Ul, DEPW]1, PPOWl,
FPOW], DEFCl, WIDTl, ELEN1l, VAIR1, vwaTl, HIl, HOl, Tals
REWAY, NW1, NT1, NP1yZPLNC2,251212, ZSPBP, SW4l, SW3l,
SPC1, PTOT14PLNC31s AFROl+ AATIR1YFPMIN, SPCDly SPS)3,WT2MIN,
BR2MINy NW2MINy TCOS1y DEPAls DPWT1, DPWC]+CONBAl, XNTS1, VELDI
+ TLA1, UCON1, PMCS1, FMCS1, FBAC1, EFFC], CHI, cal, Csl
» CLTCl, CFCly CPCC1+FITCOly CSC1,CEPRE]4DEPIPly AST1,0LDCSI
+CAPCS1 o XNFAN] BLDAN]1 +CPLEN] 4DPFEL], WH1, WTTUle ADI]» ABL}
s wWTHD1, WTFR1+STRUC1+CFMPF1ly HPPF1,TOTCF), TP1,EFFIN1, ANTUL
» AIRFF]1, WATFFl, XNMODl, TCTPFl, FDCPF}, FMTRCly ACTTP}» AOJTPI
+ ACTRP1, ADJBP1, ACTVHl, ADUVH]l, ADJUPP]1, THPAll, TCTF1 + AFCSTI]
» CSRl, WATER], WSTRCls CFOUN1l, HUBDI1, YOWLE1lsy NUMTOl, CTOWD]
+SORJL 4 SQGRJUS14ATUBC1+CBAL+TTD11+TTD21,DELPS] CSTLVI+PIPCTD]
+CSTHS1, CYLRN1s CFANEl, PSTACls PUFIT1, PMPCS1, RPTPL]s SEPCS)
+PWD1(16) 4 WATCWD] (16) +DEPER] (16) +DEPERQ] (16)
yWBB1 +HTOW] s NTOWDE] 4CSTIF1,CSULleCVF1,COP],WS]
COMMON /SCALER/HRFACls ATUB, CPERAy SSCDyPLANC1+CASSS],
GAIRy FAIR, HPAIR, HPWAT, WLRTP, PLANCT)
LOGICAL FIRSTsFRST,FXTEMPFXTVARsFXTTTD,FXTLNG
CoMmnaN
ArTRs ALPHA, ANG(3)
vBPLIM(]16)
+CaPFy CSSPKW, CONFy CONLs COSTL, CAPCHGy, CONMATs CONMA2,CAF
+CRJe CTURBy CDANGy CLUVRy CHAILS, CVM
+DFINsDEEPL+DESVE( 4 DESYELV,DESVELD+DENSIF
+EFFPy EFS
sFCRIFIRST W FIXL+FCOSyFFHX4FXTEMPFACTOR,FRST,FACTORD,FSHOT,FDELUG
FIXVIFIXTTDWFXTVARFXTTTD,FXTLNG
+ GREFF
+sHXNP s HPCSToHCD
s ITMAX, ITMIN
2 JCONS
+KCONV, KALEXT

SERCM
SERCH
SERCH
SERCH
SERCH
SERCH
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SuUPPLY
SUPPLY
SUPPLY
SUPPLY
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SCALER
SCALER
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM

07.59,59
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QUBROUTINE SERC

50

10

nm W

H

$
$

AR AR DA AR AAN

T4/T4 0PTx] FTN 4,5¢614

JMXEXT
sNTANSIDESINBUNHI
CoMuUON
obe
+PSIZE, PERs PWCOS, PLANC, PFACT, POMDPL
+POHBAF, POMFAN, POHLECn'POHglﬂv POHCND, POHSTCy POHSCL
s RRP,REDUCE, REDUCV, ROOFLs RHOUT
s+ OREJ, OREDUCE, QREDUCYV
«SI1GMAG, SAAF, SEGL
s Ty TPO(4)y TEFF, TLIM, THFIN, T_PRA, TFIX
'TCDO Tw
WUCSs UWS
+WEVs WATCONA, WATCOST
yVAS(5)
«XDEPAy XW,y XD
CoMMnN /TINE/ XNSy TLAs XNTSs ARRS, TTD2QE, |LINORs XNPs XQUALY
Do 50 TvaL=1+5
VAL (TVAL)=VAR(IVAL)
SRN="/SERCKe]l/ "

C¢ly=S,

C(?)ll;

Ct3y=xl,

Ct4y=CAF

IF(VAR(5) ,B6T, 20,0) C(5) = 8,0
IF(VAR(S) ,LE, 20,0) C(5) = 4,0
1F (VAR(5) ,LEe 10,0) C(5) = 2,0
IC « 5 ’

IF(FXTEMP) IC = &

IR ¢ 1

IF (pFEPL,G6T,0,00) IB = 2

Do 8 1 = IB,IC

Mgbwl

Ke3

Do 9 IK=1,5

VAL (1K) sVAR({]K)

KC=0

Je0

VAL (M)BVAR (M) eC (M)

IF(FXTEMP) VAL(1) e TFIX
IF(FYTUNG) VAL (4) = FIXL
IF(FXTVAR) VAL (2) = FIXV
IF(FXTYTD) VAL(3) = FIXTYD

IF(M,G6T,3) GO TO 10

IF(VALI1)4GT+180.) GO TO 4

SPRNen/SERCHe2/ 0

Call, CALC(VAL (1) sVAL(2)9VAL(3) VAL (4)sVAL(5) M)
IF(KCONV,EQ.1) GO TO 4

1F (DFLPA,LEXDEPA) GO TO 3
1F (TCOS,GE,TCOS]1) GO TO 4

Jllb
CAL_ STORE
Go 1o 2

IF(x.EQ,1) KCx)
1IF(U.EQ,1) GO YO 7
VAL (MY BVAR (M) =C (M)

IF(FXTEMP) VAL(1l) =TFIX
IF(FXTUNG) VAL(4) w FIXL

n6/05/78

BIGCOM
BIGCOM
BIGCOM
BI1GCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
Bl1GCOM
BIGCOM
BIGCOM
BIGCOM™
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH

07.5%.59

17
18
19
20
21
22
23
26
25
26
27
28
29
30
31
12
13
14
18
lé
17
18
19
e
21
e2e
23
24
25
26
27
4]
29
30
3:
32
33
34
3
36
37
3c
€19
40
4]
42
43
b4
45
46
“7
«f
49
50
51

[3

bxe

53



SUBROUTINE SERCH

74/76¢  OPT=) FIN 6,5¢414

IF(FXTVAR) VAL (2) = FIXV

IF(FXTTYTD) VAL(3) = FIXTTD

IF(VALIM)LEVD,0) GO TO 7

SRNe"/SERCH=3/ »

CALL CALC(VAL (1) 9sVAL(2)9VAL(3)oVAL (4)sVAL (5) 4M)
1F (KCONV,EQ,)) GO YO 7

IF (DELPA,LE,XDEPA) GO TO 6

IF(TCOS,GE,TCOS)) GO TO 7

CALL STYORE
KCe0d
Go T0 S

IF(K,EN.1) KCm}

IF(KCL,EQ,1) CALL CHNGE (M)

KaKel

IF(KeEQ,0) GO TO 8

IF(M +EQ, 5 sAND, C(M) LEQ, 1.,0) GO TO 8
IF(M «EQ, 5) C(M) = C(M)e5,0/2,0
CtMy=CiMy /5,

Go vo !

CONTINUE

RETURN

END

06/05/78

SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH
SERCH

07,59.59%

56
55
56
Sy
58
59
60
61
62
63
.19
65
66
67
68
69
70
71
72
73
T4
75

oy
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CARD
TYPE

Al

A2

QOO0 ODODDONONOOONODOOODEOOOOO0OO0D

C..l.o
C...-.

Bl

[eNeNsEoXeNasNeNaNeXeNeNsNeoNaleNoNateNe Nels e

c"...

c...'.

T4/76

OPTs)

SUBROUTINE SETUP(TSTAR, TEND)

FTIN 4,5+614 066/05/78

THIS ROUTINE READS ALL INPUT DATA FOR THE RUN AND PRINTS EACH
VALUE READ

ctelatetagnd

COLUMNS

1=80

LR N

1«80

1-10

11«20

V21-30

31«4l

41-50

S1=60

61=70

LI )

INPUT

M AY

DESCRIPTION
FOR BNWII DRY/WET COOLING TOWER AMMONIA

1978 Y L Py,

IN THE DESCRIPTIONS BELOW THE SYMROL (DF) MEANS
DECIMAL FRACTION

FORMAT

(8A10

NAME  OF
VARIABLE

DESCR (1)

T
Y
p
£

R

Ll L L e el Lk ey

DESCRIPTION AND (UNITS)

L L e T L L L TX LT Y iy

COMMENTS OR CASE DESCRIPTION TO BE
PRINTED AT TOoP OF FIRST OUTPUT PAGE,
ANY NUMBER OF TYPE Al CARDS MAY BE
USED BUT A BLANK Al CARD 1S NOT
ALLOWED,

BLANK IN ALL COLUMNS. ONE TYPE A2 CARD ONLY

fElo.o.

E10.09

E10.00

E10400

E10400

E10400

£1040)

TSTAR

TEND

VAS (1}

VAS (2)

VAS (3)

VAS (&)

VAS(5)

LOWEST DESIGN TEMPERATURE TO USE
(DEGREES F)

HIGHEST DESIGN TEMPERATURE TO USE
(DEGREES F)

INITIAL VALUE FOR TURBINE OUTLET
TEMPERATURE (DEGREES F)

INITIAL VALUE FOR VELOCITY OF AIR
ENTERING THFE HEAT EXCHANGER (FT/SEC)

INITIAL VALUE FOR TTD]s TERMINAL
TEMPERATURE DIFFERENCE (DEGREES F)

INITIAL VALUE FOR LENGTH OF HEAT
EXCHANGER TUBES (FT)

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
SETUR
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETU?
SETup
SETuP
SETUP
SETUP
SETUP
SETUP
SETUR
SETUP
SETUP
SETUP
SETUP
SETUR
SETUR
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP

07,59,59

O NN W



TasT4

[¢]
o)
N

1-10

11=20

21=30

3140

4150

c1 140

‘1-80

0000 g0
c2 1ué0

‘1-80

(sleNelaNelaNaNeNeNe NeRaNe e NeleNeNeNeYeNeNe XaleNe e Ne e N NaleNe Ne NeNe Ne e N Xa X2 Xs Xa ke Xa Xn )

C'...l....
C--oooo.on

Cla 1=40

4180

[ XeoNeNaNoNeNeNeNg Ne]

OPTa)
{(E10,09 TFIX
E10.0y FIXV
E10,04 FIXTTD
E10,0y FIXL
E10,0) DEEPL
(BFB,09 TA(I)
8F5,0) TPER(I])
(BFS+0s TA(])
8F5.,0) TPER(I)

(8F5.0v

8F5,0)

TAWB (1)

BPLIM(I)

R

R

R

NOTE « A TYPE C2 CARD 1S REGQUIRED EVEN If BLANK.

FIN 4,5+414 06/05/78

SETUP

SETUP

FIXED TUBINE OUTLET TEMPERATURE (F) SETUP
ENTRY IS IGNORED IF BLANK OR ZERO SETUP
SETUP

FIXED FACE VELOCITY OF THE AIR SETUP
ENTERING THE HEAT EXCHANGER (FT/SEC) SETUP
ENTRY IS IGNORED IF BLANK OR ZERO SETUP
SETUP

FIXED TERMINAL TEMPERATURE SETUP
DIFFERENCE OF THE SURFACE CONDENSER SETUP
(FT ENTRY IS IGNORED IF BLANK OR SETUP
ZERO SETUP
SETUP

FIRED LENGTH OF HEAT EXCHANGER (FT) SETUP
IGNORED IF SET EQUAL TO ZERO SETUP
ENTRY IS IGNORED IF BLANK OR ZERO SETUP
SETUP

1F THE ABSOLUTE VALVE OF FIXL=0, SETUP
THEN THE PROGRAM WILL CALCULATE SETUP
THE LENGTH, SETUP
SETUP

FIXED NUMBER OF TUBES IN DEPTH SETUP
ENTRY IS IGNORED I!F BLANK OR ZERD SETUP
SETUP

SETUP

SETUP

SETUP

SETUP

TEMPERATURES REPRESENTATIVE OF SETUP
TPER (1) FRACTION OF YEAR (DEGREES F) SETUP
SETUR

FRACTION OF YEAR OVER WHICH TEMPERA= SETUP
TURE TA{1) 1s TYPICAL, (DF) SETUP
CAUTION - HIGHESY TaA SETUP
MUST BE FIRST SETUP

SETUP

SETUP

SETUP

CONTINUATION OF TA(I) FOR I= 9 TO 16 SETUP
SETUP

CONTINUATION OF TPERI(I) SETUP
SETUP

SETUP

SETUP

SETUP

SETUP

SETUP

WET BULB AIR TEMPERATURE REPRESENTA~ SETUP
TIVE OF TPER(I) FRACTION OF YEAR SETUP
(DEGREES F) SETUP
SETUP

BACK PRESSURE LIMIT ON THE STEAM SETUP
TURBINE REPRESENTATIVE OF TPER(I) SETUP
FRACTION OF YEAR (IN, HG,) SETUP
SETUP

SETUP

07.59,59

S9
60
61
62
63
64
65
66
67
68
69
70
71
T2
73
T4
75
T6
77
78
78
8g
81
g2
83
84
8s
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
10}
102
103
104
105
106
107
108
100
110
i
112
113
114
115
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Tas74 oPT=1
Co.-l!oo'o
C C2A =40 (BF5,0y TAWB(I)
c
c
c 41-80  BF5,0) BPLIM(D)
c
C
c NOTE « A TYPE
c
c...'..-..
Coooooo.o.
c
c b»nl 6e10 (E10,0¢ PSIZE
c
C
¢ 2130 E10,0y CAPF
c
c 3le4l E10,04 FCR
c
c 41=50 E10,0, PER
c
c
C S1-60 E10,00 CCM
c
C 61=70 E10.0y ELEV
c
c T1=80 E10,0) ROOFL
c
C'..'.I-'l
C-..o...-.
c
¢ El 1-10  (E10,0, FCOS
¢ B
c 1}1=20 E10,0y PWCOS
c
c 21=-30 E1040s PLANC
c
c 31=60 E10,0y COSTL
C
c 41-50 E10+0s (CSSPKW
c
c 51«60 E10,0, CAPCHG
c
c 61«70 E10.0¢ HPCST
c
c T1-80 E10.0) CTURB
c
c
cll.'l....
c
C
c E2 1=10 (E10,0, POHBAF
c
C 1120 £10,0, POMFAN
c

FIN 4,5+416

CONTINUATION OF TAWB(1) FOR I = 9
70 16

CONTINUATION OF BPLIM(I} FOR I = §
T0 16

C2A CARD I5 REQUIRED EVEN IF BLANK

R

BASE PLANT SIZE (MEGAWATTS)
BASE THERMAL EFFICIENCY (DF)
CARACITY FACTOR (DF)

FIXED CHARGE RATE {(DF)

RATIO MAINTENANCE COST TDO CAPITAL
COoST (DF)y

CONSTRUCTION COST MULTIPLIER (DF)

SITE ELEVATION ABOVE SEA LEVEL (FT)

ROOF LOAD (LB/s@ FT)

FUEL COST (CENTS/MMBTU)

RERPLACEMENT POWER COST (MILLS/KWH)

06/05/78

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
SETU®
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP

POWER PLANT CONSTRUCTION COST (S/KwW) SETUP

COST OF LAND ($/SQ FT)

COST OF STEAM SUPPLY ($/KW)
CARACITY CHARBE (S$/MEGAWATT)
COST OF ELECTRIC MOTORS (S/HP)

ADDITIONAL TURBINE COST BECAUSE OF
NUCLEAR POWER PLANT ($/Kw)

INDIRECT cOST FACTORS FOR =
BUNDLE ASSEMBLE AND FRAME

FANS

SETuP
SETUP
SEyyUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP

07.59,50¢

116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
i3]
132
133
134
135
136
137
138
139
140
141}
la4p
143
144
145
146
147
148
149
150
151
152
153
154
15%
15¢€
157
159
16¢
161
162
163
164
165
166
167
168
169
170
171
ire



YAl

21«30
3140
41=50
5160
61~70

Fl 1-10

11-70

(s leNoNeNoXeNoNeXeNe Ne Ne o e Ne Ko X Xe Ka)

c.'..!.l..
c.oclto.lg

c Gl
c

c.ouilo.o.

lel0

Co.-.oio'n

c Hl 1=10
c

c

c

c 11=20
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..o‘.oooo

c

C H2 1=10
c

c.ooiolnto
Co-ooo..o.

c

OPT=)
E10,0 POHLEC
E10.0 POHCIR
E10,0 POHCND
E£E10,0s POHSTC
£10.0) POHSCL
(F10,0+ RBP
4F15,8) TPOIIL)
E10,0 EFFP
(E10,04 VELREC
E10.0 XDEPA
E1040¢ TLIM
E1040s TOWMIN
E10,0y TOWMAX
E10,0) PFACT
E10,0 GBEFF

R

FTN 4,5¢6414 06/05/78

ELECTRICAL SETUP
SETUP

CIRCULATION PIPING SETUP
SETUP

CONDENSER SETUP
SETUP

STRUCTURE SETUP
SETUP

SCREENS AND LOUVERS SETUP
SETUP

SETUP

SETUP

TURBINE RATING BACK PRESSURE (INCHES SETUP
OF MERCURY) SETUP
SETUP

COEFFICIENTS FOR THIRD ORDER POLYe  SETUP
NOMIAL FOR HWEAT RATE AS A FUNCTION  SETUP
OF TURBINE BACK PRESSURE, SETUP
SETUP

SETUP

SETUP

SETUP

EFFICIENCY OF PUMPS (DF) SETUP
SETUP

SETUP

SETUP

SETUP

CONTROL VARIABLE, SETUP
=1 FOR VELDCITY RECOVERY SETUP
=0 FOR NO VELOCITY RECOVERY SETUP
SETUP

MINIMUM AIR SIDE PRESSURE DROP THRU SETUP
HEAT EXCHANGER (LB FORCE/se FT) SETUP
SETUP

MAXIMUM STEAM TEMPERATURE FOR THE SETUP
TURBINE (DEGREES F)e SETUP
ASSUMED 180 IF FIELD 1S BLANK OR 0, SETUP
SETUP

THE MINIMUM ALLOWABLE NUMBER OF SETUP
TOWERS PER GROUP, SETUP
ASSUMED 1 IF NOT SPECIFIED SETUP
SETUP

THE MAXIMUM ALLOWABLE NUMBER OF SETUP
TOWERS PER GROUP ASSUMED 9999 IF SETUP
NOT SPECIFIED SETUP
SETUP

PACKING FACTOR, RATIO OF CIRCULAR SETUP
TOWER ROOF AREA TO FAN SWEPT AREA SETUP
(DF) SETUP
SETUP

SETUP

SETUP

FAN GEARBOX EFFICIENCY SETUP
SETUP

SETUP

SETUP

SETUP

07,59.59

173
174
175
176
177
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
2le
213
214
215
216
217
218
219
220
221
2z2e
223
224
2es
226
227
228
229
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I 1=10
11~20
21=30
31=40
41«50
S1=k0
61=70

T1=-80

(e NeXeNeNeNaNeXa NoNeNelg NeNeNeXe)

C-oo'o-.o.

CI.....QOQ

c

c Jl 1=10
c

o 11=20
o

c 21«30
o

c 31=40
o

C ‘01-50
o

Cl".'l...

o

c Je 1=10
o

o

o 11=20
o

o

o

C

c 21=30
o

o

o

C

¢ 3)e40
o

c

Coo"no...

c

c J3 1=10
C .
o

o 11=20
o

o

o

¢

0PT=]
(E1040y CPM
E10,0y WP
£10409 CLUVR
£10,0y CHAILS
El1Cs0» UCS
E10,0¢ UWS
E10.09y CVM
F10,.0) wFV
(F1040s HXNP
FIOQOO WB
Fl10s0s NTUB
F10,0s SS
F10,0) ANGLE
(F10.0s DESVEL
F10,0y REDUCE
Fl0s0 QREDUCE
F10.0) DIST
(F10400 DESVELV
F10,0+ REDUCEV

R

PLENUM COST (%7

WEIGHT OF PLENUM MATERIAL

cosT
Ccost
UNIT

UNIT

OF LOUVERS

OF HAIL SCREENS

COST OF STa

wWT OF STACK

FTN 4,54414

L8

($/SQ FT)
($/50 FT)
CK $/.8B

LBsCU FY

06705778

(LB/SQ FT)

FAW RING MATERIAL UNIT COST s/LB

UNIT WT OF STRAIGHT CYLINDER LB/SQ F

NUMBER OF PASSES THRU HEAY EXCHANGER

HEADER LENBTH (FEET)

NUMBER OF TUBES THRU PLATE FINS

SUPPORT SPACING

HEAT EXCHANGER ANGLE

DESIGN VELOCITY
{tFT/SEC)

{(FT)

{DEGREES)

{(LIQUID) FOR PIPING

MINIMUM STEP CHANGE IN PIPE DIAMETER
FOR LIOUID PHASE TOWER PIPING

£S)

MAY BE 6, 12, OR

18

(INCH=

MINIMUM STEP CHANGE IN PIPE DIAMETER
FOR LIQUID PHASE QUADRANT HEADERING
{INCHES)

MAY¥ BE 6y 124 OR

18

DISTANCE FROM TOWER TO CONDENSER

ROOM

(FT)

DESIGN VELOCITY
(FT/SEC)

{VAPOR)

FOR PIPING.

MINIMUM STEP CHANGE IN PIRE DIAMETER
FOR VAPOR PHASE TOWER PIPING
(INCHES)
MAY BE 6, 12, DR 18

SETUP
SETUP
SETUP
SETUP
SETUR
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUR
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETULP
SETur
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETU®P
SETUP
SETUP
SETUP
SETU®
SETUP
SETUP
SETUP

07'59.5Q

2390
231
232
233
234
z235%
236
237
238
239
240
2¢l
PeZ
243
246
24%
246
247
248
245
250
251
252
253
2546
25%
256
257
258
259
260
2vl
262
263
264
26%
r4-13
267
268
269
270
271
272
2713
274
275
276
277
278
27
28¢
[N
23,
283
28,

r
¢

r

286
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c 21=30
o

C

c

c

C 3140
c

c

o 41«50
C

c

c

C'QOQOInto

c

c Jé 1=10
c

c

c 11-20
c

c

c 21-30
c

c

c

C 31=é0
c

c

c 4150
c

c

c 51«60
c

c

C 6170
c

C

c".'olnll
c....o-.-.

c
¢ Kl je10
c
c
c 1120
C
¢
c 2130
C
o 31=40
c
c 41=50
c
C 5160
c

Conoo.c.o.
Coevevrnoen

o

c rl 1=10

OPTs]
F10.0s QREDUCYV
F10,0s DESVELD
F10,0) FACTORD

(F10,0¢ WATCONA
F10,09y WATCOST
F10.,0¢ FACTOR
Flo.OD HCD
F10.0» BETAF
F10,0, BETAIL
F10.,0) RHOUT
(E1040y xw
E10,0y XO
E10.0¢ XDG
E10,0s SF
E10,0y DFIN
E10,0) THFIN
(F10,00 ODL

FTIN 4,5¢4)4

06/05/78

MINIMUM STEP CHANGE IN PIPE DIAMETER SETUP

FOR VAPOR PHASE QUADRANT HEADERING
{INCHES)
MAY BE 6, 12, or 1B

DESIGN VELOCITY OF WATER THROUGH
THE DELUGE PIPING (FT/SEC)

RATIO OF WATER FLOWING THROUGM
THE DELUGE WATER SYSTEM TO THE
AMBUNT OF MAKE UP WATER

ALLOWED WATER CONSUMPTION
(ACRE=FEET)

COST OF THE DELUGE WATER
($71000 GAL

RATIO OF THE WET AIR VELOCITY OVER
THE DRY AIR VELOCITY OF THE WEAT
EXCHANGER (DIMENSIONLESS)

METAL TO DELUGEATE HEAT TRANSFER
COEFFICIENT (BTU/HR=SG FTeDEG F)

AIR SIDE FOULING COEFFICIENT
(BTU/HR=SQ FT DEG F)

TUBESIDE FOULING COEFFICIENT
(BTU/HR=SQ FTeDEG F)

RELATIVE HUMIDITY OF THE AlIR
LEAVING THE HEAT EXCHaNGER

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

TUBE TRANSVERSE PITCH (NORMAL TO AIR SETUP

FLOW) (INCHES)

TUBE PITCH IN DIRECTION OF AIR FLOW

{ INCHES)

TUBE DIAGONAL PITCH (INCHES)
FIN SPACING (INCHES)

FIN DIAMETER (INCHI(ES)

FIN THICKNESS (INCHES)

HX LINER OUTSIDE DIAMETER (INCHES)

SETYUP
SETUP
SEvuP
SETUP
SETUP
SETUP
SETUP
SEYUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP

07,59.5%

287
288
289
290
29
292
293
294
285
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
3
312
313
3le
315
316
317
318
319
320
321
322
323
324
325
32¢6
327
328
329
330
331
332
333
33
338
336
337
338
339
340
341
362
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 5160
C
C

c.ooioﬂo'o
c-.ooooonn

c
C M1 1=20
c
c
c
c
C
c
c
c
c
c
C
¢
c
c
c 2130
c
c
C
c
C
C 31«40
c
c

Cono'o-.n.
C‘.'.'.I...

N1 1«10

c
c
¢
c 1120
c

OPTa)
‘FI0.00 D1
Fl040¢ GAGLIN

CAl10, TUBMAT,

XTUBMA
F10.,0) CONL
(2Al0 FINTYP

XFINTY
410 FINMAT
F1040) CONF
(E10.0, CFB
£1040, COATC

0

R

R

FTN 4,5¢414 06/05/78
SETUP

HX LINER INSIDE DIAMETER (INCHES) SETUP
SETUP

GAGE OF HX LINER TUBE ({MAY BE SETUP
22, 20, 14, 18. 17. 16, 15, SETUP
14,5 14, 13, 12, 11, 10, )  SETUP
SETUP

LINER MATERIAL., MUST BEGIN IN COL 3 SETUP
SETUP

SETUP

MAY BE = SETUP
ADMIRALTY SETUP

COPPER SETUP

CUs10 NI SETUP

CU=30 NI SETUP

ALUMINUM SETUP

STEEL WELDED SETUP

STEEL SEAMLESS SETUP

WELDED SST SETUP

SETUP

THERMAL CONDUCTIVITY OF LINER MATER= SETUP
IAL  (BTU/ (MR SOQFT DEG F/ FT) ) SETUP
SETUP

SETUP

SETUP

SETUP

TYRE OF FIN, MUST START IN COLUMN 1, SETUP
SETUP

SETUP

MAY BE = SETUP
STRAIGHT FIN SETUP

SINGLE FoOT SETUP

DOUBLE FOOT SETUP

EMBEDDED SETUP

EXTRUDED SETUP

PLATE SETUP

NO LINER SETUP

SETUP

IF NO LINER THEN FIN MATERIAL SETUP
MUST BE ALUMINUM SETUP
SETUP

FIN MATERTAL, MUST START IN COL, 21 SETUP
SETUP

MAY BE » SETUP
ALUMINUM SETUP

STEEL SETUP

SETUP

THERMAL CONDUCTIVITY OF FIN MATERIAL SETUP
(BYU/(HR SQFT DEG F/FT)) SETUP
: SETUP
SETUP

SETUR

SETUP

FIN BONDING COST ($/SQ FT) SETUP
v SETUP

FIN PROTECTIVE COATING COST ($/SoFT) SETUP

SETUP

07.59.59

344
348
346
347
348
349
350
351
352
353
354
355
356
357
3a5s
359
360
361
362
363
364
365
366
367
368
.369
370
3N
372
373
376
375
376
Ty
378
379
380
381
382
383
3Bs
38%
386
387
388
389
390
39)
392
393
394
398
396
397
398
3%9
400
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21=30

140

61«50

OO0 00

co.o.o.o'.
c.ocloooll

c
c Pl 1=20
c
c
c
c
c
c
c
c 21=30
c
c
c
c
o 31~-40
c
c
(o 41=50
c
c
c 51m60
c

CQoo'ooooo

coooloooo.

Ql 1=10
1120

21=30

31«40

4150

51=60
6170

OO0 O0000

Col-loo..'
c..occo.o.

c Q2
c

110

OPT=]
E10,0, ZINCC
E10,0, CASTC
E10.,0) EPREPC
(2A10, HEDTYP,

XHEDTY
Al10, HEDMAY
F10,0y TW
F10,0y SEGL
110) NSIDES
{(E10,0, CRJ
E10,0 CwJ
£10,0, CHH
E10.0o CN
E10,0 CMw
E10.0, csT
E10.,0) cBJ
F1040y CSH

0 x

ZINC COST FOR

FIXED CASTING cOST FOR SPACERS

($/SPACER)

END PREPARATION COST

HEADER TyeE,

MAY BE -
WELD
WELD
FORM
FORM

HEADER MATERIAL, MUST START IN

FTN 4,5¢6]4

SPACERS (s/LB)

(S/TUBE)

06/05/78

SETUP
SETUP
SETUP
SETU?
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP

MUST START IN COLUMN ] SETUP

REMOVABLE
PLUG
REMOVABLE
PLUG

COLUMN 21, MAY BE =

THICKNESS OF MEADER MATERTAL

(INCHES)

HEAT EXCHANGER SECTION LENGTH

(FEET)

ALUMINYM
STEEL

NUMBER OF SIDES PER TOWER

SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETU?P
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP

COBT OF ROLLED JOINT, TUBE Yo HEADER SETUP

($/TUBE)

SETUP
SETUP

COST OF WELDED JOINT, TUBE TO HEADER SETU®

($/TUBE)

TUBE AND PLUG HOLE PREPARATION COST

(S/HOLE)

NOZZEL AND ATTACHING COST (§/HOLE)

SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP

COBT OF MEADER MACHINING AND WELDING SETUP

(S/FT)

STRUCTURAL STEEL COST

COBT OF BOLTED MEADER JOINT ($/FT)

BUNDLE STIFFNER HOLE PREPARATION

COST (S/MOLE)

{$/LB)

SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP

07.59.59

601
402
603
404
405
606
407
408
409
410
41}
412
413
4le
415
416
417
¢18
419
420
421
422
423
“24
425
426
“27
428
429
430
¢3)
432
433
434
435
436
437
438
439
440
44
442
443
464
445
446
447
848
449
450
45]
452
453
454
455
456
457
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Ters74 OPT=])
¢
C 11=20 F10e0¢ CSHP
¢
c
c 21«30 F10,04 TSP
c

Coosvenges
Ceosvecery

R2 1-10

R3 1-5  (18)

s XeXeXeEsXeXsNeNaNeleNeNeXeXeNeEe e NeEoeNe e NeNe R e NeXe Nele Ne ReXe X Re Xe Nele Ne e Xe,

Cooncosonce,

c000..l|0.

Sl 1.5 (15.
6m10 15,

21=3 E1040)

R1 1=10  (E10.0s  XNS
11=20 E10.0s  VELN
21«30 E10,0, 0ODC
31=40 E10,0 GA
4150 E10,0, TKCT
5160 E10,0s TTD2QE
61=80  2A10)  CONMAT,

CONMA2

(E10,0s XNP

11=2 E1040¢ TLA

XQUALY

LINOR

LFB
LFE

T 0

—

FTN 4,5¢614

TUBE HOLE PREPARATION COST FOR
SECTION JOINT ($/HOLE)

06/05/78

SETUP
SETUP
SETUP
SETUP

PLATE THICKNESS FOR BUNDLE STIFFNERS SETUP

(IN)

NUMBER OF CONDENSER SHELLS

SETUP
SETUP
SETUP
SETUP
SETUP
SETUP

NOMINAL DESIGN VELOCITY THRU CONDENe SETUP

SER TUBES (Fv/sSEC)
CONDENSER YUBE 0,D, (INCHES)

CONDENSER TUBE WALL GAGE. MAY BE
12, 14, 16, 18, 20 22, 26,

THERMAL CONDUCTIVITY OF CONDENSER
TUBING
{BTU/(HR SQFT DEG F/FT))

TERMINAL TEMPERATURE DIFFERENCE

. ESTIMATE

(DEGREES F)

SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP

CONDENSER TUBING MATER=~ SETUP

1AL. MUST SYART IN
COLUMN 61, MAY BE ~

ADMIRALTY
cu~10 NI
3p4 S/S WELDED

NUMBER OF PASSES THRU CONDENSER
CONDENSER TUBING LENGTH (FEET)

AMMONIA VAPOR QUALITY OUY OF
CONDENSER,

CONTROL VARIABLE
=1 FOR LINDE TUBING
=0 FOR BARE TUBES

LFB AND LFE SPECIFY FIRST AND LAST
POBITION TOo BE CONSIDERED IN THE
TABLE OF FANS, DOEFAULT VaLUES ARE
LFBe]l AND LFE=®153

SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETuP
SETUP
SEtue
SETUR
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP

07+59,.59

458
459
460
46]
462
463
464
465
466
467
468
469
470
47)
472
473
474
475
476
477
478
479
480
48)
482
, 483
484
¢85
486
487
488
489
490
49)
492
493
494
495
496
497
498
499
500
501
502
503
504
508
506
507
508
509
510
511
512
513
514



TasT4 OPT=) FIN 4,56414 06/05/78 07,59.59

c SETUP 515
o inbatiabebadeddnd oo CwRew SETUP S5le
c DIAMETER IFAN LFAN SETUP 517
C ,ereccee ————- P SETUP 518
c 24, 1 27 SETUP 519
c 26, 28 54 SETUP 520
c 28, 55 88 SETUP 521
c 30, 89 111 SETUP 522
c 40, 112 135 SETUP 523
c 60, 136 153 SETUP 524
c SETUP 525
c 11«15 15) MXEXT 1 THE MAXIMUM AL{OWABLE NUMBER OF SETUP 526
c CALLS TO SUBROUTINE XTEND FOR ANY SETUP 527
c ONE DESIGN TEMPERATURE., SETUP 528
c SETUP 526
¢ DEFAULT VALUE 15 10 SETUP 530
c SETUP 53]
Coenovsnnee SETUP 532
C-oollo.l. SETUP 533
c SETUP 534
cmn 1«10 Al0 FFHX R CONTROL VARIABLE FOR SPECIFYING SETUP 535
d METWOD TO USE IN COMPUTING FRICTION  SETUP 536
c FACTOR, MUST START IN COLUMN 1 , SETUP 537
c MAY BE = SETUP 538
c SETUP 539
c HOTERV SETUP 540
c SETUP 54)
C 11«20 A)D FSHOT R CONTROL VARIABLE FOR SPECIFYING SETUP 542
c TYPE OF SEARCH ROUTINE TD BE USED SETUP 543
c IN SEARCH FOR OPTIMUM MAY BE = SETUP 544
c SETUP 545
c SKIP SHOT SETUP 546
c CONSTANT SETUP 5647
c SETUP 548
¢ 21=30 Al0 FDELUG R CONTROL VARIABLE FOR SELECTING TYPE SETUP 549
¢ OF METHOD TO CALCULATE EVAPORATIVE SETUP 550
c HEAT TRANSFER MAY BE = SETUP 551
c ' SETUP 552
c DELUG SETUP 553
c DELBAW SETUP 554
c SETUP 555
REAL NTySB SETUP 556
DIMENSION TOD(6)sTGA(T) SETUP 557
COMMON/DJB/DI 4 XDGySF SETUP 558
CoMMON /INDIS/ DIST SETUP 55¢
COMMON /HEADEX/ CHHyCNyCHMyCMWICRUICWJI4CSTCMOsCSRyCSMyPITCHF yCPM, SETUP 560
+*PRESSe HEDMAT, HEDTYP, NPASSy WB, TSPy CSH, CSHP SETUP 561
COMMON /SURFEX/ ODLsGAGLINyNTUB, TUBMAT,FINTYP,FINMATICFBsAPLATE s SETUP 562
SCOATCIZINCCoCASTCySSoEPREPCy XTUBMA ¢ XHEDTY ) XFINTY SETUPR 563
COMMON /TINE/ XNSs TLAy XNTSs ARPS, TTD2QE, LINORs XNP, XQUALY SETUP 564
COMMON/TINE2/CCM SETUP 565
COMMAN/TUBE /KGA LD,y TID(746) SETUP 566
COMMON/OMTC/VELN,ODC,y TKCT SETUP 567
COMMON /SINK/ VAR(S)s CPLNls CPIP)l, CCOS], W3l, COSM1, EFFly SINK 2

s QIN), CLANls REAT1, Z1yHRFA2S, Wal, Ul, DEPW], PPOW])s SINK 3

s FPOW], DEFCly WIDT1s ELENls VAIRls VWAT), HIl, HOl, Tély SINK 4

s REWA), Nwl, NT1, NP1+ZPLNC2,2S1212, 25PBP, SW4l, SW3ls SINK 5



SUBRQUTINE SETUP
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SPCly PTOT)+PLNC31s AFROls AAIR1sYFPMINs SPCDls SPS)13,WT2MIN)
Bo2MINGNW2MINy TCOSly DEPAlsy DPWTly DPWC1+CONBALl, XNTSl, VELD]
s TLAl, UCON}), PMCS]l, FMCS1l, FBACl, EFFCl, CH1, cal, csl
s CLTC1, CFCly CPCCl+FITCOls CSC1sCEPRE]DEPIPly AST1,0LDCS]
CAPCS1 o XNFAN] ¢BLDAN] sCPLEN] +DPFEL] WH1, WTTUle* ADIls ABL]
wTHDl, WTFR1,STRUC1,CFMPFl, HPPF1,TOTCF}, TPlyEFFIN], ANTU]
AIRFFl. WATFF1s XNMOD1ls TCTPFle FDCPF), FMTRCls ACTTP]s» ADJTP]
ACTRP1, ADJBPl, ACTVHl, ADJVHls ADJPP]l, THPAIly TCTF! + AFCST)
CSR1l, WATER], WSTRCly CFOUNl, HUBDI1l, YOWLEly NUMTDl, CTOWD]
+SARJL ySORUS) yATUBC]1+CBAL4TTD11+TTD214DELPS],CSTLV]4PIPCTD]
+CSTHS1, CYLRN1s CFANEl, PSTACls PUFIT)y PMPCSls RPTPL]s SEPCS]
+PWD1116) yWATCWD1 (16)+DEPER] {167 +DEPERQ] {16}
s WBBloHTOW1sNTOWDE] +CSTIF]14CSULsCVF1+CDP1,W5]

COMMON /SCALER/HRFAC)s ATUB. CPERAy SSCDyPLANC1+CASSS],

GAIRe FAIRy, HPAIR, HPWAT, WLRTP, PLANCT]

COMMON /FNLOOP/ LFBy LFE
COMMON  /PLCOST/ WPL
DIMENSION DESCR(B)
COMMON/D22/

s

DESKEP (1048) 4 NOCRDS

LOGICAL FIRSToFRST,FXTEMPsFXTVAReFXTTTD ,FXTLNG

o

AN AR AAAAANAANREWN

OMuON
AFTRy ALPHA, ANG(3}
+BBLIM(16)
+CAPFy CSSPKW, CONF, CONLs COSTL,s CAPCHGy CONMATs CONMA2,CAF
yC8Jy CYURBy CDANG,y CLUVR, CHAILS, CVM
+DFINIDEEPL'DESVEL «DESVELVDESVELDDENSIF
+EFFPs EFS
tFCReFIRST yFIXLoyFCOSsFFHXsFXTEMPyFACTORFRST4FACTORDFSHOTFDELUG
sFIXVIFIXTTDWFXTVARWFXTYTDyFXT NG
+GREFF
+HXNPoHPCSToHCD
s ITMAX, ITMIN
s JCONS
JKCONV, KALEXT
sMXEXT
oNTAWNSIDESWNBUNHI

COMMON

PAAAA ANA N AP AN

obe

+Ps1ZE, PERs PWCOS, PLANCy PFACT, POMDPL
+POHBAF, POMFAN, POHLEC, POHCIRs POHCND, POHSTC, POHSCL
’ RBPoPEDUCEo REDUCVs ROOFL, RHOUT

« DREJ, QREDUCE, QREDUCYV

»SIGMAG, SAAF, SEGL

+TDs TPO(4)s TEFF, TLIMe THFINy TLPRA, TFIX
.TCD. W

2UCSe UWS

+WFVe WATCONA, WATCOST

WVAS(5)

'XDEPA’ XH; xD

CoMunN /SUPPLY/ VAL {5)s CPLNs CPIPy CCOSH W3, COSM, EFFy

A AN

QIN, CLAND, REAIR, Z.HRFACZ, Wég, U, DELP¥, PPOW,
FPOW, DELFCs WIDTHy ELENGs VAIR, VWAT, HI, HO Téy
REWAT, NWy NTy NP PLANC2,PSI212y SPBP,  SWé,  SW3,
SPC,PTOTAL,PLANC3,SAFRONs AAIR, YFP, SPCD,pPS1Z13, WT2»
BP2, NW2, TCOS, DELPA,DELPWT,DELPWC,CONBAS, XNTSX, VELDX

» TLAX, UCON, PMCSTs FMCST, FBACCs EFFC, CHy CAy cs

SINK
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SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SCALER
SCALER
SETUP
SETUP
SETUP
SETUP
SETUP
B1GCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
B1GCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BISCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
SUPRLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SuppLY
SUPPLY
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QUBROUTINE SETUP

[aNe]

OO0

T6/74 0PTx=)

$ 4 CLYCy, CFCy CPCCy FITCOy»  CSC,CEPREP,DELPIP,
$yCAPCSTy XNFANJBLDANGy CPLENy DPFE[»  WHX, WTTUB:

%y WTHDRy" WTFRM,STRUCC,CFPERFHPPERF, TOTCF,

FTN 4,5¢6]14

06/05/78

AST,OLDCST SuPPLY

ADIA

TPC, EFFIN,

ABLN SUPPLY
ANTU SUPPLY

$y alRPFF, WATFFy XNMOD, TCTPFy FDCPF, FMTRCs» ACCTTP, ADJTP SUPPLY
$y ACTBPD, ADJBPDy ACTVH, ADJVHy ADJPPF, THPAIR, TCTFy AFCST SUPPLY

$y CSRDy WATERW, WSTRCTs CFOUNDs HUBDIA, YOW_ENs NUMTOW, CTOWD SuPPLY

$ 4SORJeSORYSIATUBC,CBA+TTD1,TTD24DELPS,CSTLVR,PIPCSTD SUPPLY
$ +C&THS, CYLRNG, CFANEL+ PSTACS, PUFITC, PMPCSTs RPTPL, SEPCST SUPPLY
$ JPWDI(16)WATCWD(16)DEPER(16)+DEPERQ(16) suepLY

$ JWBBsHTOWINTOWDE )CSTIF9CSJU9CVF,CDPswS SUPPLY
COMMON /VARVAR/ TPER(16), TA(16)y TAWB(1¢ SETUP
COMMON/FAN/ FANDAP (153+10) sFANDAM (153410) 4 FMCPF FBCPF,P29R, S, SETUP
SVELREC#AFCHELEV4EHR SETUP
COMMON/CONS/HD ¢BETAF yBETAT 4 XX (6) SETUP

DATA BLANK/® "/ SETUP
SURFACE CONDENSER TUBE OD AND TUBE GAGE ARRAYS SETUP

SETUP

DATA TOD/0.6?500.75000nB75|10000l1.125'1.250/ SETUP

DATA TGA/12491449164918,020492294244/ SETUP

SETUP

CONDENSER TUBE 1D AND GPM PER FPS VELOCITY THROUGH TUBE AS A SETUP

FUNCTION OF TUBE GAGE AND TUBE 0D, SETUP

SETUP

DATA 71D/0c‘07|0.45900-‘95'0052700.55590.55900.591. SETUP

L3 0,53290,584404620904652¢04680,0,696,0,706, SETUP

s 04657904709+04745404777904B05,0,819,0831, SETUP

L 3 0.78200.83"0.870'00902000930'0.9."00956' SETUp

s 0690790,95%9904995,41,02741,055,1,069,1,081, SETUP

3 1003251,08691412091415241,180,1,194,1,206/ SETUP

89 FORMAT("oINPUT ERROR, THE SUM OF THE TPER(I) SHOULD BE 1,0000") SETUP
6000 FORMATL1H1///T10s"BNWII DRY/WET COOLING TOWER COST MODEL wen SETUP
$yn AMMONIA CIRCULAR TOWER VERSION® SETUP
$+TBK,"THIS RUN MADE",A10,5X,A10) SETUP
5001 FNRVAT(8A10) SETUP
6001 FORMAT(T21,48A10) SETUP
5002 FORMAT(BE10,0) SETUP
5012 FORMATI(6E]0,0,110) SETUP
6002 FORMAT(/1X+86G15,8) SETUP
6012 FORMAT(/1X,6615,8,115) SETUP
5003 FORMAT(16F5,0) SETUP
6003 FORMAT (/1XBF8,14AFB,4) SETUP
5004 FORMAT(F10,094F15,8) SETUP
6004 FORMAT(/IXOFIO.Z"GIS.B) SETUP
5005 FORMATI6F10,0) SETUP
6005 FORMAT(/1X,6615,8) SETUP
5006 FORMAT(3F10,042A10,F10,0) SETUP
6006 FORMATI(/1Xs3F10,591X924104F10,5) SETUP
5007 FORMAT (3A10+5F10,0) SETUP
6007 FORMAT (/1X92A)0,1X9A1095G15,8) SETUP
5008 FORMAT(BIS) SETUP
6008 FORMAT(/1X,816) SETUP
5009 FORMAT(6E]0,092A10) SETUP
6009 FORMAT(/1X,6G15,8,5%x,2A10) SETUP
5010 FORMAT(3A1042F10,0,110) SEYUP
6010 FORMATI/1Xs2A1041X,A1042G10,2+110) SETUP
5011 FORMATITEL0,042F5,0) SETUP
6011 FORMAT{/1X,8G15,8+G10,4! SETUP
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5014 FORMAT(4AL0)

6014 FORMAT(/1Xs4A10)

7060 FORMATITE " TSTAR" 9 T212"TEND" 9 T364MVAS (1)1, T5]4"VAS(2)"y766,

S$UVAS ()N, TBLeUVAS (4) 1y TO6NVAS(5) 1) )

7061 FORMAT (T "TFIXMyT2) y"FIXVUGTI6)UFIXTTIDN,T5] 4WFIXLY,TE6,"DEEPL )

T090 FORMAT( 4Xo"TA(1)My3XMTA(2) 1 s3XNTA(3)Yy3aXNTA(4) "9 IXNTA(S)N
SoIXNTALE) My IXITA(T) Ny IXMTALB) "y IXNTPER ()", 1X"TPER(2) "y ] XNTPER(3)
§ JIYNTPER (&) My I XNTPER(S) "o "TPER(6) My IXNTPER(T)IWe1XNTPER(B) 1)

7120 FORMATL &XMTA(QO)My2XHTA(I0)Ns2XHTA(L1]1) 1, 2XUTA(12) " 92X"TA(}3} N
S2XNTALL4) Ny 2XTA(I5) "9 2X"TA(16) My IX"TPER(9) TPER(10)TPER(11)TPER(]
$2TPER(13)TPER(14)TPER(15) TPER (16} M)

7130 FORMAT(4X,n#TWB (1) TWB(2) TWB(3) TWB(4) TWB(5) TWB(6) TWB(T)
1 TWB(BIn 1Xy"BP LM (1) BPLM(2) BPLM(3) BPLM(4) BPLMI(5) BPLM(g) BPLM{(
27) BRPLM(R) M)

7140 FORMAT (64X TWB(9) TWB(10) TWB(1]) TWB(12) TWB(13) TwB{l4) TWB(15)
ITWB (161", 1Xy"BPLM(9) BPLM(10)BPLM(11)BPLM(12)BRPLMI13)BPLM(14)BPLM{(
215)apLM(16) 1)

7150 FORMAT TSy "PSIZENT23 9" TEFF N4 TIB9MCAPF 1, TS4 4 MFCR" s T69 » "PERY
$ cTR&IVCCMH o TOGMELEV"yT108,"ROOF ")

7180 FORMAT(TE 4 nFCOSH,T23,"PWCOS 9y TIByMPLANCH,T62,nCOSTLHsTET 9 NCSSPKW"
$ TA2+"CAPCHG",T97 4 "HPCST"yT112,"CTURBN) ’

7185 FORMAT (T5,"POHBAFH,T20¢WPOHFANN T35, "POHLECH, TS50 MPOHCIRY,
$ TO65s"POHCND" 9 TBO s WPOHSTCH , T954 NPOHSCLY)

7210 FORMATITE MRBPN,T17,nTPO(]1) 1 ySXUTPO(2)",9XnTPO(3)"y9XNTRO (4) M)

7240 FORMAT LTS NEFFPN)

7270 FORMAT{Tas"VELRECH,T20¢"XDEPAN y TIS 4 "TLIMN,T50," TOWMINY, Y65,
SUTOWMAXY , TOO s "PFACTY)

7280 FORMAT (5% nGBEFF )

7300 FORMAT (TS ¢MCPMI, TR0, MWPLM T35 "CLUVRY s T504"CHAILS" s TE65,MUCS" o TBE
$ GHUWS I TOS,CYMI, T1]10¥WFVYH)

7330 FORMATITS ¢"HXNPI, T24 4 "WBW s Thb g "NTUB, T58,#5S51, TTSsMANGLE")

7335 FORMAT(TE (#DESVEL",T21,"REDUCE",T354#QREDUCEM,T509"DISTn)

7340 FORMAT(TE s "DESVELVH4T219"REDUCV "¢ T3S "QREDUCV" 9 TS0 ¢ WDESVELD" 9y T65
1MFACTORDY)

7345 FORMAT (TS s"WATCONAN,T20s"WATCOSTUyTI6e"FACTOR" TS0 ¢ "HCDH,T65,
1"RETAF",TBO"BETAIN, TSy HRHOUT")

7360 FORMAT(SXoMXWH 13X MXD"y 13Xy "XDGM 12X 9 "SF1, 13Xe"DFINY$11X,
SHUTHFINY)

7390 FORMAT(5X"ODL",12XnDI"y 03XNGAGLINY ,OXNTYBMAN,13XHCONLY)

7420 FORMAT(IXNFINTYPH, 16 XYFINMAT 4 X"CONF M)

T450 FORMAT(SXMCFB'y 1 2X"COATCHy 10X ZINCC"y10XnCASTCHy 10X, "EPREPCY)

7480 FORMAT (T4 "HEDTYPH,T24 3 "HEDMATY,, T36 41 TWn,T50,#SEGLY",T65,*NSIDES)

7490 FORMATITE ¢ "CSHM 12X s "CSHPY12X9"TSP")

TS10 FORMATISXs"CRUM 12X MCWUMp 12X 0" CHHM 9 12X o WCN" 3 12X "CMWM 12Xy "CST
s 12XQ"CBJ")

7540 FORMAT {SXMXNS#!, 1 2XnVELNY 11 X"ODCy 12XHGAN, 1 OXHTKCTI, 10X, TTD2QE"
$ ,I5X"CONMATY)

TS50 FORMATISXy"XNPU 10X "TLAM)10Xs "XQUALYY)

7555 FORMAT (3x "L INORM)

7570 FORMAT(T4,s "LFB"y T1le “LFEY, T15, “MXEXTH)

TSB0 FORMAT(SX s "FFHXUs6X ¢ "FSHOTH  SX s #FDELUGH)

FXTeMP = ,FALSE,
FXT_NG=,FALSE,
FxTvaR = ,FALSE,
FXTTTD = ,FALSE,
CALL DATE(DOY)

SUBROUTINE SETUP Té/s74 0PTxy FIN 4,5¢414 06/05/78
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SUBROUTINE SETUP T4/74

OPT=] FTN 4,5+41¢

CalLL TIME (HEURE)

WRITE(646000)

c
CARDS A} . AZ
Nu0

30 READ(545001)

Do 35 I=148

DOY  HEURE

DESCR

IF (OESCPR (1) 4NE.BLANK) GOTO 37

35 CONTINUE
GoTN 40

37 WRITE(6,6001)

NN+l
Do 888 K=xl,8

DESCR

DESKEP (NyK)=eDESCR (K)

888 CONTINUE

NOCRDS=N
60To 30
40 CONTINUE
c
CARD B)
READ(S5,5011)
WRITE(646011)
WRITE(6,7060)
C
CARD B2
READ (545011}
WRITE(6,601])
WRITE(647061)
c
CARD C)
READ(5¢5003)
WRITE(6,6003)
WRITE(647090)
o
CARD C2
READ (5,5003)
WRITE(6,6003)
WRITE(6,7120)
o
CARD Cla
READ(5,5003)
WRITE(6,6003)
WRITE(6,7130)
C
CARD C2aA
READ(5,5003)
WRITE(6,46003)
WRITE(6,7140)
o
CARD D1l
REAN(5,5002)
WRITE!6,6002)
WRITE(6,7150)
Cc
CARD E1
READ(S5,5002)
$s+ CTURR

TSTARs TENDs VAS(1)s VAS(2)y VAS(3)s VAS{4)y VAS(S)
TSTARs TEND» VAS(1)s VAS(2)y VAS(3)» VAS(4)y VAS(S)

TFIX,FIXVyFIXTTOsFIXL +DEEPL
TFIXyFIXVeFIXTTDWFIXLsDEEPL

(TA(T)9Im198)
(TA(I)sIE148)

(TPER(I)yIn],B)
(TPER(I) s lul,B)

(TA{I})sIm9.16)
(TA(I)eI=9916)

(TPER(I)y1m9y16)
(TPER(I)y129416)

(TAWB (1) s1slyB8) s TBPLIM(I}), 1x]+8)
(TAWB (1) sI=148B) » {BPLIM(I)¢1=]48)

(TAWB(I)9¢129416)
(TAWB (1) 9s1=29,416)

(BPLIM(T ,1m9,16)
(BPLIM(I ,Ix9416)

PSI1ZE. TEFF, CAPF, FCR, PER, CCM, ELEV) ROOFL
PSIZEy TEFFy CAPF, FCRy PERy CCMs ELEVy ROOFL

FCOS, PWCOS» PLANCs COSTL, £SSPKWy CAPCHG, HPCST
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SUBRQUTINE SETUP

Ta/74  OPTE] FTN 4,5¢4714

WRITE(646002) FCOS, PWCOSs PLANCy COSTL, CSSPKWs CAPCHG, HPCST
$9 CTURR
WRITE(H,7180)

(o
CARD E2
READ(545002) POHBAFy POHFANs POHLEC, POHCIR, POHCNDy POHSTC
$ yPOHSCL
WRITE (6,6002) POHBAF, POMFAN, POHLEC, POHCIR, POHCND» POHSTC
L3 sPOHSCL
wrITE(6,7185)
c
CARD F1
READ(545004) RBPy (TPO(I)sI=lya}
WRITE (646004} RBPy (TPO(I)slx1ly4)
WRITE(6,7210)
[o
CARD G)
READ(5,5002) EFFP
WRITE(6,6002) EFFP
WRITE (6,7240)
c
CARD H1 .
READ(S4,5002) VELREC.XDEPA.TLIM.TOHMIN.TOV“‘AX.PFAFT
WRITE (6,6002) VELRECoXDEPAsTLIMyTOWMIN, TOWMAX,PFACT
WRITE(6,7270)
ITMIN = YOWMIN ¢ ],E=30
IF (ITMIN LT, 1) ITMIN = 1
JTMAX = TOWMAX « 1,E=30
IF (1TMAX LT, 1) ITMAX = 9999
IF (ITMAXx LT, ITMIN) STOPM"TOWMAX IS LESS THAN TOWMIN®
IF(TLIM.LEL0,0) TLIM = 180,
Cc
CARD H2
READ(5,5012) GBEFF
wrITE(6,6012) GBEFF
WRITE(6,7280)
Cc
CARD 11
READ (5,5002) CPMy WPLy CLUVRy CHAILSs UCS, UWSy CVMs WFV
WRITE(6,6002) CPM, WPL, CLUVR, CHWAILSy UCS, UWSs CVM, wFV
WRITE(6,7300)
¢
CARD U}
READ(5+,5005) HXNP, WBy NTUBs SS» ANGLE
WRITE(5¢h005) HXNP, WBsy NTUBs SSe ANGLE
WRITE (6,7330)
c
CARD J2
READ(5¢8002) DESVEL, REDUCES QREDUCEe DIST
WRITE(6,6002) DESVELs REDUCEs QREDUCEs DIST
WRITE(6,7335)
Cc
CARDJ3
READ (545002 DESVELV,REDUCVyQREDUCVDESVELD,FACTORD
WRITE(5,6002) DESVELVsREDUCYsQREDUCV,DESVE_D,FACTORD
WRITE (6,7340)
C
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SUBROUTINE SETUP

T4s74

OPT=)

FTN 4,5+41¢

CONMA2
CONMA2

CARD Ué

READ {5,5002) WATCONAWATCOSTyFACTOR«HCD.BETAF,BETATyRHOUT
WRITE (646002) WATCONAWWATCOSTIFACTORVHCDBETAF4BETATRHOUT
WRITE t6,7345)

c
CARD K1

READ (595002) XWeXDsXDGoSFyDFINsTHFIN
WRITE (A46002) XWeXDeXDGoSFeDFINyTHFIN
WRITE(6,7360)

c
CARD L1

READ(545006) ODLs DIy GAGLIN, TUBMAT: XTUBMA, CONL
WRITE(6,6006) ODLs DIy GAGLINs TUBMAT, XTUBMA, CONL
WRITE(6,7390)

c
CARD M}

READ(5,5007) FINTYP, XFINTY, FINMAT, CONF
WRITF(6,6007) FINTYP, XFINTYs FINMAT, CONF
WRITE(6,7420)

IF(FINTYP LEQ, "NO LINER " ,AND, FINMAT ,NE, WALUMINUM w)
$ SToP "ILLEGAL FIN MATERIAL FOR UNLINED TUBING"
C
CARD N}

READ(S545002) CFBs COATC, ZINCCs CASTC, EPREPC
WRITE(646002) CFBy COATCy ZINCC, CASYC, EPREPC
WRITE(6,7450)

c
CARD P}

READ(545010) HEDTYP XHEDTY HEDOMAT,TWeSEGL ¢yNSIDES
WRITE(6,6010) HEDTYP XHEDTY MEDMAT,TWySEG|L ,NSIDES
WRITE(6,7480)

¢
CARD @1

READ(545002) CRJy CWJy CHHy CNy CMW, CST, CBJ
WRITE (646002) CRJy CWJy CHH, CNy CMW, CST, CBJ
WRITEt6,7510)

C
CARD G2
1IF(FINTYP ,NE, WPLATE ) GO TO 200

READ(545002) CSHy CSHP, TSP
WRITE(6,6002) CSHsy CSHPy TSP
WRITE (647690}

200 CONTINUE
o
CARD Rl

READ(5,5009) XNSy VELNy ODCy GAs TKCT, TTD20E.: CONMAT,
WRITE(6,6009) XNSy VELNs ODCs GAe TKCT, TTD2QE, CONMAT,
WRITE (647540)

c
CARD R?2

READ(5,5002) XNP, TLA, XQUALY
WRITE(6,6002) XNP, TLA, XQUALY
WRITE (6,7550)

C

CARD R3
REAN(5+¢5008) LINOR
WOITE(6,6008) LINOR
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SUBROUTINE SETUP TésT4 OPT=] FTN 4,5¢41¢4 06/05/78 07.59,59

WRITE (6,7555) SETUP 852

c SETU® 853
CARD S1 _ SETUP 854
REANtS45008) LFBy LFE, MXEXT SETUP 858
WRITE(6,6008) LFBy LFEs MXEXT SETUP 856
WRITE(6,7570) SETUP 857

1IF (MXEXT LT, 1) MXEXT = 10 SETU®P 858

IF (LFE .LT. LFB} STOP M_FB EXCEEDS LFE ON INPUT CARDY SETUP 859

c SETUP B6D
CARD T} SETUP 861
READ (5,5014) FFHX,FSHOT,FDELUG SETUP 86,

WRITE (646016} FFHX,FSHOT,FDELUG SETUP 863

WRITE (6,75R0) SETUP 864
IF{FFHX ,NE, "PFR " JAND, FFHX oNE, "FRICHO " SETUP 8%

$ ,AND. FFHX JNE, "HOTERV ") SETUP Bo6

$ STNP "esx =®» UNRECOGNIZED FFHX ON CARD T|" SETUP 857

c SETUP 868
EHR = 3414,43 / TEFF SETUP 869
IF(FIXL,6T,040) FXTLNG=,TRUE, SETUP 870
IF(FIXV ,6T, 0,00) FXTVAR = ,TRUE, SETUP 871
IF(FIXTTD 6T 0,00) FXTYTD = ,TRUE, SETUP 872
1F(TFIX ,GT, 0,00) FXTEMP = ,TRUE, SETUP 873

Do 45 Jelylb SETUP 874
IF(TPER(J) o LT41,E=20) GOTO 46 SETUP B75

NTA=zU SETUP B76

45 CONTINUE SETUP 8”7

46 CONTINUE SETUP 78
sMPrR=l, SETUP 879

Do 20 I=1.16 SETUP B8:

20 SMPER=SMPFR ¢ TPER(I) SETUP 8r)
IF(ABS{SMPER®],0),LT,1,E=10 )GOTC 22 SETUP Bt

WRITE (6,89) SETUP BE

STO® SETUP 884

22 CONTINUE SETUP ass

c SETUP BH6
c SETUP 8B~
C DETERMINE POSITION OF TUBE 0,D. AND GAGE IN RESPECTIVE ARRAYS SETUP 8Ba
c SETUP B8y
Dn 99 =146 SETUP 830

LD = I SETUP R91

IF( ABS(ODCeTOD(LD)) oLT, «001) GOTO 1011 SETUP BS2

99 CONTINUE SETUP 893
STOP "ILLEGAL VALUE FOP CONDENSER TUBE opwv SETUP B9«

c SETUP 895
1011 Do o8 Iz 3,7 SETUP Bi6
KGA = I SETU® B97

IF( ABS(GA=TGA(KGA}},LTs o001) GOTO 100 SETUP BS8

98 CONTINUE SETUP B899
STOD #ILLEGAL VALUE FOR CONDENSER TUBE GAGE" SETUP 900

c SETUP 301
100 CONTINUE SETUP 92
WATCONA = WATCONA®271901S, SETUP 903

ANG ()} = ANGLE»3,141592654/18B0, SETUP 9 -
ANG(2) = SIN(ANG(1}) SETUP 905
ANG(3) = COS{ANG(1)) SETUP 906
IF(ABS(ANG({3)) LLT, 0001} ANG(3) = 0,0 SETU®P 907

c SETUP 908



SUBROUTINE SETUP T4/7¢  OPTm)

c CaLL COSTEX TO EVALUATE ODR
¢ ;

CALL COSTEX (DUMX1,DUMX2)
c

RETURN

END

FTN 4,5+414
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SUBROUTINE SKOT

OO0 00
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T4s/74 OPT=} FTN 4,50416 06/05/78B
SUBROUTINE SHOT (L) SHoT
SHOT
THIS ROUTINE ESTABLISHES A STARTING PLACE FOR THE MINIMIZING PRO= SHOT
CEDURE BY SAMPLING POINTS AROUND THE STARTING VALUES PROVIDED. SHOT
SHOT
DIMENSION T(3), CWAR(4)s RANG(5)e AFRO(5)y WLRA(&)s VAM(S) SHOT
LOGICAL FIRSToFRST,FXTEMPFXTVARIFXTTTD,FXTLNG BIGCOM
COMMON BIGCOM
AFTRs ALPHA, ANG(3) BIGCOM
WBRLIM(16) BIGCOM
+CAPFy CSSPKW, CONF, CONL, COSTL, CAPCHGy CONMAT+ CONMAZ,CAF BI1GCOM
+CaJe CTURB» CDANGy CLUVR, CHAILS, CVM BIGCOM
yDFINSDEEPL9DESVEL s DESVELVsDESVELD'DENSIF BIGCOM
JEFFPs EFS BIGCOM
yFCReFIRSTyFIXLoFCOSoFFHXsFXTEMPyFACTORVFRSTyFACTORDFSHOTFDELUG BIGCOM
oFIXVIFIXTTDFXTVARFXTTTDFXTLNG BIGCOM
s GREFF BIGCOM
+HXNP o HPCST s HCD BIGCOM
s ITMAX, TITMIN BIGCOM
+JCONS B1GCOM
yKCONV, KALEXY BIGCOM
SMYXEXY BIgcoM™
yNTAINSTIDESyNBUNHI BI1GCOM
COMMON BIGCOM
obDr BIGCOM
+PSIZE, PER: PWCOS, PLANC, PFACT, POMDPL BIGCOM
+POHBAF, POHFAN, POHLEC, POHCIRy POHCND, PDHSTC, POHSCL BIGCOM
s RRPLREDUCE, REDUCV, ROOFLs RHOUT BIGCOM
pREJ, QREDUCE, QREDUCV BIGCOM
+»SIGMAG, SAAF, SEGL BIGCOM
+TDy TPO(4)s TEFF, TLIM, THFIN, TLPRA, TFIX BIGCOM
272Dy TW BIGCOM
sULSy UWS BIGCOM
JWFVe WATCONA, WATCOST BIGCOM
yVAS(5) BIGCOM
s XDEPA, Xw. XD BIGCOM
COMMON /| ACALL/ SRN SHOT
COMMON /SUPPLY/ VAL (5)y CPLNy CPIP, (COS, W3, COSM, EFFy SUPPLY
OIN, CLAND, REAIR, ZyHRFAC2, W4, U, DELPW, PPOWs SUPPLY
FPOW, DELFC, WIDTH, ELENGy VAIR, VWAT, HI, HO T4y SUPPLY
REWAT, NW y NT, NPsPLANC2,PS1Z12y SPBP, SWh, SW3, SUPPLY
SPC,PTOTAL,PLANC3+SAFRONy AAIR, YFPy SPCD,PSTZ13, WT2s SUPPLY
BP2, NW2, TCOSs DELPA+DELPWT,DELPWCyCONBAS, XNTS5X, VELDX SUPPLY
y TLAXs UCON, PMCSTy FMCSTs FBACCy EFFCy CHy CA, cs SUPPLY
s CLYC, CFCy CPCCy FITCO» CSC+CEPREPIDELPIP, AST,OLDCST SUPPLY
syCAPCSTs XNFAN+BLDANGy CPLENs DPFEL WHX, WTTUB+ ADYIAy ABLN SUPPLY
+ WTHDR, WTFRM,STRUCC,CFPERF,HPPERF, TOTCF, TPC, EFFIN, ANTU SUPPLY
s AIRFF, WATFF, XNMDD, TCTPFe FDCPF, FMTRCs ACCTTP, ADJTP SuppPLY
s ACTBPD, ADJBPD, ACTVH, ADJVHs ADJPPF, THPAIR, TCTFy AFCST SuPPLY
+» CSRD, WATERW, WSTRCTy CFOUND, HUBDIA, TOW_EN, NUMTOW, CTOWD SUPPLY
+SORJYSQRUSIATUBC,CBAWTTDL s TTD2+DELPS,CSTLVR,PIPCSTD SUPPLY
+CSTHS, CYLRNG, CFANEL, PSTACS, PUFITC, PMPCST, RPTPLy SEPCST suPPLY
yPWD(16) yWATCWD (16) +DEPER(16) +vDEPERQ (16} SUPPLY
yWBBoHTOWINTOWDE yCSTIFyCSJU9CVF4LCDOP WS SUPPLY
COMMON /SINK/ VAR(S),y CPLNly CPIPl, CCOS1, W3l, COSMl, EFFl» SINK
QIN]+ CLAN]+ REAIls Z11HRFA2S, Wélys Uly DEPW1, PPOWlsy SINK
FPOW1, DEFCl, WIDTly ELENls VAIRl, VWATIl, HILl, HOl, Tély SINK

07,55,59
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SUBROUTINE SHOT T4/74 OPT=] FTN 4,5¢416

REWA], NW1,y NT1, NP1yZPLNC2y2S12)2, ZSPBP, SW&l, SW3l,
5PCl, PTOT14PLNC31ly AFROls AAIRL,YFPMIN, SPCDly SPS13,WT2MINs
BP2MIN(NWZMIN, TCOSl, DEPAl, DPWTl, DPWC],CONBAl, XNTS}, VELDI
v+ TL&)l, UCON), PMCSly FMCS1s FBACls EFFC1, CH1, Caly o
» CLTC1, CFCl, CPCCl4FITCOly CSCl4CEPRE]DEPIP], AST1l,0LDCS]
$+CAPCS1,XNFAN]1,BLDAN]1CPLEN],DPFEL], wH1, WTTUls ADIls ABL]
$9 WTHD1s WTFR)IySTRUCLCFMPF1ly HRPF1,TOTCF])» TPLl4EFFINly ANTU]
$y AIRFF1, WATFF1, XNMODl, YCTPFle FDCPF), FMTRCly ACTTPls» ADJTP!}
$. ACTAP), ADJBP), ACTVHl, ADJVH]s ADUPP], THPAIl, TCTF1 , AFCST]
Sy (SRl, WATER], WSTRCl, CFOUN1, HUBDI1, TOW_El, NUMTOl, CTOWD]
$ ,SARJLeSQARUS1VATUBCL+CBAY4TTDI19TTD2] 4DELPS]9yCSTLV] »PIPCTD]
$ +CSTHS), CYLRN],y CFANEl, PSTAC]ly PUFIT], PMPCSls RPTPL]s SEPCS]
$ +PWD1{16),WATCWD1 (16),DEPER]1(16)4DEPERQ1(16)
$ ,WBB1+HTOW] ¢NTOWDE)+CSTIF)1sCSJLIsCVF1eCDPY WG]
COMMON /SCALER/HRFACls ATUB, CPERAy SSCD,PLANC1,CASSS),
$ GAIRe FAIRy HPAIR, HPWAT, WLRTP, PLANCT)
COMMON /TINE/ XNSs TLAs XNTSy ARPS, TTD2QE, LINOR» XNP, XQUALY
9500 FORMAT("OIN SHOT AT CHECKPOINT A, VAR (4)mi,]PE1244,6XyuVAM{G) e,
$SE12,406X,"DAFRO=M"4E12,4)
9501 FORMAT{(naIN SHOT AT CHECKPOINT B, Iy 1146Xy"DAFRORY1PE12,406Xs
$ DVAR(&) ="y F12,496Xe"AFRO(I)E"4EL12,4)
9502 FORMATI"OIN SHOT AT CHECKPOINT Cy IxM41]1,6X,"VAR(4)E",1PE1D,.4,
$ 6X,nFAFsn,E12,4)
9503 FORMAT(noIN SHOT AFRO WILL BE BAD BECAUSE vAS(4)m",]PE12,4)
IDBxo
IF(L.EQ,2) 6O TO 3}
Do 1 1Sel,5
1 VAM(ISY=0,0
Tcosi=0,
Tcos2%0,
17T = 3
IF(FXTEMP) ITT = 1
Pp 20 I = 1, ITY
TilysvAS(])+(1m2) =5,
IF(FXTEMP) T(1) = TFIX
IF (T(1) .GT. 180,) T(I) = 180,
20 IF (Tt1) LLEe 0,0) T(I) = 10,0
IF(_NOT, FXTTTD) GO TO 200
Le =1
CwAR(l) w FIXTYD
Go to 230
200 CONTINUE
Do 21 l=1e4
CWwAR(T)aVvAS(3)e(Iw2)=2,
21 IF(cWAR(1),LE,04) CWAR(Il)=,5
LC = 4
210 CONTINUE
IF (DEEPL,GT,0,00) GO TO 220
Lw = &
Do 22 I & 1, LW
WLRA(IY = VAS(S) + (1 = 2)
22 IF(WLRA(1) LLE, 0,) WLRA(I) = 1,0
Go TO 22]
220 Lw £ 1
WLRA(1) = DEEPL
221 CONTINUE
IF(,NDOT, FXTLNG) GO 10O 23

N AN AN
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SUBROUTINE SHOT

23

24
25

26

260

31

32
33

34
35

36

37

38

39

350

TasT4 OPT=) FIN 4,5¢414

LA = 1

AFRo (1Y = FIXL

60 1O 25

LA =5

Do 264 1 = 1, LA

AFRN (I} = VAS(é4) ¢ (1 « 3)9]10,0
IF(AFRO(1)y LLE, 10,0} AFRO(I) = 10,0
CONTINUE

LR = 5§

Do 26 1 = 1, LR

RANG(I) = VAS(2) + (I = 3)=2,00
IF(RANG(I) ,LE, 0,0) RANG(I) = 1,0
IF(,NOT, FXTVAR) GO TO 260

Le = 1

RANG (1) = FIXV

CONTINUE

Drl=l,

DCWaRsl,

DAFROal,

DWLRAE],

6o Ton S2

DT1l=VAR(]1)«VAM(])
DCWARRVAR (3) =mVAM(3)
DAFROEVAR (4} »VAM (&)

IF (DAFRO,LE+0+0sAND,IDBeNE, 0} WRITE(699500) VARI(4)sVAM(4) yDAFRD
DWLRABVAR(5)®VAM(S)

IF(NT1 EQeDeeORDT1,EQ,VAR(]1}}) GO TO 33
D0 32 1=1,3

T(I)y = VAR(1) » (I=1) » DT1/2,
IF(EXTEMP) T(I} = TFIX

CONTINUE

Go 70 35

Do 36 lx1,3
T(IymVAR(1}e(1=2)e2,

IF(FXTEMP) T(I) = TFIX
IF(T (1) .6GE.1T0.) T(I)=170,
CONTINUE

IF(FXTEMP) ITT = )

IF (DCWAR LEQ. 0,00 .OR, DCWAR ,EB. VAR(3) GO YD 37
Do 36 1=1,4

Cwan (1)=VAR(3) =(1-1)#DCwAR/3,
IF(CWAR (1) ,LE,0.0) CWAR(1)=0,25
CONTINUE

LC = &

G0 0 3%

Do 38 1=1,3

CwAR(I)eVAR(3) + (I=2)

IF (CWAR(T),LE,0,0) CWAR({1)=0,25
CONTINUE

Le=3

CONTINUE

IF((NOT, FXTTTD) GO TO 39¢

Le = !

CwAn(l) = FIXTTD

CONTINUE

IF(NNT, FXTLNG) GO TO 47

LA =1
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SUBROUTINE SHOT

47

40

8040

41

42

8042
43

44

45

66

460
51

48

480
52

9504

T4/74 0PTs]) ‘ FTN ¢,5¢614

AFRO (1) = FIXL

Go To 43

LA e 5

IF(DAFRO LEGs 0,0 +OR DAFRO oEQ. VAR(.)) 60 TO 6l
DO 60 ! | 3 l' LA

AFRp (I} = VAR(4) = (I = 3)sDAFRO/2,0
IF(AFRO(1) LLE, 040! AFRO(I}) = 10,0
IF(INBIER,O) GOTO 43

Do 8040 121,3

IF(AFRO(1),LE.0.0) WRITE(699501) I4DAFRO,VAR(4)+AFRO(I)
CONTINUE :
Go TO 43

FAF = 5,0

TC=ABS (FAF-VAR(4))

IF(TC LT, 20,0) FAF = FAF/2,0

Do 42 I = 1y LA

AFRO (I} & VAR{4) ¢ (] = 3)sFAF

IF(AFRO(I) JLE, 0,0) AFRO(I) = 10,0e]
CONTINUE

IF(IDR,EQ,0) GOTO 43

Do 8042 1=l,3

IF(AFRO (1) ,LE40,0) WRITE(649502) I,VAR(4)4FAF
CONTINUE

IF (DWLRA,EQ.0,0,0R,DWLRA,EQ,VAR(S}) GO TO 45
Do 44 Ixled

WLRATI) = VAR(S) = (1 « ))eDWLRA

IF(WLRA () JLE, 0,) WLRA(I) = 1,0

Go TO 5]

IF(DEEPL,GT,0400) GO TO 460

Lw = 3

Do 46 1 = 14 LW

WLRA(IY = VAR(S) ¢ (Il = 2)»],0

IF(VLRA(I) obLEs 04y WLRA(I) = 1,0

G0 TO S}

Lw = 1

WLRA(1) e DEEPL

LR = §

Do 48 I = 1, LR

RANG (I} = VAS(2) ¢ (I = 3)»0,50

IF(RANG(]) JLE, 0400} RANG(I) = 1,0

IF(,NOT, FXTVAR) GO TO 480

LR = 1

RANG (1} = FIXV

CONTINUE

Do 150 IT = 1, ITT

IF(FXTEMP,AND,1T,6T,1) GO TO 150

DN 151 IC = 14LC

IF(CWAR(IC),EQ,0.,0) WRITE(699504) IC

FORMAT (WOIN SHOT, DIVISION BY ZERO, CWAR{M,12,'")®0,01)
Do 152 Ir = 14LR

DO 153 IW = 14 W

DO 154 1A = 1,LA

Kca| Cuml

IF(IR.OT,1,0R,IC,GT,1) KCALCE2

IF(14,GT,1) KCALCs4

IF(IW.GT,1) KCALC=S

SRNz"/SHOTel/ o

06705718

SHOY
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOY
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHDT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT
SHOT

07.5%.59

—
[ I el
o

113
1lle
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
136
140
141
142
143
lés
145
146
147
148
149
150
151
182
153
154
155
156
157
158
159
160
161
162
163
166
165
166
167



SUBROUTINE SHOT TesT4 OPTE] FTN 4,5+414 06/05/78 07,59,5%

CALL CALC(T(IT))RANG(IR) CWAR(IC)sAFRO(IA ,W RA(IW),KCALC) SHOT 168
IF(KCNANV,EQ.l) GO TO 154 SHOT 169
IF(DELPA,LE,XDEPA)Y GO TO 16 SHOT 17¢
IF(TCO0S1,EQ,0,) GO TO 14 SHOT 171
IF(TCOS,GE.TCOS1) GO TO 16 SHOT 172
IF(TCOS2,EQ,0,) GO TO 18 SHOT 173
IFtTCOS1,.GE,TCOS2) GO TO lé SHOT 174

18 TCcOs2=TCnSI SHOT 178
00 19 I1al1,5 SHOT 176

19 vam(ITievar(ll) SHOT 177
14 Tcosgl=TCOS SHOT 178
VAR ({1)=T(IT) SHOT 179

VAR (2)®RANG (IR} SHOT 180

VAR (3)8CWAR(IC) SHOT 181

VAR (4)®BAFRO(]A) SHOT 182

VAR (5) wW{ RA(IW) SHOT 183
CAFxAFRO (1} s,] SHOT 1B%

Go tA 154 SHOT 185

16 IF(LeEQ,2) GO TO 154 SHOT 186
IF(TCO0S2,EQ.D4) GO TO 17 : SHOT 187
IF(TcOS,6E,TC0S2) 60 TO 154 SHOT 188

17 Tc0s2aTCOS SHOT 189
VaM(1)aT(IT) SHOT 190

VAM (3)=CWAR(IC) SHOT 191

VAM (4 )SAFRO(1A) SHOT 192

VAM (S5)uW| RA(1IW) SHOT 193

154 CONTINUE SHOT 194
153 CONTINUE SHOT 19%
152 CONTINUE SHOT 19¢
151 CONTINUE SHOT 197
150 CONTINUE SHOT 198
IF(IDBENL0) RETURN SHOTY 199
WRITE (645531 TCOS1eVAR(1) yVAR(2) 9 VAR(3) VAR (4) 9VAR (5} SHOT 200

563 FORMAT (# TCOS1=ME12,5¢" T11mMFé,04s" RANGI®"FT 49" CWARI&"FT,3y SHOT 201
1" AFROl®"E]10+34" WLRALE"F4,0) SHOT 202
RETYRN SHOT 203

END SHOT 204
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T4/74  OPTel

FIN 4,5e616 06/05/78

SUBROUTINE SIGBAW(TAsRIA,ATMiHDBETAFyAByAF 4AT9AWIHI yBEYAI,
STHW,RKWyTIyRI1¢SIGMAYSIGyPATHIKCONVINTREST)

SUBROUTINE SIGBAW CALCULATES THE OVERALL MASS TRANSFER
COEFFICIENT BETWEEN THE TUBESIDE FLUID AND THE AIR, THIS
MASS TRANSFER COEFFICIENT UBES ENTHALPY AS THE DRIVING FORCE
(ENTHALPY DIFFERENCE IS ANALOGOUS To TEMPERATURE DIFFERENCE),

A NOMENCLATURE OF SOME OF THE MORE FREQUENTLY USED

TERMS FOLLOWS,

HD
HI
Ps

RHS

RII
RIMAX
RIMIN

RIS

RKW

SIG

SIGMa

TA
TAIN

AREA OF THE TUBES BETWEEN THE FINS. SQ, FT,
AREA OF THE FINSy SQ. Ft,

ABSOLUTE HUMIDITY OF SATURATED AJR AT TEMPER=
ATURE TS, BTU/LB OF DRY AIR

TUBESIDE AREAs sQ, FT,

BAROMETRIC PRESSURE, ATMOSPHERES

AVERAGE TUBE WALL AREA, sSa, FT.

AIR SIDE FOULING COEFFICIENT, BTU/HReSQ,FT,~F
TUBESIDE FOULING COEFFICIENTy BTU/HReSG,FT.=F
HEAT CAPACITY OF SATURATED AIR AT THE
DELUGEATE=AIR INTERFACE

QUANTITY FOR TRANSFORMING THE T

TO DELUGEATE HEAT TRANé?ERTCOEFg?E§éz$

(BASED ON TEMPERATURE} TO THE TUBESIDE

TO DELUGEATE COEFFICIENT (BASED ON ENTHALPY)
EQUAL TO (TI & TS) / (RII = RIS},

DEG, FeLB MAS§/8Ty

METAL TO DELUGEATE WEAY TRANSFER COEFFICIENT,
BTU/HR=SQ.FT,sF i

;uaegxos HEAT TRANSFER COEFFICIENT,BYU/HR-SQ,
To"

PARTIAL PRESSURE OF WATER (SATURATED
CONDITIONS) AT TEMPERATURE TSy INe HG.
RELATIVE HUMIDITY AT THE DELUGEATE-AIR
INTERFACE, i

TAKEN TO BE 1,0 (SATURATED) DIMENSIONALESS FRAC
ENTHALPY OF THE AIR(BULK CONDITIONS),

BTU/LB OF DRY AIR

ENTHALPY OF SATURATED AIR AT THE TUBESIDE
TEMPERATURE, BTU/LB oF DRY AIR

ENTHA_PY OF SATURATED AIR AT TMAXs BYU/

LB OF DRy AIR

ENTHALPY OF SATURATED AIR AT TMINs BYU/

LB OF DRY AIR

ENTHALPY OF SATURATED AIR AT THE TEMPERATURE
OF THE DELUGEATE=AIR INTERFACE» TS, BTU/LB

OF DRY AlIR

THERMAL CONDUCTIVITY ofF TUBE W -
i OF THE TUBE WalLL, BTU/HR
TUBESIDE TO AIR MASS TRANSFER COEFFICIENT,

LB OF DRY AIR/SQ.FT,=HR, )

DELUGEATE TO AIR MASS TRANSFER COEFF

LB OF DRY AIR/SQ.FT,=HR, SFER Co TCIENTs
LB MASS/SQ,FT,«HR,

BULK TEMPERATURE OF ATR, DEG, F.

TEMPERATURE OF THE AIR ENTERING THE HEAT

SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAwW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAK
SIGBAW
SIGBAW
S1GBAW
SIGBAW
SIGBAwW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SI1GBAwW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAwW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
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EXCHANGERy F SIGBAW 59

TAL = TEMPERATURE OF THE AIR LEAVING THE HEAT SIGBAW 60

EXCHANGER, F S1GBAW 61

TEST = ESTIMATE OF TEMPERATURE USED AS AN A FIRST SIGBAW 62
APPROXIMATION BY SUBROUTINE TCALC» DEG, F SIGBAW 63

THW = TUBE WALL THICKNESS,FT, SIGBAW 64

TI - TUBESIDE TEMPERATURE, DEG, F SIGBAW 65

TMAX = MAXIMUM TEMPERATURE A_LOWED DUE TO CONSTRAINTS SIGBAW 66

UPON THE ANALDGY UPON WHICH THE HEAT TRANSFER  SIGBAW 67

CALCULATION 1% BASED, F (SEE SUBROUTINE LIMIT) SIGBAW 68

TMIN = MINIMUM TEMPERATURE A LOWED TO PREVENT SIGBAW 69

POSSIBLE INSTABILITIES WITHIN THE SIGBAW 70

SUBROUTINES, F SIGBAW 7

TS = TEMPERATURE OF THE DELUGEATE=AIR INTERFACE, DEG SIGBAW 72

UDPS = OVERALL MASS TRANSFER COEFFICIENT BETWEEN THE SIGBAW 73

TUBESIDE FLUIP AND THE DELUGEATE=-AIR INTERFACE, SIGBAW T4

LR OF DRY AIR/SQ.FT,=HR, SIGBAW 75

uPs - OVERALL (TEMPERATURE DRIVING FORCE) HEAT SIGBAW 76

TRANSFER COEFFICIENT BETWEEN THE TUBESIDE SIGBAW 77

FLUID AND THE DELUGEATE=AIR INTERFACES SIGBRAW 78

BTU/SQ.FTe=HR,=DEG, F, SIGBAW 79

SIGBAW 80

SIGBAW 81

LoGIcAL PATHe FRST3 SIGBAW B2
COMMON /WETDRY/ NCYCLE)TMAX,RIMAX, TMIN,RIMIN SIGBAW 83
COMMON/COUNT/NSLOPEFRST3 SIGBAW 84
CHMMON/RPRT4 /R4 (6T2) yRR (3) SI1GBAW 85
DATA MAX/20/ SIGBAW Be
SIGBAW 87

FP(RHsT) = RH#29,92%(0,000203»((T = 32,)/1,B)ss2 SIGBAW 88
¢ = 0,0118s(T = 32,)/1,8 ¢« 1,095) S1GBAW 89
¢ sEXP( = 0,0004269((T « 32,)/14B)ss2 SIGBAW 90
¢ ¢ 0,828 (T » 32,}/1.,8 » 5,163) SIGBAW 81
FO(RHsT)RRH*EXP (17,168m9240,/(Teé60,)) SIGBAW 92
FAH(PsATM)=P® 18,02/ ((ATHM29,52=P)%2B,97) SIGBAW 93
FCS(AHYE, 2449458 AH SIGBAW 94
FRI(CSsT,AH)=CSeT+10964,9AH SIGBAW 95
SIGBAW 96

THE QUANTITIES INPUTED TO SIGBAW ARE PRINTED OUT, SIGBAW 97
SIGBAW 98

NDBUGS = 0 SIGBAW 99
NDB)GSY = O SIGBAW 100
IF (NDBUGS LEQe 1) WRITE(6,75) SIGBAw 101
7S FORMAT(IHO+"TAyRIALATMsHDBETAF ,ABAFsAIN,/y1X, SIGBAW 102
SUAW,HIyBETAI s THW o RKW4TIyRITIySIGMASIGINTRESTH, /) SIGBAW 103
1F (NDBUGS LEQ, 1) WRITE(69100)TAYRIAGATM HDsBETAFsABsAF gAT JAW SIGBAW 106
SHYIRETAT ¢ THWIRKW,y TIyRIT+SIGMAVSIGINTREST SIGBAW 105
100 FORMAT(1Xs"FROM SIGBAWNMIBEL2,5/1X¢BE12,5,10XeE12.5+154///) SIGBAW 10¢&
Ng( SIGBAW 107
SIGBAW 108

AN INITIAL ESTIMATE OF TS IS MADE WHWEN NTREST IS NOT EQUAL SIGBAW 10¢

YO ONE AND PATH IS TRUE S1GBAW 110
SIGBAW 111

IF{NTREST ,EQ, 0) TAIN = TA SIGBAW 112
IF{ ,NOT, PATH ,AND, NTREST ,EQ. 1) GO TO 1200 SIGBAW 113
IF (NSLOPE LLE, 2y GO TO 1018 SIGRAW 114

IF (NTREST ,EQ, 1) GO TO 1005 SIGBAW 115



SUBRDUTINE SIGBAW

OO0 O000

o000

OO0

e XaNel

1005

1010

1020

1030
1200

10

325 FARMATIYNIN SIGBAW TS IS LESS THAN TMIN OR GREATER THAN TMaAX, TRe
sv,1pE13,5)

T4/76  OPT=)

DEL = TAIN « TAIN2
DIVIY ® DEL/(TAINZ2 « TAIND)

SLTs = (7S02 « TSO0l)«DIVID
Tg = TS02 « SLTS

GO TO 1200

SLTs = (TS12 = TS11)sDIVID
TS = TS12 « SLTS

Go Yo 1200

IF(NSLOPE L,LE, 1) GO TO 1030
IF(NTREST ,EQ., 1) GO TO 1020
Ts = TSO02

Go 10 1200

Ts = T812

Go To 1200

T8 = (TA ¢« T1)/2,0

RHS = 1.0

IF (NDBUGS.EQs 1)
IWRITE (64380)

CONTINUE
NeNsl

APPROPRIATE WARNINGS ARE MADE AND THE PROGRAM IS STOPPED IF
THE MINIMUM OR MAXIMUM TEMPERATURE LIMITS ARE EXCEEDED.

IF(TS.LT,TMIN)WRITE (6+325) TS
IF(TS.GE,TMAX}WRITE (64325) 7S

IF(TSeLT,TMIN,OR,TS,GE, TMAX)
IF(TSsLT.TMIN,OR,TS.GE, TMAX)

THE ENTHALPY AT THE DELUGEATE~AIR INTERFACE IS COMPUTED,

PoErp (RHS,TS)
BHS2FAN (PS,ATM)
CSS=FCS (AHS)
RIS=FRI (CSSsTSsAHS)

THE HEAT AND MASS TRANSFER COEFFICIENTS BETWEEN THE TUBESIDE
FLUID AND THE DELUGEATE=AIR INTERFACE ARE COMPUTED,

UPSx]l./ ((AB+AF s (]1,/(HI®AT) o],/ (BETATI*AT)eTHW/ (RKWaAW)#] .,/ ( (AB+AF)
SaMDy 1y

DTDe = (T] «TS)/(RI1
UpPs = UPS=DTDR

= RIS)

THE MASS TRANSFER COEFFICIENT BETWEEN THE TUBESIDE FLUID

AND THE AIR IS COMPUTED.,

DEL'DIVIDOSLTSOTSvTA'TAIN'TAlNlQTAINZOTSOIQTSOZQTSII'
+TS12,NSLOPEWPATH

380 FORMAT(S5X,"DEL4DIVIDsSLTSsTSsTASTAINSTAINI,TAIN2,»TS01,T7502,TS11,7S
+12yNSLOPE (PATHY, /1PBE14459/1P5E14,5,L5/)

KCONV = ]
RETURN

S16 & 1,0/(1.0/UDPS ¢ 1,0/SIGMA)

ouUTPUYT IF DESIRED,

FTN 4,5¢416 06/05/78

SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGRAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAw
SIGBAW
SIGBAW
SIGBAW
SIGBAwW
SIGBAW
SIGBAW
SI1GBAW
S1GBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
S1GBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAwW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW

07459459

116
117
11g
119
120
121
122
123
124
128
126
127
128
129
130
131
132
133
134
135
136
137
138
135
140
141
142
143
144
145
146
147
14
149
150
151
152
153
154
155
156
157
158
159
160
18]
162
163
164
165
166
167
168
16%
170
171
172



SUBROUTINE SIGBAW 74/74 OPTx) FTN 4,56414
L]

(e XaNe] e Xe N e OO0

(s NeNeNe]

[¢]

OoOO0O00

150

200

250

1000

350

400

500

3sl

IF(NDRUGSE LEQs 1 +ANDs N +EQe¢ 1) WRITE (s

FORMAT.(1HO1Xen N Ts 'é?g) uPs
3 ubPs SIG 240

IF (NDBUGS 4EQe 1 )WRITE(69200)Ns TS»RISsUPS,UDPS [<]
FORMAT[15,5E15.6) v .

?gLUTéON IS ITERATIVE, METHOD OF SUCCESSIVE APPROXIMATIONS
USED. ’

Ie (N «6T, 1) GO TO 250

IF(PATH ,ANDs NSLOPE .LE, 1) GO TO 10
IF(N JLE, 1) GO TO 400

CONTINUE

TEST TO PREVENT EXCESSIVE ITERATIONS,
IF(N,LT.MAX} GO TO 350
WRITE(641000)N
FARMAT (" UDEL TERMINATED AT UPPER ITERATION MIT Nz
GO To 500 LMt s

CONVERGENCE CRITERIA IS APPLIED,

CONTINUE
IF(ARS((SIGS = SIG)/SIG) oLTe 0.001) G0 70 S00
THE ENTHALPY, RIS, AND TEMPERATURE, T T THE D .
INTERFACE 1S COMPUTED, » 7Sy AT THE DELUBEATE~AIR
CONTINUE
RIS = RIA + (SIG/SIGMA)®(RII = Rla)
TEST=TS

CALL TCALC(RIS,1,»sATMsTEST,TS,"SIGBAW TS H,KCONV)
IF (KCONV,EQ.1) RETURN

SI1GS = SIG6
Go 7O 10

CONTINUE

STORAGE OF VARIABLES FOR EXTRAPDLATION TO THE NEXT
AMBIENT ATR CONDITIONS i

IF(NTREST ,EG, 1) GO TO 355
IF(,NOT, PATH) GO TO 351
IF(,NNT,FRST3) GO YO 351
7501 = TS02

TAIN] = TAINZ

TeIN2 ® TAIN

T502 = TS

Ist. = INSLOPE « 1)e25

R4 {1SL + 3) ® SIG

R&(ISL & &) = SIGMA
R4 (ISL « 5) = UDPS
R4 (ISL + 6) = DTOR
R4{ISL « 7) = K]
R4(ISL ¢ B) = CSS

06/05/78

SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGHAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SI1GBAW
SIGBAW
SIGBAW
SIGBAW
SIGRAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAw
SIGBAW
S1GBAW

07,59,5%

173
174
175
176
177
178
179
180
181
182
183
184
188
186
187
188
189
190
191
192
193
194
1958
196
197
198
199
200
201
202
203
204
205
206
207
208
209
clo
211
ele
213
21le
215
2leé
217
218
219
220
221
222
223
224
225
226
e27
228
229



SURROUTINE SI1GBAW T4/74 OPTx] FTN 4,5+416
R4 (1SL ¢ 9) = TS
P& (ISL « 10) = RIS
R6(ISL ¢ 11) = TI1
R&(ISL ¢ 12) = RII
S1Gs = SIG
6o TO 370
355 IF(,NNY, PATH) GO TO 356

IF(,NOT,FRST3) GO TO 356
Tsll = 1812

356 Tgl2 = TS

ISt =
R4 (TSL
R4 (TISL
R& (ISL
R4 (TSL
R4 (TSL
R& (ISL
R4 (1SL
R4 {TSL
S168 =
370 CONTIN

(NSLNPE = 1)e26

*
*
-
*
*
*
-

*

16)
17)
18)
19}
20)
21}
22)
23)

SIG

UE

S16G
SIGMA
ubPs
DTDR
HI
Ccss
TS
RIS

IF (NDBUGS ,EQs1)

IWRITE (6,390)

390 FARMAT{SX,"TAINL s TAIN2, TAIN, TS, 750197502, T511+TS12,PATHN,
+/1PRE14,5,415/)
JFALSE,

PATH =

(e NeNel

TAINL 4 TAINZ2,TAINyTSaTS0)10TS02,TS119TS12ePATH

OPTION TO OUTPUT QUANTITIES OF INTEREST,

IF (NDBUGS1,NE,1) RETURN

RETURN
END

06/05/78

SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGRAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
SIGBAW
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230
231
232
233
234
235
236
237
238
239
240
24}
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
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T4/74

OPT=] FIN 4,5+4]4 06/05/78

SUBROUTINE SPDES(TSyTTDeXNSeXNPCHLD 3 TLA,X,VELDyVELDO,ARPS,XNTS,

10ELPsLINOR)

SUBROUTINE SPDES DESIGNS A CONDENSER/REBOILER ON THE
BASIS OF THE TEMPERATURE DIFFERENCE BETWEEN THE SATURATED
STEAM AND THE SATURATED AMMONIA, THE AMOUNT OF HEAY

TO RE TRANSFEREDs THE TEMPERATURE OF THE STEAM, THE
LENGTH OF THE TUBESs AND THE EXIT QUALITY OF THE AMMONIA
LEAVING THE TUBES THE CONDENSER/REBOILER CAN BE DESIGNED
WITH TWO TYPES OF TUBES (1) BARE TUBRES, AND (2) ENHANCED

TUBES

FOR BARE TUBES THE OUTSIDE COEFFICIENT 1S PROVIDED BY
NUSSULT AND THE INSIDE COEFFICIENT BY ROHSENOW

FOR THE ENHANCED TUBES THE OUTSIOE AND INSIDE COEFFICIENTS
ARE PROVIDED BY A REPORT FROM LINDE CORPORATION

DEFINITION OF VARIABLES

ARPS
AST
RETA

c
CHLD
CcPw
DELP

DELTA
DELTK
DELTS
DENSIV
DENSIW
DEPTHN

6
6T

WB
HP G
HICON
HOCON

HSFGL
HWCON

KSF

onc
PRW
QA0

ROEF
ROEG
SIGMA

AREA PER CONDENSER/REBOILER SHELL (5@ FT)

TOTAL AREA OF CONDENSER/REBOILER SHELLS (SG FT)
CONSTANT IN CORRELATION FOR HEAT TRANSFER ON

THE OUTSIDE OF THE TUBE (BTU/HR=SQ FT=DEG Fsw3/4)
SPACING BETWEEN CONDENSER/REBOILER TUBES (IN)

HEAT TRANSFERED IN THE CONDENSER/REROILER (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 DROFP (DEG F)

AVERAGE STEAM SINE TEMPERATURE DROP (DEG F)

DENSITY OF AMMONIA VAPOR (LBM/CU FT)

DENSITY OF AMMONIA | IQUID (LBM/CU FT)

NUMBER OF TUBES IN DEPTH OF A TUBE BANK IN THE
CONDENSER/REBOILER (DIMENSIONLESS)

ACCELERATION DUE TO GRAVITY (FT/SQ HR)

AVERAGE MASS FLUX OF AMMONIA THROUGH THE CONDENSER/
REBOILER TUBES (LBM/MR=SQ FT)

FORCED CONVECTION COEFFICIENT ON THE INSIDE OF THE
CONDENSER/REBOILER TUBES (BTU/HR=SG FTDEG F)

HEAT OF VAPORIZATION FOR SATURATED AMMONIA (BTU/
LBM)

HEAT TRANSFER COEFFICIENT ON THE INSIDE OF THE
CONDENSER/REBOILER TUBES (BTU/HR=SQ FT~DEG F)
AVERAGE HEAT TRANSFER COEFFICIENT ON THE OUTSIDE OF
THE CONDENSER/REBOILER TUBES (BTU/HR=SQ FT=DEG F)
HEAT OF VAPORIZATION FOR SATURATED STEAM (BTU/LBM)
EFFECTIVE HEAT TRANSFER COEFFICIENT FOR THE
CONDENSER/REBOILER TUBE WALL (BTU/HR=SQ FT=DEG F)
THERMAL CONDUCTIVITY OF SATURATED WATER (BTU/HRe
FT=DEG F)

OUTSIDE DIAMETER OF THE CONDENSER TUBING (IN)
PRANDTL NUMBER OF SATURATED AMMONIA (DIMENSIONLESS)
HEAT FLUX THROUGH THE INSIDE CONDENSER/REBOILER
TUBE WALL (BTU/HR=SG FT)

DENSITY OF SATURATED WATER (LBM/CU FT)

DENSITY OF SATURATED STEAM (LBM/CU FT)

SURFACE TENSION OF _LIQUID AMMONIA (LBF/FY)

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
SPDES
SPDES
SPDES
SPDES
SPDES
SPDES
SPDES
SPDES
SPDES
SPDES
SPDES
SPDES
SPDES

07.59,.59
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THCONW = THERMAL CONDUCTIVITY OF SATURATED AMMONIA (BTU/HR=
FT=DEG F)

TID ° = INSIDE DIAMETER OF THE CONDENSER/REBOILER TUBES
(IN)

TKCT = THERMAL CONDUCTIVITY OF THE CONDENSER/REBOILER
TUBES (BTU/HR=FT«DEG F)

TLA ~ CONDENSER/REBOILER TUBE LENGTH (FT}

TLAA = TOTAL FLOW PATH FOR THE AMMONIA (FT)

TS = TEMPERATURE OF THE SATURATED STEAM (DEG F)

TTD = TEMPERATURE DIFFERENCE BETWEEN THE STEAM AND
AMMONIA (DEG F!

UCON ~ OVERALL HEAT TRANSFER COEFFICIENT IN THE CONDENSER
REBOILER (BTU/HReSQ FT=DEG F)

VEL = INLET VELOCITY OF THE AMMONIA TO THE CONDENSER/

REBOILER TUBES (FT/SEC)

INLET VELOCITY OF THE AMMONIA TO THE CONDENSER/

REBOILER TUBES (FT/SEC)

VELDO = EXIT VELOCITY OF THE AMMONIA _LEAVING THE CONDENSER
REBOILER TUBES (FT/SEC)

VELD

Viss = VISCOSITY OF SATURATED WATER (LBM/FTeHR)

visy = VISCOSITY OF SATURATED AMMONIA VAPOR (LBM/FT=HR)

vVisw = VISCOSITY OF SATURATED AMMONIA LIQUID (LBM/FT=HR)

VSF) = SPECIFIC VOLUMN DF SATURATED WATER (CU FT/LBM)

VSG} = SPECIFIC VOLUMN OF SATURATED STEAM (CU FY/LBM)

X = EXIT QUALITY OF TWE AMMONTIA LEAVING THE CONDENSER/
REBOILER TUBES (DIMENSIONLESS)

XNP = NUMBER OF PASSES OF THE AMMONIA THROUGH THE
CONDENSER (DIMENSIONLESS)

XNS = NUMBER OF SHELLS IN THE CONDENSER/REBOILER

(DIMENSIONLESS)
XNTS - NUMBER OF TUBES PER SHEL| (DIMENSIONLESS)

REAL KSF

DIMENSION TSAT(64), VSG(64)s VSFI64), HSFG(64) s ANG(3)
COMMON/PROP/CPW, THCONW,DENSIW,VIB W, HFG,

1 CPV,yTHCONVDENSIV,VISY,SIGMA,

4 CPA,THCONA,DENSIA,VISA

COMMON/OKTC/VELNsODC s TKCT

COMMON/TUBE/KGA,LD,TID(7,46)
COMMON/RPRT2/UCONN,HOCON,HICONy HWCONsHF Cy VELD7 o VELDOT y TYDT, TS 7,
1XNPT ,DELPWT4ARPST y TLAT y XNTS7 s XNS7

CoMMON /SUPPLY/ VAL(S)sy CPLNy CPIP, (COS, W3, COsM, EFFy
s QINy CLAND, REAIRy . ZyHRFAC2, W4y Us DELPW, PPOWs
[ FPOwW, DELFC, WIDTH, ELENGy, VAIR, VWAT, HI, HO, Téy
$ REWAT, Nw, NT, NPyPLRNC2,PS1Z12, SPBP, Swé, SwW3e
[ SPC,PTOTAL yPLANC3ySAFRONs AAIR, YFPy SPCD,PS1Z13, wWT2,
L3 BP2, NWzy TCOS» DELPAYDELPWT,DELPWCsCONBASy XNTSX, VELDX
$ , TLAX, UCON, PMCST, FMCST, FBACC, EFFC, CH, CAy cs

s, CLYC, CFc, CcPCCy FITCO, CSC+CEPREP,DELPIP, AST,O0LDCST
$9CAPCSTy XNFAN,BLDANGs CPLENs DPFEL} WHX, WTTUBs ADIA, ABLN
$» WTHDR, WTFRM,STRUCC,CFPERF,HPPERF, TQOTCF, TPCy EFFIN, ANTU
Sy AIRPF, WATFF, XNMOD, TCTPFs FDCPF, FMTRC, ACCTTP, ADJTP
S+ ACTBPD, ADJBPD, ACTVH, ADJVHy ADJUPPF, THPAIR, TCTFs AFCST
$y CSRD, WATERW, WSTRCT» CFOUND, HUBDIA, TOWLEN, NUMTOW, CTOWD

$ ,SERJISQRUSYATUBC,CBAsTTD]»TTD24DELPS,CSYLVR,PIPCSTD

$ ,CSTHS, CYLRNGy CFANELs PSTACS, PUFITC, PMPCSTy RPTPLs SEPCST

$ JPWD(16) +WATCWD(16) ¢DEPER(16)+DEPERQ(16)

06/05/78

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
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SuUPPLY
SUPPLY
SUPPLY
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65
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78
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cUBROUTINE SPDES T4/74 0PT=) FTN &4,54414 06/05/78 07,59,59

$ yWRABeHTOW NTOWDEyCSTIFeCSJUsCVFoCDP WS SUPPLY 18

c SPDES 101
c PROPERTIES OF STEAM VERSUS TEMPERATURE SPDES 102
C SPDES 103
DATA TSAT/640e2460664,9R+49,07+52¢67955,50, SPDES 104

1 S5BeB246]1,5163,97966,27968,42470,44472,34474,14975,85, SPDES 105
177.4R¢79,04,8),96484,6641B7,17989,52+91,72493,8495478+97,65,59,43, SPDES 106
2101,140102,77¢106,364+105,859107,3+4)10B474110,069111365112,634113,8 SPDES 107
364115406,1160229117,349118,444119,514120,569125442+129.78,133,75, SPDES 108

4137 ,40140,771143,9)14146,854149,629152,264154,72+157,084159,33, SPDES 109
5161,484165,53,169,28,172,77,176,05,179,13,182,05+184,81,187,45, SPDES 110
6189,960192,37/ SPDES 111

DATA VSF/,0160199,016020440160220,016025,,016028 SPDES 112

1 «016032+,0160354,01603%9+,016043,,0160479+016051+,016055s SPDES 113
1,016058,,016062,,016066+,01607C,,016077,,016084,,016091,,016097, SPDES 114

2.,016106, ,016110,,0161164,016122,,016128,,016134+,016139,,016145, SPDES 115
3,0161509,0161559,0161609,01616544,016170,,016175++01618044016186, SPDES 116
440161R99,0161949,0161989,0162029,4016207,,0162271401624640016264+ SPDES 117
5.,016281,,016297,,016312,,016327,,016341,,016354,,016367,.016380, SPDES 118
6,016392,,016403y,0154269,0)16447,,016467,,016486+,016505,,016522+ SPDES 119
T7.016539,,0165564,0165729,016587/ SPDES 120

DATA VSG/2423496+203B49741761471915524¢30,13B8B,42 SPDES 121

1 1256,58,1168,17,1057.42,980, 30.913 94,856,22,805,54, SPDES 122
1760,6B9720,6946864,80,652,4]1,596, 25.5h9.23.509 27 474487 ,464,95, SPDES 123
2418 ,6R9395,424374,68,356,06,339, 26.32¢,02.310.13.297.41.285 73, SPDES 124
3274,951264,990255,764267,139239,119231,64226¢,564217,959211,76+ SPDES - 125
4205,87+200,34,176,7,158,19,143,28,131,01,120, 73.112..104.b7.97 92, SPDES 126

592, 17.87 os 82, 53.78 46974,77,68,38, 63 ¢03¢58,48954,55,51.14,48,14¢3 SPDES 127
6445,4R6,43, 116.40 989,39, 067/ SPDES 128

DATA HSFG/1070 8,1068,1+1065,8,1063,B8+51062,0, SPDES 129

1 1060,341058,8¢1057,4910564101054,59,105348,1052,7,41051,7, SPDES 130
11050.7+1049, BvIOAB G41047,391045.8,1044, 3.10«3..1041 B11040,60 SPDES 131
21039.50103B8,441037,441036,641035,5,1034,6,1033,7+1032,9,1032,1, SPDES 132
31031.341030,641029,9,1029,141028,5,1027,841027,1+1026,5,1025,9, SPDES 133
41025,3910224591020,91017,741015,5,1013,6,1011,7 1010..1005 4y SPDES 136
51006.“01005."1006..1002.6-1001.3.998-9.995.7.99696.992.6.990.7o SPDES 1358

6988 ,9,987,3,985,64984,19982,6/ SPDES 136

C SPDES 137
c SETTING OF CONSTANTS SPDES 138
ANG (1) = 0,0 SPDES 139
ANG(2) & 0,0 SPDES 1640
ANG(3) = 1,0 SPDES 141

G = 32716%3600,»3600, SPDES 142

VELD = VELN SPDES 143

c = ,25 SPDES 146

c SPDES 148
¢ PHYSICAL PROPERTIES OF STEAM SPDES 146
HEFG]l ® TLU(TS,TSATHSFG,459) SPDES 147

VGF1 & TLU(TSsTSAT,VSF 59} SPDES 148

V&Gl = TLU(TS,TSAT,VSG,59) SPDES 149

PRW = CPWsVISW/THCONW SPDES 150

ROEF = 1,/VSF1 SPDES 151

RoOEG = 1,/VSG] SPDES 152

KSF = w3,36396BE«0] # 2,04203Em038 (TS*460,)=],42164E=068(TSe460,) SPDES 153

len?. SPDES 154

VISS & 5,B3R9TE~02e10,#*(446,06/1(T5+460, =252,)) SPDES 155

c SPDES 156



SUBROUTINE SPDES Tas74 OPT=] FTN 4,5¢414

(s NaNeNeNe NeJ

[eXeNeRaXel (¢ Xg ]

(e XeJ o0 [a Mgl

e NeXeNe]

_ TUBE BANK DEPTH (10 FT) IN NUMBER OF TUBES
DEPTHN = 10,%12,/(0DC ¢ C)

SETTING OF CONSTANT FOR OUTSIDE HEAT TRANSFER COEFFICIENT
BETA = ,728»(({GeROEF« (ROEF=ROEG) *KSF##3sHSFG]/({0DC/)2,)*V1SS))
120 ,25)/DEPTHN»s,16667
IF(LINORG,EQ.1) BETA = 16700,/DEPTHN®s,16667

SETTING OF CONSTANT FOR INSIDE HEAT TRANSFER COEFFICIENT
HB = ((CPW/(HFGs,015« (PRW)ss],7))#a3)eVISWeaHFG/(SIGMA/ (DENSIWe
1DENSIVY)ese,5
1F (LINOR,ED,l) HB = 582,628sHB
JI = 0

REGINNING OF ITERATION LDOP FOR VELOCITY OF AMMONIA INSIDE
THE TUBES OF THE CONDENSER

FORCED CONVECTION COEFFICIENT ON THE INSIDE OF THE
CONDENSER TUBES
10 HFC = 4023 (VELD#ODC#«DENSIWS3600,/(12¢oVISW))ss ,8*PRWs* 62]2,
1sTHCONW/TID (KGALLD)
J1 = 0

INITIAL GUESS FOR THE AMMONIA SIDE TEMPERATURE DROP
DELTA = TTD/2,

BEGINNING OF ITERATION LOOP FOR THME AMMONIA SIDE
TEMPERATURE DROP

HEAT FLUX THROUGH THE INSIDE TUBE wallL
20 QAO = (TID(KGA4LD)/ODC)® (HFC#DELTA ¢ HBeDE|_ TA®s3)
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SPDES
SPDES
SPDES
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SPDES

IF(LINOR,EQ,1) QAD = (TID(KGA+LD)/0DC)s (MFCoDELTA ¢ HBsDELTA®»2,72 SPDES

n

DETERMINE TEMPERATURE DROP ACRSSS THE waALL
DELTK ® QAQs(ODC/24,)%ALOG({ODC/TID(KGA4LD )/TKCT

. AVERAGE TEMPERATURE DROP ACRDSS THE CONDENSATE LAYER
DELTS s (QAO/BETA)s»],3333
IF(LINOR,EQ,)) DELTS = (QAO/BETA)=e2,34

TOTAL TEMPERATURE DROP BETWEEN 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 LAST TWO TOTaL
TEMPERATURE DROPS AND THE SRECIFIED TOTAL TEMPERATURE DROP

DELTT? = DELTYT)

DELTT]! = DELTYT

. DELTA2 = DELTA]L

DELTA]l = DELTA

IF (JI JLT. 2) DELTA = DELTA ¢ ,25

IF(Ul.LT,2) GO TO 20 ¢

SLOPE ®(DELTAl « DELTA2)/(DELTT] « DELTT?2

DELTA = SLOPE#(TTD ¢ DELTT]) « DELTA]
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(e NeNe) o000

(e Ne) e Ne) (e NeXe]

(e Nel

o0 o0 (¢ Xe)

o000

30

40

CONVERGENCE CRITERIA FOR THE AMMONIA SIDE TEMPERATURE DROP
IF(ABST(DELTA=DELTA})/DELTA} .LTs ,000]) GOTOD 30
Go TO 20

VELOCITY OF AMMONIA BASED DN THE INSIDE WALL HEAT FLUX
AND THE EXIT QUALITY OF THE AMMONIA
VEL = NDC*QAO*TLA®XNP/ (75, X*HFG*TID (KGA4LD) »»2*DENSIW)

CONVERGENCE CRITERIA FOR THE VELOCITY OF AMMONIA THRU THE
TUBES

IF(ABS((VELD=VEL)/VEL) oLTe +001} GOTO 40

VELMh = VEL

Go Tn 10

NUMBER OF TUBES AND SURFACE AREA PER SHELL AND TOTaAL SURFACE
AREA

ARPS = CHLD/ (XNS*GQAO)

XNTS = AINT(ARPS/(3,14159#(0DC/12,)*TLA) & 0,5)

XNTEX ® XNTS*#XNS

AST = ARPS=XNS

OVERALL HEAT TRANSFER COEFFICIENT
UCON = QAO/TTD

OUTSIDE HEAY TRANSFER COEFFICIENT
HOCON = QAO/DELTS

INSIDE HEAT TRANSFER COEFFICIENT
HICON = (QAO/DELTA) & ODC/TID(KGA,LD)

EFFECTIVE WALL HEAT TRANSFER COEFFICIENT
HWCON ® QAO/DELTK

EXIT VELOCITY OF THE AMMONIA LEAVING THE CONDENSER TUBES
VELNDO ® VELD*DENSIW*{(le = X)/DENSIW ¢ X/DENSIV)

PRESSURE DROP THROUGH THE CONDENSER/REBOILER TUBING

GT = VELD*DENSIW«3600,

TLAA 5 TLA=12,%XNP

CALL DPCON(GOWS,TID(KGAsLD) yTLAASANGGT,0,,X,DENSIW,DENSIV,
IVISWe.41338,VISVu,413384DELPyDPF4DPGyDPMyXLMyPHILWPHIL2,VF,FLsRL s
2rV)

DELP = DELP=lés4,

STORAGE OF VARIABLES

TLAX = TLA
VELDX = VELD
EFFC = 1,0
UCONN = UJCON
TTD7 = TTD
VELN7? = VELD
VELDOT = VELDO
DELPW? = DELP
ARPSY = ARPS
TLAY = TLA
XNTS7 = XNTS
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XNSY = XNS SPDES 271
XNPY = XNP SPDES 272
157 = TS SPDES 273
RETURN SPDES 274

END SPDES 275



(s Xs e NeXeNelsNeNoNa o Ne o NeXaNe e N Ko NaNe e Nel

AANAD ANANAAARARN

N A'ANANAN AN

$
$

T4/74 OPTe} FIN 4,54414 06/05/78
SUBROUTINE SSCALE SSCALE
SSCALE

SURROUTINE SSCALES SCALES TME STEAM SUPPLY SYSTEM UP TO SSCALE
OBTAIN THE SPECIFIED POWER OUTPUT OF THE PLANT (PSIZE) AT THE SSCALE
RATED BACK PRESSURE OF THE STEAM TURBINE, THE INCREMENTAL SSCALE
COSY OVER THAT OF THE SYSTEM USING A CONVENTIONAL TURBINE IS SSCALE
CALCULATED AT THE RATED BACK PRESSURE, SSCALE
SSCALE

DEFINITION OF VARIABLES SSCALE
SSCALE

CASSS] = INCREMENTAL COST OF STEAM SUPPLY FOR MAKE UP OF SSCALE
POWER OUTPUT DUE TO INCREASED HEAT RATE AT RATED SSCALE

BACK PRESSURE ($) SSCALE

CSSPKW = COST OF STEAM SUPPLY SYSTEM PER KILOWATT ($/KW) SSCALE
HRFAC1 = HEAT RATE FACTOR OF STEAM YURBINE AT RATED BACK SSCALE

- PRESSURE (DIMENSIOGNLESS) SSCALE

PLANC « COST OF POWER PLANT PER KILOWATT ($S/KW) SSCALE
PSIZE = PLANT SIZE (MW) SSCALE

rR8p = STEAM TURBINE RATED BACK PRESSURE {IN HGA) SSCALE
SSch = INCREMENTAL PLANT COST DUE T0 INCREASED HEAT RATE SSCALE

AT RATED BACK PRESSURE OF STEAM TURBINE (%) SSCALE

TPO = COEFFICIENTS OF THIRO ORDER HMEAT RATE CURVE FIT SSCALE

FOR STEAM TURBINE (DIMENSIONLESS) SSCALE

SSCALE

LOGICAL FIRST+FRSTFXTEMPyFXTVARGFXTTTD,FXTLNG BIGCOM
COMMON BIGCOM
AFTRs ALPHA, ANG(3) BIGCOM
+BRLIM(16) BIGCOM
sCAPF+ CSSPKW, CONF, CONLs COSTLy CAPCHG, CONMAT» CONMAZ,CAF B16COM
+CBJy CTURBs CDANGy CLUVRy CHAILS, CVM BIGCOM
+DFINsDEEPL'DESVE| yDESVELVDESVELDyDENSIF BIGCOM
+EFFPs EFS BIGCOM
sFCRIFIRSTWFIXLeFCOSrFFHXyFXTEMPsFACTOR)FRSTyFACTORDFSHOTFDELUG BIGCOM
oFIXVIFIXTTD yFXTVARIFXTTTD FXTLNG BIGCOM
+GBEFF BI1GCOM
»HXNP s HPCST o HCD BIGCOM
+ITMAX, ITMIN BIGCOM
+JCONS BIGCOM
WKCONV, KALEXT BIGCOM
yMXEXT BIGCOM
+NTANSIDES s NBUNHI BIGCOM
COMMON BIGCOM
0DR BIGCOM
+PSTZE, PERy» PWCOS, PLANC, PFACT, POMDP[ BIGCOM
+POHBAF, POHFAN, POHLEC, POHCIRs POHCND, POHSTCs» POHSCL BIGCOM
» RBPJREOUCE, REOUCV, ROOFLs RHOUT BIGCOM
» ORFJ, GREDUCE, QREDUCV BIGCOM
+SIGMAG, SAAF, SEGL BIGCOM
+Tn, TPO(4)s TEFF, TLIM, THFIN, TLPRA, TFIX BIGCOM
v TCDy TW BIGCOM
»yUCS» UWS BIGCOM
+WEVe WATCONA, WATCOST BIGCOM
'VAS(5) BI1GCOM
+XDEPA, XW, XD BIGCOM
COMMON /SUPPLY/ VAL (B)s CPLNy CPIP, CCOS, W3, COSM, EFFs SUPPLY
QIN, CLAND, REAIR, ZyHRFAC2, W,y U, DELPWwW, PPOW,» SUPPLY
FPOwWw, DELFC. WIDTH, ELENGs VAIR, VWAT, Hl, HO, T4y SUPPLY

07.,59.59
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SURROUTINE SSCALE T4/74  OPT=) FTN 4,56414

[aNeNeNe] e XaNg] s NeXsNel

o000

(e Nel

L3 REWAT, NW, NTy NPyPLANC24PSY1Z12, SPBP, SWh Sw3s
$ SPCyPTOTAL+PLANC3,SAFRONy AAIR, YFPy SPCD,PSI12)3, WT2
[ BP2, - NW2, TCOS, DELPA,DELPWT,DE_PWC,CONBAS, XNTSX, VELDX
€ , TLAX, UCON, PMCST, FMCSTy FBACCy EFFC, CH,y CAs cS
$ , CLTC, CFCe CPCCy FITCO CSC+CEPREPDELPIP, AST,OLDCST
$.CAPLSTy XNFAN,BLDANGy CPLENy DPFEL, WHX, WTTUBs ADIA, ABLN
$y WTHDRy WTFRM,STRUCC.CFPERF+HPPERF, TOTCF, TPCy, EFFIN, ANTU
$» AIRFFy WATFFy XNMODy TCTPFe FDCPFy FMTRCs ACCTTP, ADJTP
$y ACTBPD, ADJBPD, ACTVH, ADJVHs ADJUPPF, THDAIR, TCTFs AFCST
$+ CSRDy WATERW, WSTRCT» CFOUND,» HUBDIA, TOW_LENs NUMTOW, CTOWD
S ySNRJ+1SORUSIATURC,CBA+TTD1,TTD24DELPS,CSTLVR,PIPCSTD
$ ,C8THSy CYLRNGs CFANELy PSTACSy PUFITC, PMPCSTs RPTPLs SEPCST
$ JPWD(16)+WATCWD(16) +sDEPER(16)DEPERQ(16)
$ WBBWHTOW,NTOWDE ,CSTIFsCSJUyCVF,LDPyWS5
COMMON /SINK/ VAR(S)s CPLNly CPIP1l, CCOS), w3il, COSMl, EFF1ly
QINly CLAN], REAIl, Z1 +HRFA2S, wWhl, Uly DEPW1, PPOWls
FPOWl, DEFCl, WIDTl, ELENls VAIRl, VWAT1, HIl, Hol, Talys
REWA], NW]1y NT1, NP1yZPLNC2,2S1Z12s 2SPBP, SW4l, SW3l,
SPCl, PTOT14PLNC3]1y AFROly AAIR1,YFPMIN, SPCDl, SPS13,WT2MIN,
BP2MIN NW2MIN, TCOS1, DEPAls DRWT1, DPWC],CONBAl, XNTS1, VELDI]
§ , TLAl, UCON1., PMCS1ly FMCS1, FBACl, EFFC1, CHl, cal, cs1
$ , CLTC), CFCl, CPCC1,FITCOl, CSC1,CEPRE1,DEPIPl, AST1,0LDCS)
$+CAPCS] o XNFANL +BLDANI s CPLEN] +DPFELL» WH1e WTTUl® ADIje ABL]
$y WTHDl, WTFR]14STRUC1sCFMPF1y HPPF1,TOTCF]. TP1,EFFINl, ANTUI
$, AIRFF1, wWATFF], XNMODl, TCTPFl, FDCPF], FMTRCl, ACTTP]y ADJTPI
Sy ACTRPl, ADJBP}, ACTVH1, ADJVH]l, ADUPP], THPAIl, TCTF1 , AFCST]
$y (SRl, WATER], WSTRCls CFOUNl, HUBDI], TOWLEls» NUMTOl, CTOWD]
$ 4SNRJL+SORUS)1+ATUBC],CBA],TTD114TTD2]1,DELPS])+CSTLV19PIPCTD]
$ 4CSTHS1, CYLRN], CFANEl, PSTACl, PUFIT], PMPCS], RPTPL], SEPCS]
$ +PWD1(16) s WATCWDY (16)sDEPER1(16)sDEPERQ] (16)
$ 4WABl1sHTOWIsNTOWDEL+CSTIF1,CSJl4CVF14CDPI, W51
CoMmoN /SCALER/HRFAC], ATUB, CPERA, SSCDyPLANC1,CASSS],
$ GaAlRs FAIR, HPAIR, HPWAT, WLRTP, PLANCT}

L R B N )

EQUATION FOR HEAT RATE FACTOR AS A FUNCTION OF TURRINE
BACk PRESSURE

HRF (PY®TPO (1) « TPO(2)%P « TPO(3)sPus2 & TPO(4)*P%s3
HEAT RATE FACTOR AT RATED BACK PRESSURE
HRFAC1®HRF (RBP)

INCREMENTAL STEAM SUPPLY COST DUE TO INCREASED MEAT RATE
FACTOR AT RATED BACK PRESSURE (§)

DTUBSAC = CTURB « PSIZE = 1000,
CASSS! = CSSPKW » (HRFAC] = 1,) % PSIZE * 1000,
SsSPC = PLANC » PSIZE » 1000, + CASSS!

PUANT COST TAKING INTO ACCOUNT INCREASED STEAM SUPPLY
COST ($/Mw)

PLANCT! = SSSPC ¢ DTURBC
PLANCY = PLANCT] / (PSIZE * 1000,)

INCREMENTAL STEAM SUPPLY COST DUE TO INCREASED HEAT RATE

06/05/78
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SSCALE
SSCALE
SSCALE
SSCALE
SSCALE
SSCALE
SSCALE
SSCALE
SSCALE
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SUBROUTINE SSCALE T4/74 OPTe]

c OF TURBINE (8$)

SSPLC ®SSSPC/(PSIZE*1000.)
SSCD ® (SSPLC = PLANC) * PSIZE = 1000,
TcD = DTURBC

RETURN
END

FIN 4,5¢414
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SSCALE
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SSCALE
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SURROUTINE STORE

[a XeNe Xg]

AAAAAAANANANN AA B A

AAAAAAARAANSN

3 CONTINUE

Tas74 OPT=E] FTIN 4,5¢416 06/05/78
SUBROUTINE STORE STORE
STORE
THIS ROUTINE IS CALLED EACH TIME A NEW LOW COST IS FOUND., STORE
IT STORES VALUES OF COSTy DESIGNe ETCe FOR THE FINAL REPORT STORE
STORE
COMMON /RPTSUP/ xPS(2021) STORE
COMMON /RPTRET/ XPR(2020) STORE
COMMON /QPTRET/ XXPR(2007) STORE
COMMON /QPTSUP/ XXPS(120T7) STORE
COMMON /KKRET/ MHPR (2007) STORE
COMMON /KKSUP/ MHMPS(1207) STORE
COMMON/RPRT2/R2 (15} STORE
COMMON /RPRT3/ R3(4) STORE
CoMupN /KPTSUP/ HPsS(2021) STORE
CoMMON /KPTRET/ HPR(2020) STORE
COMMON /KPRT2/ SPRT2(15) STORE
COMMON /KPRT3/ SPRTI(4) STORE
COMMAN/SINK/ VSTD(205) STORE
COMMON/SUPPLY/VIN(205) STORE
COMMON/RPRY4 /R4 (672) 9RR(3) STORE
COMMON/KPRT4/SPRT4 (672) 2SR (3) STORE
LOGICAL FIRSTyFRSTFXTEMPyFXTVARGFXTTTDFXTLNG BIGCOM
COMMON BIGCOM
AFTRe ALPHA, ANG(3) BIGCOM
oBPLIM(16) BIGCOM
+CAPFs CSSPKW, CONF, CONL» COSTL, CAPCHGy CONMATs» CONMAZ,CAF BIGCOM
+CaJs CTURBes CDANGy CLUVRy CHAILS, CVM i BIGCOM
+DFINIODEEPL+DESVEL +DESVELV,DESVELDsDENSIF BIGCOM
+EFFPy EFS BISCOM
sFCRIFIRSTVFIXLyFCOSyFFHXsFXTEMP 4 FACTOR,FRST,FACTORD,FSHOTFDELUG BIGCOM
¢FIXVIFIXTTDsFXTVARGFXTTTDFXTLNG BIGCOM
+GREFF BIGCOM
+HXNP s HPCS T HCD BIGCOM
+ ITMAX, ITMIN BIGCOM
+ JCONS BIGCOM
+KCONV, KALEXT BIGCOM
JMYEXT BIGCOM
+NTAJNSIDES»NBUNM] BIGCOM
COMMON BIGCOM
pbDe BIGCOM
+PSI12E. PERs» PWCOSy PLANC, PFACT, POMOP_ BIGCOM
+POHRAF, POHFAN, POMLEC, POMCIRs POHCND, POMSTCs POHSCL BIGCOM
s+ RBP.REDUCEs REDUCV,y ROOFLs RHOUT BIGCOM
y NREJ, QREDUCE, QREDUCY BIGCOM
+SIGMAG, SAAF, SEGL BIGCOM
+TDy TPO(4)» TEFF, TLIM, THFIN, TLPRA, TFIX BIGCOM
yTCDs TW BIGCOM
WUCSs UWS BIGCOM
'WFVy WATCONA, WATCOST BIGCOM
' VAG (5) BIGCOM
+XDEPA, Xw, XD B1GCDM
Po 1 I = 1, 205 STORE
VSTO (1) aVIN(I) STORE
1 CONTINUVE STORE
DO 3! =1, 15 STORE
SPRY2(I)mR2(I) STORE

STORE

07.59,59
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SUBROUTINE STORE

50

60

90
100
70

80

Te/74 OPT=)

DO & 1®m],4
SPRYI(1)=R3I(])
CONTINUE

Do 80 I=1l,2021
HPS (1) = XPS(I)
CONTINUE

DO 60 I=1452020

HPR (I} = XPR(I)

CONTINUE

IF(FDELUG L,EQ, "DELUG "y N x RR(3)wg?
IF(FDELUG ,EQ. "DELBAW "y N = RR(3)=26
DO 90 I & 1y N

SPRT4 (1) = R&4(I)

CONTINUE

DO 100 I = 19 3

SrR(1) = RR(I)

CONTINUE

Do 70 1=1,2007

HHPR (1Y =XXPR ()

CONTINUE

Dp a0 I=1,1207

HHPS (1) sXXPS(I)

CONTINUE

JCONSe]

RETURN

END

FIN 4,5¢416
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STORE
STORE
STORE
STORE
STORE
STORE
STORE
STORE
STORE
STORE
STORE
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30
31
32
33
34
35
36
37
38
39
40
4]
42
43
“4
45
46
47
48
49
50
51
52
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54
55
56
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T4/74

SUBROUTINE STRUCT (NTOWyNSIDESsHTOWsBUNL ¢ SEGL yNBUNHI yWHX ,WATERW,

OPT=] FIN 4,54416

10FANWINOF yROOFL yCSTRUC s CFND)

THIS SUBROUTINE CALCULAYES THE STRUCTURAL AND FOUNDATION
COSTS FPOR A SYSTEM OF ROUND COOLING TOWERS USING THE
DELUGED HOTERV SURFACE

DEFINE VARIABLES

APF =ROOF AREA PER FAN(FTes2)
AREAF ~SWEPT AREA PER FAN{FTes2)
AREAT «ROOF AREA PER TOWER(FTes2,
BUINL «RUNDLE LENGTH(FT)
OF AN =FAN DIAMETER(FT)
DTOW ~TOWER DIAMETER(FT)
HTOw «TOWER HEIGHT(FT)
NBUNCL «NUMBER OF BUNDLE COLUMNS
NBUNHI =NUMBER OF BUNDLES VERTICAL
NBUNS «NUMBER OF SEGMENTS PER BUNDLE
NOB =NUMBER OF BUNDLES PER TOWER
NOF =TOTAL NUMBER OF FANS
NOFPT ~NUMBER OF FANS PER TOWER
NSIDES «NUMBER OF BUNDLES HMORIZONTAL PER TOWER
NTOW =NUMBER OF TOWERS
ROOFL =ROOF LDAD(LBF)
SEGL ~SEGMENT LENGTH(FT)
wH X =WEIGHT OF ALL HEAT EXCHANGER BUNDLES (LBF)
WYBUN =WEIGWT OF ONE BUNDLE (LBF)
CFC = COST OF FAN COLUMNS (%)
of-1e « COST OF BUNDLE COLUMNS 1%)
CFDF = COST OF FAN DECK FRAMING (%)
CIF = COST OF INTERMEDIATE FRAMING (%)
CxB « COST OF X=BRACING ($)
co = COST OF DECKING ($)
ChA ~ COST OF BUNDLE ATTACHMENT PLATES ($)
CFR « COST OF FLOW REDIRECTING SHEETS (s
CFND - COST OF THE FOUNDATION AND SITE PREPFRATION (%)
CsSTauUC « COST OF THE FOUNDATION AND STRUCTURAL
ELEMENTS FOR THE ENTIRE SYSTEM pF ITOWN TOWERS ($%)
REAL NOF
P1=3,14159%
NOBeNSIDES»NBUNKI
NRUNS=RBUNL /SEGL+ ]
NAUNCLENSIDES*NBUNS

WTBUNSE (WHX s WA
FANNS = DFAN®
NNFBTeNOF/NTO
AREAT = ,25sB
APF s AREAY/NOF
SRADFeSQRT (AP
AREAF=,7854%N

Ae4S,62aNOFPT
B=ADF «200F|
Cel7,09sFANDS

TERW) / {(NOB*NTOW)

DFAN

Wel
UNLe»2«NSIDES/TAN(2,#3,14156/(2,«NSIDES))
PT

F

OFPT«FANDS

«WTOW

.18‘00.

06/05/78

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
STRUCT
STRUCT
STRUCT
STRUCT
STRUCT
STRUCT
STRUCT
STRUCT
STRUCT
STRUCT
STRUCT
STRUCT
STRUCT
STRUCT
STRUCT
STRUCT
STRUCT
STRUCT
STRUCT
STRUCT
STRUCT
STRUCT

07.59,59
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SUBROUTINE STRUCT Te/74 OPT=]) FTN 4,5¢414 06/05/7B 07,59,59

CFCxAs { (BeC) /129340 ,44¢4) STRUCT 59

o » ] STRUCT 60
Ax)3,88+«NBUNCL*HTOW STRUCT 61
BaNAUNK]I = WTBUN/NBUNS STRUCT 62
C=ROOFL*AREAT/NBUNCL STRUCT 63
CBCmA* {1 (BeC)/54810,%4,) STRUCT 66

¢ STRUCT 65
Ax0,0682+sAREAT«SRAPF STRUCT 66
Bul7,0%FANDS/APF+ROOFL STRUCT 67
CFDFmA® (B/45454,5) STRUCT 68

¢ STRUCT 69
ILEVEL = HTOW/25,0 STRUCT 70

CIF = 136,1sNOFPTsSRAPFeILEVEL STRUCT 71

c STRUCT 72
Azle,T4eNOFPT STRUCT 73
BaSART (HTOW*HTOWe APF) STRUCT T4
CxBea®B STRUCT 75

c STRUCT 76
‘ CD=]+631% (AREAT=AREAF) STRUCT 77
c STRUCT 78
CBARD.0282sWTBUNSNOB STRUCT 79

¢ STRUCT 80
CFRuB,189sNSIDESsBUNL® (NBUNHI=]) STRUCT Bl

c STRUCT 82
CFND = (0.8202%AREAT ¢ 0,0489«NOBuWTBUN) «NTOW/1,21 STRUCT 83

¢ STRUCT 84
CSTRUC = NTOWs (CFCeCBC+CFDF+CIF+CXB+CD+CBA+CFR) /142] STRUCT 8s
RETURN STRUCT B6

END STRUCT 87



SUBROUTINE SUMCOS T4rsTé OPTx] FIN 4,5¢414 06/05/78 07,59,.,59

SUBROUTINE SUMCOS (FCRyPSIZECAPF+CCOS1+CPIP]1,CONBA]L,ATUBCCPLEN, SUMCOS 2
SFRACCFMCST,STRUCCyCFOUNDsCAPCSToSPCD]1 ySSCDyHRFALL oHRFAC24YFPy SUMCOS 3

$ PLANCs CLANly CLSUM, FCSUM, COSM1, CSTLV1, CSTHS1l, CFANE1l, CYLRN1 SUMCOS 4

$ JWATCONA WATCOST) SUMCOS 5

C SUMCOS 6
C THIS ROUTINE REPORTS THE FINAL CEBST SUMMARY SUMCOS 7
c SUMCOS B
COMMON/gUMZ/ SUMCOS 9

$ CooLZy CAPZy SCALEZ, ENERGZy BASEZ, OANDMZ, TOTAL SUMCOS 10
6001 FORMATIIHI/Z//sT1T4nC AP I T A L cosrT SUMMARYM SUMCOS 11
$9TT2"U N T T ENERGY cosTrT SUMMAR yny SUMCOS 12
$eT16e463(NaM)y TT1952("=t)///) SUMCOS 13
6010 FORMAT( SUMCOS 14
L T2,MCODLING SYSTEM CAPITALM",T48,F13,0 SUMCOS 15
RyT6G,"COOLING SYSTEM CAPITAL"4T116,612,6/ SUMCOS 16
6020 FORMAT SUMCOS 17
L Té "TAWER",T35,F13,0 SUMCODS 18
ReTT2,"TOWER"sT]1064G12,6) SUMCOS 19
6030 FORMAT( SUMCODS 20
L TT,"HEAT EXCHANGER®,T23,F13,0 SUMCOS 21
RyTTSHHEAT EXCHANGER",793,612.6) SUMCOS 22
6060 FORMATI SUMCOS 23
L TT,"PLENUMMT23,F13,0 SUMCDS 24
RyTTSsMPLENUM"3T939G12,6) SUMCOS 25
6042 FORMATI SUMCODS 26
L T7,"LOUVERS"yT23,F13,0 SUMCDOS a4
ReTTE+"LOUVERSY,T93,612,6) ' SUMCOS 28
6064 FORMAT( SuUMCOS 29
L TT,"HATL SCREENS'",T23,F13,0 SUMCOS 30
RyTT754"HATL SCREENS",T93+G12,6} SUMCOS 3)
6050 FORMAT( SUMCOS 32
L T7,nFAN SYSTEMN,T23,F13,0 SUMCOS 33
RsTT5s"FAN SYSTEM",793+G12,6) SUMCOS 34
6060 FORUWAT( SUMCDS 35
L T7T,"STRUCTURE",T23,F13,0 SUMCOS 36
RyTT5,"STRUCTURE"¢T93,6G12,6) SUMCDS 37
6070 FORMAT!( SuUMCOS 38
L T7,""FOUNDATION",T23,F13,0 SUMCDS 39
RyT75s"FOUNDATIONYT93,612,6/) SUMCOS 40
6080 FORMAT! SUMCOS 41
L T4,"PIPING"sT35,F]13,0 SUMCOS “2
ReTT29"PIPING" s T106,612,6) SUMCOS 43
6090 FPpRMAT ! . SUMCODS b
L Té4,"CONDENSER",T35,F13,0 SUMCOS 4S
RyTT2,"CONDENSER",T]1064612,6) SUMCOS 46
6100 FORMAT( SuUMCO0S %4
L T2,"CAPACITY PENALTY",T48,F13,0 SUMCOS 48
ReT69y"CAPACITY PENALTY"¢T119,G12,6/) SUMCOS 49
6110 FORMAT( SUMCDS 50
L T2,mPLANT SCALINGH,T48+F13,0 : SUMCOS 51
ReT6G,"PLANT SCALING"T115461246) SUMCDS 52
6120 FORMAT!( SUMCOS 53
L T4,wSTEAM SUPPLYn,T35,F13,0 SUMCDS 54
ReTT29"STEAM SUPPLYN,T106,612,6) SUMCOS 55
6130 FORMAT( SUMCOS 56
L T4,"BASE PLANTH,T35,F13,0 SUMCDS 57

RyTT2+"BASE PLANTH,T106,612,6) SUMCDOS 58



SUBROUTINE SuMCOS T4/74 OPT=] FTN 4,54414 06/05/78 07,59,59

6132 FORMATI SUMCOS 59
L T7,"REAT RATE",T384F13.0 SUMCOS 60
ReTTSy"HEAT RATEN,T108+561246) SUMCODS 61

6134 FORMAT( SUMCDS 62
LT79#FANS AND PUMPSH,T389F13,0 SUMCOS 63
RyTTS,"FANS AND PUMPS",T108+G12,6/) SUMCOS 64

6136 FORMAT( SUMCDS 65
L T2."WATER",T48,F13,0 SUMCOS 66
RyTHEGMWATER"T119,G1246/) SUMCOS 67

6140 FORMATI SUMCOS 68
L T2,nLAND",T&48,F13,0/) SUMCDS 69

6150 FORMAT! SUMCDS T0
L Té4Bs13(Mnan)/) SUMCOS 71

6160 FORMAT( SUMCOS 72
L T2,"TOTAL CAPITAL COST",T46+"Sn,T48,F13,0 SUMCOS 73

ReT699"TOTAL CAPITAL COST"yT119+G612,6/) SUMCOS 74

6170 FNRMATH SUMCOS 75
R T69,"ENERGY PENALTY".7119.612 67) . SUMCDS 76

6180 FORMAT! SUMCOS 77
R T69,"ADDITIONAL BASE PLANT FUELM",T119,612,6/) SUMCDS 78

6190 FORMAT!( SUMCDS 79
R T69,"OPERATION AND MAINTENANCE";T1194G12,6/) SUMCOS 80

6200 FORMAT( SUMCOS 81

ReTT2,M"TOTAL"1T1199612.6) SUMCOS 82
YFPP] ® YFP ¢ 1, SUMCDS 83
FACTOR® FCR/fPSIZEcCAPF-8760> SUMCDS B4
WRITE (6,6001) SUMCOS 8%
WRITE(6,6010) (CCOS1+CPIP1+CONBAL), ((CCOS1+CPIP1+CONBAL)«FACTOR) SUMCDS 86
WRITF(646020) CCOS1,CCOS1*FACTOR SUMCOS 87
WeITE(6,6030) ATUBCyATUBC#FACTOR SUMCOS 88
WRITE(6,6060) CPLENJCPLEN®FACTDR . SUMCDS 89
WRITE(6,46042) CSTLV1y CSTLV]1#FACTOR SUMCOS 90
WRITE(646044) CSTHS1e CSTHS1®FACTOR SUMCOS 9]
WRITE(6,6050) (FBACC ¢ FMCST ¢ CYLRN] ¢ CFANE]) SUMCOS 92
] s (FBACC ¢ FMCST ¢ CYLRN1 « CFANE]l) * FACTOR SUMCOS 93
WRITE (64,6060} STRUCC,STRUCC#FACTOR SUMCOS 94
WRITE (64,6070} CFOUNDCFOUNDsFACTOR SUMCOS 95
WRITE(6,6080) CPIP1,CPIP1«FACTOR SUMCODS 96
WRITE(6,6050) CONBA1,CONBAl«FACTOR SUMCOS 97
WRITE (646100) CAPCST,CAPCSTsFACTOR SUMCOS 98
WRITE(646110) SPCD]1,SPCD1sFACTOR SUMCOS 99
WRITE(646120) SSCD=HRFAC2/HRFAC1#YFPP1,SSCDeHRFAC2/HRFACI%YFPPL® SUMCDS 100
SFACTOR SUMCOS 101
WRITE(6,6130) PLANCs (HRFAC2/HRFAC1«YFPP1w],)s10,%*3 *» P5IZE, SUMCOS 102
$ PLANC® (HRFAC2/HRFAC1#YFPPl=1l,)s10e%3 &« PSIZE » FACTOR SUMCOS 103
WRITE(6,6132) PLANCe (HRFAC2/HRFAC] = 1,)s10,ee3ePSIZE, PLANCs SUMCOS 104
1(HRFAC2/HRFAC] « 1,)#10,ex3ePSI1ZE«FACTOR SUMCOS 105
WRITE(6+6134) PLANC®HRFAC2/HRFACI«(YFPP] » 1,)*10e%230PSIZE,PLANCs SUMCOS 106
IHRFAC2/HRFACL* (YFPP]l » 1,)%10,*e3epSIZEeFACTOR SUMCOS 107
WRITE(6,46136) WATCONA® (,1203/1000,)eWATCOST,WATCONAR(,1203/1000.,) SUMCOS 108
1*WATCOST/ (PSIZE=CAPF*8760,) SUMCOS 109
WRITE(6,6140) CLANI] SUMCOS 110
WRITE(6,6150) SUMCDS 111
WRITE(646160) CLAN1+SPCD]1+CAPCST#CCOS1eCPIP]+CONBA) SUMCOS 112
$9 (CLAN1+SPCD1+CAPCST#CCOS1+CPIP]1¢CONBAY ) «FACTOR SUMCOS 113
WRITE(5,6170) CLSUM SUMCOS 114

WRITE(6,6180} FCSUM SUMCODS 115



SUBROUTINE SuMCoS T4/74 oPTx) FIN 4,5¢414 06/05/78 07,59,59

WPITE(6,6190) COSM] sumcos 1le
ToTaL = (CLAN] ¢ SPCD1 » CAPCST ¢ CCOS1 « CPIP]1 + CONBA)) = SuUMCOS 117
§ FACTOR o CLSUM ¢ FCSUM + COSMI sSumMcos 118
S+ewATCONAS(,1203/1000,)eWATCOST/ (PSIZE*CAPFe8760,) SUMCOS 119
WRITE(6,6200) TOTAL SUMCOS 120
COOLZ=(CCOS1+CPIP1+CONBA])«FACTOR SUMCOS 121
CaP7=CAPCSTsFACTOR SUMCOS 122
SCA_E2®SPCDI*FACTOR SUMCDS 123
ENEQGZ=CL SUM SUMCOS 124
BASEZ=FCSUM SUMCOS 125
OANNMZECOSM] SUMCOS 126

END SUMCOS 127



SUBROUTINE SUMMA

PR AN A RN AN AN RN

AAANAA LA NDNAAAN

LB RN X N _J

$
$
3
s
$

LB R J

L

s

s

RY Te/74 OPT=] FTN 4,544146 06/05/78
SUBROUTINE SUMMARY SUMMARY
LOGICAL FIRST4FRST(FXTEMPyFXTVARIFXTTTD,,FXTLNG BIGCOM
COMupN BIGCOM
AFTRy ALPHA, ANG(3) BIGCOM
yBRLIM(16) BIGCOM
+CAPFs CSSPKW, CONF, CONL, COSTL, CAPCHGy, CONMAT: CONMAZ,CAF BIGCOM
+C3Js CTURBY CDANGy CLUVRy CHAILSy CVM BIGCOM
+DFINSDEEPLYDESVEL yDESVELVDESVELD»DENSIF BIGCOM
+EFFPy EFS BIGCOM
yFCReFIRSTyFIXL4sFCOSIFFHXWFXTEMRyFACTORFRSTyFACTORDyFSHOTFDELUG BIGCOM
oFIXVeFIXTTDyFXTVARFXTTTD,FXTL NG BIGCOM
+GBEFF BIGCOM
+HXNP o HPCSToHCD BIGCOM
sy ITMAX, ITMIN BIGCOM
+ JCONS BIGCOM
JKEONV, KALEXT BIGCOM
sMXEXT BIGCOM
sNTAINSIDESeNBUNHI BIGCOM
COMMON BIGCOM
oDRr BIGCOM
+PSIZE, PERy PWCDS, PLANC, PFACT, POMDP_ BIGCOM
+PDHBAF, POHFAN, PDHLEC, POHCIRs POHCND, POHSTC, POHSCL BIGCOM
» RRP+REDUCEs REDUCVs» ROOFLsy RHBUT BIGCOM
s OREJ, QREDUCE, QREDUCY BIGCOM
+1SIGMAG, SAAF, SEGL : BIGCOM
+TDy TPOL4)s TEFF, TLIM, THFIN, T_PRA, TFIX BIGCOM
Wy TCDy TW BIGCOM
2UCSs UWS BIGCOM
sWFV, WATCONA, WATCOST BIGCOM
s VAS (D) BIGCOM
+XDEPA, Xw, XD BIGCOM
CoMMDN /SINK/ VAR(5)s CPLNls CPIPl, CCOS1, w3ly COSM1y EFFls SINK
QRIN1, CLAN1, REAIl, Z1+HRFA2S, wWel, Uly DEPWl, PPOWly SINK
FPOW1l, DEFCl, WIDT1l, ELENl, VAIR1l, VwWaT}, HIl, HOl, T41y SINK
REWA], NW1, NT1, NP1 +ZPLNC2,4ZS1212y 2SPBPy SW4l, SW3ly SINK
SPCl, PTOT1,PLNC31s AFROls AAIR1,YFPMIN, SPCDl, SPS13,WT2MINy SINK
Bo2MINyNW2MIN, TCOSl, DEPAl, DPWTl, DPWC1,CONBAl, XNTS1, VELDIl SINK
+ TLAl, UCON)1, PMCSl, FMCSl: FBACl, EFFCI, CH1, Cal, cs1 SINK
» CLTCl, CFCls CPCC14FITCOly CSC1,CEPRE1,DEPIPly AST1,OLDCS!  SINK
+CAPCS1yXNFAN] ¢BLDAN1yCPLEN1DPFEL], wHl, WTTUls ADIl, ABL} SINK
y WTHD1, WTFR1,STRUC1,CFMPFl, HPPF1l,TOTCF1, TP1,EFFIN], ANTUl SINK
v AIRFF1, WATFFl, XNMODl, TCTPFls FDCPF]l, FMTRCly ACTTP1s ADJTP] SINK
v ACTBP], ADJBPly ACTVH1, ADJVH1s ADJPP], THPAIls TCTF1 , AFCST] SINK
v CSR1, WATER1, WSTRCls CFOUNl, HUBDI1, TOW_Els NUMTDLl, CTOWDI] SINK
+SORJY {SORUS] ,ATUBCLl4CBALl,TTD114TTD2]1,DELPS]yCSTLV]1PIPCTD] SINK
+CSTHS1, CYLRN1+ CFANEl, PSTACly PUFIT], PMPCS1y RPTPL1y SEPCS] SINK
+PWD116) s WATCWD]1 (16) oDEPERL (15) yDEPERQ] {16} SINK
+WBB1tHTOW1 yNTOWDE1+CSTIF14CSJUleCVF19CDP],4W5] SINK
COMMON /SCALER/MRFAC1, ATUB, CPERA, SSCD,PLANC]1,CASSS], SCALER
GAIRs FAIR, HPAIR, HPWAT, WLRTP, PLANCT] SCALER
COMMON/SUMZ/ SUMMARY
CoOLZ, CAPZ, SCALEZy ENERGZy BASEZ, OANDMZ, TOTAL SUMMARY
COMMON/PDOWZ / SUMMARY
TapMXZ, PDOWMAX SUMMARY
COMMON/DZZ/ SUMMARY
DESKEP (1048), NOCRDS SUMMARY
WRITE(6,6010) SUMMARY

07.59,.59
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SURRAUTINE SUMMARY Yos74

R00

5000
5010
5020
5030
5040
5050
5060
5070
5080
5090
5100
5110

OPT=)

DO 800 I=],NOCRDS

WRITE(6,6000)
CONTINDE -~

WRITE(646020)
WRITE(€,5000)
WRITE(6,5010)
WRITE(6+5020)
WRITE(6,5030)
WRITE(6,5040)
WRITE(6,5050)

(DESKEP (1 9K)eKm1l,y8)

SWé41/1000000,
VAIR]

DEPAL /164,
ACTVH]
FPOW]1/1000,

NFANZuXNFAN]®,0]

WRITE(6,%5060)
WRITE(6,5070)
WRITE{645080)
WRITE(695090)
WRITE(6,8100)
WRITE(6,5110)
WRITE (6,5120)
WRITE (645130)
WRITE(645140)
WRITE(6,5]150)
WRITE(645160)
WRITE(645170)
NZl-ZI0.0l

WRITE(6,5180)
WRITE(6,5190)
WRITE (645200}
WRITE(6+5210!
wRITE(6,5220)
wWRITE(6,5230)
WRITE(6,5240)
WRITE (645250)
WPITE(6,5260)
WRITE(6,5270)
WRITE (6,5280)
WRITE(645290)
WRITE(6,5300)

NFAN2

w3l/1000000,
DPWT] /1444
PPOW1/1000,

NUMTO1

CTOWD]

HTOW]
AFR01/1000000,
AATR1/1000000,
ELEN]

NZ1

(AST1»(1,¢YFPMIN}) /1000000,

VAR (3}

BP2MIN

TBPMX2

POWMAX

DEPER1 (1)=100,
wS1/FACTORD

cooLz
CAPZ

FTN 4,5+414

06/05/78

SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY

WRITE(645310)SSCDsHRFA2S/HRFAC] e {YFPMINe],)sFCR/ (PSIZE®CAPFe8760,) SUMMARY

WRITE(6,5311)PLANCe (HRFA2S/HRFAC1=~1,)%1000,+FCR/ (CAPFs8760,)
VPITE(6o53IZ)9LANC-HQFA2S/HRFAC1-YFPMIN-Iooo «FCR/ (CAPFeB8760,)

WRITE (6,5320)
WRITE(6,5330)
WRITE(6+5340)

WRITE (645345)WATCONAS(,1203/1000,)sWATCOST/(PSIZE®*CAPF#8760,)

WRITE (6,5350)

FORMAT(IXeT119mAIR FLOW PARAMETERS1/)
FORMAT(1XeT16+"AIR FLOW RATE"sT4le110%s6 L BM/HR"4TS569F5,0)

ENERGZ
BASEZ
OANDMZ

TOTAL

FORMAT(1X9sT1644aIR VELOCITY",T41ynF T /SECH,T57,F5,1)
FORMAT(1XsT164mDELTA P, H.x.".Tal."PSI".Tse.r7 &)
FORMAT(1XsT169mDELTA Py DISCHARGE™, Tal,np51u.158,F7.4,

FORMAT(1X9T164"FAN POWERI T4l "MW, TS ,F5 1)
FORMAT(1XsT16y"FANGH, TAI."NUMBER".rseoxa./)
FORMATUI1XyT119"AMMONIA PARAMETERSH, /)

FORMAT (1X9T169""NH3 FLOW RATE"sT&1,110ssg LBM/HR"yTS79F5,1)

FORMAT (1XyT169"DELTA Py NH3I"yT&]1y"PSI",T58,F6,3)

FORMAT (1XsT164"PUMP Powsnn.Tal.»nwn.Tsa.re.a./)

FORMAT(1XsT114"HEAT EXCHANGER DESIGN'",/)

SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
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SUBROUTINE SUMMARY Tés74  OPT=) FTN 4,5¢414

5120
5130
5140
5150
5160
5170
5180
5190
5200
5210
5220
5230
5240
5250
5260
5270
5280
5290
5300
5310
5311
5312
$320
5330
5340
5345
5350
6000
6010
6020

FORMAT(1XoeT169"TOWERS"9T4]1 ¢ "NUMBER"¢T56,14)
FORMAT(1XyT164"APPROX, TOWER DIAMETERMyT&41,"FT"yT564F5,.0)
FORMAT (1X4T164mTOWER HEIGHTU T4 ¢nFTnyTE6,F6,1)
FORMAT (] Xy T169"FRONTAL AREA"sT410"10%%6 SQFT",TE5B9FE.3)

FORMAT (1X9T169"HEAT TRANSFER AREAM)T4lyn)0sss SQFTH,T5T4F5,1)
FORMAT {1XsT164"TUBE LENGTHN,T&4]1,MFTH,TS57,F5,1)
FORMAT(1X9T16+"TUBE ROWS IN DEPTHM,T4]1,wNUMBERM¢T574130/)
FORMAT(1XsT119"CONDENSER DESIGN™,/)

FORMAT!1XsT16+"HEAT TRANSFER AREAM,T41,n10swg SQFTH,T58,F6,3)
FORMAT (1XyT169MTTON,T41y"DEG F",T58,F5,2,/) ’
FORMAT(1XsT11s"PERFORMANCE PARAMETERS", /)
FORMATU(1XsT16¢"DESIGN TBP"yT41s"IN HG"yTS8,F5,2)
FORMAT(1XyT169"MAXTIMUM TBPH,T4]yPIN HG1yT58,F5,2)
FORMAT(1XyT169"POWER AT MAXIMUM TBP"yT4] "MW1, TSS9FTe1)
FORMAT(1XsT169"MAX, PERCENT DELUBEMsT56,F6,1)
FORMAT(1XsT169"MAX, EVAPORATION RATENsT4]1y"GPM¥9T54,FT,0/)
FORMAT (1XyT1197mCOST SUMMARYM, /)

FORMAT ()X T169MCOOLING SYSTEM"yT4) ¢"MILLS/KWH",TST yF6,2}
FORMAT (1X9T164"CAPACITY MoThly"MILLS/KWHY s TST ¢F6,2)
FORMATL1X9sT169"STEAM SUPPLY SCALING"»T4] 4"MILLS/KWHNT5T1F6,2)
FORMAT(1XsT169"HEAT RATE SCALING "y T4] WMILLS/KWH"yT5T4F6,2)
FORMAT(1XsT169"FAN AND PUMP SCALINGM"yT4] ¢"MILLS/KWHNT5T4F6,2)

FORMAT(1XyT164"ENERGY WoT&L o "MILLS/KWKH?yTSTsF6,2)
FORMAT(1X,sT16y"BASE FUEL WoTh]l yUMILLS/KWHNyTS5T4F6,2)
FORMAT(1XsT169"0 AND M . WaThl o "MILLS/KWHY"yT57 4yF6,2)

FORMAT (1XsT169"WATER"» T4]1 o "MILLS/KWH"»TSTyF6,2)
FORMATU1XyT169"INCR, COST OF COOLING"s»T419p"MILLS/KWH"yT57,F6,2)
FORMAT(1X9T119BA10)

FORMAT (1K1}

FORMATUIXy///)

RETURN

END
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SUMMARY
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SUMMARY
SUMMARY
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SUMMARY
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Ters74

OPT=] FIN 4,54814

SUBROUTINE SURCON (ISURs KGAs LDs» TLAs XNTS, ARPSs XNSs CONCST

+CONMAT, POHCND)

PROGRAM SURCON DETERMINES TME CAPITAL COST OF A SINGLE
PRESSURE OR SERIES=CONNECTED SURFACE CONDENSER, REFERENCE
"SURFACE CONDENSERS FOR LAND INSTALLATION", FORM PL1312,
WESTINGHOUSE ELECTRIC CORPDRATION, 26 NOVEMBER 1968
UPDATED ON FEBRUARY 12, 1976 TO CURRENT PRICES

DEFINITION OF VARIABLES

ACCF
AODER
ARPS
AUXCST
CFAC
CONCST
CONMAT
0SCT
ERTCST
F

FETCST
FOD
POHCND

SHLCST
TESTRF
wY

XNS
XNTS

ACCESSORY COST CORRECTION FACTOR FOR THE CONDENSER
INCREASES COST OF TUBING MATERIAL

AREA PER SHELL OF THE CONDENSER (SQ FT)

AUXILTARY COST (8]

LENGTH CORRECTION FACTOR (DIMENSIONLESS)
CONDENSER COST (%)

VARIABLE FOR CONDENSER MATERIAL (DIMENSIONLESS)
QUANTITY DISCOUNT FOR TUBES (OIMENSIONLESS)
ERECTION COST ($/BQ FT)

TUBING LENGTH PENALTY (DIMENSIONLESS)

FIELD ERECTION COST ($/SQ FT)

TUBE SIZE FACTOR (DIMENSIONLESS)

INDIRECT COST FACTOR FOR THE TUBEs SHELL, AND
FIELD ERECTION COSTS (DIMENSIONLESS)

SHELL COST FOR THE CONDENSER (§)

TOTAL COST OF TUBING MATERIAL ($/FT)

WEIGHT OF TOTAL AMOUNT OF TUBES IN THE CONDENSER
(LBF)

NUMBER OF SHELLS IN THE CONDENSER (DIMENSIONLESS)
NUMBER OF TUBES PER SHELL (DIMENSTONLESS)

OEFINITION OF ARRAYS

TUBMA
cL

CLM
ROEL
GAGLI
THKLIN
ODL INE

LOGICAL FIRST

TUBE MATERIAL (NAMES)

TUBE FIXED COSTS 1%)

TUBE MATERIAL COSTS (S/LBM

DENSITY OF TUBE MATERIALS (LBM/CU IN)
TUBE GAGE (DIMENSIONLESS)

THICKNESS OF TUBE (IN)

COMMON DIAMETERS OF TUBES (IN}

DIMENSION XLCST(642)y SCC1(6)y SCC2(6}
DIMENSTON TUBMA(13)y CL(10)y CLMI10)y ROEL(10)y GAGLI(T),

THKLIN(T) »

COMMON /RPRT3/

ODLINE (6} FFL10s7)

TUBCST+SHLCSTHFETCSTICONBAT

TUBING MATERIALSs COSTSe AND DENSITY

DATA CL / 0'000

0.0 /

0,00y 0,00y 0,08y 0,04, 0,38, 0,12y 0,20+ 0,15,

DATa CLM / 1.30y 1,529 1,83, 1,40, 1,36, O,b4y 0,32y 1463, 7,60,

T.00 /

DATA ROEL / 0,308, 0,323, 0,323, 0,0975, ,0975, 0s2B4, 0.284, ,29

0,163,

0,163 /

06/05/78
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SUBROUTINE SURCON

(e Xe] o0 o000 OO0

[a N e] oo

e XaNeXel

(s Na Xel (9] O0O0O0OO00

DATA

. % % 8

DATA
DATA
DATA

DATA
DATA
DATA

DATA
DATA

DATA
DaTA

DATA

DATA

DaTa

DATA

DATaA

DaTA

DATA

T4/74 OPTe}

TUBMA / NWADMIRALTY ©,
"65061=T6 AL"y
“STEEL WELD's
WTITANIUM 21,
"LINDE SS16%/

STANDARD TUBE DIAMETERSs GAGEy AND THICKNESSES

ODLINE / 0e6259 007500
THKLIN /ologl .083' .0
TOBING LENGTH PENALITI

FOR COPPER ALLOYS

(FF(lyJ)sJdmisT)/ 0,00,
(PF(20J) sJxleT)/ 0400,
(FF(3yJ)sJ=19T73/ 0,00,

FOR ALUMINUM
(FFteoJ)aJxle7)/ 1400
(FF(5,J)eJxlyT)/ 1400

FORP STEEL
(PF(64J)sum1sT)/ 1400,
(FF(T4J)eJdmlyT)/ 1400

FOR STAINLESS STEEL
(FF(ByJ)oJdaleTi/ 1400,

FOR TITANIUM
(FF(99J)sJdElyT)/ 0,00,

CONSTANTS FOR COST EQUATION FOR BASIC CONDENSER SHELL AS A

FUNCTION OF TUBE 0.D,

"CU=10 NI
"3003=H14 An,
n304 §/5 WEW,
WLINDE CSlén,

0.875,
GAGLI 7/ 12,9 16,9 1649 1Bsy Doy 2244 24, /
65y ,049,

ES

0+,00¢
0000
0.00.

1.00!
1009

1000
1000.

1,000

0,00,

1.000,

000,
0.00'
0,00,

1.06'
1.06'

109,
1.09,

1,00,

0,00,

oy

«035,

FTN 4,5+4146

nCU-30 NI
NSTEEL SEAM™,
WTITANIUM 1%,
WLINDE AL12v,

0.000
0.00'
0.00.

1,10,
1,10,

1413,
1413,

1,04,

1,05,

14125

2028,

[
0,
0o

1,
1,

1
1

1,

1,
(FF(IO.J).JI1.7)/ 0,00y 0,00, 0,00, 1,05y 1,05, 1,10, 1410 7/

1,250 /

e021 /

07,
07,
07,

14,
16,

17,

[}
'110

08,

05,

{(UPDATED FEBRUARY, 1576)

0,08,
0.,08¢
0-060

1,18,
1,18

1,219
1,21

10120

1,10

0,09
0,09
0,09

1,10

§CC1 7/ 0.00000s 7,69583y 8,805882, 10,83636+ 12,954545,

15,22326

sCC2 7 00000400y 97125,00,

102237.21 /

102164,71,

102181482

COST OF FIELD ERECTION AND TUBING PER SQUARE FOOT OF
SURFACE AREA IS BASED UPON INFORMATION SUPPLIED BY

WESTINGHOUSE COMPANY AND AVERAGE WAGE LABOR RATES OBTAINED
FROM JUNE 1975 CONSTRUCTION REVIEW

ERTCSY / 2.50 /

FIRST/.TRUE,/

DEFINING THE CASE UNDER CONBIDERATION

IF(,NOT,FIRST} GOTO 55
LFLAG=O

DO 10 I | 1' 13

ITURMA x T

NN N

/

103272,73,

06/05/78
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SUBROUTINE SURCON T4/74 OPT=x] FTN 64,5464

aO000

[g]

o000

OO0

oo

o000

10

11
55

101

102
106

105
103

106

IF (CONMAT L,EQ, TUBMA(I)) GO TO &5

CONTINUE

WRITE(6411)

LFLAGE])

FORMAT (5X"#NO MATCH FOR CONDENSER YUBE MATERTAL")
IF(LFLAG,NE,O0) STOP

CONTINUE

FIRST = ,FALSE,

DETERMINE TOTAL LENGTH OF TUBING REQUIRED AND CORRESPONDING
QUANTITY DISCOUNT

TOTLT=T AsXNTSaXNS

IF(TOTLT=»60000,)1025101,101
DSCT=0,04
G0 TO 103
IF (TOTLTe30000,)105+1044104
pScym0,02
60 To 103
DSCT=0,
IF(ITUBMA,GE.1)) GO TO 107
Kk = T
Do ;06 I = 2y 8
IF(TLA ,GE, (10,0%1)) KK =2 ] = 2
CONTINUE
F e FF{ITUBMAKK)
ADNDER = 0,00
IF(1TUBMA LT, 4) ADDER = F
IF(ITUBMA LT, 4) F = 1,00

DETERMINE TOTAL COST OF TUBING MATERIAL

WT = 12, * 3414159 =« ROEL(ITUBMA) « (ODLINE(LD)=THKLIN(KGA))

$ « THRLIN(KGA)

107
108

109

114
110

TCSTPF = CLM(ITUBMA)eWT o CL(ITUBMA)
TCSTPF = TCSTPFeF o ADDER

TUBE COST ARE F.0,B, COSTS, 1,11 ACCOUNTS FOR PURCHASING
AND SHIPPING

TUBCST = YOTLT = TCSTPF = (1,11 & DSCT) « 1,05
Go 70 110

GO TO (108,109,114),ITUBMA=]D
TUBCST = TOTLTel,5s1,05#(1,11=0SCT)
GO TO 110

TUBCST = TOTLT#*1,6+1,05%(1,11«DSET)
Go 10 1lo

TUBCST = TOTLTe2,5¢1,05%(1,11=DSCT)
TUBCST = TUBCST & POHCND

DETERMINE SHELL COST INCLUDING LENGTH, MULTIPRESSURE, AND
ACCESSORY COST CORRECTIONS, AS APPROPRIATE .

CFAC = ,016 * TLA « ,58

06/05/78
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SUBROUTINE SURCON TasT4 OPT=] FIN 64,5416 06/05,78 07,59,5¢

GO TN1100s1114112+113)¢1SUR SURCON 173

111 CcFaCuCFACe0,08 SURCON 174

GO0 10 100 SURCON 175

175 112 CFACmCFAC+0,16 SURCON 176
G0 TO 100 SURCON 177

113 CFAC=CFAC+0+03¢XNS#0,02 SURCON 178

c SURCON 175

100 FOD = 1,00 SURCON 180

180 IF(LD oLTy 4) FOD = 0,95 SURCON 18]
IF(LD +EB., 6) FOD = 1,05 SURCON 182

ACCF & (0,116%ALOG(XNTS) = 0,485)sFOD SURCDN 183

IF(ITUBMA ,EQ. 2) ACCF ®= (0,239%ALOG(XNTS = ],416)sFOD SURCON 184

c SURCON 185

188 c THE CONDENSER SHELL COSTS WERE OBTAINED FROM WESTINGHQUSE#S SURCON 186
c 1973 PRICE LISTING 1312 SURCON 187

c SURCON 188

AUXCST = 0,45%ARPSeXNS SURCON 189

BSHCSY = (SCC1(LD)=*XNTS + SCC2(LD)) SURCON 190

190 SHLCST=BSHCSTe (CFAC«ACCF) o XNS + AUXCST SURCON 191
SHLCST = SHLCST s 1,05 SURCON 192

SHLCST = SHLCST e POHCND SURCON 193

c . SURCON 194

7 ¢ DETERMINE cOST OF FIELD ERECTION AND TUBING SURCON 195
195 ¢ SURCON 196
FETCST=ERTCST=ARPS#XNS SURCON 197

FETCST = FETCST = 1,05 SURCON 198

FETCST = FETCST » POMCND SURCON 199

¢ SURCON 200

200 c DETERMINE TOTAL COST OF CONDENSER SURCON 201
c SURCON 202
CONCSTETURCST«SHLCST+FETCST SURCON 203

CONBAT®CONCST SURCON 204

c SURCON 205

208 RETURN SURCON 208
END SURCON 207

CARD NR, SEVERITY DETAILS DIAGNOSIS OF PROBLEM

160 1 AN 1F STATEMENT MAY BE MORE EFFICIENT THAN A 2 OR 3 BRANCH COMPUTED GD TO SYATEMENT,
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T4/76 0PT=] FIN 4,5¢414 06/05/78
SUBROUTINE TBPMAX (BPLyPSATMAXyTSATMAXsDPER,DPERQsWATCON,WNATCONT,» TBPMAX
1PMAXDRY s TMAXDRY o PDELUGy TDELUG» WATDE + L ICK) TBPMAX
TBPMAX

SUBROUTINE TBPMAX DETERMINES THE OPERATION OF THE HEAT TBPMAX
TRANSFER SYSTEM OF THE POWER PLANT WHEN THE BACK PRESSURE TRPMAX
CURVE OF THE TURBINE 1S SPECIFIED OVER THE WHOLE AMBIENT TBPMAX
TEMPERATURE RANGE, IT ALSO DETERMINES THE BACK PRESSURE OF TBPMAX
THE TURBINE OVER THE AMBIENT TEMPERATURE RANGE WHEN THE HEAT TBPMAX
EXCHANGER IS COMPLETELY DRY, TBPMAX
TBPMAX

DEFINITION OF VARIABLES TBPMAX
TBPMAX

Al = INSIDE AREA OF HEAT EXCHANGER PER TUBE (S0 FT/FT) TBPMAX
ALPHA = RATIO OF HEAT TRANSFER AREA To HEAT EXCHANGER TBPMAX
VOLUME (SG FT/SQ FT) TBPMAX

ANTU = NUMBER OF THERMAL UNITS OF THE DRY HEAT EXCHANGER TBPMAX
AT DESIGN CONDITIONS (DIMENSIONLESS) TBPMAX

ANTU? = NUMBER OF THERMAL UNITS OF THE DRY HEAT EXCHANGER TBPMAX
. AT OFF DESIGN CONDITIONS (DIMENSIONLESS) TBPMAX

ATOT ~ DUTSIDE AREA OF TME HEAT EXCHANGER PER UNIT TBPMAX
DIMENSION (S@ FT/FT) TBPMAX

CONL ~ THERMAL CONDUCTIVITY OF THE MATERIAL MAKING UP THE TBPMAX
HEAT EXCHANGER TUBING (BTU/HR=DEG FeFT) TBPMAX

cPA = SPECIFIC HEAT OF THE AIR AT THE DESIGN AMBIENT TBPMAX
TEMPERATURE (BTU/LBM=DEG F TBAMAX

CPw = SPECIFIC HEAT DF THE AMMONIA AT THE DESIGN AMBIENT TBPMAX
TEMPERATURE (BTU/LBM=DEG F TBPMAX

DELPS « DESIGN SUPPLY PIPING PRESSURE DROP (LB/S@ FT) TBPMAX
DELPS?2 = OFF DESIGN SUPPLY PIPING PRESSURE DROP (L B/SO FT) TBPMAX
DENSIF = DENSITY OF THE AMBIENT AIR ENTERING THE HEAT TBPMAX
EXCHANGER (LBM/CU FT) TBPMAX

DENSIV « DENSITY OF THE AMMONIA VAPOR LEAVING THE CONDENSER/ TBPMAX
REBOILER AT DESIGN CONDITIONS (LBM/CU FT) TBPMAX

NENSIV2 = DENSITY OF THE AMMONIA VAPOR _EAVING THE CONDENSER/ TBPMAX
REBOILER AT OFF DESIGN CONDITIONS (LBM/CU FT) TBPMAX

DENSIW = DENSITY OF THE AMMONIA LIQUID (LBM/CU FT) TBPMAX
D1 = INSIDE DIAMETER OF THE HEAT EXCHANGER TUBES (IN) TBPMAX
EFF = EFFECTIVENESS OF THE DRY HEAT EXCHANGER AT DESIGN TBPMAX
CONDITIONS (DIMENSIONLESS) TBPMAX

EPF2 = EFFECTIVENESS OF THE DRY HEAT EXCHANGER AT OFF TBPMAX
DESIGN CONDITIONS (DIMENSIONLESS) TBPMAX

EFS = OUTSIDE SURFACE EFFECTIVENESS OF THE HEAY EXCHANGER TBPMAX
AT DESIGN CONDITIONS (DIMENSIONLESS) TBPMAX

ELENG =~ LENGTH OF THE HEAT EXCHANGER TUBES (FT) TBPMAX
ELEV = ELEVATION OF THE PLANT SITE (FT) TBPMAX
FACTOR = RATIO OF THE AIR VELOCITY IN THE HEAT EXCHANGER TBPMAX
WHEN IT IS DELUGED TO THE AIR VELOCITY IN THE HEAT TBPMAX

EXCHANGER WHEN IT IS DRY (DIMENSIONLESS) TBPMAX

GAIR2 = MASS FLUX OF THE AIR THROUGBH THE HEAT EXCHANGER TBPMAX
WHEN IT 1S DELUGED (LBM/SQ FT=HR!} TBPMAX

GWAT2 = MASS FLUX OF THE AMMONIA THROUGH THE TUBES OF THE TBPMAX
HEAT EXCHANGER (LBM/SQ FT-MR) TBPMAX

HPG2 = HEAT OF VAPORIZATION OF AMMONIA AT OFF DESIGN TBPMAX
CONDITIONS (BTU/LBM) TBPMAX

Hl2 = INSIDE HEAT TRANSFER COEFFICIENT OF THE HEAT TBPMAX
EXCHANGER TUBES AT OFF DESIGN CONDITIONS TBPMAX
{BTU/HR=DEG F=S0 FT) TBPMAX

07.59,59
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T4/74

HO

HO02

HRFAC]
HRFAC?
HRFAC4

NTA

nNW
0oL

P

PATM
PERCENT
PERCEN]
PRW
PS1I213
P12

P22
ODRY

QINT
QREJTW

OREUT]
QRE T2
QSEC

RANGE

RANGE?2

RANGE?1

eMA

RME v

SIGMaG

AIR SIDE WEAT TRANSFER COEFFICIENT OF THE HEAT
EXCHANGER AT DESIGN CONDITIONS (BTU/HR=DEG F=SG FT}
ATR SIDE HEAT TRANSFER COEFFICIENT OF THE HEAT
EXCHANGER AT OFF DESIGN CONDITIONS

{BTU/HR=DEG F=SQ FT)

HEAT RATE FACTOR AT RATING CONDITION
(DIMENSIONLESS)

HEAT RATE FACTOR AT DESIGN CONDITIONS
(DIMENSIONLESS)

HEAT RATE FACTOR AT OFF DESIGN CONDITIONS
(DIMENSIONLESS)

NUMBER OF TEMPERATURE INCREMENTS IN THE AMRIENT
TEMPERATURE RANGE OF THE PLANT SITE
(DIMENSIONLESS)

NUMRER OF TUBES IN THE WIDTH OF THE HEAT

EXCHANGER (DIMENSIONLESS)

QUTSIDE DIAMETER OF THE HEAT EXCHANGER TUBING (IN)
BACK PRESSURE OF THE TURBINE (IN HGA)

ATMOSPHERIC PRESSURE AT THE PLANT SITE
(ATMOSPHERES)

FRACTION OF THE HEAT EXCHANGER DELUGED
(DIMENSIONLESS)

STORAGE VARIABLE FOR THE FRACTION OF THE HEAT
EXCHANGER DELUGED (DIMENSIONLESS)

PRANDTL NUMBER OF THWE AMMONIA LIQUID AT YHE DESIGN
CONDITIONS (DIMENSIONLESS)

TOTAL POWER OUTPUT OF THE PLANT AT DESIGN
CONDITIONS (MEGAWATTS)

AMMONIA PRESSURE AT THE CONDENSER/REBOILER

(LBF/SQ FT)

AMMONIA PRESSURE AT THE HEAT EXCHANGER (L BF/SQ FT}
AMOUNT OF HEAT REJECTED BY THE DRY PART OF THE
HEAT EXCHANGER (BTU/HR)

HEAT INPUT INTO THE POWER PLANT (BTU/HR)

AMOUNT OF HEAT REJVECTED BY THE WET PART OF THE HWEAT
EXCHANGER (BTU/HR)

HEAT REJECTED AT THE DESIGN CONDITIONS OF THE
PLANT (BTU/HR)

HEAT REJECTED AT THE OFF DESIGN CONDITIONS OF THE
PLANT (BTU/HR)

AMOUNT OF HEAT REUECTED By THE WET PART OF THE HEAT
EXCHANGER PER UNIT DIMENSION (BTU/HR)

TEMPERATURE RANGE OF THE AIR THROUGH THE DRY PART
O0F THE HEAT EXCHANGER AT DESIGN CONDITIONS (DEG F)
TEMPERATURE RANGE OF THE alR 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
(DEG F)

MASS FLOW RATE OF AJR FLOWING THROUGH EACH UNIT
DIMENSION OF THE MEAT EXCHANGER (LBM/HR)

AMOUNT OF WATER EVAPORATED PER UNIT DIMENSION OF
THE HEAT EXCHANGER (LBM/WR AND THE TOTAL HEAT
EXCHANGER WHEN IT IS DELUGED (LBM/HR)

FREE FLOW AREA TO FRONTAL AREA OF THE HEAT
EXCHANGER (SG FT/8G FT)

OPTE] FTN 4,544 06/05/78

TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBOMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TEBPMAX
TBPMAX
TBOMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TEBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBOMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TRPMAX
TBPMAX
TBPMAX
TBOMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBOMAX
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Tas74

TA
TAWR
TEFF °
TEFF]
TEFF3
TEFF4
THCONW
T!
TPER

TT0)

TYD12

TTD?
TTD22
T
T11

u

u2

VAIR
1257
Visv
VISw
WATCONA
WATCONT
w3

w32
w32p
wiz2w

wé

oPT=]

AMBIENT TEMPERATURE (DEG F
AMBIENT WETBULB TEMPERATURE
BASE THERMAL EFFICIENCY OF THE PLANT

(DIMENSIONLESS)

FIN 4,5¢4]6

(DEG F)

RATED THERMAL EFFICIENCY OF THE PLANT

(DIMENSIONLESS)

DESIGN THERMAL EFFICIENCY OF THE PLANT

(DIMENSIONLESS)

OFF DESIGN THERMAL EFFICIENCY OF THE PLANT

(DIMENSTONLESS)

THERMAL CONDUCTIVITY OF THE AMMONIA AT DESIGN
CONDITIONS (BTU/HR=DEG F=FT)
TEMPERATURE OF THE AMMONIA AT THE INLET TO THE HEAT TBPMAX

EXCHANGER (DEG

F)

FRACTION OF THE YEAR THAT THE CORRESPONDING
AMBTENT TEMPERATURE EXISTS (DIMENSIONLESS)
TEMPERATURE DIFFERENCE BETWEEN THE SATURATED STEAM
AND AMMONTA IN THE CONDENSER/REBOILER AT DESIGN

CONDITIONS (DEG F)

TEMPERATURE DIFFEBENCE BETWEEN THE SATURATED STEAM
AND AMMONIA IN THE CONDENSER/REBOILER AT OFF DESIGN TBPMAX

CONDITIONS (DEG F)

TEMPERATURE DROP OF THE AMMONIA IN THE SUPPLY

PIPING (DEG F)

TEMPERATURE DROP OF THE AMMONIA IN THE SUPPLY
PIPING AT OFF DESIGN CONDITIONS (DEG F)
SATURATED STEAM TEMPERATURE IN THE CONDERSER/
REBOILER (DEG F)
STORAGE VARIABLE FOR THE SATURATED STEAM
TEMPERATURE IN THE CONDENSER/REBOILER (DEG F)
OVERALL HEAT TRANSFER 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 VELOCYTY THROUGH THE DRY HEATY

EXCHANGER (FT/SEC)
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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

VISCOSITY OF THE AIR AT THE AVERAGE AIR TEMPERATURE TBPMAX

IN THE DRY HEAT EXCHANGER

(LBM/FT=HR)

VISCOSITY OF THE AMMONIA vAPDR ENTERING YHE HEAT
EXCHANGER AT DESIGN CONDITIONS (LBM/FTeHR)
VISCOSITY OF THE AMMONIA (IQUID ENTERING THE HEAT
EXCHANGER AT DESIGN CONDITIONS (LBM/FT=HR)

AMOUNT OF WATER ALLOWED To BE EVAPORATED OVER THE
WHOLE YEAR (LBM/YEAR)
AMOUNT OF WATER EVAPORATED DURING THE WHOLE YEAR
BY THE PARTIALLY DELUGED MEAT EXCHANGER (LBM/YEAR)

MASS FLOW RATE
(LBM/HR)

MASS FLOW RATE
(LBM/HR)

MASS FLOW RATE
HEAT EXCHANGER
MASS FLOW RATE
HEAT EXCHANGER
MASS FLOW RATE

AT DESIGN CONDITIONS

OF

OF

OF
AT
OF
AT
oF

AMMONIA AT
AMMONTIA AT

AMMONTIA ToO
OFF DESIGN
AMMONIA TO
OFF DESIGN

DESIGN CONDITIONS
OFF DESIGN CONDITIONS

THE DRY PARY OF THE
CONDITIONS (LBM/HR)
THE WET PART OF THE
CONDITIONS (LBM/HR)

AIR THROUGH THE HEAT EXCHANGER

(LBM/HR)

TBPMAX
TBPMAX
TBPMAX
TBPMAX
TB8PMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBOMAX
TBOMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
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YFP » PLANT SCALING FACTOR FOR FAN AND PUMP POWER LOSS TBPMAX

xD » LONGITUDINAL PITCH OF THE TUBES IN THE HEAT TBPMAX
EXCHANGER (IN) TBPMAX

YFP = PLANT SCALING FACTOR FOR FAN AND PUMP POWER LOSS TBPMAX
(DIMENSIONLESS) TBPMAX

z - HEAT EXCHANGER DEPTH IN NUMBER OF TUBES TBPMAX
(DIMENSIONLESS) TRPMAX

2D - HEAT EXCHANGER DEPTH IN NUMBER OF TUBES TBOMAX
(DIMENSIONLESS) TBPMAX

TBPMAX

DEFINITION OF ARRAYS TBPMAX
TBPMAX

ANG = THE ANGLE OF THE HEAT EXCHANGER TUBES FROM THE TBPMAX
HORIZONTA| AND THE SINE AND COSINE OF THAT ANGLE TBPMAX

8PL = BACK PRESSURE LIMIT CURVE (IN HGA) TBPMAX
DPER = FRACTION OF THE HEAT EXCHANGER THAT IS DELUGED FOR TBPMAX
EACH AMBIENT TEMPERATURE INCREMENT (DIMENSIONLESS) TBPMAX

DPERQ = FRACTION OF THE HEAT LOAD THAT IS CARRIED OFF BY TBPMAX

THE DELUGED PART OF THE HEAT EXCHANGER FOR EACH TBOMAX

AMBIENT TEMPERATURE INCREMENT (DIMENSIONLESS) TBPMAX

PDELUG = BACK PRESSURE CURVE WHEN THE HEAT EXCHANGER IS TBPMAX
DELUGED COMPLETELY (IN HGA TBPMAX

PMAXDRY = ALL DRY BACK PRESBURE CURVE (IN HGA; TBPMAX
PSATMAX = BACK PRESSURE CURVE WHICH CAN INCLUDE ALL DRY OR TBPMAX

ALL WET BACK PRESBURES (IN HGA) TBPMAX

TDELUG <« TURBINE STEAM TEMPERATURE CURVE WHEN THE HEAT TBPMAX
EXCHANGER IS DELUGED COMPLETELY (OEG F) TBPMAX

TMAXDRY = ALL DRY TURBINE STEAM TEMPERATURE CURVE (DEG F) TBPMAX

TPO -« ARRAY OF COEFFICIENTS FOR THE CUBIC CURVE FIT OF TBPMAX
HEAT RATE FACTOR AS A FUNCTION OF TURBINE BACK TBPMAX

PRESSURE (DIMENSIONLESS) TBPMAX

TSATMAX = TURBINE STEAM TEMPERATURE CURVE WHICH CAN INCLUDE TBPMAY

ALL DRY DR ALL WET TURBINE STEAM TEMPERATURES TBPMAX

(DEG F) TBPMAX

AFY = AMBIENT TEMPERATURE CURVE (DEG F) TBPMAX
VTAWR = AMBIENT WET BULB TEMPERATURE CURVE (DEG F) TBPMAX
VTPER e FRACTION OF THE YEAR THAT THE AMBIENT AND WET BULB TBPMAX
TEMPERATURE INCREMENTS EXIST (DIMENSIONLESS) TBPMAX

WATCON «~ WATER CONSUMPTION OF THE HEAT EXCHANGER OVER THE TBPMAX
WHOLE YEAR FOR EACH AMBIENY TEMPERATURE INCREMENT TBPMAX

(LBM/YEAR) TBPMAX

WATDE « WATER CONSUMPTION DF THE HEAT EXCHANGER WHEN IT IS TBPMAX
COMPLETELY DELUGED OVER THE WHOLE YEAR FOR EACH TBPMAX

AMBIENT TEMPERATURE INCREMENT (LBM/YEAR) TBPMAX

TBPMAX

LoGrcAL FRST3 TBPMAX
LNGICAL FIRSTsFRSToFXTEMP+FXTVAReFXTTTD,FXTLNG BIGCOM
COMMON BIGCOM
AFTRs ALPHA, ANG(3) BIGCOM
yBRLIM(16) BIGCOM
yCaAPFy CSSPKW, CONF, CONLy COSTL, CAPCHGy CONMAT» CONMAZ,CAF BIGCOM
+C8Je CTURBe CDANGs CLUVR,y CHAILS, CVM BIGCOM
sDF INeDEEPL+DESVEL 4y DESVELVDESVELD«DENSIF BIGCOM
yEFFPs EFS BIGCOM
sFeRoFIRST FIXL FCOSeFFHXWFXTEMP,FACTOR,FRST,FACTORD ,FSHOT,FDELUG BIGCOM
¢sFIXVeFIXTTDyFXTVARFXTTTDWFXTLNG BIGCOM
+GBEFF BIGCOM
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«HXNP s HPCSTsHCD
+ITMAX, ITMIN
» JCONS
¢+ KCONV,
P MXEXT
s NTASNSIDESINBUNHI
COMMON
oDo
+PSIZE, PERs PWCOSy PLANC, PFACT, POMDPL
sPOHBAF, POHFAN, POHLEC, POHCIRs POMCND,
» RRPIREDUCE, REDUCV, ROOFLy RHOUT
« AREJy QREDUCE, QREDUCYV
+SIGMAG, SAAF, SEGL
+TDy, TPD(4Y)s TEFF,
yTCDy TW
+ULSy UWS
sWEVe WATCONA,
¢+ VAS (5)
»yXDEPA, XwWy XD
COMMAN /SUPPLY/ VAL (5)
Q!N' CLANDQ REAIR'
FPOwW, DELFC, WIDTH, ELENGs VAIR, VWwAT,
REWAT, Nw, NT, NPy PLANC2,PS1Z12y SPBF, SWé,
SPCyPTOTAL+PLANC3,SAFRONy AAIR, YFPy, SPCD,pPSIZ13,
BP2, NW2y TCOSs DELPA+DELPWT,DELPWC+CONBAS, XNTSX,
s TLAX, UCON, PMCST, FMCST, FBACC, EFFC, CH, CA,
s CLTC, CFCy CPCC, FITCO, CsC,CEPREP,DELPIP,
»CADCSYT, XNFAN,BLDANGs CPLEN, DPFEL, WHX, WTTUBes ADIA,
s WTHDR, WTFRM,STRUCC,CFPERFyHPPERF, TOTCF, TPC, EFFIN,
+ AIRFF, WATFF, XNMOD, TCTPFy FDCPF, FMTRC, ACCTTP,
» ACTBPD, ADJBPD, ACTVH, ADJVHs ADJPPF, THPAIR, TCTF,

KaLEXT

POHSTCy POHSCL

TLIMy, THFINy TLPRA, TFIX

WATCOST

CPLNy CPIP,
ZyHRFAC2, LY

CCoS, w3,

Uy

COSM,
Uy DELPW,
Hl, HO

EFF,
PPOW,
Thoy
SW3,
WT2

VELDX

cs

AST,OLDCST
ABLN

ANTU

ADJTP
AFCSY

v CSRD, WATERW, WSTRCT, CFOQUND, HUBDIA, TOW_EN, NUMTOW, CTOWD

1SNRJUISORUS+ATUBCYCRAyTTDL s TTD2¢DELPSCSTLVRIPIPCSTO

+CSTHS, CYLRNGy, CFANELs PSTACS, PUFITC, PMPCST, RPTPL, SEPCST

+PWD(16) yWATCWD (16) »DEPER (16} ¢ DEPERQ(16)
.UBHQHTOH.NTOWDE.CSTIFOCSJQCVF,CDP.US
COMMON /SCALER/MRFAC1s ATUB, CPERAy SSCD,PLANC1+CASSS],
GATRy FAIR, HPAIR, HPWAT, WLRTP, PLANCT)
COMMON /HXD/ AT ,ATOTSFA,RFA,ACS
COoMMON /VARVAR/ VTPER(16)s VTA(16), VTAWB(16)
COMMON/DJUB/DI 4+ XDGsSF
COMMON /SURFEX/ ODL+DUMLST(15)
COMMON/DLUG/TAyTAWS, TIyPATMyHI2+H02+RMA,QSEC,RMEVIVALRED
COMMON/COUNT/NSLOPE FRST3
COMMON/FAN/FANDAP (153410) 9 FANDAHT153,10) yFMCPF FBCPF4P2,Ry S,
VELREC,AFCH,ELEV,yEHRyLOOPER,CTMAX
COMUON /PROP/ CPW, THCONWs DENSIW, VISW, HFG,
CPVy THCONV, DENSIV, VISV, SIGMA,
CPA, THCONA, DENSIA, VISA
DIMENSION BPL(16)y PSATMAX(16)y TSATMAX(16)y WATCON{18),
PMAXDRY {16)s TMAXDRY (16}, PDELUG(16)s TOELUG(16),
WATDE (16} DPER(16)9 DPERQ(16)
NDBYGl = ©
WATCANTY = 0,0
NSLOPE = 0
2D e 2
VALRE® = 2
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BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SuUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
suppPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SCALER
SCALER
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
" TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
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DESIGN THERMAL EFFECTIVENESS OF THE POWER PLANT
TEFF3 @ TEFF/HRFAC2

RATED THERMAL EFFECTIVENESS OF THE POWER PLANT
TEFF]1 = TEFF/HRFAC]

HEAY INPUT INTO THE POWER PLANT
QIN1 = 36413,E¢3sPSIZ13/TEFF]

HEAT REJECTED AT THE DESIGN THERMAL EFFECTIVENESS OF THE
POWER PLANT
QREUTY = QINl=(l, « TEFF3)

RANGE OF THE AIR AT THE DESIGN AMBIENT TEMPERATURE
RANGE = QREJT1/(Wés(l, + YFP)#CPA)
IF(LICX,GT,0) GO To 110

LOOP TO FIND THE BACK PRESSURE OF THE TURBINE OVER THE
AMBTENT TEMPERATURE RANGE WITH AN ALL DRY HEAT EXCHANGER

Do 100 J = 1y NTA
I =2 NTA &« J ¢ ]

AMBTIENT TEMPERATURE
TA = VTA(])

PERCENT OF THE YEAR AT THE ABOVE AMBIENT TEMPERATURE
TPE® = VTPER(I)

INTIAL GUESS FOR THE ALL DRY TURBINE SATURATED STEaM
TEMPERATURE
Tl = TA « RANGE/EFF + TTD1 + TTDZ2

BACK PRESSURE OF THE TURBINE AT THE SATURATION TEMPERATURE

P u EXP(17,168 = 9260,/(T1 o 460,))

HEAT RATE FACTOR AT THE ABOVE BACK PRESSURE
HRFAC4 & TPO(1}) + TPO(2)eP « TPO13)ePeu2 ¢ TPO(4)*Pesl
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TBPMAX
TBPMAX
TBEOMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBAMAX
TBPMAX
TBPMAX
TBOMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBOMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
‘"TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX

THERMAL EFFECTIVENESS OF THE PLANT AT THE ABOVE BACK PRESSURE TBPMAX

TEFF4 ® TEFF/HRFACs

HEAT REJECTED AT THE ABOVE THERMAL EFFECTIVENESS OF THE
POWER PLANT
OREJT2 ® QINls(l, « TEFF4)

TEMPERATURE DIFFERENCE BETWEEN THE SATURATED STEAM AND THE

AMMONTA IN THE CONDENSER/REROILER
TTD12 ®= (OREJT2/0REJT1)»TTD]

PRESSURE OF THE AMMONIA LEAVING THE CONDENSER/REROILER
P12 = FLUID(1041yT1 = TTDI2,ELEVs"TBPMAX]H)
HFG2 ® FLUID(S41,T]1 » TTD12+ELEVs"TBPMAXRY)
DENSIVZ = FLUID(7414T1=TTD124ELEV,nTBPMAXIN)

MASS FLOW RATE OF AMMONIA THROUGH THE COOLING SYSTEM

TBOMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBEMAX
TBPMAX
TBPMAX
TEPMAX
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o000

20

30

40

100

W32 = QREJT2/HFG2

PRESSURE DRDP OF AMMONIA THROUGH THE SUPPLY PIPING
DELPS2 = DELPS*(W32##2+DENSIV/ (DENSIV2ew3es2))

PRESSURE AT THE END OF THE SUPPLY PIPING
P22 = Pl2 « DELPS2/144,
TI = T! « TTD1l = TTD2
DELT!I = ,001

LOOP TO DETERMINE THg TEMPERATURE OF THE AMMONIA AT THE END
0F THE SUPPLY PIPING

FTI o= @«P22 ¢ FLUID(104s1eTI2ELEV,"TBPMAXSH

FTIDEL = «P22 ¢ FLUID(10419T1 ¢ DELTISELEV,"TBPMAXSH)

TIP] = TI = DELTI«FTI/(FTIDEL = FTI)

T = TIP)

Go TO 20

TEMPERATURE DROP IN THE AMMONIA FROM THE BEGINNING TO THE
END OF THE SUPPLY PIPING
TTD22 » 71 = TTDIZ2 « TI

TEMPERATURE RANGE OF THE AIR
RANGE2 = QREJT2/(Wées=(]l, ¢ YFP)sCRA)

SATURATION TEMPERATURE OF TME STEAM IN THE CONDENSER/REBOILE
T1l = RANGE2/EFF ¢« TA « TTD12 ¢ TTD22

CONVERGENCE CRITERIA FOR THE SATURATION TEMPERATURE OF THE
STEAM IN THE CONDENSER/REBOILER

IF(ABSITI1 = T1)/T11,LT.,0001) GO TO 4¢

Tl = T1}

Go 710 10O

1F THE BACK PRESSURE AT ANY AMBIENT TEMPERATURE IS ABOVE THE

MAXTIMUM BACK PRESSURE ALLOWED ALL BACK PRESSURES ASSOCIATED

WITH AMBIENT TEMPERATURES EQUAL TO AND ABOVE THAT TEMPERATUR

ARE SET EQUAL TO THE MAXIMUM BACK PRESSURE PLUS ,1 IN HGA
IF(P,GT,BPL(1)) GO TO 105

STORAGE OF BACK PRESSURE AND STEAM SATURATION TEMPERATURE
OF THE TURBINE

PMAXDRY (1) = P

TMAXDRY(I) = T)

CONTINUE

Go 10 i1l0

FILLING THE DRY BACKX PRESSURE ARRAY WITH THE MAXIMUM BACK
PRESSURE ALLOWABLE PLUS .1 IN HGA

DO 106 JUJ = Jy NTA

I =2 NTA = JJ ¢ ]

PMAXDRY (11) = BPL{1) ¢ 1

CONTINUE

BEGINNING OF THE LOOP TO DETERMINE THE DRY/WET SPLITS OF
THE HEAT EXCHANGER FOR A SET BACK PRESSURE CURVE
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TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
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TBPMAX
TBPMAX
TBPMAX
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TBPMAX
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TRBPML X
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Do 200 J = 14NTA
IT = NYA « J ¢ )
IF (XCONV,EQ.1,AND,LICK,EQ,0) RETURN

WET BULB AMBIENT TEMPERATURE
Tawg = VTAWB({II)

PERCENT OF THE YEAR AT THE ABOVE AMBIENT TEMPERATURE
TPER = VYPER(II)

AMBTIENT TEMPERATURE
Ta e VTA(ID)

DETERMINATION OF THE POINT AND SETTING OF THE VARIABLES WHERE
DELUGING OF THE HEAT EXCHANGER MUST BEGIN ON THE AMBIENT
TEMPERATURE CURVE
IF(aRSI(RPL(II) = PMAXDRY (I1)}/BPL(II)eLT,s0025.0RsPMAXDRY(11),LE«S
1PL(11)) PSATMAX ({11} = PMAXDRY (11!}
IF(ABSIBPL(I]) = PMAXDRY (I1))/BPL(II)elT,s0025.0RsPMAXDRY(I])oLEWB
IPL(T1}) TSATMAX(II) = TMAXDRY({II}
IF(aBS(RPL(II) = PMAXDRY (I1I1))/BPL{I1)eLT,40025,0RePMAXDRY (11).LE.B
1PL(TI}) WATCON(II) = 0,0
TF(ABSIBPL(II) = PMAXDRY(11})/BPL(I1)elLT,,0025.,0R¢PMAXDRY (1]),LE 4B
1PL(11)Y) DPER(II) = 0.0
IF(ABSIRPL(TI) « PMAXDRY(II))/BPL(I1)eLT,e0025,0RePMAXDRY (11),LE,8B
IPLEITYY DPERQ(II) = 0,0
IF(ABSH{BPL(I1) = PMAXDRY(II))/BPL(II)elT,,0025+0R¢PMAXDRY (11),LEWR
IPL(II!}Y GO TO 200

DEYERMINATION OF THE POINT WHERE COMPLETE DELUGING OF THE
HEAT EXCHANGER OCCURS ON THE AMBIENT TEMPERATURE CUPVE
IF(ABS{BPL(II) = PDELUG(II)}/BPLIII) oLT,,0025,0R«BPL(IT},LE.PDELU
1G(I1}) 60 TO 170
NSLOPE = NSLOPE o 1}
FRST3 s ,TRUE,

SATURATION TEMPERATURE OF THE STEAM IN THE CONDENSER/REBOILER
DETERMINED FROM THE BACK PRESSURE CURVE
Tl = 9240,/(17,168 = ALOG(BPL(II)})) = 460,

HEAT RATE FACTOR AT THE BACK PRESSURE ON THE CURVE
HPFAC4 = TPO(1l) « TPO(2)e«BPL(II) ¢ TPO(3)sBPL (II)*22 + YPO(4)=
1BPL(11)ea3

THERMAL EFFECTIVENESS OF THE PLANT AY THE ABOVE BACK PRESSURE
TEFF4 s TYEFF/HRFACe

HEAY REJECTED AT THE ABOVE THERMAL EFFECTIVENESS OF THE
POWER PLANT
GREJT2 = QINl*(l, « TEFF4)

YEMPERATURE DIFFERENCE BETWEEN THE SATURATED STEAM AND THE
AMMNONTIA IN THE CONDENSER/REBOILER
TTD12 = (QREJT2/QREJT1)=TYTD]

PRESSURE OF THE AMMONIA LEAVING THE CONDENSER/REBOILER
P12 = FLUID(10s]9T] = TTDIZ2+ELEVI"TEPMAXE)

TBPMAX
TBPMAX
TBPMAX
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TBPMAX
TBPMAX
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T8PMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBOMAX
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TBPMAX
TBPMAX
TBPMAX
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TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
T8PMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TB8PMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TBPMAX
TRPMAX
TBPMAX
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HFG2 = FLUID(9919T] = TTDI24ELEVs"TBPMAXTH)
DENSIVZ = FLUID(741¢T1 = TTD1Z24ELEVPTRPMAXBN)

MASS FLOW RATE OF AMMONIA THROUGH THE COOLING SYSTEM
W32 & OREJT2/HFG2

PRESSURE DROP OF AMMONIA THROUGH THE SUPPLY PIPING
DELPS2 = DELPS» (W328%2«DENSIV/ (DENSIV2eW3se2))

PRESSURE AT THE END OF THE SUPPLY PIPING
P22 = P12 « DELPS2/144,
T = Tl = TTD1 = TTD2
DELT! = ,001

LOOP TO DETERMINE THE TEMPERATURE OF THE AMMONIA AT THE END
OF THE SUPPLY PIPING

FTI = «P22 ¢ FLUID(1041sTI4ELEV,"TBPMAXOM

FTIDEL = =P22 « FLUID(10s1sTI ¢ DELTIVELEV,"TBPMAX]Q")

TIP] = TT = DELTIFTI/(FTIDEL = FTI)

IF(ABSITIP] = TI).LT,4s0001) GO TO 125

TI = TIPL

60 TO 120

TEMPERATURE DROP IN THE AMMONIA FROM THE BEGINNING TO THE
END OF THE SUPPLY PIPING '
TTD022 ® T1 = TTD12 » TI1

INITIALIZING SOME OF THE VARIABLES FOR THE DRY/WET SPLIT OF
THE HEAT EXCHANGER

JK = 0

QDRY = 0,0

w3zp = 0,0

PERCENT = ,B0O

BEGINNING OF _OOP TO DETERMINE THE PERCENT OF THE HEAT
EXCHANGER THAT 1S DELUBED

JK = JK o )
1F(PERCENT,G6T,1,) PERCENT = ,99

TF THE AMBIENT TEMPERATURE 15 GREATER THAN OR EQUAL TO TME

TEMPERATURE OF THE AMMONIA ENTERING THE HEAT EXCHANGER ALL

HEAT 1S REJECTED FROM THE HEAT EXCHANGER BY THE WET MODE
IF((T! = TTD12 -~ TTD22 = TA),.LE.0.0) GO TO 150

INITIAL GUESS FOR THE TEMPERATURE DIFFERENCE OF THE AIR
ACROSS THE DRy PART OF THE HEAT EXCHANGBER
RANGE2 = (T1 = TTD12 - TTD22 = TR)«EFF

LOOP TD DETERMINE THE AMOUNT OF HEAT THAT IS REJECTED FROM
THE DRY PART oF THE HEAT EXCHANGER

CALCULATION OF THE AMOUNT OF HEAT REJECTED FROM THE DRY PART
0F THE HEAT EXCHANGER

140 QDRY = RANGE2«CPA«PERCENTeWéw (1, ¢ YFP)

MASS FLOW RATE OF AMMONIA TO THE DRY PART OF THE HEAT
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150

240

EXCHANGER
w32n = QDRY/HFG2

MASS FLUX OF aMMONIA THROUGH THE DRY HEAT EXCHANGER TURES
GWAT2 ® Ww32D/ (ZD*Nws3,141598DI*DI/(4,%14a4,)sPERCENT)
PoW B VISWsCPW/THCONW

INSIDE HEAT TRANSFER COEFFICIENT OF THE DRY HEAT EXCHANGER
CaLL HYCLO(DIyELENG*1241ANG4GWATZ241040, 4PRWoDENSIWyDENSIV,VISW=
1441338eV]ISVe,4]1338, THCONwoC°H9H12oHTC'HTBoHTNoHTK'RENATZ)

OVERALL HEAT TRANSFER COEFFICIENT OF THE HEAT EXCHANGER
U2 = Ya/t1./(HO®EFS) « AYOT#ALOGIODL/DI)/(CONL*2.%3,14155) + ATOT/
J(ATl=HIZY)

NUMRER OF THERMAL UNITS IN THE HEAT EXCHANGER
ANTU2 = (ANTU/ZU) »U2

EFFECTIVENESS OF THE HEAT EXCHANGER
EFF2 = 1, = EXP{=~ANTU2)

TEMPERATURE DIFFERENCE OF THE AIR ACROSS THE HEAT EXCHANGER
RANGE2]1 = (Tl « TTD12 = TTD22 ~ TA)#*EFF?

CONVERGENCE CRITERIA FOR THE TEMPERATURE DIFFERENCE OF THE
AIR ACRDOSS THE HEAT EXCHANGER

IF (ABS(RANGE2] = RANGE?2)/RANGE2,LT..0025) GO TO 150

RANGF? = RANGE2}

Go 10 lag

MASS FLOW RATE OF AMMONIA TO THE WET PART OF THE HEAT
EXCHANGER

W32w = W32 = W32D

PATu = EXP (3439853 « 3,B81B35E~5«ELEV) /29,92

MASS FLOW RATE OF AIR THROUGH THE HEAT EXCHANGER PER UNIT
DIMENSION
RMA = FACTOR®*VAIRsDENSIFw3600,ACS

MASS FLUX DF AMMONIA THROUGH THE HEAT EXCHANGER TURES
GWATZ 8 W32W/ (ZDwNWw3,14159sDI=DI1/ (4,%)104,)%(), = PERCENT))
WRITE(654260) GWAT2,T14BPL(II)sPERCENTTA,TAWB,PMAXDRY (11)W32W,
1W32,W32D,0REJT 1 yQREJT24+QDRY
FORMAT (2X+"GWAT2sT19BPL(II)9sPERCENTITA TAWRPMAXDRY (I1) yW32WsW320W
132D,0PEJT1,QREJT2,QDRY=",/92X¢BG15,5,/,2X45615,5/)

INSIDE HEAT TRANSFER COEFFICIENT OF THE WET HEAT EXCHANGER
CALL HTCLO(DI¢ELENG#12,9ANGsGWAT291490,PRWIDENSINyDENSIV,VISWe
146133B1VISVE 441338, THCONWsCPWIHIZ2 HTCOIHTBoHTNyHTKIREWAT2)

MASS FLUX OF THE AIR THROUGHM THE WET PART OF THE HEATY
EXCHANGER
GAIR2 = FACTOR«VAIRSDENSIF«3600,

CALCULATION OF THE HEAT REJECTED FROM THE WET PART OF THE
HEAT EXCHANGER AND THE AMOUNT OF WATER USED
IF(FDELUGLEQ."DELUG ") CALL HOTERV(FAIR2,H02,SIGMAG,ALPHAXD)
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160

170

200

1GAIR2,VISA)
1F (FDELUGLEQ+"DELBAW ") CALL MTCHI(GAIR2,HD2)
1F(FDELUGLEQ+"DELUG ®) CALL DELUG
IF(*DELUGL,EQ+"DELBAW ") CALL DELBAW

I1F (KCONV,EQ,1) RETURN

OREJTW = QSEC®NWeELENGe (1, = PERCENT)

RMEY = NWeELENGs (1, = PERCENT)*RMEY

IF (NDBUG1,EQel) WRITE(69220) T)1+OWAT2sHIZ2)GAIR2sHO2,TA+TANBTI,
1PATMRMA,QSEC+RMEV ,PERCENT+QREJTH 4 QDORY y WATCONT

USE OF THE CALCULATED HEAT REJECTION FROM THE TOTAL HEAT
EXCHANGER AND THE DESIRED HEAT REJECTION TO ESTIMATE THE
AMOUNT OF HEAT EXCHANGER THAT NEEDS Yo BE DELUGED

IF(JUKsLE,1} Y] = QREJTW ¢ QDRY

IF(UKsLE,1) X1 = PERCENT

IF(JUK,LE,1) GO TO 130

Y2 = Y!

X2 = X1

Yl = GREJTW ¢ QDRY

X1 = PERCENT

SLOPE ® (Y] = Y2)/(X] e X2)

PERCEN]1 = X) ¢ (QREJTZ = Y1)/SLOPE

CONVERGENCE CRITERIA FOR THE PERCENT OF THE HEAT EXCHANGER
THAT IS LEFT DRY

IF(ARS{PERCEN] = PERCENT)/PERCENT,LT,s001 GO TO 160

PERCFENT = PERCEN]

Go 70 130

STORAGE OF VARIABLES
WATCON(I1) = TPER#B8760,%RMEV
WATCONT = WATCONT o WATCON(II)
TSATMAX (11) = T)

PSATMAX (11) ® BPL{II}
DPER(I1) = 1o = PERCENT
DPERQ (1Y) = QREJTW/QREJUT2
Go 10 200

SETTING OF VARIABLES WHEN THE HEAT EXCHANGER 1S COMPLETELY
DELUGED

WATCONI(TII) = WATDE(II)

TSATMAX (11) = TDELUG(II)

PSATMAX (11) = PDELUG(II)

DrER(1l) = 1,0

DPERQ(II) = 1,0

WATCONY = WATCONT ¢ WATCON(II)

1F THE WATER CONSUMED OVER THE WHOLE YEAR AT THE MAXIMUM
BACK PRESSURE CURVE IS GREATER THAN THAT ALLOCATED THE
DESIGN IS THROWN OUT

IF(WATCONT ,GT,WATCONALAND,LICK,EQ,0) KCONV = ]

RETURN
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220 FORMAT (2X oM T]1yGWAT2+HI21GAIR29HO2+TA TAWBTI PATMIRMA4QSEC,RMEV,PE TBPMAX

IRCENT»QREJTWIODRY ¢y WATCONT= 4 /42X 9BG)5eby/92X48615¢4/)
END
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SUBRQUTINE TCALC
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74/74  OPT=] FTN &,5¢614

SUBROUTINE TCALC(RI«RHeATMyTESTyToFROM,KCONV)

SUBROUTINE TCALC COMPUTES THE TEMPERATUREs Tv FROM A
KNOWLEDGE OF

THE ENTHALPY (RI)y RELATIVE HUMIDITY (RH)» BAROMETRIC PRES~-
SURE (ATM}, TEST IS AN ESTIMATE FOR USE IN THE ITERATIVE

CALCULATION, LIMITS ARE PLACED UPON THE RANGE OF RI

wMICH WILL BE CONSIDERED IN ORDER TD PREVENT INSTABILITIES

IN TCALC, (FOR EXAMPLE, RI APPRDACHKES INFINITY AS THE
BOILING POINT IS REACHED==THUSy IF THE TEMPERATURE
CORQESPONDING TO RI IS NEAR THE BOILING POINT, THE
ITERATION WITHIN TCALC WILL BECOME UNSTABLE)s THE UPPER
LIMIT OF R IS RIMAX, THE LOWER LIMIT IS RIMIN, SEE
SUBROUTINE LIMIT FOR THE COMPUTATION OF RIMIN, RIMAX,
TMIN AND TMAX,

COMMON /WETDRY/ NCYCLEsTMAXoRIMAK,TMIN,RIMIN
COMMONZCOUNT/NSLOPE+FRST3
DIMENSION TNEW(20) ,RINEW (20)

DATA

MAX/20/
FUNCTION FP GIVES THE PARTIAL PRESSURE 0OF WATERs IN. HG,

FP(RHsT) = RH#229,925(0,000203»((T = 32,)/1,B)wn2

¢ = 0,

011B8s(T = 32,)/1.8 ¢ 1,09%)

¢ #EXP( = 0,000426%((T » 32,)/1sB}us2

¢ ¢+ 0,

08282 (T = 32,)/1.8 » 5,163}

FP(RMyT)mRHeEXP (17,168=5240,/(T+460,))

FUNCTION FAH GIVES THE ABSOLUTE HUMIDITY, LB OF WATER/
LB oF AIR

FAH(PeATM)=P®18,02/((ATMe29,92=P)«2B8,97)
FCS(AHYB,24¢4458AH

FUNCTION FCS GIVES THE HEAT CAPACITY OF WUMID AlR,
BYU/DEG FeLB OF DRY AIR

FRI(CSeToAH)BCSsT+]1094,=AN

FUNCTION FRI GIVES THE ENTHALPY, BTU/LB OF DRY AIR

NDBUGI®D

IF (ol
IF({Rr]
IF(e1

110 FORMATIngIN TCALC RI IS LESS THAN RIMIN OR GREATER THAN RIMAX, ¥

SeuRY
N=0

OEE.RIMIN OOR. RI.GE.RIMAX) KCONV t J 1
+LE,RIMIN ,0R, RI,.GE,RIMAX) RETURN

£ "llPE13.5)

IF (NDBUG3 EQ¢ ) IWRITE (6425 RIsRH,ATMyTEST, T
25 FORMAT (1Xy//91Xs"ENTERING TCALC"4SEL1T4B,4//)

10 CoNTY
N=Na+l

IF (N,

NUE

TEST 1S USED AS THE FIRST APPROXIMATION,

EQ,1) TNEW(N)=TEST

1F EXTRAPOLATION GOES OUT OF TEMPERATURE BOUNDSs A NEW
ESTIMATE 1S MADE, NOTE THAT TMAX AND TMIN ARE THE
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SUBROUTINE TCALC T4/74 0PT=] FTN 4,5¢414 06/05/78 07,59,.59

c TEMPERATURES CORRESPONDING TO RIMAX AND RIMIN, TCcaLC 59
c RESPECTIVELY., TCALC 60
c ‘ TCALC 61
c TCALC 62
IF (TNEW (N) (GT o TMAX) TNEW(N)ETNEW (N=1} ¢ (TMAX«TNEW (N=]1)} /3, TCALC 63
IF(TNEW(N) LLT, TMIN} TNEW(N)=TMIN TCALC 64
T=TNEW(N) TCALC 65

¢ TCALC 66
c TCALC 67
c & VALUE OF ENTHALPY CORRESPONDING To THE TNEW (N}, TCALC 68
c RINEW(N!s IS COMPUTED, TCALC 69
c TCALC 70
c TCALC 71
PaFD (RH,T) TCALC 72
AHEFAH (P ATM) TCALC 73
CexrFCSIAN) TCALC T4
RIDUMEFRT (CSeToAH) TCALS 75

RINEwW (N)mRIDUM TCaLC 76

c TCALC 77
c TCALC 78
c THE DEVIATION IN ENTHALPY IS COMPUTED, TCALC 79
c TCALC 80
c TCALC 8]
DRIsRI=RINEW (N) TCALC B2

c IF (NDBUG3,EQs 1 )WRITE (6450)Ns TNEWIN) yRINEW (N) ,DRI TCALC 83
50 FDRMATU1X,"FROM TCALC S50n,15,3E17,8) TCALC 84

c TcaLcC 8s
c TCALC 86
c A TEST FOR CONVERGENCE IS COMPUTED, TcaLC B7
c TCALC 88
C TCALC 89
IF(ABS(DRI},LT,,0001) GO YO 40 TCALC 90

c TCALC 91
¢ TCALL 92
c D1AGNOSTIC IF EXCESSIVE NUMBER OF ITERATIONS TcaLc 93
c - TCALC S4
¢ TCALC 95
IF(N,EQ,20) WRITE(6+170) FROMyNyRI,TEST,TNEW,RINEW TCALC 96
$1TMAX 9 TMIN,NCALC TCALC 97

170 FORMAT {/#]1SUBSCRIPT LIMIT IN TCALC, CALLED FROM 1sA]0,", Na# TCALC 98

$ JIS/1%yMRIa"y1PIE13,593Xe"TESTa"4E13,5/1X,"TNEW='/ TCaALC 99
$4(1Xs1P5E13,5/)//1X+"RINEWS"/4 (1X,1P5E13,5/)//1Xs"TMAXS "eE13.5/ TCALC 100
SIXsnTMING 11,E13,5/1X4"NCALC= ",15) TCALC 101
IF(N,EQ,20) RETURN TCALC 102

C TCALC 103
c TCALC 104
o A NEW ESTIMATE FOR T IS OBTAINED By USE OF TME DERIVATIVE TCALC 105
c OF T wITH RESPECT TO ENTHALPY FOR N EQUAL TO ), LINEAR TCaLl 106
c INTERPOLATION/EXTRAPOLATION TECHNIQUES ARE USED THEREAFTER, TCALC 107
c TCALC 108
c TCALC 109
IF(NGNE,1)GO TO 45 TCALC 110
TPeT+,0001 TCALC 11

PP=FP (RH, TP} TCALC 112

AHPxF AN (PP, ATM) TCALC 113
CSPaFCS (AHP) TCalLC 114

RIPaFRI (CSPyTP,AHP) TCALC 118



SUBROUTINE TCALC T4/74 oPT=] FIN 4,5¢414 06/05/78 07,59.59%

TMaT=,0001 TCALC 116

PMEFP (RHyTM) TCALC 117
AHMaFAH (PMgATM) TCALL 118
CSMaFCS (AHM) TCALC 119
RIM=FRY (CSMyTMyAHM) TCALC 120
DTDRI=:0002/{RIP=RIM) TCALC 121

45 CONTINUE TCALC 122
IF(N,EQ, 1) TNEW(Ne]1)=TNEW (N) «DTDRI*DR] TCALC 123
IF(NGT, 1) TNEW(Ne] )} =TNEW (N=]) ¢ ( (RI=RINEW (Nw]))/ {RINEW(N)=RINEW(N=] TCALC 124

1)) ) e (TNEW (N)=TNEW (N=1)) TCALCL 125

6o to 10 TCALC 126

40 CONTINUE TCALC 127

c TCALC 128
o TCALC 129
c pUTPUT IF DESIRED,. TCALC 130
o TCALC 13)
c TCaALC 132
C IF (NDBUG3.EQsl)WRITE (69 100)RIsA4eCSIRH)ATMy TyNyTEST TCaLC 133
100 FORMAT({1Xy11HFROM TCALCs6E15,64154E15,6,//) TcaLC 134
RETURN TCALC 135

END TCaALC 136



FUNCTION TLU
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T4/74  0PT=) FIN 4,5¢414

FUNCTION TLU(XsXTyYTeNT)

FUNCTION TLU IS A FOUR-POINT LAGRANGIAN INTERPOLATION
TABLE LOOK=UP ROUTINE

DEFINITION OF VARIABLES

NT = NUMBER OF DATA PIBGNTS

TLA ~ DEPENDENT VARIABLE

X -~ INDEPENDENT VARIABLE

xT = INDEPENDENT VARIABLE ARRAY
YT = DEPENDENT VARIABLE ARRAY

DIMENSION XT(NT), YT (NT)

DETERMINE 1F INDEPENDENT VARIABLE IS WITHIN RANGE OF
TARULATED DATA

IF ((X@XT{1))* (XaXT(NT)})1004100s101

DETERMINE IF TABULATED VALUES OF INDEPENDENT VARIABLE ARE
IN ASCENDING OR DESCENDING ORDER

IF(XT(1)=XT{2))102,1025103

DETERMINE POSITION OF INDEPENDENT VARJABLE IN ASCENDING
ARRAY

DO 99 ImlNT
IF (XaXT (1131059104499
CONTINUE

DETERMINE POSITION OF INDEPENDENT vARIABLE IN DESCENDING
ARRAY

DO 98 1s]l,yNT
TF (X=XT(1))98,104,105
CONTINUE

IF INDEPENDENT VARIABLE IS EQUAL TD TABULATED VALUEs SET
FUNCTION EQUAL TO CORRESPONDING VALUE OF DEPENDENT VARIABLE

TLU=YT(])
RETURN

TF INDEPENDENT VARIABLE IS BETWEEN FIRST TWO OR LAST TWO
TABULATED VALUESs ADJUST INDEX TO 0STAIN FOUR POINTS FOR
INTERPOLATION

TF(1=2)106+1064107
1=l

G0 TN 108
IF(1=NT)108+109,105
I=1=1

DETERMINE FUNCTION VALUE USING FOURPDINT LAGRANGIAN
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FUNCTION TLU

101
1000

L A N

T4/74  OPTa) FIN 4,5¢414
/
INTERPOLATION
X1axT(l=2)
X2uXT{lel)
x3aXT(1)

XéxxT{lel)

X4))aYT(1=2)
- XoX4)/((X]1=X2)s (X1lwX3 »(X]® -
TLU.:;.:fz::;-;g;::x-xt)/((x2-x1>-(x2-x3 -(XZ-XO))O:T(I)I)
‘(X:XI)O(X-XZ)-(X-X4)/((X3-X1)-(X3-x2 '(X3~X;;;:Y;:}‘1)
‘(X X1)® (XaX2) @ (XeX3)/((XbmX1)® (XbuX2 »(XbmX
* - -

RETURN
YT(l)
WRITE16,1000)XeXT (1) T IN RANGE OF TABLE//
LOOK=UP{ X NO
FDQ:::;L:I;32TSI;?;§,7HXT(1) 2y F15,545XTHYT(]1) ®4F1545)

sToP
END
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FUNCTION TOTALP(CFM)
COMMON/TOTAL/RECVEL+AGOSEABDs VPCOEFSTATP

THIS FUNCTION USES THE STATIC PRESSURE LOSS ACROSS THE HEAT
EXCHANGER AND A CALCULATION FOR THE VELOCITY PRESSURE LOSS
AT THE FAN EXIT TO DETERMINE THE TOTAL PRESSURE LOSS IN

INCHES OF WATER,

VELNReCFMeAG0
IF(RECVEL.EQ+0,) GO TO 10

EXIT VELOCITY WITH VELOCITY RECOVERY,

VELzCFMeEARD
6n T0 20

EXIT VELOCITY WITHOUT VELOCZITY RECOVERY,

VEL=VELNR
CONTINUE

CALCULATION FOR VELOCITY PRESSURE,

IF(RECVEL,EQe0,)VP=VPCOEFeVEL®VEL
IF (RECVEL +EQel,) VP=eVPCOEF® (0,2« VELNR®VE_ NRs(,8%VEL®VEL)

CALCULATION FOR TOTAL PRESSURE,
TOTALPEVP+STATP

RETURN
END
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T4/74  OPT=] FIN 4,5¢414 06/05/78 07,59.59

SUBROUTINE UDEL (TA,RIAJATMyHD,BETAF,AB,AF AT AW, H],BETATyTHW4RKWy UDEL
¢ TIGJRIIZHODyUDYEFFINyPATHIKCONV4NTREST) UDEL
‘'SUBROUTINE UDEL CALCULATES THE OVERALL TRANSFORMED HEAT UDEL

TRAMSFER COEFFICIENT BETWEEN THE TUBESIDE FLUID AND THE AIR. UDEL

THIS TRANSFORMED HEAT TRANSFER COEFFICIENT USES ENTHALPY AS UDEL

THE DRIVING FORCE (ENTHALPY DIFFERENCE DIVIDED BY HEAT UDEL
CAPACITY OF THE AIR IS ANALDGOUS TO TEMPERATURE UDEL
DIFFERENCE) , UDEL

THE OVERALL TRANSFORMED COEFFICIENT IS CALCULATED FROM  UDEL
TWO COEFFICIENTS, THAT BETWEEN THE TUBESIDE FLUID AND THE FIN UDEL
ROOTs UDPR, AND THAYT BETWEEN THE FIN ROOT AND THE AIR, UDRA., UDEL
EACH OF THESE COEFFICIENTS ARE CALCULATED FROM LOWER ORDER UDEL
COEFFICIENTS, THE RESULTS ARE DEPENDENT UPON THREE TEMPERA= UDEL
TURES WHICH ARE UNKNOWN AT THE STARY OF THE CALCULATION, THE UDEL
TEMPERATURE AT THE FIN ROOTy THE AVERAGE TEMPERATURE OF THE  UDEL

e et et b e b B B
VD NN WOV BN SN

FIN aND THE TEMPERATURE OF THE DELUGEATE«AIR INTERFACE, UDEL
THUS THE CALCULATION 1§ CARRIED OUT BY THE METHOD OF UDEL
SUCCESSIVE APPRDXIMATIONS, UDEL
UDEL 20
UDEL 21
A NOMENCLATURE OF SOME OF TME MORE FREQUENTLY USED UDEL 22
TERMS FOLLOWS, UDEL 23
AB « AREA OF THE TUBES BETWEEN THE FINS, sG, FT, UDEL 24
AF = AREA OF THE FINSs Sa, FT, UDEL 25
AHR « ARSOLUTE HUMIDITY OF SATURATED AIR AT UDEL 26
TEMPERATURE TR, LB OF WATER/LB OF DRY AIR UDEL 27
AHS = ABSOLUTE HUMIDITY OF SATURATED AIR AT UDEL 28
TEMPERATURE T8y LB OF WATER/LB OF DRY AIR UDEL 29
Al ~ TUBESIDE AREAs sG, FT, UDEL 30
ATM =~ BAROMETRIC PRESSURE, AYMOSPHERES UDEL 31
AW -~ AVERAGE TUBE WALL AREAy SO, FTs UDEL 32
BETAF = AIR SIDE FOULING COEFFICIENTy BTU/HR-SQ,FT,eF  UDEL 33
BETAI « TUBESIDE FOULING COEFFICIENTy BTU/HReSQ.FT,~F UDEL 34
CSR = HEAT CAPACITY OF SATURATED AIR AT TEMPERATURE  UDEL 35
TRy BTU/LB. OF DRY AIReF UDEL 3¢
csS = SPECIFIC HEAT OF SATURATED AIR AT TEMPERATURE UDEL 37
TSy BTU/LB OF DRY AIR=DEG, F UDEL 3s
DTDR = FACTOR FOR CONVERTING FROM TEMPERATURE DRIVING UDEL 39
FORCE TO ENTHALPY DRIVING FORCE BETWEEN THE UDEL 40
TUBESIDE AND TRE FIN ROOT, EQUAL TO UDEL 61
(TI « TR) 7/ (RI! « RIR , DEG, F~LB OF DRY AIR UDEL 42
/ BTU UDEL 43
DTDRI = DERIVATIVE OF THE TEMPERATUREENTHALPY CURVE UDEL “4
AT TR, DEG FeLB OF DRY AIR/BTU UDEL 45
DTDRIR =~ SAME A4S DTDR THOUGH DTDRI MAY BE USED AS AN UDEL 46
APPROXIMATIONy DEG.F=LB OF DRY AIR/BYU UDEL 7
EFFIN < FIN EFFICIENCY, DIMENSIONLESS UDEL 48
HD = METAL TO DELUGEATE HEAT TRANSFER COEFFICIENT, UDEL 49
BTU/HR=SQ.FT,=F UDEL 50
HI « TUBESIDE HEAT TRANSFER COEFFICIENT,BYU/HR=SQ, UDEL 51
FT.=F UDEL 5¢
HOD = DELUGEATE TO AIR HEAT TRANSFER COEFFICIENT, UDEL 53
BTU/HR=SQ,FT,#F UDEL S4
PR - PARTIAL '‘PRESSURE OF SATURATED AIR AT UDEL 55
TEMPERATURE TRy INs MG, UDEL 56
PS ~ PARTIAL PRESSURE OF SATURATED AlR AT UDEL 57

TEMPERATURE TSy IN. HG, UDEL S5e
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T4/T4  OPTw] FIN 4,5¢6416 06/05/78

RMR « RELATIVE HUMIDITY AY THE FIN ROCTy DIMENSION=
LESS
RIA = ENTHALPY OF THME BULK AlR, BTU/LB OF DRY AIR

RIFAV = ENTHALPY OF SATURATED AIR AT TEMPERATYURE
TFAV, BTU/LB OF DRY AIR

RII = ENTHALPY OF SATURATED AIR AT THE TUBESIDE
TEMPERATUREy BTU/LB OF DRY AIR

RIR = ENTHALPY OF SAYURATED AJR AT TEMPERATURE
TRy BTU/LB OF DRY AIR

RIS = ENTHALPY OF SATURATED AIR AT TEMPERATURE
TSy BTU/LB OF DRY AIR

RKW = THERMAL CONDUCTIVITY OF THE TUBE WALLyY BTU/HR~-
SO FT,«F/FT

TAIN = TEMPERATURE OF THE AIR ENTERING THE HEAT
EXCHANGER, F

TFAV

= AVERAGE TEMPERATURE OF THE FIN» DEG. F
THW - TUBE WALL THICKNESS,FT,
TI - TUBESIDE TEMPERATURE
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

SUBROUTINESs F

TR = TEMPERATURE OF THE FIN ROOT, DEG, F

TS « TEMPERATURE OF THE DELUGEATE-AIR INTERFACE,
DEG, F,

up - TUBESIDE TO AIR HEAT TRANSFER COEFFICIENT

(CONVERTED TO THE DRIVING FORCE OBTAINED
By DIVIDING THE ENTHA_PY DIFFERENCE BY
THE SPECIFIC MEAT OF HUMID AIR),
BTU/HR=S5Q.FT,=DEG, F

UDN = AN ARRAY FOR STORING VALUES OF UD

UDPR =~ TUBESIDE TO FIN ROOT HEAT TRANSFER COEFFICIENT
(CONVERTED TO THE DRIVING FORCE OBTAINED BY
DIVIDING THE ENTHALPY DIFFERENCE BY THE
SPECIFIC HEAT OF HUMID AIR),
BTU/HR=SQ.FT,&#DEG, F

UDRA = FIN ROOT TO AIR HEAT TRANSFER COEFFICIENT
(CONVERTED TO THE DRIVING FORCE OBTAINED B8Y
DIVIDING THE ENTHALPY DIFFERENCE BY YHE
SPECIFIC HEAT OF HUMID AIR),
BTU/HP-SQlFT'-DEG. F

UDRS - FIN ROOT TO DELUGEATE HMEAT TRANSFER
COEFFICIENT (CONVERTED TO THE DRIVING FORCE
OBTAINED BY DIVIDING THE ENYHALPY DIFFERENCE
BY THE SPECIFIC HEAT oF WUMID AIR),
BTU/HR-SQOFT.'DEG. F

UPR - TUBESIDE TD FIN ROOT HEAT TRANSFER
COEFFICIENTs BTU/SQ,FT «HRuDEGs F,

LOGICAL PATHs FRST)

COMMON /WETDRY/ NCYCLEsTMAXyRIMAX, TMIN,RIMIN
COMMAN/COUNT/NSLOPE,FRST3
COMMON/RPRT4 /R4 (672) yRR(3)

DIMENSION UDN(20)+TRSAVE (20) 9 TSSAVE(20),TFAVSA(20)

UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDBEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UOEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL

07,59.59

59
60
6]
62
63
64
€5
66
67
68
6%
70
71
T2
73
74
75
76
77
78
79
80
81
82
83
84
BS
86
87
Be
89
90
91
92
93
94
95
96
97
98
99
100
10]
102
103
104
108
106
107
108
109
110
111
112
113
114
118



SUBROUTINE UDEL

o000

O0OO0000

100

1008

1010

1020

T6/74 0PTE] FTN 4,5¢4]14
DATA MAX/20/

THE QUANTITIES INPUTED TO UDEL ARE PRINTED OUT,

FP(RHeT) = RH%29,02=(0,000203%((T « 32,)/1,8)9s2

¢ w 0s0118s(T = 32,)/1,8 & 1,095)

¢ sEXP( & 0,0004268((T = 32,)/1+8)8ss2

¢ + 0,08288%(T = 32,)/1+8 @ 5,163}
FP(RHsT)=RHIEXP(17,16829240,/(Te460.))
FAH(PeATM)P*18,02/((ATM229,92=P%28,97)
FCS(AHYE,24¢,458AH

FRI(CSyTHyAH)ECS#Te]1004,%AM

NDByGS=0

NDBUGS1 = 0

IF (NDRUGS.,EQel) WRITE(69100) TAyRIAIATM HD,BETAF AR, AF4ALAW,HIT,

1BETAI s YHWeRKWyTI4RIIsHOD UD4NTREST

FORMAT (1xs10HFROM UDEL ¢BE1245/1X9BE12,5,10XsE124541547//)
Nm0

INITIAL ESTIMATES OF TRy TS AND TFAV ARE MADE WHEN
NTREST IS SET EQUAL TO ONE,

IF(NTREST ,EQ, 0) TAIN = TA
IF(,NOT, PATH ,AND, NTREST ,EQ, 1)} GO To 10
IF(NSLOPE ,LE. 2) GO TO 1010
DEL ® TAIN « TAIN2

DIVID = DEL/(TAIN2 « TAIN)
IF(NTREST ,EQ, ]) GO TO 1005
SLT = (YRO0Z2 = TRO1)sDIVID
SLTS = (TS02 « TS01)«DIVID
SLTFAV = (TFAV02 « TFAVO0])«DIVID
TR = TRO2 +SLTR

TS ¢ TS02 o SLTS

TFAy = TFAV02 + SLTFAV

UD = UDO}

Go To 1200

SLTR & (TR12 = TR1])«DIVID
SLTSs = (TS12 = TS11)=DIVID
SLTFAV = (TFAV1Z2 = TFAV]1)sDIVID
TR = TR12 « SLTR

Ts = TS12 « SLTS

TFAY = TFAV12 « SLTFAV

un £ UDI]

6o 1o 1200

IF(NSLOPE LLE, 1) GO TO 1030
IF(NTREST L,EQ, 1) GO TO 1020
TR = TRO?

TS = TS02

TFAY = TFAV02

uUp = uDO1

Go ToO l200

TR = TR12

T £ TS12

TFAy = TFAV12

uUp = UDI1

06/05/78

UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
ubeL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
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125
126
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131
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144
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148
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150
151
152
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155
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SUBROUTINE UDEL

(g}

e Xe Ne Ne]

OO0 o000 [a XeXe Ne il

OO0 000

1030

1200
10

325

15

T4s74 OPTw) FIN 4,5¢414
GO TO 1200
TR = (TA « TI) /2,0
RHR 3 1.0
CONTINUE
WRITE(654258) TRyTS,TFAVyUD,UDI1
NNl

APPROPRIATE WARNINGS ARE MADE AND THE PROGRAM IS STOPPED IF
THE MINIMUM OR MAXIMUM TEMPERATURE LIMITS ARE EXCEEDED,

IF(TR oLT, TMIN) WRITE(6,325) TR

IF(TR «GE, TMAX) WRITE(6,325) TR

FORMAT ("0IN UDEL TR IS LESS THAN TMIN OR GREATER THAN TRAX, TR=z"
$ ,1PE13,5)

IF(TRWLT,TMIN,ORTR,GE,TMAX} KCONY = 1
IF(TR.LT,TMIN,OR,TR,GE,TMAX) RETURN

THE ENTHALPY BASED HEAT TRANSFER COEFFICIENT BETWEEN THE FIN
ROOT AND THE AIR 1S COMPUTED,

PR=FP (RHRy TR)
AHRuFAM (PRyATM}
CSR=FCS (AHR)
RIReFRI (CSRyTRyAHR)

THE ENTHALPY AT THE DELUGEATE SURFACE, RIS IS CALCULATED

PS = FP(RHR,TS)

AHS = FAH(PSsATM)

CsS = FCS(AHS)

RIS = FRI(CSSeTSyAHS)

THE ENTHALPY BASED HEAT TRANSFER COEFFICIENT BETWEEN THE FIN
ROOT AND THE AIR IS COMPUTED,

IF(PATH ,ANDs NSLOPE ,LE, 1) GO YO 15
Go Yo 20

THE DERIVATIVE OF THE ENTHALPY WITH RESPECT TO THE AIR
TEMPERATURE AT TR IS USED AS AN APPROXIMATION FOR THE
QUANTITY ((TReTS)/(RIR=RIS)) FOR N=l,

CONTINUE
TPETRe,0001

PpeFP (RHR, TP)
AHPaFAH (PP, ATM)
CSPaFCS (ANHP)
RIP=FRI(CSPy TP AHP)
TMETR=,0001]

PMEEP (RHR, TM)
AHMzFAM (PM,ATM)
CSMeFCS (AHM)
RIMeFRI(CSMyTM, AHM)
DTDRIR®,0002/ (RIP=RIM)

06/05/78

UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
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173
174
178
176
177
178
179
180
18]
182
183
184
1858
lde
187
188
189
150
191
182
193
194
198
196
197
198
199
200
201
202
203
206
205
206
207
208
209
210
211
212
213
2lé
215
216
2l7
218
219
220
221
222
223
224
22%
226
227
228
229
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SUBROUTINE UDEL

OO0

80

20
25

75

T4/76  OPTE] FIN 4,5¢416

DTD®™I = DYDRIR

PATH = ,FALSE,

Go TO 25

DTDRIR = (TR « TS)/(RIR = RIS)

UDRS = CSR#*DTDRIR/(1./HD ¢ 1 ./8ETAF)

UpRAel e/ (1,/UDRSe1,/HOD)

IF(UDRA ,LE. 0¢0) WRITE(6+75) UDRA,GN

IF(yYnRA ,LE, 0,0) KCONV = 1

IF(UDRA _LE, 0,0) RETURN

FARMATtnoIN UDEL UDRA IS ZERD OR NEGATIVE w,1PE13¢5," NeV,I5)

THE FIN EFFICIENCY IS COMPUTED. FOR N=}y DT/DRI AY TR IS
USED AS AN APPROXIMATION FOR DT/DRI AT TFAV.

CALULATION OF EFFIN
IF(,NOT. PATH ,0R, N ,GT, 1) GO TO 80
TeeTFAVe 0001
PPaFP (1,0 TP}
AHPaFAH (BP,ATM)
CsPeFCS (AHP)
RIP=fFRI(CSP,TP,AHP}
TMeTFAVe , 0001
PMeFP {1,0,TM)
ANMgF AH (PM,ATM)
CSMeFCS (ANM)
RIMuFRI (CSMsTM, AHM)
DYDRIE.0002/(RIP=RIM)
CONTINUE
HD = UDRA/ (CSR#DTDRI)
CALL FINEFF (HOLEFFIN) 7
IF(EFFIN,LT,0.)WRITE (69125)EFFINsN

125 FORMAT L1XMEFFIN LESS THAN ZERO, EFFIN SEY EQUAL TD ZEROJEFFIN =

(e NeNel

1 WeET5e6," Ne 1,15)
IF(EFFIN,LT,04)EFFINRO,

OPTION YO OUTPUT QUANTITIES OF INTEREST,

IF (NDBUGS,EQe1 ) WRITE (64150)

150 FORMAT(1IX " TRyDTDRI s TSyRHRIRISIUDRAIDTDRIR,EFFINGNM)

IF (NDBUGS ,EQe 1 )WRITE (64200) TReDTDRIWTSyRHR,RIS,
1UDRAsDTDRIRJEFFINGN

200 FORMATI1IXy)SHFROM UDEL#200 4E1546/)1X94E15,6015077)

o000

OO0

THE naLL DRY" AND THE TRANSFORMED HEAT TRANSFER COEFFICIENTS
BETWEEN THE TUBESIDE FLUID AND THE FIN ROOT ARE COMPUTED.,

UPRe] o/ ( (ABSEFFINSAF)u(1,/(HI®Al) @] o/ (BETATwAI) ¢THW/ (RKWaAW)))
DTOR = (TI =« TR)/{(RII = RIR)
UpPr = UPReCSReDTDR

THE OVERALL TRANSFORMED HEAT TRANSFER COEFFICIENT BETWEEN
THE TUBESIDE FLUID AND THE AIR IS COMPUYED.

UDN(N)®],/(1s/UDPRe¢],/UDRA)
upl = UD
Uh = UDN(N)

06/05/78

UDEL
UDEL
udneL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
ubeL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
ubEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
UDEL
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UDEL
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UDEL
UDEL
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230
23]
232
233
234
235
236
237
238
239
240
241
262
243
264
245
246
267
248
249
250
25]
252
253
254
255
256
257
258
259
260
26]
262
263
264
265
266
267
268
269
270
27
272
273
274
275
eve
277
278
279
280
28]
282
283
284
285
286



SUBROUTINE UDEL

OO0

000 (e NeNeNe)

e Xa Nel [aNelel e XeNe] [aNeXel

QOO0

250

300

1000

350

Tas74  OPTE) FIN 4,5¢414

THE ENTHALPY AND TEMPERATURE AT THE FIN ROOT IS COMPUTYED,

RIRaRIA+UDN(N)®s (RIT=RIA) /UDRA

IF (NDBUGSEQe 1) WRITE (6,4250)

FORMAT (1Xs"UPR,UDPRyUDN(N) ¢sRIRM}
IF(NDBUGS,EQe 1) WRITE (64300} UPRyUDPRyUDN(N ,RIR
FORMAT (1Xy15HFROM UDEL#300 +4E15,6415,//
TEST=TR

CALL TCALC(RIR,1,sATM TEST,TRy"UD TR "y KCONV)
1F (KCONV,EQ,1) RETURN:

THE ENTHALPY AND TEMPERATURE AT THE DELUGEATE AIR INTERFERE
1S COMPUTED,

RIS = RIA + (UDRA/HOD)s(RIR = RIA)s(AB o EFFINeAF)/(AB ¢ AF)
TESTETS

IF(PATH _AND, NSLOPE L,LE, 1) TEST = TR

CalLlL TCALC(RIS,)14¢ATM,TEST,TS,"UD TS " KCONV)
IF(KCONV,EQ,1) RETURN

THE AVERAGE ENTHALPY AND TEMPERATURE OF THE FIN (CORRESPOND=
ING TO THE FIN EFFICIENCY) 1S COMPUTED.,

RIFAVERIACEFFIN® (RIR=RIA)

TESTaTFAYV

IF(pATH _ANDe NSLOPE LLE, 1) TEST = TS

CALL TCALC(RIFAV,1,¢ATMsTEST TFAV,"UD TFAV "y KCONV)
IF(XCONV,EQ,1) RETURN

STORAGE FOR LATER OUTPUT,
IF(NDBUIGS] ,EQ4)) TRSAVE(N)=TR
IF (NDRUGS],EQe1) TSSAVE(N)=aTS
IF (VDRUGS] ,EQ41) TFAVSA(N)=TFAY

THE METHOD OF SUCCESSIVE APPROXIMATIONS IS USED.
IF(PATH ,ANDs NSLOPE LLE. 1) GO TO 10

TEST T0 PREVENT EXCESSIVE ITERATIONS,
IF(N.,LT,MAX) GO TO 350
WRITE(&41000)N
FORMAT (n UDEL TERMINATED AT UPPER TTERATION LIMITe NxNI5)
Un=yUpNIN)
Go 10 S00

CONVERGENCE CRITERIA IS APPLIED,
IF(ABS( (UDN{N}=UDN(N=1)}/UDN(N)),+GT.,001) GO TO 10
UD=1INNEN)

STORAGE OF VARIABLES FOR EXTRAPOLATION TO THE NEXT
AMBYENT AIR CONDITIONS

06/05/78
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UDEL
UDEL
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34
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SUBROUTINE UDEL

351

355

356

T4/74

IF(NTREST LEQ,
IF(,NOT, PATH)
IF{ NNT,FRST3)
TR0l =& TRO2
Tg0l = TS02
TFAV0l = TFAVO
TAIN] = TAINZ
TAIN2 ® TAIN
TRO? = TR

Tg02 = TS
TFAvV02 = TFAV
upod1 = Up

ISL = (NSLOPE
R&4({ISL ¢ 3)
R4 (YSL 4)
R4 TSl 5)
R& (TSL 6)
R4 {ISL T
R4 (ISL 8)
R4 (ISL 9)
R4 (ISL 10}
R& (ISL 11
Ré (ISL 12)
R4 (ISL 13)
R4 (ISL 14)
R4 (1SL 15)
R& (TSL 16)
R4 (ISL 17)
R4 (15L 18)
R4 (ISL 19)
R4 (I1SL « 20)
Go To 370
IF(,NOT, PATH)
IF ( NOT,FRST3)
TR1] = TR12
Tsll = TS12
TFAy1l = TFAV]
TR12 & TR
Tslz = TS
TFAV12 = TFAV
upll = UD

ISL = INSLOPE
R4 (ISL ¢ 24)
R4TTSL 25)
R4 (TSL 26)
R4 (TSL 27)
R4 (TSL 28)
R& (1SL 29)
R4 (TSL 30)
R4 (1SL 31)
R4 (TSL 32y
R4 (1SL 33)
R& (TSL 34)
Ré& (TSL 35)
R& {1SL 36)
R& (ISL 37
R4 (TSL 38)

L R I I B R R Y IR O ER I Y Y 3

* 4 5 % L E et
HEARANTARANTEEANEN

OPT=)

1) 60 TO 355
G0 TO 351
G0 TO 351

2

- 1)eb4?
uD
UDRS
HOD
DTDRIR
UDRA
UDPR
EFFIN
HI
CSR
DTDR
TR
RIR
TS
RIS
TFAV
RIFAY
Tl
RII

60 TO 356
60 TO 356

2

= 1)#42
ub
UDRS
HOD
DTDRIR
UDRA
UDPR
EFFIN
HI
CSR
DTDR
TR
RIR
TS
RIS
TFAyY

FIN 4,5¢4]4
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346
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350
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354
355
356
357
358
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361
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365
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370
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370

375

220

320
330
400
360

450
500

T4/74  OPT=) FTN 6,5¢6416

R6(ISL ¢ 39) = RIFAV
CONTINUE
PATH = ,FALSE,

OPTION TO OUTPUT QUANTITIES OF INTEREST,

IF (NDRUGS] ,NE,1) RETURN

W {6,4375)

F:g:ET(;Xo"J'UDN(J)oTAoTRSAVE(J)oTSSAVE(J s TFAVSA LU »UD '

WRITE (84150)

WRITE (64,2203 TRyDTDRI+TS»RHRYRIS,

1UDRA,DTDRIRWEFFIN,N

anwiTtlx'léHFnou UDELN220 +4E15,67/1X04F15,6915477)

WRITE(6,250)

wnITEtb:azo)UPR.UonR.UDN(N>.RIR

FORMAT t1X¢15HFROM UDEL#320 +4E15,6915,//

WRITE (6,330}

FgRlAT(;x."JoUDN(J)cTA.TRSAVE(J)-TSSAVE(J s TFAVSA (J) syDm)
360 JUxlyN

821}5(6.:05>J'UDN(J).TA.TRSAVE(J).TSSAVE(J)-TFAvsA(J).Uo

FORMAT (1X, 1SHLEAVING UDEL vI5,TE15,64//7/7)

CONTINUE

WRITE(6,450)

FORMAT(1X4//7)

RETURN

END
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OPT=] FTN 4,5¢414

SUBROUTINE VARIT(TAs TPERs PCSTy KALLY CLSUM, FCSUM)

SUBROUTINE VARIT DETERMINES THE PERFORMANCE OF AN OPTIMUM
POWER PLANT FOR A SPECIFIED AMBIENT TEMPERATURE THE
SURROUTINE ALSO DETERMINES THE INCREMENTAL COST OF
OPERATING THE OPTIMUM POWER PLANT AT THAT AMBIENT
TEMPERATURE

DEFINITION OF VARIABLES

CAPCHG
CAPLST
CAPF
cCos)
CLAND]
cLsum
CONRA]
cosM)
cPa
cP1IP)
esTeL
DELFC
DELPS]
DELPS?2
DENSIV
DENSIV2

EFF
EFF)

FCoS

FEeR
FCSUM

FPowWl
HF G2

HRFAC]
HWRFAC2

HRFAC4
HRFAZS

HXITD
HXLMTD

CAPACITY CHARGE (S/MEGAWATT)

CAPITAL COST FOR AUXILARY POWER (S}

CAPICITY FACTOR (DIMENSIONLESS)

COST OF THE HEAT EXCHANGER AT OPTIMUM DESIGN CON=
DITIONS ($)

COST OF THE LAND AT OPTIMUM DESIGN CONDITIONS ($)
SUM OF THE PRODUCT BETWEEN THE AUXILARY POWER
COST AND THE FRACTION OF THE YEAR THAT THE
AMBIENT TEMPERATURE EXISTS (MILLS/KWH)

cOST OF THE CONDENSER/REBOILER AT OPTIMUM DESIGN
CONDITIONS (%)

MAINTAINENCE COST AT OPTIMUM DESIGN CONDITIONS
(MILLS/KWH)

SPECIFIC HEAT OF THE AIR (BTU/LBM~DEG F)

06/05/78

VARIT
VARIT
VARIT
VARIT
Varlry
VARIT
VARIT
VARIT
VARIT
VARIT
VARIT
VARIT
VARIT
VARIT
VARIT
VARIT
VARIT
VARIT
VARIT
VARIY
VARIT
VARIT
VARIT
VARIT

COST OF THE PIPING AT OPTIMuUM DESIGN CONDITIONS (%) VARIT

AUXILIARY POWER COST (MILLS/KWH)

INCREASED FUEL C0S8T FOR THE PLANT (MILLS/KWH)
PRESSURE DROP IN THE SUPPLY PIPING AT THE OPTIMUM
DESIGN CONDITIONS (LBF/SQ FT)

PRESSURE DROP IN THE SUPPLY PIPING AT THE OFF DEe-
SIGN CONDITIONS (LBF/SQ FT

VARIT
VARIT
VARIY
VARIT
VARIT
VARIT

DENSITY OF THE VAPOR LEAVING THE CONDENSER/REBOILER VARIT

AT OPTIMUM DESIGN CONDITIONS (LBM/CU FT)

VARIT

DENSITY OF THE VaAPOR LEAVING THE CONDENSER/REBOILER VARIT

AT OFF DESIGN CONDITIONS (LBM/CU FT)

VARIT

EFFECTIVENESS OF THE HEAT EXCHANGER (DIMENSIONLESS) VARIT

EFFECTIVENESS OF THE HEAT EXCHANGER AT OPTIMUM
DESIGN CONDITIONS (DIMENSIONLESS)

FUEL COST ($/MM BTL)

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 OF THE YEAR THAT THE AMBIENT
TEMPERATURE EXISTS (MILLS/KWH)

FAN POWER AT OPTIMUM DESIGN CONDITIONS (KWH)
HEAT OF VAPORIZATION AT OFF DESIGN CONDITIONS
(BTU/LBM)

VARIT
VARIT
VARITY
VARIT
VARIT
VARIT
VARIT
VARIT
VARIT
VARIT
VARIT

HEAY RATE FACTOR AT RATING CONDITION(DIMENSIONLESS) VARIT

HEAT RATE FACTOR AT DESIGN CONDITIONS (DIMENSION=
LESS)

HEAT RATE FACTOR AT OFF DESIGN CONDITIONS
(DIMENSIONLESS)

HEAT RATE FACTDR AT OPTIMUM DESIGN CONDITIONS(DI=-
MENSIONLESS)

VARIT
VARIT
VARIT
VARIT
VARIT
VARIT

HEAT EXCHANGER ITD AT OFF DESIGN CONDITIONS (DEG F) VARIT

HEAT EXCHANGER LOG MEAN TEMPERATURE DIFFERENCE
AT OFF DESIGN CONDITIONS (DEG F)

VARIT
VARIT

07,59,59
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-]
PCST |

PBEN
PPOW1
PSIZE
PTOT

PWCOS
Pl2

P22
QN
AREJCT]
QREJCT2
RANGE
RANGEZ
SPCD)
SPS13
TA

TAMM

TCos

TD
TEFF
TEFF)
TEFF3
TEFF4
TI
TPER

TTD1

TYD11

TTD12

TTp2

TTD21

BACK PRESSURE OF THE TURBINE (IN HGA}

PERCENT OF THE YEAR AT THE SPECIFIED AMBIENT
TEMPERATURE TIMES THE INCREMENTAL COST AT THIS
TEMPERATURE (MILLS/KWH)

POWER GENERATING BY THE P ANT (MEGAWATTS)

PUMP POWER AT OPTIMUM DESIGN CONDITIONS (KWH)
PLANT SIZE (MEGAWATTS)

TOTAL POWER OUTPUT OF PLANT AT OFF DESIGN
CONDITIONS (MEGAWATTS)

REPLACEMENT POWER COST (MILLS/KWM)

AMMONTA PRESSURE AT THE CONDENSER/REBOILER (LBF/
SO FT)

AMMONIA PRESSURE AT THE HEAT EXCHANGER (LBF/SQ FT)
HEAT INPUT INTO THE OPTIMyUM PnWER PLANT (BTU/HR)
HEAT REJECTED AT THE OPTIMUM DESIGN CONDITIONS OF
THE PLANT (BTU/HR)

HEAT REJECTED AT THE OFF DESIGN CONDITIONS OF THWE
PLANT

TEMPERATURE RANGE OF THE AIR AT OPTIMUM DESIGN
CONDITIONS (DEG F)

TEMPERATURE RANGE OF THE AIR AT THE OFF DESIGN
CONDITIONS (DEG F)

DIFFERENTIAL COST OF PLANT EXCLUDING THE COOLING
SYSTEM AT OPTIMUM DESIGN CONDITIONS ($)

TOTAL POWER OUTPUT OF PLANT AT OPTIMUM DESIGN
CONDITIONS (MEGAWATTS)

AMBIENT TEMPERATURE (DEG ¢

TEMPERATURE OF THE AMMONIA LEAVING THE CONDENSER/
REBOILER AT THE OPTIMUM DESIGN CONDITIONS FOR THE
PLANT (DEG F)

INCREMENTAL INCREASE IN COST OF THE POWER PRODUCED
BY THE OPTIMUM POWER PLANT DUE TO THE COOLING
SYSTEM (MILLS/KwWH)

DESIGN AMBIENT TEMPERATURE (DEG F)

BASE THERMAL EFFICIENCY OF THE PLANT (DIMENSIONLESS)
RATED THERMAL EFFICIENCY OF THE PLANT
{DIMENSIONLESS)

DESIGN THERMAL EFFICIENCY OF THE OPTIMUM PLANT
({DIMENSIONLESS)

OFF DESIGN THERMAL EFFICIENCY OF THE PLANT
{DIMENSIONLESS)

TEMPERATURE OF THE AMMONIA AT THE INLET 70 THE
HEAT EXCHANGER (DEG F)

FRACTION OF THE YEAR THAT THE CORRESPONDING
AMBIENT TEMPERATURE EXISTS (DIMENSIDNLESS)
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 OPTIMUM DESIGN CONDITIONS (DEG F)

TEMPERTAURE DIFFERENCE BETWEEN THE SATURATED
STEAM AND AMMONIA IN THE CONDENSER/REBOILER

AT OFF DESIGN CONDITIONS (DEG F)

TEMPERATURE DROP OF THE AMMONIA IN THE SUPPLY
PIPING (DEG F)

TEMPERATURE DROP OF THE AMMONTIA IN THE SyUPPLY

0PT=} FIN 4,5¢414 06/05/78

VARIT
VARIT
VARIT
VARIT
VARIT
VARIT
VARIT
VARIT
VARIT
VARITY
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
VARIY
VARIT
VARIT
VARIY
VARIT
VARIT
VARIT
VARIT
VARIT
VARIT
VARIT
VARIT
VARIT
VARIT
VARIT
VARIT
VARIT
VARIT
VARIT
VARIT
VARIT
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PIPING AT OPTIMUM DESIGN CONDTIONS (pDEG F) VARIT

TTp22 = TEMPERATURE DROP BF THE AMMONIA IN THE SUPPLY VARIT

: PIPING AT OFF DESIGN CONDITIONS (DEG F) VARIT

Tl = SATURATED STEAM TEMPERATURE IN THE CONDENSER/ VARIT

REBOILER (DEG F) ‘ VARIT

w33 = MASS FLOW RATE OF AMMONIA AT OPTIMUM DESIGN VARIT

CONDITIONS (LBM/HR) VARIT

w3z = MASS FLOW RATE OF AMMONIA AT OFF DESIGN CONDITIONS VARIT

(LBM/HR) VARIT

wal -~ MASS FLOW RATE OF AIR THROUGH THE HEAT EXCHANGER VARIT

AT OPTIMUM DESIGN CONDITIONS (LBM/HR) - VARIT

YFPMIN =~ OPTIMUM PLANT SCALING FACTOR FOR FAN AND PUMP VARIT
POWER LOSS (DIMENSIONLESS) VARIT

VARITY

DEFINITION OF ARRAYS VARIT

VARIT

DEPERQ] = FRACTION OF THE HEAT LOAD THAT 1S CARRIED OFF BY VARIT

THE DELUGED PART BF THE HEAT EXCHANGER FOR FACH VARIT

AMBIENT TEMPERATURE INCREMENT (DIMENSIONLESS) VARIT

DEPER] = FRACTION OF THE MEAT EXCHANGER THAT IS DELUGED VARIT

FOR EACH AMBIENT TEMPERATURE INCREMENT VARIT

(DIMENSIONLESS) VARITY

PWDY - WET/DRY BACK PRESSURE CURVE FOR THE AMBIENT VARIT

TEMPERATURE RANGE (IN HGA) VARIT

TPO = ARRAY OF COEFFICIENTS FOR YHE CUBIC CURVE FIT OF VARIT

HEAT RATE FACTOR AS A FUNCTION OF TURBINE BACK VARIT

PRESSURE (DIMENSIONLESS) VARIT
LOGICAL FIRSTyFRST4FXTEMPsFXTVARSFXTTTD,FXTLNG BIGCOM
COMMON BIGCOM
AFTRe ALPHA, ANG(3) BIGCOM
+BPLIM(16) BIGCOM
+CaPF+ CSSPKW, CONFy CONLy COSTL, CAPCHGy CONMATY CONMAZ,CAF BIGCO™
+CBJy CTURBy CDANG, CLUVR, CHAILS, CVM BIGCOM
sDEINIDEEPL yDESVEL +DESVELVDESVELDDENSIF BIGCOM
+EFFP, EFS . BIGCOM
+FCRIFIRSToFIXLosFCOSIFFHX9FXTEMPsFACTOR,FRSTFACTORDFSHOT,FDELUG BIGCOM
WFIXVeFIXTTDsFXTVARGFXTTTD FXTLNG BIGCOM
+GREFF BIGCOM
+yHXNP e HPCSTHCD BIGCOM
yITMAX, TITMIN BIGCOM
+JCNANS BIGCOM
+KCONV, KALEXT BIGCOM
sMXEXT BIGCOM
sNTAYNSIDES+NRUNH] BIGCOM
CoMMON BIGCOM
obe BIGCOM
+PSIZE, PERs PWCOS, PLANCs PFACT, POMDPL BIGCOM
+PA4BAF, POHFANs POHLEC, POHCIRe POHCNDy POHSTC» POHSCL BIGCOM
» RBPyPEDUCE, REDUCV, ROOFL,s RHOUT BIGCOM
+ DREJ, QREDUCE, QREDUCV BIGCOM
1ySIGMAG, SAAF, SEGL BIGCOM
sTDe TPO(4) sy TEFF, TLIM, THFIN, TLPRA, TFIX BIGCOM
+TCOY TW BIGCOM
sUcse UWS BIGCOM
WWEVe WATCONA, WATCOST BIGCOM
Wy VAS () BIGCOM
.XDEPA. XW,e XD BIGCOM
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e gl oo

(g X @]

o000

COMMON /SCALER/HRFAC]1s» ATUBy CPERA, SSCD,PLANC)+CASSS],
$ GAIRe FAIRy HPAIR, HPWAT, WLRTP, PLANCTI

COMMON /SUPPLY/ VAL 5), CPLNy CPIP, C(COS, w3, COsM, EFF,
$ QINs CLAND,y REAIR, Z1HRFACZ, W4y Uy DELPW, PPDW,
$ FPOW, DELFC, WIDTHy ELENGs VAIR, VWAT, HI, HO Téy
3 nEWAT, NW NT, NP P ANC2,PSIZ12, SPBP, SWé, SWiy
s SPC,PTOTALPLANC3,SAFRON, AAIR, YFp, SPCD,PSIZ13, WT2
$ BP2, NW2, TCOSy DELPAIDELPWT,DELPWCyCONBAS, XNTSX, VELDX

$ , TLAX. UCON, PMCST, FMCSTs FBACC, EFFC, CH, Ch, cs

£, CLTC, CFCy CPCCy FITCO CSCyCEPREP,DELPIP, AST,0LDCST

$4CADPCST, XNFAN,BLDANGy CPLENy DPFEL, wWHX, WwTTUBs ADIA, ABLN
$y WTHDR, WTFRM,STRUCCsCFPERFHPPERF, TOTCF, TPCy, EFFIN, ANTUL
$9+ aIRFF, WATFF, XNMOD, TCTPF, FDCPF, FMTRC, ACCTTP, ADJTP
$, ACTB°D, ADJBPD, ACTVH, ADJVH, ADJUPPF, THPAIR, TCTFs AFCST
$9 CSRD, WATERW, WSTRCTs CFOUND, HUBDIA, TOWLEN, NUMTOW, CTOWD
1SARJISARISSATUBCCBAWTTD1yTTD2+DELPSyCSTLVR,PIPCSTD
+vCSTHSs CYLRNGy CFANELs PSTACS, PUFITC, PMPCSTy RPTPL, SEPCST
sPWDI(16)yWATCWD(16) yDEPER(16) yDEPERQ(16)
2 WBByHTOW I NTOWDE y CSTIF9CSUyCVF,COP WS
COMMON /SINK/ VAR(S)y CPLNls CPIPl, CCOS], W3l, COSMl, EFFl,
QIN1, CLAN]l, REAIl, Z14HRFA2S, Wély Ul, DEPWl, PPOWl»
FPOW1, DEFCl, WIDT1ls» ELENly VAIR], VWAT], HIl, Hol, Téls
REWA], NW1, NT1y NP14+ZPLNC2,2S1212, ZSPBP, SW&l, SW3l,
SPC1, PTOT1,PLNC3]1s AFROls AAIR1,YFPMIN, SPCDI, SPS]3,WT2MIN,
Be2MIN,NW2MINy TCOS1ly DEPAls DPWTl, DPWC]+CONBAl, XNTS1, VELD]
s , TLAl, UCON1l, PMCSly FMCSls FBACl, EFFC], CH1, Cal, csl
$ o cLTC1, CFCly CPCClsFITCOls CSCl,CEPRE]1,DEPIPly AST1,O0LDCS]
$+CAPCSLyXNFAN] ,BLDAN]yCPLEN]+DPFEL], WH1, WTTUls ADI)y ABL}
$¢ WTHD], WTFR1,STRUCL1,CFMPFl,y HRPF1l,TOTCF], TP14EFFINL, ANTU]
$9 AIRFF1, WATFFl, XNMODl, TCTPFly FDCPF], FMTRCl, ACTTP]s ADJTPI
$y ACTRP1, ADJBP1l, ACTVHl, ADJVH]s ADJUPP], THPAIlsy TCTFl + AFCST}
$y (CSRls WATER1y WSTRC1ly CFOUN1, HUBDI1, TOWLEls NUMTOl, CTOWD]
$ ,SORJLISORJS14ATUBCL11CBAL4TTD11sTTD21,DELPS] +CSTLVIIPIPCTD]
$ ,CSTHS1, CYLRN1, CFANEl, PSTAC)ly PUFIT], PMPCS1, RPTPL1s SEPCS]
$ PWD1(16)WATCWD] (16)sDEPER]1(16)4+DEPERQ](16)
¢ ,wWaBlsHTOW] sNTOWDE],CSTIF] OCSJIOCVFI +COPLl, W51
COMMON /TINE/ XNSs TLA: XNTS» ARPS, TTD2QE, LINORs XNP, XQUALY
COMMON/F AN/ FANDAP (153410) +FANDAM (1534103 ¢FMCPFoFBCPF,P21R,S)
SVELRECYAFCHELEVENR
COMMON s PROP/ CPW, THCONW, DENSIW, VISW, HFG,
. CPV, THCONV, DENSIV, VISY,SIGMA,
. CPA, THCONA, DENSIA, VISA
COMMON/POWZ /
$ TsPMXZ, POWMAX

L

-

AN RN

DESIGN THERMAL EFFECTIVENESS OF THE POWER PLANT
TEFFA=YEFF/HRFA2S

RATED THERMAL EFFECTIVENESS OF THE POWER PLANT
TEFF1sYEFF /HRFAC)

HEAT INPUT INTO THE POWER PLANT
QIN1e34)3,E¢3 ¢ SPS13/TEFF]

HEAT REJECTED AT THE DESIGN THERMA|_ EFFECTIVENESS OF
THE POWER PLANT
QREJCT] = QINl=(l, = TEFF3)
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SCALER
SCALER
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
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SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SINK
SINK
SINK
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SINK
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SINK
SINK
SINK
SINK
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SINK
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SINK
SINK
VARIT
VARIT
VARIT
VARIT
VARIT
VARIT
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VARIT
VARIT
VARIT
VARIT
VARIT
VARIY
VARIT
VARIT
VARITY
VARIT
VARIT
VARIT
VARIT
VARIT
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SUBRQUTINE VARIT
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o0 e Nel (g Ne)

o XaNe]

00 (¢ XaNe)

10

20

T4/74 OPT=) : FTN 4,5¢414

RANGE ® (VAR(1) = TTD1l « TTD21 = TD)*EFF]
TAIRAV =2 TD ¢ RANGE/2,

CPA = FLUID(5929yTATRAV4ELEV"VARITIN)

TAMV = TD « RANGE/EFF1l ¢ TTD2!

DENSIV = FLUID(T41,TAMMGELEV,"CALC251)

RACK PRESSURE AT THE AMBIENT TEMPERATURE
P = PwD)] (KALL)
Tl = 9240./(17,168 = ALOG(P)) ~ 460,

HEAT RATE FACTOR AT THE ABOVE BACK PRESSURE
HRFAC4STRO (1) ¢TPD(2)%PeTPO(3)*Pws2.TPO(4) wPex1

THERMAL EFFECTIVENESS OF THE PLANT AT THE ABOVE BACK
PRESSURE
TEFF4=TEFF/HRFACS

HEAT REJECTED AT THE ABOVE THERMAL EFFECTIVENESS OF THE
POWER PLANT
QREUCTZ = QINle{l, = TEFF4)

TEMPERATURE DIFFERENCE BETWEEN THE SATURATED STEAM AND
THE AMMONIA IN THE CONDENSER/REBOILER
TTD12 ® (QREJCT2/QREJCT1) » TTD11

PRESSURE OF THE AMMONIA LEAVING THE CONDENSER/REBOILER
P12 = FLUID(10+14T1=TTDI2HELEV,"CALL 227)
HFG» ® FLUID(9y1+T1=TTD12+ELEVs"CALC 20%)
DENSIV2 = FLUID(741sT1=TTDI24ELEVy"CALC 21m)

MASS FLOW RATE OF AMMONIA THWROUGH THE COOLING SYSTEM
W32 = QREJCT2/HFG2

PRESSURE DROP OF AMMONIA THROUGH THE SUPPLY PIPING
DELPS? = DELPS] * (W32%=*2 = DENSIV/(DENSIV2 » W31%s2))

PRESSURE AT THE END OF THE SUPPLY PIPING
P22 = P12 = DELPS2/144,
TI = T1 « TTD1 = TTD2
DELTI = .00l

LOOP TO DETERMINE THE TEMPERATURE OF THE AMMONIA AT THE
END OF THE SUPPLY PIPING

FTI = mP22 ¢ FLUID(1001sTIZELEVy¥CALC 23"

FTINEL = =P22 ¢ FLUID(1041sTIDELTIVELEV P CALC 24"™)

TIPY = T1 - DELTISFTI/(FTIDEL ~ FTI)

IF(ABS(TIP]1 = TI)eLT.s000)) GO TO 20

T = TIP]

60 To0 10

TEMPERATURE DROP IN THE AMMONIA FROM THE BEGINNING TO THE

END OF THE SUPPLY PIPING
TTD?22 = T1 = TTDl2 - TI1

' TEMPERATURE RANGE OF THE AIR
IF (DEPERY (XALL) 4EQ,1.) RANGE2 = 0,0

06/05/78
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aNeNe) (2 Xa Nel 2O 0 o000 e XeNe)

e XeXeNel (e NeReNe)

laNeNe Ne)

IF(DEPER) (KALL) ,EQ.,1.,} GO TO 40

06/05/78

VARIT

RANGE2 = (1, = DEPERQI (KALL))*QREJCT2/ (W4lw (), = DEPERI (KALL))®{l, VARIT

1 « YFPMIN)#CPA)

POWER OUTPUT OF THE LOW-PRESSURE TURBINE AT THME SPECIFIC
AMBIENT TEMPERATURE

40 PYOT = QIN] *TEFF4/34134E¢3

50

60

70

POWER OUTPUT OF THE PLANT AT THE SPECIFIC AMBIENT YEM=
PERATURE

PGEN = PTOT = PPOW1/1000, = FPOW1/1000,

TEFED=TEFF 4

IF(DGFN,GE,PSIZE) GO TO 50

COST OF THE AUXILIARY POWER REQUIRED TO MAKE UP FOR LOST
CAPACITY ON HOT DAYS

CSTCL=(PSIZE=PGEN) /PSIZE«PWCOS

TEFFD=eYEFF3

Go Ton 60

CsTeL = 0,0

INCREASED FUEL COST OF THE PLANT DUE TO OFF DESIGN
CONDITIONS
DELFC ® FCOS%3413,E~5 » ((1,¢YFPMIN)/TEFFD=l,/YEFF)

IF(KALL.NE.1) GO TO 70
CapcsT=0,0
IF(oSIZE,LE.PGEN} GO TO 70

CAPITAL CHARGE FOR THE AUXILARY POWER
CAPCSTRCAPCHGa (PSIZEPGEN)
CONTINUE

INCREASE IN COST OF OPERATING THE PLANT AT THIS AMBIENT
TEMPERATURE DUE TO THE USE OF THE COOLING SYSTEM
TCOS = (CCOS1eSPCD1¢CLAN]«CPIP1+CONBAleCAPCST)oFCR/ (PSIZE«CAPF«
* B760s) & COSM1 + DELFC ¢ CSTCL ¢ WATCONA®(,1203/10p0,)ewWATCOST/
$(PSTZESCAPFeB8760,)

FRACTION OF THE YEAR THAT THWIS AMBIENT TEMPERATURE EXISTS
TIMES THE INCREMENTAL COST OF THE COOLING SYSTEM AY
THIS AMBIENT TEMPERATURE

PCST=TPEReTCOS

SUM OF THE PRODUCT BETWEEN THE AUXILARY POWER COST AND
THE FRACTION OF THE YEAR THAT THE AMBIENT TEMPERATURE
EXISTS

CLSUM & CLSUM ¢ CSTCL = TPER

SUM OF THE PRODUCT BETWEEN THE FUEL €0ST INCREASE FOR THE
PLANT DUE TO THE OFF DESIGN CONDITIONS AND THE FRACTION
OF TWE YEAR THAT THE AMBIENT TEMPERATURE EXISTS

FCSUM ® FCSUM « DELFC = TPER

IDBG=0

IF(IDBG,EQ.0) GOTO BOO

935 FORMAT(T24F641, T10eF6.1, TIByFS42, T26,F7,4, T33+F7.3

$9T4)FO,3y TETWFT7,2¢ TS4,FT42y TE24FBe3, TT72,F7.5% TB1+G11,5
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VARIT
VARIT
VARIT
VARIY
VARIT
VARIT
VARIT
VARIT
VARIT
VARIT
VARIT
VARIT
VARIT
VARIT
VARIT
VARIY
VARIT
VARIT
VARIT
VARIT
VARTY
VARIT
VARTT
VARIT
VARIT
VARIT
VARITY
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SUBRQUTINE VARIY T4/74 OPT=] FTIN 4,5+414

$ T93,FTeés T1069FT7,39 T115+G11,45)
6 AT (1H0)
337 :g::At(ix,nHRFAC6gu,GI1.5.T2‘v"TEFF“=”oGII,5.T46v"QREJ="lGl1.50
S TEGEs"RANGE®'"9G]1]1,5¢TB5¢"VAR(3)="9G11e5¢T)10By"T11%1,6]11,5/
S 1X,"PTOTALE"yG1145+1T25¢"PGEN="4G11a50T469"PPOWR"1G]1,5,
[3 766'"FPOH."'GI1.5.T87’"°IN1-"'G11.5/
$ 11X, TEFFIEM, 61157249 TEFF1mtyG)11,5,T46,"YFPMINRn,G1],5)
WRITE(6,936)
WRITE(6+937) HRFAC4sTEFF4+QREJIRANGE¢VAR(3)9T119PTOTAL sPGEN,
$ PPOWsFPOWIOINI,TEFF3,TEFF1,YFPMIN
WRITE(6,938) HRFACZoTEFF.HRFAC.HRFACIvTEFFD.CCOSlvSPCDl,CLANlo
$ CPIPlsCOSM]

938 FORMAT(1Xo"HRFAC2=1,Gl1l¢S5eT259s " TEFFE"G1],5¢T465¢"HRFACEN4G1]1,.5,
$T664,"HRFACI =" 4611 ,5,TB86y"TEFFD=14G11,5,T106,4CCOSInnyG1145/
S1%Xyn SPCDISH46]1]145,T249"CLANI®I,G1]1,59T45,nCPIPI%",G1]4+5,T65,
$§ nCpsMlsnyGll,5)

939 FORMATIT2"TATsTAOsTAMMeT119RANGEsTTD1",6615,6)

800 CONTINUE

TAMM = T] = TTD12 - TTD22
HXITD = T1 » TTD12 » TTD22 = TA
IF(HXITD,GT,0.0) HXLMTD = RANGE2/ALOG (HXITD/(MXITD = RANGEZ2))
IF(HXITDLTe040) HXLMTD = 0,0

810 CONTINUE

IF(cALL,EQ.)) TBPMXZ&P
IF (KALL,FQ,1) POWMAX®mPGEN
WRITE(6,935) TA

SyT1

$yP

SyHRFACS

S, RANGE2

$.TTD12

SoHX| MTD

$SoHXITD

SsPGEN

syDELFC

$+CSTCL

$,TCOS

$+TPER * 100,

$4PCT
IF(IDRG,EQ,0) RETURN
RETURN

END
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T4/74 OPT=] FTN 4,5+414 06/05/78

SUBROUTINE XTEND (L)
THIS ROUTINE CHECKS EXTREME VALUES AT MINIMAL COST POINT,

DIMENSION TTRY(2)»RTRY(2)sCTRY{2) 4ATRY (2) yWTRY(2)
COMMON /SINK/ VAR(S)s CPLNls CPIPl, CCOSI, W3ly COSMly EFFls
QIN1, CLAN1l, REAIl, Z1HRFA2S, Wéls Ul, DEPWl, PPOWl,
FPOW], DEFCly WIDT]l, ELENl+ VAIR], vwaTi, KIl, Hol, T4l
QEWA], NW1,y NT1, NP1+yZPLNC2+2ZS1712, ZSPBPs SW4l, SW31l,
SPCl,y PTOT14PLNC3ls AFROles AATR1,YFPMINy SPCDl, SPS13,WT2MIN,
Bo2MIN,NWZMIN, TCOS1, DEPAly DPWT1l, DPWC1,CONBALl, XNTS1, VELD1
y TLAl, UCON1, PMCS1, FMCSly FBACl, EFFC], CH1, Cal, cs1
s CLTC1, CFCily» CPCC1,4FI1TCOly CSCl1,CEPRE],.0EPIPLl, ASY1,0LDCS]
s CAPCS1 o XNFAN] 4BLDAN1 »CPLEN]1DPFEL], WHl, WTTUls ADI1, ABL]
s WTHD], WTFR],STRUC1+CFMPF1l, HPPF1,TOTCF], TPl EFFIN]1, ANTUI
y AIRFF1, WATFF], XNMOD1l, TCTPFl, FDCPF], FMTRCl, ACTTP), ADJTP1
v ACTBP]1, ADJBPls ACTVH1, ADJUVHls ADJUPP]1, THPAIly TCTF1l s AFCST)
» CSR1l, WATER), WSTRCl,» CFOUNly HUBDIl, Yaw_Els, NUMTDl, CTOWD]

+SORJL4SORUS1+ATUBCL+CBAL,TTD114TTD21,DELPS] +CSTLV]sPIPCTD]
+CSTHS1, CYLRN1, CFANEl, PSTACly PUFIT], PMPCS1, RPTPL1y SEPCSI]
+PWD1116) yWATCWD] (16) 4DEPERL (15)+DEPERG] (16)
yW8BY s HTOW1 s NTOWDE]1+CSTIF14CSJULeCVF19CDPY, W51
COMMON /SUPPLY/ VAL(5)y CPLNe CPIP, C(CCOS» W3, COSM, EFF
OIN, CLAND, REAIR, ZoHRFAC2, Wa o Uy DELPW, PPOWs
FPOW, DELFCy WIDTH, ELENGs VAIR, VWwAT, HI, HO, Té
nEWAT, NW, NT, NPyPLANC2,PSIZ12, SPRP, SWé, Sw3s
SPCyPTOTALJPLANC3ySAFRONy AAIR, YFP, SPCO,PSIZ}13, WT2
BP2, Nw2y TCOSy DELPAOELPWT,DELPWC,CONBAS, XNTSX, VELDX
» TLAXy UCON, PMCST, FMCST, FBACCs EFFC, CH, CAy Ccs
sy CLTC, CFCy CPCCy FITCO» CSCyCEPREPDELP1IP, AST,OLDCST

»yCAPCST, XNFAN,BLDANG, CPLEN, OPFEL, WHX, WTTUB» ADIAs» ABLN
vy WTHDR, WTFRM,STRUCCsCFPERF+HPPERF, TOTCF, TPCy EFFIN, ANTU
v AIRFF, WATFF, XxNMOD, TCTPFy FDCPF, FMTRCy ACCTTHy ADJTP
» ACTBPD, ADJBPD, ACTVH, ADJVHs ADUPPF, THPAIR, TCTFy AFCST
vy CSRD, WATERW, WSTRCTy CFOUND, HUBDIA, TOW_EN, NUMTOW, CTOWD

+SORUISQRUSIATUBC,CBAyTTD1 4 TTD24DELPS,CSTLVR,PIPCSTD

1yCSTHS, CYLRNGy CFANELs PSTACS, PUFITC, PMPCSTy RPTPLs SEPCST

'PWD(YE) o WATCWD (16) yDEPER(16) 9DEPERQ(16)

yWRB e HTOWsNTOWDE s CSTIF9CSJUsCVFCDP WS
COMMON /TINE/ XNS, TLA, XNTS, ARPS, TTD2QE, LINORes XNP, XQUALY
LOGICAL FIRSTWFRST,FXTEMPyFXTVARCFXTTTD,FXTLNG
COMMON

AFTRs ALPHA, ANG(3)

+BoLIM(16)

«CAPFos CSSPKW, CONFe¢ CONLs COSTLy CAPCHGy CONMAT» CONMAZ2,CAF

sCRJey CTURBs» CDANGs CLUVRy CHAILSy CVM

¢yOF INSDEEPL 'DESVEL +DESVELVyDESVELDsDENSIF

.EFFPO EFS

oFcRo'IRST.FIXL.FCOS-FEHX.FXTEMPoFACTOR.FRSTcFACTORD.FSHOT.FDELUG

sFIXVIFIXTTOWFXTVARFXTTTDFXTLNG

yGREFF

yHXNP s HRCSToHCD *

s 1TMAX, ITMIN

s JCONS

WKCONV, KALEXT

yMXEXT

+NTAINSIDES+NRUNHI

XTEND
XTEND
XTEND
XTEND
XTEND
SINK
SINK
SINK -
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SUPPLY
SyPPLY
SuepLY
SURPPLY
SUPPLY
SUPPLY
XTEND
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BI1GCDM
BIGCOM
BIGCOM
BIGCDM™
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
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L ]

SUBROUTINE XTEND

AARPD ALV NN NARWN

T4/74  OPTs) FTN 4,5+¢14

COMMON
0D
sPSI17E, PERs PWCOSs PLANCs PFACT, POMDPL
¢+PAHBAF, POHFANy POHLEC, POHCIRy POHCND. POHSTCH
» RBPIREDUCE, REDUCV, ROOFL, RHOUT
s OREJ, QREODUCE, QREDUCV
+SIGMAG, SAAF, SEGL
+TDe TPOtG)s TEFF, TLIMs THFIN, T_PRA, TFIX
o TCDy Tw
WULSs UWS
'WEVy WATCONA, WATCOST
s VAS (D)
o XDEPAR, X, XD
COMMON /L AZALL/ SRN
TTRY (1)aVAR(1)=20,
IF (TTRY (1) +LE, 0,0) TTRY(1)=1l0,
TTRY (2} =VAR(]1)e20,
IF(YTRY (2) ,6E.170,) TTRY(2)=170,
IF(FXTEMP) TTRY()]) = TFIX
IF(eXTEMP) TTRY(2) = TFIX
CTRY (1} =VAR(3)=3,
Ir(CTQV(l).LEOOO) CTQY(1)=.5
CTRY (2} =VAR(3) +2,
ATRY (1) ® VAR(4) ¢ 30,0
ATRY (2} & VAR(&4) = 30,0
IF(ATPY (2) LLT, 10,0) ATRY(2) = 10,0
WTRY (1) = VAR(5)%2,0
WTRY (2} = IFIX(VAR(5}/2.,0)
IF(WTPY (2) 4LTe 1) WTRY(2) = 1.0
RTRY (1) = VAR{(2) ¢ 3,0
RTRv (2} s VAR(2) ~ 3,0
Dn 3 I=1,2
SANgH/XTEND=1/ #
Do 2 IR=m,2
IF(EXTVAR) RTRY (IR} = FIXV
CALL CALC(TTRY(I)sRTRY{(IR)sVAR(3J VAR (4} VAR(5) +]1)}
IF (kCONV ,EQ. 1) GO TO 3
1F (DELPALE.XDEPA} GO TO 3
IFtTCOS.GT,.99«TCOSL} GO TO 3
TZ0S1sTCNS
vastlreTTRY (1)
VAS(2Y = RTRY(IR)
VaS(3)eVaAR(3)
VAS(4)BVAR (&)
VAS (S)=VAR(S)
L-l»
CONTINUE
DO 10 I=),2
SRNz"/XTEND=3 /"
IF(FXTTTD) CTRY(1) = FIXTTD
CalL CALC(VAR(1)sVAR(2)9CTRY (1) sVAR(&) ¢VAR(S) 1}
IF(KCONV,EQ,1) GO TO 10
IF(HELPA,LE.XDEPA) GO TO 10
IF(TCOS,6T+.99«TCOSI) GO TO 10
TCcOogl=TCnS
vas(l)ysvart(l)
VAS(2) = VAR(2}

06/05/78

BIGCOM
BIGCO™
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
BIGCOM
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
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XTEND
XTEND
XTEND

07,59,59

19
20
2l
22
23
264
25
26
27
28
29
30
31
11
12
13
ls
15
lé
17
18
19
20
21
22
23
24
28
26
27
28
29
30
31
32
33
34
35
36
37
3R
39
40
4]
42
3
44
45
46
47
48
49
5¢
51
52
53
S



SUBROUTINE XTEND

10

11

12

14

13

T4/74 OPTs} FTIN 6,5¢414

VAS(3)1®CTRY (I)

VAS (4)=VAR (4)

VAS(5)®mVAR(S)

L=l

CONTINUE

Do 11 Iml,2

IF(FXTUNG) GO T0 1}

CALL CALC(VAR(1)4VAR{2)sVAR(3)}+ATRY(1)4VAR(5) 251}
IF (KCONV,EQ,1}) GO TO 11
IF(NELPA,LE,XDEPA) GO TO 11
IF(TCOS,6T,.99+TCOS1) GO YO 11
TCOs1=TCOS

VAS(1)=VAR(])

VAS(?) = VARI(2)

VAS (3)mVAR(3)

VAS (4)mATRY (]}

VAS (5)®VAR(5)

Lel

CONTINUE

SRNa!"/XTEND=&/n

Do 12 I=1,2

I1F (DEEPL,G6T40,0) GO TO 12 v
CALL CALC{(VAR({1)yVAR(2)sVAR(3)sVAR(G)sWTRY (1) e3e])
IF{KCONV,EQ,1) GO TO 12
IF(DELPA,LE,XDEPAY GO TO 12
IF(TCOS«GT,+99=TCOS1) GO TO 12
TCOs1=YCOS

VAS(1)®VAR(1)

VAS (2} = VAR(2)

VAS (3)sVAR(3)

VAS(4)BVAR (&)

VAS (S)Y®WTRY (1)

Lel

CONTINUE

SAN u "/XTEND«S/#

Do 14 IR = 12 2

IF(FXTVAR) GO 1O 14

CALL CALC(VAR(1)}4RTRY(IR) +VAR(3)aVAR(4),VAR(5)s])
IF (KCONV L,EQs 1) GO TO 14
IF(nELPA ,LE. XDEPA) GO YO 14
1F(TCOS ,6T, 0,99=TCOS1) GO TO 14
TCcOsl = TCOS

VAS (1) = VAR(])
VAS(2) = RTRY(IR)
VAS(3) = VAR(3)
VAS(4) = VARI{4)
VAS(5) = VAR(S)

L =1

CONTINUE

IF(L.EQ,1) WRITE(6,13)
FORMATI" XTEND CAL(EDs AND CHANGE MADEM)
IfF (L +EQ. 1) KALEXT = KALEXT ¢ 1

IF (KALEXT ,6T, MXEXT) STOP wCALLS TO S,R, EXTEND EXCEED MXEXTw

RETURN
END

06/05/78
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