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PREFACE

This document has been issued in four volumes to facilitate handling.
Volume I is a narrative description of the code algorithms, as well as
- Togic, input and output information. Volumes II through IV are appendices
of Volume I, providing listings of the BNW-I optimization code for each of
three dry-cooled heat rejection systems. These are:

Volume II - Metal Finned Tube Versions of the BNW-I Computer Code
Volume III - Plastic System Versions of the BNW-I Computer Code
Volume IV - Ammonia System Versions of the BNW-I Computer Code

Complete distribution has been given only to Volume I. Copies of one
or more of the other three volumes may be obtained by writing the National
Technical Information Service, U.S. Department of Commerce, 5281 Port
Royal Road, Springfield, VA, 22151.
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APPENDIX G
AMMONIA VERSION OF THE BNW-I COMPUTER CODE
Figure G-1 is a subroutine linkage chart indicating which subroutines

may call or may be called by others. This chart should be of assistance in
using the listing making up the remainder of this appendix.
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BR05RAW AMCIRC 76/74  0PT=] FTN 4,2476351  12/18/7%

OO INIDOOO0O OO OO0 0

PRN3QA,, AUCIRC (TNPUTIQUTPUT,TAES=INPUT,TACTE=0UTAUT)

PCOBREM AMCIRC IS A PROGRAV JHICH DITERWINES THE CRTIMUM
DFSIGN OF A DAY COOLED POWER PLANT #ITH AMMONIA AS THE
IVTERMIDIATE FLUID, THEN O9TIMUM DESIGN IS DETERMINED BY
"REPEATING THE DESIGN OF THI! CoOLING SYSTEM OVER A RANGE
Oc DESIGN CONDITIONS INORDIR TO FIND THEI COOLING SYSTEM
WeT4 THI SUALLEST INCRIUENTAL COST, THIS IS ACCOUYPLISHED
By VAJYING FIVE PARAMETEIR3 9F THE PLANT AND COOLING SYSTEM
OVE? PANGES OF VaLUES, THESE FARAMZTERS ARE VARISD
SYSTZHMATICALLY ACCURDING TQ TECHNIQUES THAT PERFOAM PATTERN
AuD GRADIENT SEARCHES, i
TwE 223y CACLING SYSTEM CSPTIMIZED By PROSRAM AMCIRC IS
CoMPOSED OF A CONDENSFR/RIZDILER (CONDENSATIAN OF STEAM
AND B0ILING OF AMMONTIAYy 2IPING SYSTEM (TRANSPORTS aAMMONI,
Y.POR QUT aND A“M NIA LIQJID FAOM THE XY cOOLING YOWERS),
AS ”j CTRCULAR TOWER 3YSTIM (VERTICAL ONE=PASS HEAT EXCHANGERS!
31TUATEDS IN CIRCULAR CONFISUARATIONS WITH CGCURRENT AMMONIA
FLOW IN THE TUSZS OF THI! 4ZAT EXCHANGER),

QIMINSION PCST(3)

LOGICAL FIRSTa. FXTEME

2OMMDN

§ ATTR. ALPHAe ANG(3)
$ 9Ca°F ., CS5PKW, CCONF, CONL, COSTLy CAPCHGs CONMAT, CONMA2,Caf
3 ,r=dv cf”qw- rDmVCo rLUVR, 23al.Sys gV
- . -.-n\r-l ) ~=Guml s
- "'J-"“‘-f-’ J' - v JECG *Y JLw L= LSt
$ $FFFP
T vy SgR, FIRSTy FIXLe FcOSy FFHXy FXTEMP
& $G3EFF
£ p,\("‘? pr‘ST .
s 47"'4 Ay TTHIN
3 v SONR
F O9KIONVy KALEXT
S aMXZXT
$ HSNTUCAL(2)y NTA
cOMvON
I en3
& 4P3IZZ. FERs PWCOSy PLANC. PFACT, POMDPL:
% 42343,7s P0HFaNe POHLECY DORCI?, POHCNDs POHSTCY POMSZL
S s IIP. RSHUCE, ReEDJUCYe ROOFLI
% o 3REJe JIFEDNCE, QREDCY
g ¢3I5MAGe SAAP
S 272y TRO{4)s TEFF, TLIMs THFIV, TLPRA, TFIX
T 4ToDe TW
S dUCSe UWS
ﬁ_ Ow‘l V
§ WVAR(T)
]

s XIEPAs XWe XD CL _ . )
nowﬂan 7SINKs — vaR(5), cPLN1y cPIPls £c0S1s W31y c0S%1, E€FFly

s Y1y Cuﬁu! 2£All, 215437425y whl. uls DE®H1, PPOLL,
s =P0m1, JEFC1. WIDTL, ELENI, VAIR1, VWATy, HI{, HD1, T4l
$ REVA Y NWy s NT1o NP19ZPUNC2:2S1Z129 ZSPBDy  SHG4]s  SW31e
3 SPal, ~10'1,=Lw~31. AFRO1, Aaqu.vrpwru. SPPD!. SPS13,WT2MIN,
g 22NV, NN, relsy, DEFAl. D74tls OP4C1,2ONBAT, xNysi, yELODL
Soe Tl -_,""'41’ PMCS]y FMLCRY ")'X 19 ZFFC)Y CHy* (Y cs1
& 4 ZLTc1s CFC1y CPCCL,LFITCOL »Jv19CEPH£197 PIP{s AST],0LDCSY
FoCATCSTaXNFANT 4 BLOANT cPLENL ¢ DP7ELD wHl, #7TUl, aplls ABL1
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PROGRAW AMCIRC 74/74  ©npPT=) FIN 4,267935]
5, WTHR1. wTFR1,STRUCI,CFMPF1, +PP=1,TOTCF],  TPT.EFFIN1, ANTU1
Se AIRFFl* #ATFF1? XNMOOLY TCTPFlr FOCPF1» FUTRC1?® ACTT®3Y ADJTPI
$s ACT80ls ADJBOYy ACTVHL, ADJVHI, ADJPP], THOAlly TCTF1 . AFCSTI
Sy CSR1s WATER1. WSTRCls CFOUNLy HUBDIle TOWL_ELls NUMTOls CcTOWDI
%y SIRJ1, SORJ31. ATY3Cl, CBAl, TTD1l, 7TTD21, DELPgl, CSTLVI
$ 20STHS1® CYLRNI® CFANELY PSTACZ1e PUSIT)s pM2CS1e RPTPLLs SEPCSI
COMMOM /SCALER/MRFAC1s ATUBy C2:ZKA, SSCD9PLANC]sCASSS])
& GaIR, FalR, HPAIR, HPWAT. WLRTP, PlLaNcTl ,

SOMMONM /SUPPLY/ VaL (5. (¢PLNs  cPIPy  (c0Ss W3y cOGM, EFFy
® QiNy CLANDy REATR,  Zy4RFACR, W ol Us DELFW, PPOWy
k3 SRy pEl.Feos WIpTH, ELENG, VaIRe VWAT, H1, MO, T4,
3 ATy NW, NT, V’.gLZ\ICZQPSIle, L9gp, sw‘, SH3'
= 55C,°107aL,®LANC3,SAFROY, wafR,  yF°, 3PCH,PS1213, w2
g Bp2e  HNWze TCOSe DELPAIZLPWNTIOFELPWCICONBAGY XNTSX® VELDX
§ »  TLa¥, UCON, PMCST, FMCST, F3ACC, EFFC, CHy CAy . CS
$ » ckTeo cFos  gPrccs TIT2O, CSCPCEIPRENsYELPID, AST40LDC3T

QOO0 OO0n

QO 0

$yCAPCSTe XNFAN.2LDANGs CPLEN, J9FELS WX, ATTUB, ADI&As aBLN
$9  ATHn2, WTFRM,STRUCCCFPERF,AR923F, TOTCFy  TPgy EFFIN, aNTU
$. AIRFT, UWaTFF, XNMOD, TCT®7, F2CPFy FMTRCy ACCTTPy, ADJTP
$s AZTRCDy 4LUBPDy  ACTYHe A2JVH, ADJPEF, THRAIR, TCTFy AFCST
%o 2580, WATERW, WSTRCTe CFOUNDy HUSDIa. TOWLEN, NUMTONW, CTOWD
%, 53, SQR.S. aTUger ¢34y TToly TTD2s pELe3, @STLVR
s ,C3THe, CyLRNG, CFAVNELs PSTACS, Pyrive, PMasT, aPtPL, SEPCST
£oMANM SYARVAR/ O TPER(19)* TA(1S)
CONMON /INDIS/ DIST .
., COMYON FTINE/ XNS» Tias XNT3, aSP5, TTD2JE, LINCR, RNP, _XGUALY
gl Fo4aT(nlTy USEp IN THE FOLLOWING CALCULATIONS IS enfg,d)
20 FORMAT(T02,MaMgISNT TURAINE®, T2g,nHgaTH, Tgd,ne0gT Tor,
§ 793,nc0uyEr COgyr, T7105,"PCT TIME),T115,nPORTION OFm) ,
931 FORMATITQG6,MTEMPN, T10,Y0UTLETH,y T20,"BACKNy T2B9ynRATENS TS50y WHXI

S

=
FaTHT WXy THGHPOWERM, TT24MCHANMGE INv, TA3,MREPLACEM,
SeTo ¥yt avglENTH, T104yaT aM3IZNTYy T115,WINGREMENTALM)

932 FIRIATITIL "TEMPu, 10, vPRESS JRTW, T2T"FACTCRN, T3g5,nRANGE?
GaT&2,0:TT0R0, T49,n MT0un, T37,ulTOn, T62,uGENIRATEDH
TeTT2, L COSTY, T83,mL0ST CAdPn, TS5,u7EMpi, T10&nTEVRY
FeT1109POWER OSTH)

933 FORMAT ! T22¢131 (Matr)y TIsM g T1 Ty My T28&ett n, T3'.§’" Ny T4QM 1
:“,TA,,:E "ny T%‘lﬁ’" ", Tbl’!" L TTl’“ "y TBI'" n, 792'" n_. 7103’" "n

g, Tli&, 1 1y
53% EORVAT( T23,"DEG Fre TU114"NES FIYy T19snIn, Ha#y T33,npcp pu
SeTA)WNNES Ty 74B,0IEG Fr, T3641IE5 FU, 162,nMEGA,ATTSEN

Sy TTCeoMILLS/KuHN, T82,0MILLS/<uHn, T3, nMILLS/KWHn
ByT105:WPERCENTH, TI13,MMILLS/ XA

94‘:" F\’)Q““‘:T(IWG,TE}]_,nFINAL INCREMENTAL :057"’311,.5,’

aat 04T (140, T4nCAPACITY CHAXGE €1,5315,0)
FIRST®,TRUE,

RLAD IV THE EXTERNALLY FIXED vARIASLES OF TWe AMMONIA
CoY COLING TOWER SYSTEM AND: THE INITIAL! STARTING POINT FOR
TYE OPTIMIZATION ROUTINE A& DISCRI2TIoV OF TWE: INPUT CARDS
1g GIVEN IN SUIROUTINE S5E7TJP

Cal.L! SFTUP(TETAR,TEND),
I2PUT SUMMARY AND CASE 2ESCZRIPTION

CALLLI INPSUM
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PROGRAM AMCIRC 74/74.  OPT=} FTN 4,247835]1

OO0 e N o Nel OO0

OO0 s NeNe) OO0 o500

DOy

OO0

[8)]

19

DO 7 Ig=14s5
VAR (18y=0,0
TD=TSTAR

WRITE(4481)TD
K=h

‘SAALE UP THE' STEAM SUPPLY SYSTEM OF fHEQPONEﬁ PLANY' BECAUSE

0F OFF-RATING CONDITIONS

CALLLl SaCALE’
CrARSE PATTERN SEARCH FORI 0PTIMUM POINT

CALLI SHOT (1)
IFr LOWEST COST COOLING SYSTEM HAS INCéEﬂENTA[ cOST apove:
ZrR0 50 TO 5 IF IT IS LESS THAN ZERC RIDUCE FRCNTAL! AREA
0r THE HEAT EXCHANSER BY 73 PERCENT

IF TCOCI. IO.D) GO T0 S

qu(a)-vns(4)14.

GO TO &
L=0

E¥TEND THE AREA OF INVESTIGZATION FOR THZ) Flve VARIIB;ES
InN THE' SEARCH FOR ANOTHER MINIMUM

caLL! XTEND (L)

Ie A NEW MINIMUM HAS BEIN FDUND START WITH THE! COARSE
PATTERN SEARCH ONCE AGAIN

IF(LeEQel) GO TO 4
FINE PATTERN SEARCH FOR JPTIMUM POINT

CALLl Sw0T (2

CONS=A
GoAJIINT SEARCH FOR OPTIMUM POINT

CALL! SERCH
Ie SEoCH HAS DETERMINED AV JPTIMUM 5O Tor 10 aUT IFIIT

u e \IH, rnn\ln A\l Acf'ruuu ~ar erf)-d A RN
- e Wl Gﬁ.‘l‘

IF(JCONSL2Q40) G2 TO 10
K=K~]

IFt<.6T.0) GO TO 2
CONTINUE

PRINTOUT OF OPTIMUM DESISZN: OF THE COOLUING SYSTEM
CALL! OnT2 (R8P ,HRFAC1,S5CD,CASSS],PLANCTY,PLANC],CTURS, TCD)
CALLI OuTé4 (1)

CALLl QTS (2)
CALLI RPTHXD

G-5
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PROGRAM AMCIRC 16/74 0PT=] FIN 4,247935] 12718776

OO0

e Xe R NS

CALL! RRTHXC(AFENT1)
CALLI RPTSUR (DESVELV. NUMTOl, €TOWDL) -
CaLl! ReTRET(nTowsl, POHCIR, PSTacly PUFITI, 3MPCSY, RPTRLI,
s SE3gSh)
calL! RERTE(EFFC1yCONMATcONMAZ)
caLy ePreaN
cal EcRvus3(3’
WRITE (4180
1900 FORvAT (1KY .

PoIMTOUT OF OPERATING PARAMEITERS AND . CONDITIONS OF! THE

PLANT VZRSUS AMBIENT TEMPEZRATJIRI: ALSO 2RINTOUT OF! INCRE-
MeNTAL PDSER PRODUCTION COSTS ATTRIBUTED! TO EACH AMBIENT
TEMPESATURE AND THE TOTAL: INCREMENTAL POWER PRODUCTION COSTS:

WRITE(44930)

WRITS (4,931}

WRITE (R,937)
WRITE(R,y533)
WRITE(£4534)

WRITZ (he233)

CLSJY=n, 0

FCsJt 2 0,0

D2 3 I=1sNTA _

3 call! VARIT(TALI) 2 TRPERII) 4PCST(I) 9 TochSUMFaSUM)
ACOS=0,0
D0 23 Iz1.V7a
ACOS=ACNS+RCSTIT)

§ CONTIME ' ’
WRITE(A5344) ACOS -
WPITE{%+9%43; caPcSl
TnN=TD 51
FIRST = .TRUE.

KALEXT = O
IF(TOLLE.TEND) GOTO 1
5 CZONTINUE

DRINTOUT OF THE CAPITAL AND UNIT £NERGY COSTS OF THE DRY
CHOLING TOWER SYSTEM

CALL! SIMCOS(FCR, °SIZE, CAPF, CCOS1, CPIPl, CONBAT, ATUBC1, CPLEVY
§ sF23ACY1y F4CS1, STRUCL, CFOUN1y CAPCS1, SPCO1ys SSCDs HRFACI

S JHRFAPSe YFPMIN, FLANCY CcLANle zLSUMe FeSUMy c0Sul, cSTLV1
$ +CSTHe1ls CTANE1xUFANT, CYL3NLexNFaN])

WLRTP2wIOT1 ELEN]

END

G-6



SUSROUTINE CALC 74/74  OPT=) FTN 4,247835] 12718776

SUBIVUTINE CALC(T]+RANGEsTTDsAFRONyWLRAT M)

10

o
51

-

FAV]
[+ N

N
wn

30

35

40

hg

53

C N -

c SURRNUTINE CALC IS USED FOR! THE ANALYSIS OF THE AMMONIA

o RY COOLING SYSTEMe IN THIS SUSROUTINE! THE CONDENSER/

c REgOILER, PIPING SYSTEMy HZaT EXCHANGERs aAND TOWERS ARE

c DESIGNFN.  THE £NSTS FAR ALl OF THESE SYSTEMg .08 Frumn

c ALONG WITH THE INGREMENTALI COST FOR OPZRMATING THE PLANT

c WITH THE DRY COOLING SYSTI™ OVER THE ENTIRE YEAR,

c

c TwE FOLLOWING FIVE VARTASLES ARE THE FIJE INREPENDENT

c VARIABLES THAT ARE USED TO DESIGN THE AMMONIA COOLING SYSTEM,
c

c T =~ TURABINE OQUTLET TEIMPERATURE: (DIG6 F)

¢ TTO1 - TEMPERATURE DIFFERENCE BETNEFVITHF DUTLET TEMPERA:
c TURE OF THE TJ?BIVE AND THE TIMPERATURE OF THE
c AMMONIA IN THZI ZONDENSER/REQOILER (DEG F»

¢ RANGE = TEMPERATURE RAQSF!OFIIHE AR THROUGH THE| HEAT

c EXCHANGER (DEG 7))

c AFRON = FRIONTAL AREA OF1 THE HEAT EXCHANGER (52 Fm)

¢ WLRAT = WIDTH LENGTH RaTID OF THE HEAT EXCHANGER! (FT/FT)
c DFEFINITION OF VARIABLES

c

¢ AsIR - AIRSIDE AREA OFi THE HEAT EXCHANGER (SQ FT,

o AvTY ~ NUMSER OF TRANSFER UNITS IN THE HEaf EXuHANGFR
c {DIMENSIONLESS) : _
c AGPS = AREA PER SHELLI OFt THE: CONDENSSR/REROILER (SQ@ FT)
o ATUR = SURFACE AREA JF! THE BARE TU3ZS OF THE HEAT

¢ EXCHANGER (SQ FT)

o CDHANG -~ ANGLE OF THE HEAT EXCHANGER 3UNDLES FROW THE

o CIRCUMFERENCE OFi THZ COOLING. TOWERS (DESREES)

c CnONF = THERMAL CONCUCTIVITY OF THE FINS IN THE WEAT

¢ EXCHANGER (BTU/H4R«FT~IEG F)

o CONL: = THERM4l, CONDUCTIVITY OF THE TUBE LINER

c {3ITU/HR-FT=DE3 )

o Coa = SPECIFIC HEAT 0F: THE alR (BTJ/LBW-QEG F)

o crw - SPECIFIp HEAT OFi THE aMuONIp (BTU/Z(8M=-DIB F)

o CTOWD =~ DIAMETER OF CIRCJLAR COOLING TOWERS (FT)

c DFLPA ~ AIRSIDE PRESSURZ! DROP ACROSS THE HEAT EXCHANGER
c {LAF/SQ FT)

¢ O=LPIP = PRESSURE DROP OF' THI aAMMeONIA THROUGH THE!

c SUPPLY AND RETUIN PIPING (LBFvSQ FT)

< DTLPR  « PRESSURE DRCP OF! LI2UID FROM TOWERS TO TYURBINE:
o BUILDING (LBF/SJ FT)

c DELPS ~ PRESSURE 2822 SF VAPCR FROM TURBINE BUILDING TO
¢ THE TOWERS (L3F/S52 FT)

o DeELPW ~ PRESSURE DROP QOFi THI aMMOMIp THROUGH THEI WHOLE
c PIPING SYSTEM (L3F/52 FT)

c DELPWC = PRESSURE DROP IN THE CONDENSER/REBNILER

c (LRF/5Q FT)

c DELPWT = PRESSURE DROP THRDUSH THE Tu3ssS OF THE HEAT

c EXCHAMGER (L37/53 FT) i i

o DENAY = AVERASE DENSITY OF THE AIR IV THE HEAT SRCHANGER
o {L3F/3Q FT)

o DENIN = DENSITY OF THE: AIR ENTERING THE MEZT EXCHANGER
¢ {LBM/CU FT) . .

c DENOUT = DENSITY OF THE: 4IR LEAVING TH=I HEAT EXCYaNGER
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SURBOUTINE CALC

ONDONIO NN DDDODNOTAOTOONND

74/74

DENSIV
DFNSIW
DEPTH
DESVEL!

DESVELY

0T IN
o1
nysT
DeTINY

EFF
EFFIN
ErENG
ELEV
EnGTH
FraR
GalR

GuwAT

. HFG

HeMAX

. Hs

ale

HowaT
Aowa Tl

HpwWaT?2

HaFac?2
HyD01la

NOTOW

A

onL
onR

[
pr
PTPCSTL
PIBCSTV
P
Pu2CST
PoaQwW
PoW

0PT=1 FTN 4,247835] 12/718/1s

(LSM/CU FT) i

DENSITY OF AMMONIA VAP0 (LgM/CU FT)

DENSITY OF AMMONTA LIQUID (L3v/CU FT)

DEPTH OF THE HEAT EXCHANGER (°T)

DESIGN VELCCITY JF aAMMONIA LIRUID (FT/SEC)

DESISN VELOCITY OF aMMONTA vASDR (FT/SFCH

FIN DIAMETER OF! THE TURES IN THE HEAT EXCHANGER
{1V

INSIDE DIAMETER JF THE TUBES IN THE HEAT EXCHANGER!
(1)

DISTANCE FROY TURZINE BUILOING 7D ~0CLING TOWERS
(FT)

AIRSIDE PRESS3URESI DROP ACRNSS THE HEAT EXCHANGER
(IN H20)

EFFECTIVENESS 07! THE HEAT EXCHANGER (DIMENSIONLESS)
FIN ZFFECTIVENZSS OF THE TURZS IN THE HEAT
EXCHANGER (DIVENSIOMNLESS)

LENGTH OF THE HcaT EXCHaNGER TUBES (FT)

ELZVATION OF THZI RLaNT SITE (FT)

LENGTH OF THE HEZAT EXCHANGER TUBES (IN)

FRICTION FACTIR 27 THE AlR FLAW THROUGH THE

HEAT EXCHANGER (JTYEINSIONLESS)

MASS FLUX OF THAZ AR IN THE 4TaT EXCHANGER
(LAM/HR-SQ FT)

MASS FLUX OF THZ! aMMONIA ON T+E INSIDE OF THE TUBIB
IN THE HMEAT EXCHANGER (L 8M/HR=SQ FT)
- HEAT OF VAPORIZATION OF THE AMMONIA (BTUZLBM)
LIRSIDE FOZSSURE DRIP OF THE HEAT EXCHANGER

AT THE RIFERENZEII TEVPERATURE OF T0 DEG FI .

{IN H20) .

INSIDE HEAT TRANSFER COEFFIcIENT OF THE TUBES OFI
THE HEAT EXCHANS3ER (3TU/HS=53 FT=DgG F)

OUTSIDE MEAT TIANSFER COFEFFIZIENT oFi THEI KEAT
EXCHANGER (3TU/43=S3 FT=DEG F) ) )
HORSZPOLER LOSS #CR THE TOTAL! PIPING SYSTEM (HP)
HORSZPCWER LOSS THROUGH THE SUPPLY aND RETURN
PIPTING AND THZI: TU3ES OF THE ASIAT ExCHANSER (HP)
HORSEPOWER LOSS THROUSH THE TJUBING OF THE CONe
DENSER/RERQILER (~P) .

HEAT RATE FaCTO OF THE TURgIVE (DIMENSIONLESS)
HYDRAULIC DIAVETIR OF THE TUSING ARRANGEMENT

(1IN

NUMaER 0OF CIRCULAR COCLING TOWERS

{DIMENSTONLESS:
MMNED aF TUnfT Ty
{DIMENSTONLESS)
NJTSIDE DIAMETER OF THE TUBE LINER (IN)

RICT DIAMETER OFi FINNED TUBE IN THE HEAT EXCHANGERI
(INY .

34CK PRESSURE JF: THE TURSINE (IN HGA)

FIN 9IToH OF THEI TUSES IN THI! HEAT EXCHANGER (IV)
LIQUID PIPING COST (%)

VAPQR RPIPINA 2957 (%) ;

LOVGITUOINAL BITCH OF THE T(3TS (IN)

C5ST OF THE PUYIING SYSTEM ($)

pPUMP P0WER (43}

PRANDTL NUMSICZR J% THE AMMONIA (DIMcNSIONLESS)

W TRTY O:‘ o U T CwAaLl
e v D le i A e

G-8



SURROUTINE CALC 74/74  OPT=] FTN 4,2473351 12718776

7is o PQIZE =~ SIZE OF THE PLANT (MGW)
c QTN = HEAT INPUT TO THZ! PLANT (3Ty/=R)
c Q2EJ - HEAT REJECTION T2 THE ENVIRONMENT [3TU/SR)
c RrAIR = REYNOLDS NUMBER JF THE AIR IV THE HEAT EXCHANGER
- c (DIMENSIONLESS)
120 ¢ RFWAT = REYNOLDS NUMAZR IF THE AuMyONIA FLOw THROUGH THE
¢ TJ3ES OF THE =£AT TXCHANGER ()IMENSIONLESS)
c RoTPL! - PUVP MOTIR ELECTRICAL COST (§)
¢ SF = 3PAcE BETWEEN THIt FINS OF THE HEAT EXCHANGER (IN)
c TAIRAV = AVERAGE TEMPEXATURE OF THE Al IN THE HEAT
¥25 o EXCHANGER (DEG F)
o Tr0S - IVCR-WENTAL PONIR PROODUCTION 20ST (S/KwWAY
~ Tr¥ErS = TOTaL ¢ O:T OF THI! PIPING SYSTsM (5)
c Th - AWQI»\M SIGN TzMPcRATURE (956 F)
e TEFF - THERMaL E'F-cTIV NESS OF THE ASLANT AT THE DESIGN
130 c ROCK PRESSUPE (DIMENSIONLESS)
~ TEFFM = THERMaAL EFFECTIVINESS 0F THE SLaANT (DIMENSIQNLESS)
¢ THEONW = THZRMal. CONDUCTIVITY OF THE aMMONIZ LIQUID
o4 (3TU/HRFT=DES F)
c THFIN = THIECNESS OF THZ! FINS OF THE TURES IN THE
735 o HEAT EXCHANGIR (IV) .
o TIN ~ TEMDERATURE OF: THE aMMONIA ENTERING THE SUPPLY
c _ PIPING (DEG F)
c TINHX = TEMPERATYRE OF: AvMOMIA ENTERING THe HEAT
- o EXCHANGER (DEG F ,
140 c TLA ., = LAINGLIH OF TAk (JU3E> 1IN THE COVDENSER/REIUILER (FT)
¢ Trol =~ TEMREIRATURE DIFFERENCE QSTWESY THE SATURATED
o STEAM AND AMMON]A IN THE CONDINSER,REBOILER (DEG F)
¢ TR? ~ TSHPZRATURE N3P oF TiE AMMONIA IN THE SUPPLY
c PIRING (DEG F)
T4 c TWATAV = TEMPERATURE OF THE AWWONIA IV THE! CONDENSER/
o REQQILER (DEG =)
c v - QOVERALL HEAT TRANSFER COEFFICIENT oF' THE! HEAT
¢ EACHANGER (87U/43<5% FT=DEG F)
- c VaIR - VZLOCITY OF THE a4l IN THE HIWT EXQGHANGER (FT/SEC)
150 o VELD - INLET VELOCITY 37 THE AvMONT4 ENTERING
c THE CONDENSER/REIDIER (FT/SEZ)
[of Vel 0o - ﬂJ:LfT VELICITY 5F: THE auMONIp LEAVING THE
o CONDENSER/REBIILIR (FT/SEC)
- c VIsa - VISCOSTITY OF aIR IN THE HZAT IXCHANGER (LBM/FT=HR)
1873 o VISV ~ VISCOSITY OF AMMONIA VAPQOR (LaM/FT=HR)
e VISW - VISCOSITY OF THII aMMONIL (Lgu/FT=HR)
e Vet = VOLUME OF THE HAZaT ZXCHANGER (CU FT)
¢ Vuat = VAPOR VELOCITY OFi THE auuONIA IN THE rNTRANCE or!
- C THE TU8TC oF T LDAT u/\\.H‘ANv Roar ‘I:\_gl
162 c Wn - 3UMPLE wIDTH OF! H4E4T EXCHaNGER' (FT)
e WIDTH = WIOTH OF THE +HE4T EXCHANGER (M)
o W -~ MASS FLOW RATT 37 T<E AMMONIA {(LBM/HR)
c Wi ~ MASS FLOW Raf' I7 THE AIR (L3wW/KR)
c Xn & - DIAGONAL PITCH 27 THE TuaeS Iv THAE HEAT EXCHANGER
765 z (INy . .
c Y2 « NJMBER OF PASSES IN THE CONDENSER/REQOILER
¢ {ITUENSTONLESS) )
o XNS ~ NJY3ZQ OF SHELLS IN THE CONDENSER/REBOILER
. c (DIMENSTONLESS)
170 c XnTS -~ NJMRER OF TU3ZS PER SHELL (DIMENSIONLESS?
o XAUALY = EXIT QUALITY OF! THE' AMMONIA LEAVING THE

G-9
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QOO0
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34/74  OPT=) FTN 4,247835]

' CONDENSER/RESQILER' (DIMENSIQNLESS)
Xw - TRANSVERSE PITCH 0OF THE TUBES (IN)

o - - TUBE DEPTH OF THE! HEAT EXCHANGER (DIMENSTONLESS)

LOGICAL FXTLNG
LOGICAI FI1ASTe FXTFUP
COMMYON

ATTR, ALPHA, ANG(3)

+23Js CTy3s, c0eNG, ClyvRe CHAlLS, CvM
*DANGLEs DFINs DEEFLY DESVELH® JESVELV
G ETFR
y TCR, FISTy FIXLs FCOSe FFHXy FXTZMP
»G3IEFF
yHX P, H2EST
s ITYAX s ITMIN
"9 JCON®R
s KCOMy, XALEXT
sMXEXT
JMTCaAL(2), N7A
COMMON
oWE!

NA AT A AR NAAIR P

£2]

+CASF, CSSPKW, CONFy cONL, COSTLY CAPCHGv CQNMAT, CONVRZ,cAF!

1271871y

PSIZT, PERs PACOSe PLANC, PFAZT, POMDPL)

o'_)a:»,,,.. POHFANs POHLEC Po-icﬁ’ POHCNDs POHSTCY PDHScLI

" 2"" RPDbuuo qLDU\-V! ROO FL:

* JIRE)* QREOUCE" QREDYCYV

1 SIGMAG, SAAF 3

2Ty TR0 (%) Tesry TLIMy THZINY TLPRA, TFIX

2720y T '

s1UCSe UwS

WY

s VAS (=)

,x):P/\Q XWy Xp . . : .
cOM40N /SUDPLY/ VAL(3)y ¢cPLYy  (PIP, cOSy W3y cO8M, EFFy
3 QrN, cl.aND, REAIR, ZyH3FAC2, LLY) Us DELPw, PPOwy
< fP.‘\‘.vv DELFCe WIDTHe ELENGY VAIRY VWATY HT? HOY T4?
] REWAT Ny, NT, NOyILANC2,PSIZ12s SPBP. SWG, SW3e
$ SoCePTOTAL ,2LANC3,SAFRONY  AALR, YFPy SPCHPSIZ13, WT2»
T ana, w2, TC0s, CELPA,IZLPNT,DELPWC,CONBAS, XNT5X, VELDX
S s TLaXe UCONs PMCSTs FMCSTe FBAZCY EFFCY CHo CAy  CS
3 4 CLTC CFCy CPRCCe. FITCO, CSCyCEPREP,JELPIP, AST,0L0CST
$9CACSTe XNFANSBLDANGs CPLENe JPFEL: WHX., ATTUB, ADIAs ABLN
Ss ATHAR. WTT9M,STRUCCICFPERT,IPPEAF) TOTCFy  TRZs EFFINs  ANTU
$e AIRFFy WATFF, XNMDDy TLT2%y  FOCFF,  FMTRCy ACCTTP, ADJTP
%, ACTENO, ADJEOD, ACTYH, AJJVY, A2.°PF, THATLIR, TCTFy  AFCST

S+ ZSRANs WATERWe WSTRCT! CFOUNDy AYSOIAas TOWLENY NUMTOWe CTOWD

$y SARJ, SARIS, ATURC, CBAy TTI1y TTO29 DELPSe CSTLVR

S 9CcSTHSy CYLRMNG, cFAVEL- PSTAzSy PUFITc, PMPaST, RPTPLe SEPCST

pouwov /srw</ VAR(5)y CPLN1y 2PIPl, £COS1, W31, COSMIv EFrlo
3 271, cuaNy, REatll, Z1443FA2S, N1l Uls DEPWl, PPO4I,
$ :pojl, DEFCIY WIDTL ELEN1Y VAIRLY vwaTyY HIYY 401 Tal?
$ IEWATL, NWY NT1s NP1, ZRLNC242S5I712y ZSPRPy SwWh SW3ly
Py sppl’ PTOTI,QLN’31’ AFRD1y 4AIR1NYFOUIN, SPCD{O SpsSy 'HTZMIN,
§ 822N, NyoMIN, ycdsy, DEPa1, 2P4T1, DPwC1,cON3AT, xNTS1, VELDI

$ 9 TLalr UCONYDY PMCSI0 FMCS1y 73aCle EFFCYy  CH]Y  Cale  Csl

s

yCA3CSToXNTANL 4 3LDANL o CPLENLDPFELL WHly ITTULl, ADILy

s ZLTcly CFClys CPCC1,FITCOly CSClaCEPRE}SEPIPYy AST1,OLDCSI

agsll
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) $e ATHP1y WTFR1+STRUCL.CFMPF1, +PPF1,TOTCF], TPT,EFFIN], ANTUL
334 $y AIRFF1y WATFF1s X\MOD1s TCTF1s FOCPF1, FMTRCle ACTT®ls ADJTP]
S+ ACTBOLl, aDJBP1ly ACTVHl. aDJVHl, aDJPP1, THPRIly TCTFl 4 AFCSTI
$, 2SR, #ATER1, wWSTRCl, CFOyN1, HyBDIl, TOWLEl, NyMTtOl, CTOWD1

$e S2RJyr SORJS1 ATUBC)1Y CBAly TTD1le TTD21* NELPS1e CSTLVY

; % HC3THE]: CYLANY, CEANCL; DSTAZY, 2PUTITI. PM2ISIe RNTRLYY SEFPCSE
535 COMMON /SCALER/HIFACLy ATUBs CZZRA. SSCDOPLANCI.CASSSI.

s GAIR, Fa1?, H”a1R, HPuaAT, WLATP, PLaNCT)
COMMON/DJ3/DI'XNGISF
COMMON /FLSW/ FXTLNG
i COMMON /INNIS/ DIST
240 COMMIN s{azALL/ SRN
COMMON /TINE/ XNS, TLAs XNTSe aRPS, TTD23E, LINOR, XNPs XQUALY
COMMON /MZADEX/ AHHLCNGCHMICUW I CRIWCAI ST CMO o CSRICSMINIToHR 2 MY
1P2ESSsWEDMATIHEDTYP« NPASS WS
SOMMON sgyarExys COL,OUMLSTILS)
545 COYMMON /HXD/ AT+ATOT
LOGICAL LODPER
COMMAN/FAN/ SANDAP (1534101 9FANDAH(153910) ¢FUCPFIFRCPF 4P29RySy
% VYELREry AFCy ELEV, EHRs LOOPERy CTMAX
. ) CCOMMON / PROF/ 3, THeJUNWy DENSIW, VISW, HFSy
250 . PV, THEONV, DJENSIVe VISV,SIGMAy
® CoA, THCONA, J3INgIA, vIga
DATR P1/3,14159/, GC/32.0/
1002 FORMAT (SXo"AIsPFsSFAWEFASRFA ="oSu12.6/§Y'"ATOToH¥VOL ART AFHALS =
1"95312,6/5Xs"AFTRyALPHAYSIGMAS =14 3612,6/)

255 Ir(_XTL“’.AVD LyC.EQ.M,aND M, a.a> RETYRN
KCONV=1
LOOPSR = .FALSE, .
cTMaX = 0,0
. 7ol = 770
289 ¢
o HeaAT REJECTED 3Y THE .TURSINE
c : . : )
< 34CX_PRESSURE OF TYRBINZI AS A FUNCTION OF THe SATURATION
” TEMPERATURE
265 p=E£XP (17.165-9240./(T1¢46o.3)
gp2=p
c
t MEAT RATE FACTOR OF: THE PLANT AT THE: DESIGN 8ACK PRESSURE!
o HRFAC2aTPG (1) +TP0(2)+P +TPO(3)#Pwe2 + TPO(4)sPusy
270 c
c SEEICIENCY OF THE PLANT AT THE: DESIGN 3ACKPRESSURE!
TEF=M=TEST/HRFALD
c
3 ¢ HEAT PUT IN 8Y THE BOILER (3TU/HR)
275 QIN=3413,#PS1ZEX1000,/TEFFM
o
o HoaT REJECTED TO THE ENVIRONMENT (BTU/HRY
QREJ=OTN* (1, =TEFFH)
_ SQRJ = QRZJ
230 < s )
c CALZULATION OF AIR AND AMMONIA PROPERTIES
c
S0 TAITAV = TD + RAMGE,2e0
100 TWATAV = Ty = TTD)

53¢ CALLI POPERT(THWATAV,TAIRAV,ELEZV)
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74/74.  OPT=)

PRW = FPWsYISW/THCONW'

FTN 4,2478351

MaSS FLOW RATES OF AMMONIA. AND! AIR IN HEAT EXCHANGER

QR EJ/HFG
QnEJ/ (CPAWRANGE)

W3
Wa

nu

sxaaaUNIT GEOMETRIES OF THE MEAT EXCHANGER

INSINE AREA PER FOOT (FTae2/FT)
Al = pI‘DI‘].ZcO/IQ“QO

FIN PITCH (FINS/ZINY
pr o= 1,0/(5F & THFIN)

SIO- FIN AREA (FTew2/FT)
SFA = ?,0#PFaPTa(OFIN#ed = ODR#82) /68,0

AZEA AT THE ENDS OF THE FINI (FTue2/FT)

EFA = >F«PT«0FIN«THFIN/L2,0

RADT FIN ARZA (FTs2/FT)
RFA = PI®0DR* (1,00 = PFsTHFIN)/12,90

TATAL SURFACE: AREA (FT#e2/FT)
ATOT = SFA'o EFA ¢ RFA

HZAT EXCHANGER VOLUME (FTae2/FT)

PTIT)

COSTH = XW/(2.0*X06)
SINTY = $337(1,0 « cOSTH#2,0) .
SPAAEi = XHG#SINTH
HXVOL = XWeSPAcEsl,0/144,0
C20SS~SECTIONALI ROOT TUSE' AREA (FTwe2/FT)

ART = ©nR/1240

=0SS=SECTIONAL' FIN TUBE! A3EA (FT.-Z/FT;

AF = PFt(D»IN - JOR)=THFIN/12,9

Cr0SS-SECTIONAL: AREA (FTee2/FT)
ACS = ¥Ws:il,

AFTR - AIR 51DZ FIN AREA/TOTAL: AIR SIDE! AREA

AFT = (SFA + ZFA)/(SFA + EFA & RFA)

Al_PHA =~ AIR SIDE MEAT TRANSFER AREA/H,

ALPHA = ATOT/HXVOL

STGUAG = FREZE FLOW AREA/FRONTAL' AREA
SIGYAG = 1, = (ART « AF)/ACS )

IF (<DEQUG,NE.0) WRITE(5,1002) AT, PF, SFA,
§ ART» AFs ACSy AFTRy ALPHA, SISMAG

HZAT IXCHANGER DIMENSIONS

WIDTH OF HEAT ZXCHANGER

X+ VOLUME

EFR, RFA, ATOT, HXVOL,

12718716
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74/74  OPTe{ FTN 4,2+73351]

150 IT(¢(TXTUN3; WIDTH = AFRON/FIXL

IF(aNOT, FXTLNG) WIOTH = SQRT(ALRAT*AFRON)
NW =z WiDTH/XW«12,0

LENGTH OF TUSES IN THE HEZAT EXCHANGER
IESETINRY FLENR = BTYI
IF(«NOTLFXTLNG) ZLENG = WIDTH/WLRAT
ENGTH = ELENG=12,
NW2 = MW i
WT2 = ulDTH . L
IF (M LERs 5 «ORe M oFRs 4) CALLI PRPERT(TWATAYsTAIRAVELEV)

Le3ISN OF THZ CONDEINSER/RIBIOILER

CALL! SPDES(T1,TT31,XNS, XNP QREJ, TLA,XOUALY VELD,VELDO,4RPS XNTS,
1DELAWC,LINOR]

GUESS THE TEMPERATURE D202 IN THE PIPING FROM THE
CoNDENSER/REBQILER TO THE! HEAT EXCHANGER!

TTDZ =z 2,

t.t‘i#tttﬂ--tt‘aii‘#-‘-t“t't‘-tlttﬂ““ﬁ‘*“““;“‘-‘h“““m
axwasBTSINNING OF ITERATION LDO3 THAT DETERMINES THE HEAT susns.
vaex=EXCHANGER, TOWERy AND FAN CONFIGURATIONS "TYIT)

A Ay

EFFECTIVENESS OF THE HEAT ZXCHANGER

160 EFF = 2ANGE/(T] = TTD] =~ T722 = D)

1F(ZFF ,6E,1,) GO To 250

NUM3ER OF TIANSFER UNITS I\ THE HEAT EXGHANGER:
ANTJH = « ALQG(1,0 - EFF)

BTR SINE FRICTION FACTOR AND. HEAT TRANSFER CoOEFFIZIENT
07 THE HEAT £XCHAMBER

MaXIMuM AIR SIDE 4ASS FLUX IN THE HEAT EXCHANGER
GAIR = W6/ (AFRONXSIGMAG)

MAXIMUM AIR SIDE VELOCITY IN THE WEAT EIXCHANGER
VAIR = GATIR/(3500.0%0ENSIAY.

MAXIMM AIR STOE REYNOLDS VUM3ER IN THE! HEAT EXCHANGER
RZAIR = O0R4GATR/(VISAW]Z24p)
KX =. .
PATIO = XD5/Xu
IF(a3S(RATIO ~ 1,0y .58, 1,00E«03) X = 2

IF (FFEX Qs "EFR ") CaLLl HXPFR(02R, REAIR, DFINh PF,
3 THF I, HO)

17 (FFEX .£Q, "FRIcHO ") calli FRICHO (XK, FAIR: HOy» 0DRy DFINY
3 XNe X2Ge SFe THFINy GAIR}

FIN EFFICIENCY OF THE FINVNED TUBES OF THE HEAT EXCHANGER
BFIN = (DFIN/ODR + 440/3.0)/740 .
EFFIN & 1,0/(3,0 & (SFINsHO®(DFIN w ODR)=%2)/(26,0sCONFRTHFINY))

12718/16
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76/74  OPT=] FTN 4,2+7835]

OVERALL. SURFACE! EFFICIENSY OF THE FINNEDI TUBES. OF' THE
HEAT SXCHANGER
EFS = 1,0 = AFTR=(1.0 = EFFIV)

...nﬂv*ttt.s#tayn-¢.ttt-ttt--t-tttttttt-tt.ittt--.—g-p-........
eaxesBEGINNING OF: ITERATION DDA THAT BIZTERWINES THE Tipe PP

esxsaxDEPTH OF THE HEAT EXCHANGERM ] YL L
P T L L I L I I N I

KN = 0
79 =2

MASS FLUX OF' AMMONIA IN TU3ES OF THE HIAT EXCHANGER
GNAT = W3IZ((ZD/HXNP) «NWePI=D1=»21/1042144,))

VaPOR VELOCITY OF AMMONIA AT INLET OF THE TURES OF| THE
HEAT £XCHANSGER
YWAT = GWAT/(DENSIV®36004)

INSIDT AMMONIA HEAT TRAVSFER COEFFICIENT OF THE TUBES

or THC HEAT EXCHANGER
CALL HTCLO(DIWENGTH9ANGGUWAT 91 0w e s PRWSDENSIWY DENsIv,vISH¢.41338.
1v15vf,41333.THnovw,cPw HIpHTC»"TZoaHTNsHTKRENAT)
T4 = Tn & RpNSE

OVERALL HEAT TRANSFER COEFFICIENT OF THE! HEAT EXCHANGER

BEFF = ATOT/{240eP1)

U 1an 7/ {140/ (EFGxHO) o :
. JEFF=ALO05(O0L/0TY /CONL »
a ATeT/(aleHI)

ATRSIDE AREA OF THE HEAT ZIXCHANGER
AATR = ANTU=CPA=wa,/Y

ValyMy OF THE HEAT EZXCHANGER
VOL = aAl3/ALPHA

TRE DEPTH OF THE HEAT EXCHANGER
DEPTHY = VOL/AFRON
pzD = 7D
Z0 = 17,00EPTH/XD

GENGCE CRITERIA OF THZi TUBE DEPTM F THE HEAT

1F (435 (20=220) ,ID o T+ ¢0001) 30TO 300

K\ =~KV . 1

IF(SKN BT, 70) W2ITE(g,1000) KV' PZOé 2Dy AFRON
rnR“m.lwx."<“»97).23anQ0N =m, 13 o 6/)

TF(N Lz, 80) GO 710 250

ZAAIR = AAIR

2 =20

G0 TO »25

-tatnt‘-s.a-!ttt.tn.mstlt.t'tt.ttt‘.ttt‘t‘i‘.‘.‘.ao.t.lit..‘j.‘

sxxxeEND OF ITERATION LO0P FOR DETERMINING THE TUBE' DEPTH ssess

G-14
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250

74/74  OPT=] FIN 4,2+7835)
swene0F THT HEAT EXCHANGER BEITITS
tt-c'-gtttat‘tt:!tatttae':t-ttttttt-tltttttt#ltl..‘..-lltt.t.o.
KCONV = 1
LVCE = v
RET JRN

LIMIT OF TURE DEPTH EITHER: ABOVE OR BELDY A gpgcjfggp
LTMIT OR WITHIN A RANGE OF! VALUES
IF(JEEPL LT+ 0e00) TEST = teGTow

L
Ir()rE“’ <) 0,08) TEST = ", T,"
(°qu°L .
= 70
T(TEST eEQs meGTan ¢ANDe 2D #5T. ABS(DEEPL)I GO TO 250

IF(TEST EQ, ",LT," «4ND. ZD LT, JDEEPL) GO T0 2549

-
]
-
[
57

)-0

Hl\l

IF (TEST .£Re ",2Q0." oaNDe A3S(ZD=0EEPL) +GT. POMRPL) 50TO 250

ATR SIDE PRESSURE DROP ACRDVSS THE HEAT TXCHANGER

AVERAGE DFENSITY OF THE AIR IN THE HEAT =KCHANGER
DENJUT = FLUID (T2, T4 sELEVNCALLEN)
DENIN = FLUID(Te2,TO9ELEVsPCALL M)
DENAY = (DENIN DENOUT)/Z 0

HaRTHys YELICITY IN THE AZaT EXCHANGER BRASED ON THE:
AVERAGE DENSITY OF THE AIR
VAL = GAIR/{36(00eg*0ENAV)

HYDRAULIC DIAMZITER OF THEI HEAT EXCHANGER! TUBING
PL = SORT( XDG##2 = (XW/2,) %22 ) .
HYDDTA= Ges ({ZD-1,)%PL + OFIN) ® (aCS ~(ART#aF))/(aATOT¥2D)
IF{ FFHX EQe VPFR "y CalLl FFPFR(HYDDIA+PLWGAIRIFAIR)
AIRSF = FAIR

PRESSURE DROP ACROSS THEI 4ZAT EXCHANGER
DELPA = DENAV & FAIR » ZD » VAIRu=2 / Gc
DPTINW = DELPA/5,2022

DESIGN OF THE FAN SYSTZ“

HGMAX = JPTINWe0,07495/DENOUT
IF(4GMaAX oGTs 1,435) RETURN

CoST AMAYLSIS QF TR HOAT ZRCAANCER

CALL!I CASTEX(AFRONSATOT)

DESIGN OF THE LEAST COST FAN SYSTEM FQOR THE ABOVE' WZAT
ExCHANGER DETERMINATION OF: THE NUMBER' AND AIAMETER
OF THE TOWERS IS ALSO DONE!

CALLI FAN(DPTINU,AFRON) . ’

IF(,NOT, LOOPER .aANDs AFC .E3. 5,E¢B) caLL ERRMSG(D)

IF(LDOSER) CALL EZRRYSG(2)

Ir AFC IS GREATER THAN ,49549 IT MEANS NO SUITABLE! FAN
WeS FOUND 3Y SUIROUTINE FaN  IF. THIS £XISTS TcOS IS
SET EQUAL TD A HIGH VALUE INORDER T TH4I0W OUT THIS

e 0.0 +aNDe A3S(IZEPLL o8T, 0,0 TEST = 0,gQ,"

12718719
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76/76  0PT=] FIN 4,207835] 12718776

"PAINT IN THE SEARCH FOR A MINIMUM
IF(AFC ,GT, +49E+9) TCOS = 1,E+38
IF(AFC .37, 49,08+07) RETURN

OrSIGN OF THE SUPPLY PIPING SYSTEM

TIN = T1 = TTD1

XTOA = NMUMTOW

DEMSIV = FLUID(Ty1sTINJELEV"CALCGN) |
VISV = FLUID(8,1»TINSELEVsPCALLE™) , )
CalLl P1PZLs(XTOWCTIWD W3 TIVy SIST,OESVYELY, WWREDCY QREDUCY,
¢ ELING, TINMX, DILPS, PI2CSTV, CDANG, POHCIR)

CANVERGINCE CRITERIA ON THZ: TEMOERATURE! DROP OF THE
SUPALY PIPING

2 = Tl = TTD1 =~ TINHX
TTD22 = TTD2
T7D02. = TTD22
IF(ASS(TTD23 = TTDZ2)4LTeel) 32 1O 310
CALL! POPERT(TINHX,TAIRAVH,ELEIV)
PRW = nPWeVISW/THCONW
50 TO 160

LT e T T
aewexEND OF ITERATION LOOP FOR JDETERMINING THE HEAT EX*»  suess
»xwsdCHANGERyY TOWCRy AND FAN CONFIGURATIONS i

autttt,«tttaltanttattty#tntttttttt-catytt'ttwttttutt-tlattttttl
CONTINUE
OrSIGN OF THE RETURN PIPING SYSTEM

CALL! PTPCLR(XTOW,CTOWD,#3,DIST,DESVEL , w3, REDUCE, QREDUCE), DEL PR,
€ Or3C5TLe CDANG, pO"‘CAQ)

SESSURE DROP OF THE AMMONIA THROUGH THZ! TUBES OF THE
ZAT EXCHANGER

CALLI DPCON(GOSW, DI ,ENGTH,ANGsGHAT, 19,00 DENSIW,DENSIV,VISWee41339,
%VIQV'-A]339.7"L9NT,DPFuDPG DDW-X'M.Ph"upH1_<,VF.wATFF RLsRV)
DELOWT = SELPWT=1%4,

CAST OF PUMPS TO CIRCULATI! AMYONIA AROUND THE PIPING

CALLI PuMPCST (W3, DELPS, DELPR, JELPWT, DELPWC, *QUALY, DESVEL,
$ PMPTSTy PUFITC)
TeHFES = RPIPCSTL ¢ PIPCSTV « PMPCST

HARSEDOYER DISSIPATED 3Y THE. aMMONIA FLOWING THROUGH
THE SYSTEM

DELSTP = DILPS + DELPR

DEL3W = DELPWT « DELPWC + DE'PS + JELPR

HOWAT]l = (DELPWT « DELPS + DE caycds/(oswszw-aﬁoo «550,y
HPWAT = DILPWeew3/ (DENSIW#X2UaLY=3600,4580,)

HPWAT = HPWATL o HPWATR

«



280

e
e
Dt

£e5

SURROUTINE. CALC

o000 0oo

OO0

00ao

34/764.  OPT=] FTN 4,2¢7%351

ELECTRICAL COST OF THE CIRCULATION PUMPS:
CALLI PUMLEC (POHLEC, HPWAT, DIST, EFFP, RPTRL)

PuMD BOWER REQUIRCD TO SAIVE THI AMMONIA THROUSH THE
SYSTEM

PPON = HPWAT/(14341%EFFF)
ATU3 = (1.0 = AFTR)=*AAIR

COSTING OF THE PLANT, LAND, PIPING, AND' CONDENSERY/.
REBOILER

ANz .
CALLI SAALP (T1sRANGE sAFRONSWLRAT I TCHFCS eNUMTOW)
DENSIV = FLUID (791, TINJELEV"CALL 7™

IMCREASED €OST OF OPEQATING TWE PLANT WITH TRE! AQOVE:
DESIGNED COOLING SYSTEM THRQUGHOUT THE WHOLE: YEAR
- (INCREMENTAL COST)
CALLI NaVART(TCOSyRANGE)
LVeszM .

RETURN
END

G-17
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SURROUTINE CHNGE 74774 OPT=) » FTN 4,247835] 12718788

SUBROUTINE CHANGE (M)

THIS RNUTINE 1S CALLED BY SUSROUTINE SERCH WHEN PRESSURE' DROP REe
STRICTION IS ENCOUNTERED, IT SEARCHES BY CHANGINZ A VARIABLE:
OTHIR THAN THAT SELECTED 8Y SUSROUTINE SIRCH,

OO0

LOGICAL FXTLNG

DIMINSTON 32(5) 90OV (3)yVAJ(S)

COMMON /ScalfR/HRFAcL. ATURy €PZRAy  SScOvPLANClezaSSSIH -
S GaIR, 7FAIR, HPAIXs HPWATs ALRTF, PLaNeT1
© LOsICAL FiasTy FXTEWP

COM4ON

§ ATTR, ALOHAY ANG (3} o
$§ »CAPF, CSSPKW, CONFy CONLy COSTLy CAPCHGe CONMAT, CONMA2,CAF
$ +C3Us CTURRY CDANGy CLUVRy CHAILS, CVYM

$ ,0ANGLE. DFIN, 2EE®L, DESVEL, HESYELY

$ sIFFP

% 4 FCR, FIRSTy FIXLy FCOSy FFHX, FXTEMP

% ,GIREFF

S JHXNP, 4~PSY

$ »ITHAys ITMIN

3 »+JCONg

§ yKCONvy KALEXT

$ JMXSXT

$ oNTUCAL(2)9 NTA

Cumﬂum .
$ ODX
§ 4P3I27, PERy PWCOSy PLANC, SFAZT, POMDPL
§ oPOHRAFe POHMFANy POMLEzy POHGIRG POHcND. POHSTC' POHScL
% 4 WP, REDUCE, REDUCV, ROOFLI
3 3=:J- QREDYCEy QREDYZTV
S +SIGMAGY SAAF )
$ 7Oy TPO(4)s TEFFy TLIM, THFINy, TLPRA, TFIX
S ¢T2D9 TW
T 4UnS5y UWS
$ WNFY
§ pVAS(S)

3 9XJEPas Xwe XD . , .

COM“ON ,sSUPPLY/ VaL(5)y CPLNy CPIP, (cOSe W3y (QOBMy  EFFY
$ QINy» CLAND, REAIR,. ZyHRFACR, Way J» DELEW, PPOW,
< FEnWs DELFCe WIDTH, ELENS, VAIRs VWAT, L) HO, T4
B REWLT, NW NT, NPy PLaNC2.PSIZ12, SPAPy  SWY,  SW3,
s SOC,PTOTAL,®LANC3,SAFRON, aAlR, YFP. sPca,PSILLa. W2
o Boge NW2s TCOSe DELPADILPWTIDZLPWCICONBASY XNTEXY VELDX

. TLaX, UCSCNy PMCSTy FMC3T roRCoy EFFCy Cﬁo CAy c3
v CLTce  CFge  cPeCy FITeOs  £SCeCEPREPLIELPIA, AST,OLDcST
S,CA%CSTy XNFANGILDANGs CPLENy DPFELY wHX, NTTUa, ApIAs ABLN
Sy ATHARy WTFRM,STRUcCsCFPERTIAPPERFs TOTers TPy EFFINy  aNTU
9 AIREFy WAT=r,  XNMOD, TCT2ry  FOLPF. FMTRCe ACCTTA, aADJTP
Sy ACTAOC, ADMEPD, ACTVH.  ADJVH, ADJPPF, TH2ALR, T¢TFPy  AFCST
Ss TSR WATERW, w3TRCry CFOuNDY =yS01a, TOwREN, NyuMrOw, c7OwD
ts S3IRJ, SQRUS, ATUBC, CSa&, TT21, TTD2, DELPS, CSTLVR
$ +CSTHIs CYLRNG, CFANEL)» PSTACS, FUFITC, PMPLCSTy &PTPLe SEPCST
COMMON /sxwf/ VAR(5), ¢PLN1, ZPIP1, ¢COS1, W31, cos*x. EFFly
aM1, cLaMy, Rgarl, — zl,4RFa2s,  yé1,  yj, DEPW1, PPOLI,
FFOwl? DEFCY* WIDTI1?® ZLEN]S® VAIRL® vwaTy* HIyp? Hol0 T4l?
WWAT . NWY NT 1o NP19ZPLNC292S1Z12¢ ZSPBFe SH&1y SW3ls

) b

" R in
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$
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74/ 74

OPT=]

FTN 4,2¢78351

SPcly PTOT1,PLNC31, AFRO1, AAIR1,YFPMINy SPCO]y SPS13,WT2MINs
BP2MINSNW2HIN,y TcOS1,-DEPALs JPWTly DPWC1e2ONBAls XNTS1, VELODI

v Thal, ycONy, Pucsy, FMcS1, F3aCl, EFFCY,
CFC1® CPCCI*FITCOL!
£,CAYCSY s XNFANL 43LDANT 1 CPLENL 2 DATELY

t LTy

s ATHRle WTFR1STRURTILCFMPFLs <4292 1.TOTAFY .

CHY.
CSC1'CEPREIPDEPIPY?
wHl, WTTU1,

¢al, CSi
AST110LDCS]
ADIly ABL1

TRV, ecetNYI. AT
Y - k= . P e

s AIRFF1l, waATFF1, xN"Op1, TtCTF1, FDCPF1, FYTRC1, ACTTPY, ADJTP]
y ACTEOD1 ADJBP1s ACTVH]e ADJUVH1s ACJUPP1 THPAlls TCTF1 o AFCST]
9 CSRyy HATER1s WSTRCly CFOUNle HURDILy TOWLEls NUMTOl» CTOWDQ

y S2ARJYH SIRJS1e

ATU3C! cg

5 4C53THSY, ZyLRN), cFaNgl,
COMAON /FLSW/ FXTLNG
COMMON sLaCALL/SN y
COM4ON sTINE/ XNSs» TLAs XNTSs aRPSe TTD2RE, LENOR, XNPs XQUALY

10

11

12 vAaU(I) =vaR(D)

17

vap () avart()

VAL (M) 2 (14+DV (M) aVAR (M)

IF(FXTEMP)

= TFIX

IF (VAL (M) ,LELD,0) GO TO 3¢

IF (¥,87,3)
1R ival(h

60 TO 10
oLE 000) GOT0n 35
SPNzH/eHNGE<L/

cALL calotvaltlyyval(2

IFI<e0NV,EQ. L) 6D TO 36

Pa=2ELoa
PhisDEcA)

DR =DELPA=DERA]

118=1

e >
™
w ™M
g X
— —
—
ez
[ ]
s~
-

-_——
-~ e q

S M)

< e e -0 O
> T it O

IR

a3
-
[V, BRv)

IF(VAL(D) ,LE.9,0) GO To 34

VAJ(I) =VAL(T)

IF(TXTEYO)
IF11,67,3)

IF¢vad(ly LLE, 0,0) GoTO 12

GO TO 17

GO TU 34
J=1 .
[F (Ml D)

SRNzH/AHNGE=2/ 1

= TFIX
1

Aly TTplly TTp21s pELPSI ESTLNI
stall, FyurFlirti, PPcs1, RPTPLY, SEPCSI

yovalt Iy svalit ¥ avaliSy o 1)

En,5.,ANDDV(1)46T,4005) GO TO 35
. 50 10 3%
IY=(1,4DV{I))aVAR(I}

calll Cele (VAU (1) s VA2 WVAJ L3 ) o VAV (¥) svAU(S) 4

vaJ(I)=yAR (D)

1F(XCONV,23,17 GO TO 34

PA=JELPRA

12718/7%
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SURROUT INE’ CHNGE

lg

24

25

26

27

33

34
35
36
37

74/74.

PA1=CEnAL

OPT=1 FTN

DP(1)=0ELPL=DEPAL

E=oo

C=1,

D=1,

VAL (T)=(l,eDV{

T)»(EwNP (MY) /DPUT) ) avADIT;

IF(FXTEMP) valL(l) = TFIX

IF(VALIT) JLEWO

IF(I.67,3) 59

.9) 60 To 34
TO 24

TF (vaptiy JLE, 9,0) GoTo 34

SRN=V/AHNGERG/ 1

cakil calgivalt
17(4COVy B8,

1) oVaLIt2) oVaL (3) y VAl %) ovalit5) o0
62 190 34

4,2678351

IF(ISLPA,GE,XDEPALAND DELPASLE W]+ 01*XDEPA) GO TO 36

IF(JELPALGE Wl
C:D/]q’ .
IF(:bLT..OO‘)
E=Fe+C .

GO TO la
D=Cr10,
IF(JeLT,.s001)
E=F <D

N1«XDERPA) GO TO 258

6o 1o 34

60 To 34

IF(TCO8,6E,TCOS]) GO TO 34

GO TD I8
CALLlI STORE:
L=1

D0 27 1J=l,5

vad{IJy=var{ly

VAL M) =2 (1,4DY(

M) ) «VAR (M)

IF(=XTEMP) vaJily = TFIX
IF (FXTEMP) VAL (1) = TFIX
IF(val (") ,LE.9.0%) GO TO 3¢

IF(v,Gr,3) GO

TO 33

1F (VAL (1) ,5E4170.,0%.vak (1),LM.112,1 6o, TO 33,
SRNz'1/HNGE =4 /10 .
caLul calotval (1) o valit2y sVaL i3 s L% oVaLitS) o M)

IF (KCUNVLER,1)
PA1=0EPA]
PA=IELPA

69 r9 36

OP () =DEL2A~DEPAL

Ggo 70 11

VAL LI)=VARY(])
CONTINGE

D0 37 1=1,5

ML s T AT
WY Amr T mus Ve

Kl=<lael

IF(;J.FQ.I) GO 10 &

Kl=

IF(IV(])aLZ4a005) GO TO 39

DY 32 121,53

BV (Dy=rvV(I1/53,
G2 TO 4
IF(En, 14AND,
FORMAT (¢
RETJAN

END

ID3,NEL0) RETURN
AND CHANGES MaDE™)

G-20
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'FUNCTION CMARTIN

2
»

34/76.  OPT=) FIN 4,2¢7335]

FUNSTION CMARTIN(XMART,JMART » XMART)

FUNCTION CMARTIN SUPPLIES THE MARTINELLT COEFFICIENTS FOR

THO=PHASE FLOW

DIMENSTON PHI (9,642}
DEFINITION OF MAPTINELLI INDICES FOR DATA SUBPLY

PHI (IMART, JYART,KMART)
IMART ~ COEFFICIENTS OF CURVE!IFITS (1 = 9)

JMERT = FLOW REGIVE (1 = &)
l =< vISCOUS - VISCOUS
2 == TUIBULENT =~ VISCOUS
3 == VISCHUS - TURSULENT
4 == TURBULINT = TURBULENT
HnlDyz CORRILATIONS (g5 = &)
S == MpRTINELLT DAza“‘FT_N (X) LESS TH \j, ONE!
§ == MAITINELLIL PaRAMETIR (X) GREATER THAN ONE:

KMART » FLUID
1 == LISUID
2 == VAPOR

MARTINELLI FUNCTIONAL COEFFICIENIS FOR THE Lraulp

DATA( (PHI (IMART,JYART, 1)y IMART - 1y 9y, JMART £ 1y 6)/
© VI5COUS ~ VISCOUS _
0497995 4 =0.42951 ¢ 0409563 5 «0400587 » 0400162 9+ 0,00011
0.00000 4 0,00900 , 0,00000 ,
TURBULENT = VvISCOyS
1.24907 o *0,44314 9 0,05580 4 =0,00521 4 «0,00057 5 0,00012
0.5G000 4 0,00000 & 0400000 »
VISCOUS = TURIULENT
1023807 » =0,65846 9 0,0713% 4 =6,00444 4 =0,00070 4 0,00012.
9,00000 , 0,00000 , 0,00000 ,
TJRBUL:NT - TURaJ;EVT :
1,66665 4 =0,5%445 5 0,06212., «0,00106 , »0,00101 4, 0,00003
0.00000 » 0.00000 5 0.080C0
pL HOLDy® C233ZLaTION = MARTINELLI PARAMETER LEsS
T4AN ONE
.22206 W0%251 » =G.00l127 2 Y,
8:56585 7 800600 ; 5283350 7 ©+0000% » 0406000 » 9.00000
RL HOLDUP CORIZILATION = MARTINELWLE PaRAYETER
GREATER THAN J%E
0422018 ¢ 0.11270 » 0,01112 5 «0,00831 ¢ 0405050 ¢+ 0,00059
-0,00013 | a0 00037 , 0,00001 ,
MARTINELLI SUNCTIGNAL COZFFICIENTS FOR THE VAPODR
DATA((pHI(IMARr,JwA?T,a;. IMART =2 1y 9), JMART a: [y 6)/.
VISCOUS = VISCOUS
1610310 9 1,63655 4 =0,01132 4, 0400014 » 0400000 » 0,00000
0.00000 4 ©,00000 » 0,00000

TUR3ULENT « vISCOus

G-21
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FUNCTION CMARTIN 74/74  0OPT=]

O

s Xs Xz}

75
100

* &

FTN 4,247835]

» ©0,00057 4 0,00012

v #0,00069 ¢+ 0,00012

s M0*00095 , 0000003

RS HOLOUP cORIcLaTION « MARTIVELLT PARAMTER {gSS

1.24306 , =0,55672 4 0,06578., «0,00518
0,00000 4 0,60000 o+ 0,60000 ,
VIScOUS = TURSULENT
1,233950 4 0.,53139 » 0,07181 4 =0,00642
0,0000C » 0,20000 , 0,00000 4
URBUSENT = JuR3gkENY
1064105 |, 0e45541 , 0406153 |, 90e00113
0,00002 4 0,90C00 9 0,00000 ,
THAN ONE
-d425522 4 =0,10583 4y =0,02993. 4, =0,00884
0,06p00 , 0,00000 , 0,00000 ,

» 0,00000 4 0,00000

MARTINELLI PARAMETER GRZATER THAN' ONE

=0425522 4 =0,10573 y =0,02592 , 0,00884
0400000 o 0,00000 s 0,00000 /

MARTIMNELLT PARAMETER CALCJLATION

MART = §
= JMART
= XKMART
SyUM = 0,00
IF(J ofQ0e¢ 1 +AND. K «EQe¢ 2) GO TO 75

IF(J oEQe 5 sANDe K o,EQe 1) GO TO 75

00 50 1 = 1, IMaART )
SUM = QUM & THI(T9Jen) «al03 AHART) wn (1 o 1)

I
J
K

CONTINNE

cYarTIV & =xP(syu™y

IF{J 4EQe 6 oANDs K +EQa 1) CMARTIN = SyM
RETUIN

00 190 T = 1y IMART

SUM = SUM ¢ PHI(IsJoK)aXUMaARTss (]l « 1)
CONTINYE

CMARTIy = SUM

RETUAN

£ND

G-22
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74/76  OPT=} FIN 6,247335] 12718/16

SURIDUTIME DPCON(GONSyDTIsDLIANGsGTyXI s X09DENLYDENVVISLyVISVDPY
1 DPTHOPGDOMeXLMyPHIL sPHIL2 4 VFWFLyRLWRY)

S1/AROUTINE JPCON CALCULATES THE TWQ PHASE PRESSUREI DROP
INSINDE TUBES WHETHER IT 3% CONDENSATION OR BOILING THE

PLESSURE DROP IS CALCULATED AZUTRUING 73 THD METRKSD OF

Lacs<HaRT AND MARTINELLI
OEFINITION OF VARIARLES
ANG (2) = THE SIN 27 THE! aNGLE! THE TUBE!I MAKES FROM! THE

HORTZONTAL! (DIMENSIONLESSY .
DL - DENSITY OF THE LIQUID PHASE OF! THE TWO PHASE FLOW

DeNY = DENSITY OF TWZi vAPOR PHASE: QF| THE T#O0 PHRSE FLOW
01 - LENGTY OF THE Tu3Z (Iv)

b - TATAL PREZISSURE DRD° IN THZ TU3IE (LAF/SQ IN)

NoF =~ PRESSURAL OROP UL TO FRICTION (L3F/SQ INY

D=6 = PITSSURE INCRZGSTI DUE TO GRAVITY (L3F/S& IN)

Dpw -~ PIESSURAT JROP O INCREASE DUE TO MOMENTUM 0SS CR

GAIN (L2F/5Q IN)
ne DENSITY RWMTIO (LIQUID/VAPOR) (DIMENSIONLESS)
071 ~ INSIDE OIAMETIR OF THE TUBING (IN)
Fi LIQUID FANNING FRICTION FACTOR! BASED ON THE VAPOR
QUALITY AND THE: INSIOE DIAMETIR ON THE TUBE (D1Me-
ENSTOMLESS]

6T = MaSS FLUXK CF FLUID IN THE Tu3Zl (L3U/MR«5Q FT)

PuUIL. =~ MANTINELLT FUNZTIOV (DIMENSIONLESSY .

ParL2 - MARTINELLI FUNCTION SQUARED (DIMENSIONLESS)

2L ~ RIYNOLDS NUMZER LIQUID FRACTIIN (DIMENSIONLESS)
= REYNOLDS NUMBEZR VaPIR FRarTiow (DIMENSIONLESS)

Sa = NUMREZR 0F DIVISIONS IN. THE LENGTH oF: THEI TURE

(DIMENSIONLESS) )
V15L - VISCOSITY OF THE LI1QUID (CENTIPOSE)
Visv - VISCOSITY OF .THZI VAPOR (CENTIPDSE)

X4 ~ AVIRAGE VaP0O3Z auaLITY IN EacH SECTION OF! THE TUBE
{DIMENSIONLESS)

XaV ~ AVERAGE VARPOR QUALITY IN THE TURE: ]

Xn = CHANGE IN VAPDR QUALITY FROM ONE END' OF YHE TUBE!

TO THE NEXT 0 709 £ACH SECTION OF TUuBE
(DIMENSIONLESS)

Xt - TMLET VAPOR QUaLITY (DIMENSTONLESS) L
Xi M = LOCKHART=-MARTINILLT FaARAMETER (DIMENSIONLESS)
x5 -~ EXIT VAPOR QUALTITY (DIMENSIQNLESS)

DHOMO (XY =(1,0=X) /DENL®X/DENV

936G
0oH

oR
X0

Xav

N
0.0
PHESSURE DRAP AS A RESULT JF: FRICTION

SETUP OF YARIABLES FOR C4LTULATION OF PRESSURE DROP
INCREMENTALLY ALONG THE LENGTH OF THE TUBE
DENL/DENV
ABS(XI=X0)

Coega(X1+X0)

13 _"o1

N = XCx [ Rl }

G-23
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74/7 4 QPT=1 FTIN GLoS+41L
N = N +# 1
SN = N
X0 = XD/SN
SUM = (.3
N HY ='goG

Xa = XI + X0%,5
IF(XTI.LT.XC) XA = XI = XD*¥,°

PRESSURE DROP INCREMENTALLY CALCULATED ALCNG THE LENGTH
OF THE PIPE

0O 10 I = 1,N

IF(X0.LT.XI) XA XA - XC

IF(XLalTaXC) XA XA + XD

KV = AMAXL1(Z.104XA)

CETERMINATION GF MARTINELLI FUNCTICN

CALL DP_MNBIDTL4GT4XVeORIVISLyVISV,PHIL,PHILZ24FL,XLH4RLoRV)
SUG = SUG + 1./PHIL '

DETERMINATION OF THE SUM OF THE VARTIA3ZLE PARTS IN FRONT
0F THE TA0 PHASE PRESSURE OROP EQUATION
SUM = SUM ¢ (L.d = XV)**2¥FL*PRIL2

PRESSURE JRCP INCURRED 3Y THE TWO PHASE FLOWA IN THE PIPE
BUE 7O FRICTION

OPF = ,333Z-10 * DL*GT*+2*SUM/ (OTI*DENL*SN)
INCREASE IN PRESSURE OUE TO GRAVITY

VF = 1. = SUG/SN

DPG = =-ANG{Z}*QL*{DETNV¥YF + [CENL*(1.-VF))/172¢.
INCREASZ GR OROP IN PRESSURE OUE TQ CHANGES IN MOMENTUM
THE MOODEL IS BASED CN A HOMCGENEQUS MODEL THAT ASSUMES
THE CHANGE IN MOMENTUM APPLIES JUST TO THE VAPOR

OPH = (T**2/6.E1C0*(0HOMC(X0) -0HOMO(XTI))
0PM = DPM¥XAy**2

TOTAL PRESSURE 3SRaP
OP = 0OPF + 0OPG + DPHM

RETURN
END

G-24
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SURROUTINE' DPFFF
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74/76  OPT=)

SUGROUTINE DPFFF (REFF,ILT)

S|USROUTINE DPFFF. DETERMINES THE! FANNING' FRICTION FRACTOR

FAaR SMOJITH TURES

NeEINTTTINAN NF yvADTAQL OQ

FTN 4,247835]

RE - REYNOLDS NUMSER: (DIYENSIONLESS) o
Fe - FANNING FRICTION: FACTOR (DIMENSION{ESS)
ILT = 2 '

IF (RE - 1500,y 30,30,20
IF (2 = 3g50,) 40.%0,20
IT (RE « 52000,) 50+50960

LAMINAR FILLOW REGIME
ILT =1
G0 TO 39

TRANSITION FLOW REGIME
FF 20,010
IF(RE,LT.2000,) ILT =1
GO TO 0

TyRARYLENT FLOW REGIME
FF = 0,0731/RZ«»0,25
G 10 0
FF = 0,0890/RE=#0,20
RETJAN
gMn

G-25
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SURROUTINE DPILMNE 76/74  0PT=} FTN 6,2478351 12718/76

SUIDUTINE DPLMNS (DTI4GTyXDs DRy VISL VISV, PHILWPHIL2FLyALMyRLRY) .
¢
c SUBROUTINE DPLYNB DETERMINES THE MARTINILLI FUNCTION FOR )
c BAILING INSIDE OF TUBES 3Y CURVE: FITS 0Fi THE LOCKHART=.
c MAQTINELLT PARAMETER
¢ .
¢ DEFINITION OF VARIASLES
c
c 0o - DENSITY RaTIQ (LIAUID,VAPOR) (DIMENSIONLESS)
¢ 0Tl - INSIDE DIAMETER 2F THE TUBING (IN)
c FL - LIOUID FANKING SICTION FaACTOR! (DIMENSIONLESS)
ot Fit = VAPOR FANNING FRICTION FaCTOR (DIMEZNSIQNLESS)
c cT = MASS FLUX OF FLUIC IN THZ Tu3Zi (LBM/(HRSQ FT))
o P4TL = MASTINELLT FUNCTION (DIMENSIOVLESS) ) .
¢ PuilL? = MARTINELLI FUNCTION SQUARED_()IMENSIONLESS)
c RL = REYNIOLS NUM3IR _IQUID FRACTION
¢ Rv -~ REYNILDS NUMBER VARCR FRACTION
c VISl - VISCOSITY CF THZ  L1QJID (CENTIPOSE) :
o VISY - VISCOSITY OF THE LIQUID vaPQR (CENTIPOSE)Y
o XA - VaRP0OR QUALITY OFi THZ: FLUID (DIMENSTONLESS) |
c XL = LOCKHART=~MARTINELLI PaARAMETER (DIMENSIONLESS)
c

XA = PMLIM(1:E=9,,9999,XD)

OO0

LTAYTIND REYNOLNS NUMBER
RL = DTI=GTe(],=-XA)/(VISLe29.)

¢ " VAROR REYNOLDS NUM3ZR
RV = DTI'GT"KA/(VISV‘Zgo) .
£
¢ FANNING FRICTION FACTOR FOR! THE LIgUID
CALLI DrFFF (RLFLSILTL)
C .
c FANNING FRICTION FACTOR £OR THE: VAPOR
CALLI DRFFF(PYFYV,ILTY)
-
¢ LACKYART-MARTINELLI PARAMETER
ALM = <QRTIFL/(FVsDR)) & (1s=X4)/XA
c © VISCOUS FLOW LIQUID - VISCIUS FLOW VAPORI
IFCILTL oS24 10AND G ILTVLEQe]L) JMART =)
c TIIRIULENT FLOW LIQUID = VISCOUS FLDOW VAPDR
IFLILTL ERe 2o ANDLILTVAER,]) JMART = 2 :
- .
o VISCOUS FLOW LIQUTOD = TURIYLENT FLOW VAPOR
TF(ILTLGEQ,]sANDLILTV.ED,2) JMART = 3
o © TURIYLENT FLOW LIQUID = TJRBULENT FLOW VAPCR
IFITLTL o ERe 2o ANDWLILTYL.EQa2) JYART =z 4
c
c MARTINELLI FUNCTION
PMILI = CMARTIN(XLM,JYART,1)
c
¢ MARTINELL] FUNCTION SQUARED: '
PHILR = PHIL=PHIL!
RETUSN
SURROUTINE DPLMNB T4/T6 0PT=) FTN 4,247835] 12718746 ~
END
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FUNCTION PNLIM(AMINIAMAXyAFUNG)

c
¢ FUNCTION PNLIM LIMITS AFUNGC: SETWEEN AMIVI AND AMAX
c
. 5 FNLIM=AFUNG
c .
g IF AFUNC 15 LESS THAN AMIN: SET PNLIM EQUAL To AMIVI
IF (AFINC=AMIN) 10,10,420
10 PNLIMeaMIN
10 60 10 =2
c : i
c Ir AMAX T3 LESS THAN AMIN JUST SET ANUIW EQUAL!I TO AFUNC.

20 IF {AMaXeAYMIN) 50,50430

a0

I AFUNC 1S GREATER THAN AMAX SET PNLIM EQUAL TO ARAX
30 IF (AFVNC-AMAX) 50,50+43
40 PNLIM= MpX
50 RET RV
END
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FUNCTION FLUID 76/74  OPT=) FTN 4,2478351 12718/76

FUNSTIAN FLUID(NPROPYNFLUIDsTEMPLALTITD,LLLCAT)
NIMINSION LOCAT(?)

DIMENSTON COLLAJ(125592)

NTMINSTON FLU(2), PROP(1Z,3)

LDGICAL WaRN FLulnp S
150433 = M

SUARIYTINE FLUID DETERMINES THE THERMOOYNAMIC AND PHYSCIAL
PrOPEATIES OF SATURATED AMMONIA AND AJR, THE VALUES ARE
OFTERMINED 3Y CURVE FITS 07! THE PROPERTIES VERSES TEMPERATUIE
TWE LIQUID PROPERITIES 2 4MMONIA ARE FOR SATURATED AMMONIA,
THE THERMODYNAMIC PROPERTIIS FOR AMMUNIA. GAS ARE FOR ATMOS-
PUERTIC PRESSURE WHILE T=E: =HYS‘LA’ DRAQ RTIEQ ARE FOR
SATUAATED AMMQNIA GAS,

FLULD
COLLAJINFLUID: NPROP, ICLA) FLUID

FLUID

e,
Nrs O

NFLUID. = FLUID INREX

1 =~  AMMONIA
2 = AIR

NPRQOP ~ PROPERTY INDEX

1,- SPECIFIC HEAT (LIRUID) (3TU,LBU=DEG F)
~ THERMAL' CONDUCTIVITY (LIQUID) (3TU/HR=-FTDZG F)
NENSITY (LIGUID)Y (LaM/Cu FT)
VIScosITY (LIQUIDY (L3M/FT-HR)
SPECIFIC HEAT (3aS) (3TL/LBU¥=DIS F)
THERMaL CONDUCTIVITY (G5aS) (BTUY/HRoFT=DEG F)
DENSITY (GaS) (L3¥/CU FT)
YISCOSITY (GaS) (L3M/FT=HR)
HZAT OF VA?NRIZATION (3TU/LgM)
~ PREZS3URE oS A FUNCTION OF TEMPERRTURE (PSIY
-~ TEMTERATURE AS 4 FUNCTION OF PRISSURE (DEG: F)
SURTACE TENSION (LIF/FT)

2
2

P
LI N R A

BN Bwa N un
]

- -
N — OWo N U
v

COEFFICIENTS, LIMITS AND ADJUUSTMENT FaCTORS

>4
)
e
>
1

- FIRST COEFFICIENT

SZCOND COTFFICIINT

THI?C CZEFFICIENT

FOURTHY COEFFICIINT

LOWZR TIMPCNATU=C: {1911

UPPIR TEMPERATUIS LIMIT

F12ST ADJUSTMENT TACTOR, a0DED TO TEMPERATURE
SECOND ADJYSTMENT F4CcTORs nIVInsp INTO TEMPERATURE:

Houwi o
DN UL S LN e

FLUlp 53

DATA VALUES FOR AMMONIA
FLUID 55

DATAC(COLLAU(I Jal) e J s li Sy/ .

0J91)

+ 1,0881 y =+,1515 495¢- 069 0,0 " 0.0 '

» 20040 ’ o 00

e
-4

IVITY (24de1)
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FUNCTION FLUID

T4/746  OPT=} FTN 4,2473351
» 3,368732E-01 -7.249595-04. «7437431E=09 0,0 » 9,0
» lpg,0 + 0400 1,000,
L'OUID DE“sIrY (35Jd41)
* 41,254 ’ +93362E~021 =3.,16190E=05 0,0 " 0,0
» 207.0 ' o.oo v 14000,
_ LInuTA uicanetry (AyJ-;!')
+ 5,37073g¢.01,723,05253¢203, s 727532g.0g, 0,0 v 9.0
» 1n3,0 s 0400 s 1o000,
GPECIFIC HEAT JFi GAg S54J,1) i
* 4,853u33E=01¢ 1.7160716=04r 1,398809E=07r 0,0 » 50,0
« 180,0 + De00Q ¢ 140009
THERMAL cONDUCTIVITY OF GaS (Sede 1)
« 1, lslgg7z~02, 3,020534¢- 05, 2 +3g3301E.0g, 0,0 y 50,0
2 33,0 3 0,00 1,000,
DE“quv oF GAs (Tadel} )
* 9,059293F=021 5,588934E=03y «4.04296E=05s 4,34305TE~=07) 0,0
%2000 ' D00 y 1000
, VISCOSITY OF GaS (geJsl)
s 2,.37505855-02, 4,175724E=05, ? 4?11055 0gy 0,0 4 9,0
« 1ga,0 , £,00 . 1,000,
HrAT 0F VAPORIZATION (94J, 1)
* 5 567’735¢02 -4,09783E~01, =2,75342E-03, 0,0 5 0,0

x

®

*
*

Ry Y

* %

i*

DaTA((cO'LAJ(IeJoI): J =

14 . 14

1,00,

ly gy 1 = 10, 12y,

FRESSUIE A4S A FUNCTION OF tEMPFoATYRE 110eUq1)

190,0 v 0,00 ’

-1,50307c401,
710 0 .

7.921579E=01,
0,00 ’

% 2.333573E+019 8,155492E=01 5,019619E=03+ 4,590346E05% 0,0

1,000,

TevoERATURE AS A FJNSTION 0F: PRESSURE (114Uy 1)

33250g-03, g,885735e~07y 30,0
l.ooo,

SURFACE TENSION (12,U41)

os“srrv OF Gas

G-29

2.0213E-03 1=8,1309E=06 » 0,0 9040 ' 30,0
200,0 s 0,00 s 1,000/
DaTA VALUES FOR AIR (PRESSURE 0F ONE!' ATMOSPNERE)
DATA ((COLLAUIT J92)s J 5 1y 3)9¥T = 1y By/
LIBUID SPECIFIC HEAT (19Jy2)
n 0 s NL0 s 0.0 L] o.o [ 0.0
0.0 y 0,0 s Q.0 ,
_ L1310 THERMAL‘COQOucTIVI.Y (25J92)
0.2 'y 0.0 s 0.0 t 0,0 s 0,0
0-3 b 000 ] 900 1
LIQUID DENSITY (34Js2}
0.0 y D0 v 0.0 + 0,0 ¢ 0,0
0,0 y 0,0 0 0,0
LI2ulID vISCOSITY (8,Js2)
0.0 "y 0,0 v 0.0 ' 0,0 s 0,0
[yl | v 0 y» Do)
SPECIFIc HEAT OF. 5aS fsob.a)
2,402953z-01, 6,7987568E~7y 1,5005827F-gy 7,041570E=11y «40,0
14049 » 0.0 v 13 y
THERMAL CONDUCTIVITy OF 5AS (Sede2)
1.30990648«2y 2,6570%301%~5, 3.03933575-8y «4,1108ZE=10% «60,0
l49,0 s 040 o 1o0

(Tsde2)

12/18/7%

FLUID sl
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FUNCTION FLUID 74774  OPT=] FTN 6,247335]1 12718776

a0

DO

OO0 e Ne] 00 o0 aoo

e Xe X9 ]

* 0,5353906E=21 =] ,878752E<49 3,7316434E=T71 «4,65953E=109 =60,0 ? .
‘ 143-0 ’ .O ’ 100 ’
VISCOSITY OF Gas <s,4.2£ ‘ .
« 3,9389711c-2, ¢,8722617F-5, -3,48339CF.g, 2,452409F~11, A40,0 ,
« 1490 s 0, s 1,0
L 4
FLyID49S!
pata (FLUlTIYs T = 1y 2)/nWATERU,MAIRN/
FLUIDA9S.
DATA FOR PRINTING OF ERRORY YESSAGES
DATA((PR2P(Tydy,y J = 1, 31y I =21, 12)y
« WSIECTIFIC HWeHEAT OF LIQUyvJId ", FLUZDS0O |
« NTHERVAL £0M,NAUCTIVITYM,n OF LI3UIDM, FLUID>01
« 1pINSYTY OFmyn LIGYID  new ", Fluipso2
« MYISOASITY MenQF LIJULID HeW "y FLUID503
x WSOECTFIC HI,NEAT OF GASHy» ",y FLUIDSO4 .
& MTHERVAL COMyNDUCTIVITYM, M OFI 345w, FLUIDS0S
« #0INSTTY CFt,n Gag "y "y FLuIDS0S:
* WYISCASITY "ennF GAS "en ",
« MMTAT OF VAN,MDORIZATIONM, ",
® WDICSARUDT ANGnS A FUNCTING"ON OF T 1,
» NTIVMPERATURSNE AS A FUN","CTION OF Pu,
* USUOF . 0E TEM,uN3ION AS AMeM FUNCTIONTN/
FLurp513
0=TERMINATION OF gRROR IV INPyrs
‘ FLUIDS514
IF(NFLUID LGT. 2) RETURN .

NF = NetUld
NP =: NPROP

ATR PROPERTIES NOT AVAILAJLE
IF(NF (EQ, 2 +ANJI, NP ,LE, &) 30 7O 50
WARNS _FalLSZ,

PpgPERTIES ASKED FOR OUTSIDE' TME RANGE 0F TEMPERATURES
ALLOWED FOR
IF (TEMP JLTi COLLAJINPyS5yNF)) WARN = ,TRUE,
IF (TEMP (GTe COLLAJ(NP6WNF)) WaARN = ,TRUE,
FLI'ID 2R0PS3IEY CALCULATION
T = (TEMP » COLLAJ(NP79NF) ) /COLLAJ(NP,8(NF) - o .
FLUTO = COLiLAuinNT9isevF) *» CULLAJINPICINF)ST o COLLAJINP9IoNF)uTesg
« COL[_AJ(\JPv"*,NF)tTtﬁ:;
AUTITUDE CORRECTION FOR DENSITY OF AlR .

IF(NF ,EQe 2 24ND, NP ,ZQ. 7) FLUID = )
% 1,325 = ExP(3,358353 = 3,81835Z=5 « ALTITD) /7 (TEMP: ¢ 459,67)

POINTING 0F ERRCRS

FreNOTe WaRN) RETUIN FLUIDS%1 ™

I
i




FUNCTION FLUID 74/74  OPT=i » FTN 4,2+478351 12718/%¢

: c TEMPERATURE LIMITS EXCEEDID! ERRCR PRINTOUT )
~ WRITE!Rs1) TIMO, (PROP(NPROPsI)sI=193)y FLUIDY FLUINFLUID),
- * COLLAJINP<SaNFYs COLLAJINPIBINFAYy LOCAT
T7g - 1 FORUAT (" 0wuewARNING#R8!/ FLUIDS%8.
*" TH4E TNPUT TEMPERATURE ("4F38,3y") FOR DETERWINING THE v,3510, FLUIDZ49
N (MeER, 3NNy FLyinsso
- 2 TR nwgAQelt IS DUTSIDE THE ?’\\16’: DF‘ '.',FB.3’" TO 1y Feas/ FLUIDSSI
e THI ALl TO FLUID WAS IN My2410//) FLUIDS52.
780 RETJRN
o
c ATR PRIFERTY ERROA PRINTIUT

50 WRITEZ(aa60) NP . - .
50 FOAWAT(5X,#T4IS PRCPERTY OF ATR IS NOT pVAILaBLE IN FUNCTION FLUID:

fgS v =xt WARNING *ex NP = 1,12/)
FLyID = 0.0060
¢
RETJRN
END
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SIURROUTINE COSTEX 74/76

OO0 OO0 00NN NN 0000 DHIOOONDONONNO0D0O00O0000O0N0

0

PTay FTN 4,2+78351

SUBROUTINZ COSTEX(AFRONATOT)

SUSROUTINE COSTEX DETERMINZS THE COST OFf THE HEAT EXCHANGER
BINDLES OF THE ORY COOLING TOWERS., THE COST OF THE HEAT
ExCHANGER BUNDLE IS 8SROXEN 004N INTD SEVERAL SUBCOMPONENTS

1.
2
3.
4o
Se

6o
THE WEZIGHT
A S0 CALCULATED.

HEADER

TU3ING

TUSING SEALANT
SPACERS

BUNBLE FRAMEI:
BUNDLE ASSEIMvALY y ;
OF THE HEAT EXIHANGER SyUNDLE! AND THE WATER ARE

i

D=FINITION OF VARIA3LES

A=C
AT
RSECF:

Ca

Caa
cad
CrLAST
CFPREP
ces
CH
CuC
CHF
cHX
cnraTe

ceCC
Czu
[0l

C3Z

CREALY

Cwd
oFIN
01
EILENG
ErPREPS
Fa

TscT

FiTCo
[l

Fi

F2

Hn
HEDOMAT
HEDTUS
HEOTYR

HEDVNL

HE
Hw
HyNP

[ I T N B B |

HOLE FACTOR FOR THE HZADER €O0STS (DIMENSIONLESS)
CI055-SECTIONAL AREA OF THE TU3E (5@ IN)
3UNDLE SHIPPING AND ERECTION FACTOR OF THE HEAT
EXCHANGER (DECIMAL)

BUNDLE ASSEMBLY aND FRAME COSTS ($)

QUNDLE ASSEM3LY Z0ST (%)

COST QOF 30LTED HAZAJER JOINT (s/FT)

cCST OF THg £L4STOYSR (3/LBF) .. ,
COST OF £ND PRESAIATION FOR ZACH TUBE ($/TUBE)
UNIT ERAME COSTS (3/L3F)

COST 9F THE HEADIR FUX EACH 3yNDLE

STEEL HEADER C£0STS (8/088)

2UNDLE FRAME 20ST (3) )

¢0S8T OF THe +gaT gXgHANGeR ($) )

cOST OF cOATING THE aIR SIDE SURFARE' ARER
($/53 F1) . ’ )
TIST -OF COATING THE HEAT EXCHANGER TUBES (g)
COST OF ROLLED JJINTS FOR THEI HEADER ($/TUBE)
cOOLING SURFAZZ: ~0ST (%)

TU3E SPACZR COSTS (3/TU3E-SPACER)

CIST OF SEAL 2LATE (5/LgaF)

£9ST OF WELDTY JOINT F0R THE 4EADER ($/TUBE)
0JTSIDE DIAMETER OF FIN (IN)

INSIOE DIAMETIR OJF TUSE (IN) ,

LENGTH NOF THE HEAT £XCHANGER TUBES (FT)

EuD PREPARATION COSTS ($/TUBE)

TOTal TURE FLOw alZa SER PaSS SQ (IN) _
HIADER FACTN2 A4ICH DEPENDS OV THE TYPE OF HEADER
{JIMINSIONLESS)

TUIING £OST (e /7T,

PIESSURE FACTIR (nIMENSIONLESS)

HEADER NEPTH MATIRIAL FacTOR (IN)

HEADER WIDTH YATERIAL FACTOR (IN)

HZADER DEPTH PR 248S(INy

TYPE JF HEADER 4a4TERIAL (DIMENSIONESS)
NUMRZ2 1T TU3Is 2ER AEAdER

TY?E OF HZADER

HZADEZR VILUME (CU FT)

FIN HEIGHT (IV)

HEADER wIOTH (IN)

NJMARER OF PASSES THIOUGH THE HEAT EXCHANGER
{DIMENSTONLESS)

G-32
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SURROUTINE COSTEX 74774

s XsXeXels ks XeNsXsXeZsXs X NeEels e e NeNeXels e NsXa N ls e Kt is Es Ke X Re Xs XeRe Re e s Ao Ne o No R Ne Re No Ne e R No Na X e O N |

Ny

onL
OnLINE
PrF
LY
Fr

RNEL
SF

Ss
TUFIN
Te
TuBVOL:
Tw
WaTEQW

W3
we
WHX
Wi
WTFRY
WTHOR
WTTU3
Xn
X+t8UN
Xw
Z

- ZINCC

ARRAYS
TAMA
cL
LM
RAEL

GAGLI -

TYKL IN=~
FINTY =
Crv™ -

CF
OnLINE=-

MAX’% -

STANFT=-
Fou -
HEDTY -
HEDMA =
RNE=M -
C=M -

CrW -

N -

chH -

Fe -

FrNMa =
FoL -

oOPT=)1 FTN 4,2¢7%351 12/18/78

= NUMBER OF HEAT SXTHANGER TUBES IN wIDTH
(DIMENSIONLESS)

- OUTSIDE DIAMETER 0F TUBE (IN)

~ QUTSIDE DIAMETER: OF THE LINER (IN)

~ PROCURMENT COST FaCTOR (DECIMVAL)

INDIRFCT CONSTRUIZTION £05T Foq HE

FIN PITCH (FINS/ZIN}

UNDLE (DECIMaAL)

TURING MATERIaL JENSITY (LBM/2U IN)

SOACTING RETWEEIN TINS (In)

SPACING 3ETWEIN SPACERS (FT)

FIN THICKNESS (I\) )

THICKNESS OF THE FIv AT THE RO0T OF THE FIN (IN)

VOLUME OF WATZR INSIDE THE TU3ES (¢U FT)

THICKNESS OF TH4Z HEADER WwaALLS (IN)

TOTAL WEIGHT 0F1 THE WATER IN THE HEAT EXCHANGER

3UNDLE (LBF)

WIDTH OF THE HEAT EXCHANGER 3IINOLE (F)

WEIGHT OF THE FINS OF THE HEAT EXCHANGER! (LBF)

WEIGAT OF MATIRIAL! MAKINS UP THE EXCHANGER (LBF)

WIIGHT OF MATEZRIAL IM THE HEAT EXCHANGER' (LBF)

WEIGST OF THE HZ4T EXCHANGER FRAME (LBF)

WIIGAT OF THE HMIaT EXCHANGER HEADER (LBF)

WETIGHT OF THE TU3ES IN THE HIAT EXCHANGER (LB8F)

LONGITUCINAL TU3Z SPACING BETWEEN TUBE I0WS (IN)

NJMBER OF HEAT SXCHANGER BUNDLES (PIMENSIONLESS)

TRANSVERSE TU3E 31TCH NORMAL TO Alp FLOWN (IN)

NUM3ER 0OF HEAT EXcHeNGER TURES IN NEPTH

(2IMENSIONLESS) 4 .

- ¢O0ST OF THE ZINC FOR THE TUgEZi SPACERS (S/LBM)

| I S DY Y N AN B ]

L IR I I |

LINER MATERIAL

LINER FIXED COSTS (%)

LINZR MATERIAL £05TS (S/L®)

DENSITY COF LINgER MaTgRIals (Lgscu IN)

LINER GaGE

THICXNESS OF LINER' (I}

TYPE 0F FIN

FIN MATERIAL' CO3TS (S$/L8)

FINNING FIXED COSTS ($/FT) .

COMMON DIAMETERS 37 LINER (INy

MAXIMUM FIN HEIGHT (IN)

STANDARD FIN THICXNESS (Iv)

LOWI3T FIN PITSH (PRI

HIGHEST FIN PITCH (FPI)

TYRE OF HEADER

HEADER MATERIAL

HEADER MATERIAL HENSITY (LB/CU IN

COST 9F MEADER MaTIRIAL (&/LB)

COST OF HEADER “aCHINING aNn WELDING ($/FTY
NOZZelL ANy aTTacAING o0ST (s/ROLE)

TUaz Ny PLUGHOLE RE2aRATION, (5/HOLE)

cOsT LeNGTH FacTIR £03 Tyses (0IMENSIONLESS)
TYPS nfF FIN MATERIAL

LOWER LIMIT ON STANDARD FIN PITCZHES THAT ARE
COMMERCIALLY AVAILASLE (FINS/ZIV)
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SURROUTINE! COSTEX 74/7¢  OPT=1 FTN 4,2+7%351

ODOOOOOOOD

o

FoN = UPPER LIMIT ON STANDARD FIN PITCHES THAT ABE
COMMERCTALLY AVATILASLE: (FINS/ZIV)

MAXFH = MAXIMUM FIN HEIGHT £0UND COMMERZIALLY (IN)

ROEF = GENSITY OF FIN MATERIAL. (LBM/CU IN) ,

STANFT= FIN THICKNESS LIMITS FOUND COMMZRCIALLY (IN)

REALI NTUB

LOGICAL FIQST, FXTgwP

COMMON \

12718/%¢

ATTR, ALPHA, ANG(3)
+\PF, £S3PKW, CONFy cONL, COSTLY CAPCHG CONMaT, CON*IZ,CAFI
ecJe cTURys cDANGe CLUVR. CHAILSy cV¥M
«DANGLEs JFIN, nEEPLY DESVELh JESVELV
ETEF
» FC?, FIRST, FIXL, FCOS, FFHX, FXTEMP
1G3EFF
JHXUP, 4PCST
2 ITMAY, ITMIN
s JTONS
s KONy KALEXT
YXEXT )
sNTUCAL (2} NTA

coMMDY
$ 0D .

3 WPSIZre PRy PWCOSs PLANCy PFasT, POMpPL: v
$ +PIHBrFy POHFAN) POHLECs POHZIR, POHCENDy POWSTCy POHSCL!
$ » 322, REHUCE, ENULVe ROOFLI

$ 9 IREJe ARESUcE. QREDUCY -

$ +SIGMAG. SAAF

$ +TJe TPO(4)y TEFF, TLIMy THFIVy TLPRA, 7Fix

5 #T2Ds TW

$ sUCSe UWS

S yWTY

B avas(Ty

$ $x25°Ay Xde XD _ .

COMMON ,SUPPLY, VAL(S5), CPLN, CPIP, .ccOs, W3, COSM,  EFF,
s AtNy CLAND, REAIR, ZyHRFACD, Wy Us DELPW, PPOWy
3 FPAWy aFhFcy WINTH, ELENGs VAIRe VWAT, HTw HOy T4
S 3EW,T, NW, NT, N2,2LaNz2,P51Z12, SPAP,  SW%,  Sw3)
3 SPe,?70TAL.7LANC3, 5aFROY,  aalR,  yFP, SPca,PS1zi3,  wWT2
s §529 NWZe  TCOSe DELOAISLAWTIDELPWCTZONBAS?Y XNTSXs VELDX
A e TLaAXe UZON. PMCST, FMCSTe =RACCy EFFCH CHy CA, _CS
3 ¢ CLTCe CFgr CPLCy TITLI C3LICEPREPIDELF IR a3veoLDe3T

$4CACSTy XNFAN,RLDANG, CPLEN, J2Fcl, wHX, ATTU8, 4apla, ABLN
S, ATHNR, wTTRM,STRYCC,CFPERF,42PERF, 107CF, TPc, EFFIN, N7y
sy AIRSF, WATFF, XNMOD, TCT?F, FOCPF, FMTRC, ACCTTR, ADJTP
S. ACTSr0, aDJARD, ACTVH, ADJVH, 83JPPF, TH2AIR, TCTF, AFCST
$9 2530y WATEPW, WSTRCTs CFOUNDs AU3DIA, TOWLENs YUMTOW, CTOWD
Sy $72J. 52245, aTUnCs c2as TT31, TTD2y DELPS, CSTLVR

S o£STHe, CYLRYG, cra“eEl, PSTAZS, PYFITC, PMPzsT, RPTPL, SEPCST
COMMON /2J8/ DIeXDGeSF

COMMDN /2L COST/ WPL

COMMON /FLSW/ FXTLNG .

COMMON /SCALER/ HRFACL 4 ATUS s CPERA$SSCOPLANCI 4 CASS),GAIRVFALRY

¢ HOAIRLHPHAT WL QTP

G-34



SURROUTINE CoSTEX 74/76  0PT=] FTN 8,247435] 12718776

COMMDN /HEADEX/ CMHeCN,CHMyCMW LRIy CWJaCSToCMO9CSReCSMaPITLHF 9 CP iy
1PAESSyHEDYATIHEDTYP S NPASS,y W3 i N
- COMMON /SURFEX/ ODL»GAGLINgNTU3y TUSMAT,,FINTY2WFINMATCFByAPLATEY
175 SCOATC s 7INCCICASTS9SSIEPREPCYXTUIMA 9 XHEDTY 9 XFINTY
COMMAM 4D0DTAs  TUNCET, GuL CST
COMMON /ESCAL/ RSECF
) COMMON / PR0P/ CPW, THCONWy DZINSIWe VISWy HF3
180 - CPV, THCONV, DENSIV, VISV.SIGW%-
* CPAs THCONAS DENSIAe VIS
DIMINSION TUHMA(9)4CLIB)sCLM(B) »ROZL(8)4GAGLT (12}, THRLIR(13),
$ FINTY(7)s CFM{742)s CF(7)40DLINE(8) MAXFH(597'2)o STANFT(§e792)
S FPLIUG.Ts2)e FPH(S5,7¢2)s FINMA(Z)y ROEF(2)

FFETCST, CHX

785 DIMINSTON HEDTY (%), HEQMA(3)s R02HM(3), CHC(A;, CHMAT (3>
DIMINSION FF(8,56)
¢
’ o
o TABLE I
199 ¢ LINER TUBING COSTS AND DENSITY
o
DATS CL 0405 0+0, 0+0, 0+0, 0-05, 0el2, 0,38, O-éo/
DATA C_M / 1,309 1434, 1,529 1,93y 1408y 0,32y 0,%4y 1,63/
DATA RAEL / .308,.323, ,323, ,323, ,09751, ,28%, .28%, .29/
195 DATA TUB“A s vaoMigalry 1, 0COPPER "y, NCU=10 Ni w,
1 neyU-30 NI "ePALUMINUM 1, wSTEFL WEI DM,
2 ‘ WSTEEL SEAMM,WWELDED §STM,
-
¢ TA3LE I
200 o STANDARD TU3E WALL THICKNISS
c
DATA GAGLL/ZE'vZ”'019'01q',17-v16-o15'g1¢05.14o9130912-011¢910 /
DATA THKLIN 7/ 0,028y 0,035y 0. 0“2. 0204599 040589 0e0659 0,072y
. 0,079. 9,083, 0,095, o 109, 0,120, 0,134 ,
=05 c
¢ TA3LE Il
c CnST FACTORS FOR TU3E FINNING
C A -
DATA FINTY , nSTRAIGHT Fm, nSINGLE FOOn, mpOUBLE FOOW,
21n $ WEM3EDDED 1y UEXTIUDED w, WpLATE ",
s "ND LINER M/ .
DATA ((CFY{Iod)sl=198)2d=192) /. 4u0,90) 1,86y 0,959 340,00,
e 220,24y 0,00 / ,
DATA (CFM(7419,1=2192) /1,469 ,5650/
215 DATA CF / 3™ L1009 ,20* =,11" ,137 4,11/
o
c TASLE IV
¢ CoMMERCTALLY AVAILABLE FINNED TUBES
c
220 DATA ODLINE , 04625, 0.750, 1.000, 14250, 1500, 24000 ¢
DATA((( MAXFH(TodeK)9I=1eb)y J= 1,7)i K= 1,2 /
§ ,45%37%, .56250, ,75000, ,93750, 250, 1,5900
$4,5000n, ,523000, ,75000, .87500. 1, oooo. 1.9000
. $1.50000, ,523000, ,73000, ,87500, 1,0000, 1,0000
225 59’43750’ .500009 4#.525
%y,4375n, 50000, 4=,525
596’0.0

$9+,43750, 50000y 4,525
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SURROUTINE COSTEX 74774 0PT=] FTN 4,2+7435) 12718716

Feb6520,0
Teb6n0 0
$+6=0,0 .
€, 31251, ,37500, ,50000+ 3,625
50.31250' .37500, .500009 3‘.525'
S95%0,0
335 5y,31250, ,37500. ,50000s 39,6525
$ 7/
DATG (((STANFT{I+JyX)slz196)eJdalyT)eK=1,42) / 42% 016, 842e ,030 /.
DATA (((FPL(IaJaX)sT=1y5)0d=197)9XKzlv2) /
. F 832.,0,1827,0+1825,.0910%0.095«7,0913«%,0/
249 DATA (((Fa4(I9gs%)el=zly6)euzlyT)ox=lyey
€ S%27,, 3621lay 1RuDeDe 549,0, 19»11,0
DATE FTINMA /z “ALYMINUM  w, ngTIC| "oy
DATA RnEF /7 0.09751. 0.2%40 /

VY]
(o]
(o X}

TAALE V
HEADER FARRICATION C9STS

2000

DAT& HEDQTY , oWELD REMOVM, wAELDI PLUG n, nFOIM REMOVM,
+ MEORIM FLUG M/ ] .
25p : DATA (mEDMA (D) 41=1,3)/"STEEL Mo MALUMINUM: Wy 5al VANTIZED!/
DATA RNENM /7 284y 09751y ,2847/
DATA CuMAT / o53s 143y 37/
DATA CHC / 1405, 1,004 0,95, 0,30 /

TASLE VI
TOBING LENGTH PENALTIES .

OO0

FAR COPPER ALLOYS

566 DATA (FF{lyJ)eJ=1196)7 0De00s 000y 0,00, 00079‘0'069 0,09 ¢
DATA (FF(24J)9J=12617 0000y 0,00y 0,00y 0,07y O40gy 0,09 /
DATA (FE(3¢J)eJdz=1l96)/ 0009 0,00y 0,00, 00075_0003' 0,09 /
DATA (FFlasd)rg=196)7 04009 0,009 04009 Q4075 0,08% 0,09 /
c
365 c FaR ALUMINGY ,
DATA (FF (Sed)ey=19h)/ 16009 1,059 1elO0s leldy loelae 1,22 /
c
c FaRr STEFL _
3 DATA (FF(6sJ}su=19817 1400y 1,03y 1613, 1417y 1421y 1,235 /
270 DATA. (FF(T,J3sJd=les)s 1,00, 1,09, 1,13, 1,17, 1,21, 1,25 ,
c
o FrQ STAINMLESS STEEL i
DATA (o248, 13 . 012637 3585 1,539 10% 1e0%0 10120 1415 /7
c ]
375 ¢ OEFINING THE TYPE OF TUSING UNOER CONSIDERATION
o
IF‘(-”OToFIQST) GOTO 3%
Do In 1=1,8
ITU3IMA = 1
>80 17 (TUSMAT ,5Q, Tus“MA(I)) GO TD is
10 conTINGE
PAINT 11
STD?
. 11 FORMAT (SXgnNO MATCH FOR LINER: MATERTALM)
*85 15 po 20 =i,13
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339

235

QUAROUTINE CNSTEX 76,74 OPT={ FIN 6,2+7835]

I5A3L1 = J
TF (ASSIBASLIN=GAGLI{J))aLTe4001) GOTS 25
20 conTINUE
PRINT 51
21 FOPVAT5X¢1#NO MATCH FOR LINER GaGeEw)
STO0>!
25 DN 30 p=l,.7
IFINTY = X
IF (FIuTYP (RQ, FINTYI(K)) GO T2 33
30 conTTvnE
PRINT 31
31 FORMAT(5X #NO MATCH FOR TYPE OFI FIN'
35 an %9 1 =21,2
1eINMy =
IF (FInMAT LEQ, FINMA(L)) 6D T2 45
9 CoMTIMIE
PRINT 4l
41 FORMAT(SX,”NO MATCH FOR FIN MATZRIALM)
45 17 (IFINTY EQ, 7) GOTO 59
D0 39 1=2l4g
IONLTN = T
IF(IOL .2Q, ODLINZ(1)) GO TD s3
50 coNTINNE
PRINT 51 _
51 FORMATISX,oNO MATCH FOR CUTSIDE! DIAMETER OF LINERn)
D=
85 LAONTINIE
IS(IFINTY LEN, 7) GOTO 59
IF (FIaST) GOTO 59

~
-

Counnn FINNED TURE COSTS
LTNE] TURING COSTS
WL 2 37+69511#ROZL (ITUBMA) o (JDL=THILIN(IGAGLT) ) «THKLIN (IGAGLT)

(@] OO0

Li=5
D0 57 T=3+R
IF(ELFNG, 5584 (10=1y) LI=l-2
57 CONTIVE
F=FT(11uBMA,LD)
ANDIR=",0
FOITURMALLT.5) ADDER = F
TTLITURMALLT.S) F=1,0
= (CLMIITUSMAY 2 WL ¢ CLNITUSHMA;) « F o ADCER
s 1,10
S = CLTCaFCF

e
(8]

0B O
o
- g

OO0 0

FYuNING COSTS

5% PF = 1./(SF ¢ THFINY
GOTI (R0s70980+30+10041104105) 4 IFINTY

OO0
m
ko |
=
™
-4
(%)
x
-
%)

€0 0DR=00!,
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SYRROUTINE COSTEX 74/76  0PT=) FIN 4,2¢78351 12718714

MF=(JTIN=02R) /2.0
, WE = 32,699113R0ZF (IFINMA) « THFINWOOL*PFwHF
365 go TO 120

c FOOTED FIN
70 ODOR=00I, + 2,«THFIN
HF= (DF TN=0DR) 72,0 .
NSF = 37,505+ 1=R0EF (IFINMA) ¢ THFIN®ODL=PFHF
WF = WeF=-(SF=l,/0F) ewsSF/HF
6o 1D 120 !

a3
[$4]
(e ]

_ c COURLE FOOTED FIN
355 80 0DR= OnpL ¢ &4.»THFIN
HF=(oF1N=30R) /2,0
WSF = 27,6991 laR0EF (IFINMA) s THFIN«QOL#PFaHF
WE = WSF=(SF=C,/PF) »WSF/HF
. o 1o 129
280

(e X3

EM3EDCED FIN
90 O0DR=0Dy -
HF={DFIN=02%) /2,0
. WSF = 27,559+l eROEF(IFINMA) s THFINSQOLXPF nHF
265 wF = 0 obdeysF
6oTo 120

[o Ne]

) EXTRUDED FINS
. 100 COMTINGE
aTe TR = 0,035
PDQ:”OI_ * 2.‘79
HF= (DFIN-02R) /2,
WE=37,499 1 LsROEF(IFINMa) # (THFIN#PFaHF» (ODR4HT) ¢ {OHLWTR) BTR)

9 1o 120
<7S C
c EXTRUDED FINS WITHOUT LINER
105 TR = TuKLIN(IGASLI)
0DR = 0L
‘ HF = (AFIN=QDR) / 2,
150 WE 237,69911%ROEF(IFINMA) # (THFINPF*HF = (ODRe4F) + (ODL=YR) = TR)
6ot 120
c
c SLATE FINS
. 110 0OR=0D +2,«THFIN :
85 IF (IFINTY ,2A, &) 50 7O 120
. IF (HF 6T, MAXFR(IOOLINSZIFINTY.IFINMA)) PRINT l1&
115 FORMAT (SXenHEIGHT OF FIM TS LAGER THAN THE Ua¥IMGw ALLDWABLE VALY
+£Y) .
oo IF (THEIN LT. STANST(IOOLINSITINTYs1l)y PRINT 1l6
ag? 11 FOuvaT (SX,mFIN THICKNESS IS LESS THaN THE SPIplIFle) LIMITH)

IF (THEIN .GT. STANFT(IOOLINSIFINTYe2)) pPRINT 117 _
117 FORMAT (5Xy#FIN THIZKNESS IS GRTATER THaAN THE: SPECIFIED LIMITH)
IF (OF L7, FPL{IODLIN,IFINTY,171NYa)) PRINT 118
' 118 FORYAT(SX,nFIN PITCH IS LESS THAN THE SOECIFIED LIMITH)
295 , IF (°F 5T, FPH(IODLIN,IFINTY,IFINVA)) P3INT 110
llg FORMAT(5XynFIN PITcH IS GREATZR THAN THE SPE~IFIER LIMITH)
APLATE = XusXD
WF=37,4951 1 #ROEF (IFINMa) * (APLATIATHEINRDF+3,1415940DR *THFIN)
120 A3 = 37.59911-ODL19;#TH:IN
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SUSROUTINE COSTEX 74/74.  OPT=y FTN 4,247335]

e NeNeXs NeNQ) (e NeNe]

(e NeXe]

-~
v

ctt.!.

c

Craxann

o

o

Canunn

e XeXe]

c
c

141
142

ERnEg

145

IF (FIaST) GOTO 125

CnST OF BONDING THE FIN TO THE TUSING < IF TRERE IS NO
AANDING TH 2E DONEe CF3 SH0yLD 3E £QUALI TO ZgRO
CFC = GFM(IFINTY+IFINMA) 2WF4 (CTUIFINTY)eCcFaean)

PROTECTIVE COATING COSTS

IF & PROTECTIVE COATING IS NOT WANTED, COATC IS SET
EQUAL To ZERO IN THE IN2UT

AS = ATOT o ELENG o 7 « NW
CPCCi = COATCsAS

CAST OF THE TUSING AND FINS PSR FOOT
FITCO = CLTC#CFCeCPCC
TIIBZ SPACER COSTS
CSC = 7INCC x 0ol a (*9Wwa2 = 20RWa2) ¢ CASTC
EvD PREPARATION COSTS
CEPREP = EPREPC
_ TATAL COOLING SURFACE COSTS

€5 = ZuNWe (FITCOsELENG#CSCH ((SLENG®+5%55) /SS) +CEPREP)
CS = Cg « POHAAF

DEFINING THZ' CASE FOR THE: 4EADER.

IF (*NpTe FIRST) GQTD 145

DO 130 I=1,.4

THEOTY = 1

IF (HEnTYP LEQ, HEDTY(I)) GO TO 133
CONTINIE

PRINT 131

STN

FORMAT (5%X9"NO MATCH FOR HEADER TYPEM)
Ny 140 1=1,3

I4FOMaz?

IF (HZDMAT ,EQ,HEDMA (T} ) GOTO 142

PRINT 141

5702 ‘
TORMAT(5Xs"NO MATCH FOR HEADER' MATERIALM)
FIRST=,FALSE.

RETURN

MFADZR AND VOZZEL COSTS
DI=00La2exTHXLIN(IGAGLI)

NHM3ER OF BUNDLES IN COOJLING TOWERS
XNARJIN = NWaXW/(12.0=¥8)

G-39
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SUSROUTINE' COSTEX 74/74  OPT=) FIN 4,2474351

¢ X9

(s Xe B

00

0y OO

o

XNMID = XN3UN/8.0

NUMBER OF TURES PER BUNDLE
HEPTUB = 12.%Z »WB/X¥
AgC=4."
IF(IHEATY,E0.0,02, IHEDTYEQ.4) A3C=2,0
Fp=l, 00
IF(REe5.5T,150) FD:l.Og
IF (355,567,250 Fp=l,l
FA = o785300+DT+D1«AEDTUS/HXND

HeADER NEPTH AND WIDTH
: XN = (Z/HXNP) + 1,0
“Fa / (2,0 = 4n) & 2,0

2.0 » HXND « HYXNP w HD ¢, 100
-2 0a AXNPFA/ (20 ,08HD) _
HENTY eS8, 1,03, IMEDTYLEQL2) FAlT=Z2,aFlas,
HEATY EQe3,0R.I4E0TY,EQ4%) FACT=CenFl

M T T
AV EC N e ]
[T}

nm

—~ o~
Ll B 1]

CAST OF HE8DERS

CAM=. CHMAT (THEDMA)
CH= (CHWwROT=Y [ THIDMA) # (12, 4W3sTHs (2,4F 1 aHD » (F242,) #HW) 4F1aFAe
$ TW) ¢ CMMe(FAcTedg ¢ (4, 0eFladd s 2,00¢r2 4 2,0) & Ha) 712,09,

§ 4.0 % £3Jn (HXNP#HD/12, & W3)

1CHH® (26,G%ASC*Z% 43/ XW) ¢ 4,0*CVeSART(FA/3,14159)) axNByVeFP
CH = Cu = DQHBAF
15 (4B 5T, 14.0) PAINT 150

+ITH) -

BEen BUINDLE ASSEM3LE AND FRAME' COSTS

HEDTUS (CAJSCWI) «20,3ELING*{2,04W3/ (22551 )%SaRT(2/6,) =CST
Ca * XNSUN & POn@aF

ca
Ca

"o

Crmnnn WEIGHT OF HAZAT EACHANGER

~
-

c

aon

a0

o0

c
<

~
-

MATERTAL TU3E WEIGHT OF THE COOLING TowWszR
WTTJUB = ZeNWSELENG= (AL & WF)

MATERIAL HEADER WEIGHT OF1 THE COOLING TOWER
WTHIR = R0THM(IHEDMA) = (12,%WSeTH = (2, =F[a=De(F302,)%HW) s
s FleFauTW) & XNBUN

TATAL FRAME WEIGHT OF THEZ 4ZAT EXCHANGER! ,
WTFIM = 206 * SLENG = (24+W3/(2.%55)) = SQRT(Z/5.)*XNBUN

TnTaL WEIGHT NF WATER IN: THE 4ZAT EXCHANGER
TURVOL z.Nw.aLENsts.l4159-31-)1/c144.2.4,0;
HEQVOL = 2,0 » HXNP = HD & H4 « w3 / 144, . xNgUN
WATIZRW = TUQVOL*DIENSIV ¢ (HEDVIL/Z,)=DENSIW » (HgévoL/a;)iogNs:v

WrIGAT OF THE HEAT EXCHAN3ER
WHX = uTTU3 & WTHDR ¢ WTFRM

Crunun TnTAL COST OF THE HEAT ZXCHANGER

G-40
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150 FORMAT (5X,nTHE SPECIFIED HEADER LENGTH IS BEYOND: THE PRACTICAL! LIM



1 / /.6

ASEZF = 1,
CHX = 3SEC
RETJAN

END

iz
= % (CA s CH ¢ CS)

S
1.
w
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SURROUTINE FAN

DO IONOODDOIIADIDIDONDOOOODOODNIO OO DA DTOAOOOD

— (O
N

76/74  OPT=} FTN 4,2+7835] 12718718

SUBRIUTINE FAN(DPTINW, AFRON)

SIRRJUTINE FaN SELECTS TH-'OPTIWUW FAN SYSTEM FOR THE PARTICw
ULAR HEAT EXCHANGER GEJMETRY SELECTED., FOR THE PARTICULAR:

FAN SYSTEM THFE FOLLOWING PARAMETER ARE SPECIFIEDa

1. 3LADE 21AvZITI?
2. HUZ DIAVETER
3. NUM3ER OF 3LADIS PER FaN
4e SLADE ANGLE )
KMOWING THE NUMBER OF FaNS aND THE PACKING FACTOR OF THE
FANS, THZ CIQCJALR TOWE? DIAMETER AN ZASILY BE
oFTERYINZD, THE ¢OST GF Tz FaN SY3Tg¥ IS THEN FOUNp, THE
FeN SYSTEM RESULTING IN T+ MINIMUM COST IS SPECIFEED AS TH
ORTIvMYM,
In THIS SURRQUTINE THEZRI ARE TWO ARRAYS WHICH CONTAIN DATA
FAaR THE FOLLAWING FAN DIAMITERS (24,2842893n,40260), FOR
£.c4 FaN 0IZ¥ETER TMEQE IS PEFORVANCE JnTa FOR FaNS WITH
DTFFERENT NUMRER OF BLAJES AN) 5LADE ANSLES, THE DaTa
ATIAYS FANDA® CONTAINS THZi FOLLOWING INSORMATION-
FandAP (144
Jzly3 = COEFFICIEMTS F3R THIRY ORDER cURVE FIT OF VOLU=
“ETRIC FLOW RATI VEISUS TOTaL! PRESSURE DRCP AcROSS!
THE FaN

=t
-t

J=b ~ LOAER PRESSURI DRIOP LIMIT (1N WATEQ)
J=p - P20 PRISSURI! JROP LIMIT {(IN WATE®)
J=3 - DIAMETEP OF FAN(FT)
=9 - NUMBER OF BLAJSS PER Fan
10 - BLADE ANGLE (2Z33EES3)
=14153 = DIFFZRENT SETS OF DaTa FOR EazH FaAN aND

PEZAFIRMANCE POINT
THE DATA ARZAY FANOAH CINTAINS THE 'OL'DHING INFORMATION=
FaNDaq (I,U)

J21,5 = c0ogeFfIcIENTS FOX FOJRTH DRDER cURVE FIT OF
i HORSTPOWER VERSUS VILUMeTRle SLOW =aTE .
Jas ~ LOWER LINIT ON VOLUMETRIC FLOw RATE OF AIR THROUGHI

THE FAN FOR WHICA DaTa IS AVAILASBLE .
UPPER LIMIT OV VILUMETRIC FLOW RATE OF AIR THROUGH!
TSE FaN FOR WHIZHW DaTa 15 AVAILA3LE

[
it -
~
]

J=r - DIAMETEIR COF FAN(FT)
J=3 - NJM3ER 0F 3LADES PER FaN

J=10 - B_ADS ANGLE (DEI3REES)

FFINITION 2F VARTARLES

A - AIR FLOW AREA OF! THZ FAN (SQ *T)
AmiN ~ NUMMER OF TAaN 3LAJZS (DIVENSIONLESS)
AnTA - TaN DIAMETER (FT)

AMFCOS =~ ANNUAL FAN COSTS ($) v .

ANSFPE -~ aNUAL cARITaL COST OF PLENUYM, FOUNDATIONs AND
STRULTURES ()

AMSFFF = TOTAL ANNUAL COST OF: T"- FAN SYSTEM aNp STRUCTURE

BAR - 3AR0YE TRIC PRISSUIE (IN 45A)

21_0ANS FaN 3LADE ANGLE (DE32ETES)

CHPF PE?CEVTAGE CF TIWE THEI PLANT 15 PRADUCING POWER
IPERCINT) )

CNANG = CISINT OF THE ANGLE FOR THE DELTA CEAT EXCHANGER
ARRANGEMENT (DIMENSIONLESS) )

CrM - ESTIMATE OF THZ VOLJUMETRIC FLOW RATE OF AIR THRQU3M
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i

70

a0

90

TURRQUTINE FAN

A OOO OO0 OO0 ODONIIONTIIDINTOOOOOOOOOO QAN OO YOO

74774

CFROS
CI
CINC

CuoT
crL
ceM
CSR
cvM
DIST

DaTINY
DaGTU
DrowW
DTTSG
EFCSF
Eug
ZLENG
ELEV
Foad
FaNLED
FrOS
FcR

FesT
Fug

Fude
FoOW
G=gFF
Hm

AER «
HoalR
HopF
Hiy3314A
I

TrvaXx

IrvIy
ITMIN

ITOoWN

LaFsLFE

NnF

PrACT
P aNg
PrHF AN
PAHSTC

RnAOFL

)

ORPT=1 _ FTN 4,247335] 12/18/%%

EACH FAN (CU FT/MIN) _

FAN STACK COSTS AITH AND WITHOUT VELDCITY RECOVERY
(s)

CONVZRGENCE PARAMETEZR FOR THE' VOLUMETRIC: FLOW RATZ
THROUGH EACH FAN (DIMENSIONLESS)

INCREMENTAL VOLUMETRIC FLOW R4TC SF AIR USED IN
DETEIMINING THE TAN PERFQORIMANZE POINT (CU FT/MINY
COST OF FaN MOTJI’S 2£R FaN ($)

¢AST OF PLENUM 703 THEZ ENTIRE TOWER SYSTEM (%)
cOST OF PLENMUM MaTEIIAL (sS/03%)

cdST OF THE SP=Zpn. REDUCER {$)

FAN RING MATERIALI UNIT c0ST ($/LBF)

DISTANCE FROM THg CONDENSER ROOM To THE FIRST
CIRCy=AR TOWER (F7)

- PRESSURE DROP Al2R0SS THE HEAT EXCHANGER LIN H20!
DISTANCE FROM THZI!I SWITCH GEAR TO THE MOTDR (FT)
OIAMITER OF THE CIRCULAR TOWERS (FT) ,
DISTANCE FROM THZ TOWER TO THEI SWITCH GERR (FT)
ESCALATION FRCTIR FOR FaN COST (DIMENSIONLESS)
HEAT QATE OF 2LaNT {(3TU/XW=HR)

LENGTH OoF HEAT IXCHANGER TUES (FT)

PLANT ELEVaATION FROM SEp LEVEL! (FT)

FaN DIAvETER (FT) )

ZLECTRICAL WIRINS CJSTS FnR THE FanN SYSTEM ($)

PLANT FUEL: ¢cOST (CEVTS/WMQTU)

FIXED CHARGE 2ATZI ON CAPITAL FDR OnE!

YEAR (FRACTIONALY

CADITAL COST OF THE FaN (g}

qu M0TOR 05T 2:ER %ORSEPONER*FOR MOTORS OF SMaLl
RSEPOWER ($/12)

FOdM ATION COSTS FOR THE rIRCJULAR TOWERS ($)

POWER REQUIRZMINTS JF THE FaV' SYSTeMW (KW}

GEAR 30x EFFICIENCY OF THE FaN' SYSTEM (PERCENT)

HEIGHT OF THE FAM: RING (FT)

HORSEPOWER REQJUIREMENTS OF THZI FAN SYSTSM (HP)
HORSZCCWER QEQJJYIIEUENTS OF EACH Fan (HP)

DIAMETER OF THE: AN AYB . (FT)

PERFORMANCE PIINT OF 4 FaN (DIMENSIONLESS)

MAXIMUM NUMBER JFi TOWERS aLUOWED 3v INPUT VaRIABLE
{DIMENSTIONLESS)

N
CMINIMUM NUMRER OFi TOWERS aL{OWED BY INPUT VARIABLZI
(DIMENSTONLESS)

NJIMEER 7 CISTULAI TOWCRS (DIMENSIONLESS)
VaSTA3LES USED IV SPECIFYING W#HICH FaNS ARE T0O a€
CONSIDERED FOR JSE IN THE FpN: SYSTeM
(DIMENSTONLESS)

NJMRER aF FaANS MaXING UP THE ~aN SYSTEM
{IIMENSTONLESS) )

PACKING FaCT0?, 3ATIO OF CIRCULAR TOWER ROOF AREA
T2 FaN SAEPT aRZa (HIVENSICNLESS)

3452 PLANT COSTS ($/X4) i

INSIRZCT £OST TAZTOR F0R FANS (DECTMAL)

INDIRECT COST FalTOR FOR CIRCULAR TOWER STRUCTURES:
(JECIMAL) i

CIRCJLAR TOWER R00F LOAD (LRFVSQ FT)
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SURICUTINE Fan Te/T6  OPT=) FTN 4,2478351  12/18/7%6

SAAF ~ SHIPPING AND ASSEM3LY FACTOR (DECIMAL)

SPVOL = SPECIFIC VOLUME JF THE AIR EXITING THE HEAT
EXCHANGER (LS4/CU FT)

STRUCC = CIRCULAR TOWER STRUCTURE (OST ($)

TiAN13 = TANGENT OF 13 5e G=rrs To 3E USED IN cOSTING OF!
FVrRy RELL! tO0 74z FaN (negIMaln

TAN 8 = TANGENT OF 8 DEGREES TO 8&£ USZD IN COSTING OF: EXIT
STACK FROM THESr AN (DECIMAL)

TCSTS = TOTaL COST OF THZI FaN SYSTEW ($§)

TASTRF = TOTAL COST OF 4 FAN (53)

TATCSY = T2TAL VOLUMETRIC: FLOW RATE O3 THE AIR THROUGH.
THE FAN SYSTEM (Cu FT/MIN) ) _

TATHP = TOTAL HORSEPOWSR EIVIREMENT OF -THE FAN SYSTEM (H)

T» - TOTAL PRESSURZI DIFFERENTIAL ACZROSS THE FRN (IN M2

Ts « AIR EXIT TEMPIRATURE FROM THE HEAT EXCHANGER
(DEG 7

urs ~ UNIT COST OF THII STACX ($/L3F) ]

Uws - UMIT WEIGHT OF THE STACK (LgF/cU FT)

Vel ~ AVERAGE VELOCITY OF THE AIR LEAVING THE FaN
(r T/SE\;)

VELREC = SPECIFIES WHETHER' VELOCIY RECOVERY STACKS ARE:
GNING TO BE USED. 3% NIT (DIMFNSIONLESS)

Vo - NON REICOVERASZLE alIR VELOCITY HEAT EXITING THE‘F@N
(IN rA29)

WaTERW = WEIGHT OF WATZR IN THE HFAT IXCHANGER TURES aND
BUNDLES (LBF)
WEV = UNIT WEIGHT OF: T<g ENTRY gELL!I (LgF/SQ FT)

OO O ODIDNCOOOTIONDDTOANODAONODIDNAOOONIOOD

WHX - WIEGHT OF THE YERT EXCHANGER (LgF)
W1DTH - WIDTH OF THE +HEAT EXCHANGER (7}
WeL = WIZGHT 0OF THE PLENUM MOTERIAL! (LSF, SQ FT)
A ~ MaSS FLOW RATZ 071 AIR THROUGH THE WEAT IXCHANGER
(LAM/HR)Y
XUFAN =~ NUURER OF FaNS (DIMENSIONLESS)
REAL MAF

LOGICAL LDOPER _
COMMONFAN/Z FANDAP (153410) ¢FANDAN(153510) +FMCPF9FRCPFP21RySe
3 VELREr~,; AFCH» ELEV, THR, LOOPER, CTMaX

LOGICAL FIaST, FYTEVP

COMMON

$ ASTR, ALPHA, ANG(3)
$ JC&PF, CSSPXW, CONF, CONL, COSTLY CAPCHGs CONMAT, CONMAZ,CAF!
$ sC3Js CTURRBs CcOANGs CLUVRy CHAILS. cVM
S «DANGLEs JFIN, nEEPLy DESVELHW HESVELV
& JCTFP
& 5 FoR, FIISTe FIXLy Fe0Sy FEHX, £XTEMe
§ JG3EFF
& ZHXNP, HPCST
$ sI1TUAY, ITMIN
S +J20Ng
§ ¢K2ONv,y XaLEZXT
5 o MxExr
& GNTUZAL(2), NTA
Pﬁlwgu
* 9073

$ ¢sPSIZFy PERs PWCOSs» PLANCe PFALT, POMDPL! )
S ,PIHBAFs 204F ANy POHLECs POHCIXy DOHCND, POHMSTCe POMHSCL
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SUSROUTINE FAN

74774  CPT=) FTN &,2+783%]
$ . WP, REIDUCE. REDULCV, ROOFL!
$ 5 AREJe IREDUCEs AREDUCY
F 95154a6. Sa4aF : _
$ 9T)e TPO(%)y TESF, TLIMy THFINy TLPRA, TFIX
$ +7C0y TW
$ ,USS, U3
T JWEY
§ yVaS(S)
% +XJEPsy XWe XD ) )

COMION ,gyaPly, val¢sy, cPuN, <¢PIP, ¢cOs, w3, csM,
s QIN, CL4ND, REAIR, ZyH4RFAL2, LIY) Us DELPW,
$ FPaWy DJELFCy WIDTHy TLENGy VAIRy VWAT, Hiy HOy
$  3EW;T, NW NT, N2, ANC2,PS51Z12, SP3Py  SW4,
s SPC,PTOTAL,PLANC3,SAFRION, aAIR, yFP, sPChH,PSIZ13,
b3 B2 NW2y TCOSy DELPAIZLPATIDELPWCICONSA]Y XNTSX
$ , TLrX, UCON, PMCST, FMCST, xnACC, EFFC, CHy CAy
Sy ~LTes CFee cPces FITZO CSCICERREPIHELPIP, AST,
F,CA°CSTy XNFAN,3LDANGs CPLENs D3Fci, wHX, ATTUS, ADIav
%y  ATHNRe WTERMLSTRUCC.CFPERF,A2PERF, TOTCFy  TPpy EFFIN,
%y AIRF, WATFF, x\MO0O, 7tCr37, FDCPF, FMyRC, ACCTTR,
&y ACTEPD, ADJBPDs ACTVH, ADUVH, AJJUPPF, TH2AlR, TCTP,
%y CSRAD, WATERW, WSTRCTs CFOJNDY HUBDIA, TOWLENs NUMTOW, CT

$9 SAIRJ, SQRJISs ATUgCs cBas TTHls TTD2y DELPSy ¢STLVR
$ ,CSTHe, CYLRNG, CFaNgi, PSTACS, PUFITC, PMP2st, RPTPL, SEP
COMMON /SCALER/HRFACLs ATUBY CPIRAy  SSrD9oLANC] e2aSSS]y

$ 6alR, FaIRy HPAIRe HPWATy WLRTP, PLaANCTI

EFF

PPOW,

Tée

Sw3,

WT2¢
VELDX
o

127187178

oLpgST

ABLN
aNTU
ADJTP
AFCST
OwWD

CsT

cOMMON /HEADEX/ cHHvCNvCHMvC“Nv:RJvCWJOCSTQCHOQCSQOCsHvPITcHF!chh

$pRESS9HED“AT1HEDTYP'NPASS'WB
COMYIN /ENLOOP, LFRyLFE
£OMIN 21 2057, WPL

COMMON /INDIS/ DIST

COMMON /PMZ/ PMELEC

DATA (FANDAP( lyJyed=lyl0) v )

s .7361 y6520 y=6,319 W 11,944 y=8,252 R
$ .12 14625 ’ 244 Se 6. 7/

ODATA (FANDAP{ 29J)ed=1910) / i

ki 1.059 " 8172 1%,1262. 002533 9"02331 [}
s .23 e 765 s 24y 4y 6,4 8,/

DATA (SANDAP( Fyd)ed=1910) / .

$ 1,366 y=1,635 y1.585 121,666 45888 '
5 031 '.91 1] 24. ’ 6. ’ 10. /‘

CATA (FANDAP({ 49J)yedzlel0) /

5 ,5%43 144632 1=144335  415.989 126,562 '
§ ,3%0 ve34 v 2%, 4 b8, 9 l2, v/

DaTa (FANDAP( DyJd)ed=lell) 7/

¢ L4015 45,087 e=16,629 17,327 y=04713 ¥
$ ,42 v.38 y 24, 9 6, 9 14,/

DATA (FANDAP( 6edyed=1910) /
S 1.337 'l9315 ,'6.655 v5.365 ,'2.4é‘~ [}
T L4T77 1095 s 2%, 4 6, 16, v

path (FANDAP(  7yu)eu=1910) /

$ =3.074 126,409 1=57,505 156,455 1=19.277 ’
3 .532 '1:01 L] 2“0 ’ 6' ’ 13. /

DATA (FANOARP( ByU)ed=1910) /

$ 1,226 ¢3,829 v=-11,905 112,904 ,-5,363 ’
% 605 v:98 y 244 9 6, 9 20, 7

DATA (FANDAP({ 93Jysd=lel0y) /
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QURRDUTINE FAN

74774 OPT=)

g =17,129 2»96.0 1=13246148
§ .53 9Lo015 [} Zau [}
DA A (raV2AP( 104J) susdal0y 7
3 .9109 sm,6215 12,0575
5 «205 14795 244 v
JATA (FANDAP( 119d)sd= 1 10 7

9 1.959 v‘vlc’Z 100531
T .256 «e569 * 2%0 o
DATA (:ANOQP( 12:d)9d=19i0y 7/
5 1.194 .6:'5 +™N333
s 327 51 13 s 2%
DATA (FANMDAT( 13:J)'J 1910) 7
R 1,442 '~1,359 *11.550
s .343 ,1.12 v 264y
ETA (FANDERL 14,0),d=1910) 7/
? o™ 307 gano 9 ":0.373
s -AQD ?--21 ] Zéc ,
DATA (FANDAP({ 15+d)ed=lelC) /
5 1.032 +=.5932 1=.5343
$ 573 y1.14 sy E6,
DATA (FANDAP( 16yJ)sd=lel0y /
T ,244 974202 s=14,855
5 .612 +1.25 s Che
DATA (FANDAP( 17+sJ)9u=le1C) /
F 2.321 y=2.232 v1.862
3 L,h34 14,15 s C%y
DATA (FAMNDAP( 185J)edz1910) /
3 ~12,148 155,65 +=33,967
$ ,7¢4 1ls24 v 264
DATA (FANDAP{ 19sJ)ed=1312) 7/
i) 03525 "02121 ’-0651‘
$ .214 '095 ’ 2‘- s
DATA (FANDAR( 20+Jd)edzlldy 7/
s 1.307 y=2,037 »3.129
s 275 1019 v 2%
DATA (FAMDAP( 2149J)9d=1:10) 7/
3 1.140 »=.3030 s= 4077
F 3% 114265 9y 24
NATA (EANDAR( 22.J)sJ=1910) /
31,513 r~.1316 +=,5855%
€ L3237 11,36 v 2%4. o
DATA (FANDAP( 239J)sd=1210) /
S 1,247 100813 9=00502
% .465 '1-4 ) 2“. ]
NATA (SANDAR{ 2%,J)sus=leil) 7/
s 1,314 ee3641 s=1.336
3 .55 91-37 [} 2% L}
DATA (FANDAP({ 23+d)sd=1910) /
5 -5757 050363 "7-5268
¢ 632 ,1,53 . 24,
DATA (fAVDAD( 264,d)9d=1910) 7/
< -.07 ’6010’ "0.7q3
s .755 vyl el ' 244 9
DATA (FANDAB{ 2T+Jyed=1el0) 7/
$ =158.9%6 4,348,134 +=659,52
3 1.02 IRt ’ 24- ’
DATA (FANDAP( 23,0).d=1410) /
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1152.343
6. ¥ 22.

IMEELE]
3. ] 5.

10386

30 ] 5.

’.01957
80 * 10.

"10418
85 ’ 12,

sd.720
3., 9 la,

145805
3. ’ 16.

+12,133
Ss 0 18.

9‘.7451
8, » 20'

'|'20760
10. ¢« 8,

1,2543
10, ¢ 190,

9.-41Q
lo, » 12,

19635
100", 13

7-5592
10, ¢ 15,

040961
10, 4 1g,

’5-833
10. r 30.

1350,82
0, s 22,

/

/

FTN 4,247835]

12474879

".°7é8

140676

"u00947

1,635¢

224713

17,3261

’-3.683

= 0776

"130939

y=, 1896

148712

1~,0612

,-.O7é76

s 017166

".qug

v-11231

s=1e887

O°69-909

1271870




Dt
N
%)

360

305

<10

335

49

SURROUTINE FAN

76/74 0PT=1

$ 1,090 11,005 42432
$ .20% 9455 1y 2he s
DATA (FANDAP{ 29+d)sJd=1210) /
% 1,1%4 1~.0621 +=3,5990
5 02“8 ’.66 L) 260 [ ]
PATA teANDADYL 20,03 :021:10) /
51,196 101327 ye2,231
£ ,235 ve778 ’ 260 ’
Dava (FANDAP{ 31450)9Jd=1910) /
5 10376 ’-10413 ’1-077
3 435 1084 sy 26e
DATE (FANDAP( 324J)9Jalsld) /
3 -,397% 013,678 ,=38,403
3 .41 +,87 s 264 o
DATA (FANDAP{ 334J)sd=1910) /
% 2.497 1 4,479 25,789
3,659 40385 s 264 ¢
DATA (FANDAP( 3%,J)eJd=1910) 7/
$ «31.553 9200,29 9=450,42
$ .525 v.89 y 264

DATA (FANDAP( 3549J)ed=1e10)
£ =37.9556 1229,0% ¢y =493,08

€ ,53% 988 sy 2954
DATA (=ANNAP( 364J)9J=1910) /
T 159.813 1=940,76 +156343
.5 5% ce90 y 254 o
DATA (FANDAP( 374J)ed=1919) 7/
5 1,166 s=1,456 92,750
$ ,22 14605 y 254 9
DATA (FANDAP( 389J)ed=1910) 7/
® 1,173 +=e1032 2 =2.070
% L2735 24 71558 s 2Z6.
DATA (FANDAE( 394.J)sd=1010) /.
% 1.331 y'-9074 9004604
$ 333 v, 385 o 26,
DATA (FANDAP( 404J)ed=1110) /
$ 1,337 145823 4y=3.195
s ,33 12335 . 26o .
DATa (FANDAR( 41ed)ed=1910) /
s .8302 v3.750 ,=8.,974
i) .45 910353 ] 260 *
DATA (FANDAP( 42,J)9d=19iny. /
£ 1.529 v=06431 »=.558%
s .5lg ,1,03 s 264
DATA (FANDAR( A34J)eJd3iel0) /
$ =6,508 146,285 y=87,036
] .585 91.14 ] 25. ]
DATA (FANDAP | 444Jysd=1910) 7
$ ~13.827 176,312 +y=138,37
$ 465 21,06 v 264
DATA (FANDAP( 45,U)9Jd=1510) /
3 w]1%45n7 s8R, 914 +~108,5%2
$ T4 vr1e125 y 254 o
DATA (FANDJAP( %5.J)ad=1el0) 7/
£ 1,084 1= o591 03743
$ ,23 1473 s 26,

CATA (FANDAD( 474J)ed=1l910) /
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',1717
Se¢ ¢ 6. /

15.245
6- ’ 8. /

114492
6. L} 10. /

1=.5904
6¢e 9 12, 7/

144,253
6, ¢+ 14, /

"2-571
6e 9 15. /

06“515
6. » 18, /

468,48
60 ’ 20. /

121295_9
S5¢ 0 22. /

"6'222
8, v 6,/

93.033
Se @ 2. /

109361
8, » 10, /

134499
8. ’ 12. /

97,814
8, » 14, /

19,9619
8e v 15, 7

'720653
8, ¢ 18, /

9111,051
8, 9 20, /

175.43
5. 1] 22. /

’“’5713
1ly 9 68,/

FTIN 4,2474835)

t=1,515
e=é4,302
soe2707
veu2331
1=19,254
sel,061
y»164 67
ve166,93

*373.75

’Ivslé

."1.9j5

1=45993

'.106é3

9‘20768

r®e5993

0'221635

'-330333

"20.6

12083

’

--
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SURRPOUTINEG FAN

74/74 0PT=1

$ 1,284 9=e9293 1095885 11,0806
t .23 -1 s 2% 4 11. v B, 7/
DATS (ZANDAP( 42,Jy4d=1510) 7 4

% 1.320 sr.N9008 »=1,233 01,3%8

$ .235 ele13 » 266 9 lle v 10, /
DATA (FANIAR( 46¢dy,Jz1;10) 7

$ 1,335 103155 4=1,3533 11.880

% L4115 v1,28 s 26. 9 11, 90 12, /
DATE (FANDAP( S0sd)edzleld) 7/

$ ]g?’é 317735 9'2'?_50 01-701

3 -4? '1.“15 ’ 260 , lln ’ 1“. /
DATA (FANDASL Slydyed=lela) /

% .4584 95.911 "11.257. 03050‘0

$ L5957 vl a.464 sy 26y 9 1la o 18, /7
DATA (FANDAD( BZ4d)sd=1910) 7/

3 ~£,2718 934,033 9=53,2553% 435,675

s 63 yl,523 s 26, 4 Y1,y lB, /
DATA (FANDAP( S34d)9Jd=1010) /

$ =25.743 1 103,427 o=164,337 ,52,298

9 .75 '1'-‘3 (] 250 L] 11. ] 20. /
DATA (FANDAO! S4yeJdyed=1910) 7/

5 ~67.934 4225,328 9=273,144. 4166,273
k3 1'11 ,1.&5 L} 269 L 11. L] 22. /
DATA (FANDAP( 35,Uyed=1910) /

s 1,141 y=~,331 y=1,653 vel,591

T L1 1454 9y 284 9 Be v 6, /
DATR (FANDAP({ S64yJ)9J=1910) 7/

€ 1,945 224765 +~15,574. 430,038

$ 023 ’!63 L] 280 ’ e 0 8. /
nata (FAMDAF( STeUyed=1910) /

+ ,92381 +3,303 +=23,373 135,245

z ~23 e 71 ) 230 y Se 90 104 7/
SATA (FAN3AP{ S2,dysd=1010) /

5 1,038 95.352 e=22,775  ,33,666

$ ,33 1471 o 28, 9 B, s 12,7/
DATA (FANDAP( 594J)9J=1910) /

$ -3,992 +37,337 v =111:73% 413%.178

% .33 518 . 284 » S, ¢ lé. /
DATA (FANDAP( KO0,J)sJd=1910) /

$ =1.430 24,222 ym79,847 1102.925

$ <433 072 s 285 v 5. 9 186, /
DATA {£ANZAP{ SlaJ)ad=ield) 7

§ =22,916 167,722 1 =422,735  ,4587.633
T .63 s 4 TRS 1 224 2 54 0 18, 7/
DATS (FANDAT{ JH2edyevz=invicy 7

£ =06,128 146,711 +~1314308 41384511

S 753 "‘75 L] 299 L] 50 ’ 20. /
DATA (FANDAP( 434d)ed=1910) 7/

$ «03,242 v607,745 1=1365,5 £1350,4

s .39 979 v 284 9 5. 0 22,/
DATA (FaNDAP( 5%,U)4d=1910) /

$ 1.149 y=,0283 y~=3,051 13,750

4 .29 !'67 L] 280 ] 5' . 6, /
DATA (FANDAP( &5sJ)sd=1010) /

§ 1,325 y=04003 y=2565390 93,275

s ,23% y 73 e 25,4 8,94 8§,/
DATA (FANDAR( 68,45 9Jd=1917) /
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FTN 4,2+73351

14303
12,6345
im,Tles
1=e5849
1e24476
y=8,8359
1=204622
y=29.455
12,451
y=20.517
1=20,781
1»=18.871
1~64,532
+1=50.00
»*193,335
v=71,4578
1=508,349
sel,911

1=145633
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2URROUTINE FAN T4/74  0PT=l _ FTN 4,2474351 12718//%

apo - $ 1,879 9 ,4131 v=.8639 18,0806 03017 '
3 3 949 s 28, 4y B8, 9 l0, 7/
DATA (FANDAR( 8Tedysd=zlel0) /
$ 105 2 91 1]3 !"60;5; !9.507 .-4.85.3 [}
- § .39 ve? e 28, 4 B8, 412, 7/
405 D4TA (rA\DApc 88y0)ed=11s10) 7.
$ L4343 15,668 1=26,857 128.99) 1=11,655 ’
$ o4 1e 38 e 29 9 8. v la, /
DATA (FANDAP( 694J)su=1910) 7/
. § =,149% ,13.991 9=35,6402 439,619 +=15.385 N
410 T4 T . 28, B. ] 16. /
DATA (FA OAﬂ( Tosdyedzlsldy / ‘
% «1.524 322,206 9=51,295 169,375 +=18,.,322 *
3 D57 ,,qq ' 25- s 8. ¢ 18,7/
o DATA (mAMDAP( T1,J)9d=1910) /7
413 % -15-4!° 194,430 9~191.291 170,303 y»56,07 ’
$ W5 1«96 . 296 2¢ 9 20, /
nATA (maNDaAP( T29J)ad=1010) ¢
$ =132,795 4,859,355 s=1466,4 »1121,9 1»321,538
. ¢ .8 r1,01 y 28, » 8, 9 22 v/
429 DATA (TANDAP( 734J)sd=l910) /
$ 1.507 +=8,155 225,542 +=39,870 9204833 '
% .233 A ’o‘le ] 23. ’ 9¢ S /
DAaTA (FANDAP( T44d)sd=1910) 7/
$ 1.707 e=?2 47 «S5.4R2 ewT.?287 «2,07e a
425 % 03 ‘01-025 (] 280 L] 9- 1] 10. /
DATA (ZANDAP( T54J)9J=1410) / »
§ -5.491 143,171 195,651 490,264 1=31,495
5 .4"3 ;1,045 § ZP'O § 9. ’ 1(0. /
B DATA (FANDAP( Thadysd=lel0) 7/ - )
429 5 ~11.476 s 71,058 +=139,529. 4119.048 y*37.732 .
§ .355 v1,09 y 28, 4 3, 9 18, /
DATA (FAVIAP( T7,J)9d=1910) 7 )
$ =111.138 685,02 1=778,16 15532.642 +=167,595
- 3 W57 slell (] 281' [} 9¢ ¢ 226 7/
435 DATA (FANDAR( TB,J)sJ=1410) /
s ,9182 v=.6397 901263 y~1,283 v1,08 N
s .115 g.SA [ 280 ’ 100 1] 2. /
DATA (FANDAP( 794J)ysd=l910) 7
. % 1,131 1=e5515 1”046 1y 874 166975 '
a4q $ .2 1e8 v 284 9 10, » &, 7
DaTh (FANDAP{ 80,J)sd=1910) /
¢ 1.578 1=a2616 »=2,569 33408 s=le79 N
$ .31 11.03 v 28+ 9 10e¢ 9 10 7/
. DATA (FANDAP( aled)ed=1210) /
445 $ 0.5%8%4 18,207 +=20.171 »13,338 s=5,894. .
L3 .45' yl,!S ) 28. ] ).0. ] 14-. /
DATA (FANDAP({ 829J)ed=1210) / :
% -12,856 175,361 2=1461,4915 1115{921 135,119 ’
- 3 '53 91-17 L] 28- L] oo 14 3. /
45¢ DATA (FANDAP( 83,J)eJ=1910) /
® ~131.140 528,522 W =784 ,764 4,515,323 y=127.273
' L,71 v1,21 s 28, 9 10, 9 22, 7
DaTa (FANDAR ! S44Jyrdzleldy /
_ % ,93%4 v*+A335 s 03455 1=1.159 147752 '
455 % 1'2 L ’ 880 L] 12. ’ “e /

DATA (FANDAP( 85,0)sJ=1e10) /
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SURROUTINE: FAN

74/76.  0OPT=1
s 1,205 1=51 101897
$ ,215% 1094 . 28,4 9
DATA (FANDAP( 864J)yJd=lal0) /
8 1,304 r=s1562 +~1,508
S 033 '1.2 9 28' 1
DATA (FANDAPL ATy edmleln)y 7/
$ ,£096 16.967 y=15,551
$ 449 1132 v 28s
DATA (sANHAP( B88,J)edsleln) 7/
s 1.227 14,415 v=9,275
S .6? ’1‘44 L ] 29' A\ ]
DATA (FANDAP( RG,J)eJd=1s10) /
$ 1,036 1=4416 1=5,1642
3 .12‘ +e78 ] § . 9
DATA (FANDAP( S0¢J)eJ=1910) 7/
$ 2,034 v=5,822 913,159
§ .22 »e54 s 306
DATE (FANDAP( 91sJ)ed=1910) /
T 1.1n9 18,819 y=2.233
s 32 9979 ’ 3o, »
DaTA (FAMNDAP L 925Uy ed=1910) /
3 «9,482 +75,036 1=-183,81%
$ .49 +s35 s 30,

DATA (FANDAP( 93,J)ed=l91d) /
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1911015
120 ’ 6.

114593
12( ’ 109

913,341
120 ¢ lébo

97.309
12, » .8,

!15-126
Se 0 .

"160404
S. » 6.

935-862
30 ’ 10,

1150,216
Be 0 16.

/

/

/

$ -1009.5 13246,17 v~10189,02. ,8781,48

3 W7 +238 9 30e B¢ 18. /
DATA (FANDAP( S43J)ed=1910) 7/

£ 5,346% p=4,875 90, 20,

$ ,A3 yeol y 0.9 8, 9 22,/
DATA (FANDAP( 95,J)9J=1910) /

5 1,355 '-07416 "2.35“ .5'095

£ .12 104 y 30s 9 10e *» 2. 7/
DATA (2aANDAP( G6yJ)sd=1910) 7/

% 1.511 2~1,705 v1.153 1=1.643

$ .23 o7 ) 30¢ 9 104 ¢ /
DATA (FANDAP( 9T9J)sd=1910) 7

® ,51%2 93,0590 »=25,525  4,29.287

$ 3% 1¢3 ’ 30, 9 1o, o 10. /
DATA (FANDARP( 984J)9Jd=1910) 7/

T =9,71% *+71,057 1=157,8355 150,679
3 W45 !lno ’ 33' ’ Ioc ’ 1“. /
DATA (ZANDAF{ 994J)9d=1s10) 7/

§ =3044715 52219.%6 1=3606,35 +2507.86
$ '52 91-0“5 [ 30. L] 100 ’ 13. /
DATA (FANDAP(1009J)ed=1010; 7/

$ -3315,5% »1393%3,07 ,=20708,7 413572,5
$ .97 y1.0g v 30, v 22,
DATA (FANDAP(1919d)9d=1910) 7/

T 1,075 3=9295 +~.3825 14569

k3 .12 V."*“ ’ 30l ’ 11. L] 2‘ /
DATA (=aN2aP(1024J)9Jd=1910) /

% 14355 1=1,038 +1=, 4653 1,5259

T 25 29765 ] 30s 9 11y o 4, /
DATA (FANSAR(103,J)sJd=1910) /

T ,9216 16a.162 1=15,702 118,968

% W33 1458 v 304 2 31, » lo, ¢/
DATA (FANDAP(1049u)ysd=1910) 7/

FTN 4,247835]
06163 ’
1n. 7334 ’
104,216 '
yn2,178
y=14,698
16,562 ’
s=184721
173,502 o

0'2836003 »

90, ]
. 1=6,699 ’
007516 L

y=12,083 N

»=53,458 ’

»=706,956

»=3385,42

s 708643 ’

127137106



SURROUTINE FaN

74/74  OPT=1

$ =13.276  9109.84] ,-255.930 1188,787

§ L3786 1la07 ’ 0o 9 11¢ v 1%, /
NATA (ANDAP(1054J)9d=1910) 7/ ,

$ =3000,2 ¢12053,9  «=18124,3 112095,4

$ 017 1.1l s 304 9 1lle 9 18, /
DATA (FANDAP(1064J)9Jd=1410) 7/

$ -37,918 »78,558 4=36,938 00,0

£ 1,07 11,16 s 30, 0 11, 9 22,/
DATA (FANDAP(107sJYsd=1910) /

$ 1,032 1=e2723 +=3.27% 154874

L3 .123 ,,4ﬂ5 'Y 30; (] 120 L 2. /
Dayd (FANDAP(109,J)4Jd=1910) /

3 1,523 1=45049 1~.569 1,3265

$ 4245 +e873 [ 30s 9 12 ¢ 5 /
DATA (FANDAP(1C9eJd)sd=1010) /

$ 1,151 14,199 1~12,180 111,998

$ ,35 11,05 s 30, » 12, 9 10, /
DATA (EANDAP(1104J)ysd=lsl) /

§ ~15,085 533,829 y=1560,543 4132,738

s .51 1,14 s 30, 412, 4 18,
DATA (rFaVDAP (111sJ)ed=1910) 7/

§ =4739 06 ,17935,56 ,=25154,2 +15654,5

$ ,978 1,19 e 30, 9 12, 5 18, /
DATA (FANDAP(1129J)9sdJd=1910y 7

3 1,376 e=a1865 +=15,858 153,187

% .13 10355 v "Se 0 B4 2,7
DATA (7aNDAP(1134J)sd=1010) /

T 2,508 1=2.762 16,513 115,566

S «225 y 64 v 40s 9 8, 0 6,/
DATA (FANDAP{l1%49J)sd=1910) /

£ 1,359 © 96,765 9=22.052 124,257

$ .3? 1-83 [] 400 L] 8. ' 10. /
DATE (FANDAP(115¢J)ed=1910) /

% '6-15q ,63.616 "156u502' 9153.373

§ 457 «e9! T P Y
DATA (FANDAP(1164d)9d=1910) /

£ =5.464 955,577 2=127.737 128,57

$ «56 "96 L] 4Ce o 8. ’ 13' /

DATA (FANDAP(1174J)sdz1910) /
L3 -191.”05 '955.903 '-1748119“"1“19.63

% .575 11.0 Y 40,4 5. ] 22. /.
DATA (SANDAP (118,Jysd=z1e10) 7

* 1,802 16454 1=11,977 127,924

s -14' 'l38 L] 400 ’ 10. ’ 2. /
Dard (FANDARP(11Q.Uy e i=1410)y

$ 2.222 124029 1~9,.,752 110,84)

S ,233 se72 ] 40s o 104 ¢ 6, /
NATE (FANDAP(1204J)ed=1910) /

$ 1,717 »10,358 +=31,845 136,638

§ 357 1,92 s 40, 4 10, o 10, /
DATA (FANDAP(121+J)sJd=1910) /

 ~10.728  ,93,651 3=189,552 4,175,696

§ ,433 1,02 , 40, 4 10, 4, la,

DATA (FANDAR(1224J)sd=191M) /

$ -90.832  ,472,054  ,=875,215 ,713.05%
% .%9 u:u¢73 [ 49; L 109 1] 13, /
DaTa (FANDAD(1224J)sd=1910) /

G-51

FTN 4,2+78357

v=60.35]1 ’

1=3024419

90,0 *’
+=5,731 ’
1=4397 ’
y=4,465 '

e=40,673 '
123642,91
169,015 ’
194394 ’
y=11,119 '
1=63,846
149,557 ’
vy»433 .33 ]
1 =27 44683 ’
15,528 '
1=16,265
163371 ’

1®215,564

12718776
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SURROUTINE FAN

74/74 NPTz}

$ ~2314345 +1060,7 9=1650.%3 +1141,51
$ .30 21,127 v 40, . 104 0 22,
DATA (ANOAP (1244J) 9Jd=1910) /

s 1.920 1=1,69% 3,019 +e8.274
$ »1% RR YA v 409 vy 12y 32 2,
DATS (FAMDAP(12D3,Jy,Jd=1:10) /

$ 2.561 y=1,195 g01299 321,252
$ 295 1054 y 404 9 12. 9 6,
DATA (FANDAP(1264J)1d=1s10) /

$ L4204 217,453 9y =43,184% 82,370

? .3? 91006 . 40. * 12. 14 10.
SArA (FANDAR(1Z274JYed=1910) 7/

F ~1la%4 t7TH.B14 9=145,243 9117.575
* ;572 elet7 e 40, 9 12 & 14,
DATA (FANDAP({1ZR,J)edalel) /

S =7.134 WS1,877 e=90,38% 158,768
s ,633 sl.24 y 404 9 12, o 18,
DaTa (FANDAP{129,J)ad=1010) /

3 448,159 1598,46 1=2115483 41245,43
% 93 T yl1,3 o 40, 4 12, , 22,
DATA (FANDAR(130,J)eu=1e10) /

5 1,843 1~,07846 1=6,585 117,722
3 01“5 148 [ 49, (] 140 4 2'
DATA (FANDAP(131,J)ed=1910) /

% 2,525 y=1,1642 y+ 7597 1=2,216
? ,?/ _q-93 L] 404 » 1“0 * 6.
DATA (FANDAP (132,J)yed=1910y 7/

$ ongz ’13003 !-29-035} !250619
3 W40 1419 y Y0, 4 1%, 4 1o,
pata (FANDAP(1339J)9J=1910} / -

£ =3.355 139,432 +=78,853 166,56

S o573 yl.28 ’ 60, 9 lae 9 la,
DATA (maNDAP(134,U)ed=1910) /

§ =39,196 2178,575% 1=272,953 51814509
$ .62 s+ 1435 ’ 40¢ 9 4o o 18,
DATA (FANDAP(1359J)sd=1910) 7/

S ~118,902 »406,731 1=504,395 4,278,236
3 QBS' '1|435 (] 40. * 1‘] * 22.
DATA (FANDAP(1364J)4yJ=1910) /

% ‘0988 1-2.091 "240207 955.248
5 L1135 1,432 0 60, 9 12, » 4,
DETA (FANDAP (137 40)9d=1910) /

3 5,329 2277 y=-27,832 150,082
§ .15°% +e59 y 60, 5 12 9 8,
CATA (FANDAP(138y ) su=1910) 7

% 2.0%8 v39,609 1=157475 12404715
3 4235 ve 36 ] 60t ] 120 ’ 8.
DATA (FANDAPI1394U)ed=]e10y /

& 2.044 937.353 9 =156,207 2134777
3 .2§ 0-73 () 60» [] 12. 1 10.
aATA (FANDAP (1404,Jyed=1310) /

$ -41,658 »356,75 +=1195,8 11568,1
. 333 744 5n 12

I g e/ L] ~YVe % [ Y
et (FANDAR (141,J)9J=1910) /

3 «7.%44 *124,78 1=353,35 1456,25
F ,397 e T8 2 60 9 12« ¢ 14,

naTA (TANDAP(1%24,J)9J=1910) 7/

G-52

/

/

/

/

/

/

/

/

/

/

/

/

FIN 4,2+7%435]
1=296,667
13,907 ’
1399 ’
1=15,566
+=35,539
y=19.929 ’
y=275.191
2=17,308 ’
y1.017 ’
y=8,5239 ¥
1=19.5% ’
12464911
12572344 [}
e *8354947 9
12334077
' 137,116
1=119.85
1w740,92

'=210,91 ’

12/18/7s.
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SURROUTINE

- FAN

% 4000Cp

yB50000, ’

26,

74774  OPT=}

$ 40,774 1349.5 1=925.% +1076,8

F L6453 176 ] 650¢ ¢ 124 ¢ 15. /
DATA (FANDAP(1430J)9J=1410) 7

$ -1519 9 19661,7 4=216439,7 421080.3
s .51 Y y 60, 9 12, 4 lg, /
nasA AL ELES AN N S TR T A

5 4,129 123,795 147758 1=8.697

£ .12 1948 » B0 v 1660 0 2,/
DATA (FANDAP(145,J)9d=1910) /

$ 4,306 +~3,225 1,142 13,317

$ ,154 ve52 y 604 9 168, 8 &, 7
paTe (FAVDAp(146oJ)oJ 1+10) 7/

% 5,296 -.5909 13,21 98,711

s ,272 ,.75 v 60, 9 l6. 0 6, /
DATA (FANDAS(18T4d)9d=1010) 7/

$ 5,2175 +~3,071 1=~1.5696 1=2,459
5',25' 0.76 [ 60 [ 15. , 8. /
DATA (FANDAR(148+J)sd=1s10) 7/ '

% 5,008 114,159 +=35,056 168,551

§ ,J1 1093 e« 60, 4 lo, o lo, /
DATA (FANDAP(1499J)9J=1910) /

$ 5.504 e13,941 9=43,551 147,755

L .356 009 [} 60' [} 16- [ 12. /
DATA (FAVDAP(1500J)1J 1910) 7/

€ =34.33 265,16 .=612.11 -6064.03

& 435 ’,98 y 60, 9 16,9 la 7
DATA (SANDAS (151,J)ed=1910) 7/

% 25.353 s=26,07 2 137,51 y=185,18
$ 443 5091 y 60, 9 lo, 4 lo, v
DATA (FANDAP(1SZ24J)ad=1010) /

S =220475 11153,5 12169, 11802,5

3 5% re98 ’ 60, 9 166 o 19. /
NDATA (SANDAP{1S34U)ed=1e10) 7/

3 =350,%38  ,L,B841,7 y=e63,22 9040

& ,93 1140 v 50, 9 15, 9 22, 7
OATA (FANDAH( loedysd=lselly v/

$ =93,8¢58 v983,578 9=2376.14% 92520,20

$ 4000Cn, 760000, 4 2% 4, 6,9 6,/
DATA (FANDAH(  24J)ed=1,s10) 7/

$ 7.793 +28R,28 1=681,26. 9349,65

’ 50 e 5. /

naTa (TaNdyaH({ 3edysdsleln) 7/

$ =115,76 91005,09 W=1845,07 ,1498,74
§ 400000, +3S0000, y 2%a 9 5. 9 10. 7/
OATA (FANDAH( 644J)edel1910) /

€ 30,754 s~1583.62 ¢729.59 s@848 42
g 402000, +1025000, , 2%, 5, 6, 4, 12, /
DatA (FaNDAH L SeJ)eu=ly10) 7/

% 155.94 1=527.75 914664,58 1mi447,9

3 4030000, .-100000. v 26s s Se 9 la, /
DATA (FANDAR({ Byd)sd=lrl0) /

g =135, 11138,28 9 =1600,75 4749,9]

$ £S0006n, s11R0000, 'Y 24y 8 ¢ 15, /
oaTa (FANDAH ¢ 79J)0J=1’10) /

§ 205,51 +=579,29 »1312,33 y~1087,12
$ 500000,  +1250000, , 24, , 6, 5 la, /
DaTA (VAVDAﬁ( 8+d)ed=1910) 7

G-53

FTN 4,247435]

1468 ,43
.-7758 .A
18,977

i

’20953
9930366
!2-48§
"31.903

+»19,574

. 1=562,09

00,0

9'1066061

2139 ,.86

’—456.6

1281.78

9460'63

«=163,17

,296.36

af

*

12718718



SURROUTINE FAN

Te/T4

$ 703,77
$ Ando0n,

DATA (FANDAH( SeJ)sd=19e10) 7/
$ 721,37 $=2196,49 43143,5
% 75000“, 91400000. . 24. ]

DATA (FANDAH( 10sd)el=terny 7
$ 177,57 1-697,3 11776439
$ 4000017, 1785000, y 2he 0

DATA (mANDAH( 11sd)ed=19e10) /
$ 185,52 y»532,33 y1372,23
£ 4500CA, 830000, 4 24,

DATE (T&NDAH( 129J;:J=1910) 7/
$ 143,57 5=152.78 439,12
$ 400060, »370000, s 28,

DATA (=ANDAHC 13,03 ed=1910) /
§ 167.1% 1=256,19 1512,.11
S 5000045, 1050000, 4 24,

DATA (FANDAH( 1%3J)0J=1s10) /
% =77.675 1 1055.7 +=1876.33
$ 300000, «114000C, o 24, o

DaTa (FANDAHM( 15+J)sd=1010) /
$ 143,01 1~14683,5 627,563
S 700009. ,1240000. » 244 9

DATA (2ANDAH( 165J) sJd=1910) /
$ 142,97 1=129,56 1 756.1
$ 550000, 01330000, » 24,4

DATA (FANDAM( 179J)ed=1910) /
§ -215 .1 11539,71 1=20%4,92
$ 900000, 91400000, 4 24,

DATA (FANDAH( 1R.J)sd=1910) 7/
$ ~11240% 1849 ,55 1 306,93
% 906000, 91400000. 9 24,

DATA (FANDAH{ 19+Jyed=19210) /
$ 22,074 1483,11 +=1316,1
% 400800, .7305%¢0, + 26e 9

DATA (FANDAN( 209J) ed=1919; 7/
€ 58,107 +431,89% »=1131,33
® 400000, 1386000, s 264

DaTA (FANDAH( 21vJ)ed=1910y /
S 112.44 1135,49 +=223,24
S 402300, 1970000. ’ 244 s

NATS (FANDaH! 224J)ed=1210) /

T «)130475
$ 35040n,

DATS (FANDAND Z3eliwd=191201 7

$ -1%9,47 11844,5 1~3527,84. 93051,97
$ 530500, e11460000e v 2Ca o 104 9 14, /
DATA (FANDAM{ 2%,J)sd=1910) 7/

2 =4135,24 +2801,51 »=4681,25 43571,12
7 72700~ »1250900, o« 244 ¢ 10, ¢ 16, /
24TA (CANDAH( 23 9J) sJd=1910) /

$ -27.399 1620,01 1-769,37 +3558,236

$ 550009, 91330000e 9 2% 9 10 o 18, 7/
NATA (TANDAHYC( 2%,J)yJd=1s10) /

$ =752,28 v3309.25 y=4177,96 ,42502.21

$ 830000, 01400000, s 24, s 134 o 20, /
9aTA (FANDAH( 2Tad)ed=1s10) /

oPT=1

1=2402,05

91330000-

¢1345,71

+1050006,

»3785,21

?

5=26351,05
24, 9 10, ¢ 12, 7

24

G-54

10. t

122521,68
6. ’ 20. /

1=1389,81
€, 9 22, /

r=20035,05
s. 1] 5. /

»=1437,06
s ¥t B 7/

,-444 2]

Br 1] 10. /

1+361,99
8. » 12. /

115%7,15
8, o 14, 7/

0-504'7@
8. v 18, 7/

12769 ,4%
8, » 18, v/

11360,06
B, 9 20, 7

0364¢,28
8, 9 22, 7/

11503,5¢

10, » 6, 7/

11196,97

10. L] B. /

2300,12
19, 7

«23%3,19

FTN 6,2+7335]

160144
1405.8
1757,59%
$501,17
1119448
1364131
+~530,3
1160,84
1204.99
1358631
»=163,17
1=833,33
=524 48
1~165,69
++839 16
1=1037.47

s=1057,86

’-191.62

y~599,55

’

12718776



SURROUTINE: FAN

745

~
0
k=

795

T6s74 N9T=1

$ =273.38  11653,57  4=2140.73

$ 900000, 41400000, , 2% ,
DATA (FANDAML( 284U} yJ=1410) /.

$ =57,546 1641,02 9=1253.8%

§ 50000n, 2200000, s 26
DATA (FANDAH( 259J)sd=1s18Y /

§ 147,46 W=434,19  ,915,07

$ 500000, 4390000, 4 264
CATA (TANDAH( 30,J)ed=l10) 7

L3 “60135 '166.75 !'282.52

‘s 300000, vi080000. » 26,

DATA (FANDAH( 319J)9J=1410) 7/
% 133095 "252-12 ’“98013
% 309300n, +s1180000. » 254 o

NDATA (rANDAH( 32,J)ed=1510) /
$ 172,97 1~372,85 722,82
§ 500000, 21270000, , 26,

DATA (FANDAH({ 339J)e¢Jslell) /
$ ~,3204 1452 ,26 1=548,31
3 753000, 21350000 ¢ 260 »

DATA (FAMDAHE 34,U)sd=1910) /
3 120.2 1=92.296 $235,95
$ 700001, s14309%00, s 26,

DATA (FANDAH({ 354J)sd=l910) /
k] !6201& "194.34 ’432.03
$ 300000, 'v1500000c y 26e o

DATA (FaANDaH( 3643J)9d=1910) 7
§ 322.67 y=44T,74 0423,.1%
$ 940300n, y135990900, s 264

DATA (FANDAH( 37sJ)ed=1l910) /
$ =330.03 22212.3] +=42350,
$ 600000, 1940000, s 250

DATA (TANDAH( 38,J)yed=1910) 7/
$ 83,799 ee7433 «115,75
$ &£00000. 21040000, » 254 9

DATS (FANDAH( 3I99J)ed=lel0) 7/
5 152,08 1-243,.62 +483,82
$ 520000, 21150000, 4 264 o

DATA (FANDAM{ 40,J)ed=1910) /
5 T7.04A 9115,59 y=11,033
$ 600000, 11250000, » 25,

DATA (FANDAH{ 41edyed=lel0) /
$ 17%5.32 1=227.33 1533,44
% 50500n, 91340000, » 256 ¢

DATA. (FANHARNS 224d)eusLel0) »
2 =474 ,23 »2189,22 y=2769,16
3 249090, +1440000, , 26,

DATA (FANDAH({ 43¢J)ed=1910) 7/
% 193,55 1-288,44 2678,4%
$ 600000, 21520000 9 266 »

DATA (TANDAH({ %4,U)ed=1910) /
% =559, +2354,38 9=2794,35:
5 10350000, 41570000, 4 26,

DATA (FANDAH{ 45+J)9J=1910) 7/
$ -434T7,74 113226442 *=1450%440
$ 1150000 +1600000s 9 254

DATA. (FANDAH( 454Uy sd=1y10) 7/

G-55

'1‘75052
10, ¢ 22, 7

11123,39
5¢ 0 Se /

sw7B4 82
60 L ao /

127241
S5, .9 lo, v

»«3354,08
5. ¢ 12. /

151747
6, ¢ l&, /

v¢93o49
Se 9 los 7/

y=117,56
6, » 18, 7

’-278,55
6¢ ¢ 200 /

,-950091
60 ’ 22. /

’3636036
80 ? 6 /

"y=152,03
8, s B8, /

1#3564,34
B. ? 10. /

1=49,109
8, v 12, 7

’-449v33
80 Y 14, /

+1597 .82
8, » 16, /

1=479,25
8. e 18. /

’1546.54
8, ¢ 20, /

3 97152.33%
3. ¢ 22, /

FTN 4,247835]
1e414,92 ’
1=414,92 [}
1209,79 '
ye126,46 '

!67.5?3 L]

v114,30 '
1=156,59 ’
12,753 '
153,34 ’

y*154496
1=1212.12
123,37 ’
167,599 [
y=3e771 '
£100,18 ’
v=363 .66
1100452 o
y=335,66

"1345'66 ’

12718/1¢



sURROUTING FAN 74/74 0PT=} FTN 4,2+7%351 12718/

$ 226,78  ,2261,12  .=4456,17 ,3924,24. ,e1363,646

e0Q 5 60000, 2975000, s C5, 9 1le v 5, /
DATA (FAMDAM( 4TeJdyed=1310) / .
§ 297,40 2 =6T74,34 2923,.08 1=453,77 9040 ¥
s 502000, v 1080000, o 25, 9 1l1e 9 B, /
DAt (FANDAH! 4R IVad=1a10Y / >
P03 3 16574 1«105,07 0169,43 yw244391 se7l.678 ’

$ s070Goe, «11995035, [ 260 9 114 9 10, 7

DATA (cANDAH( 49,9J)ed=lsl0) 7 .
% =-121.721 s1158,54 1 =1706,63% 41170,09 y»335.11 ’
$ 600090, 91302000, + 2854 9 114 0 12, ¢/

810 2aTA (CANDAN( S0sJ)ed=iel0) /
$ ~34,0s7 9218,08 1=1115¢29 175%,02 +2230,43 ’
& 400000, ¢1392000, 4 25¢ « 11, 9 16, 2 .
DATE (FANDAH{ S14J)9d=1+10) /
$ 12.91~ » 502,52 s 670,08 1615.16 9'126.02 ’
SRE-S S 600000, 215000000 » 250 9 1le v 18, /

DATA (FANDAH( S524Jyed=1910) /
% 223,44 re,085 +80,012 11,165 1=34,965 ’
s 690000, 1600000, , 264 4 11, 4 183, /
DATA (rANDAH{ S3,U)Jd=1910) /
c20 - -3.92Q ,1038.@9 ,-1360042 '547022 '-208033 ’
§ 106000, ,L1600000s 4, 265 » 1le ¢ 20, / ;
DATA (FANDAM( S549J)9d=1910) /
$ -3355,68 +11081,15 ~11777,08 95652,78  »el047.67
.8 1170000, ,1800000, 4 2%, » 11, s 22, /
a 2% DATA (eANgAH( 55,U),ed=1910) 7
£ 32,974 +27,99 +=185,35 4,213,999 r~116 55 ’
% 500000,  ,1020000. 4 28B4y bs 4 B, /
DATA (FANDAH{ S69J)yed=lsl0) 7/
< 80,295 171,86 e154,45 '-110.7 .’119033 4

30 $ 5170000, 21110000 o+ 2% 9 S¢ 9 8,/
DATA (FaNDAH{ STedysd=13l0) 7
$ B5,n9 +1=39.55 176,613 125,452 y=17,992 '

% 52000n, s1220000, 4 2%, &« 5, 8¢ lo, /
DATA (FANDAS( S34J)9d=iell) /7
235 $ 153,72 1=352,71 +588,43 1=332,27 156,879 ’
S T3000n. 1330000, v 28¢ v S54¢ 0 12, 7/
DATA (FANDAH( S9yeJ)eJd=lel0) 7/

$ =30.5721 +391.9 +=386,5 4205,0 +»55,028 ’
% 500000, 91450000, s 23, 0 5, 9 18, /

240 NATE (TANDAN! K0sd)rd=1910) 7/
5 322,51 1=1352.27 +1£63.43 1-841, 1145,26 '

% 1030000. 31560000, o+ 224 9 5. 9 16, /
DATA (ZANDAM! Slel)yed=l9l0) 7/

] § 74Lh,20 +1=1593,75 42170. 1=1022,22 4166,.587 ?
a45 $ 1000090, +16200060., + 28, + 6, ¢ 18, /
DATA (TANDAK{ 62+J)sd=1910) 7/ ‘
$ 537.3 t=1015,79 914,46 1298,92 121,661 '

b 1250000~ ,1700000. L] 28n L] 5. ’ 20. /
DATA {rAVIAH( B34dyyd=1s10} 7
259 $ =19n.67 11135,33 2~1362,37 476C.4 +=159,56 ’
< 129000”. '17600000 s 286 [ 50 1] 22. /
DATA (FANDAH( B4yl ed=1910) /
3 -51.432 1688,46 +=1395.44% 91273,01 1=461,16 9 ~
i { 50000’7. leSOOOO. L] 28. [ 3; 1] 6. /
a%5 DATA (FANDAK{ %5,Uyed=z1s10) /
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SURROUTINE FAN

% 27-126 0271.6 ,.“55213 9381006

$ 53090+, +118009%0, e 283, 2 3,2 8 _/
DATA (FANDAH( 654J)1J=lr10) / :

¥ 137,20 3=313455  4523.3¢6 y=466,78

8 335000, 1280000, o+ 284 ¢ 8. » L0, /
DATA (FANDAHL ST,Uy9d=1410) 7

% 287,53 1-373,87 11501,18 s=1021,21
% 55000n, $1400070. 3+ 28, 9 8. ¢ 12, /
DATG (FANDAHM({ SR9J)sd=1010) 7/

t 177.3¢ 4+=395,03 y3829,58 1=872,74

s GQOOOC. .1540000. ’ Za. y a. 9-14. /
DATA (FANDAH{ &9y9J)yed=1910) /

5 73,401 r+25,758 «335,73 1368,17

$ D0800n, +1600000, » 2% 9 B¢ s 1a, /
DATA (=aNDAS{ 7T0eJ)ed=1910) /

& 259,7% «=520,49 1969,3¢ 14600 17

% 937200, s 1700000, 4 234 o 8, ¢ 18, /
DATA (FANDAK( TleJyrJd=1910) 7/

3 311-62 1=374,48 ’398049 "116016

$ 1220000« 91750000, ¢+ 284 5 8. 9 204 /
DATA (FANDAH{ 724J)9d=1910) 7/

5 «257.35 11187,2 1~1145,64 ,531,78

% 1232900, 41770000, » 28, + 3,y 22,/
DATA (FANDAH( T39J)ed=lel0) 7/

$ -13.16] 1483,04 1=328,15 703,03

% 50000n, +1050000, ’ 28e 9 ¢ 6, /
DATY (ZANDAHL T4eJ)ed=10l10) /

3 102,65 97.178 139,104 139,954

$ 30000Cn, ,1290000' y 23, o S ¢ 10. /
DATA (FANDAH 1 73,Jy9d=zlslly /

$ 125,12 1=39,334 1318,56. 1=260,8%

$ 50900, 21570000. 9 284 9 94 9 lé, /
DATA (FANDAH{ T6,J)ed=irl0) /

$ 188,11 9=95,277 2406 ,55% #»307,01

% 250000, «1770000C, . 284 9¢ 3 18, /
DATA (FANDAY 77,Jdy.Jd=1s10) 7/ '

F -7314.83 119307,41 +=1B231423 »7556,64

€ 1250000, 41770000, o+ 23, 9 9, ¢ 22, /
DATA (FANDAH{ 784J)9J=1510) 7/

$ 1416.94 1=8779.2% 121006,05 +=22060,6

& 5323000, '830000, ’ 284 9 10, o 2. /-
DATA (FANDAH( 799J)sd=1el0) 7/ .

s -13,9 1310.41 +=1370,82 ,114%4,03

§ 230060, .1070000, 4 284 9 19¢ o 6, /
DATa (FANUAR( ROeJ) eu=l910) /

$ 131.94 1~73,389 1151.656 1=58.245

$ S57700n, 21320000 ¢ 28, 5 106 9 10, 7/
DATA (FANDAH( alyJdysu=1s10) 7/

s 224.05 ,‘2‘3‘0.12 y540.°9 v-336,88

3 500000, 11580900, o 28, ¢ 19, 9 14, /
DATA (FANDAH( RB24J)9d=1s10) /

S 713.7 1=1793,52 12639,2% '»1335,48

T 350000, 21770000s o+ 284 9 10 ¢ 18, /
DATA (FaNoaH({ R3,U0y,J=1y10) 7

5 -1153,75 .4181,} y=4529,582 42243,7

$ 1200000, 1770000, o 28+ 4 10, 9 22, /

DATA

76/74 0°T=1

(FANDAH( B4eJ)ed=1210)

G-57
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y=143,86
191,08
1231407
+160,98
280,492
1122,39
r=4,087
’~120.54‘
1=276 .70
165,374
151,636
161,361
y=1207.28
18484 84
422,
1248,795

+55,138

1259,2%

'w426.‘

’

127187%6



QURNOUTINE: FAN 74/74  OPT=] FTN 64,2+76351 12/18/7%

% 1181,37  ;+0675,87 ,16312,2  y«l6463,5 ,5109,67
_ § 300004, 2250000, o 2B, . 12,4, 2,/
215 DaTs (=ANDAH( ASeJ)ydElel0) /
: § =2537,57 11727,79 1=2934,3 12274,14 1=724,96 '
€ 859000, ¢1183000a . 280 y 120 ¢ 8, /

DATA (caMaaH( 29,J)yJ=l910) /

& 93.537 +287,08 y~415,77 $341,85 146,78 ’
LY-4¢l * 379004, +1340000, ’ 28 9 12,4 ¢ 10, /
DATA (FANDAM [ AT7sJysd=lsl0) /. ’
§ 454,97 y=1965, 11726452, ,-1108,2 v233,1 ’

s Snco00q, 1930006, 4 28,4 9 12, o 1%, /
NATA {FAMDAHL 894J)eJ=1a10) 7
925 $ 553,3% t=G20,47 +1271.54 1=674,16 103,39 ’
’ £ 5800900, ¢17700090. 9 2%¢ » 124 » 18, 7
DATA (FANDAR({ 239,J)sJ=1s103 7

% 71.0073 y=131.i46  +2%2.2 y=256,88  ,66,079 0
® 5009000, »920000, . 204 0 8, ¢ 2, 7/
~3n DaTA (FANDAM{ S0e.J)sd=1910) /
: S .6923 399,54 1=784,08  +706,5 12263,37 ¢

s 50000n, « 1220000 . 304 3. 6, 7/
DATA [(FANDAH( S1su)ed=lelm) /

€ 140,32 e =287.5 605,71 y=460,68 2109465 »
235 $ 599090, 21630006, » 30, 9 B3, » 10, /
DATA (FANDAM( 92+¢JysJ=1410) /
§ 223,24 y=353,83 2529.,48 yn270.75 0400366' .

$ 300000, _o1770000. » 304 » B84 9 1%,/
Dara (FANDAMYL 034,J)pJ=1410) /. :
c49 $ 459,74 11952.01 '»=2176,9 11114,75 1=216,07 ()
by 13“‘00”0. ’1770000- ? 30. 9 go ’ 18. /
DATA (TANHAN! 94,U)4dz=1ell) / -
% «2735.78 47918,48 +=7719,53 +3355,91 yn546 08 '
€ 1490000. H1770000, « 304 » B8, 9 22, /
945 DATA (FANDAH( §54J)sd=lsl0) /
§ -2116 564 +11983,3 1y~24400, s21818 2 'ya7272,73
T 503004, 98420000, sy 306 o 10, 0o 2, /7
DATA (FANSAH{ 95,J)4Jd=1910) /
$ -153,77 21062, s =1769,38  ,1384,18 9 =420 ,68 '
ol

950 600000. 012500900 L] 300 L] 10. 1] 69 /
DATA (FANDAH( S97,d)ysd=1e10y /
S 70.014 0279,3 v=479,93"  4404,31 +=128,79 '
s 8n0000, 21339000.. « 30. 4 10, 9 lo, 7
DATA (FANDAH{ 938sJ)sJ=1e10) /
955 S 43.434 2424458 +=356,3 1368,77 1=944019 [
$ %0320730, ¢ 1870000, o 30e 9 10, » la, 7/
DATA (FANDAM( 99eJypdzlel0) /
§ 1238,82 1=4735.59 ,5166,.5 1#2386,56 4,400,067 ’
$ 1119050, 41970000, o 30s o 10, 9 18, 4
a6g DATA (FANDAH({1009J)ed=1910) / .
$ 3840,5 1=8533,07 #7718,756 1=3055,38 449,55 y
$ 1as0000, .1870000, ’ 30, o 104 o 22, /
DATA (CANDAH(I0led)9d=YelDY /
5 573,24 +™2632,7T6  ,5269,32 +=4489 .9 »1363,64 ’
965 $ 500009, 03504500, y 30e 9 1le v 2,7/
DATE (FANDAH(1024)9d=1910) / .
$ 106,33 +~77,333 e160.7 1%2%e572 147,348 ]

5 500000, 41230000, 30, » 114 s 6, 7
DATA (FANDAHI1034J)sd=1410) /
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YRROUTING FaN 74/74  0OPT=} FIN 4,2+474351 12718718

370 . % ~156,78 +1106.85 +1=1431,07 884,23 1»197,5 ’
$ 600000, 91560000s ¢+ 30e¢ v 1le 9 l0o /
DATA (rFANDAH(1044J)9Jdalsl0) /

$ 108,35 y142,38 319,254 4e15,095 ,2,5% ’
. $ 702000, 51870000, 4 30, 9 11, 9 18, /
Q75 DaTa (FANDAHIIAG. Vo dslalny ¢
' $ 1252.38  1=3070.33 13409.94 9=1571,34 255,48 '

$ 10400004 1870000 « 304 9 114 v 18, 7
DATA (FANDAH(1064J)9J=1010) /

$ 662A.72  ,~14958,6 ,13695, y=5504,54 Jazx.is '
9rg T 1430070, ,137000n, 4 30, » 11, 4 22, /
OATA (FANDAH(1079J)ed=1910) /
3 -53.0r 130R,5 v102.27 1=516,168 +303.43 +

€ 500000, v950000. s 304 s 12. v 2,/
DATA (TANDAH(103sJ)ed=1910) 7/
23 & =272,45 y1429,3 v=1840,91 91030,3 yr227,27 *
_ % 500000, »12990000, o+ 30, ¢ 12, » 6, 7/
DATA (FANDAH(1094Jyed=1410) 7/ '

$ -107,44 1844,15 12980,16° 9527, 10119,46 »
® H00000. 11330000s 9 300 2 124 0 10, 7

290 DATA (FANDAH(110sJ)sd=1910) /
& 172.04 'y =T76,363 +334,09 y=264,14 »48,077 t

$ 70000n, 11870000, o 37, 9 12, v 14, 7/
DATA (CANDAH(1119J)ed=1910) /

$ 867.44 1~1854,72 12097,31 1=552,54. 1148,.6 ’
295, .% 1050000, +1870000s 9+ 30+ 9 124 9 18, /
DATA (FANDAH(1129J)ed=1910) /
8 £42,55 9 =1667,56 ,1862,59 1=928,03 2 170,45 ‘

s 10000(‘.0. ,16200001 1 400 1] Bo ’ 2. /
. CATA (FANDAH(113+J)edelsl0) /
1100 3 234, 935,78 1=837406 339,56 . 1%5540 ’
$ 10N0000. 42160000, 9 40¢ 9o 8.9 6, 7/
DATA (FANDAM({11%4J)9d=1910) 7/

S 59002 9212'2 ,-810972 !1“'603 ”2.8?8 [
i $ 1600000, 42570000, o 40, ¢« B8, » lo0, /
1705 DATA (FANDAH(115,J)9J=1210) /
B 420,1 1-458,47 +450,5% 1=-159,25% 118,324 *

$ 1200000, +3040000., . 4604 8, 14. /
DATA (FANDAH({11%5sJ)ed=1s10) 7/ E
. 3 502,0¢ 1=436,25  ,352,1% 135,755  ,7,843 ’
i0l0 $ 1730000, 33200004 4 40e » BS. 9 18,
DATA (FANDAM(1179J)ed=1010). 7 ) i
§ 286,24 21014 .48 1=557.1% 1149,48 1e15.597 ’
$ 2200Cn0. +2550000s o 40e 9 Be 9o 22, 7/
) DATA (FANDAH{I189J) s J=1910) /
1715 t 275,11 9y~7538% 44 ,B023,59 ++3689 .81 ,625,0 ’
§ 1200000, L1700000, o 46, o 10, 9» 2, 7
DaTa (FANDAH(11%+J) 9d=lrl0) /

§ .004,63  92572,63  +=2225.35 1856,9 ve130,21 9
] § 1200000. 92260000s 1+ 40s 9 10e 9 6, 7
1770 DATA (FANDAMI{12040)9Jd=1919) /
& 29,54n 2463 ,32 3=341,43 4,132,582 +#22,035

T 12720020, 0274\"300n Y 406 10¢ o 10. /

DATA (FANDAA(121eJ}oJd=1010) / )
i % ~3536,0 11461413 9°834.02 221,53 1=23,755 4
1723 $ 1270000, +3180000s s 406 > 10, ¢ 14, /

DATA {SANDAH(122yJ)ed=1910) /
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1970

1375

1280

SURROUTINE! FAN

76/74  OPT=1
$ 621,15 9=428,07 239,22 y»60,185
§ 1800000, 3460000, o 40, 9 10, » 18,
DATA (FANDAH(1239J)9Jd=1910) /
$ 3055.43 1=11236,6 #53513.37 '=1173,0
§ 2500000 93740000 ] 400 9 106 v 22
DATA -{FANDAH 1P %) 9 J=1510) /
S -230.79 0658.96 9'336011 '37.037
$ 12760a0, 91720000, ’ 404 o 124 2,
DATA (FANDAH({I25eJd)sd=1010) /
$ <254,45 +908,1 1=574,52 *157,2
$ 122000n0, 92330000 ’ 40e 8 120 1 8,
DATA (ANDAH(126,J)9d=1010) /
£ =131,19 779,21 s =464 ,03 +119,08
§ 1209GnQ. 22830000, ’ 400 9 12+ ¢ 10,

24aTA

(FANDAH (127 4J)ed=1910) /

/

3
/

/

/

/

/

/

/

/

/

/

/

/

/.

/

/

/

/

/

$ 343,7 1-459,81 1452,62 *«152,35
3 1300000. ’3270000. * 40. [ 12' [ ] 1“.
DATA (FANDAH(1Z34J)9d=z1910) /
$ 1111.,47 »=1181,9 2794,01 1=202,17
$ 1R500r0. 35610000, » %04 » 12. 9 18,
DATA (FANDAH(129sJ)sJ=1910) /
$ «13201.1 *117641,5 +~8397,4. 11786,5
k3 25"00000 9375‘1600. 1] ao# * 12. * 22.
DATA (FANDAH(1309J)sd=1210) /
$ ~~179,5 117637,9 e~1831%,9 +8430,55
§ 1200000, +1730000, o 40, » 160 o 2,
paTa (FANDAH(131eJ)rJ=l010) /
$ 227,18 '112,26 1=105,4: 50,29
$ 1200000, +2330000. o 404 o l06o o 6
DATA (rANJAH(1324J)9d=1010) /
$ 121,3< 234,31 y=57,928 ye, 7284
$ 1230000, 42870000, o 40e o 14, 4 10,
DATA (FANDAH(133+JyeJd=1210) /
$ -1032,26 *346,19 1=428 .34 21105,65
S 1270600, 93360000, » 404 » 1oy o la,
DATA (FANDAA(13%,J)yd=1910) /
$ 756,94 2=T702,92 +618,35% y=182,21
$ 1920010, +3720000, o+ %0, 9 16, » 18,
DATA (FANDAH(135+J)9d=1910y /
$ 1717a77 "116105 '466053 "550358
§ 266400n0. 93750050s « 40 » 1% ¢ 22,
DATA (FANDAH(136,J)9d=1s10) /
Lo -27'579 1253.“9 "106.3 921'961
§ 2000000, 44250000, o+ 50, » 12, ¢ 4,
DAt (FANDAN(13Tyd)ev=lrid) /7
$ -15,809 1293,44 12122447 925,347
. % 2000000 4750000 . 60e ¢ 126 ¢ 6.
DATS& (FANDAH(138,J)eJd=1910}) /
3 253.5 1 =25,00% e41,5 19,273
§ 2000000, 43220000, o+ 60e o 12. » 8,
nATa (FANDAK(1394J)ed=l910) /
$ 213,04 *37,066 129,83 1=8,833
$ 2000000, 45650000, , 6Ce » 12. ¢ 10,
DATA (FANDAH{1%04J)eds1sl10) /
$ 417. '-96-1665 9671171 "11.709
§ 22500080, +65170000 ’ 50e ¢ 124 » 12,
DATA (FANDAH(141eJd)ed=1010) /
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11,457
1914146
2040
v1218,939
y»14,369
116,208
116,756
'o143.23'
awl1450.33
116,572
o§1.093
r1e11,837
216,936
1=,8156
yo20136
1=24262
004262
',5604

»05361
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1705

1190

—

0
0

J1

1100

L]
4
Lo ]
Ui

1710

1715

1130

SURRDUTINE' FAN

DOIOO

OO0

123
10
15

76/74  OPT=1
$ ~T50,05 515,58 v=243,21 130,626 1#1.:578
3 3250000, +5700000, + 604 5 124 4 14, /

DATA (FANDAH(1629d) eJd=1910) /
€ -1483.85 41518,16 1-419,53 153,4 1924615
¢ 4130000, ,7000000, , 69, , 12, , lg,

DATA (FANDAMI143,1),J=1918) /.

2 2257 .4 y=1226¢,36 330,57 y=36, 11,33
s 64550000, 47000000, o 60, 9 12, 9 18, 7

DATA (FAMDAH {144 yJy9d=1910) /

§ 2155.98  1564,66 1=304418 973,677 18,737
$ 2000000s +3700000s 9 604 9 1584 9 2, /

DATA (FANDAH(145,J)sJ=1410) /
$ =75.0% 1442,02 y~203,89 941,82 y=3,628
$ 2000000, 44250000, ¢ 60 9 15, ¢ 4, 7

CATA (FANDAH({14&%¢Jyed=1010) /

S 70,414 +251,13 186,013 116,516 v=1,285
$ 2000000, 4850000, » 600 9 1850 ¢ 6, 7

NATA (FaNnaH (14T 4dyed=1510) /
£ -94,021 2 460,30 y=167,36 124,951 1»1.903.
$ 2700000, 5250000, » 60, 9 16, 3 B, /

DATA (FANDAH(1489J)9d=1910) / -
§ =20,122 1354 ,28 +1=107,434 114,133 1e,90716
% 200C040s +5230000e v 60 9 164 9 10. 7/

DATA (=ANDAM(1%499J)ed=1410) /
k3 502-50 "132.89 9102.93 "19.495 !1.03
$ 31700n0, ,96370000, ¢ 60, » 16, ¢ 12, 7/

DATA (FANDAH(1509J)ed=1910) /.
$ 397.3¢ 1£4,842 112,235 123,344 10748
$ 2500000. 970600000e 9 60 9 15, ¢ l4, /

DATA (FANDAH(1314J)ed=1e10) / : N
$ -1498,49 ,1558,69  ,=601,72 48,621 122,346
& 4700000, 7000000, + 604 s 164, ¢ 15, /

DATA (FANDAH(1524Jd)9d=1910) / ,
$ 563%.168 1=237564,3 91080428  91=133,4] 16,
$ 4200000, 47000000« + 604 9 15, 9 18, /

DATA {FANDAM(133,4J)4Jd=1910) /
$ 1251,73 »y=90,429 213,143 90,0 00,0
$ 3230010. +7000000. 4, 60 5 16, 4 22, ¢/

DATA PT ,3,141592685/

DATA TaN8 /,1405/y TAM19/,3644/9 H3/5,/
FORMWAT (1x,4612,4)
FORPMAT(5F10, 64,2710 5,3r3,0)
FORMAT(S5F10,4,2F10,1,3r3,0)

SocCIFLIC VOLUME OF AIR LEAVING THE HEAT EXCHANGER
ELEVATION S2ECIFIED FOR THEZi PLANT

BARLN=1,39853~3,81835E-5-ELEV
BAR=EXR (3ARLN)
SOVIL=(T4+46455.67)/1.325/8AR

TATAL' VOLUMETRIC FLOW RATE! OF THE FAN SYSTEM
TOTCFMaW6xSPVOL /60
AFC=5.F09

AC=°-
AHP=0,
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SURROUTI VT ~av *4/76.  OPT=1 FTIN 4,2+478351 12718/7%

ADTA=,
A3 N=" .
A3LA=
_ ANFzT .
1745 AVELE
IF(LIT LTel) LFE = 1583,
IF(LFT LT,1) LFR =1

TART OF ITERATIVE LOOP FOR DETERMINING THE GPTIMUM FAN
SYSTEM !

-
—y
an
2
T ONND

1

DD 40C¢ 1=LFS8,LFE
INITIALIZATION OF FAN OPTIMIZATION PARAMETERS

OO0

TP=0s
C RCFYPF=0,
CFMOF=n,
. NOF =0
1189 Hepp<=0
TOTAP=0,
Fesr=0,
cuov=9,
CSN=0'
- n; =Q.
cec=0, "’
CPL=OQ'

1770 veL -0,
CINCZ=570300,
CFM=402000,
FLovP=17,

. TR=0,

1175 DF=0,
c1=0,

CPOSS~SECTIINALI FLOW ARSA FOR THE FAN DZPENDING OV THE FAN
DrAMETIR

OO0

IF(1-Lze27) A=429+08

I;(I'GT'27. ”D.I-LE.SQ) A=‘95.?5
IF(1.0T,546.AND,1,L5.88) A=5864,5
. IF(I1.67.88,AND T.LELIL]) A=653,.37
1188 IF(1.GT. 11, AND, T,LE,135) a=1123,352

IF11.67,)35) A=26aC,¢

C
c DETEQYINE THE NUMBER FaNS, THE VOLUMETRIC FlLoW RATE THROUGH
- c EaCH =AM, AND THE TOTAL PRISSJRE DROP AZROSS EACH FAN
1190 ¢
K=0
50 COMTINUE
K=K+l
e IT(%.06T.100) GO TO 5%
1195 c .
o THE PRESSURE DIFFERENTIAL!I ACROSS ZACH FAN IS _DEPENDENT UPON
c THE METHOD OF AIR DISCHARSE! FIOM THE FAVy WITH OR WITHOUT
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g
AV Y
k=]
D

1208

SUPROUTINE FaN

a0 e X e Ne] OO OO0

s 1g]

OO0

s e Nel

OO0

54
59
62

57

34774  OPTa) FTN 4,2478351 12718716

VELOCITY RECOVERY STACKS
VELREC=) NO VELOCITY RETIVERY
VELREC=] VELOCITY RECOVERY

TWE VELOCITY RECOVERY IS 34SEDX ON 13 FT HIGH STACXS WITH
‘8 DEGREE SIDESAND FOR a 29 FT OTAMETER FAN TWE: EFFECTIVE=
~ N£SS OF THE STACK HAS BEEN TAXEN TO BE 80 PERCENT
IF(VEL2EC.SQs 0,) VEL=CFU/604/4
FAND = FaNDdAP(l.3) .
zr(ng;sc.ao.l.) VEL=CFM/60,/(7aAND+2,4+13,/28,2FaNn*,14054) se2ué,/,
«3,141lp :

VELOCITY EXITING THE FAN 03 STACK NeEW LINE VELDCITY MEAD
ExITING THE FAN CR STACK
FLOVE=rF4/1000000e
IF(VELEEC.EQ. 0.) VP=yEi x»2/4457,052 _ o
IFIVELOEC,EQy 1,0 vP=0,Cu((cFu/80,/4)022/4652,95244,9VEL*02/8452,
%q57)

TATAL: PRESSURE ODIFFERENTIALI ACROSS THE FAN
TP=)PTINW=,07495«SPVOLYP

CHECK IF PRESSURE DIFFEIENTIALI AND VOLUMETRIZ FLOW RATE ARE:
WYTHIN SPECIFIED LIMITS

IF(TR.~T.FANDAR (I, 7)) GO TO 52

IF(aFM,GT.FaNpaAH(I4 7)) GO TO 3%

IT(rFM LY .FANDAH(1,6)) GO TO 55

1F (TP, LT.FaNDaAP(T,6)) 63 To 35

IF(VP.5T.FANDAP({I6)) GO TO 34 .

CALCULATION OF VOLUMETRIZ FLOW RATE THROUGH THE FAN FOR THE:
SOECIFIED PRESSURE DIFFIRINTIAL! ACROSS THE FaN )
RCFPF2FANDAP (1911 +FANDAP (192) #TP+FANDAP (1,431 #TP*2+FANDAP (144)®

aTO##3+FANDAR (1,5) #TPuué

SFLECTION OF A VOLUMETRIC FLOA RATE TO ZLOSER MATCH THE
RTQUIRED PRESSURE DIFFEIENTIAL! ACROSS THE FaAN
DF=RCFuBEwFL OVP
IF{A8S(DF)LELN.01) GO TO 57
Ci=l,+nF/RoFHPRF
IF(CIarTel e s ANDGCIRCFM, BT (CFM2CING)) GO TO 35
IF(ClelTolaeaNDCI=CFM, LT, (CFM=CING)) GO To 5%
cFM=cFvacl
Go TO g?
CFM=CFuLoTMR
30 70 =0
CTM=CFv=CINC
G2 T0 50
COMNTINIE
G50 TO 400
CANTINGE
30 TD 409
CFM3F=nCFVPF*1000000,

CaLCULATION OF THE NUMBER OJF FANS IN THe! FAN SYSTEM

NOF=TOTCFM/CFMPF
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SURROUTINE FaN 76/76  OPT=] FTN 4,247435] 12/18/76

1255 IF(CFMOF LT, TANDAH (116) 4 0RGCFMPTL,GT.FANDAH(X+7)) GO TO 600
c
c CALCULATIQON OF HORSEPOWER REQUIREMENTS JF EAgH FaAN
o

HPPTRFANDAA(T,1)4FANDAH(T,2) «RCTMPFRFANDAH (1 ,3) sRCFMPF a2+ FANDAK (T
1260 #y4) BRCEMPF 4 a34FANDAH (] 2,5) #RCFMIF 4.

HPPT=HERF/,07%6S/5PVOL

4BOF o HPPS/GREFF

C e
) o CoaLCULATION OF THE NUMSBER 2°: CIRCULAR TOWERS BASED! ON AN
1755 n ALLOWASLE FAN PACKING FACTIR _
c
TOWN = (WIDTH » CDANG /(PI » FANDAP(Iy8))) ee2 / (NOF & PFACT)
ITOAN = TOWN
.. I8 (ITnwN LT, ITMIN) 30TD 400
izt IF (ITewN ,GT, ITMAX) GOTOD 600
¢
c CALCULATION OF THE DIAMETER OF THZ: TOWE=RS
DTON = WIDTH = CDANG /(PI & ITOaN}
"
1275 c FAN ELECTRICAL WIRING C35TS
¢
yM=230n«
IF (HPoF LTe 250.) VM = 488.
Ic(4oPr JGT. 2000,) vM = eql0,

17g0 DPTI9n = (5!
DTTS5 = OTOW 7 4, #(ITOWN®(3,/24) & 1,)
DSGTY = 2TOW / 2, + DTIsSG 7 2, _ . »
TF(4PPF LT, 251,) TRMA = 225000./N0F‘¢ 7+834HPPF o (1150 .‘.159

) % o HFPF) » HpPR> -
1585 IF (4PCF oGFe 251,) TRMA =2223000,/N0F » 7,83«yPPr o
s ’ 870,/533T (47PF) +4PPF

¥S ® T200. )
IF (HP2F LT, 2000,) VS = 13800,

) ' vs = 7700,

1250 IF (47°F LT, 350,) VS = 13500, ,
TRM3 = (DOTTWR4NTTSG=1000,) « (37, ¢ ,47«HPO7WNCF/ SQRTYVS)
$ + o5 = NOT) / NOF :
TEMA = (100. ¢ 1 1xAPPF) & (355T4-2504) , QT (VM)
CSR = wPPr » 55, + 4°FFxx 1,5 s 1000,

1295 FANLEC = TRMA & TRM3 + TRMUC

FaN 0TOR CO3TS

(e R B&)

FMC = 26462

1200 TF (HPpF 5T+ 300,) FMC = 24,33
3I59C = 0
IF (HP=F ,GT, 300,) 3IGMC = 8000,
CMOT = HPPF » FMC + BIGMC

i
1205 o TATAL HORSEPOWER REQUIRIMENT OF: THE' FaAN' SYSTEM
c
73 TATHP=WPOFNOF
e
o o CePITAL CHSTS OF THE FaN
1310 o

IF(IoLTeR3)FCST2FANDAP (1,9)2(22068FANDAD(1,312604)419422FANDAP (148
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SUBROUTING FAN 74774  0PT= FTN 4,2+7835] 12718706

3] A
IF(1,GE,a8)FCST=FANDAP (149) #(51,20FANDAP (1,81 =950,) +135,69FANDAP (I
, »98)=2740,
1215 EFCS® = 1.05
FCsT = chr + EFZSF
'_:AA,:I = 1.
HFR = 13. / 28, * FAND
1220 c ~ STACX COSTS WITH VELOCITY RECOVERY . )
IF(VEL2EC,EQe]s) CFROS= UCS » UNS « PI & (FAND+HFR*TANS} » HFR
* SRRT{1, ¢ TaNges2)
+ UCS = UWS » PT = (maNDeqEeTAV1O) » N3
» SART(1, ¢ TAN19842)

9 N e

1325

a0

"STACK COSTS YITH QUT VELOCITY RECOVERY
IF(VELRES ,EQen,) CFROS = CVY » WFY = Pl = EAND®s3 / 6, -

$ + UCS * UNS & PT «(FuND « Hg s TaNlg) « b

) % * SQRT(1, 4 TANIQ®w2)

1330 i _
IMCREASING THE FAN COSTS TD TAKE INTO ACCOUNT FOR SHIPPING
AMD ASSEMBLY OF FAN SYSTIM COMPONENTS

CFRIS = CFR0S5 » SAAF & POHFAN:

_ FosT = POHFAN » Saaf = FCST

1335 cs? POAFAN = QAArf' CSR

CMOT = CMOT » POHFAN SapfF

FAMLEC = FANLEC = POHLE"

2 XeXe B
wnn

a0

TATAL CAPITAL COST OF THE FaN SYSTEy
1340 TCSTPF = FCST « CMOT  CSR o FANLEC + CFROS
TC3TF = TCSTOF » NOF:

g AvNOAaL COST OF THE FAN SYSTEZIM
1345 ¢ ANFZ0S= (TCSTF*TOTHPw e 7457 wPLANC) »FCR*EHR 4FC0S /10w oB8aTOTHP &
F,T45T=CAPF»E8760,
g CoST OF PLENUM
1350 ¢ CPL = CPY &« WPL #(ITOWN # PI 4e » DTONyu2 = NOF « PI/4en(FAND#3+5)
SCSCiéoL * 204STC
-iss g STRUCTURAL AND FOUNDATION ZOSTS OF: THE 2IRCULAR TOWER
13 c

STRUCC = ¢2656 » (PIsDTOWew2/6e) » ELENG « ITOWN
$ x (2400685 & ROOFL + ,72%)
STRILC = STRYce = POHSTC 3
‘ FNDZ = o0lg # (WHX4WaTERW) + (g2#(21/4,)DTOnee2«]TOWN
1360 FNDT = FNDC = POHSTC

aNSTPC = (cPL » STRUCC + FNDC) = FCR
S ANNUAL FAN, STRUCTURAL AND FOUNDATION COSTS
1165 ¢ ANSTRF = ANSFPC + ANFCOS
150 IF (ANSFPF LGT. AFCY GoTo 490
g STORAGE OF DESIGN PARAMETIRS FOR THE: [SAST CoST FAR SYSTEW TO
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1220

SURRQUTINE FAN

e Ne)

76/74  0PT=1

FIN 4,247335]

TAn 3E PRINTED OUT BY THE!I SUSROUTINE RPTFAN

AFC = ANSFPF

AFCH4 = ANFCOS

AC=TCSTF

AMP=TOTHP

ADIA=FANDAP (14R)

ASLN=FaANDAP (L49)
RLNANG=FANDAR (T, 10}

xNEaN=N0E

XTN&N = TOWN

NUMTOW = TTOWN

CTnud = OTOW

AYEL_RVEL

CFPIIF =CFUPF

HPDOERF..HPOF

TRC=TP

TATZF=TNTAEM

FRraF . FCST

FMC2F = CMOT + CSR

CeL EN=rPL

CYLING = CFRIS

HIATR=7DTHO

Fooi=TnTH®/1,+341
DeFzL=(vP/({,076495.5°V0L) ) #5,2022
PPHX = DPTINW » 5,2021g , lb6,
HU3DIA = SQRT (ADIAe==2 = 4,s4/3,18159)

TCT3F o TCSTPF
FOC3F = FCST
FUYTC = CMOT

ACCTTP= (DPTINW » vP/(,07455=SPVOLY) =» 5.2018/144,

cFatEl = FaNLEC
ADUTP = T2 s 5,20218/144,.
aZT3PD = JPHX

HNEED] 724X * ,074954SPVOL’
acTvH = oprzlsles,

ADJVM = V2 = 5,2021g , las,
ACT2PF = HPPRERF

ADJSPF = HPFT « SPYOL = ,07495
THPAIR = HPAIR

TCT= = AC

AFSCST = AFC

AFCST = AFCH
€503 = GSRK

IE( CTHAX LEQe 040) XTMAX = 0

IF (A3% (CTMAX = XTOWN) JLTe .0201) LOOPER =: ,TRUE,

CTvaX = Avaxl ¢ CTMAX, XTOWN}
KTMAX = KTMAX o

IF(KTMaX LGTs 10) LOOPER = 4TRUZ,
IF(LDONER) AFC = g5,E+8

RETJRN

END
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SURBOUTINE HXPFR

leXeNeEsXe e XsXeXsNe X NeXs Ne ke le e e

764/74  0PT=1 _ FTN 6,2478351 12718704
SUBROUTINE HXFFR(0ODs REAIR, DFINs PFy THFINe HO)
DATA PoNDTL 70,709/, CONAIR /040151687

TUIS ROUTINE DETERMINES THI AIR SIDE WZAWT TRANSFER!
CAEFFICIENT USING THE CORRELATION DEVELDIPED aY PFRY

DFFINITION OF VARTABLES

AoaT = RATIO OF FINNED: TUBE: HEAT TRANSFER_AREA 70 AREA OFI
BASE TUQE OF 2007 DIAMETER (DIMENSIONLESS)

CANAIR = THERMAL CONDUSTIVITY OF aAIR (3TU/H3 FT DEG F)
DFINM ~ QUTSIDE DIAMETER: OF FINS (INCHES)
FINHT - FIN HZIGHT (INZHES)
Hn - AIR-SIDE HEAT TRANSFER COEFFICIENT
(3TU/HR S2 FT DZIG F)
PF FIN 2ITeH (FINS/ZINCH)

PaNDTL: = PIaANDTL NIMGERI (DIYENSIONLESS)
RealR - REYNOLDS NUMIRTR OF AIR (DIMENSIONLESS)
TYFIN - FIN THICKNESS (INCHES)

FINAT = (DFIN=OD) /2. .

ARAT = 1, & 2,xPFaFINHT « (1, & (FINHT o THFIN) / 0D)

Mo = 0 _2q#(CONAIQ/0D) = PRNDTL®#,333 #RZplRes,633 / aRATss,ly
Ho = Hn x 12,

RETURN

END
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SURROUTIME FFPFR 74/74  OPT=] FTN 4,2473351

OOODIDIITIIOOOIHOTOND

SUBRQUTINZ FFPFR (HYDDIAy PLy 34IRy FAIR)
0aTA VISal2 /0,0%8/

Tu1S RVUTINE DETERMINES THE! AIR-SIOE FRICTION FACTDR USING
THE CORRELATION DEVELOPED 3y PFR,

DFFINITLI0N OF VARIASLES

FAIR - AIR=SIDE FRICTION: FACTOR (DIMEINSIONLESS)

GalR - M855 VELOCITY OFI AIR (L3M/HR SQ FT
MyapIa = HYDRaAULIC DIAMETZR OF: FINNEp TURE: (INCHES)
PL - Tuag PITCH IV THZ DIRECTION 071 AIR FLOW (INCMES)
REHYD - REYNOLDS MEM3ER 3IASED ON HYDRAULIC DIAMETER
(DIMENSIONLESS) ‘
VISAIR = VISIOSITY OF alIR (L3IM/FT HR)
REHYY = “4YDOIA » GAIR , (VISAIR., 12,) - .
IF(PL/ZHYDDIA oGTs 44) FAIR = ,5 » | ISO;/REHYD ¢ 1,8/REHYDe*,.2)
$ * (PL/HYDSTA) = 35
T (OL/4YDNTIA oLEs 4a) FAIR = 53 o (13,6/RENYIN"3) »

$ (HyDDTA/PLY) s» ,42
RETJRN
END
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QURACUTINT FRICHO 74/T6  CPT=} FTN 4,2+47335] 12718/76

OO OONONGGNIITOIODOAOODOONIDNTONDIITODD

QOO0 0On

D0

(e Re Ng)

10

SUBROUTINE FRICHO (K,FATIRYHO 40D, IFIN,PT,PLy g, TF,GAIR)

FrlCHO CALCULATES THE FRICTION FAZTOR AND HEAT TRANSFER
CAEFFICIENT FOR AIR FLOWN NOIMAL TO A SANK OF FINNED HEAT
E¥CHANGER TUSES, THESE VAITASLES caN 321 DETEIMINED FOR
An EQUTILATERAL OR ISQSCELIS TRIANMGULAR ARMANGIMENT OF THE
TI'8ES,

DcFINITION OF VARIABLES

CrNA ~ THERMAL CONDUCTIVITY OF AIR (3TU/HR=FT=DEG F)

DFIN - DIAMETER OF FIN (IN)

TwGTH -~ HEIBHT OF FIN (I}

Filn « Al2 SIDE FRICTION FACTOR FOR FINNED TUBES

i} (DIMENSIONLESS)

FlaFqa =~ CORRELATION CCEFFICIENTS FOR AIR SIDE FRICTION
FACTO? (DIMENSIINLESS)

GalIR - ATR SIDE wASS FLUX {L3M/SQ FT HR) _

Howd5 = ¢IRPELATION COSSFICIENTS FOR aIR SIDE HEAT TRANSFIR
COEFFICIEINT (DIMINSIONLESS)

an ~ 90T JIAMETER OFIFIN (I

Pt - LONGITUDINAL TU3E: PITCH (IN) _
Po - PIANOTL OF NUM3ZIR 0F THE aAlR (DIMENSIONLESS)
PT -~ TRANSVLRSE TU3IE 3ITSH (IV)

RFAIR - REZYNOLDS NUM3ZR OF AIR (DITMENSIONLFSS)

se - SPACING BETWESIN FINS (INy

1T - THICKNESS OF FINS (IN)
DATA Fy,F2,F3,F4/18,33,-0,315,=0,927,0,515/ :

DATA HyoH2sH39HGeH5/001340004551904333340020090¢17347

T3 ARQANGIMENT VARTABLE: <
1 ~ ESUILATERAL CONFIGURATICN
2 = ISOSCELES CONTIGURATION

FoICTION FACTOR

REAIR = ODWGAIR,(+046041240)
I1F(<.Ea.1) GO TO 10

IS0SCZLES s
FAIR = Fl*(RIATR*#F2)w((PT/0D) ««F3)a(PT/FL)#sF4

Gn ro 70

- e
Llivweh g Sng

FAI? = Fle(REAIR=*«F2)«((PT/0J) =aF3y

20 eoMTINNE

He AT TRANSFZR COEFFICIENT

PR =: »709

CONG = 01516

ENGTHY = (DFIN=GD) /2, . T

IHO = (12,%c0NA/0D) wHln (REATR#n42) » (PRwaHI) a ( (SF/ENGTH) asH4 ) » (SFYTF
y 25

RETJRN

-
NT

G-69



15

29

35

45

50

i
n

SURROUTINE FRICT

sXeXeXs ke o Xe N sla]

e e Ne]

s EeNo NS IQ] [a XNeXe) DOOOO0 OO0 (e Xe Ne Q]

DDA OOO

loNeXe)

10l

103
107

106

74/T6  OPT=]

SUBQUTINE FRICT(DIA«GTHIVISeIDWF)

R

S1i3R0UTINE FRICT FOR SIVEN: VALUES OF INSIDE: JIAMETER (IN),

MASS FLUX (LBM/SQ FTeSEZ)s AND: VISEOSITY
DETERMINGS THE FRICTION FacTOR OF pRAWN: TUBING (Io&l), STZEL

PTPE (10=2), 02 CaST IRON 21°% (Ip:3) USING »020Y FRICTION

FaCcTOR CHART EQUATIONS

REFERIENCE, KNUDSENs JoGo aND KATZy Dsle HFLUID DYNAMICS AND

FTN 4,2+75351

(LBM/FT=4R}y

HEAT TRANSFERM, McGRaw=~4ILLy NEW YORK, 1958, P, 176

DIMENSION EP(3)

INSIDE SURFACE PROTUSERANCIS FOR COMMERCIAL TUBING: AND PIPE

DATA £P/0+00006,00018,0°0102/

CALCULATE REYNOLDS NUMBEZR AND DETERMINE' IF IN LAMINAR OR

TOURBULENT REGION

£ = 3a0+x57«0TA/VIS
7

F{3€~.2000.,)100s1015101

CALCULATE LAMINAR FLOW FRIZTION FACTOR

12/18/76

CALCULATE RECIPROCALI OF RILATIVE RQUGHNVESS AND' RECIPROCAL: OF

SAUARE ROOT OF FRICTION FACZTOR F-OR FULLY TURAULENT FLOW

RF=DIA/E2(1ID)
Frzb,«ALNDG10(RF)+2.28

CHEZK TO DETERMINE IF TURSJLENT FLOW IS FULLY DEVELOPED

CF=3F ,FF/QE

IF(CF-0,01)104,103,103

DETERMINE REZCIPROCAL! OF SJJARE ROOT OF ="RICTiON FACTOR FOR:
TRANSITION FLOW INITIALLY ASSUMING IT TJ BE THE SAME AS FOR

FuLLY TURBYLENT FLOW

IF CALCULATED AND ASSUMED VALUES OF RECIPROCAL! OF SQUARE 2037

OF TRANSITION FLOW FRICTION FACTOR DO NOT AGQEE WITHIN

SECIFIED LIMITSs ASSUME NITW VALUE EQUALI TO CALCULATED VALUZ!
av3 TPEAT CALCULATION

IF({ARS(TRFC=TRT) ,TRF)=0001)105,105,105%

TRE=TEFC
60 TO 107

CALCULATE FULLY DEVELOPID TURIULENT FLOW OR TRANSITION FLOW

FRICTION FACTOR
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. 105 FF=TRF
A0 104 F=1./FFss?
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SUAROUTINE HFADER 76/76

OPT=] FTN 4,2+47335] 127187178

SUSUTINE HEADER(DOTM,00T2R,IZSVELSRHOGRED s JaNN9ATAJsITALTCST,
FRESTIUPCSTHELCOSTHFLSCOSTEJLOST)

THIS SUBROUTINI DETERMINZS DESIGN AND COST INFORMATION FOR
TWHE MAIN CIRCULATION PIRING ANO THE QUADRANT PIPING,

OFFINITION OF VARIA3LEZS

Ao IPCST =
OESVEL =
DT A -
0~TaRr -
DnATw -
EJCAsST -
E1L_COST =
FI GCYsST =
NkOS -
N -
PrECST =
ReD -
RFEDCIST =
ReglcT =
: QunN -
TFEcOST =
UnesT -
VACST -

DIMENSTON DTAM

%y V4IST(Z4), TE

JATA DtTAM v

s s, . 12
3 42 ’ 48
$ 73. 4 34
$ 116, y 120

» 1360

s

RS- PR v

% 33,9 49

3 72.5 76
DaTA TEZECLST,

k3 PN

s 31,7 , 37

s 125, ’ 145

$ 233, « 258
DAT& PTPCST,

5 :"‘.60

b 0’207

430VE GROUND RIPE COST (g1C00,/FT)

DESIGN VELOCITY (FT/SEC)

PIPE COWPONENT JDIAMSTER (INcATS!

MASS FLOW RATZI TJ 3RaNCHe I,Z,e TO CIRCULAR TOWER
0R TO TUIT AaUNILE! (LaV/HR) B

w288 FLON RATI I GIVEN HEApRIR! SECTION (LBM/HR!}
EXDANGION JOINT 20ST (51000,

9% DEGREZ FEL3IW 20ST (%1000

FualNss ¢cOst qzicom

NUMEZR OF POSITIONS IN UNIT COST ARRAYS

IS=p THEN MAIN CIRCULATION HTADER 15 DESIGNED
I7=] THEN QUADANT HEADER IS JESIGNED

QELOW GROUND 212Z COST (51003/FT) . _
ALLOWABLE REDUCTION IN pIAMETZIR BETWEEN ADJACENT
MZIADER SECTIONS (INCHES), IF RED=p THE PROGRAM
CaLCULATES T+HZT: EDUCTION

REDUCEIR C€IST (51309

ReqUZTION IN 5Ia%=TeR GeTWEEN ApJACENT HEapeR
SECTIONS (INCHES), ONLY USED WHEN RED=0

DENSITY (L8M/CUFTH

TEE ~0ST (31000 .
UNIT PIPE cOST ($1000/FT)

vALYE COST (31000} vALyES aRzZI MOTOR OPERATED
RUTTERFLY VALVES

{24y, FLGCST(24), SUCST(24), RZDCST,24), ELLST(24)
ECST(2%)s PIPCST(24)y ASIPCST (26}

) ’ 180 A 2‘. ] 30' ’ 360 L]
(] ’ 54- ? 601 ’ 66. ’ 720 L]
. ] 90! » 96. . 102. 1 103. 3
R y 125, s 132, + 138, y 144, /
«D2C, 1,03 » 1.22 ’ 3,17 » A.QZ .
22 0 lce¥ ] 140’ [} 2l.l ’ 2(03 [}
oy 46,8 53,2 59,7 » 66,1
.9 '} 5504 ] 9108 , 93.2 [ 105- /7
.935, 1.96 3,82 , 14.8 , 25,8
06 [ ] SS-A ] 59O1 ] 87.9 L] !\OT! 1]
R « 153, y 182, « 201, y 220, ’
. . 277, + 296, y 31%, s 333, /
01132, 0167 «219, .509| _.5991
.8‘;10 1.08 ’ 1-31 [} 1.37 ’, 1.3‘-
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74/74  OPTal FTN 4,247835] 12/18/75
T 2,15 2.35 , 2,62 2,58 , 3,15 » 3.%1 ,
< 3,67 3,923 , 4,19 » 4,46 4,72 » 4,98 /
DATA EI CST/
% 275 «715, 1.35 2.94 9.54 1641 o
% 2‘704 ? 38.5 ’ 5109 ’ 63.1 ? 87-6 ’ 110- [
% 133- L] 155. [ 178n ’ 200. (] 222. 4 (:45. [
% 269. L] 290. [ 312. [} 335. [] 357. 14 380. /
DATA E.ICST,
nsi‘s’ .67 L] 3915 ’ 6.15 ’ 9.72 L 13A3 1
13,5 , 23,8 , 30,9 » 38,2 , 51,9 , 65,8 ,
77.5 %3,3 , 1lo7. sy 121, v 135, y l48, ’
162, y 176, y 190, y 203 v 217, y 231, /
DATA R&DCST,
] BA e 320y « 787 1,73 5.38 S.40
s 13,2 , 16,9 , 26,7 , 38,5 , 52,3 , 68,2
€« 3%.1 , 100, y 116, ’ 32. +« 148, s 163, '
5179, s 195, y 211, s 227, vy 243, » 259, /
0ATA ApIPC3T/
§ L334 4 L0073 . .96 2155, +332, 4310,
3 .61"” .719’ .9399 1015 L] 1.41 L] 1'67 L]
k3 109‘ [ 2415 Y 2041 ? 2l66 9, 2099 [ 3016 L
£ 3,61 3.65 o 3.91 4.16 6,62 6 a7 /
DATA NxDS /24/
RCST=0,

CONSTI=4+/13¢1416%3600,)

CaLCULATE THE REQUIRED DIAMETER "BASED OV MASS FLOW RATE AND
DESIGN VELOZITY. THE DIAVEITER ASSIGNED TO THIS HEADER
SECTION IS THE NEXT LARSEST PIPE IN 6 INCH INCREMENTS FROM
THE ARJRAY DIAM,

DTa=SCRT (DOTM=CONSTL/ (RHI#DESVELY ) w12,

6o 10 11 = 14NKOS

I=11
IF(2TADIA4(IY)11411,410
CONTINIE

TA=DIAM(T)

TUE MAIN CIRCULATION HEAJZR 4AS AN EXPANSION JOINT AND
APPRNORIATE FLANGES AT THI! CONDENSER INLET AND OUTLET.

I (JoE’J.I.ANO- N\‘QEQ' 1 3 FLGCOST=3"FLGCST (I)
1: (J'.E’)OIQA‘\'H)QNNDEQ. 1) EJCOST=EJCST(I)

Iv THE STATEMENTS THROUSH STATEMENT 12 TME REDUCTION IN
DIAMETER RETWEEN ADJACENT HEADER SECTIONS IS SPECIFIED,

TWE OIDUCER CNST IS DETEZAMINES. THE INDEXES USED TO DEFINE
THE AZRAY POSITIONS FOR 0T =R COMPONENT COSTS ARE DETERIMINED,

FoRr

WTLL

J=1 THIS ROUTINE IS 3Y.P2SSEC 3ECAUSE THE FIRST HEADER
NNT HAVE A REDUCTR PITTIDING IT,

GC

iF(JaEna1)

TG 12




SURROUTINE HEADER 74/74 OPT=1 FTN 64,2676357 12718776

115 c . TuE P903RAM MAY HAVE A SPECIFIED VALUE OF REp WHICK FIXE3 THE
o ReQUCTION IN PIPE DIAMETEZRS 3ETWESEN HEADER SECTIONS, RED
c MiST 3£ A MULTIPLE OF 5. F 2ED=qg THE IVUTINZ CALCULATES A
c ReDUCTION, FOR EXAMPLE, HZADER SECTION J-1 HAS BIEN ASSISNID
c A DIAMETER 0F 96 INZHES. IT I35 DETERMIN=D TH,T HEapER SEGQTION
129 c J SHOULD RF Ry INCHFS. T4 RFQUTIIED pEJUCTIAM TS 415 TNCHES.
e IF 2ED=¢ THEN A 94 INCH RE€IJCIR 1S COSTZD ANp HEADER SECTION
c J WILi 3E ASSI3YED a4 DIAMETER OF 78 INCHES, 1IF RED=g INCHES
o A 35 INCH RENUCEZR IS COSTID 3uUT DIAMETER J WnULD 3E ASSIGNED
c A VALUE OF 94 INCKES, IF! 3ED= 2 INCHES THEN A 96 INCH REe
25 o DiCER IS COSTED anD DIAMETIR J 1S ASSIGVED A VALUE! OF Ba
c INCHES. IF RED=13 INCHZIS 23 MORE THEN N0 REnRUCER IS SPECI~
c F}E) AMD DIAMETER J IS ASSIGNED A vaLyZ! OF 9 INCHES, LARGE!
c VaLUZS OF 2ED 2ESULT IN PI®Z SIZES ARG:SR THAM REQUIRED 3UT
c Feudg? RIDUCEIS ARE REQJIIII2,
139 c _
t c CaLCULATION OF REDUCTION, RED NOT SPECIFIED,
c ‘
IF(RED,NT,0.)6G0 TO 13
- IF(JIA,EQ,DIAJ) GO TO 12
135 RIDJCT=D1aJ~21A
M=RI0UrT/44¢e01
TJK=1
3 TO 14
c :
140 [of Red SPECIFIED, POSSIBLE IZASSISNMENT OFi DIAMETER Je
c
13 IF(DIA.GT+DTAJ=RED)GO TO 15
DIAz2I8J=RED
_ M=RI0/4,.+.0]
Tas TJK=(D7TA=D1a"(1)) /6, + #01
JJ=M
£ .
¢ DeTEQMINE REDUCER COS5T. IT HAS BEEN ASSUMED FROM THE REw
Tao c DiCEa CIST DATA THAT, FOR :XAWD LEs A 65 INCH REDUCER WILL
e CAST THE SAYE WHETHER THz: 22oycTlIanw Is 10 90, 84, 0R 78
¢ ToeHES. 1F THT TOTAL 2E342r1d 3952 TwEEY ADJAcENT HEADER
n SECTIINS EXCEEDS 19 INCHEIS THEN AV ADNITIONAL REDJCER MUST 3E
- o CASTZN, IN THE EX8VPLZ, THIS WOULD B A 78 INCH REDUCER. IF!
155 c THE TOTal REDUCTION EXSZZNS 35 INGHES, SAY 9g TO 54, THEN A
c 9ey 73, AND 60 INcA PEJSUCER WIULD gE cOSTED. aAND SO ON,
¢ .
16 CONTINGE
IF(IJKaJJ.GT«NKO3) STORNIN HIAOZR IJXeJJ EXCEEDS NXOSH
1h0 QeST = 2¢ST ¢ REJCST(IUNSIN)
K=K+l .
JJ=¥=3*K
IF(JJaI,E,0) GO T2 12
G2 TO g
165 15 014a=DTay
12 M= (21A.D1AM(I) ) /58,4401 ,
IF(I+M ,GT, NKQS) STOP MIN HELRDZR I+M EXCEEDS NKOgn
o
¢ IF THE LAST HEADER SECTION IS SEING DEZSIGNED USE AN EL30OW
7o o RATHER THAM A TEE.
ol
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SURROUTINE HEADER 76/7¢  0PT=l FTN 4,2+478351 127187106

OO0 O0O OO0 000

IF(ABS(DOTM=DOTER) ,LT,,0001) ELTISTEELLSTI(I+W)

TEE CJOSTS ARE ASSUMED TD 3% .47 TIMES THE COST OF A TEE

OF THE YRUN" DIAMETER PLUS 433 TIMES THS COST OF A& TEE OF THE
"eRANCHY DIAMETER, DETERMINE THE wRUN" PORTION OF! THE TEE
€nST HERE,

IF(IDTHMeGTeDITAR)TCST=s6T«TESCST (14 Y)

MaIN CIRCULATION PIPING IS UNDERGROUND. QUARRANT PIPING IS
ArQVE S5ROUND. FITTINGS COSTS WERE NOT YEPENPENT ON ABOVE ORI
BFLOW GROUND SPECIFICATION.

IF (NN LEG, 0) UPCST = APIPCST(Is+M)
IF (NN NE. 0) UPCST = PIPCST(I+M)
RETJRN

END
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NN

o]

SDOCTOS0O

e}

HLAM

1t

1
1

/74 03Tsa g FTIN 4,54414h
SHIPOUTINE HULAMID(TYTIN DD THA,OTA, MLENGTH DTV, FQUT, DELP)
COAMOH/PRUN/CPUW,, THOONE s DENS T A I SW,y HF G,

COV THLONY JOFNST (o yTov,51044,
CPA,THCONADEMST A,V SA
SUINBUTING HLAMAN CALCULATES TH+F PRESIURE AND TEMPERATURE
NEUPS OF AMMONMIA OUE T e FLUID FLOW OF ITS VAPNR
INSIDE A LFNsTR NF FIPE
OEFINITION OF VARIAZLES
NELP - PRESCUYRE URQOM [N THFE PIPE (LBF/SN FT)
NFLTX - [ESMENT COF THE PLPE (FT)
DENSTIVY = DENSITY OF THF AZEONTA VvAPOR (LBM/CU FT)
NIA -~ DIAMETER QF 21P5 (IM)
oIV - MUMCGER OF DIYISIONS NF AH4MONTIA IN THE LENGTH OF
THE PIPE (OTMEMSTONLESS)
NUTMA - TASS FLOW PATE TH THY PIPE (LAM/HR)
F = F2ICTION FACYER FOR THE VAEIR FLOW (DIMENSIONLESS)
G < MASS FLUX OF AMONIA IN THE PIPE (LBM/SQ FT HR)
HLENGTH = LEMGTH QOF THE PTPL (FT)
P1 -~ PRESSURE OF THE AWMONIA AT THE FRONT OF THE PIPE
(LzF/7SN IN)
Pz - PRESSUYRF OF TWF AMHGWIA AT THE ENJ OF THE PIPE
(LEF/30 THD)
TIM ~ TEMPERATUKE AT THF BIGTINNINS OF THFE PIPE
Tour - TEMEPFRATURE AT THE E£NNO 0F THE PIFE
HFELP = J.C
J =
GA = 32,16 %TRNC,*3600.
NUMZER CF DIVISIONS TN THE 219
I = DIV & .01
THLET PRFSSURE
PL o= FLYTO(LG. L, TINGFLTV ¢ "CALL 1)
LEMETHE CF PIPE SELMENTS
NELTY = SLENGTH/NTY
MASS FLUX OF GMNHONTEZ TH2U5= THE PTIFE
s T DOTMA/Z {3 1uleafDIART o/ (G JF b))
J o= [ |
FRI1ICTIAON FAGTCE M THY PLRY
CALL FRICTANIALG/260T N ISV, 2.8
PTENSURE CRUP IN THE SEAMEMT OF PIPE PLUS THE SUM OF THE
PRECEONING PRESHSURE OFOPS CAUTOCA 3y CRECFFOING SEGMENTS |
OF p v
OFLP = FeGesZeanet To/ (2, LA NRIVe(NIAZ712.)) ¢ DALP
MW PREESAUST AT Tuf Mt OF TEE CEOMENT OgfF PIPE
P2 oz DL - OFELP/ LG,

HOW YEMPE CATURS GF AMVORTIA 8T Top £
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SURROUTINE

c
e
c

HL AMMO 74/76  0PT={ FIN 4,2+47835]

20

30

40

FLUID{1191472,ELEVNCALT 13M)

=4 yoﬁl

=2 + FLUIZ(10s1,7I4SLEy.nCALL 21

= P2 & FLYID(10919TIeD2 LTI'ELfvﬁ"cA;C 3"

- ’\Eo ?Ta:’??l:???ht’ll - ETYY

-~ -—- < he

vy
TIol = T1),07,,0001) 3p 1o 30
1

eI TO o

MR e B ]
—~ DT

T =

NFW VAPOR DENSITY AND VISZOSITY OF THEe VAPOR AT THE END
0= THE S3EGMENT OF PIFPE

DEMSIV = FLUID(711+sTOUTHELEYyHCALC 411)

VISV = FLJUID(Bs14TOUTyELEV Mook 3

17 (120, 1) 69 70 &g

50 TO 10

CONTINDE

RETUAN

D)

G-77

12718/7¢




N -

[9}]

193]
Ji

SURRNUTINE HTCLO T4/74 0P T=1 FTN 4,247835] 1271871

.

SURRDUTING HTCLO(OTIWDL4ANG,GT XTI ,X24PRL,0ENLI,DENV,VISLLVISV, KL -
108 HTL o HTS o HTRHTNyHTKYRET)
DIMENIION ANG (D)

c

” SURRQUTINE HTCLO CALCULATES THE TUSESINE! TWOPHASE! LIQUID ,
c FILM HEAT TOANSFER COEFSICIENT £0n THE SOMDENSATIONM OF ‘
o A FLUID ON THE WALLS OF A Tusg!

[

c DFFINITION OF VARIA3LES

o A35¢(1y =~ ANGLE: THE TUSZ: MAKES FROM THE! HORIZINTAL! (RAD)

o APG(2) = SINE OF THE ANGLEZ!I THE TU3IE MACES FROM THE

¢ HORTZONTAL: (DIMINSIONLESS)

C DeNL: ~ DENSITY OF THE!N LTQUID (L3M/CU FT)

¢ DENV - DINSITY OF THE vaPOR (LaM/Cu °M)

c oL = LENGTH OF THE LIQJID aND vapdR TUs: (IN)

¢ b - RATID OF THE DENSITIES (DIMENSIONLESS)

2 D71 = INSIJE DIAMTER 37 THE Tyuat (Iv) ,

e 5T = MASS FLUX OF THI FLJID THROUGH THE TUBE (LaM/

o HR-53 FT)

c HTa - HZAT TRANSFER COZIFFICIENT ACCORDING TO THE CORRELA=.
¢ TICN BY 30YX0 AND! KRUZHILIN (3TU/HR=S0 FT=DEG F)

> HTe = HZAT TRANSFER COIFFICIENT ACCIRDING TO THE

o CORRILATION 3Y THATO (BTysHR=SQ FTDEG Fj

o HTX = HEAT TRANSFER COZFFICIENT ACCORDINA TO THE

o COQRELATION 3Y <IRXIRIDE AND 3ADGER (BTU/HR-SQ FTe--
o 26 F)

c T HTN 0 = HEAT TRNSFER COIFFICIENT ACCOROING TO THE

¢ CORRELATION 34SED: ON THE NUSSTLT TyPE ANALYSIS

o {3TU/HR<SQ FT=JI5 F)

¢ PolL - = FRANOTL NUMaZR 97 THE LIqUIp (DIMENSIONLESS)

- o ~ PEZYNOLDS NUM3IR (DIVENSIINLESS)

c =L = THEZRMAL CONDUCTIVITY OF THE LIQUID(BTU/HR-FT=DES 7Y
o vVIsL - VIScOSITY OF .THZ LIQUID (CcENTIPOSE)

2 xn = CHaNGE IN VAPPSR QUALITY FROM THE INLET TO THE EXIT
o 0F THE TUBE (JTMINSIONLESS)

o X1 - INULET QUALITY (DIMENSIONLESS)

r Xn - E£XIT QUALITY (DIMENSIONLESS)

N2 = DENL/OHENY
RET = ATI#GT/(VISL*29,)
x9 = arInl (%25 ,939)

c
¢ GoAVITY CONTROLLED STRATIFIED CONDENSATION (E4ATO)
c Av3LE 7 THE CONDENSATE =~ 220 DESNEES
XD = AvAX](XI-¥0,,001)
HTEC = a8, eTKLa (JENL* (NENL=DENV) s % 2NG ()
(VISL*DTI#%2aGT*XD))wn,33
- B -
¢ PrESSURE GRADIENT CONTROLLED ANNULAR CONOENSATION {BOYXO=
o K2iZ4ILIN)Y

FTP = (SRaT(l, ¢ (D7 = 1.1xXI) « S33T(l, & (DR = 1,}%Xx0))s,5
HT3 = 0262 TALaRET**,82PRLew,43urT2/5T1412 .
koot = 0
IT(aNG 1) =8,017) 3042
30 17 (4Te.HT3; 100,100
43 xnou=!

159
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SURRQUTINE HTCLO

(e Xg Xl

S0

UOQ

74/74  OPT=y _ FTN 4,247835]
50 TD 100 o _
PON = TKL*(4.18F3«ANG(2) «DENLA (DENL®IENYY/(VISL#2,642)x*2) w33

GSAVITY CONTROLLED VERTICALLY LAMINAR CONDENSATION! (NUSSELT)
HTN = 1,67sPPN/(RET#(1,=X0))%%,33

GrAVITY CONTROLLED VERTICALLY TURBULENT CONDENSATION
(K IR<3RIDE-3ADGER)

HTX = 00778 (RZTw{1,=-X0))nw, 470N
HYL = s¥aXl (HTG,H1TRyHTNyHATK)
RETJRN

END
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th I

in

15

3o

35

4Q

50

55

QURROUTIN

T HYDLOS

OO0 YOO e Nee Ne Lo e lNe Ke Ne)

e Xe N9 OO0 0N [a NS Xel

POV

OO0

(SRS NS Ne]

74/76¢  OPT=} FTN 4,2+7435] 12718/1s

SUSRONTINE: HYDLOS (014, YEL,YIS4RHO,1D,HDLS)

SHBRROJTINE HYDLOS FOR GIVEN VALUES OF IVSIOE CIAM’TER
VELOCITYy VISCOSITYs AND JEINSITYy DETERMINES THE ‘FICTION

Head LOSS PER FEET OF pRad¥ TUsING (Ip=l), sfeeL =1pe (I1pa2),
0o ~aSQT Ieny 212 (Ip=J) JRTNG unnoy Fot.vrn. F.-Tno M 34

EAyaTIONS . ,
REFEAENCE . ANUDSENs JeGo AND KATZ, Dals "FLUID DYNAMICS AND
HeaT TRANSFER', McGRaw=+ILLh NEW YORK, 1958, P,17%
01¥eNg 10N £P (3
INSIDE SUPFACE PROTU3ERANCES FOR.COMMERCIALIfUBING'AND PIPE
DATA £P/0¢00006,04001840+0102/

VNLCULAYF REYNOLDS NUMBER AND D;TERPINE‘IF IN LAMINAR OR
TURSULENT REGION

RE=30nex340>VELADIA/VIS
IF(REA20004)1002101101

CALCULATE LAMINAR FLOW FRICTION FACTOR

WM

on
—
o R

*/
0

CrLCULATE RICIPROCAL OF RELATIVE ROUGHNTSS AND RECIPROCAL OFI
SOUARE ROOT OF FRICTION FACTOR: FOR FULLY TUR2AULENT FLOW

RFE=D1A,5P¢(1ID)
TF=b,+ALOGIG(RF)+2,28

CHECX TO DETERMINE IF TURSULENT FLOW IS FULLY DEVELOPED

F«FF/:’
Fa0,6131044103,103

DETSIVINE QECIPRIOCAL' OF S3UARZ ROOT OF FRICTION FACTOR
FAR TRANSITION FLOW INITIALLY ASSUMING IT TD SE THE SAME AS
FoQ FULLY TURBULENT FLOW

TR =FF
TRFC=FF=6, -ALoG10<1.o4.67-R--T?F/RE)

I CALCULATED AND ASSUMID VALUES OF RECIPROCALI OF SQUARE: 20T
0% TRANSITION FLOW FRICTION FaCTOR DO \OT AGQEE WITHIN
SCECIFTED LIMITSe ASSUME NEW VALUE EQuALI TO cALCU-HTED VALUZ
AND REPEAT calzULATION

IF{ (ARS(TRFC=TRF) /TRF)=0e0C1)105,105,10%
TRE=TAFC
30 70 107

CalLZUUATE FuLlLY DEVELOPZD TURIULENT FLOW OR TRANSITION FLOW
FoICTION FACTOR

G-80



§11eRQUTINE HYDLOS

105
104

OO0

192

74/74  OPT=]
FFzTRF
F=l./FFax?
DETESRMINE FalcTION HEAD LUss
4D S276+596aF e YELas2,/01A

RETURY
ENDI
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25

(%)
L)

an

45

SURROUTINE

OO0

INPSY

179

170 rﬁzwa,(rﬁ wSITz SUEVATION® 77,0, FE2T pg
202 FORMAT1HL1, T30, N 7 y T S g MMaAR

204

M T4/76 o]

SURIRIUTING INPS

THTS INUTINE REPORTS INPUT SUYMARY AND CASE HESCRIPTION

LO3ICAI FIA”sT,
cﬂ 1\ '\\J
ATTR, ALOHA,

@I &) A

9(‘2k)' "T ‘73! C
oQQ]Gch SFIN,

BRI

A ol

- e T
CR, FI287,
5257

-HX‘ “:CST

,LT“AY, ITMIN

,Jv

9”“NV’ {ALEZAT

y HAFXT

yNTUCAL (27 NT
cOxuON

oo

yPSIZF s PERy P

A DA A AR

y 2P, Op3<b_,
s chw REols
achy ;557
T99(4)' T
T
UWS

Drek

- .
LJ()"H;)&LI’IL') ‘L

P S A |
G L B () ()
>

SR A AT A A A AR A

U o~
LA
- -

X, Xp
LANPER

DD e e e e e
_.(.) e
I~

3 \E-DErv AFCe E
AONMMON /TIVrP/
FﬂD“AT(//79Xo“C
FOoMaT (70X 1ta0

PT=1 FTN 4,247%351

UM

FXTEWP
ANG (3)

DaNGy cLUVRy gHAILS. VM
NeEPLy DESVELY SESVELY

EIXL, FCOS5, FFHX, FXTEMP

A

WCDS, PLANC, 3F5CT, POMDPL:

RZpuUcYs R00FL!
£y QREDUCV

ETFe TLIMY THFINs TLPRAs TFIX

Lzv, EHRy LOD®ER, TMaX

ccH

OEFFicle NTS F3 9OLYVCVIQLicJQVF FITH)
sTIXsMAT 11X e a2ry 11Xy malm 11X, ""AGM)

yCAPF . £SSPXW, cON7s cONLs COSTLs CaPoHGs CONMAT, cONWuz,CAP

»PIHGAFy POHFANy POHLECY POHZIRy POHMCNp: PO4GTCs POHSEL!

v}ruuf FANDAP(153,10)9FANDAR(153910)9FMRPFFaCPF,P24R,Sy

12718/7¢

FORMAT 1 HzaT RaTz FACTOR AS sUNCTION OF 2ac<PRESSURE (INcuES OF M

¢EICIRYY  Myio5E
JDIAT(TQ,HT‘QD

13.577)
TME 2ATING 2ATKOIESSUREn .

A ND

5D E SeRIPTI 0NV

FORMAT (T243(Mem

........ HY eTAN 2 (Memmamacmis) Ha)

FH.2e" INCHES OF MERCUIYM)
Cve SEA LEVELM)
y CASE

206 FOQMAT (T2,10PTIINS SELECTED FOR THIS RUNM9TH0+"ST4RTING cONDITIONS

200
210
297
2%q
215
?17
220
225
250

233

gy
FORMAT (1H0)

FORVAT(TA,MEXCHANGER DEPTH yV2INSTRAINENM)

FORMAT (T49"FRICTION FACTOR AN) HT TRFR COEFFI BY "epalg)

FORAAT (Tas MUPPE

FORAT (T4, "tXCHAV

F“QWAT(14’9?3“v

FORMAT (144,780,
rﬁR AT TAYIEXCH
FAR2aT 1 T4, EXCH
FOouaT (19e,T7% 1

R LIMIT ON TURIING TEWPi,7g,l,n Fu)

"o, ws 58 MINJS ",F3,3)

WTURZINE QuTLIT TEMPERATURE. T1M,710.3,"

ANGER LENGTH JV:DWSTQAINE?”)
ANBAR LEN3TA TIXIDY AT 1,75,0,n FEET™M
ITTRVINAL TEMPERaTUC DIFFEPENCE TTDL",

G-82
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Ny

SURROVUTINE INPSUM T4/74  0PT=] FTIN 4,247335] 718/7%

>e

240 FORYAT(T4,nRUN wITH VELOCITy RIgOVERYM)
‘ 245 FORMAT (T42""RUN WITHOUT VELOCITY RECOVERY')
6° 250 FORMAT(1He,T9l,nFR0NTAL AREAs AFRONM,FLI 0,
255 FoAMAT(T44"NTU calcULATION IS 3y » 12210}
260 FORMAT (1H»,T82,mwIDTH 72 LEVSTA :ATIO WLRATH,F10,3)
& 300 :mnun‘r,//f-q VIUMTT OASTS AND SOSTING FaAsTORSM/TS1a3g M"Y //)
: 305 FOIMAT(T2,0FUEL "yF7e30" CENTS/UM3TYM
55 $9T304"00WER PLANT CONSTRUCTION',F11,3yn §/KWn
S4T1064nFIXED CHARGE RATE",F9.3)
310 FORMAT(T2,uAND W, FT,390t §/S3 7T )
TeT309"PEPLACIMENT POWER", TX9F11439" MILLS/KWHY
%y T105,nCARPACITY FacTORNF9,3)
79 318 FOaMay v2,uMOTORCH 57,3, & / «Pu
: 59 T30en<TEAM SUPPLYN, TS&,F‘II 340 /49 TUQQINE! OUTDJT"
$9TR3,HRASE THEAMAL ==FICIEMCY".r9 )
320 FORMAT (T30."CAPASITY CHARGE™»T3%yF11,3,1 § uan
: 547030MrONSTRUCTIEN COST MULTIPLIERMVF9.3)
. 75 . 325 FORMAT (T359"MAINT COSTS /CA?ITAh.vOSTS"vF9.3)
WRITE {2,a02)
WRITT (49204%)
WRITE(2,4206)
WRITE (2y204)
R0 WRITE(49200)
WRITEt49209) TLIM
WaITE(A,207) FFHX

LOGSYM = vgEan
85 IF(SEEDL,GT.0.0) LOGSYM = u,GE,n
IF (20uDPL LGT., 0,0) LOGSYM = n »
1-(7¢=*L. Qe0a0) WRITE(6,210)
FUJEERLLNEL0.0) WRITE(6,215) LDGSYM, apsS{peszPL)
xr (POMRBL ,3T, 0.0) WRITE(S9217) POMOPL:

50 o
WRITE(49220) VAS(])
o
IF(SIXL «ZQe 0.0) WRITE(6,225)
] IF(FIX oNEs 0,0) WRITE{5,230) FIXL
95 ¢
WRITE (4y235) VAS(3)
o
TF(VELTECLEQ40.0) WRITE(59245)
IF(VELIECLNEW 0,07 WRITE (69240
109 c
WRITE (£,250) VAS (4,
il
WRITE (4,255) NTUCAL
- WRITE(R9250) VAS(S5)
105 ¢
¢
c
WRITZ (6,125)
. HRITE (1,127) ,
123 WRITZ(Aei23) (TPO(1)eI=l,y#)
W2ITE(As129) RBP
¢ WRITS (ae130) ELEV

Q)

WAITZ (A4300)
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SUPROUTINE

CINPSUM T4/T6

HQITE(692?5)
WRITE (4,510
WRITE(6,315)
WRITE (44320
WRITE(8y325
RET JON

END

OPT=1

FCOS1PLANCFCR
COSTL,PWCOSeCAPF:
HPCST, CSSPXWy TEFF!
caPCHGy CCM

PER

G-84
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40

on
i

SUSROUTINE NAVAAT S

OO DO OO0 OO0 OO0 OO0 000

CPT=

'™

FTN 4,247535] 127187179

SUSIIVUTINE NOVART(VCSTRANGE)

REALI Xg0ST(8)

SUSROUTINE NOVART DETERMINES THE PERFOIMANCE OF A PLANT
DESIGNED AT A SPECIFIC AMIIEINT TEVMPERATJRE OvER A WHOLE
YEAR  THE ROUTINE ALST JETIRFINES rHE INCREMENTAL COST OF
ODERATING THE POWER PLANT JVER THE ENTIRE YEAR

DEFINITION OF VARIASLES

CAPCHS
CaPCST
C+PF
Cr0S
cLaND
CaN3ag
CrsH
Cna
cpIP
csTel
DelFo

D=LPS
OFLese
OFNSIV
DFNSTY2
ETF
Frns
FeR

Feow
HF G2

HiFace
NTa

»
PaRLOS

PREN
PoOW
PsIZE
Ps1213

PTOT

PLCOS
P12

P22
2yl

CAPACITY CHARGE (5,YEGAWATT)

CAPITAL COST FOR AUXILARY POWER (S)

CARPIZITY FACTOR DIMEVSIONLESS)

C2ST OF THE HEQT IXCHANGZR (%)

£33T OF THE LANY(E)

Clsp OF TuE £INI=NgER/REBOILER! ()

MAINTAINENCE C£OST (MILLS/KWH) o

SPECIFIC HEAT OFi THE AIR (BTU/LBM=DEB F)

COST OF THE PIRING ($)

AJXILIARY POWER ~OST (MILLS/XAH)

INCREASED FySli €357 FOR 7HE 2LANY (MILLSyKuwH)
PRESSURE OROP IN THE SUDPLY PIPING AT THE DESIGN:
CONDITIONS (L3F/S53 =T) ‘ ‘

PITSSURE DRO2 IN THE SUPPLY PIPING AT THE OFF DEw
SIGN CONDITIONS (LBF/SQ FT)

DENSITY OF THZ: VAPOR LEAVING THE CONDENSER/REROILZR
AT DESIGN CONJITIONS (Lgu/Cy FM)

DENSITY 3F THI' VAP0 LEJAVING THE CONDENSER/RESOILZIR
AT OFF DESIGN CONDITIONS (L3v/CcU FT)

EFFECTIVENESS OF' THE! HELT EXCAANGER (DIMENSIONLESS)
FJUEL CCST (8/¥M 3TU)

FIXep CHARGE 4Tz {nIMENSICNLESS)

FaAN POWER (KWH)

HZAT OF VAPORIZATION. aT OFF DJESIGN CONDITIONS
(3TU/L3M) _

HEAT RATE FACTOR aT RATING COVDITIGN(DIMENSIONLESS)
HEAT RATE FaCTOR aT DESIGN cONDITIONS (DIMENSION~
LESS) :

HEAT RATE FACTOR AT OFF DESIGN CONpITIONS
{DIMENSIONLESS)

NUMBER OF TEMPERATURIE INCREMENTS IN THE TEMPERATURE!
RANGT OF THE SITEZ

3ACK PRESSURE O THE' TURRINE (IN Hga)

INCREMENTAL POWIR PIDIUCTION ZOST AT THE!I AMBIENT
TEMPERATURE (MILLS/XWH)

POWER GENERATING 3Y THE PLANT (MEGaoWATTSY

PUMP POWER (XWA)

PLANT SIZE (MEGAWATTS)

TOTAL POWER OUT®UT OF PLANT AT DESxaN

cowaxrlovs (MIGANATTS)

TITAL POWER 0UT2UT 9F PLANT AT OFF DESIGN
CONDITIONS (MESANATTS) )

REPIACEMENT 2OwWIR COST (MILLS/KWH) _
AMMONIA PRESSJURE AT THE CONDENSER/REBOILER (LBF/
SQ FT)

AMMONIA PRESSJURI AT THE HEAT EIXCHANGER (L3F/SQ FT)
HEAT INPUT INTO THE POWER PLANT (BTU/HR)
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SURROUTIMT NAVAQT

OO0 O0ONAIOND 00D AN NOO0DNODIMNIITIODONIOINO

=

- .
LOs1cal

5L T, I )

v AN A

74474 0OPTs;

EJCTY -~ “EAT REJECTED

(5TI/HR)

EJCT2 « HEAT REDUECTED

PLANT (BTU/HR

NGE -~ TEMPERATURIE RaN3T) OFt

(NEa 7

NGE2 - TEIMRERATURE RANSElOF

£5 7y

CONDITICNS (2
DIFFERENTIAL
SYSTEM (3)

(9]
<
]

FTN 4,2+7%35%

1271387179

AT THE DESIGN CINDITIONS OF THE PLANT

AT THE: OFF DESI3N CONDITIONS OF THE

)

2

COST OF' PLANT EXCLUDING THEI COOLING

AVZTENT TEMPZRATJIRE (DEG F)

THE alr aT DESIGN CONDITIONS

THE alr AT THe OFF BESIGN

TeFF ~ B4SE THERMaL EFFTCIENCY QOF TS PLRNT(DIMENSIONLESS)
TeFFl - RATED THERMpL EZSFICIENCY OF THE PLNT

(DIMENSIONLES

{DIMENSTIONLES

FFe4 -~ OFF DESIGN T™
(DIMENSTONLES

= TEMPERATURE 0

HEAT EXCHANGE

S)
S)

5}

TFF3 - DESIGN THIPMaL: IFFICIENCY OF THE PLANT

ZRMaLi EFFICIENCY OF THE! PLANT

£ THE aMMONIA AT THE TNLET TO THE:

R O(JEG F)y

ER -~ FRACTION OF THZ YEAR THAT THE CORRESPONDING
AMITENT TEMPIZRATJUIE EXISTS (DIMENSTONLESS)

TTol ~ TEMPERATURE DIFFERENCE gETWEEN THE SATURATED

STEAM AND AMMOINIA IV THE CONDINSER/REBOILER

AT DESIGN CON

DITIONS (DEG F)

TTol2 = TEwpZRTAURE DIFFERENCE QETWESTN THE SATURATED
STEAM AND AMMONIA IN THE CONDINSEZR/REBOQILER
CONDITIONS (DES F)

—‘
-4
Qo
N
1

AT OFF DESIGN

PIPING (DEG F

)

TZMPZRATURE DR3P OF THE AMMONIA IN THE SUPPLY

= SATURATED STEaM TEMPERATURE IN THE CONDENSER/

RELOILER (DES

)

BY THE OPTIMUM POWER PLANT DUEI TO THE COOLING

SYSTIM (MILLS

(ITMINSIONLES

/<Ad4)

S)

COMMON ,VARVAR, VTRER(15),VTa(l9)
DZUSIWe VISH, HFG4
JENSIVy VISV,.SIGUAY

COMMON

COAMDN
ATTRe
» CAPF,
oCBJq

/ PROP/ Wy THCONW,
C3Vy THcAuY,
C2as THCONAY

FIRSTy FXTEMYP

ALPHATY ANG(3)
CS3PKW. CONFy CONL,
cTUR3s CDANGe CLVVR,

JENSIAy VISy

COSTL, CAPCHG,
cHATLS,y VM

JDAVNGLE, DFIN, DEEPL, DESVEL, JESVELYV

VETFP

o FCR, FIASTy FIXLy FZ2Sy FFHAX. FXTEMP

WGIIEFF

G-86

CONMAT, CONMAZ2,CAF

rST = INCREMENTAL INCRZASE IN £OST JF THE POWER PRODULED

- MaASS FLOW RpTZH 251 AMMONIp AT DESIGN CONJITIONS (L3M
/7Ry
32 = MASS FLOW RATE! 371 oMMONIA AT OFF DESIGN CONDITIONS!
(LAM/HR) i
= MA3S FLOW RATEI 0% AIR TH20UGH THE HEAT EXCHANGER
AT DESIGN CONJITIONS (LBM/HR) ]
P = PLANT SCALING FaZTCR FOR FaAN AND PyVP POWER LDSS
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SUAROUTINE NOVART 74/76  0PT=y FTN 4,2478351

S JHXNP, HPZST
$ oITMAX, ITMIN
$ 9J20Ng
§ 9KZONye XALEXT
8 yMXEXT
5 JNTJUC2L(2)s NTA

cﬂquQ
5 00X .
$ 4P51ZFs PERs PWCOSe PLANC, PFACT, PCMDPL: )
$ sPIHBAFs POHFANs POHLECy POHcIRe POHCND. PO4STCe POHSCL
$ » 23F, REDUCE, REDUCV, ROOFLI )
s , ISRy, QEDycE, RREOYCY
F 9SIGMAGe 3AAF _
S 9T2y TPO{4)s TETSy TLIMs THFIVy TLPRA, TFIX
& eTans TW
£ 4UnSe UYS
L JERTEAT!

s ,VASI(3)
$ 2XJEPAy Xde XD ) R

cOMMIN /SUPPLY, VAL (S)y  ¢PLNy  cPIPy  pp0Sy W3y OSM,y EFF
L3 TNy zLaNnye REAIR, Zy4RFac2y LED) s DELPW, PPOW,
$ FPAxs EbLFpey WIDTHy ELENG: VAIRy  VWATY HIe HC Th,
3 SCHAT. Niiy NT, N2,2,aN02,PS52212y S29p, SHé, Sw3y
% 5°¢,Pr0TAL,PLANC3, SAFROY, aAl%,  vFP, sCp,PSTZ13, WT2»
$ Apgy  NWDe  TCOSe DELPADSIPWTsNELdUresONBAas XNTSXe VELOX
% TLAXY UCONy PMCST, SFMCST., “8ACC, EFFCy CH Ca, - CS
Sy lTes CFe cPcey FITcO, CSCeCEPREFRyIELPIPY AST!OLDCST'

(g Ne]

[ Ee K9]

ao

$sCAPCSTe XNFAN,3LDANGs CPLENY JPFZiy WHX, ATTUR, ADIAs A3LN
Se¢ ATH-D, WTFRMSTRUCCICFPERFyH2PERFy TNTCF s TPee EFMINe  aNTU
$. AIRICF. WATFF, XNMQODe TCT2%y FDCRFy FUTRCy ACCTTR, ADJTP
%, AZTH=D, ADJB2D, ACTVH, A2JVH, &0JRPF, TH2AIR, TCTFe AFCST
%y CSRN, WATZRwW, WSTRCT. CFOUND, HU32IA, TCOWLEN, NyMTOW, CTOWD
B+ S3IRJe SQRJUSY ATUBC?® c3as TTH12 TiC2» DELPS! CSTLVR

% 905THRy CYLING, CFANELS PSTACSs PUFITC, PM22STy RPTPL. SEPCST
COMMON /Scal ER/43FACYs ATUBy CPZRAs  SSCDePLANCleCASSS1e

€ GAIR, FaAIR, HPa1R, =PuAT, 4LRTP, PLANCT] ,

COMMAN /TINE/ XNSe TLAs XNTSe a32Ss TTD2QEe LENOR, XNPe XQUALY
DIMSNSTON YLIST(9)

DATA MT3I2/0/

DATA VL IST /"CCOSHNSPCOMeNCLAND My NCPIPI,PCONBAS!,tCOSHN
S GMTRIENGNDRATCSN e MY LSTH/

DEST3Y THERMAL EFFECTIVENESS OF THE FoWZR PLANT
TEFTA=TEFF /HRFAL2

RATED THEQMAL EFFECTIVENESS 0F THE POWER! PLANT
TEF®T1 = TESF/HRFAZY

HEAT INPUT INTO THE POWER PLANT
3413.5*3-951213/TEF71
.0

()
—
Z
—
it

La0P TO FIND THE INCREMENTALI COST OFi THS! COOLING SYSTEM
D0 500 T = 1yNTA

AMIIZINT TEMPERATURE

G-87
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SUAROUTINE

OO a0 aon OO0 e NeNe) OO0 OO0 e Ne] OO0 OO0 a0

o0

e N Ne]

Ty

NOVART 748/74 oPT=] FTN 4,247935]

TA = VTAL(ID
PERCENT OF THE YEAR AT THEZ! ABOVE AMIIENT TEMPERATURE

TPESRl = VT2ER{I)
INITIAL GUESS AT THE SATURATION TEMPERATUPE' F2R THE' ABOVE'
AvBIENT TEMPERATURE

T1 = Ta + ANSELSFF o TTDL » TTD2

~ BaC% PRISSURE AT THE SATURATION TEMPERATURE
5 P = IXD(17.168-9240./(T12460,))
H=AT RATE FACTOR AT THE A3OVE BACK PRESSURE

HQFAC4 = TAO{1) + TPO0(2)%P o TPI(3)#P%u2 ¢ TON(4)aPuel
THERMAL EFFECTIVENESS OF THE SLANT AT THE ABQVE BACK
®aESSIURE

TEFF& = TEZTF/HRFACS
HEAT REJECTED AT THE ABOVE! THERMAL! EFFESTIVENESS OF THE:
PrnWER PLANT

QREJCT> = QINi«(1. = TEFF4)
HEAT REJECTEZD AT THE DESISN THERMAL! EFFSCTIVENESS OF
THE POWER PLANT

Qe JCTy = QUNL* (], = TEFF3)

SQUS = aReJCT!

TeEMPEIATURE DIFFERENCE 3ETAEEN THE SATURATED STEAM! AND
TWE AMMONTIA IN THE CONDINSZR/RE30ILER

TTol2 o (eacJdcT2/aREJdeTl)TTOL
PoEZSSURE OF THEZ AMMONIA LEAVING THE CONDENSER/RESIILER

P12 = riLUIn(l0,),TleTTol2,ELEVynCALL 22nm)

HFG2 = FLuza<9.1,T1-TTD12.ELaVohcALc 29my

DENSIV2 = FLUID(Ts1+T1=TTDI2yELEV, uCALL 21)
MASS FLOW RATE OF AMMONIA THROUGH.THE COOLING SYSTEM

W32 = AEICT2/HFG2
PaFSSURE DROP JF AMMONIA THROUGH THE SUDPPLY PIPING

DELPS2 = DELDQ-(N32-‘2tDENSIV/()ENSIVZ*HB'ag))
O2ESSYRE AT THE END OF THZ| SURPLY PIPING

222 = £12 - DELPS2/144,

TI =711 - 7721 = 7702

DELTI = .00! _
LAO® TO DETZRMINE THE TEMPEZRATURE OF THE! AMMOVIA AT THE:
Exn 0f THE SUPPLY PIPING

10 FTI = 2222 + FLUIT(10919TIWELEVnCALC 23m)

FTI5el = =272 FLUIO(1G41,TIeIILTIvELEV, caL £ 2%

TI®1 = TI - DELTIFTIZ(FTIDEL - FTI)

IF(435(TIP] = TI) LT.+00001) 30 T9 20

TI = Trol

Gd T2 19
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SURROUTINE: NOVART 24/76¢  OPT=) FTN 4,247315]

a0

OO0 0

OO0

(e X2 Ke]

a0

OO0 e NeNe) (e XeXe]

e Ne]

OO0

20

4Q

50

890

100

TEMPERATURE DROS IN THE AMMONIA FROM THE] BEGINNING TO THE
END OF THE SUPPLY PIPING
TTD22 = T} -~ TTD12 ~ TI

EMPERATURE RANGE OF! THE: AlR
= QRCIETD S OIHA T L1LaYEPY s 2Pa)
SATURATION TEMPERATURE OF! THE STEAM IN THE CONDENSER/
Reapl &R )
T1] = DANGEZ/EFF « TA « TTD12 & TTD22

CANVEIGENCE CRITERIA FOR THE: SATURATION TEMPERATURE OF
TWE STEAM IN THE CONDENSEZR/RE3OILER

IF( oNAT, SXTEMP LaND,. (TllaTl)es2 L€, .0015 G0To 40
IF( TXTEYP .aNp, agsSt(Tllatly, Til) L7, 0,0001) 5avp 40
TI = 711

G T2 5

PAHER OQUTPUT oF THE LOW=PRESSJRE TURBINGI AT THE SPECIFIC
AMBIENT TEMPERATURE
BTOT = QRIN] *TEFF4,3413,5+3

PANER OUTFUT OF THE PLANT AT THE SPECIFIC AMBIENT. TEM=
PrRATYRE

PGEN=PTOT=2PCW/ 1000 =FPOW/ 1000,

TEFFD=TEFF4

IF (°GEN.GE,PSIZE) GO To 590

CAST OF THE AUXILIARY POWSRI REQUIRED TO MAXE UP FOR LOST
CAZACITY ON HQT DAYS

CSTIL= (PSIZE=PGEN}/25IZE~PWECDS
TEFSD=TEFF

6D TO 4O

CSTIL = 040

INCREASED FUEL COST OF THEI PLANT DUE TO OFF: SESIGNI
CANDITIONS
DELTE = FCN3%3413.E=5 & ((1a¢YTO)/TEFFDw]/TEFF)
IF(2.N7, 1) 60 1o 100
cAPCST = 0,0

FOR TEMPERATURES ASOVE 180 DEGREES THE VALUE OF VCOST
I FORCED TO a4 VERY HIGY NUM3IER SO THAT THIS WILL BE

9c CONSIDERED AS A TOO EZX®ZNSIVE CASE THIS IS REAUIRED
SFCAUSE THE CURVE FIT FOR THE HEAT RATE: FACToR IS
UnacsCE2TARLE A30VE 180 JEGREES (15 IN H34)

IF{T11_,5T, TLIM) VCST = 1, Zi+ 38
17 (711 ,5T. TLIM) RETURN
IF(PSI7E.LELPGEN) GO To 100

CaPITAL CHARGBE FOR THE AUXILARY PONER
CAPCST=CAPCHG® (PSIZE~PGEN)
CONTINUE

IMCREASE IN COST OF OPZRATING THE PtANT'AT THIS AMBIENT
Tr¥2ERATURE DUE TO THE USZI OF THE COOLING SYSTEM

G-89
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SUAROUTIME NOVART 74/74  0OPT=] FTN 4,2+7335]

(e Xe NeXe]

e NeNe]

900

220

300
901
902

PARCZOS = (CCOS + SPCD + CLAND: + CPIP 4 CONBAS ¢ CAPCST) * FCR/
§ (PSIZF = CAPF = g75%,) + COSM « DELFC & CsTol

FoACTION OF THE YEAR THAT THIS AMBIENT TEMPERATURE! EXISTS
TIMES THE INCREMENTAL COST OF THE COOLING SYSTEM AT
‘THIS AMIIENT TCUPERATURE!

XCOST(1)=TPER*PARCOS

CONTINGE

SUMMING THE °RODUCTS TO 03TAIN THE TOTAL! INCREMENTAL: COST
0F THE COOLING SYSTEM :

DO 920 I=1+NTA

VeST=VaSTexc0ST(I)

CONTING:E

NDRJG=r

15 (NDBI1GLE240) RETURN

NTRIP=zuTRIPW]

WRITE(2,902) NTRIP _ ,
WRITZ(499500) CCNSeSPCOSCLANDICPIP»CONBAS,COSHsTPERYPARCOSyVEST
WRITE(&e301) VLIST

FORMAT (14 43G14,5%)

FORMAT (14 4,5 {4x,45,4X))

FRRYAT (MoNQVART CALL NOG"eI110)

RET JRN

g\Nn
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SURROUTINE 0UT2 76/74  OPT= , FTN 4,247835] 12718716

SUBROUTINE OUT2 (R8P sHRFAC1sSSCI1CASSS] »PLANCTY »PLANC] oCTURB S TCD)

THIS RAUTINE REPORTS STEAM SUPPLY COSTS DUE TO INCREASED HEAT QATE
AT ATING BACKPRESSJURE,

D000

1 FORMAT(1A0,T3,nSTEAM SUFPLY SCALING TO COMPENSATE FOR INCREASED:
$ MHIAT RATE AT RATING BACKPRISSURE, RBP=",F5,2¢T9T "IN, HGM,
§ T113enmaraclan,rl1.5)
2 FlRMATTIT,1STEAM sy”PLyY CcCsT JIFFEleNTIAL sn,F12,0
10 S TILIVTURAINE COST DIFFERENTIALISF11a097123¢"E/ KyhM)
3 FORMAT (T2,"PLANT COST INCLUDING STEAM SUPPLY AMD TURBINE sn,712,0
$ sTS6en2LANT UNIT ¢OST INCLUNING STEAM SUPPLY AND TUPQINEW,F11,0
S ,712‘3."3“)
da1TE(%s1) FBP.HRFACI
15 WRITS (£e2) SSCN, TCD
WRTITE(&y3) PLANCTI,2LANC]
RET RN
£ND

G-91
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wn

49

65

55

SURROUTINE OUT4

(e Xe Xe NS e Ne Ne)

A ABW AN ANRA AR

74/74  QPT=] FTN 4,247835] 12718776

SURIDUTINE QUTL (XWHICH)

WHEN' CALLED WITH KWHICH = 1 THIS ROUTINE REPIRTS CONDITIONS aFTER
SCAZING PLANT AND! STEAM SUPPLY BUT BZk
FORZi SCALING FgR FANS AND PUMPS

WHEN' CALLED WITH KWHICH NDT 1 THE ROUTINE REPORTS CONDITYIONS AFTER
, SCALINGS FOR FANS ANp PUMPS

LOGICAL FXTLNG

LOGICAL FIRSTy FXTEMP :

COMVON

7 aTTR, ALPHA, ANG(I)
$ ,CAPF. CS3PXW, CONFy cONL, COSTLY CAPCHGe CONMAT, CONMAZ,cAf!
$ yc3dy CTUDBe CDANGe CLUVRs CHAILR, CVM
$ o0ANGLEy oFIN, JEEPLs DESVELW DESVELV
kY 'E'-FP
§ , TCR, FI3ST, FIXL, FCOS, FFHX, FXTEMP
% ,G3IEFF '
% LNXNP, HPCST
T o ITYAaxs ITMIN
$ »J20Ng
§ sKCONve KALEXT
k3 aMXEXT
£ SNTUGAL(2)y NTA
COM\,]«":‘J
onx »
sPSIZEs PER, PWCOSs PLANC, PFACZT, POMDPL; .
«P3H34Fy OCHFaNy POHLEcy POAcI, POMgNg, POASTey POMSEL
« /P, RepUCEs EpUcVs ROOFLI : ’
» IREJs IEDUCEY QREDUCY
1516Ma5e gARF .
1 T2% 72040y TEFF, TLIMs THFIN, TLPRA, TFIX
sTZOe TW
sUnSs UWS
aWTY
Va5 ()
s XDEPse Xwy XD - .

COMMON /SUPPLY/ VAL (?)y ¢cPLNs  cPIPs  ((OSe W3y cOSMy  EFF
5 AN, cLANDs REAIR Z4HRFAzE, W, Uy DELPW, PPOW,
s FRPAWy DERFCs WIDTH, ZLENGs  VAIR,  VwAT, HTy 4O, Té
S REWAT, Ny NT, N2y PLANC24P51212, SPBPy  Skas  Sy3e
& SPCeoTOTALIPLANC3sSAFRONY  AAIRY  vFps  SPCHPSIZIIY Wrar
3 B8P3, NWwoy  TCOS, DELPAWIZILPATIDELPWC,CONBAS,y XNTS5X, VELDX
S 9 TLaXy UCONy PMCST, FMCST, "BACCs =FFCs CHYy CAy S
$ 9 cL7Ce CFCr  cPcey FITcO C3CYCIRAER Y JELF Iy ASTeOLDCST

$5CA2CSTy XNFAN,3_DaNGy CPLENs 22Fgly WX, ATTUS, ADIAy ABLN

Se ATHAZy WTFRM,STOJrC.CFPERF,47PC3F s TOTCF TPey EFFINy  ANTU

%y alRer, waATFF, XN¥GDe T2T?7, FDCPF, FMTRCy ACCTTR, ADJTP

%+ ACTBODe ADJBCDy  ACTVHs  ADJVH, aDJPPF, THI3IR, TCTFs AFCST

Se SRy WATERW, WSTRCTe cFOUNDs HU3alay TOWLEN, NUMTONs cTOWD

$, §39J, S3RJS, ATURC, C34, TTI1, TTD2, DELPS, CSTLVR

$ 9CSTHRy CYLRNGy CFANELs PSTACSy PUFITCs PUPZSTy RPTPLs SEPCST

COMMAN /SINK/ VAR(S) s CPLN}o PIRy, ccos}. LT cosn}' EFFYy
’ ,

3 alul. eiLanl, Rpall, zl,437425, w4 uly peowl, prowl,
5 T20ule 5efcly WIRTLe €LENL, val2ly vWaTl,  4IT, W01, Tl
$  Wwal, Vw1, r1, NP1,z WNz2,7s1712, 2SPAP, Swal, Sw3ls
%

SPels PTOT)14OPLNC31y AFRCLy AAIR1yYFPMINy SPCOTr SPS13+WT2MINY

G-92
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75

80

85

90

SUIROUTINE 00T4

996
211
916
917
018
321
923
906
031
636
941
945
Q51
3356
a6l
362
953
364
965
1001

1005
1006
1611
1916
1021
1026
ags8

764/74  OPT=) FTN 4,2+7335{

$ B2MIN,NW2MIN, TCOS1s DEPAls JPWTls DPWCIs+CONBAYs XNTS1, VELDI
$ s TLals UCON1s PMCS1, FMCSIs FRACZLy EFFCly . CHYo Caly csl
$ , CLT71s CFCl, CPCCL,FITCP1, CSC1,CEPREY,SEPIPY, AST1,OLDCS]
FoCAPCS) 1 XNTAN] 99 DANT *CRLENT9DPFEL] Y WH1ls WTTUle ADI1s ABL1
$s ATHN)s ATFR145TRUCI,CFMPF1,y 4PPF1,TOTCFT, TPTsEFFINyY ANTU}
e ALRF=1e WATFF1, XNMOpl, ToT251, FopPri, pureesl, AgTTo1,y, LoJTR!
$o ACTS"1, ADJBP1, ACTVH1, ADJyd4l, ADJPP1, 74Pall, TCTF1 , AFCSTI
$y C35R7s WATER]s WSTRCls CFOUN1y HU3DIL, TOWLEls NUMTOLly CTOWD]
£y, 512J7y SAPJSIy ATUICLs CBAls TTD1ls TTD21s DELPG1, €STLV]

§ s¢37HQly cYLRNIs ¢cFANgl, PSTaZl, PUFIT], PU22S1, RPTPL1, SEPCS!
COMuON ,gCALER/HRFACY, ATYUB, C~IRAa, SSCO+PLANCLCASSS]y
$ GAIR FATRY HPAIRY HPWAT?! W_RTP? ?LAVCTl

CO¥MON /D JB/ DIeXDGeSF
COMVON /FLSW/ FXTLNG

12718778

FopuwaT (v CONDITIONS AFTER SCaALING PLANT aANp STEAM SUPPLY (REFQREI

#ScalINg FOR FaAMS AND PUMPS)M,T39,"4RFAC2=Y,5315,T)

FORMAT (1XeTSS5e"PSIZ12219G15.7," vwn)
,:.'OQW'AT'(1x,TSS,HPLANCZ="9315.79" S/<w")

FARVAT (1XeT8R39"  SPBP=Yy (315,3¢! §")

FOAVAT (1XeTo1le"3ACK PRESSURE="y 315,74+ IV, H3M
FORMAT(1XeTT991SAT TEMPERATURE=",G15,9,n DE5 Fm) .
FORMAT (1xs7129AYMONTA FLOy RATSI 1,515,9," L3 Magsg , HRM)
FORAAT (1XyT1léyn HEAT REJECTED 1,615.9,n BTU/HRu)

FORMAT(1XyT149"AIR  FLOW RATE "y 315,59, " L3' MAS§ / HAM)
FORMAT (hXsT]%y0 PUMP POWZIR ", 5315,5, " KILOWaTTSM)
FORMAT(1XyT14yn FAN POWER "y 3i5,9, " KILOWATTSM)

FORMAT (1XsT1%s"HX SURFACE ARZA "y 515,35, " S35 FTu)
FOrtarix,v14en  FRONpAL AREA n, 515,92, " S Fh)
FORMAT1X+T11?"WIDTH/LENGTH RATID " G15,9) .
FORVMAT (1XyTl5,n WIOTH “yIllyTag,n TU3ESH)
FORMAT (1XgT15,n WIDTH "yGl5,99m FEETH)

FORMAT (1XsTas"NO, CONDENSZ2 TU3ZIS nyGl5,09) '

FORMAT (1XaT8s"CONDENSER TURS LENSTH "9G15,9y1 FT i)
FOR™AT(1xe713¢maMMONIA yELOCITY ",613549,1 FT/SECH) .
FORMAT(IX,T74uCONDENSER HT TRFR AREA 1,615,9,n SQ FT TOYALw)
FORMAT (X ¢"SCALING FOR FAN AND PUMD POWER REJUIREMENTSMH,
+ TaN."cCALING FALTOR ", 615,3) ‘
FORWAYT(1X,783+1 PSIZE 1,G1543,1 Mym)
FORMAT(1X9TB89uPSIZ13 1ty G15499 " wwn)

FORMAT (1XaTHSy""PTOTAL 9515490 '* MAM)
FORMAT(1XaTBE 1oL ANCE 1y G15,9, $/KyM)
FOR“‘AT.(IX'!TESQ" Spc ny G154G41 §M)

FORMAT (1X,TBByn  SPCD nyG15.3,1 gn)

FORUAT (1Hge12(" =x #=x ze %) //)

WRITI 14,2200

WLRT? =+ WInTl/gLen]

IF(<WHTCH.NELL) 507D 2000

#RITE(ns901) HRAFAC2

WRITE (Ry356) ZS1Z212

WRITE(Rr911) ZPLNE2

WRITElee516) ZSP3D

w:ITE(«,9i7) BeoMIN

WRITE(fr,018)VaR ()

weITE{n,y521) w3l

w2172 {,223) 350RJL

WRITE (4 432R) W4l

WRITE(aye331) (PPOWl/ (1, eYFPMIN))
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SURRGCUTINE OUTS

2000

746774

WRTTE (K9938)
WRITS (4994l
WRITZ (Ae288)
WATTE(6,651)
ARITT(Ay338)
WRITS (qy06l)
WRITZ(£9555)
WRITE(549967)
WAITE (fy563)
WRITE (4995%)
QETURN
CONTINGE
WITTZthy100])
wRITE(5,1005)
WRITS(641008)
WRITElay1n11)
WRITSE(Rey1016)
WRITE(&,1021)
WRITE(4,1026)
WRITE(R,221)
WRITE (g9523)
WRITE (8y923%)
WRITS(h,e531)
WRITE (£4335)
HRITE (Ry341)
WRLE(ny9=0)

OPT=}

(FP:N}/(}..YFDMIV))
(AAIR:/{E ¢YFPUINY)
aFRol/ el eyFRuINY)
WLRTR/ (L, aYFENI)

NW 2Ty

WTaMIN

asTl

XNTS1

TLAI

vepol

PSIZE
$Ps13
PTOTY
PLNC31
spel
Eidebob!
Swll
SARJS]
Swal
Peowl
FPow!
Aaral
AFRJL

WATTE (£ e951) WLRT?

W2ITE(n9955)
WRITE (49367}
WRITE (%4565
WRITZ (A,5%2)
WRITZ(%,363)
WIITZ(4,958)
RETJRN

EVD

Nt
WIDTY v

AST1 w (1, » YFPMUIN)
XNTSY & (1, & YFPYIN)
TLal

veL) !

G-94
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R11RQQUTINE. PIPCLR T4/T4 00T=] FTN 4,2+78351 v 12718/76

s XsXeXeXe ke ke XeleNeXeTe Kale N Xs Ko e NaReNaXe o e XaXeXe XeXe e Xa e XaRe Kele Re NeloNeXs Ne Ne NeXs e ks N N2 Xe ie e e Ke To

SURROUTINE PICCLR(CTOW,TOWDIA,I0TUYA9DIST,DESVELL Y RUNWIDT ¢REDUCRY
$ QRZIDUrRy DELLy PIPCSTLe CDANGy POHCIR)

THIS SUSROUTINZ DESIGNS AND COSTS THE RETURN PIPING SYSTEW
WulICH TRANSPORTS THE LIQUID AMMONTIA, T4IS INCLUDES ALL THE
Dvbr. UAlur:. AND r?r?ru~: :'fu.:u THE JEAT :v:u.umen AuD

TAE CONDENSER/REgOILER, 21PE DIAMETER 1S DETERMINED FROM THE
AVWOVIA FLOW RATE AND THZ LTIQUID DESIGN VELOGITY, VALVE aNOI
FITTING SIZES CORRESPOND T2 THE PIPE SIZES WITH THE SAME

FLOW RATE, i

OFFINITION OF VARIABLES

ADIPCST -« A3OVE GROUND ’IPETCOST (€1000/FT

B7CHO1A = DIAMETER OF DISTIISUTION FIPIVG 6R SUNDLE FITTINGS!
(INCHES)s IS JSED: TO GET nBRaNCH'" PORTION OF THE
TZg ¢OSTS

32¢ST - COST OF "3RANCH" PORTIOV oF TIE COST ($1000)

AUNWIST = WInTH OF TUaz 3UNSLE: (FT) _

CraNG - ANGLEZ OF DELTA HEAT EXCHANGER (DEGREZES)

Cow - SPECIFIC HE4T OFI aMvONIA (lQUID (BTU/LB™ DEG F)

cCTOwW - NUMBER oF CIRCULAR TOWERS

OFLL - PRIESSURE DROP IV RETUIN CIRCULATION PIPING FOR
LIQUID AMMONIA ({2SF)

DELP3R = PRESSURE DROP IN: RUNOLE FITTINGS (BSF)

DELPD,T = PRESSURE DROP IN: DISTRIAUTION PIPING, TOWER PIPING

(T)+ (PSF)
DFLRHsQ ~ FRETSSURE DROP IV MuIN cxnCULATIov HEADER'S QUADRANT
y HZADER (Q)y (PSFY

OENSIW = DENSITY OF aMMONIa LIQUIp (Lgvv/cy FT)

DrFsvELL = aMMoNTA L1ayln 2¢s1I5V VELOCITY (FT,SEC) _

DYAR = DIAMETER OF MAIN CIICULATION RETURN HEADER (INCHES?
D1ARD = DIAMETER OF DISTRIRUTION PIRPING (INCHES)

DIART = DIAMETER OF TCOWZR PIPING (INGHES) .

D157 - DISTANCE FROM CONDENSER/REBOILER To BOUNDARY OF

TIXERS (FT)
OATMA = TOTAL MASS FLOY RATE! (LIM/HR) _
DnTYAByQsT = MaSS FLOW RATZI TD TURE BUNOLEs QUADRANT Q)
TOWER (T)s (L3M/HR)

DNTREYM =~ FLOW RATE REMAINING IN HEADER SECTION (LBEM/HR)
DvNADL = DyNavIc JE4D LOss (FT OF “a™HONIa)

£LCST - 90 DESZ ELR0W COST (g1200)

ELss ~ 45 DIG EL30W COST ($1000)

ERLEN = EQUIVALENT LgNGTH (FT)

FLGCsT - r;ANGc COST (31000

HcAD - QD LOSS (FT OF: AMMONI4Z/100 =T OF EGQUIVALENT

HF DR - L VGTH OF MAIN CZIRCULATION HZADER SECTION (FT)

In - INDEX REFERS TO JISTIISUTION 2IPING

1r = INDEX REFERS TD TOwWZR PIPING

Jn ~ INDENTIFIES MAIN CIRCULATION 4EADER SECTION

Ka - IJENTIFIES QUADRANT HEADER SECTION

NSUNPQD = NUM3ER QF BUNDLES PER QUADRANT

NFL - UPPER LIMIT T2 NJUM3IR OF TUBEI BUNDLES PER QUAORANT
NFS - UPPER LIMIT T2 NUM3ZR OF CIRCULAR TOWERS

PTPCST = 3ILCW GROUND PIPIi COST ($1000/FT)

ProgSTL = TOTAL CIRCULATICN. RETURN SIPING COST (S1000)
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SURROUTINE PIPCLR 36/74

OO OO0 OO0 OO0 000000 OO0

PrHCIR
QuEDR
QRENUCR

Q3L CsT

RnFecST
ReOsT
PAST
REOUCER

REJCST
Re{CS8T
RFLGCST

[0
R©2CST
Rrz0ST
R2DIa

RnRCST
RARCST
RegST
RTCST
9TOCST
T TAST
TAADIA
ToRC0ST
TnT2CST

0PT=1 FTN 6,2473351 12718718

INDIRECT COST FACTOR FOR CIRCULATIQN PIPING
LENGTH OF QUADRANT HEADER SECTION (FT)

ALLOWASLE REDUCTION IN DIAMETZR BETWEEN ADJACENT
QUADRANT HEADER SECTIONS (INCHES)

€cOST OF 90 DE3 ZL30« AT END J7i QUADRANT MEADER
{51000) _
- ¢OST OF aUNpPLE: FITTINGS (slqoQ)

c9st OF “nxB CI1sybaTION FIPIVYG (51000)

REDUCER COST (s1000?

ALLOWASLE REDJCTIIN IN DIEMETZR BETWEEN ADJACENT
MAIN CIRCULATION HEADER SECTIONS (INCHES)

COST OF EXPANSIOV JQINT AT CONDENSER/RE3DILER
INLET (51000, .
COST OF 20 DES ZL30W AT eND 07 MAINn CIRCULATION
HEADER (%1090) _

TOTAL COST OF APPROSRIATE FLANGES AT CONDENSER/REe:
BOILER IMLET (31000) , )

DINSITY OF AMMONVIA LZJUID (L3MYCUFT) 3
COST OF PIPE 2 MAIN CIRCULATION HEADER! ($1000)
COST OF QUADRANT PIPING (51000)

COMPONENT DIAMSTZR OF QADRANT HEANSR SECTION
(INCHES)

CAIST COF PIPE £)23 FUADRANT HEADER (51000)

cIOST OF REDUCEZR FOR QUADRANT HEADER ($1000)

c9st OF RzpuczrR Y MaIN rIRcULATION HEAJER ($1000)
COST OF TEE IN MAIN CIRCULATION HEADER (51000)
COST OF DISTRISJTION aAND TOWERI PIPING (31000,

TEE £2ST ({$1000)

pIaMEvER OF ciRcukar tOusr (FT)

TOTAL RETURN QUADRANT PIPING 20STS (gl000)

TOTAL RETURN JISTRIZUTION AND TOWER PIPING COSTS
($1000)

UNIT PIPZ cOST (81000/FT)

vaLyE COST ($1000)y vALVES ARz| MOTOR OPgRaTED
BUTTERFLY VALVES ‘

FLUID VELOCITY 34SZD ON FLOw RATE AND NOMINAL! PIPE!
DIAMETER (FT/SEC) . L

VISCOSITY OF LIQUID AMMONIA (LBM/FT HR)

COMMON /PROP/CPW, THCONW ,DENSIA ,VISW,HFG,

$
3

CPV,THCONV ,DENSIV,VISV,SIGVa,
CPAyTHZONALDENSIA,VISA

COMMON /RPTRETy
$ SPDELL, SDESYE, JI1ARD, DIART, S520TMA, DYNHDLI

e HUTND.AAAL
...... VeV v

&y JT
F9 KR
%y S2IPpS

$e QA4IDNR(200)

62LCST

$v RIIA(200)°* RPCST(270)* RRCST(200)' RTCST(200)* S8FCST? RCOST
€+ 2W0TA(290), RGEeST(290),R23R257(200) ,32TcsT(200) yREJSSTHRELLST
$9 R7LGASTs ROGOSTy RTPEST

®, STOWnI, TRQACOSTs TRTPCST

COMMON ,PCDIM, NFS, NFL
COMMON /PME/ PMELEC
DIMINSTON y2IPc3T(200)
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DIMENSTON DIAM(24), TEECST(24)9s PIPCST(24), ELCST(24), ELAS(24)

$e VACST(24)y FLGCST(28)s APIPCST (249

s
3
3
_ $
¢
k3
$
s
$
¢
S
$
13
5
c
$
s
$
$
¢
$
S
3
S
¢
$
$
%
$
¢
s
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%
c
]
%
$
$
c

DATA DyAM /

S ’ 12. ’
42\ ‘ 43. ]
73, ' 84, ’

114, y 120, '
DATA FIGCST,
s1256, «520)

508? ’ 9.22 ]
3309 L} 40.6 [
72,5 4 18,9

DATA TEECST,
0344, «935,
3197 1] 37.6 [}
126, y 145, ’
239, y 258, ’

DATA PIPCST/
200y .113'
« 720, .8%1,
2.1n 2.3% .
3,57 » 3,93 ,

DATA VaCST,

2.87 T.Og ’
10;5 L] 141- 1}
265, y 293, ’
4255 ’ 452. (]

DATA EICSTy/
275y 715,
27.¢4 s.8 ,
133, sy 155, ’
263, s 290, '

DATA EL45/,
02307 .5580
22,2 27,2
10’-0 e 120. *
211. L] 229' ’

DATA ADIPLST/

034 4, ,073 ’
osi‘D .719'
logf * 2.15 ]

3,47 3,65 ,
DATA NFS,NFL /20042

NSUNPAN =

DOTUAT=DOTYA/CTOW
DOTWAQ=DOTMUAT/ 4,
DOTUAB=DOTMAQ/NBUNPQD
CONSTi=4,/(3.16154360

180 ?
54, R
30, ’
1298, ’
1.03 ’
12,0
46,8 ’
85,4 9
1,96
53,4
163, "
277, ’
¢1¢7'
IOOB *
2.62
4,19
16.9
16¢o ’
319, ’
478, ’
1435
51.9 1
178, '
312, ’
967
37.7 ')
138, '
247, ’
.096
.939,
2041 [ 4
3,91
00/

0.9
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24,
5y,
%6,

132,

3,82
69,1
182,
296,

219
1,31
2.88
4,46

26,7
157; *
346,
505,

2454
63’1
335,

2+16
48,1
157,
265,

4135
1,16
2,65
4,16

- % o w - 9 e e * e e o - e e e

- e e -

FTN 4,2¢78%35]

30, ’ EG- ]
65, ’ 2 ’
lo2, » 108, ’
138, y 144, 7
3.17 482 ,
21,1 27,5 ,
53,7 v 66,1
%3,2 o+ 105, /
14.8 1 4 .25.5 [
87}9 L 107. *
201, s 220, '
314, » 333, /
.409! .599’
1057 ’ 108‘ ’
3,15 o ;41 .
4,72 4,98 /
52.2 9 TT7.8
213, 9 2%,
372, y 399, ’
531, vy 5858,
F.54 151
8706 ? 110. [}
222, sy 245, ’
357. * 3800 /
7;67 1 1302 ’
66}2 [} 8433
175, y 193, ’
283. ’ 3010
0332, _«310,
1,41 1,87,
2.99 [] 3-16 []
4,62 4,67

301416 o« TOWDIA , (6¢4BUNWIDTLCDANG) ¢ Te

12718/76:
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crelee Tu/74 C27=1 FTH bLeHelbil 35702777

RCOHST=L.
2QCe3T= ),

N 1 1=1,NF3
WPCST (=4,
Ny 2 I=tNFL
ROWCST(TY=10,
DELFH=G,
neLen=i.,
FELGST=)
RELGCST=C.
WEJCST=1,

0O B3 T=1.NKFS
RRCSTOIY=CW

TWE DENSTITY AHD VISCOSTTY OF TH4F AMMONIA LIJUID ARE ASSUMED
GONSTANT TN THE PETURN FIPTNG AND 4RE EVALUATED AT THE HEAT
EXCHANGER NUTLIT COHNITTONS.

RPHO=OFNSTHW

JTS=VTSH
CONST2=4 %1404/ 0 301016%36060.)
Jr=1

NOTREM=DOTHA

Th THE STATEMENTS THROUGH 47 + 1 THE MAIN CIRCULATION PTIPING
IS NESIGNED AND COSTFD. THE PRESSURE DROP [S OFTERMINED FOR
PUMPIMNG REAUIRSMENTS.

CALL HEAOER TO DESIGN AND COST THF CCMPONENTS OF HEADER
SECTION J®, ALL HFADER SECTION COMPUNENTS ARE DETERMINED
FETWEEN STATEMENTS L3 AND L2 - 1.

CALL HEADER(DOTREM,OTMAT,CEIVELLRHOWREDUCRIJR41,01AY,
AOTAR, TCS T4 RCSTLUPCST(RELCSTWRFLGCST,REJCST)

ThHE DIAMETEQ OF HEANER SECTION J® (0IAR) IS REPLACED BY $IAJ
[N ORDER TQ COMPARE THE NTAMETER NOF SEGCTION JP WITH SECTIOHN
JS # 1 TG NDETERPMIMNE PFOUCFR REQUIREMENTS. RDIA IS THE STORED
VALUF NF THE OTAMETER OF HEADEZ SCCTION JPR.

01a)=NIAR
ROIACJIR)=DTAR
RTCSTHJRY = TCST

ASSIGN THE COSYT OF A& RFZUCEX TN THE PRECEDING HEANER SECTION.
THE COST OF A REDUCZIR [S 3ASED ON THE LARGEST DIAMETER OF
THE REDUCER.

TR(JY. 0T L) RECST(IR=12=RUST
UPIPCST(JPYI=UPCST

NETERMINE LFNGTH OF HEALFR SECTTON. THE ©IS5T HEADESR SECTION
TS DFSLGSNATEN wFANEF SEUTTON L. ALL ZIVEN NYMBERYD HEAQDER
SFCTIANS ARE FFFFASTIVELY 7830 L M5 T BECALSE THE CIRCULAR
TONERS ARF 2ALSED OM OROIRTTE SIS OF THE 4AIN CIRCULATION
HE AL R, THAFR2E [S OUf 4¥AnFw TECTTON OFSTGMATEN FOP FACH
CI2CULA? TIuER,
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IF{JR.FR.1) GO TO 1t

IF (MO0 (J2e2) JENGI FENRTJRI =0,
TFIMONTUR2) eNE Q) HEDR(JRP)=1,.5¥TOwW{A
S0 T9 1t

HEGROJIRI=DIST#.5*TCWNIA

CONTINUE

DETERMINE THE MEAD LUSS AND PISSURE OROP IH HEAODCR SEGTION
JR. THE FAUTVALENT LENGTH INCLUDAS AN L/D JF 2t FOR THE TEE
oy, :

FOQLENSHEDR (JRI+2J.-NLAT/12.
VELO=DOTREM¥CONST2/ (RHO*RTAR®ITIAR)
CALL HYNLOS{OTARLVELC VISWMHCy2,HEAD)
OELRH=0ELPHEHFEAN*PHO*ENLEN/1 3T

SUBTRAGCT OQUT THE FLOW TO ONE CIRGCIHLAR TOWFER TQ GET THE FLOW
IN HFADER SECTICN JR ¢ 1,

DOTREM=ODTREM=-NO)THAT

IF THE REMAINTHNG FLOW I35 ZERQO THEN THE LAST HEANER SECTION
HAS BEEN NESIGNEOD.

IF(DOTREM.LELTW) GO TO 42

JR=JUR ¢ L

[F( JR .GTe« NFS) PIPCSTL = 1 .44 ‘
IF( UR +6T4 NFS) RETURN

G0 TO 43

JETLERMINE THE ODIAMETER OF THE DISTRIBUTION PIPING.

ARCHENTA=SCRTIDNTMAT*CONSTL /(RHO*QESVELLYI" 12,
IFIBRPCHNIALLT.O0IAM{1))Y QRCHOIA=OTAM(1)

0N Lo I=1,23

I1=1

TF(BRCHNIA=-01IAM(ITIIUS,L5,0404

COMTINUE

APCHOTA=DTAMA(L )

THE COST OF A TSE TS ASSyMe T3 8 .67 TIMES THE COST OF A
TIE CF OTHE “QUN™ DIAMETE? PLUS 433 TIMES THF (CNST OF A TEE
OF THE "BrANCKH" D[AMEITER, THE “RUN"™ FOGRTICOM WAS NETERMINED
[N SUBROUTIME "“HEADER®™, THF "3RAMUH®™ FORTION IS DETERMINFD
HEQE,

RCST= JIXFTERCSTLLT)

) bn T=l,44R

PICSTLI =R 1CSTLII+ORCST
RPESTLI=UPTRPCSTHLISHEDR (]

SIOET(URY= 4,

na &7 I=1,4°

TFUTe LT QJYIRCOST=RCOSTIWPOSTII) #0ROCSTI{IRTICST(])
TF T Fila JKIRUCODST2RCOST4RPESTHIISORUST(T)4RELCST
CONTTNUE

CLAST=RCOSTHIFLGUST4RF JCST
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-
" IhN THD STATEMUNTS THROUGH G1 ¢ 4 THE DISTRIVUITON PIPING IS
[ AFSIGNEDS  UINDFXES FO2 UNTT COST ARRAYS ARFP QEFINEU. o
[ POESSURE LOSS IS EVALUATEND,
2eQ C
UUARD=SNRTHDDTHAT*CONSTL/Z(RPHC*DESVELL ) b* L2,
IFA(NIASDLTOTAMIL)IO[ARD=)] EM (1)
D0 5L 121,423
m=1
215 [F(DTARD-NTAM(TICIISL 51,50
82 CONTINUE .
51 DTARO=NIAML])
C
C THE CQUIVALENT LENGTH INCLUDES THE LEFNGTH OF PIPE CONNECTING
3cs o THE MAIN CIRCULATION HEANER T THE TNDJWLR OISTRIBUTION HEADER, .
G THIS LENGTH IS ASSUMED 10 3E .2 TIMES THE TOWER DTAMETER.
C

ENLEN=2*TOWNTA+ 20, *D13RPD/L 2.

VELO=0O0OTMAT*CDONS T2/ (2HO*GTIARI*NIARD Y
R CALL HYDLGS(OIARDWVELOWVTIS24),2,HEAD)

BELPD=HEAD*RHNAENLEM/ 100 .

o0

IN THE STATEMENTS THROUSH 53 ¢+ & THE TOWER PIPING IS
NESIGNED. [NCEXES FO® UNTY COST ARRAYS ARE DEFINED.
PRESSURE LQSS IS EVALUATEN,

]

[ e

ITART=SARTIDCTHAQ* CONSTL/Z(RHU*DESVILLYI# L2,
IFINIART.LTLOTAM(I)IINTART=0TAM(L)
no sz I[=1,23% .

3T IT=1

TF(OTART-0TIANM(IT))IS3,53.52

CONTTHUE

NIART=DIAM(LT)

FALEN=TOWOTA+6 3. *DIART/ L2,

320 VELO=NOTHAN®CONSTZ/(RKD*YIART*NIART)
CALL HYDLOS{NTART VELOWVIS,HN,,2,yHEAY)
DELPT=HEAN*REO*EILEN/L TG
NELTD = DELPT v DFLPO

N

V1
N

C
225 G
C
C SUM THE PRESSURT ORCPS [N THE TOWFR AND JISTRTIUTICON PIPING,
C »
C
371 G CCMPUTE ThZ COST QF THE SISTPI3UTION AND TOJER PIPIMG. PIPE
C LFNGTHS THCLUNE THF LENGTH OF PIP~ GOMNECTIMG THE MAIN CIRG-
C ULATIOM HFADFR TO THE TIWER UCISTOIAUTION REANER (,2*TUWDIA) v
C AN THE TOTAL LENGTH OF PIPE COMNECTING THE TOMFR
C NTST2ISUTION KEADER T THD FOUR QUADRANT HEADERS (3.25%
235 C TOWNTAY s THFSE LFNGTHS ALE GENTRAL ACPPROXTYATIONS. THE
C TOWER DIST2TSUTINN HEADCT TS ASSUMED TO APPROXIMATF THE
C COST OF FoUic TELS. THOEX 10" KEFERS TO THZ GISTRIBUTION
¥ PIPIMG, "™TT™ TQ THE TUW<<2 PTIPT M-,
r -
3L PTAICIT= 2% T0A0LARIRCSTEID 0> (A7 YTECSTILN) $ I3 TFECSTLITYY

FARLISFTOMNIAPOTIOUSTITY 410 rLOSTUTT 2 306D (LT
THL (FVACSTITITI #2 7K LEOSTOLIT)
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SULMNYIHE PTPROL 76/74 GPT=1 FTM 4o 5¢b414 057452777

TRIDCST=RTNCST*CTOMH

C
LS [ IN THFE STATSMENTS THROUGH 67 ¢+ 11 THE QUANRANT PIPING IS DE-
G SIGNFD ANC COSTED. THE POESSURL LOSS IN THE QUADBNT HEADER
" AND SWIDLE FITTINGS IS NETERMINGD,
NO 60 T=1,NFL
RN nl PQREST(I)=(a
KR=1
O0TPEM=NITMAQ
¢
r [M STATMENTS £2 TC 62 = L DESTGH ARD NOST IMFOAMATION FOP
15 < EACH CUADIANT HEADER SECTION IS NETERMINED.
o
63 CALL HEADRER(NATREM,DOTMAZ,DFSYEL LA, IRENUGCR, KR, 0 ,NTAY,
SOTAR, TCSTWRCSTLUPCST QRLCS T, SFLGAST, NFJCSTY)
c
Ted G THE OTAMETEC OF HEADDR SECTICGN KR (DTAR) IS REPLACED 8Y CIAJ
c [N ORTER TO COMPARE THE NIAMETED? QF SECTICH KS WITH XP ¢ 1
€ TO JFTERMINS REDUCLER FFEAUIRAMENTS, RAOIA IS THE STCRED
G VALUE 0OF THF DTAMETLR QF HEANSE2 SSCTION KR.
C
5 NIAJ=NTAR
PADIA(KRY=0IAR
RQTCSTIKR)Y=TCST
G
G ASSIGN THE COST 0F A RECUCER TO THE PRECENING HFEADER SECTION.
370 C THE COST OF 4 REDUCER [S BASED ON THE LARGEST DIAMETER 0OF THE
[ REDUCER.
c
[FIKRLGT1)RURCST(KP -1} =REST
UPIPCSTIKR)=UPCST
375 c
C THE FIRST QUANDRANT HEADER IS ASSUMED TO HAVE
G ZERO LENGTH, THE PIPE LENGTH FOR THE REMAINING SECTIONS WILL
G 8t SHORTER TF A DELTA HEAT EXCHAMGER® ARRARGEMENT IS USED.
C LENGTH QF THF TEE "RUN" TS ASSUMEN TO 8F 1.75 TIMES THE PIPE
R0 G DIAMETER ANN THIS LENGTH IS SU3ITRACTEN,
¥
IF(KR.FNJIIQHECR(KRY=(.
[F (KR.GTe1) ‘JHFDK (KR = BUNWINT * COANG - 1.75*0[AR / 12,
X4 G NETERMINE THE HCAD LOYS ANN CYESEURE JROP IN THE QUADRANT
G HEADER S=CTTQCN,.
C

FALEN= JHEDRIKRY ¢ 0. *DTAR/ L 2,

VELO=NUTREMCCONSTL/(VHO NIAR*ITAR)
3917 CALL HYIJLNSINTAR ,WHL G VISsRAC, 2.4 AD)

BELRPA=AFLOC+HEANYCOHG ¥ ULEN/L 75 .

G

C SUBTRACT QUT ThF FLOW TO INZ THIE BUNILED, LF THE FLOW

G REMATNING IS ZER0 THEN THF LAST QUADRANT HedADER SFCTTION
7a5 C HAS AEEN CESIntn,

C

JOTREZINTREN=AN TG
TE(NOTSFMLLF . 0,060 T w2
KP=KT 4]
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IF( KW GT, NFS) PIFCSTL = L.E+41
TF( KR GT. NFS3) QETURN
GO TO A3

COMPUTE THE DIAMETER COF THE 3BUNOLE FITTINGS.

ARCHOTA=SQRT{NUTHANRCONSTL/Z{YHO*DNESYILL)) *12.
THA2RCHDTA LT, CTAMIIYARCHNT A=DIT A4

JO €6 1=1.23

11=1

[FIFRCHDITA-NIAN(LIIN)IZS 68,0

CONTINUE

IPCHDIA=OTAM(TT)

THE PORTTLON OF ThF TFF COST ATTRIZUTEND TO THE "2RANCH™. SFE
NCTY PRECETIING STATEMENT 65 + L.

ARCST=,33*¥TEFCST LI
EVALUATE THE CG3ST OF THFE QUANRANT HEADER.

N0 €6 1=1,KR

RATCSTADI=RATCST (L) ¢3PCST
RAPCSTUII=UPTPCST(I) “QHEUR ()

RATESTHIKR) =T

00 €7 I=1,kP
IF(I.LT.KRIRQCOST=RACOST+PQPCSTI[)+RQATCST(I) +RARCST{ )
[F{T EQ.XKRIPCCOST=RECOSTHRUPCSTIII+RIRCST (L) +QRLCST
CONTINUE

DETERMINE THE CNST OF THE JUNOLI FITTINGS, [.E., THE PIPE
CONNECTING THE QUAQRANT HFAQER TO THE TU3E 3JUMDLE HEADER.

PRFCST= (3. * APIPCST(TI) ¢ FLGST(IT) ¢2. * FLGCST(IIN)
TOTAL RETURN NUADRANT PIPING $35TS,

RUCCST=RUCCST #+RBIFCTTENIYNOQN
TRACOST=RACOHT*CTOW* 4,

NDETERMING HIALO LGSS AND PRESSURL NROP IN THE BUNDLE FITTINGS.
FALEN = 19%C¢. * IPCHOTIAStZ2.
VELG=I0TMAZRCONSTL/(RHOFERCHTT ® 3P HIT )

CALL HYDLOSTIRCHNTAZVELO WIS 32 HG A" AT)
NELPBR=HFANFRHNTFTJLEN/ LU,

OETERMINE TOTAL COST ANT PRESUUSM $ROP [N RETUPYN PIPING
SYSTEM,

PIPCSTL=PCOST+TRTINCSTeTROECOST
PIPCSTL = PIPCSTL * 9JHCIx
NELL=OELRREMLTDHDELCN+DELP3
NYHROL=DELL/RPH0

STN<F VALUES TH COMMON 2LOCK /ROTVET/ FOR® LATER USE [N
nyTPYyT,
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SURROUTINE
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74774 0PT=] FIN 6,247835] 12/18/1%s

SURRQUTINE PIPLLS(CTOW,TOWDIA,J0TMAasTCONOUTITSTsHESVELY »BUNWIDT
$ REJUCTs AREDUESs TUBLERy THXIN, pElVs PIPESTVs ¢HANGs POHCIR)

TwIS SUBROUTINE DESIGNS AV COSTS THE SUPPLY PIPING SYSTEM
WAHICA TRANSPORTS THE VAROR AMMONIA, THIS INCLUDES ALL THE:
PT1PE. VALYES. AND FITTINGS BETWEEN THE H4FAT cXCHMANGED AND

TWE eONDENSER/REQOILER. PIPE DIAMETER IS DETERMINED FROM THE:
AMMONT A FLOW RaTZ AND THE VaAPOR DESIGN VELOCITY. VALVE AND
FITTING SIZES CORRESPONI T THE PIPE SIZES WITH THE SAME

FlLOow RaTC, :

AMMONTA PROPEZRTIES ARE FIST £VALUATED AT THE CONDJENSER,
REQOILER QUTLET TEMPERATURZW CONDITIONS ARE ASSUMED TO B
SAaTURATED, AFTER DESIGNING EACH HEADER QR PIPE SECTION THE:
PRESSURE DROP IS5 DETZRMINTD: IN THAT SzCTICN gY CALLING
HMLAMMO, THIS PROVIDES THI' QUTLET TEMPERATURE OF THAT
SECTION WRICH 3ZCOMES THE INLIT TEMPERATURE FOR THE NEXT
SITION. '

-~

CRFINITION OF VARIABLES

AFIPCST = A3OVE GROUND 2I2E COST (s1000/FT)

83CHDTA = DIAMETZR OF DISTRIBUTION SIPING OR 3UNDLE FITTINGS:
(INCHES), IS USZO' TD GET wBRANCHM PORTION OF THE
TEE ¢0STS

BACST = COST OF "3RANCHM PORTION OF TEE COST (S$1000)
8RpYNHD = pYMAMIC HEAp LDSS IN 3UNoLE F1TTINGS
(FT OF AMMONIA)
BUNWIDT =~ WIDTH OF TU3IZ 9UNOLE (FT)
CNANG ~ ANGLE OF DELTA 44T EXCHANGER (DEGRZES)
cov - S22cIfIg HEAT OFi aMMONIa vaPDRU  (BTU/LRYM DEG FY)
Crod - NUMGER OF CIRLU.AR TOWERS )
DHYNHY = DYNAMIC HEAD L0535 IN DISTRISUTION PIPING (FT OF
aMMONTA) )
n=ELe ~ PRESSURE DROP IN. HEADZR SECTIAN (PSF)
OFL2as =~ PRESSURE DRCP IN. gUNDLE FITTINGS (PSF)
DELPD.T « PRESSURE DROP IN OISTRIgUTION PIPING, TOWER PIPING

(T)s(PSF) i
DZLSHs? = PITSSURE DROP IV VAIN CIRCULATION HEADER, QUADRANT
HZADIR (Q)s (PS7H

DELV - PRIESSURZT JRO> IN SUPPLY CIQCU:uTION PIPING FOR
VATOR AMMONTIA (287)

DENS - DINZIV )

DENSIV = DENSITY OF AMMONIA VAPOR (L3/CU FT)

DESVELY AUMENIA VaPOR JESIGN VEZLoclTY (FTrssEc)

DTAS = DTAMEZTER GF MaIN CISCULATION SUPPLY HEAJER (INCHES)

NTaSY? = DIaMSTER OF DISTRRISUTION PIPING (INCHES)

DIAST = DIAMETER 0F TOWIR PIPING (INCHES)

DIST ~ DISTANCE FR0M CONDENSER/REBOI_ER To sOUNDARY OF
TOWERS

DATYA = TOTAlL MASS FLO4 RA/TE (L3M/HR) .

OnTMa3939T = MaSS FLOW RaTZ T TU3E BUVHLEs QUADRANT ()4
TOWER (Tl (L3M/4R) ]

DATREM = FLOW RATE RIMAINING IN HEADER SECTION (LBM/HR)

DYNHDS = DYNaAMIC HEAD L0SS IN “AIN CIRZULATION HIADER (FT 3F
AMMQONIA) .

DYNADY = DYNAMIC HEAD LOSS IN CIRCULATION VAPOR SUPPLY

G']041
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74/74

ELCST
gaLEN
FLGCST
HEDR

In

It

Js

b
NUNPQD
NFL

NES
PiPCSTYVY
DpYNHDS

2AHCIR

SelLCST
SFLLGCST

SmosST
sncosy
Sndla

SnhpPCST
SnR¢ST
S=CST
STCST
STOLST
TaONOUT

TrRST
THRYNKD
TWXIN

TINe TOUT

TAWDIA
T8QRCOST
TSToesST
Tus3LeEN

UmnCST

0PTa) FTN 4,207835] 12718716

PIPING (FT OF AMMONIA)
90 DEG ELSOW COST (51000)
45 peG FLBOW 2OST (31000}
EQUIVALENT LENGTY (FT)
FLANGE COST (351000) . o
LENGTH §F MaIM SIRCULATION HIWDER SECTISR (FT)
INDEX REFERS TQ JISTRIBUTION PIPINa
INDEX REFSRS TD TOWER PIPING
CIDENTIFIES MAIN CIRCULATION HEADER SECTION
JENTIFIES QUADRGNT HEZADER sEcTiON
NUMBIR 0F BUNILIS PIR QUADRANT
UPRER LIMIT 7O NJM3ZR OF TURE BUNDLES PER QUADRANT
UPPER LIMIT T2 VJUMRER OF CIRCULAR TOWERS
TOTAL CIRCULATION: SUPPLY PIPING COST ($1000)
DYNAMIC HAEAD LI5S IN QUADRANT HEADER (FT OF
AMMONTAY
INDIREZCT COST FalTOR FOR CIRCULATIAN PIPING
LENGTH OF QUADRANT <ZADZR SECTION (FT)
ALLOWABLE REDUCTION IN DIAMETEIR BETWEEN ADJACENT
QUADRANT 4EADZIR SECTIONS (INCHES) .
COST OF 90 DESG Z. 304 AT END 0F! QUANRANT HEADER
($1000)
¢O0ST OF 3UNnLE: FITTINGS ($l000)
c0st OF MAIN cIacyLaTION PIPING ($1000)
REDUCER COST (51000)
aLLOWARLE REDUCTION IN DIAMETER SETWEEN ADJACENT
MATN CIRCULATION HEADER SECTIONS ([NCHES)
COST OF LRDAVSIOV1JOIVT AT covDENS;?/RFBOILER
OUTLET ¢$100
cOST 0OF 90 osq ELRO0N AT END OF MAIN cIRCULAT!ON
HEADER " ($1000)
TOTal COST OF aPPRD2RIATE FLLANGES AT CONDENSER/
REBOILER OUTLET (%1000
COST OF PIPE 70X AIN CIRCULATION HEADER! ($1000)
cIst OF QuadRANT PI?ING (gl000)
COMPONENT DIAMETZIR OF QUADRANT HEADER SECTION
(INCHES)
COST OF PIPE FOR QUADRANT HEADER (g1000)
CIST OF REPUCIR TDR QUAIRANT <EADER (51000
cOst 0f REdycir IV MatN CcIRGyULATION HEADER ($1000)
COST OF TES IN MAIN CIRCULATION HEADER {51000)
CHST OF DISTRISJTION AND TOWER PIPING (51000)
TEMPERATYRE OF: AMMONIA vaPOR AT CONDENSER/REBOILERI
OyTLET (CEG F)
146 CUST (31000) ) _
DYNAMIC HEAD LOSS IN TOWSR PIDING (FT OF! AMMONIA)
TIMPERATURE OF AWMONIA VAPOR AT HEAT EXCZHANGER
INLET (DES F)
- TEMPERATURE OFI aMMONIA VvAPOR AT INLET AND OUTLET
TO £acH HEADER OR PIPE SECTION (DEG F)
DIAMETER OF CIRCZJLAR TOWER (FT)
TOTAL SUPPLY 2uad?aNT PIPING 20STS (s1000) _
TOTaAL SUPPLY 3ISTRIaUTION ANy TOWER PIPING ¢OSTS
{31000}
LENGTH OF HEAT IXCHANGER TURZ' (FT), IT IS ASSUMED
THAT THE TOwgR <2I54T Equals TUBLEN
UNIT PIPE COST (31000/FT)
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VACST =~ VALVE:

CosT

COMMON ,PROP ,CPW, THCONW,DENSIW, VIS, HFG,

CPVyTHCONV,DENSIV,VISV,SIGMA,

CPayTHCONAJZDENSIa,VISA

cOMMON ,qPrgP,

$ S§JELv, DIASD, DIAST, SDOTMA,

$y HIDRY(200)
Fy WS

"%,y KS

%y S7CStvV

€, Q5LC2T, QHEIDR (200}

JYNHOV

FTN 6,26T74835]

($1000)s VALVES ARE({ MOTOR OPERATED
BUTTEZRFLY VALVES

&, S3FCST, SCOST, SEJCSTy SELCSTy SFLGCSTe $3C0STy STOCSY

%y S3TA(200)+5PCST(200)y SQDIA(200),y SAP-ST(200)}s SARCSTL200)
SRCST(200)
s STZONMOD. STHXIN, STOWDI, TSOCIST, TSTOCST

%y SATCST(200)
LY

COMMON /#PLOIM/ NFSJ NFL
DIMINSION JDIPAST(200)

DIMINGTON 371AM(24), TEECST(24)9s PIPCST(24), ZkCST(26), EL4LS5(26)

STLST(200)

9 VACST(24)0 FLGCST(24) s API®CST!24)

DATA DIAM ,

S 5' ’ 120 14

s AZ. L] (68 1]

% (=1 ? . 6“. ]

$ 11%. y 129, ’
DATA FL5GLST,

] '136’ '520’

s  5.82, 9,22

% 33,9 40,4

$ T72.5 78,9
DATA TEZCST,

% o344, +935,

% 31.7 ’ 37.6 ’
% 125, y 145, ’
$ 233, y 253, )
DATA PTDPCST,
S 056' .113'
3 2720, B4,
% 2.10 o 2,3% ,
3 3.57 3,73
DATA VACST/
R 20‘;7 ? 7-,09 1]
% 1:"90 14 1“1. .
< 255- L 2911 1
$ 425, « 452, ’
DaTA E| CST,
3 275, e715,
s 27'-“ L] 38-2 ’
K 1331 L 1550 L
s 2689, sy 250, ’

18,
54,
L XU
126,

1.03
12,0
46,8
85,4

1.96
53.4
163,
277,

0147
1,08
2,62

R
Y

W0

L RS N
~d = N
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24,
60,
35,
132.

+219

2,38

)

26,7
187,
366,
303,

2.9¢6
55.1
209,
335,

- e w e - e v e e e w e - e e » - o @ -

- s W e

36.

390 ? L
660 ’ ,720 L
lo2, y 108, ’
1330 [] 144n /
3017 . 4442
21,1 9 27,5 ,
59}7 (] 66.1 )
63,2 » 10S, /
l‘os 1] 2508 [
87,9 , 107, ’
201. ’ ZZOI *
31“. ’ 333. /
.409! -599'
1,37 1.8% ,
3.15 3.41 o
b7l 0 4428
52,2 9 TT.8
213,  » 2%.
372. ? 399. ]
531, y 558,
.54 1661
87,% » 110,
222. * 2‘50 [
357, vy 380, /

12/18/%6
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o

QOO0 O

OO OO0

DATA EL45, ,
+ 0230 558, 947 2,15 Te67 » 13.2
$ 20,2 » 27,2 , 3¢, 7 , 48,1 , 652 , 84,3 ,
$ 102, y 120, s 138, y 157, y 175 s 193, ’
k] 211. ’ 2:9. [} 2“0?, y 265. [} 253. 9 301. /
DATA ADIPCSTy,
S L0366 » L0733 ’ 096 o «155, 332y e510,
$ A1, L7109, «939, 1.16 1.%1 » 1087
s 1091. ? 2115 [} 2041 ? 2165 ’ 2.99 ? 3.16 [}
3 3,67 3,65 3.%91 4,16 6,42 4,67 /

100 FORMAT(BF1042)

NIUNPAN =2 3,16416 = TOWDIA / (4,+3UNWINTECDANG) * T,
DOTYAT=D0TMAZCTONW
NATUAR=DITMAT 4,
DATVYARLDOTMAR/NIUNPQRD
TIN=TCANOUT
CONSTlz4e/(3el418%3500,)
DELSH=C,
DyN4DS=0,
SC0S8T=n,
No 1 I=14NFS

1 exesTi(ry=0.

. D0 2 1=1.VFL

2 SaRrZsT(Il=0,
DELSN=A,
QNYNHDe=0,
§5CI58T=0,

SE£JI5T=0,
DOTREM2DOTMA
JS=1

IN THE STATEMENTS THROUGH 17 ¢ 1 THE MAIN CIRCULATION PIPINGI
Is DSSIGNED aND COSTED, THE DYNAMIC HZIAD LCSS ANO! PRESSURE
D20P ARE DETERMINED FOR PUMPING REQUIREMENTS,

Call AEADER TO DESIGN aND' COST THE COMPINENTS OF 4EADER
SECTION JS, ALl HZADER SECTTION COMPONENTS ARE DETERMINED
BETWEEN STATEMENTS 13 AND 12 =

13 CALLI HEADER (DOTREM DOTMAT DESVILY DENSIV REOUCS,JS,1,0IAd,
EDTAS Y TESTWRCSTWUICCSTeSELCSTSFLGLSTSEYCST)

TUE DIAMETER OF HEADEQ SECTION JS (DIaR) IS REPLACED 3Y DIAV.
In ORDEZR THO COMPARE THE DIAMETER OF SECTION JS WITH SECTION
Jg + 1 TO DETERMINI REDULIR IEQUIRFEMVENTS. Spla IS THE STOREID
VALUE GF THE DIAMETER OF 4ZA8DER SECTION JS.

DIaJ=NTAS
SDIA&(Je)=DTAS
STCST(US)=TCST

ASSIGN THE COST OF A REJUZER TO THE PREZEDING HEADER SECTIOVM,
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aon

OO0O0O0000

OO0 00 OO0

DY OO

OO0

[eXe Nl

10

11

12

14
15

TWE COST OF a REDUCER IS 3ASED ON THE LARGEST DIAMETER OF
THE REDUCER,

IF{JSenrT,1)SRCST(JS™1)=RCST
uerac ST(JS)—UPPST

DrTEQwINE LENGTH OF HEADERi SECTION, THZI FIRST HEADER SECTION:
Ts DESIGNATED WEADER SECTION y. ALLI EVEN NUMBERED HEADER
SECTIONS ARE EFFECTIVELY ZZRO LENGTH BECAUSE THE CIRCULAR
TAWERS ARE 2AIRED ON 0P°OSITE SIDES OF THE MAIN CIRCULATION
HeadS, THERE IS ONE HZAJER SECTION DESIGNATED FOR EACH
CIRCULAR TOWHER.

IF(JS*£Q=1)50 TO 10

IF(MOD(JSe2) «EQ.OIHEDR(JS) =04
IF(MOD(JSs2) oNELOIHEDR(JS)=1,5«TOWDIA
60 0 11

HED3{Jg) =01ST*.5aTOWDIA

DETERVINE THE OUTLZT TEMOIRATJIRE AND DYVAMIC HEAD LOSS FOR!
HFADER SECTION JS. THE IQJIVALENT LENSTH INCLUDES aN L/0 OFt
en qu THE TEE "RUN", THI QUTLET TEMPEQATURE BECOMES THE
ILET TEMPERQTYRE FAR THE NEXT HEADER SzpTIONe SAVE THE
VaPOR DENSITY TO cOMPUTE: JYNAMIC HEAD LI5S HLAMMO PROVIDES:
A NEW VAPQR DENSITY (THRIDJ34 COMMONY FORi THE NEXT HEADER
SECTION,

FQLIN=WED?(US)+20.4D145/12,
) .
SURTRACT QUT THE FLOW TO ONE' CIRCULAR TOWER 70 GET THE FLOW
In HEADER SECTION JS + 1,

DEN3=DENSI

CAL;{ﬂlA“WO(TINqDOTQ°M DIAS;’QL‘N-l.vTOJTvoEgP)
NELSH=AZLSH4NELP

DYNH0S=DYNADS+DELP/DENS

TIN =T~UT

DOTREM=NOTRIM=DOTMAT

IF THE REMAINING FLOW IS ZZRO THEN THE LAST HEADER SELTION
Ha§ 3TEN NESIGNED,

IF(IDT2EV,LE«0,)30 TO 12

JS=JS+]

TULOJC W0T. NP3 FIFSSTY = 14360
IF( JS .GT, NFS) RETURN

50 T2 13

DETZRVINE THE DIAMETER OF THE DISTRIBUTION PIPINGe .

RRCHDIA=SART(DOTYATCONST]1 /(DENSIVLDESYE LV)).]ZQ
IF(BRCaDIA.LT DIAM (1) )BRCHDIA=2TAM(])
5 le 121,24
11=1
IS (3PCHDTA=DIAM(IT)IIS,15,14
CONVINGE

ARCADTIA=0TAM(IT)
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THE COST OF A TEE IS ASSUMED TO BE' «67 TIMES THE COST OF A,
TEE OF: THE "RUNM DIAMETER 2_US 33 TIMES THE COST OF A TEE!

" DF THE MBRANCH" DIAMETER, THE “RUN®" POXITION WaS JETERMINED
In SUQROUTINE MWHEADERM™. THE "gRANCH!" PIRTION IS JETERMINED
He2g,

290

OO0 OO0

BRCST=.33«TEECST (I
. DO 16 T=14JS
295  STCST(T)=STCST(I)+RRCST
16 SPCSTIT)=HEDR(I)*UPIPCSTII)
STRST(.15)=C,
po ty 121,08 o
IF(1eLT4JSISCOST=SC0SToSPEST(I) *SREST(I) +STOSTH(D)

- 300 IF(1.5r,JS)5C0ST=SCOST+SPCST(I) #SRCST (1) +SELEST
' 17 CONTINUE
SeN5T=4COST+SFLGEST+SEUCST
o
c Iy THE STATEMENTS THROUGH 21 « & THE DISTRIBUTION PIPING IS
208 c DESIGNED. INDIXES FOR JUNIT CIST ARRAYS ARE nZFINED,
o PRESSYRE LOSS AND DYNAMIC. HEAD LOSS ARE EVALUATED.
¢
DIASD=8QRT (DOTMAT4CONSTL, (OENSIVDESVELY)) 4124
. DO 20 I=1924
319 In=1
IF(J1AcD=DTAM(ID) 121921420
20 CONTINyZ
21 DIASD=nIAM(ID)
, EQLEN=,2+70WD14+200,%D14S0/12,
3ls c ' -
c TRE EQUIVALENT LENGTH INCLUDES THE LENGTH OF PIPE CONNECTIND
c TUE YAIN CIRCULATION HEA4DER! TQ THE TOWER' DISTRIBUTION HEADER.
c THIS LENGTH IS ASSUMED TO 3% ,2 TIMES T<E TOWER DIAMETER,
C .
320 ' DENS=D=VSIV
CALL! Al 8MMO(TINyDOTMAT 4 OLASDEQLEN1e9TOUT,,IELPD)
DDYNHD=DELDD/DENS
~ .
¢ THE TEMPERATURE OUT OF THS! DISTRISUTION PIPING IS THE
325 c TeMPSRATURE INTO THE TOWER PIPING,
TIN=TOUT
o
o In THE STATZMENTS THROUGH: 23 s 4 THE TOWER PIPING IS
230 o DESIGNED.  INDEXES FOUR UNIT COST ARRAYS ARE pEFINED,
c PRESSURE LOSS AND DYNAMIC HEAD LOSS ARS EVALUATED,
c

DIAST=SQRT (DOTMAA=CONST]1/ (DENSIVADESVELYy) el
. DY 22 1=1r2¢
235 IT=1
IF(DTAcT-CIAM(IT) ) 23023022
22 CONTINIS
23 DIAST=nlaM(IT)
‘ EQLIN=TOWDIA+TUSLEN+aD,2D1AST/12,
Rhdt DENS=DFNSIV
Cob-l HLAY™MO(TIN,207420,01AST,EQLEN, 14y 7OyT,02kPT)
TOYNHO=DELRT/DENS
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OO0

DO OO0

s NeEs RS Nelg] QOO0 e NeNeXeXe]

OOO0O0

OO OO0

T4E TEMPERATURE' OUT OF THE! TOWER PIPING IS THE! TEMPERATURE
INTO THE QUADRANT PIPING,

TIN=TONT

CAMPYUTE THE COST OF THE DISTRISUTION ANDI TOWeR PIPINGe PIPII
LENGTHS IMCLUDE THE LENGTH QF PIPE CONNZCTING THE MAIN CIRCe:
ULATION HEADZR TO THE TOwZ ?‘OISTRIBUTIOV'HEAnER (e2¢TOWDIA)
4D THE TOTalL LENGTH OF RP12E CONNELTING Tdf TOWER
DISTRIZUTION HEADER TO THZI FOJUR QUADRANT HEAANERS (3,25%
TAWnIp)e THESZ LENGTHS a3%! GINERAL APPIDXIMLATIONS, THE
TAWER DISTRISUTION HEAJER IS ASSUUED TO APPRAXIMATE THE

CnAST OF FOUR TEES., INDIX nI)w R”’RS TO THE DISTRIBUTION
PIPING, M"ITuH TO THE TOWER 2IPING

STD2ST=, 2% TOWDI AP IPCST(ID) 48, #(,6T#TEECST (1)) +,33«TEECSTIIT))
$413,25uTONDTA) 2PIPCSTIIT)# 14, aZLESTIIT)I 42,2 AS(IT)

28, 8VAFST(I) o B,xFLGCST(IT)  TUSLEN®=APIPCST(IT)
TSTICST=STOCST«CTOW

I THE STATEMENTS THROUGH: 35 ¢ 11 THE QJADRANT PIPING 1S DE=
STGNED AND COSTED, THE DYNAMIC HEAD 0SS ANp PRESSURE DROP
Iy THE QUADRANT HEADER AND: 3UNDLE FITTINGS ARE DETERMINEN,

DOTITM=DOTMAQ
KS=1

Inv STATMENTS 31 TO 30 = 1 JESIGN AND COST INFORMATION FOR
EsCH QUADRANT HEADER SEZCTION IS DETERMINED,

31 caALL l”FADEQ(DOTR M,00TMA3 DESVILY,JENSIV, QQEDUCS KS 0,%1AJ,

$OIASSTCST9RCIT,y U’CST,OS CSI'SFLUCST'SEJCST)

THE DTAMETER OF HEADER SECTION XS (DIaS) IS REPLACED 8Y DIAJ
In ORNER TO ZOMPARE THZ DIAMETER OF SECTION KS WITH KS o 1
T DETERMINE REODUCER FEQIJTIAISMINTS, S@DIA IS THE STORED
VALUE OF THE DIAMETER JF HEZADZIR SECTION KS.

DIAJ=D1AS
SQADIA(KS)=DIAS
SATISTiKS)=TCST

BSSIGN THE COST OF A REDUCEIR 7O THE PRECEDING HEADER SECTION,
THE COST OF A REDYCER IS 2a3T) ON THE LARGEST ODIAMETER oF THE
REDUCER.

IF(<SeaT41)SARCST (KS=1)=RCST
UPI3CST(KS)=UPCST

TuS FIRST QUADRANT HEADIR IS ASSUMED TO HAVE

7oRO LENGTH, THE PIPT LENGTH FOR THE 2zMAINING SECTIONS WILL!
BF SHORTER IF A DELTA HEZAT EXCHANGER ARANGEMENT IS USED,.
LENGTH OF THE TEE WAUNM IS ASSUMED TO 921 1«75 TIMES THE PIPEH
DITAMETZR AND THIS LENGTH IS SU3TRACTED.

IF(<SecQel;QHEDR(XS) =0~
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34

IF(KS,G6T,.1) QHEDR(XS) = BUNWIJIT » CDANG = 1,75 =« DIAS / 12,

DeTERMINE THE OYNAMIC HEAD LOSS AND PRESSURE DROP IN THE:
QADRANT HEADER SECTION, SAVE: THE vAPOX DENGITY SECAUSE: IT
MST 3E USED IN COMPUTING DYNAMIC HEAD LOSS gUT IS REDEFINED
Ty H4LAMMO,  THE NEW VALUZ 37 SCNSITY FrOM ALaMMOs LIAE

Tug TE“4PERATURSy TOUTy aP°SLIES TO THE NEXT HpapER SECTION,

DENS=DFNSTV

EQLIN=,HEIR(XS)+20,eDIAS/ 12,

CALL HLAMMO(TINGIOTREMDIASIZALEN ey TOUTIDILP)
DELSS=NELSNDELP

ADYVHDR=QIYNADS S DELP/DENS

TIN =TnUT

SIt3TR4CT OUT THE FLOW TO OVE' YU3E 3UNDLEL. IF THE FLOW
REMBAINING IS ZERD THEN THI! LAST HEADER SECTION HaS. BEEN
NFSIGNED,

DOTIEM=DITIEU=NOTMUAS
IF{J0T%EM.LE40,)530 TO 30

KS=4S+1

IF( XS JGT, NFL) PIPCSTV = l.2%40
IF( XS ,GT, NFL} RETURN

G2 TO al

_ CAMPUTE THE DIAMETER OF THE! 3UNOLE: FITTINGS.

32C4DT - =SQIT(DOTYARSCONST] / (DESVELY#DENSIV) ) el2e .
IF(33CaDTA,LTDIAM(1))BRCHDIA=DIAM(])

D2 32 1=1,2%

i1=1

I ¢(3RCuDTIA-DIAM(IT)) 33,3332

CONTINYE .

RRCNIA=DIAM(IT)

TuZ P9RTION OF THE TEE COST AYTRISUTED TO THE wBRANCHw, SEZ
NNTE PRECEDING STATEMENT 15 ¢ 1

3RCSTe=,33TEECST (I1)

SURTOTAL NUADRANT COMPONENT CDSTS, oérsRMINg COST OF BUNDLE!

FITTINGS,.

DO 34 T=i,%S

SATCST(I)=3nTCST(I)«3RCST

5aP2ST (1) =NSEDR{I)»URIPCSTII)
SAT2ST(KS)=0,

SRFZST = 2, *= APIPEST(II) o 2,*FLGEST(ID)

COMPUTE DYNAMIC HEAD LOSS IN SUNDLE FITTINGS,
DENS=DFNSTV
EQLEIN = 120, * BRCHDIA/L2,

CALLIHLA“WD(TIN-DOT“ABsBRCHDIAoEQLEN-I.-TOUTvDELPQS)
RSOYNHR=DELRPB3S/DEINS
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SUAROUTINE: PIPCLS

D0

abn -

&
n
ut

&7n

480

o
o
]

o RO NS ]

e ReNeNe NG

aO0O0O0

aO0O0O0

35

EVALUATE THE. COST OF THE! JUADRANT MEADER,

74774 0PT=)

Do 35 T=1_.KS

IF (1eLT.KS)5ACOST=SGCOST+SOPCST(I) 4SQRCST(]) #SATCST (1) +SBFCST

FTN 4,2474351

IF(I.E0.XS)SACOST=SAC0ST+SAPCST{I) #SGREST (1) +ASLLST4SEFLST

CONTINU

TaTAL SUPPLY QUADRANT PI?
TSAZOST=SACHSTECTOWAG s

THE VAPOR TEZMPERQATYRE AT THE HEAT EXCHANGER TNLET WAS BEEV:
D=TER4INED 3N THE HASIS 0 THE! aCCUMULATIVE PRESSJRE DROPS

In THT SUPPLY PIPING,

E

THXIN = TOYT

DETERVINE TOTAL: COST, PRESSURE: DROP, ANDI OYNAMIC <BAD LOSS
In THEZ SUPPLY PIPING SYSTEM,

PIPCSTY=5COST*TSTOCST*TSACEST

PIPCSTY

DELV=DFLSH+DELPR+DELPT+DEZL ST IELPYS
DYNADVzDYNHOS+DDYNHI+TOYNKD +20YNHDS485DYNHD

STOXE VALUES IN COMMON 3LOCKX ,RPTRET, FOR LATER USE' IN

2IPCSTY = PQOHMCIR

OnITPUT.
SOELY = DILV
SOCTYA = DNTMA
SPCSTV = PIPLSTV
STHYIN = 7HXIN
STCONG = TCZONOUT
STHXIN = THXIN
STOADI = TOWODIA
REZTJIN

END

G-112
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SURROUTINE PRPERT 74/74  OPT=] FTN 4,2¢7%351

OO OIDIIDTONAAODAAOO

(2 Xe]

SUBROUTINE PRPERT(TWATAV.TAIRAVHYALTITD)

SIRROUTINE SRPERT DETERMINTS THE THERMOOJYNAMIC AND! PHYSICAL!

POQPEZRTIES OF AIR AND SATJIATED AMMONIA

DeFINITION OF VARTIABLES

a'MONTA PROPERTIES - '

CPW = FLUID{1914TWATAV,ALTITI,SUBROUTINE PROERT 1u)
THCONW = FLUID (241, THATAV,ALTITIy "SUIROUTINE PRPERT 5"’
DENSTW = FLUID(33 1, TAATAVIALTIT) W "SUBROUTINE PRPERT 3y
VISA = FLUID(%y1eTWATAVsALTITI9"SUIROUTINE PIPERT _4M)
€OV = #LUTSI341,TWATAV,ALTITO«"SUgR0UTING PROERT  Sm)
THCINV = FLUID (5214 TWATAV,ALTITO,"SUSROyTINE PRPERT gny
DENSIV = FLUID(7+1+TWATAVSALTITI+"SUSROUTINE PRPERT 7"Y
VISY = FLUID(3s1sTWATAVALTITD"SUSROUTINE PIPERT g')
HFG = FLUIN(Ss 1o TWATAV,ALTITD,"SUSI0UTINE PRIERTE, 5m)

SIGYA = FLUID(12+1,TWATAVALTITI¢"SUSROyTINE PRPERTS, THY

ATR PRCPERTIES
€24 = FLUID(592,TAIRAV,ALTITO""SUBRIUTINE PRPERT ogM)
THEONA = SLUTN (A2, TalRaV 2l TITH, "SUgRALTINS FREEST 10y
DENSIA = FLYID (74,2, TAIRAY,ALTITY,,"5UIROYTINE PRPEaT 111y
VISA = FLUID(E,2,TAIRAVALTITDyHSUSROUTINE PIPERT 12m)

RETJRN
END

G-113
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CoA = HEAT CAPACITY 0FI AIR. (BTyU,LBY-DEG F) ,
cry = HEAT CAPACITY 27 aMMONIA VAPOR! (BTU/LBM=DEG F)
Cod = HEAT CAPACITY OF! aMMONI4 LIQUID (BTU/LBMwDEG F)
NDENSIA ~ DENSITY OF AIR (LBMAZU FT)
DENSIV = DENSITY OF aMMONIA vaPOR (Lavvcy F§)
DENSIW = NENSITY OF auMONIa LIBUID (L3¥/cU ET)
HEG = HIAT OF VAPORIZATION OF aMMONIA (BTU/LBMY
31GMa - SURFACE TENSION JF AMMONIA (LAF/FT)
TalRaV = AVERAGE AIR TEMIEQATURE (DEG =) )
TUCONA = THERMAL CONDUCTIVITY OF AIR (3TU/H3=FT=DE5 F)
T4CONY = THERMAL CONDUCTIVITY QOF 2MMONIA VAPOR (BTU/HRAF T=.
DEG F) ]
THEONA = THERMAL CONDUCTIVITY OF suMONIA LIQUID (BTU/HR=FTe:
NnES3 F) :
TaTAV =~ AMMONIA TEMPEIATURE (DEG F)
VISa - VISCOSITY OF THItalR (LIu/HR-"T) )
Visy - VISCOSITY OF TAZi gAMMONIA vaPO3} (LBM/FTeAR)
LARL ~ VISCOSITY OF THEZI aMMONI, LIQUID (LR4/FT=HR)
_COMMON / PROP/ CPW, THCONW, DENSIW, VISW, HFG,
* cPV, THCONV, DENSIV, VISV, SIGMay
* C2as THEONAY 2ZNSIAs VIS
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SURROUTINE. PyMPCST 36/74

DOO0O0OODONDOD NI ONAONIDNTONIDIIINORTTIIOODONNIOONOOD

$

A

2

Y A ) A

o0PT=] FIN 4,2+73351

SURROUTINE PUMPCST(¥3, DELPS, JSLPR, DELPWF, OELPYC, X, DESVEL,
aM3CST, BUFITC)

SUBROUTINE PUMPCST DETERMINES THE €OST OF THE PUMPE AND
THE FITTINGS FOR THE AMMONIA (0Q0OP

DeFINITION OF VARIA3LES

ChA
Cov
Coy
DrLP®
D=LPS
DELPYWC

DELPWY
D=NSIW
DTSVI
D1a
GpMl

GprMe

P{PCS?

]l -

P1PeSP2 -

P1PgST

PRS2 =

Tndy -
TaH2

W3
X

HEAT CAPACITY 07t alR (BTU,/LBV-DEG F)

HEAT CAPACITY OF AMMONIA yAPOR! (BT(/LBM=DEG F)

HEAT CaPACITY OF! gMMONI, LIQUID (3TU/LaM=DES F?

PIESSURE DROP IN: THE RETYRN BIPING (LBF/SQ FT)

FRESSURES DRONP I[N THE SUPPLY PIPING (LBF/SQ FT)

PRESSURE DROP INI THEI CONDENSER/REBAILER

(L3F/SQ FT

P2ESSURE DRO® IV THT HEAT EXCYANGER (LBFYSQ FT)

DINRITY OF aMMONTA LISUID (L34/CU FT)

GESIGN LIQUID VELQCITY (FT/SEZR)

DIAMETER OF THEi VALVES AND FLANGES (IN)

GALLONS PER MINJTE 0OF AMMONI& IN THE! RETURN
PIFING (GPM) X

GALILONS PER MINJTE QOF AMMONIA ENTERING THE CONe-
NENSER/RIIOILER (GPY)

FLANGE AND VALVE COST FOR PUMAING IN THEI RETURN
PIPING (X% : i

FLANGE AND ValLVvzi 20ST FOR PUMPING IN! Twg) LOOP TO
THE CONDENSER/REZIJILER (Xs)

TOTAL ¢cOST OF 2JMPING SYSTEM (K$)

SOST OF PUMP FOR LOJP TO THp ~ONDENSER/ .
©3071LER (K3)

DYNA4IC ASAD T3 3E VADE P 3Y THE RETURNI PUMP (FT)

DYNAYIC 7EAD TO 3£ MadE yP gY THE pUMP IN THE
CONDEZNSER/REAODILER LOOP (FT)

MASS FLOW OF .aMMOINIaA (LsM/HR)

EXIT QUALITY OF TLUID EXITING THE AONDENSER/
RESQILER (DIMINSIONLESS)

DIVINSION DIAM(24), FLGCST(24), VACIST(24)
COMWON/DQOD/proTWcOVW DENSIW,VISW,~FG,

CPV,THCONV 4 DENSIV,4VISY,SIGu,,
CPA,THCONA,DENSTA,VISA
DATA D1AM
IR [] 11.2. [] l,s. ’ ?4l ’ 30. 4 §60 [ ]
"z, . 'C, * =T ’ ) ’ ?5} ’ 20 *
78, s 84, ) 90, [ 36, » 102, [ 108, ’
114, y 120, y 126, s 132, sy 138, y lés, /
pDaTa VacSTy
2+87 , 7409 , 1649 2607 , 5242 4 T7e8 ,
103, y 141, y 166, y 187, y 213, v 240, ’
2565 sy 293, y 319, sy 346, v 372, + 399, ’
4?5:. ’ 452. [] ‘780 4 Sosn ’ 531. ’ 553.
naTa Fi 5087y
+ 1367 35200 1,03 ¢ 1,92 o 3,17 * 4442 0
5.85 2.22 0 4.7 . ’ TeS o
33¢9 Qo.g ’ lgoe ] %3|2 L g%o} 1 ] 6'1 ]
72.5 [] 78.9 ] 8504 ’ 9118 ] 93.2 ’ 105- /
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60

65

70

SUSROUTINE PUMPCST  74/74.  0OPT=] » FTN 6,2+7%35]

e Xe N

75

85

e Ne N

10

11

12

13

DATA Nk0S/264/

CONSTL IS 4 s (PIx3600 )
DATA CANSTL 7/ 3,536777 E=04 7/

DIAMETER OF PIPE RETURNING FROM THr HEAT EXCHANGER
DIA = RQRT(WI«CONST1/{NENSIWDESVEL))*]12,
po 10 1¢ = 1, nKoS
I = I
IF(DIA = DIAMITI)) 11,1110
CONTINIE

DAIMETER OF PIPE ENTERING THE CONDENSER,RESOILER
DIA = SART(W3=CONST1/(DENSIWIESVEL#X) )12,
Do 12 Ju = 1l,NKOS
J o= JJd
IS(3IA - DIAMIJY) 139013012
CONTINDE

FIANGE AND VALVE COSTS FOR 30TH PUMPS
PIPCSPY = 2.*FLGCST(I) & 2, = VACSTA(])
RPIPZSP? = 2,#FLGCSTIJ) ¢ Z2,2ValST(J)
PUFITC = PIpcSel « PIPCSPe

PUMP COSTS

GPM1 = W3xT,.481/(DENSIW60,)

GPM2 = W3x7,%481/(DENSIwwX»g0,)

ToH1 {DELPS + DELPR « DELPAT)/DENSIW
TOH2 = DELPWC/DENSIW

pyuacst = (0,032«7p4l o 1,.54)s5041 -
PUM20S? = (0,03267042 & 1,54)x5°M2
pyMacst = oeyveesl , 1000,

PUMSCS? a2 dyMmpes2 , 1000,

TATAL COST OF PUMPING SYSTEIM )
pvpPLST = 2UMPCS] + PUMPCS2 + PIPCSP] + PIPCSP2
RETJAN

END
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SURROUTINE PIMLEC J4/74  OPT=1 FTN 4,247835]

SUSROUTINE PUMLEC(POHLEC, HPWAT, DIST, EFFP, RPTPL)
DaTa NeMP <&y
DATA OsGTu ,100,,
COMPUTE PUMP MOTOR ELECTRICAL! ZOSTS
NPM2, &ET 3y DATA STATEMENT, THE NUMBER QF! PUMPS

HPPOMP = HPWAT ) (NPMD4EFFP)

IF(APPOMP LT, 251.) TaMA = 112500./7%PUP « 7,83 = HPPPMP
g + (1158,- 139;-19 PuDywdIpMP

IF(+PPOUP ,GE. 231. +AND, HPPR U JLEe %900,) TRMA _a 112500,/NPuP
5 + 7.88e4P72UP o 874, /sQRT(HPPPMP,.HPPPMP

IF{4PPpMP ,GT, 2000.!) TRMA = 1125004/NPH® + 7488 = HPPPMP
Vs = 7’000

IF {4Pa>2vp LT, 2000,) VS = 13800,

vy = 5100,

IF(4PPovP | T, 2000, y™ 2300,

IF (4PoPM2 LT, 251,) VM 450,

TAM3i = (DIST/2, = 1000,)«(37, + ,47*4PPPUYPaN MP/SQRT(VSY
S & o5 =NPUD) / NPMp

TRMa. = (100 * 1e1 = HPPPMP) s (5SGTM »250,) / SQRT(VM)

n N

PMELEC = (TRYA + TRY3 & TRMC) » POMLEC
ROTIL = PMZILEC/1000, * NPMP

RETJIN

END
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SURROUTINE RPAT2 74/74  OPT=z) FTIN 4,207435] 12719758

SUSVUTINE RPRT2 (EFFC, TUBEM, TUBEM2)
c THIS RAUTINE REPORTS CONDENSZIR JESIGN AND ¢OSTS

cowwow,xparz/ucov HOCON,HICON, 4WCON,HFC,VELD, VELDO,TTD, TS, XNP,
10ELPWC,ARPS,, TLA»XNTSy XS
COMMAON /XP3T3/  TURCSTsSHLESTFETCST 1 CHX

6090 FORMAT (141y
65100 FORYar

C Ta%,2ntn=n)/TelynC O N D E NS 2 R/Tég,20(n"u))
6105 F)ORvATY '

L TO3e"aem JESIGN CONDITIONS ~==n

T7Z2y"ewe 3SIGN OPZRATING CONIITIONS een'ty/)

6110 Fﬂ AT

L t15%:"eTEaY TEMPERATUREN FO 11 71t

R,.so,uﬁv;RALL HEAT TRANSFER COEZFFICIENT »,F342,n aTU/HR SO FT DE3!

QFN)
6113 FORMAT

L '14,"'\"‘\43\11/\ TE%D—Q;TUer!,Fs LettFnt

eT529"STEAM HEAT TRANSFER CO:FFECIENT"oFBoZv"BTU/HR SQ FT DEG FM)
g120 For4aT

L TI1s"INLET AMMONIa VELOCITY",Fa,24"FT/SECH )
n..aﬂ,"lwwoula HEAT TRANSFER CQZFFIGIENTH,Fae2yaTU/HR SR FT DEG: FIM
- '
61235 FonuaT,

L T1044~TLET AMMONIA VELOCITYY",S3,2¢nFT/SECH

BaTH3eMmypLL HEAT TRANSFER cOEZFFIgIeNTnyFg,2,n3TU/HR SQ FT DEG FM)
6128 FORYATY

L T05%"PREGSURE DROP THRYU CCONDENSERMFB,1,ML3/5Q Fin

ReTHANEORCED COMVECTION COEFFICIENTM,F8,241n3TU/HR SQ FT DEG F")
£130 FORMATY . .

L/T0qsMaee CONDENSER DESCIIRTION w=alt

ReT73s"e== CONDENSER cosTS»-~-"//)
6135 FoovaTy

L T179"NUMBER OF SHELLS"elge

R OTTSeMTUSING MATERIAL Sy F1%,292x1m(",2510,m) ")
6140 FORYat

L TO5,nrEAT TRANSFER AREA PER SHSLLu,5lieS5,n SQ FTs

Q THEZWMeHTLS $14F14,2)
6345 FoRvAT

L to7yntyM3ee OF Pags3Es PER sHebbiM, 16,

2 TTTynFIELD ERECTION 3197 14.2)
6150 FORMAT

L T22s"TUBE LENGTHY,IgsT43»"FIET)

6155 Foawar;
L 108,nNyY3er OF tyBES PER SHELLI,IG
ReTHI1"TOTAL COST OF CONDENSER 3"9F16,0)

WRITE(4,5050)
WRITE (06100}
WRITE(545103)
WRITE(n,8110) TSrycON
WRITE(ag6115) TS=TTD, HOCON
WRITZ(re5120) VELD, HICON
WRITZ(4,5125) ve_nos HWCON
WRITZ (49512a) pELPWCY HFC
WRITE (4,56130)

‘l
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SURROUTINE RPRT2

60

T4/74

WRITZ(Ke6135)
WRITE(&96140)
WRTTE (g16145)
WRITZ(A16150)
WRITE (546135}
RETJRN

END

oPTe1 FIN 6,247835]

(IFIX(XNS))yTUSCSTy TUBEM, TYBEUR:
ARPSSHLCSTY

(IFIX(XNP) ) HFETCST

(IEIX(TLA))
(IFIX(XNTS)) s (TU3CSTSHLCSTHFETCST)
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SURROUTINE RPTFAN 74/76  OPT=] FTN 4,2+7835]

o000

(¢ M

HAAANRARAANAN AR A

s

A AR A N

L
%
%

%
$
$
%
T

% +cSTHR1y cYLRN1y ¢rFaANgly PSTACl, PUFITY, PY3pS1, RPTPLY, SEPeS]

-
L 4

SUBRIUTINE RPTFAN
THIS3 RoUTINE REPORTS FAN DESCRI®TION AND COSTS

LOGICA LDJPER
COMMON/FAN/ FANDAP(153410) eFANDAH(153010) 9FUCPF FBCOF.R2.R,8
VELREery aFCy ELEY, EHRs LOOPERY CTMaX
LoGIcaL FIRSTy FXTEMP
COMVON } \
ATTR, AaLPHA, ANG(3) _ .
»CAPF, CSSPXWy CONFy cONLs cOSTLy CaPcHGs CONMAT, CONMA2,caF!
103Js CTURBe CDANGy CLUVRy CHAILSs CVM
+DANGLEe nFIN, AEEPLY DESVELW HESVELY
yEFFP
s FCR. FIRST, FIXLs FeOSe FFHXy FXTEMP
1GIEFF
C HXNP O HPCST
W+ ITUMAY, ITMIN
v J2ONg
o anNy,y KALEXT
yMYXEXT
INTUCAL(2) 9 NTA
COMMON
ony ’
+PSIZF, PERs PWCOSe PLANC, PFACT, POMDPL!
vOIHRAFy POHFAN, POHLECY POHCIRY POHCNDy POA4STEs POMSCL!
» 2P, RENUCEs REDUCYs ROOFLI
s+ NEJs QREQUCEs GREDUCY
ySL3MaGy SAAF o
sTD» TPO(%)s TEFFy TLIMy THFIVy TLPRA, TFIX
sT20y Tw
2USS, UWS
c WPV
PVAS (T
1y XIEPYs XWe XD

COMMON /SINK/  VAR(S)s CPLNls CPIP1, CCOS1ls W31y COSM1sy EFF1e
2Iuvly cLAND, Rgall, Z1,4RF 23S, w41, Ul, DEPW]l, PPOWls
£A0uwl,y DEFCLly WIDTl, ZLENle VAIR1, VvWATY, HIle HO1, Taly
WALy Nwl, NT1, NP1lyzLNC2y2S1712, 7SP8P, Swél, Sw3ly
5Pl PTOT;ePLNC31e AFROLY 4AIR1YFPMINY SPCDTs SPS139WT2MINY
RI9MINy Np¥INy TCOSys DEPALs JPWT1e NDPWCy,CONBATe XNTSyy VELD)
s TLals UCONL, PMgS1, FMcS1l,y 7BACl, EFFCI CHY » CAly ¢sl
s CLTrlse CFC1, CPCC1,FITCO1, CSC1,CEPRE],DIEPIPY, ASY1,O0LOCS1
SCAPTS o XNFANY 98 DAM] o 2PLEN] DTS 1 WHle NTTULe  ADIY»  ABL)
» ATHN1y WTFR1.+STRUC]+CFMPF1y 4PPF1+sTOTLF] TPT2EFFINYy ANTU)
s Al3Frls WATFFLle XNYOple TcT2Fle FOCPF1, FUTRCle a¢TTPls ADdTo1
y ACT371, aDJ8P1, ACTVH1, ADJydl, aDJPP1, 147all, TCTF1 , AFCSTI
s CSR1s WATER]y WSTRCle CFOUNls HUBDI1e TOW_Els NUMTOLls CTOWD]

» S2RJys S3JSyy ATURC1s CBAYs TTO11e TTD21s DELPS1y CSTLV]
REAL MPTOR(443), DRIVE(392)y PITCH(3+2), RECIVY(5,2)

DATA ((MOTOR(I,K)sl=lyd)s Kaloe3)/

MTATALLY ENMynCLOSED SQU","IIREL: CAGEM," MOTOR ",
NEYPLASTON ",y200F SQUIMH''IREL] CAGE "¢"VOTOR ",
WTUD SPEED My MSHUIRREL C'y"aSE Wyt "y
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SURROUTINE RPTFAN 74/76  OPT=] FTN 4,247435] 12718776

DaTA

{(DRIVE(I K)9yI=193)eK=192)/

"SoIRAL BEVM,HEL' GEAR DRMy"IVE ",

- PVa.gELT DRIW,MYE "yn

DATA ((PITCHIIK)yI=193)9K=102)/

* wMaNUAL PITuynCH BLADES tyn
BANTO-yARTI A, gLF DITOM 1. 13 a0Ee

DATA ((RECOVY(I,X), I=193)4K2192)y _

nFaNs NO7 pruynqyIPPED wIn,nrH yELOCTITH, ny RECOVERYM,

" AIFFUSERS'Y .

NFANS SQUIPH,UPED WITH VI, uZ OCITY RE",nCOVERY DIFM,

"FUSEIS "y :

60

ll/

65

* & ¥ ¥

o

1009
100y
1010
1020
1130
12640
10590
1050
1070
1080

70 FORMAT (14 )

ForvMAT (141

FORMAT (T52,1F A N §M)

FORYAT (TO]l Hecamranaan) )

FORYAT(T16y"®== JRIVE SYSTEM cexilyT82yMana FAN GEOMETRY ==et)
FOQWAT(TS64,13LADT DIBMETER "yF5,24n FEETM) .
FORVAT (TS74,mA3|LADE ANGLE "yF8,29" DIZIGREESH)

FORMATT7R,"NUM3ZR OF BLADES/FAN "yF5,2)y

FORMAT (T84, VYMBEZR OF FANS 1,F6,0) -

FORMAT(TI7,u=== FAN COSTS ===u,T78,n="= DESISN CONDITIONS ===n)

75

as
1035
1090

FORMAT (T100,0 (ACTUAL)1,T122,1 (ADUUSTED)m)
FORMAT (1 TT3,"VOLUMETRIC FLOW ATIVFAN M,F12,0," CU FT/MINM
1100 FORYAT(T16,13LaDE AND HU COST/FAN $MyF1040sT71y

s onpnpal WOlyMerarc FLOy RaTE M,F12,04m cy FT/MINM
1120 FORVATITEZ4,nvOTOR COST/FAN §1,710,09770, . )

x "TATAL AIR PRESSURE DOROP COFl H4eXy "yF8,5s" PSINeT120sFB,5)
1130 FORMAT(T104"5P€E REDUSER DRIVI cOST/FAN SHy71040,T89,

- "PoessyRE pRYS ACRCSS Hox, 3UNILE v,F8,5.m PSin,T1204F8,5)
1140 FORMAT (T24¢"5TACK COST/FAN $'"9710,097720 :

- WNAN=-RECOVERARLE VELOCITY HZad "’FB-S’" osxu,f120,Fb,5)
1145 rFoRvaT(TlgymElrcTRICAL ¢OST/74N $"yFlo,0

§ »783,0403gEP0 E/FaNM 713,041 4%, 7118,F12,9]
1150 FORMATITT7I,

ANCAN PAWER IEQUIIEMENTS "yF8,09" HPM) 7
1100 FORYAT (T2,msxx ANNUAL OPERATIOINALI COSTS $",F10,0)
1200 FORYAT(T37,5410)
1210 FORMAT

R TAGMLYZ DIAMETER ".Fge2y" FESTM)

WRITE(A41000)
W2TTE (491000}

wRIiTEla,1020) .

fy—r

as

90

heiailGe
WRITS (4,1070)
WRITE(Ae1600)
IF(YELNECE2.0)
TF(YELREC,Z7.1)
WIITE(~el000)
WRITE (Re1030)
WRITT{as1000)
WQIYE(%.}Zlo)
WRITZ (Ay10%0)

VA

WRITE (6412000 (RECOVY(1,1)41%1s5)
WRITE (691200) (RECOVY(I+2)sI21+5)

HU3D T ' , )
antl

WRITE(&41059)
WRITE(&110540)
WRITE (e 1070y

sLoaNy
ABL1
xnFanl




715

SURROUTINE RPTFAN 74/74

WRITE(691000)
WRITE(441000)
WRITE(441080)
wrTElnyv1000)
ARITE(ne1085)
WITTE (L0 1090}
WRITS(Aa1100)
WRITE(ny1120)
WRITE(Gy1130)
WRITE (ay1140)
WRITS(&,1165)
WRITE(%41150)
WRITE(591190)
RETJAN

END

OPT=] FTN 6,247335]

crvprl

FOCPF1, 70TCFI

FMTRCly ACTTPl,y 45UTR}
CSR1,ACTSP1, ADJ32]
CYLRNI, ACTVHL, aduvsl
cFaNely HPPFL, adu2Pl
TH?2A11

AFCsT]
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SURROUTINE

OO0 0

RPTHXC T4/74 oPTsl FTN 4,2+7%351
SUBVUTINE RPTHXC (AFRON)
THIS RAUTINE REPORTS HEAT EXCHANGERI DESIGN, JPERATING CONDITIONS
AND CO&T
L3CICAL FIRST, sXrowe
COMMIN
$ ATTR, ALPHA, ANG(3)
$ +CaPF, CSSP<W, CONFy cONLs COSTL)y CaPcHGy CONMAT, CONMAZ, cpF!
$ .bajp CTURRY cDaNGe CLUVRs cHAAILS, VY
T LDAYNGLE, OFIN, DEEPL, OESVELY JESvELV
T cSFpP
$ 4, FoR, F12STe FIXiLe FCOSy FFHX, FXTEM®
£ «G3EFF
% oHXNP, HP2ST
s 'IT\"'AX' TTMIN
$ ¢ JCONg
S JKIONv, KALEXT
§ SMXEXT
$ SNTUCAL(2)s NTA
cOuy
£ 90%
$ sP312Fs PERs PUCOSs PLANC, 2FAZT, POMDPL:
$ WP3H34Fy POHFANy POHLEGs PO-HcIRy POMCNpDy PONSTEH PoHscL
$ ¢ 3P, RENUCE,s WnUcV; ROOEL
s . e, 3%20UCE, SREDUCY
% +S5I5MaGe SAAF i
% ,TJ9 TPO(4)s TESF, TLIMy THFIN, TLPRA, TFIX
F 2TRD TwW .
$ yUrSe UWS
f oewy
§ 4vasi=)
S $XJEPsy XHe XD i
COMMON /STINX/  VaR{T), cPUN1, gPI®1, ccO0Si, W31, c05H1. EFFls
% 1M1, cLaNy, REAIL, Z1oHRFA2Sy 481, uls DEPR1, PPOLL,
s TP0wye DEFC1y WIDT1le ELENL1® VAILY vWATY® HIT HD1 T4l
% QWA NW 1y NT1e NB14ZPNC2+2S1Z2Y2s ZSP8Py SA4), SW3lH
$ gprlv ATOT14°2LNCS31, AFROLe AAIRLIyYFPMINy SPCDTs SPS13,wT2MIN,
§ RB2MINNyzaMIN, TcOS), 2EPAl, JPuTl, 0PuCi,2PN3a7, XNTS1, VELAH1
$ o TLal? UCOM1s PMCS1e FMCS1e F3ACZ1e £FFCyo CHY e cale csl
$ 9 CLTcle CFCls CPCZCLHFITCOY, "S 11CEPRE]95EPIPYy aST1,0LDCS]
S9CAPUST « XAMFaN1 L BLOANT £PLENL,DP7ELY, wol, WTTUL, Aolh, agll
Sy 4THALe wTFRI,STRYCL,CFYPF, 552 1e107cFy,  TPT,EFFINY, aNTYL
Se AIZFT1e GATFF1e X\NMCDly TC TD—lv V9C°=1s FMTRCie ACTT®1» ADJTAIL
$9 ACTAL), ADJBP, ACTVHLy ADJVHy, aDJPP), THAIyy TCTFy 4 AFCST)
Ky ~GR1, WATERY, WSTDPln CFOJMLy HUa2I1y TOWLELy NUMTOLle cTOWDL
%y SIRJ1, 3Q9RJS1, ATU3CY, C2Al, TT2il, TTD21s+ OELPg1l, CSTLVI
§ +CS5THs1e CYLRN1Y CFANEL? PSTally PUFIT1e pU3CS1y RPTPLLY SEPCS]
COMMON /TINE/ xNS, TLA, XNTS, 4RPS, TTD2QE, LINOR, XNP, XQUALY
COMMOMN /HXD/ Al 4ATOT
COMMON /E5Scal/ aszcFh
CAMMON /xPTSUP/ 3uM(2017) , THXINE, 2uM2(3)

6390 ForvaTy
R Tg3a"uT OF AMMONIA "yFlg,041 L3")
6400 FORMAT

L 19."AFTRY, G14,8
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SURROUTINE RPTHXC t4s74  0PT=) FTN 4,2+478351 12718/76

RyT71ymuT OF TUBES "!,FI‘HO," L
6410 FORMAT(

L Tas'"A| PHAM, Glg.B

RyTTL,MuT OF FRAME "yFlé,0,m (3
6420 FORYar,

L Ta,nS1G%An, G148

ReTTl T OF HEADZRM")F14,04" L3")
6422 FonvaT

R TTle"wT OF STRUCTNFlaalyn LB
642% FORMAT

L T7lem  ROOF L0aDn,Flg 041 (8"

n,*los.n<".;s.2 L g/SQ FTHIw)
6430 FOataT

L T3,uF1TCO/ATOTY

)
6440 FORMAT (140424104 T159NTU EFFECTIVENESS cORRzLATION USzp™)
6500 F2oa¥at140)
6505 FARMATI(TIS5,30 (nan))
GS}Q FORVMAT (Tya9"H E & T EXCHANGE qn
5512 FORMAT (1444 T904F6,1s" FANS"sTL10,F%,19n pagsh)
6515 FOrMart:

L T2,n SMMONIA FLOW RATEN,I11,u LB¥/HRn

y Glhe8

ReTT1e" COOLING SURFACZZI §",F10,0}
6520 FoovAT
L T2s¥ AIR FLOy RATEY,I11,m LBY/HRM
ReT71e" HEADER AND NOZZELI $'"9F10,0)
£525 FORMATY ,
L T2 TUIES TN DEPTHY,.F1ll,2." TYBES {(nyFp,ly0 FT DEEP)M
ReTT 1t cuvavs ASSETMaLE aND FRaME $"yF10,0) .
5530 POC'«N
L T2, nT-aEs ACROSS FRONT®,I11,1 TUBZS (MgFTalyt FT WIDE)N
RyTT1a" PLENUM $"4F10,0)
6532 FyRvAT1X
Ry TTign ' LOUVERS $nyFl0,0)
6533 FORMAT (1X
Ry T7len HATL SCREENS $u,Fl0,0)
£535 FoRvaTy
L T2, LENGTH"”,Fl1,0,n FEETH
ReTT1ly" STRUETURE 8", F10,0)
6537 FOr'aT
R T71l,n FOUNDATION §u,F10e0)
6540 FORMATY
L T2o" FRONTAL AREA",Ill,n SQ FEETH
R 717" WEaT XCHQ SHIP AND ERE-T TUyS10,0)
6350 For™a [ (THia21#FORW,75,09" DEG=IZTF A GIE\T ny)

5541 FOBUAT(TS4nSURFAZE AREAU,I1lyn SQ FTn}
6555 FARMAT (TTnell(Mart)42Xy11("="))
6550 FORMAT(TT3,nalRn,T85,"AMMONIAM)
6565 FOPMAT(TT0,25(1n=1))
6570 FORMAT(T50,9REYNOLDS NUMBERw
F 22{1Pc13,59%14,.593X))
6575 FOR%AT T43,"VELOCITY (FT/SEC)M
s ,2¢lpeld,5,2164,5,3x))
6580 FORMAT(T34,"PRESSURE DROP (L35 FORCE/SQ INjw
$ +201PF13,39214,593X))
6521 FNQAAT (Tag,"INLET TFWPEQATUQ"('0"119553.50574n5’
65824 FORMAT(T4S,"EXIT TEMPERATURE (FI",1PE13,5,¢1%,5)
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SURRQUTINE"

PPTHXC 76/74  OPT=]

4583 FORYAT (T56,1RANGE (FI1,1P£13,5.514,5)

65R4 roa4AT(rs1v"TTo1'v7x 1PEL3, 5)

6585 FORMAT(T29uHEAT TRFR COEFF (8TU/HR S0 FT DEG F)M
$ +2(1°c13,5,514.5,3x))

6526 FORMAT (142, Ty 7x»1PEL3,5)

FTN 4,2¢7335]

65A87 FORMAT(ITS0,nFRICTION FACTORm
§ 42010 13,5,F14.343%))

6500 FOR=aT(T33,n~EAT TRFR SURFACT! AREA- (SQ FT)#
T ,1°812,5,514,5)

6592 FORMAT T35, nEXTIT TEMPERATYRE (Fyn
% 42(1PF13.54514,5923X))

6525 FoauaT (T35, "OVERALL U (BTU/HR S2 FT DES F)"

§ 97Xelogl3d 3,2

£14.,5)

8600 FORMAT (T524"EFFECTIVENESS™

T ’TYE,:704)

66103 FORUAT (T3] ,#FIN SFFICIENCY®

% 'Tr6!7704)

6620 FORVAT (T07,""LOG MEAN TEMPERATURE DIFFERENgEN
T gT4AIFT 29 TTI69FT,2)

WRITE (4,5500)
WRTTE (~958503)
WRITS(hy53510)
WRTTElAe53]12)
WRITS e 16505)
HQITE(A'GB nl
WRITE (5,6543)
WRTTE (52,5347}
WwTTI(&95555)
WRTTT (694570}
WRITZ (A4HTTT)
WRITE(%,63580)
WRTTF (545383)
WRTTI(445597)
WTTE(Ae6581)
WRITT (A,y5382)
WRITE (2455823}
WRITE (ay48554)
WRITZ (&46536)
WITTEZ(4,6595)
WRITE(¢,65800)
WRTTE(he6610)
WRITE(A45500)
WRITE(a4533D)
§arTE (e, 6400)
WRTITE(R4HS) 1)
WRITE (%,5%20)
WRTTT(246622)
WRITE(5,5474)
WRTTE(446633)
WRTITE (4,6460)
WRTTE(446300)

WRTITS (R ,5515)
WRITZ(Ae3520)
WRITE(&,56523)
WRRITZ(4,6330)

xNFANLy HX\P

"REAT1» REWA] -

VAIR1y VKAT,
pESalslés,, pPWTl /146,
Hol, HIl
AIRFFly WATFF1
TDs THXINI
T4l, THXIND
T&l=TD

VAR (3)

aANTUL

ul

FFFl

FreINd

WATER]

AFTRe ®TTULY

ALOHA, WTFR]
SI3MAGWTHDI
WSTRC!
AFRON=ROOFLy ROOZL
FITCO1/ATOT

NTUCAL

IFIX(Sw31), CS1
IFIX sw41),CH1
21' V4 tXD/lz.o CA]'
Nwl, wIDT1l,y CPLEN]
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SURROUTINE RPTHXC 24774

WRITE(n16532)
WRITF {4963533)
WRITE (&46535)
WRTITE(6,533T)
WRITE(&,6540)
WRTrFIAAS4T)
RETJIN

END

0PT=]

CSTLV]

£sTHS1

eLenl, strRucl
cFaunl
IFIX(AFRON) »
IFTy 44721
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SURQOUTINS RPTRET 4/76.  OPT=1 ‘ FTN 4,247335] 12718746

e Ne Ne)

SUSROUTINE RPTRET(CTOWD1ls PFy PSTAZI, PUFI?I, PUMPC1y RETPL1,
3 SEPCSY)

THIS RNAUTINE RFPORTS RETURN OIRING DESIGN ANDI COSTS

COMMON_,KPTRET, _
£ DZLLYs DESVEl,y DIARDls DIART1, DOTMAl, Dyn+D1
€y HznR1(200)
€, J234,F
e XKIGAVET
%4 PIPCR)
Fo NHEDR1(20C) QQLCSI
5, AITA1(200)y RP 371(700), q?c571(200). uCSTl(ZOO),RBFCSI RCOST]
%y RANIA1(2000 s RIPCSI(2007) 982325112007 RATCS1(2047 s REUCS]
s RZ{.CS1y RFLGCIs RWQACOSL1y RTICSI
§y TOIWNTle TRACNLy TRTDCL

203 FORYAT (14 ,14X,12,1%,7F10s1)

204 FORMAT(///760Xe"TOTAL COST OF CIRTULATION RETURN PIPING SU,F5.09
s x10en3n////)

205 FORMAT (/25%"AyadRaNT RETYRN PIPIN3m ,
$ //62Xy"COST IN 10%%3 DOLLARS FORM/40X
fSylemecmmsmmcmccaecacemarecnenae=l"/ 12Xy "HEADER: DIAMETER  LENGTH
L3 alne Ts£5 pf«usrqs“/21Xy"(IN cHeS) (FEETI"//)

208 FIRUAT(///62XenTDTAL COST QUaIRANT RETURY HEADERS $"4F5,09
S os10*=3"///0)

209 FORYAT (/25X,"TOWER RETURN PIATNGH
% //1oX."*ow59 OTAMETER"y23X4F35\ 01 FEET"/
$10x nOTAYETER OF PIPE FROM cIRcybaTIdN
§H/10Xe0HEQDER TO TOWER DISTRIBJTION HEADERWG A7, 0en INCHESH/Z10X, MDD
SAMETER OF TOWER DISTRIRUTION PIREN,Fr.q," [NIHES!,/10Xs"COST OF! IO
SSTRIAUTTION PIPING PzR TOWe2  $Myr5,04" #1Q0wn3t///40XanTOTAL ¢OST O
sF TOwEs ‘)ISTRIRUTIOq PIPING  $13F5,00" #10en31////)

21l FORYATI10Xs"LIQUID DESIGN VELOZ ITY"’FS 0r FASN/
% 13XenMASS FLOW RATEN,1PE10,39" L3M/HRYY
$ 10X, ReTURN PIDING PRESSURT JROPU,QPFT,1,n PSFN,
§ 10xynRETURN PIPING DyNa“ic HZadM,F7.1," ~=-7u/////
§ 47XenTOTAL RETUIN PIPING SYSTZIM COST SnyTp,gen 21gta3n///)

213 FORMAT(141)

214 FprvAT (14 o13x,12,1x.7F10, 1) .

215 FprvaT( /sl0X,1c0ST OF RETURN 4ZaDZRS PER QUADRANT  $'eFS,1,
B owlfwg 3y

216 FORMAT (30X " mmmmcmananceeeaa?//30x"RETJRAN PIPINGI//30X 4N ammamunx

Fommaem='/ /25X "CIRCULATION °I°Iw””//52x'"cos. IN (0" "
€3 NN .0 €N AN e e e - mem o ———- S s D 4o =
Fmemalt/12XyMHTANER nlaMeTER -ENJTH plog Tez REDUZE
§RS SxPANSIOIN  FLANZESH/21xs" (INZHES) (FEET) 193359 MJOINT (1) {3
%\"//)

217 FORMAT (//7/10XsnFITTINGS COST PIZR 3UNDLE  Snyfh,3yn «l0esdn)

300 FOQMAT(///75009(M=1) /T50,"P y M © g"/750,9("=1)///)
310 FORMAT(T1I0,n2UMP COSTu,T30,ngny"3elyitnl0aeln
/TL0"PUMD FITTINGSY4T300"S "y FB,0,1"]10ae3"
/TL0"PUMD zLECTRIcALMy T30,"SM" 22,0y a]0wa3n)
320 FJQAEV(//TSQ,"pu‘p 3TATI0M"|300 "3y F2,0,"sl0weg3)
330 FORMAT (///T109nSEOARATOR COSTHaTI0r5"yF ] 0y ts]0as3m)

v A
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SURROUTINE RPTRET T4/74 OPT=} » FTN 4,2+7335]

JI=JesSavya:
K3=KnSAVE
W2ITE(&y21)
WRITE (ay214)
oo 201 1=1,4R
IF(1.67,1) 50 To 202 _
WRTTE(89203) I, RDIAL(I), HEDR1(I)s RPCSTI(I)ePF, RTCSTI(I)ePF
3 sRICSTLI(I) *PF, REYCS1%RFy RFLGCI*PF
50 10 201
202 IF(T.E",J7) GO TO 219 ]
WRITE (9203} I, RVIAL(I)y HEDRI(I)y RPCSTI(I)sPFy RTCST1(I)»2F
$ 42cSTI(I)eoF
G0 7O 201 ) ,
219 WRITE(A»203) I, IDIAI(I)y HEDRL(I)y 2PCsTl(1)sPFiy RELCSIPF
§ +RRCSTI(])*PF
201 CONTIMUE
WRITE(Ay20%) RCOST)
WAITE (f4205)
D0 206 I=1,4R%
IF(I.E~.X3)GO TO 207 } ,
WRITE(c9214) 14 RQDIAL(I)y QHEDRI(I)y RAPCS1(I)*PFy RQTCS1 (1) epPFf
$ yR33Cal(1)s0F
30 TN 206
207 WRITT(=29214) I, R30IAL1(1)y QHEDRI(I), RQPCgl!I)ePF, QRLLSlaPF
§ »2ARCS} (I #3F )
206 CONTINNE |
WIITE(c4217) RBFCS1#PF
WRITE (59215) RGCOS1ePF
WRITE(49208) TRQCOlePF )
WRITE(4,209) CTOWDl, DIARD1y DIARTls RTDOCSI=PF, TARTDCIsPF
WaTTE(Ry211) DESVEls D0TMALl, DZLL1, OYNWD1, 2TPCSy
W3TITS(As300) -
WRITZ(as319) (puupcl-pyFITl)pF, PYUFITleaF, 3pTPL1
WRTTT (29320) (pyvseleprr) o RoTOL]
WRITE (¢9330) Sepcsi
RETJRN
END
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SUBROUTINE RPTSUP

OO0

764/74 OPT=1 FTN 4,2+73%35] 12718/17s

SURROUTINE RPTSUP(DESVELVe NUMTOW, CTOWDI)

THIS RNUTINE REPORTS RETURN PIPING DESIGN AND! COSTS

COMMON ,XPTSUP,

b3

$e
L)
e
S
LX)
Se
Fa
Se

-
D

Js
x5

DILVYy DIASD1s DIAST1» DOTMAls OYNHD)
HENR1 (200)
JSSALE
XKSSAYE
PI2C~}
QSLCRle QHEDR1I(200) )
S3FCS1e SCYST1y SEJCS1y SELEST, SFLGCl, SQc0S1, STDCSY
S$JTA1(200)°SPCST1(200)*S00TAL(290)+ SQPCS1(200)¢ SQRCS](200)
S2T2<1¢(200), 53¢sT1¢200y, sTCsTl 200y
TAONMALs THXINL, TOWDIl, TSAC21e TSTCCI
JesayT :
KSSAVE

203 FORMAT (IH ,14%,12,1X,7F101) , .
204 FOSMAT (///740%y"TITAL COST OF CICU_ATION SUPSLY PIPING S$"4FSe00r
$" x10xadnys///) )

205 FORMAT(/25x,"AyadRANT SUPPLy PIPINGn . ,
3 ‘ //42%9"COST IN 10**3 OOLLAAS FoR'/40X
$yMesem i ccucemcenscac e mmanmee=all /12Xy WHEANEQI  DTAMETER  LENGTH

A

208 FORMAT(7//42%,"TITAL COST
" *19=x3"sr/ 1)

Sloe Tees REDUSERS"/lev"(INSHES) (rEeTI"77)
£ 3yadRaNT SyPPLy HEADERS SM4FS5,00

209 FORMAT (/25X,"TOWER SUPPLY PIPINGw
$ /710X MNUV3ER OF TOWERSM,21X,15

<

J10X."TOGER DIAMETER"923XeF5.0e" FETTH/

10X NDIAMETER OF! PIPE FROM CIRCULATION
TH/19Xen4EADER TO TOWER DISTRIZUTION HEADERM,FT,g90 INCHESI/]pX,"00
SAMETER OF TOWER 9ISTRIAUTION PI2gMeFTa0,m INeHESH,/10Xyuc0ST OF I
eSTRI2UTIIN PIPING Pz TOWER  $1,F5,04" «10ae3"///40XenTOTAL cOsT O
¢F TOWEn DISTRIBUTION PIPING §MeFS,09" w10ueqn////)

211 FORMAT(19X,"VARPOR DESIGN VELOCITY"FS,40s1 FPSH/

M dt PAA

'

19X 90MASS FLOW RATEN,1PE10,341 L34/Hany
10X, nCONDENGER CyrLeT TEWPZAATYREN, 0957 2, DEG, Fn/
13X Y""HEAT EXCHANGEZR INLET TEVYPZIRATUREY+F7.2¢" DEG, F"/
13X nSUPPLY PIDING PRESSURET JIQPN,FT 1, PSFN/
10Xy nSUPPLY: RTDING DYNAMIGC HEADFT 414" FETTIN// ///
47xentd7AL SUPPLY SIPING SysTIM 2Ost SNaTE DN w10wn3Ny//)

213 FORMAT (113
214 FoRvaT 14 4 13x,12,1x.7F%0,1) i )
215 rFopuaT(  slaXxencOST OF SUPPLY HEAJSRS PER QUADRANT  S$MeFS,1,
1 «]0ws3r)
216 FORMAT (30y,"meaneux R —— VAL ,"SUPPHY PIPING"/ /30Xy manaasmen
]

Srmmem=/ /25X "CIRCULATION PIPING /32X

COST IN 10ae" "

$3 DOLLARS FORM/40) e mcacccncnecesnccnccrsenanmarecnceanaeanas

Few==it/12XHEADER  DIAMETER  LENGTH plop TESS  REPULE
$RS IxPaNSION  FLANGESH 21X, (IVCHES) (FEET)I "y 33x»nJd0INT (1) (3
$)n//)

217 FORMAT (///10XynFITTINGS COST ©I2 3UNILT $1yF5,3yn wl0es3my

WRITE(40213)
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SURROUTINE: RPTSUP 74/74  OPT=1 FTN 4,24733571 12718776

WRITE(44216)
po 201 r1=i,Us
IF(l.57,1) 60 1O 202 . . o
WAITE(49203) T, §0TAY(1)y HEDRL(I)y SPCSTI(I)y STESTL(I),
§ SR3ST1 {1}y SEJCSly SFLGCI
G0 T 201
202 IF(l.EN.JS) GO TO 2190 , .
WRTTE(49203) 1, SOIALl(I)y HEDRL(I), SPCSTi(I), STESTL(IY
$s SATSTLLD
Go To 291 ) N )
210 wRITZ(<4203) I, SDIAl(I), HEDRL(I)y SPCSTICI), SELCST, SRCSTL (D)
201 CONTINGE
WRTTE(&4206) SCOST)
WRITE(4,205)
no 206 1=1,%S
IF{I.En,K8)5% 70 207 ) )
WRITE(&s2146) Io SQNIALI(I)s QNHEDRI(I)e SQPCSI(I)y SATCSIAI),
$ SOCSy (I
G2 YO 205 : :
207 WRITS(£9214) I, SADIAL(I), QHEDRI(I)s SAPCSI(I)y QSLCS1s SQARCSI(D)
206 CONTINUE .
WRITE(%,217) SRFCS]
W3ITTE(re215) Sacosl
WITE(r,208) T57C0Y _ .
WRITI(4y209) NU4TOWy CTOWDle DIASD1y DIASTIs STOCSL, TSTDCI
WRITE(Ay211) DESVELVs DOTMALs TCONOls THXIN}y DELV1sDYNHD}, PIPCSY
RET U
END
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SURROUTINE RPTHXD

S
T

[eNeNe]

L
c

A WVBA A DANDH AN NA A

o

A AR AR AR AAN

c
%

7]

T4/T4 O0PT=] FTN 4,247%435]1 12718718

UBRQUTINE W THXD
HIS ROUTINE REPORTS HEAT EXCHANGER DESCRIPTION ANO' UNIT COST DATA

O0GICAL FI2ST, FXTEMP
OMH4ON
AFTR, ALPHAs ANG(3)
9CACF, CSSPKW, CONFy cONL, COSTLYy CAPCHGy CONMaT, cONWhZ,cAF
1c3Jr ¢TURZY ¢DANGy CcLUVRs 2HAILS, VM
»DaVGLEy OFIN, DEEPL, DESVELW JESVELV
P ETF
s “CR, FIRST, FIXL, FCOS, F74X, FXTEMP
yGIZFF
,H‘VP, HDCST
y ITMAV, ITMIN
yJ2INg
s KONy XALEXT
sMXEXT
2 NTUCAL(2)y NTA
OMvON
002 ,
¢+PSIZF, PER, PWIO0S, PLANC, PFAZT, POMDPL! )
sPOHBAFy POHFAN, POHLECs PJHCIRe POHCNpD, PO4STCy POHWSCL!
s [P, REJUCE, REPUCVYy ROOFL!
s _REJy QREDUCE, QREDUCY
e21L I e Nl
9Ty TPO(4)y TEFF, TLIMs THFINy TLPRA, TFIX
sTCOy TW
yJ2Ss UWS
sWoV -

- eybs(z)

yXIEPA, XW, Xp .

IMMON /HEADEX/ CHH, C\y CHM, CMwy CRU CJo csT
’ cMOy CSRy CSMy PITcdFy ° oPMy PRESS,HEDMaTYHEDTYP, NP,4SS!
[ R

COMMON /SINK/  VAR(S), ¢PLNlsy 2PI®1y ¢c0S1sy W37, cOSM1, EFFls

A AR AA

b3
%
Fe
S
LX)
S
Sy
3y
13

a1v1, cLaN, Reary,  71,43FA2S,  wh1ly  UTy DE°W1, PPOyl,
TPOwls DEFC1s WIOT1e ELEN1s VAIR1l? vwaTye  HITY 4019  Ta4l?
WALy NW1y NT 1, NP1yZPLNC292S1212y ZSPBoy SwWé]l, SW31lye
SPely PTOT1,2LNg31, aFROl, aalR1,YFPUIN, SPZD1e+ SPS13,WT2MIN,
3P2M N, NG2Y N, 1e0s1, DEPAL, O%wTl, DPWC1.20NBAY, xNTts1, VELDL
» TLpals UCOM)s PMTS1s FMCS1le 7T3ACLy EFFCYHe CHY Cals csl
s CLTrcls CFCls CPCCL.FITCOl, CSC1iCEPRE1SDEPIP], AST1,0LDCS1
CAPCS1 s XNFAN1,3LDANT s CPLENT4DPFZL ] WHl, ATTUL, ADIhv asll
WTHR1, WTFR1.5TRYTL;CFMPFL,; 4PPFA  T07CF, TR EFFINY, aNTol
AIRFFl, WATFF1, X\NMODl, TCT®F1, FOCPF], FUTRCly ACTT21, ADJTSI
AZTBo1ls aDJBP1y ACTVH1s ADJVH1, ADJPP), TH2alls TCTFY » AFCSTI
SSR1e WaATER1, WSTCle CFOJNLy 4U3DIl, TOW.Els NUMTOLls CcTOWODL
SIRJ1, $3RJSY, ATU3C1, CBAl, TTO1l, TTD21, DELP51, CstYlyl
sCSTHR1s CYLRNls CFANELly PSTAC]. PUFITis PUDCS1y RPTPLYs SEPCSI

COMMIN /TINE/ XNS, TLA, XNTS, ARPS, TTDpaE, L_INOR, XNP, XQUALY
COMMON /SURFEX/ DOL+GAGLINY  NTUZeTUUaT,FINTYP,FINMAT, cFg

$ 9a°LATEs £OATCy ZINZCe CASTCo SSeEPREPCIXTUBMi s XHEDTY 4 XFINTY
COMMIN /nJas b3 ) X236, SF
COMMON /SU2PLY, VaLt(5)y, CPLNe CPI?y (cOS» W3, cOSM, ESFy
3 RTN, CLAMDy REAIR, ZoARFALCS, Wh, Us DELPW, PPROW,y
3 TPAWs JELFCe WIDTH, ELENGs VAIRy VW4T, HIs "oy T4
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SURROUTINE RPTHXD 76/76  OPT=1 FTN 6,2478351

b3 Q:WITQ \JW, “T' \‘9 D!A\' Z'PSIZIZ' SPPP‘, sw‘,
$ SDC,DTOTALyPLAVC3 SAFRONy AAIRy  YFP, snco.psrzx3
5 ar2, Vw2, 719, DELPA,IELP.T,DELPwWe,20N3Ag, xNTSX,
$ » TLaXs UCONs PMCSTye FMCSTs F3AZCr EFFCy CHY CA»

SW3y

WTC,
VELOX
cs

12718776

g, CLTCy CFCy CPCCy FITCOy  CSCyCEPRES,IELPIR, AST,0LDzST

SyCAPNSTe XNFANGQI DANGe CPLENe 3FFTL . HHX, 4TTUs, anla.
To  4THnR, WTFRM,STRUCC/CFPERF,42PEIF, TOTCFy  TPey EFFIN,
£y AIREF, WATFFy XNMOD s TCT><4 FQPCAF, FMTRCs ACCTTR,
s ACTRDs 20JBPDy  ACTVHy 42UV4y aDJPPF, TH3alRy  TCTF,

Asi vy
ANTU
ADJTP
AFCST

$+  2SRns WATERY, wsrncrv CFOJINDs HUaDIa, TOWLENs NUMTOWy CTOWD

$y S2RJ, SQIJSy ATUgcy €BAs TTD1, TTD2s DELPS, CSTLVR

$ ,CSTH, CYLAYG, CFA =L. PsTaCs, PJFITC, PMPZ3T, RPTPL, SEPCST

6600 FORMAT (1H]1)
6601 FORYAT (14 )

5602 FORYAT (1H4s4T10,m N O N D T UTA HE AT EXCHANGE

-

¥R NESCRIPTI ONHTIOFS 1y pEG M)
6603 FOrMary
L T22,1<UPPIRT SPACING n,FTe3,T67 nwFEETw
ReTHN«MDNAT DIAMETER! ¢F8,4,T82ynINCHN)
6605 ORMaT ¢
L 784"TURE PITCH VOQMAL 70 AIX TLDw "yF7,3,747ynINCHN
R TE3sMCIN THICKNESS!"sFBeby TBZ,HINC4")
6610 FORVAT
L T2."THRE PITCH IN DIRECTION OFIAI?'FLOH ",F7.3,TA7,"IVCH"
_R aTS1enFIN DIAMETER ", Fg.%,T32,nINCH")
6612 FORYAT
LTl847,3E DIAGONAL PITCH 1eFT,3y74T9nINCH®
ReT52:M"FIN SPACINGY 4FS5, A.Ts>,nqu4n)
6620 FORMAT
LT23s"LINER MATERIAL ",2A10
RyT61s"EIN VATERTAL '"92al0)
6625 FORMaT
L Til,n_INER THERVAL CONDUCTIVITYn F73

Ry TS5« "FIN THIRMAL' COND. 9611 4!T33'"5TU/(HR SQ FT DEG F)/FTM)

6630 FORMAT
L18,uLT%ER TyBING OyTSIDE DIAMETER n 4F7,64,T6790INGHN
RyTH2eMUEADER TYPE 1,2410)
6635 FORMAT (1H+
LT33sMea= UNT T COS TS =watt
6640 FQQWATk
LTi3vnF N SONDING $1,G10,449"/5Q 0
ReT539MMEADER MATERIAL ("91A100")  $"9Fg,300/08M)
6645 FORMAT
LTes"PRATECTIVE COATING 3",510,44"/5Q FT"
Ry TS34M00LLED VoLJT. TUBE TO HEAJER  $7yFRe3yi/Tuge™
6659 rﬁQwAT(
L73,m21'C O0R SPACERS $"9Gl0,6e"/L30 _
RaTS53eMwELDID JOINT, TUSE T3 +4EAJZR  §",F8,34u/TUBsM)
6655 FTORMAT
LT10+"SDACER CASTING $",510,401/3An
RsTS55,"TUIE AND PLUG HOLE PREPARATION $w,Fg,3,1/HolLE")
8660 FNRVAT
L194mENR PREPARATION §1,510,44"/TyBSM
RyT&5+MNOZZEL AND ATTACHING  $147Bo3¢n/HOLEMN)
A6AHZ FORYAT
RyTa79s"2dLTED HEADER JOINT S$"y FRa39"/FTM)
6665 FOR4ATY
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SURRQUTINE RPTHXD 74/74  0PT=) FTN 6,2074357

RTS8yMHZADSR MACHINING AND WELDING $"yF8,3,"/FTM)
6670 FORMAT(
LrogsrlrNer TyBING 3N0G11,5,M/FTH,
RTT0WMSTRUCTURAL STEEL S$MyF8.39m7L3M)
6675 FOR "'AT'(

LT2341PEdTECTIVE COATTNA €, 311 s.nseTn
R) A
6680 FORYAT
LTi4e "SINNING EnyeGlleSe/FTH
R)

6685 FORMAT(/
LT29s"FTNUNEDY TURE $"sGll,5,u/FTn
q)
6695 FORMAT ¢
LT2Rs"TIIE SPACERS &M,Gll,5e"/5Tn
R)
c
6517 FORMAT:
L T274"_INER GAGE ",F5,1
R 4T53,nF3N TYPE 1,2al0)
6700 FORYATY
L T13,1n7U3ES THRY ZACH FINN,FB340,T47ynTUBESH
RyTS4"AREA OF PLATE FIN "yFllely 50 Iy,
AT10 FORMAT
LT9,"LI"ER TUBING INSIDE DIAMETIR n,F7,4.747,0INCHR
RITH0"HEADER LENGTH'"IF11,30" FEETY)
WRITE (ry6500)
pY Zn 1=1,3
17 (atslz Ly, 1,E-30) WRITZH5+6692)
IF (DANGLT 3T, 0,0) WRITE(695602) DANGLE*180. / 314159
20 CONTINNE ’ )
WRITZ (&y55601)

WRITZ(%,6503) §§ s0DR .

WRITT (~e6505) XW s THFIN.

WRITT{rneB510) XD s OF IN

WRITZ{¢y8415) XDG 2 SF

WRITT(£,5617) GAGLINGFINTYP,XFINTY h
[F(INTYO ,EQ, MSLATE ") dRITE(6,6700) N»TUB'A&L:QTE'

WRITT(695520) TUIMATXTUBMAWFINMAT
WRITS (&46625) CONL,CONg
WRTTE(5,6630) QDL,HEDTYP,XHEDTY
KRTTT(Re5710) Dy W3

WRITE(£,6691)

WRITE(Ay65601)

(@]

DO 30 1=1,3

30 WRITE(6+6533)
WRITE(A,6501)
BRTTE(ae6640) CEI,HEDMAT,CHM
WRTTE{as8n45) COATCHCRY
WRITE(As5534) ZINCCCWJ
WRITE(£,6555) CASTCyCHH
WRITS(4,6569) EOREPCHICN
WRITE(4,6662) rad
WRTTE (£ 46585) c4A
WRTTZ(4,%570) crLtcl, csT
WRITZ(K46675) cocol
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WRITE (£e6580)
WRITE(Ay6535)
WRITE(5,46693)

RETJRN
END

oPT=1

crFel
F1TCol
escl
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SURROUTINE SCALP

DO 00000 nnnnnnnonnonnnnnnnonnhnnn D000

74/74  OPT=l FTN 4,247835] 12/18/76

SUBROUTINE SCALP(T1sRANGE §AF0N WLRATyTCWFCS, ITOWN) ' -

SIBROUTINE SCALP SEALES TH4Z! PLANT aAND DRY COQLING TOWER
DESIGNS AND COSTS LINEARLY UPWARD OR DOWNWARD TO ACCOUNT
FOR THE FOLLOWING FACTORS« _
THE JEQTAN TCUPZDATUDE oF T4 POWeR PUAMT DoES ¢
NOT CORRESPOND TO THE RATED 34CK PRESSURE OF THE
STEAM TURBINT, )
2e PART OF THE TOTAL POWER OUTPYT OF THE PLANT IS
USED IN SUPPLYING POWER TO THE FAN AND PUMPING
SYSTEMS,
TRE FOLLOWING ARE POINTS ON THE HEAT RATE FALTOR CURVE WHICH!
ARE JSED IN DESCRIBING THZi SCALING OF THE PLANT AND DRY COOLk
ING TOWERS, AT EACH OF THISZ P0INTS THZ HEAT RATEI FACTOR,
PLUANT SIZE aND PLaANT COSTS ARZI DETEIMINED,

PAINT 0 = CONVENTIONAL TUI3INZ OP—QATIMJ«AT RATED BACK
PRETSSURE :

PAINT 1 =~ STEAM TURSINE JPZRATING AT RATED BACKX PRESSURE

PAINT 2 = STEAM TURSIINE 0PZRATING AT SYSTEM nESIGY EXIT
TEMDEZRATURE WITH QUTPUT OF TUIBINE GENERATOR EQUALI
TI THE BEIZSIGN POWZR JUTPYT

POINT 3 = STZAM TURIINE O2IRATING AT SYSTEM pESIGN EXIT
TEVPERATURE WITH THE POWER OUTPUT oF PLANT EQUAU
TD THE NESIGN POAER OUTPUT

THE DIFFEPENCE RETWEEN POINT TWO AND THREE Is THE PLANT HAS

BEZN SCALED UP TO ACCOUNT FDR THE PQWER CONSHMPTION OF THE!

FANS AND PUMPS, SETWESN P2INT ONE AND TWO THE POWER PLANT

MaS 3EEN SCALED UP OR DOWN TO ACCOUNT FOR AN INCREASE OR

DFCREASE IN THE HEAT RATZ FACTOR,

DFFINITICON OF VARIA3BLES

AATR ~ AIR SIDE HEAT TRIANSFER AREA 0°! HEAT EXCHANGER
{(sa FT)
anTa = FaN a3LaDZ DIAMETIR (FT)

AFRON - FRONTaL AREA OF THE HAEAT £XcHaNGER NORMAL TO IR
FLOW (SQ FT3

+1sc - 4ZaT EXCHANGER TJU3E COST (§)

gercr = 3UNDLE SCHIPPING aN) ERECTICN ¢cOST FACTOR (DIMEN=-
s10NLESS)

Ca - ru"oLf ASSEM3LY 2OST (¢!
CaPF ~ PIRCENT OF TIvE PLaANT 18 GENZRATING POWZR DURING
r i€ YEAR (PERCEINT)Y ) :
CrOS = TOTAL COS5T OF T<Z DY COOLING TOWER ()
erANEL! = ¢0ST OF THE sLECTRIcak WIRING FOR THE FAN SYSTEM
(3
CFOUNg = ¢OST OF THE FOUNDATION FOR THzi pRY COOLING TOWESS .
%) .
CH = QUNDLE ¢OSTS FOR THZ HEAT EXCHANGER ($)
cuatlg -~ cIs7 OF Hall scaTENg 28R yNiT AREA ($/S3 FT) _
CLAND = €OST OF LAND COVIRZD 3Y THE J3Y COOLING TOWERS (s!

CLUVR = COST OF LOUVERS 2ZR UNIT AREA ($/S5¢ FT) .
¢nNaaS = ¢OST OF THE SJRTazZ CONDENSER (9)

cAsSH = INgREMENTAL MAINTENANCE ¢0STS OF DRY COOLING ($)
cr1? COST OF THE PIPING S5YSTegv (g)

cPLsN = OST OF THE PLENUM ON TCP OF THe ¢nOLING TOWERS (5)
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SURGOUTINE SCALP

DO VO OO0 D

OO0V IODOO0ONOODO OO DD IO IO OO0 0

T4/T4

cEM
cs
CsE

CaTHS

CSTLVR
CWARA
CvLRNG
DELFC

ELENG

F=all

FnCpF
Fe3l

Fra3
F~0s
Fer

FrxL

FmCPF

. FMeST

Frow

_ HPAIR

HPWAT

=FACl
Face
FRel

0

H
H
H

pes

Helva

IToWN
KeONV

Lo
NEGV
NEMTOW
Ny

PER

Py ANC

PLANCI
Pl aNece

oPT=1 FTN 4,2+7435] 12718/76

COST OF RLENUM MATEQIAL PpR POUND (S/L3MY

COOLING SURFACE 20ST ($) )

c0ST OF HEADER SZALANT FOR ¢ONNECTING PLASTIC TUBZS
10 74E HEADER (§) _ .
COST CF THE HAILI SCREENS FOR THE ENTIRE FRONTAL
ARTA NF THE HZaAT CXCHAMNZER (%)

COST OF THE LOUVIRS FOR CONTRILLING THE AlR FLOW
TO THE HEAT ZXCHANGZIRS (%)

RATIO OF HEAT 2ADACITY OF THE: WATER TO THE alR
(DIMENSTIONLESS) i

COST OF THE FaAN RING aND THE VELOCETY RECOVERY
STACK IF THEY ART USED (s/FaAN)

INCREMENTAL £JsL! cOST FOR THE. Scalgn UP PLANT
{MILig/Ky HR) s

LENGTH 0F HEAT IXCHANGER TUBRZS (FT!

£OST OF FaN 8{AJZS aFTERQ SCALING Up THE NUMBER OF
FANS ()

¢IST OF FaN 3LadZS PER FaN (§/FaN)

FUZL cOST FOR T-2 3aSE PLANT AITH 3 ZERO ¢OST ONgEl
TYROUGH COOLING SYSTEM (MILLS/HW M=)

FUSL COST FOR THZi SCALED UP 9UANT (MILLS' /KW HR)
COST OF FUEL FOR POWER PLANT (CENTS/BTU)

FIXED CHARGE 2aTIi FOR CaPITaL! PER vEAR (PERCENT/Y)
THE FIXED LENSTY OF HEAT EXcHaANGER TUBES SPECIFIED!
8y THE INPUT TO THF CODE (FT)

FAN MOTOR COST 2ZR FaAN ($/FNA}

TOTAL' FAN MOTOR cOST FOR THE ~auN SYSTEM AFTER
SCALE UP (%)

POWESR REQUIREMENTS OF THE FaN SYSTEM (KWY
HIRSEPOWER REAUIREMEINTS oF T+HI: FAN SYSTIM (HP)
HORSZPOWER REQJUIAZMENTS oF THZI WATER PUMPING
SYSTEM (HP) ‘

HEZAT RATE FACTOR AT POINT ON (DIMENSIONLESS)

HEAT RATE FAGTDR AT POINT TwO (DIMFNSIONLESS)
RATIO OF HRFACZ2 To H4RFACI USED FOR SCALING UP
PLANT TO DESING CONDITIONS (DIMENSTONLESS)
SUIFACE AREA COVZIRED 8Y Yall SCREENS O] LOUVERS
{8Q FT)

NUMBER 0OF CIRCULAR TOWERS (DIVENSIONLESS)
INTERNAL VARIA3LEZ FOR SPECIFYING THAT THE SET OF
INPUT VARIABLES _EADX TO UNREASONAS E' VALUES

(D IMENSTIONLESS)

VARTASLE FOR SPICIFYING GAGE 9F TURES USED IN THE
CONDENSER (DIMENSIONLESS)

VARIASLE FOR 3@ZCIFfYINU THE JIAMETER OF THE
CONDEINSER TU3IING (DIMENSIONLESS)

STOPS THE PROGRaM IF THE SCALID UP FRONTAL: AREA,
MaSS FLOW OF all aND SPECIFIC VOLUME OF AIR IS LESS
THAN ZERO (DIMENSIONLESS)

NJMBER 0F CIRCULZS TOWERS (NIMENSIONLESS)

NUMBEIR nF HEAT ZIXZHANGER TURZS IN wIDTH
(DIMENSTONLESS) )
PERCENTAGE OF TITalL CAPITAL COSTS oF! DRY COOLING
TOWER ALLOWED FO3 MAINTENANCE: COST (PERCENT)

3ASE PLANT COSTS ($/%XW)

PUANT cOSTS aT 2JINT ONE ($S/KW)

PLANT ¢Ost at 01Vt 140 (s/xkw)
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PIANC3 = PLANT COSTS AT POINT THREE 3

PELEC = COST OF ELECTRICAL; WIRING FOR WATER PUMPING SYSTEM
{$)

PaHeND = IVDIRECT ¢OSTS FOR SURFAcE cONDENSER AS A PERCENT~
AGE OF BASE COSTS (PERCENT)

PAHSCL! =~ INDIRECT COSTS FOX AMIL SCREENS ANs LOUVERS
AS A PERCENTAGE JF BASE C)STS (PERRENT)

PHHSTS - xuox:ECT COSTS FJ2 THE STRUCTJRES aND FOUNDATION
FOR THE CIRCULAR TOWER AS A PTRCENTAGE OF BASE -
COSTS (FERCENT) .

Poow - POWER p—ﬂufogvgvrs CF THE WATER PUMPING SYSTEM (K#)

Pg1ZE = 32ZCIFIED POWZR OJUTOUT OF THE! PLANT AND MAKE UP
SYSTEM TO THE POdER GRID (Mu)

PRIZ12 =~ POWER OUTPUT OF TURIINE aT THEI TURRINE RATED 3ACK
PRESSURE FOR & PQWERI QUTPUT JF1 THE TURBINE OF
PSIZZ AT DESISN ZONIITIONS [Md)

PsI12l3 = POWER QUTPUT 271 TURIINE AT THZ!I TURRINE 2IQTED 3ACK
PIESSURE FOR & P0OWER QUTPUT OFI THE PLANT OF PIZSE
AT DESIGN CONDITIONS (Mw)

PTOTAL: = TOTAL POWER QUTRUT QOF THE TURIINE AT DESIGN

CONDITIONS (44)
QANGE = TEVMPERATURE DIFFZRENCE OF THE WATER ENTERING
AND LEAVING THE -HE4T EXCHANGER' (DEs F)
ROQFL = ROOF LCAD DESIGN CONDITIONS FOR STRUCTURAL! €OSTS OF
CIRCULAR TOWERS (LBF/SA £T)
SAFRUN = SCALRD UP FRUNTAL aREa OF THEI HEAT EXCHaANGER
NOAMAL TO AIR FLOW (SG FT)
SpgP - IVcREWENTAL PLANT COST BETWEEM PLANT DESIGNED AT
RATED ccvozrrovs-(°ova 1) ANDI AT DESIGN CONDITIONS
(SOINT 2) (®)
Sog = 05T OF PLANT AT nesIs V CONAITIONS (POINT 3)
$°¢D - INCREVENTAL CIST OF °LAVT USING DRG cO0LING TowERS
AT DESING CONDITIONS (POINT 3) OVER PLANT AT RATEDI
CONDITIONS (POINT L) (%)
STRUgs. = STRUCTURAL ¢O3T JF: THE cIRCULAR TOWERS ($)
SwLRAT = SCALED UP WIDTH Ta LENGTH RATIO OF THE YEAT
EXCHANGER (DIYENSIONLESS)

g3 - SCALED UP MASS 7LD4 RATE AF WATER THROUGH THE
HEAT EXCHANGER (L3M/H4R)
Swa = SCALED UP MaS3 L DOW RaTE OF AIR THROUGH THE HEAT

EXCHANGER (L3M/4R)

TEWFCS = TOTAL COST OF THE PIPING SYSTSM (Ke)
Tn ~ DESIGN TZMPERATJIZ OF THE poY cOOLING TOWER (pE3 F)
TEEF - RATZD R4CX PRRIAIIRE EFFICIENCY OF THE STEaM
T'J?%I'-'E 'Hr?v-Vi/
TiA ~ LENGTY OF CONJIENSZR TUBING (FT) i
Ta - EXIT TEMPERATJRII OF THE aIR FROM THE' HEAT EXCHANGEIR.
(JE5 F)
Va = SPECIFIC VOLUME 7D THE alR 'MU'FT/LaH)
WATESW = WEIGHT OF WATZIR IN THEZ HeaT £XcHANGER BJNDLES (LBW)
WX « TOTAL WERIGHT OF' THE HEAT ExCHANGER EXCLUDING
WATEZR (L34

WIDTH = TOTAL HEAT IXCHANGER WIDTH (FT)

WLRAT -~ RATIO OF THE WIDTH4 TO THE LENSTH OF THE HWEAT
EXCHAMGER ({DIMZNSIANVLESS)

WelL = WEIGHT DF THE PLENUM PER UNIT AREA (LBF/SQ FT)

WeT2UCT TOTAL WEIGHT OF! THE COQLING TOWER STRUCTURES (Laf)

QOO0 0000 OO0 OO0 0O VO
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DO IIOO OO0 N

AT A A A A

WTFRY = TOTAL WEIGHT OF: THE HEAT EXCHANGER FRAM (LBG)

WTHOR = TOTaL WEIGHT JF THE HEAT EXCHANGER HEADERS (LBF)

wrTU3 TOTAL WEIGHT OFi THE HEAT EXCHANGER TUBES (LBF)

W3 ~ MASS FLOW RATEZ! OF1 T4E WATER THROUGH THE HEAT

Wy MASS FLOW RATE 371 THE AIR THROUGH THE HEAT
EXCHANGFR (L34/43) o

XMF AN = NJMRER OF FANS IV THE FaN SYSTEM (nIMENSIONLESS)

Xns NUMRIR 0F SHELLS IN THE SURFaZE CONDENSER
{(DIMENSIONLESS)

X:TS ~ NU4RER OF CONDZMSZIR TUBIZS PER SHEL{ (DIMENSIONLESS)

Xw « TRANSVERS PITCH AZTWEEN ADJACSINT TU3ES IN THE SaME!
TURE ROW OF THE HZAT EXCHANGER FROM CENTERLINE T0
CINTERLINE (IV)

YEPP1 = PLANT SCALING FaCTOR TO TAKE INTO ACCOUNY FOR PUM2I
AND FAN POWER

LOGICAL FXTLNG
LOGICAL NEZV
LOGICAL FIRSTs FXTEMP
COMMON
ASTRs ALPHAY ANG(3)
3CaPF, CSSPXW, CONFs CONL, COSTLY CAPCHGs CONMAT, CONYA2,CAF!
srads cTURR1 ¢DANGs CLUVR, cH4ILS, cVM
20&YGLEs DFINe DEEPL, DESVELY JESVELY -
WETFP )
, FCR, FIRST, FlxL, FCOS, FFHX, FXTEMP
¢ GAEFF
sHXNP, 49-537
y ITHAY, ITMIN
s JCINT
tKZCNVe KALEXT
-‘4(73(1’
yMTUCAL(2)y NTA
COMﬂON
t ON¥ .
€ yPSIZFy PERy PWCOSs PLANC, PFACT, POMOPL:
S 9PIHRpFs POHFANs POHLECY POHCI?y POHCNDy POHSTCs POMSCL
$ , AP, QEDUCE, REDUCVs ROOFL|
$ » 3RE.1y QAREDUGE QREDUCY
S +SIGYMrG,y SAAF '
% #TJs TPO(4)r TESF, TLIMs THFINH TLPRA, TFIX
$ 5TCZ0y TW
S sUZSe UWS
$ WAV
3 svAS(=®
T CXJIEPA, R, Xn

AR

*

COMMON /SUPPLY/ VAL(S), CPLN, CPIP, (COSe Wiy COSM,  EFFy
5 ATV cLANDy REAIR, ZyHARFACR, Wa o {te DELPWs PPOWy
$ FPAad, pelFey WIDTH, ELENS:  VAIRs . VWAT KT HO» T4,y
$  2EyAT, Nwe VT, NP PLaNz2,7s1712, SPBP,  Swa,  Sw3
i3 SACPTNTAL *PLANCIPSAFRONS  2AIRS YFPs SPCO*PSIZ13 NT2?
$ EFT) NWse TCOSy DELPAGIILPWTIDELWC,CONRAS, XNTSX, VELDX
S s TLaX, UGON, PMCST, FMCST, SBAZCZY EFFCy CHy CAy ¢S
$ 9 ClTCs CFEs  cPCCe FITCOy CSCrCEPREPYHELPIDY ASTHOLDeST

§,CATCST, xVFAN,BLDANG, CPLEN, 32FE(,  .d4x, «TTU3, ADIA, ABLY

.S*  ATHARY WTFRM9STRUCCHCFPERFI-SPERFY TOTCFY TPey EFFINe  ANTU

$y AIRSF, WATFF, XNMND, TCT3F, FOCPF, FMTRC,y ACCTTP, ADJTP
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764/76  OPT=] FTN 6,2¢7835] 12718778

y ACTBSDs ADJAPDy ACTVH, A2JVA, ADJPPF, THPAIRy  TCTFy AFCST
»  C3RPy WATERW, W4STRCTe CFOUND» HU3DIAs TOWLENs NUMTOWy CTOWD
y S33J, 503US, ATUBC, C3A, TTDl, TTD2y DELPS, CSTLVR

*C3THSs CYLRNG® CFANELY PSTACSe PUFITCe PMPCST® RPTPL® SEPCST
COMMON /SINK/  VAR(3), CPLNj), CPIP1, CCOSyy W3iy COSM}, EFF}o
aInl, cLaND, REAIL. 71,43Fa28, wai, 1, NEPW PO
TP0wYe DEFCle WIDTL, ELENLs Valal, vwaTls  HITy  HOl, T4,
Ewaly Vw1,  UT1, P1,27LNC2,251212y 25°8P,  Saely, SwW3ly

SPr1s 2TOT192(NC319 AFROLY RAIRLrYFPuINe SPCDTY SPSI3tWTIMIN?
BO2MIN,NWaMIN, TCOS)1y DEPALs DPWT1y DPWCy,CONSA{s XNTS}, VELD)
s TLaly UcON1s PMCS1, FMcSly FBAZly EFFCLy CH1y caly €sl
s CLTAls CFCle CPEC1,FITCO1s CSZ1,CEPRE],HEPIFY, AST1,0LDCS]
*CASCS]*XNFANIBLDANY*CPLENL*IPFELY? wHlY 4TTULle ADI1' &aSL1
s ATHR1y WTFR14STRUCY,CFMPF1, APPF1,TOTCF], TPTIEFFINYy ANTU]
s AIRFF1s AATFF1,y XNMON1ly TCT2F1,y FOCPFYI, FUTRCly ACTTPYy ADJUTSL
e ACTIV1, ADJHP1, ACTVH1, ADJvH4l, aDJPPy, 742AIl, TCTF1l , AFCSTY

%y CSRYe WATER1s WSTRC)e CFOJNLe H4BDI1, TOWLELls NUMTOLls CTOWD]

v S22J1s SHRJIS1. ATURCLs CBAl, TTD1ls TTHD21s DELPSYe CSTLV]
+CSTHE1y cYLRANLe CcFANELly PSTAZly RUFIT1y PMILSly RPTPLLY SEPCSI

COMMON ,SCALZR/HAFACL, ATUS, CPIRA, S5520,PLaANC1,CASSS],
GAIRs FAIRY HPAIRe HPWAT?t WLRTPe PLANCTI

COMMON ,sLAZALL/ SRN

COMMON ,ESCAL/ RSECF ,

COMVON /TINE/Z XNSe TLAs XNTSe ARPS, TTDZQE, _INOR, XNPs XQUALY

COMMON/TUSE/XGAWLD,TID(T5)

COMMON /PI_CcOST/ WPL

COMMON /PuT/ PMELEC

COMMON /FLSW/ FXTLNG .

COMMON /HEADEX/ CHHoCNyCHMaCMW9 CRISCWJI 9 CSToCMD9CSRICSMIRITCHE 9 CP MYy

PRESSyNEDMaTHEDTYR, VPSS, W

Loclcal LOOPER .

COMMON/FAN/ FANDAP (153,10)9FANDAH(153910) yFMCPF FoCPF,4P29R,Sy
YELRErs aFCr FLEV, EHRy LOOPER, oTMpX

DaTa NeGV/,FALSE ./

q01 FO?“AT(1X1A10 MT1,RANGE1CKARAYATRON Y WLRAT,562444)

AMELTST /pgNL/ FLOSS AFRONs VA w4, THITE. TD.T‘,cHAQA,RAVGE
XTOM = ITOWN

ScalLING FACTOR FROM POINT 1 TO POINT 2 TO ACCOUNT FOR CHANGE!
In HEAT RATE FACTOR

HRFIL1 2ARFACZ/HRFAC]
PAWER 0UTPUT OF TURBINE AT RATED BACK PRESSUREPOINT 1) WHICH
frTuce aEnnTocR BONED AUTPIT BSIZE AT THE SESIGN
8rC< POESSUIE (POINT 2)

PSIZ122PSIZE«HRFI2]

PIANT COSTS aT DESIGN CONDITIONS (POINT 2) WHICH INCLUDE
STEAM SUPPLY AND BACK PRESSURE! SCALING 70 POINT 2

PLANCR=PLANCL o HOFR21

IMCREMINTAL COST OF SCALING: U PLANT DUE! TO INCREASED HEAT
R&TE FACTOR
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SEALP Tas 7 ~eT=] FTN L.5%610 657232777

SPAP=(PLANGZ -CLANC) "PSIZEY L. 6+3

SGALTRG FACTOR FO2 SCaL i PLANT QIfE TO MFZT PUMIP ANC FAN
POSER REQUIFEMEINTS

[FAPSTIF*L 0 )e~PPOA-FPCHLFe 2.0) KCONV=]
LFA(KGONV.ER, 1) 2ETUH
YEP=(PSIZE®L.E+3)/(PSTIE®LE43-PPOUH-FPOR) -1y

POJER OQUTPUT OF THE TURIINE GEHEFATOR AT THE RATED
BACK PRESSUYRE (POTMT 1) HKRICH MEFTS THE PCOWER REQUIREMENIS OF
THE FANS AND PUMPS (POINT 3) ANDO THC POWIXR JUTPUT OF THE
PLANT AT THF DESLIOGM 385K PRESSURE (POINT 2)
PSTZL13=(1.¢YFP)*PS1Z12
TOTAL POAWER JUTPUT OF THE PLANT AT POINT 3
PTOTAL = PSIZE ¢ {1.tYFP)
PLANT CO3T AT POINT 3 EXCLUDING THE ORY COOLING TOWER COST

PLANCI=PLANGC2*(1.+YFP)
SPC=PLANG3I®*PSI7E*1.6£+3

INGREMENTAL COST OF PLANT QUE TO NDRY COOLING TOWFRS
SPCH = (VLANC3-PLANCY * PSIZZ * 1000. 4

SCALING UP THE 0ORY CCOOLING TOWER DIMENSIONS AND THE COSTS
ASSOCIATEN WITH TV

INJEPENDENT PARAMETERS OF THE NRY COOLING TOWER

YFPPL1=YFP + (.
SWI=HI*(FPPY
SHLzHLRYFPPY
SAFRPQN=AFIACNBYFOP Y
SWLPAT=WIRAT = YFPFL

SURFAGE COMDEMNSFR ODIMEMSIONT AND GOSTS

Isur = 1

GALL SURCON(ISUR, XEAas LiJsy TLA, YNRTS, ARPS, XNS<, CON3AS, CONMAT
L LPUUCNT)

YNTS = MNTS*YFEP g

COMRAT = CONTAS*YFPP

SCALE TeE NUMLE? GF TUIES [N WIATH AN THE AIDTH OF THE
HEAT FYUHANGS

TFRFXTLNG) WIGTH=SAFQON/FT AL
TFCaROTFYTLNG) WICTH=SORT(SULRAT*SAFRIONY
TOVLERN = WIDTH 7 (£T0HW*2,)

MU=WIDTH/ XxW*12,

CHEUK AN THr OXIT TEMPERATYRE QF THE ATR LYEAVING THE HEAT
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f4/74 iPT=

FXCHANGER

TG = RANGF &+ TN
VA=G63,35%(TN+uH0,)
TF(FLOSS.LTLdau) M
IF(SAF " ONLT 0. L)
TF(VALLTeCa0) NEGV
[FISAL.LT.(e0) MEG
TFITHITE.LTLaULIY N

1 FTY L.5+ilt

/(15.*1bL4b.)
EGV=TRUL
NEGV=. TRUE.
. IRUE .
v=.TRUF,
FGV=.TRUF,

IFA(NEGY) WPITE(H,N3NL)

[F(HEGYY STOP
CONTINUL

UMSHPA=HPA [R
UNSNFA=XNFAN

FAM AND PUMP

EPOH=FPOW * YFPOL
PPO=PPOW ¥ YFPOY
FOPQOW = PPOW + FOQ
HPHAT=HPWAT » YFPP

pOwFo

W
1

HPAIR= HPAIR * YFPPY

FPHP=HPWAT & HPATIP
XNF AN=XNF AN®*YFPP1

Far ALACE GOUS

FIACC=F3CPFEXMFAN
FCSTT=FBACC+FMCST

THE NUMIFER OF
WIRING CUOSTS

FMCST=XNFAN*FMCPF
CFANEL = CFANEL *

CLECTRICAL W]
PHELEC = PMELEC =
DIMENSTIONS AN

LRAVLIS (CA + CH ¢

L

FANS ANT THE MOTOR, 3LADE, AND ELECTRIGAL
OF THE FAN SYSTEM

YFPP1

PING OF THE PIPING SYSTEM

YFPPY

N WEIGHT OF THE AEAT EXCHANGER

LS) * BSERF

ATYBL = ATUSCH*YFPPY

AGTR=AATD * YFDDY
WHXTWHXCYFPP ¢

WTITUS=WTTUG*YFDPO L
WTHDR=WTHDR®P YO
HTIFRM=WTFiMEYEPRPD ]
WATE2W = WATEQW =

INCREASFD FUL

FUEL fOST. FO
QPERATING AT

YERPY

L £0SY OF THr PLANT

FOTHE RASE PLANT Jd1 T A CONVENTIONAL TURDINE
CATFN SACK 975Ut

G-140
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FGR7= K0S v Gt 3.0 -5/ TEFT
THCPDASED Figl €81 F02 TeS SCALLD UP PLAMT

FOOZ = 1008 % FG413E=SF(HPFAC2/TEFF) ¥ (1.+YFP)
NTLEC=s FOTA=FCT 7

LAND ANG 2LRTNG COSTE
TFOTA=TEDTA * (1. 4 YEP)
CLAND = COSTL*SAFRGH
SEPCST = (be3Q71 * Wi/BLe - 105064710/ 1090
SEPCST = SEPCST ® FOHCIR
TOUECS = TCWFOS ¢+ SFFCEST & R0TPL
CPTP = TCWFCS * YFPPL * 1010,
TOWE® NTAMETFPS
CTOWN = CTOWD * YFPFL
PLENUM SIZg AKD COSTS
CPLFN = CPM * WOL * (ITOWN * J.{6(53/4. * CTOWD**2
B o= XNFAN ¥ 3.14159/4. * (ADIA+3.5)%*2)
CPLEN = CPLEM * PQHSIC

STRUCTURE AND FOUNDATION COSTS

CALL STRUCT(CTOWN, kWHX, WATFEPW, RPOOFAL, STRPUCC, CFOUND, WSTRCT,

3 NUMTOW, ELENG, PQHSTC)
CFOUMD = POHSTC * CFOUND

LOUVER AMN HALL SCREEN €OSTS
HSLVA = CTOWC * NUMTOW J. 14153 * ELENG
CSTLV® = CLUVR * HSLVA * POHSOL ’
CSTHS = CHAILS * HSLVA * POHSCL

TOTAL COST OF DRY COOLING TOWER

CCOS = FZACC + AaTU3C +# SMEST & CPLcN ¢ STRUCC + CFOUND
5 ¢ CSTLYR + CSTHS ¢ CFANEL*XANFAN/YFPPL + CYLONG*XNFAN

MADNTENONLE COST OF THE ORY COOLING TOWERS
GOSM = PE? * (G505 + CPIP + CUN3AS) 7/ (PSIZE*CAPF*3760.)

TNG 2V MENTAL CCST NF DAY CIILTHNG TOWES (NOT USEN IN
DPTIMIZAT M)

OLOCST= (CONSHSPONCC) AMIGCPIRHCONBAS) ¥FCO/ (PSTIE*CAPF®37AG,.)
5 t COGPy JELYC

PETUYN

END

G-141
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15
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[A1]

30

45

55

SURQOUTINE

OO0

V9 WA d

5,Ca°CST, xNFaM,gLDANG, CPLEN, JPFEL,  wHX, 4TTUB, ADIA, aBLV
B9  ATHAR® WIFPUeSTRUCCCFPERTISPPERF T TOTCF TPcY EFFANY  ANTU
$e AIRFF, WATFF, XMNMODs TLT2%, FDCPF, FUTRCs ACCTTP, ADJTP
t, ACTRrD, ADJBBD, ACTVH, AJJVH, ADUPPF, TH3IAIR, TCTF, AFCST
%9 1SSRPe WATERWe WSTRCTs CFOJNDe AUBDIIA, TQW_ENs NUMTOW, CcTOWD
Sy SIRJ. SORJS, ATUBC. CBAy TTD1, TTD2, DELPS, CSTLVR
$ sC3THSs CYLANGs CFANELY PSTACS» PUFITCe PMP2STe DPTPLs SEPCST
COMMON /SINK/ VAR(5) » CPLN}, CPIB)y CCOSyy W3t cgsui, EFFyy
aInly cLanNly REaAIZY, Z1i443F 25, wél i pE2wl, PpOW
TPNMYy NEFCly WINT1, fLE“L, VAIRly vvaT]y HIT, 01 T4l
<TWaly N . N1, I,Z’LN'Z.ZSIL129 Z5P8P, SW&el, SW3ly
SPelY PTOTU2RLNC31r AFRO1? AAIRI'YFAMINS SPCOY? SPSIIIWT2MIN?
BI2MTIN,NWZMIN, TCOS)1, DEPALy JDPWT1s DPWCy9CONBATs XNTS]y VELD])
sy TLaly UCOVl' PMcS1, FMSly "RACI EFFCly CH1 s caly csl
% , 2LTCly CFCl, CPCC1.FITCOY, £SC1.CEPREY,IEPIPT, AST1,0LDCSI
SeCASCSIIXNFANT W BLDANTICPLENL«DPTEL] wHle #TTUle ADIls ABL]
€y  ATHNyy WTFR14STRUC].CFMOF 1, 40PF],TOTCFy, TPY+EFFINTy ANTUL
S, AI?Fr1, waTFF1l, XNM0Oply TCTPRly FOCPFY, FYUTRCly 4¢TT?1y andTRl
$e AZTS"1, ADUBP1, ACTYHls aDJy+1l,s aDJPP), t4Pall, TCTF1 , AFCSTI
Se OCSR1a WATER1s WSTRCls CFOJNIe HUSDI1s TOWLEls MUMTOLle CTONWD]
%4 S32Jyy SORJS1s ATUSC1» CBAL, TTD3ls TTD21s DELPS1s CSTLV]
T «CSTH=1, ~YLRM1y cFANELly PSTazly PUFITL, PU2pS1ly RPTPLY, SEPCSI
COMWOV /SCALER/HIFACLly ATUB, C::RA' SSCDOPLQNCIOCASSSA'
$ GAaIRs FAIR® HOATRY HPWATY WLRTPY PLANCTY
LDGICA FIXST, FXTEMP
COAMMDN

R AR A A

$  ASTR, ALPHA, ANG (D)
% ,CcAPF, CSSPXW, 2ONF, cONL, COSTLH CaPCHGs CONMAT, CONMAZ,CAF'
$ +c3Js CTURBs £OANGs CLUVRe CHAILS, VM
$ +ANGLEs DFINy DEEPLY DESVELs DESVELY
S JE7F?
$ » FoR, FIRSTy FIXLy FcOSs FFeXs FXTEMP
3 ¢GIEFF
$ SHX\P, HPeST
S +ITVAX, ’V‘N
§ sJCONg
$ sKZONue XALEXT
§ JMXEXT
§ JSNTUCAL(2)s NTA
COM%ON
s 002

$ 4PSIZ=y 2ERy PWCOSy PLANC, PFACZT, POMOPL

G-142

12718/7s

SERCH 76/74  OFT=1 FTIN 4,2+7%35]
sUFROUTINE SERCH
THIS RAUTINE SEEXS MINIMUM 8Y SINGLE VARIABLE! SEARCH METHOD
LOGIZAL FXTLNG
COMMDN /LACALL/ SBN
DIMENSTION ¢(5)
COMMON /sSUPPLY/ VaL(35)s CPLYy CPIP, (CCOS, Wa, COSM, EFF,
QrNe claNpy ReaiR. Z,*QFAFZ, LA Us DEWLPW, PPOWs
FPOMy DELECY WIDJH ERENGs, VGIRs VWAT HEo HO y T4,
2EWAT, Wy NT, TPLANC2,PsT 120 SPBP,  Swéy Sy
<7C’°TUTAL'°LAV 3-SAFnov- AATRY YFpr SPCAESIZIAY WT2?
Bz 1"»‘.’2, TCCS, DEL’Q,DELQNTgDEL?WCyCONe[iSO XNTSX, VELDX
s TLaXy UICONy PM2ST, FMCSTs “BAZCr EFFCY CH CAy
$ s+ CLTCH CFCy (CPCCy FITCS CSCsCEPREPYYELPIP, ASTQOLDCST
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70
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99

SUBROUTINE SERCH

50

—

10

$ W

AAARAANA A AR

[g]
(3]
® n M II "

34/74  OPT={ FTN 4,247435] 12718778

sPIHBAF, POHFAN. POHLEC,s POHCIRYy POHCND, PO4STCs POHSCL
s+ 3P, RESUCE, REDUCVs ROOFL

s AREJs QREDUCEs QREDUCY

+5I5Y0G, gaAF _

sTDe TPOU4)y TEFFy TLIMs THFINY TLPRA, TFIX

4"“\ ol
PR Vo

oU-S’ UWS

s WY

sVAS(S) !
s XJEPAY XWy XD

COMMDN /FLSW/ FXTLNG

COMMON /TINE/ XNSy TLAs XNTSe aRPS. TTD2RE, LzNOR. XNPs XQUALY
DO 30 (vAL=1,5

vab(Tvaly=yantiyal)

SRMEN/EERCH=1/ n

CA!‘IC SLCUVAL G o VALI2) $VAL(3) o VAL {4) s VALHS) o 1)

! STORE

[V ) H.qu
D> .
-

IF (XTI NG) I8sp
D0 8 I=I3,5
Moo= I

K=3

DO 9 lx=les

VAL (IK)=VAR(IK)Y
xe=0

J=0

VAL (M) =VAR (M) «C (M)

IF(SXT=MPY VAL(L) = TFIX
1F(v.67,3) 62 10 190
1Fval¢ly,.37.170.) GO TO &
SQN'“/P;?CH-P/ "

CAL"uAL”(VALxl)'VAL(Z)!VAs(a)OVAL(4)QVAL(S),M)

IF(<COVVLE2.1) GO TO 4

rrk)ELoA.Lz.onPA) 50 10 3
IT(TC0e,.BE,TCOSL) GO To &

J=1
CALL! STORE

60 TO »
IF(<sEne1) KC=
IF(JeEn, 1) G0 TO 7

VAL (M) =VAR (M) =C (M)

IF{TXTEM2) VAL (1) =TFIX
IF(vabL (M L, E.%,%) 60 To 7

SRN=M/CERLH=3/ 1
calai A-V(VAk(I)OVAL(Z)OVAL(3)'VAL(4)’VAL(5)|M)

IF(<cO% 28,1y 62 70 7
IF(3ELCALLE.XDEPA) GO TO 6
IFtTco:.GE.Tcosi) GO T0 ¢

Ca(.L! ST0RE

KC=0

GO TO =

6 IF(<.En, 1) XC=1}

G-143



SURROUTINE SERCH 76/76  OPTe] FTN 8,247435] 12718745

115 7 IF(<C.FQ,1) CALL CHNGE M)
K=K

IF(<.En.0) GO TO 3
CtMY=C M) /5,

Gy To ! ’
CONTINNE

RETJAN

END

lad!
(3

L=
[+))
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SURROUTINE SETUP 74774

0PT=)

SURRQUTINE SETUP({TSTAR, TEND)

VALJE =EAD

moleofliayedey

Xk mhky wAwm

CARD
TYPE COLUMNS
Al 1=3n ¢

(R ERNNN]
.¥-4 1=84

21-39

31=40

41-5n

51=6n

61=7n

-
OO O DT DD IO OO0 000NN &0

INPUT

FOR BNW] META
DECEMS

e
L

FTIN 4,247835] 12718778

THIS RAUTINE READS ALL INPUT DATA FOR' THE RUNI AND PRINTS EACH

$35CRIPTION
FIN: QOUND DCT AMMONIZ o
2R 1 0 1 37 6 topelioliotates

IN THE DEScRIPTIONS gELOW THE! SYMgol! (DFY MEANS
DECIMAL FRACTION

FORMAT

8410

NAME OF
VARIABLE

- - -

DEZSCR(IY

T

Y
p
£

R

DESCRIPTION AND (UNITS)

S MMENTS 0R' cASE DESCRIPTION TO 8E
PRIINTED 4T ToP OF FIRST QUTPUT PAGIL
ANy NUMBER OF TYPE aj CARDS MAY BE
JSZ0 3UT A BLANK Ay CARD IS NOT
ALLOWED.

BLANK IN ALL COLUMNSs ONE: -TYRE a2 CARD ONLY

TSTAR

TEND

VAS(])

VAS(3)

VaSi(4)

VAS(S)

FIXL

G-145

OWEST DESIGN TEMPERATURE! TO USE
(DEGQE’S F

H1GHEST DESIGN TEMPERATURE TO USE
(DEGIEES F)

INITIAL VALUE TDR TURBINE! QUTLET
TEZMPERATURE (JZGREES F)

INITIAL vALUE OR TT01, TERMINAL
TIMPZRAVURE QIFFERENCE (JEGREES FI

INITIAL VALUE DR AFRON, AIR SIDE
FRONTAL ARZA (S50 FT)

INTTIAL VALUE SOR WURAT  RATIO OF
4EAT EXC HANGER WIDTH/LENGTH (DF)

LENGTH OF HEAT EXCHANGER (FT).
171 THE ARSOLUTr‘VALUF’OF FIXL
THEN THE PROGRaM dILL'CALLULATE
THE [ENGTH,



60

65

75

Ra

85

S0

95

SURROUTINE SETUZ

OO0 MONONNNO 0NN NODDHO OO

J4/T4  OPT=ay
71«75  £S5,0, . DEEPL
Th=Ar F540) POMDP
ceac®eoe s
cl =40 (8F5.,0, TA(I,
41 =84 8F5,0) TPER(
[N ENNNNN]
c2 1=4n (8F5en, TAa(I)
41=84  3F3.0) TPER

see®ec e

taestoeonee

N1 4=lp

21-3¢
31=490

41=50

51=6n
§1=70

T1=8n

11=2~

(£1040,
EIO;O,
210.6,
Z10.0,

2100,

El0.0,
c£10.0,

NITE = & TYPE €2 CARD IS

FSIZE

TEFT

ROOF!,

R

L R
2
Iy R
R

FTN 4,247835] 12718776

LIYITING VALUE FOR NUMBEX! OF TUBES
IN: DEPTH FOR HIAT ExCHANSGER,
(VUM3ER OF TUBES)

17t THE ASSOLUTE! VALUEI OF DEEPL!/ = 040
THEN THE PR0GRa&M WILLI COMPUTE THE
JEPTH WITH NO CONSTRAINTS

171 POMOPL: IS BUANK R ZERO THEN 4

PISITIVE valLycS FOR NREEPL IMPLIES A
CONSTRAINT OF SQUAL TO ORI GREATER
THAN DEEPL, WYILE A NEGATIVE VALUE
FOR DZEPL IMPLIES A CONSTRAINT OF
ZQUALI TO OR LZ3S THAN DEEPL,

TILERANCE ON DZEPLe NOTE THAT A ZERD
02 BLANK 1S NOT INTZRPRETED AS ZERD
TOLERANCE, (SSEIDEFINITION OF DEEPLD

TIMPERATURES RETPRESENTATIVE OF
TRPER(I) FRACTION OF YEAR (DEGREES F)

FRACTION OF YEAR OVER WHICH TEMPERA~

TJRE Ta(l) IS TYPICaLW (OF)
S a4 JT1ON = WHIGHE3Y Ta
MUST BE FIRST

CONTINUATION OFf TA(I) FOR [« 9 TD 15

1y R CZONTINUATION QOF! TPER(I,

G-146

REQUIREY EVEN IF 3LANK.

3ASE PLANT SIZEI (MEGAWATTS)
3a5E THERMAL ZFFICIgNCY (DF)
CasacITY FaCTO (OF)

FIXES CHARGE RATE  {OF)

2ATID VAINTENANCE CoST TO CAPITAL
ZOST (0%

CONSTRUCTION £0ST MULTIPLIER (DF)
SITE ESLEvaTIoN ABOVE SEA LEVEL (FT)y

J0F LJAD (LB/SQ FT)
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72s

4
(V]
2

735

749

745

bt}
19}
N

—1
o
]

765

sUapnUTINE

c
o
C
c
c
c
C
¢
c
c
C
c
c
C
c
C
c

APV GOITOO0ID DO DIIDIDODIIODNOIDID DO

SETUR

m
—

ssadeese

M
N

(N ERENXNNN]

b
>

@
—

[N NN NN NN ]

b o
Pl

74/7T4  OPT=]

1=1a (E10e0, FCOS R
11-20  £10eg, PACOS R
21=3a  £10e0, PLANC R
31=4p 2100, COSTL R
41=53 E£10e0, CSSPRW R
516~  Z10+0, CAPCHG R
61=70 2100, HPCST R
71=80  £10.0, CTURB R
1=1p (E10.9y POHBAF R
11-25  S10.0, POHFAN R
21=33  £10,0 POHLEC R
31-637 £10.0 POHCIR R
41=94 £10e0 PJHCND ]
Sl*6a  £10»p, POHSTC R
51-70 £10e0) PodSCL R
1~10 (F10v09, R3P R
1i=/n ar12.8) TPU(L) R
1-10 F10.0 EFFP a

1~14 ¢Z16.0, VELREC R

G-147

FTN 6,2+7335] 12718/F%

FUEL COST (CENTS/MMARTU)

RTPLACEMENT PONER CnST (MILLS/KWHy
2IHER PLANT CONSTRURTION COST ($/KH)
COST OF LAND (35,50 FT)

CIST OF STEAM SUPPLY |s,%W,

CAPAZITY CHARGS: (§,/MEGAWATT)

COST OF ELECTRIC MOTORS ($/HP)

4D0ITION4L, TURIINE COST 3IBCAUSE: OF:
NUCLEAR POWER 2LANT (S/KW)

INDIOECT £0ST £8£T0RS FOR =
3UNDLE. ASSEMBLEI AND FRAME!

FAaNS

SLECTRICAL:
CXaCJLATION PIPING
CONDENSER
STRUCTURE

SCREENS AND LOUVERS

TURBINE RATING BACK PRESSURE (INCHZIS
JF! MZRCURY)

COEFFACLENTS FOR THIRD DYDER POLY=-
NOMIaL FOR HEAT RATE AS A FUNCTION
01 TUR3INE BACK! PRESSURE,

SFFICIENCY OF SUMPS (DF)

CONTR0L: VARIASLE.
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SUIROUTINE SETUP

OQOO0OODONIODOOODOODONONONODDINOIAOIDNDDONOODDDADIDNIOTODOODIOOIINIOTOIIODONOODIODAD OO
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74/74.  0OPT=1

11=2¢ £10.0, XDEPA R
21=3n  £10.,0, TLIM R
31=4n £10.0, TOWMIN R
41+5n €100, PFACT R
51=6n  F10.0, TFIX R
61=Tn  F10e0) TOWMAX R

1=1p  £10.0  GBEFF R

1=19 (E10+0, CPM R
11=2n 210009 pr. R
21=3n  £10.0, CLUVR R
31-49 £10+0, CHAILS R
41-5¢ £10e0, UCS ]
S51=64 £10e¢0, UWS 2
§1-70  E10e0, CVM ]
71=8p  E£10eQ0) WFY R

1=2a (2A10, NTUZAL !

G-148

FTIN 6,247%35] 12718776
=] FOR VELOCITY RECOVERY
=0 FJIR NO VE{021TY RECOVERY

MINIMUM AIR SIDE PRESSURE! DROP THRJI
HZaT EXCHWANGER (L8 FORCE/SQ FT)

MAXIMUM STEAM TEMPERATURE! FOR THE
TJRBINE (DEGREES F),

aSSU4ED 1aC 1FiFIELD IS 3LaNK OR O,
THE MINIMUM ALLDWABLE NUMBER OF
TOWERS PER GROUP,

ASSUMED 1 IF NOT SPECIFIED

9ACKING FACTOR, RATIO OF CIRCULARI
TOWER ROCF ARz TO FAN SWEPT AREA
(37

FIXED TURBINE JUTLET TEMPERATURE (7D
INTRY IS IGNORZID IF 3LANX! OR ZERO

THE MAXIMUM ALLUDWABLE NUYBER OF
TOWERS PER GROUP. ASSUMED 9999 IF
NOT SPECIFIED,

FaN SEARBOX EFFICIENCY

PLENUM COST (5/L8)

AZIG4T OF PLENUM MATERIALI (LB,SO FT)
COST OF LDUVERS ($,5Q FT)y

COST OF HAIL SCREENS ($,SQ FT)

JNIT COST OF STACX <,LB

UNIT WT OF STAZK LR,CU FF

FAN RING 4AaTERTAL UNIT COST s/LB

UNIT WT OF STRAIGHT CYLINDER 8,50 FT

CONTRCL VARIASLE FOR SPECIFYING THII

MZTHID TO 3E USED Tn CALCULATE NTU.

NTUCAL: MUST BESIN IN COLUMN 1,
CR0SS FLOW
COUNTER FLOW



SURROUTINE SETUP 74/74  OPTai FIN 4,2+47835] 12/18/%6

. c . TABLE
230 o
o CR0SS FLOW OR' COUNTER FLOW CAUSES'
o CALCULATION OF! NTU sY EQUATIONS,
¢ TABLEI CaUSES TABLE LDOKUP OF NTU.
o
735 ¢ 21=3n  F10.0, HXNP R* NJMBIR OF PASSZS THRU HEAY EXCHANGER
o
c 31=4p F10.0, W8 R HEADER LENGTH ,(FEET)
c X . _
_ o 41=5n 1040, NTU3 R NUMBER OF' TURES THRYy PLATE FINS
240 o
c S1=6a F10,0, SS R SUPPORT SPACING (FT)
c
c 61=7a  F10.0; ANGLE R HEAT EXCHANGER ANGLE (DEGREES)
o
‘-\;5 Coeearedcns
e S _ ,
c J2 1=1n (F19.0, DESVEL: R DESIGN VELOCITY (LIQUID) FOR PIPIN3
¢ (FT/SEC)
. c .
259 o 11=2n F1040, REDUCE R MINIMUM STEP C4ANGE IN PIPE DIAMETER
o FORI LIQUID PHASE TOWER PIPING (INCHe
c £5)
¢ , MaY 3€ 6s 12, OR la
- ¢ . ‘
»55 c 21=3n F10+0s QREDUCE: R MINIWUM STEP CHANGE IN PIPE DIAMETER
c : £OR LIQUIn PHASE QUADRANT MEADERINY
o (INCHES):
c vay 3E 6, 12, oR 1g
269 ¢ 31=4p  F10s.0) D0OIST. R JISTANCE FROM TOWER TO CONDENSER
" ROOM (FT)
c
COQ"OOBO‘
- C . - . - .
265 c J3 1~1¢ (F10+.0, DESVELVY R DJZSIGN VELODCITY (VAPOR) FODR PIPING.
c (FT/SEC)
o
o 1129 F10.0, REDUCEY R MINIMUM STEP CHANGE IN PIPE DIAMETER
] c FOR VAPOR PHASETI TOWER PIPING
279 o {INCHES)
£ vay 3& 6, 12, oR ls8
o
o 21+34 F10+0) QREDUCY R WINLMUM STEP CHANGE IN PIPE DIAMETER
5 o . TOR VaPOR PHAST! QUANRANT HEADERING
>75 o {INCHES)
¢ May 3% gy 12, OR lg
o
o
Ceoesesnene
?tBO Cesevssonne
c - - - .
£ Kl i=1a (Ei0e0, XW R TJ3E TRANSVERSZI PITcHW (NORMAL TO AIR
c FLOW)  (INCHES)
- C - '
285 ¢ 11=2n £10.0, X0 ? TJBE PITCH IN JIRECTION OF AIR FLO#
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SURROUTINE SETUP 74/74 OPT=1 FIN 6,2+74351 12718776

c {INCHES) N
c
c 21-3a  E10,0, X0G ] TJSE DIAGONAL 2ITCH (INCHES)
c
290 c 31-45 E10.0, SF R FIN SPACING (INCHES)
C .
¢ 4l-50  E10.0, OFIN R FIN DIAMETER (INCH(FS)
c
. c 51=6a  €10,0, THTIN R FIN THICKNESS (INCHES)
795 C )
c 61=Th £10,03; DANGLE R 3ASE ANGLE FQR DELTA HEAT EXCHANGER!
c (IEGREES)
C.'....l'l
CO.'I'...' -
390 c _
c Ll 1=1n (F10.0, 0DL R <X LINER QyTSIJE DIAMETER' (INCHES)
c 11-2n F12.09 DI R HX LINEZR INSTDZ) DIAMETER {INCHES)
¢ .
c 21=3¢ F10.0s GAGLIN R 34GE JF WX LINZR TUBE: (MAY BE
als C 22. 200 19. 1s, 17, 160 15'
c 14,5 14, 13, 12, 11, 10, )
c _
¢ 31=-5p 2Al0, TUBMAT, R LINESZ MATERIAL!L, MUST BEGIN IN COL 3
- ¢ XTUSMA R
310 ot
c 1A’ 3E -
c ADMIQALTY
o CoPPER
o CuU=10 NI
315 o Cu=30 NI
- ALUMINUM
o STEEL' WELDED
c STEEL! SEAM_ESS
o WELDED' §ST
120 c . )
c 51=60 F1l0+0) CONL R THERMAL' CONDUCTIVITY OF LENER MATERM:
o AL (BTU/(HR SOQFT PREG F/. FT) )
c
323 E‘QQ'.O..Q
¢ M1 1-2p (2A10 FINTYP R TYPE OF: FINe ¥UST START IN COLUMN: 1.
c XFINTY
. ¢
339 o way ag: =
¢ STRAISHT FiwN
° SINGLE' FOOT
o DOQURLEi FOOT
, c EVBEDDED
335 e EXTRUIED
o PLATE:
o NO LINER
o
¢ IFI NO LINER THEIN FIN MATZRIAL
349 ¢ MUST BE ALUMTNUM o
c
c 21=39 A10, FINMAT ]  FIN MATERIAL. MUST START IN COLs 21

G-150



SURRDUTINE SETUP 74/74  OPT=]
c
, ¢
945 c
¢
c
o 31=¢p F10+9) CONF R
o c
350 c
C-..c-..--
c.n.._’lcol
c
¢ NIl 1~ls  (£10,0, crs R
155 c )
c 11~21 £10.0, COATC R
c
o 21=30 £10.0, ZINCC R
-
350 c 31=4n  £10.0, CASTC R
o
c .
c 41=5n £10,0) EPREPC R
) c
165 c‘.Q.QQQQQ
C..oi.n.o’
C -
¢ P1 1=24 (2A10, HEDTYP, R
c ’ XHEDTY R
a7g c
o
¢
¢
o
375 c )
¢ 21=39 a10, HEDMAT R
o
e
289 o
¢ 31=40  F10eny TW R
=
c
c"lo't.-nﬂ
185 C'l!.'.l.l
C -
c Ql i=*lo (Z10.0, CRJ 3
.. c ;
3%0 o 11=2n £10+04 CWJ R
o
c -
o 21=34 Z10401 CHH R
195 ¢ )
o 31=44 10409 CN R
c 41=5n  £1040y  CMW R
c

6-151

FTN 4,247835] 127187176

vaY 8E =
ALUMINUM
STEEL!

THCRUAL; CONDUCTIVITY OF FEN MATERIAL!
{3TUZ (MR SGFT DEG F/FT))

FIN SONDING COST ($,5Q FTy
FIN PROTECTIVE COATING COST ($,SOFT)
ZINC COST FOR SPACERS (s/LB)

FIXED CASTING 50ST FOR SPACERS
{3/SPACER)

END PREPARATION! COST (g/TUSE)

HEADZR TYPE, MUST START IN COLUMN 1

MAY 3E - B
WELD REMOVABLE
- WELD 2LUG
FORM REMOVABLE
FORM 2LUG

HEADER MATERIALIs MUST START IN
COLUMN 21, MAY BE =_
ALUMINUM
STEEL

THICKNESS OFi HEADER MATERIAL
(INCHES)

LIST OF ROLLED: JOINT, TUSE TO HEADIR
($/TUBE)

COST OF: WELDED' JOINT, TUSE TO HEADZR
(S/TJU3E)

TJ3Z: AND PLUG HOLE PREPARATION COST
{(3/HOLE)

NJZZEL AND ATTACHING COST ($/HOLEY

COST OF HEADER MACHINING AND WELDING
(3/F7)




SURROUTINE: SETUP 764/74.  0OPT=) FTN 4,247%35] 12718719

400 c. . .
¢ S51-60n Ti0eq, csT R STRUCTURAL STEZL COST ($/LB)
c 61=7n £10e0) c8J R COST OF 30LTED HEADER JOINT ($/,FT)
c
405 Cosaconnar
. feeavsacerns
o ) .
¢ Rl 1=14 (5100, XNS R NUMBER OF CONDZINSER SHELLS
£
210 ¢ 112 =100, VELN R NIMINAL DESIGN VELDZITY THRU CONDENM:
¢ 53 TUBES (FT/5EC)
c _
c 21=3n  E£10.0, 0OC R CONDENSER TUBE' 0.0, (INCHES)
i15 c 31=4A  E10e3s GA R COVDZINSER TURZ WALL GAGE. MAY BZ
a7 ¢ 12, 14, 16, 1g, 20, 22, 24,
c : )
o 41-52 E1040, TKCT ] THERMAL: CONDUCTIVITY OF CONDENSER'
. ¢ TJAING ]
2?20 c (3TU/(HR SQFT JEG F/FT))
o
c 51=6n T1040, TTD2QRE' R TIAMINAL TEMPERATURE DIFFERENCE
c SSTIMATE
2 {JEGREES F
4?5 o
¢ 61-8g9 2410) coNMAT, R CONDENSER TUBING MATERM
c coNnmMa2 R Tabe MUST STaART IN
c COLUMN 61+ MAY BE =
c _
235 o ADMIRALTY
o CU=15 NI
" 304 S/5 WELDED
c
- Ceavsennnne
435 t . . -
T 1=18 (S10e0, XNP R NUMBER OF. PASSZIS THRU CONDENSER
pt
c 11=2  Z10.0, TLA 2 CONDINSER TURING LENGTH (FEET)
t
260 c 21=1 £10e0) XQUALY R AMMONIA vaPORr 2uaLITY OUT OF
o CONDENSER,
¢
Cl.'lll...
c .
a45 c R3 1=5 {13y - LINOR R CONTRCL! vaPIA3LE
¢ =] F28 LINOE TUBING
¢ =0 FOR 5aARF TY3ES
C'.'l....'
59 c ,
c sl 1=5 (15, LF3 I LF3 AND LFE  SPECIFY _FIRST AND LAST
¢ 5-14 1S LFE 1 2JSITION TO BE CONSIDERED! IN THE
¢ Ta3LE OF FaNs, CEFRULT VALUES aARE
o “F3=z3 AND LFE=153
%35 ¢
o

L )
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SURROUTINE' SETUP 74/74  0PT=} FTN 4,247%35] 12/18/1%

27000000

JIAMETER IFAN LFAN
P L LY L1 T L X N L LT T N
2he 1 27
284 55 88
40 oy 111
40 112 135
60 136 153
11=15  15) MXEXT 1 THE vAXIMyUM ALLOWAB[E: NUYBER OF

CALLS TO SUBROUTINE XTENDI FOR ANY
INE JESIGN TEMRPERATURE.

JEFAYLT VALUE IS5 1o

Eonc"c..f

DTN DO

[
.
]
*

-4
—

[ AN NN ]
1-14  Al0 FFHX R CONTROL; VARIASLE FOR SPECIFYING
METHOD TO UsSE IViCOH?UTING'FRICTION
FACTORe MUST START IN COLUMN 1
vay 3E =
Pro
FRICHD
REALI NTUB
DIMINSTON TOD(6)sTGA(T) .

cOMMON/DJ3/D19XDGeSF

COMMON /INSIS/ DIST . . :
COMMON /HEADEX/ CHHyCNyCHMoCMWoCRIICWI ST, CVOCSRICSMIPITCHF s CPYh
102ESSauENUAT s IEDTYPNPASSy WY )

COMMON /SURFEX/ 0DL9GAGLINGNTUSsTUSMAT yFINTYIHFINMATICFBy APLATEY
$CO4TCeZINCCICASTCSSIEPREPCIXTIBMA 9 XHEDTY s XFINTY

OMMON/FLSW/ FXTLNG . . .
COMMON /TINS/ XNSs TLAs XNTS, aARPS, TTD2QE, _INOR, XNP» XQUALY
COMMDN,/TINE2/CCM

COMMDIN/TUIT/XGASLD,TID (796}

COMMDN /OHTE/VELNS QDS TKCT . -

COMMIN /STu</  VaR(3). cPLNL, cP12l, ccosl,  w3l, gosul, eFrl,

& atul,y aLaNl, REall, 21437425,  wél, ul, peEPWl, PrPOWl,
$  =PN.ly JEFCle WINT1, ELENL, VAIRls vwaTls  HITs  ADls T4y
3 WAL, N1y NT1, NP1,Z°LNC2,251712, ZSPBR, SW4ly SW3le
$ SPCle DIUILIPLNCIle AFROLY AAIRI2YFPUINY SPCOTY SPSI3sWT2MINY
% 3P2MINyNWaMIN, TCOSy, DEPA1s JIPWT]1s OPWC1,CONBATs ANTS), VELD)
$ 4, TlL.ly UcON1, PMcSls 7McSle T38azle £FFCY CHY» 2aly ¢Sl
$ 4 Sltcl, CFCl, CPCCLl.FITCO1, CS5Cl,CEPRE],DEPIPT, AST1,0LDCsS!

5, CAITST  XNFANT ,BLOANL,CPLENT,2P7EL], WAl, ATTUl, ADI1, ABL}

Ty ATHA)y WTFR1,STRUCL.CEMPF L, 4PP71,TOTCFY TP{sEFFINYs ANTU)

%y AIRFEly WaTFFls XNMOnle TeTPFl. FDCPFLl, FYTRCLe 4¢TT21, anJdTol
$, ACTB=1, ADJ3P1, ACTYyH1, ADJy4l, ADJPP1, 342all, TCTF1 , AFCSTI
%y CSRYs WATER]1, WSTRCls CFOUN1, ~J82I1, TOWL_Els NUMTOLl, CTOWD]

Sy SIJTy SARJS|s ATUSCls CBAls TTD11ls TTD21e DELPS1s CSTLVY

S 4STHaly oYLRN1s cFANgly PSTAZl. PUFITI, PW’QSI'_QPTPLQo SgPcsl
COMMON ,gCALER/HRFACTy ATUSy C7ZIRA, SSCO.PLANC1HCASSSI,

$ GAIR+* FAIR? HPAIR'Y HPWAT?® ALRTP? PLANCT]
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SURROUTINE SETUP 76774  QPT=} FTN 4,2+473351 12/18/7%

COMMON /FNLOOP/ LFBy LFE .
COMMON /P cOST/ WPL!
LOGICAL FXTLNG
DIMINSTON DESCR(A)
LOGICAL FIRSTs FXTEMP
COMMON

L ¥

$  ATTR, ALDHA, ANG(3)
$ »CAPF, CSSPKW, cONFe cONL, COSTLY CAPCHGs CONMAT, CONMAZ2,caF!
$ ac3Je cTUR2y cDANGs CLUYRy £HAILS, cVM
S «naVN3_Ey JFIN, pSEPLy DESVEL, JESVELY
S «57FP
S 9 FgR, FIRSTy FIXLe FcGSe FFHXy FXTgMP
$ ¢GIEFF
§ JHXNR. W2CST '
§ 4 1TMAY, ITMIN
S 4JZ0ONsg
$ ¢KZONv,y KALEXT
$ 3 MxEXT )
§ WSNTUCAL(2),y NTA

COMMOIN
® 003
$ +PSIZE, PSRy PWEDSy PLANC, PFACT, POMDPL _ .
3 492ABaFy POHFANs POHLECs POHCIRY POHCND, PO4STCe POHSIL!
$ 4 WP, REHUCE, REDUCV, ROOFL!
$ , s RREDUCE» QREDUCY
$ ¢S15MaAGY SAAF )
§ +Tys TPO(%)s TEFF, TLIMy THFIVy TLPRA, TFIX
3 +TCO9 TW
$ LSS, UWS
& GWTV ‘ -
£ L2VaS(®)
$ +XJEPxs XWy Xp .

cOMUNN /SURPPLY, VaL(s)y CPL\I’ CPIP’ CCOS’ W?' CQSM, EFF
S QTNy ~LAND, IR, Zy'i?"’q’_‘zy Wa, s DELPW, PPOWy
s FPAWy SELFrmy WINTHy ELENG, VAIR, VHAT, HIy HOy T4y
§  IEW.T. N, NT, N2y BLaNe2,PSTZ12, SPaPy  SW4,  SW3,
$ SPC,PTOTAL,LANC3,SAFRON,  aaIR,  yFP, $SPCH,PSIZ13, WT2»
g ELEX W2y  TCOSe DELPAIDZL PWTDELPWCYAON3AGY XNTSX» VELDX
$ 4 TLAXe UZCON, PMCST, FMCST, FaACC, EFFC, CHy ca, . CS
$ ¢+ CLTCy CFZy CPCCe FITCO CSCeCEPREP, IELPIDY AST,O0LDCST

S'CADCST’ X\JF‘-\NOB'_D’\\JGS CPLEN, SPFEL )y V‘Hx, YITTUB’ ADIn' AsLN
Se ATHAR, WTIFRM,STRUCCICFPIRTyH2PIRF, TOATCF TP2y EFFIN,  aANTU
3¢ AIRFF, WATFF, XNMOD, TCTPF, FDCOF, FMTRCy A4CCTTP, ADJTP
%e ALCTHEODs ADJRPDs  AZTVHe ADJJVH, a0JPPF, THPAIR, TcTFy AFCST
$y 2SRA, WATEIW, ASTRCTy CFOUIw fiubliny TOW_EiNy NUMTOwy CTOWD
%y S2RJ, SA3JS, ATURCs c8as TTD1, TTDZy DELPS, CSTLVR

$ 4CSTHa, CYLRNG, CFAVNEL, PSTACS, PUFITC, PMP2ST, RPTPL. SEPCST
COMMNN 7yanyAR/  TPER (141t TA(19)

COMMON,F AN/ FaNDAR(153,10),7aNdaH (153,10 4Fu2PF,FaCPF,22,R,Sy
SVELRTC,AFCHELEVLTHR

DATA. S1 ANK/® "/ -

C SURFACE CONDENSEZER TUBE 00 aND TUBE: GAGE' ARRAYS

C
DATA 709/0~525,0~750,0~S7S,1-000,10125,1-zsb/ -
DATA TGA/IZ.!I‘P-lléo!180'200922092“-/

E CANDENSER TU3E ID AND 5°M PFER FPS VELOCITY THROUGH TUBSE AS 4,
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SURROUTINS SETUP 74/76  0PT=) FIN §,2¢73351 12718/7%%

c . FUNCTION OF TUBE GAGE AND TUBEN 00,

COATA TID/04407,044599064%540¢527404555,045694045R1,
0.53270t584000620’0.552,0'580'0.696-'0.765.
04657,0,70950+7%540,77790,5%05,04819404531,
N.782.0.R%.0.A70.0.302.0.930,0,984.0,9¢c6,
0,90740,95990,995+1,02741,055,1,06391,081,
1,032,1,086,1,12091,15241,180,1,19%,1,206/

89 FORMAT noINPUT ERRQR, THE SUY JF THE TPERYI) SHOULD BEI 1,0000M)

280 4000 FORMAT(1H1///T10+""BNW1 ORY COOLING TOWER COST MODEL! =e!

: Fa" aMMANTL cIRCULAR TOWER VERSION®
$ 4TI0enTHIS RUN MADE ",A1095Xea10)
5001 FJIaMatas1m :
6001 FORMAT(T21,3Al0) -
=85 5002 FORMAT (RS10,0) :
§002 FORYAT (/1X4uGlg,8)
5003 FoRv¥aT(16F5,0)
. 6003 FOaWAT (/1¢BF8,1+8F8,4)
5004 FORVATI(FLI0,0,47F15,8)

=99 6nn4 FORMAT(/1XeF10429451548)

5005 FORvAT(Ral0,5F10,0)

6005 FORYAT(/1X92410,1X96615,8)

5006 FORMATI(3F10.0,2410,F10,0)

6006 FORMAT(/1X33F10e501X024100F1045)

395 5007 ForvaT (3alcsSFlo,0)

. 6007 FOoYAT (/1%92A10,1X9A109561548)
A0S FORMAT{AIS)
6008 TORMAT (/1X,816)
5009 FORYAT (6£10,0,2,10)
400 6909 FORMAT(/1%,6G15,8,5%,2410)
5011 FOR“AT(TE10.042F5,0)
6011 FORMAT(/1X,8515+8,610e4) i ‘
TR0 FORMAT(TSoMTSTARMT21 s "TEND" s T359"VAS(]) s TS5 y"VAG (3"
% aTSSIMVAS (41T, TL,"VASIS) e TO6s"FIXL"y T1114"DEEPL "y T121,tpOMDPL™)
605 7090 FORUAT( XoMTA(1) 1", 3XmTa(2) My 3xnTA(3) ¥, 3xmra(8)"y3xNTa(5) "
Ta3X"TA ()M 3XITALT) e 3xX " TA(SI My IX"TPER(1)M", 1 X"TPER(2) "y 1 X" TPER(3) M
$§ Z1XNTRER(4) 1, 1 XNTRPER(S)nyuTPER(5) 1y 1 XuTRER(T) 1, 1XNTPER(8) 1)
7120 FORMAT ( 4X"TA(9) 1y 2X"TA(]10) "e2X"TA(11) My 2XNTAL12) 1y 2XNTA(]3)"
' F2XNTA(LI4) "4 2XMTA (15" 2X TA(158) "y 1X"TPER(9) TPER(TO)TPER(li)TPER(l
610 $2TPIR(T3)TPER(14) TPER(13) TPER(15) M)
7150 FOQ‘U\T(TS,nDSIZEn'T23'uTEFFH,T}a'NCAPFn’TSI.'nFCRu'T69'"PEQ"
$ aT3GenCCUN,TI6MILEVN,T10R,"RIGFL M)
7130 FOR‘-‘V«\T(T5,"FCOS"yT23a"chOS"9733,"=’LANc",T529"cOSTLP'vT5'70"c5$PKU"'
) $ +T32¢mCAPCHGN ,T9T,"HPCSTIyT112,1CTURB)
&£15 7185 FCORZAT (T5,uP0H3AF 0, T20,#PCH AN, T35, iPYHLECH, T5u,wPOHCIRN,
$ TE34MO0HCND" s T8 HPOHSTEN, TS5y "POHSCLYy
7210 FORVAT (T3, nREPU,TITyNTRPO(1)Me3X"TRO(2) 1, 9XnTdp(3)n,9XTRO(4) M)
7240 FORMAT (TS,nwEFFP M )
. 7270 FOQ\‘IAT(T!;,nVELPECn,T20,nXDEPAu,T35,n'rLIMn,TSo,nTONWan,T65,n'PF'ACT'n
£25 S TN UTFINIT]S " TOWMAX)
7280 FORMAT(3X,"GIEFFM)
7390 FORMAT (T5,nC M, T20,"uPLmy T35 CLUYRMy TS50 nCHAILS 1, TE5,myCSM, T8O
S ’"st"’qu'"CVM"'Tl10’”WFV")
‘ 7330 FORMAT (TS« MNTUCALMyT24 4  HXNPyT44 s "WE", T58,"NTUBM, T75, 551,750,
525 1#ANSLE M) '
7335 FOR*aT(T3,wDESVELM,T21,"REDUCE", T35,y "AREDUCEN,T50,"01ISTw)
7340 FORMAT (TSeMDESVELV"T219"REDUCY" 1 T35 2ED0CY™)

Jh

~

D2
P AN A
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SURROUTINE SETUP

36774

0PT=]

FIN 64,2+478351

7360 FORMAT(S5XgMXW" 13X "XO"913Xs"XOG912Xe"SF" 13X9"OFIN"911Xy
$ "THEINMS10Xe"DANGLE™) B
7390 FORWthSX"ODL"'IZX"DI"q03X"GAGLKV"y9X“TUBMA".13X"C°NL")
7420 FORMAT(3X"EINTYP"v14x"FINMAT " vax"CONF") .
7450 FORMAT (SXMCF31,12XnC0ATCM,10xnZINCC!, 10xnCaASTE 10X, "EPREPEY)
T480 FORVAT (T4, nHENTYRY, TZ“,HHEDMATH,T36.nTHn}

7610 FOQYAT (SXsMCRJIM 12X e "CWJ a1 2X s CHH" 3 12X e N1 12X e nCMy My 12X s "CST !y

5

TS40 FORMAT (SXIENS'",12XNWVELN®911X00C 12X "GAN X UTKCT 1 9Xe"TTO2QEY

®

12%xs"eagn)

y 13X ONMAT™)

7556 FORMAT (SxaxNPu, 10Xy TLAM, 10X xQUALY")
7555 FORMAT (3XsM INORM)
7570 FORMAT (Thy "LFRA, T1l, YLFE", Tl3, "MXEXT')
75RO FORMAT ;SX NFFHX")

O

FXT;NGQO;QLSE’

CALLI DaTE(DOY)
CALL! TIME (HEUYRE)
WRITE (496000}

L
ga¢e
£

35 CONTINIE
GOTD &a

37 WAITC («a5001)
6oTd 37

40 CONTINUE

C
CarD 81

3

%

LOYHEURE

DESCR

DESCR

) JNE,SLANK) GOTO 37

READ(Sy5011) TSTARs TENDs VAS(1)s VAS(3), VAS(4), VAS(S)

POMPL .

WalTEthe6011) TSTARy TEND. VASI(1)9 VAS(3)s VAS(4), VAS(S)
POMDPL

WyFIXL, DEEPL,

1FIXL,y DEEPLY

WRITZ{Rs7p59)

o
CArD C1

READ(545003)

WRITE (4946003)

W

CARD C2

RITE(697030)

READ (543003

W

srTria.Anal)

WRITEle,7120)

Carp D1

W
w

CARD F1
%y

L
S

READ (R,5002)
RITEZ(A6007)
RITE(ay7150)

READ(5,5002)
CTURR

QITE{%46002)
CTYRR

(TA(D)
(Ta(1)

(TA(I)

+TALITYN
A

PSIZE,
PSIZE

FCOS,

FCOS,

98) 9 (TPER(I)yI=l,8)
98) 9 (TPER(I),I=i,8)

si=1
s 1=l

91=3416) 9 (TPER(I),1=9416)
T=0;14;

\ - Y
TRPER(I 919918

TEFS, CAPT, FCR, PER, CCM. ELEV, 2IVOFL
TEFFy £ARFy FcRe PERy ccMe ELEVs ROOFL

2yWCOSy PLANC, COSTLy, CSSOKWe CAPCHGF HPCST

PWCOSs PLANZs 20STLy CSSPKWy CAPCHSe HPCST
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SUSPSUTIHE S Tap /74 neT=l FTH Lo Sebfl 057y ersr7

SRS WRITE(H,7180)
C
CARn ©2
RELN(54%0(2) POHSAF, POMFAN, POHLEC, POMCIR, POHCND, POHSTC
t «POHSCL
90 WOTTE (F4n{02) POH=AF, POHFAN. POHLECs POHCIR, POHCNO, POMSTC
13 W POHSCL
HRITE (Hy7 L HS)
c
CaArRD F 1
rY5 READ(S 5006 #3P, (TPOLL) ,I=1.4)
WRITE(E 46CC04) RAF, (TPOL(I),I=1.4)
WRITE(H,7210)
C
carn 51
700 RFAD(S,5002) EFFP
WRITE (R, 0C2) TFFP
ARITE (1472060
C
CARD H1Y
705 REANDL5,5522) VEFLREG, XDEPA, TLIM, TOWMIN, PFACT, TFIX
x s TOWMAX
HRITE(6,60(2) YELREC, YDEPA, TLIV, TOWMIN, PFACT, TFIX
f T OWMAYX
[TMIN = TOWMIN + 1,F=30
72 IF (ITHMIN LLTe 1) ITMIN = 1

ITMAX = TOWMAX + 1.E-31
IF (ITMaXx LLT. 1) [ITHMAX = 9999
IF (I1TMAX LT, ITMIN) STOP™TOWMAX TS LESS THAN TOWMIN®
WRITE (E47270) . .
715 FXTEMP = LFALSF,
IF(TFIXaGTa0e3) FXTEWP = ,TRUE,

(
CaARN =2
REAN(S,5002) G3EFF
7L WoTTE(6yhGuel2) CGOEFT
WRITE (B6+7280)
C
CARN Tt
WAI(H,5002) [CPM, WFL, CLUVKRy CHAILS, UCSs UWSe CVM, WFYV
7en WRITE(Ry»002) CPM, WPL, CLUV?, CHAILS, UCS, UWS, CvM, WFYV
A TTE(RL73CY)
-
Carn J1
DEAR(S5,57(S) NTUCAL, MHXNP, W3, NTU3, SS, ANGLE
770 WRITE(RhHANIS5) MTUCAL. HXNP, W3, NTU3, SSs ANGLE
WRITE (6,7330)
[
CA=) 372
REAN{S,H002) NESVYLe 2FDNUCHF . NRENYTE, DIST
735 WRTTE [ tGL2Y NFSVEL,. “FNUCE, NREBUCE, NIST
W2TITE (6 7I35)
SEANLS GSLL2) DESYRELV . CETUCY, ORFNDUGY
WRLTE (ARG R CT2) N-GyiLye REDQUC Y. 20NV
ARTTZ (5,7 7u)
769 ;;

(AR
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745

~
>
<

7R3

770

~i

7us

SU 2T F

SETuR

CALA

CAeT

¥
ca=n

CARD

n
cAavn

¥

caen

CARD

ca=q

CAvQ

SARN

YEAS NPTt FTN Le5S¢bL1G 0Sr32/777

READ(S,50C2)
WRITE 16 ,5552)
WRIITE tue 7 260)
CONVERT NEGRFZS TO RADIANS
DAMGLE = DANGLE * 3.16159 7/
COANG = COS (DANGL: )

XWy XDy XDGe SFe NFIHe THFIN, OAMGLE
«dy 20, x0G. SF, NFIN, THFIN, NDANGLE

130,

Li
ICAD(5,5006)
ARTITEC(6,53C6H)
WRITE (h,7330)

OnNL,
ADL

Ni,
af,

GAGLIN,
GAGLIN,

ryaMart,
TusM"aT,

XTU3IMA,
XTU3IMA,

CONL
CINL

11
REAN(S,5057)
WRTTE(R,6027)
WRTTE(S470L24)
[IF(FINTYP LEG. "NO LINFR

5 STOP "ILLEGAL FIN

FIMNTYF,
FINTYP,

AFINTY,
XFLINTY,

FrpmaT,
FINMOT,

GONF
COMF
* O WAMD. FIMMAT JME. *“ALUMINUM
MAT-RLAL FNOR UNLINED TUSING™

)

N1
READ(5,535C2)
ARITE(hen002)
ARITE(B,7L50)

nE A,
N

COATC
COATC,

ZINCE,
TINCCy

GCASTG,
CASTC,

EPREPC
FRPREPC

21
READ(5,5007)
WRTTEA,6007)
WRITF (b,7480)

HEDTYP,
HZOTYP,

XHEDTY,
XHFOTY,

HEDMAT,
HEQMAT,

TW
TW

ny
REAJ(S,5022)
WRTITE(R,60C2)
ARITE(6,7510)

CRJ,
CRJ.

CHJy
CL\'J'

CHH,
GCHH,

CHy
CM,

CH14,
CHW,

CST,
CcsT,

C3J
cBJ

2L
READIS,50.9)
WR1TE(E,6009)
WRITE(Re 7540

XNS,
XHS'

VELNy
VELM,

GLC»
onc,

GA,
Ga,

TXCT,
TXCT,

TTN2QE,
TT3cQAE,

CONMAT,
CONMAT,

COMMA?2
CONMAZ2

R2
2EAD(Z,.5002)
WRTTE(F,0052)
WRITELG,7550)

XNP,
XNP,

rLA .
L

xXQuUALY
XQUALY

vz
READ(5,5608)
WITE(RAELY)
WRITE (507555)

LINO®
LINDR

51
PEAD(S .S 58)
WARTTEAG,660CY)
WRITZ(R,7570)
[F (MY (T LLT.
IF (LR LT,

LFa,
(R

LFE,
LFE,

MXFXT
MXZXT

PXEXT =
sTne

1)
LF D

L9

“LFz CXTEFDS LFE CN O INPUT CARND™

T1
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Al

812

415

A2d

Ay

ST NG

SFETU

a9

98

jo]

-

YLD NDT=zy FTAd LeStullh

RFEAD(S,5005) FFHY

HRITE(R,c005) FFHX

WRITF (R 7580)

[FIFFHX NF, "PFR “ WAND, FFHX oNEL. "FRICHO )
STCP **%% »¥® UNRECOGNIZED FFHY ON CARO T1L™

FHR = 414,43 7 TEFF

[F(FIXL GCT.0eC) FXTLNG=, TRUK,
U0 65 Jy=1,1h
IF(TPER(J) 4L T LE~20) GOTO 46
NTA=J

COMT INUE

CONTINUE

SHPER=(.4

no 2¢ T=1.16

SMPER=S1PEL ¢+ TPER(I)
TF(ASS(SMPER=-1.3VeLToteF-1C IGGTO 22
ARTTE(6.89)

SToe

COMTINUE

RMINE FOSITIOMN OF TURF 0.D. AND GA5Z IN RESPECTIVE ARRAYS

N0 99 T=1,0

Lo = I

IF( ABS(O0C-TON(LD)) LT. .071) GOTO 1011
GONT INUE

STOP ™ILLEGAL VALUE FOR CONDENSER TUEE 0O0*

a0 9” 1= 1,7

KGA = T

IF( AISIGA=TGAIKGA)) LT, .301) GOTO 103

CONT INUE

STOP “ILLEGAL VALUE FOR CONNENGE® TURL GAGE™

CONTTMUL

ANG{1) = ANGLE*3.iL1592R54/14].
ANG(2) = SINGANGIL))
ANG(3) = COS(AMG(L1))

IF(A3SANG(3)) LT, 23731) ANGIER) = (a1
GAaLL COSTE X TO FYALUATE OonR
CALL CCSTEX (DUMX1,9UMX2)

~ETURN
€MD)
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SURROUTINE SHOT

OO0

A AR A A

74776  OPT=) FTN 4,2+47%35]1 12718/7s

SURRQUTINZ SHOT (L)

THIS ROUTINE FSTABLISHES A STARTING PLACE: FORI THE MINIMIZING PRO=
CEDURE 3Y SAMPLING POINTS AROUND: THE STARTING VALUES PROVIDED.

LOGICAL FXTLNG
DIMENSTON T(3) yCWAR(G4) 4yRANG(2)9AFRO(3) yWLRA(4) 9 VAM(S)
L2GIcal FIRST, FXTEWP
£ IMMON
ATTR, ALPHAy ANG(3)
1CAPF, CSSPKW, CONFe ¢ONLy COSTLY CAPCHGs CONMAT, cONMAZ,cAF
1c3Je cTURRY cDaMGy cLUVRy ¢cHallS, VM .
onaNGILEy AFIN,y AEEPLY DESVELY JESVELY

o TR, FIRSTy FIXLe FpdSy FFHXe FXTEMP

WsHXNP, H2CST
+ITMAY, ITMIN
1 JCONS
s K7ONye KALEXT
W MXExT
WNTUCAL(2), NTA
CoMTN
o0R ,
W1PSTZcy PERy PWCDSy PLANC, SFACT, 20MOPL! | ,
sronBaFs FOrraNy FOHLECY FIHCIIy POHCNDe PONSTCr POHSCL
s 3P, REJUCE, REDUCY» ROOFLI
y 3REJy AREDUCEy QREDULV
+3IGMpGy SanF ]
2 TYe TRPO(%) s TErFF, TLIM, THFINe TLPRA, TFIX
QT:D' TW
yUSS, UWS
s WAV
,VAS(Q)
s X3EPAy XdWe XD
COMMAN /FLSW/ FXTLNG
COMMON sLaCaLL/ SRN

A AR N A

HAHD A AN AR A 9

COMMIN /SU2PLY,s vaL(S)s CPLNy  CPIP, .cCOSy Wi, cOSM, EFF
S 9tN, ~LANA, REAIR, ZyH3Fac?, Way s DELPW, PPOW,
£ TPAW, DELFCcs WIDTH, ZLENSG, VAIR, VWAT, HIy HOy T4y
T 2TWAT, Ny, NT N2, 2LaNZ2,Pg1zl2, SP3P,  SW4,  Sw3s
$ SPCYPTATAL WP ANC39SAFRONs  AATIRY YFPy SPCHIPSIZ13y W72
s A05,  NWs, TCOS, DELPA,DZLPWT,DELPWC,CON3ASy XNTSXe VELDX
$ o TLaxy UCOM, PMCST, FMCST, "3aCCe ZIFFCy CHe CAr» . C5
$ s cLToe ¢Fos ey TITCC SIS TPRERYOCLTI, aSTellpesT

$9CAYCETy XNFANGgLDANGy CPLEN J3FEL WHX, W#TTUs, aolay asL\N
Sy WTHARy ATFAMWSTRUCCICFPERFAPPERFyY TOTCF TPee EFFINy ANTU
$s AlRcFy WATepy XNMODy TCT25 FOCPFy FMTRCs ACCTTPy» ADJTP
Sy ACTRADy aDJBPDy  ACTVH, &2JV-y aDJPPF, T+H2aIRy  TcTFy AFCST
%y  z5Rne AATERWe WSTIcTy cFOUND HUs01ay TOWLENS NUMTOW, oTOWD

Sy 533J, SQ3JS, ATUBC, C84, 7T21, TTI2, OtELPS, CSTLVR |

5 9CSTH&y CYLRNGe CFANEL PSYACSy PUFITCy PM2ZSTs QPTPLe SERCST
COMMON /S INX/ VAR(S) cPLN}, CPI21s CCOSyy W3te COSR}, EFFYy
$ aIxl, cLaNl, REAlDl, 2li4aFs2s, ﬁéi. uly, oe~wl, prowi,
$ FPOule NESCls WIDTly ELENl. valxl, veaTy, HIT, 401, T4l
$  3Ewal,  Mwl,  VT1, N?1,7°UNg2,251712, ZSPSP, Sa6l, Sw3ly
$ SPcy* PTOT199LNC31r AFROLY AAIRIPYFPMIN? SPCD]® SPSLII'WT2MIN?
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gl

85

90

95

i tame o m R s amim we e L4 e iem e o e R R Y SN WA S Y RV

SURBROUTINE' SHOT 74/76¢  OPT=z) FTIN 4,2+76351 12718/4¢

$ SORMINSNW2MIN, TCOS1, DEPALy JPWT1y OPWC],CONBA]s XNTS1y VELD]
$ 9 TLaly UgON1, PMCS1, FMcSly FRAZLY EFFCy CH1 24l csl
$ o CLTCl, CFC1, CPCC1,FITCOL, <CSC1,CEPRE],’EPIPY, AST1,0L0CS!
$2CAPCSY o XNFANY *BLDANI PCPLENLPDPFEL]Y Y WHls ATTUle ADIl® ABL)
$¢ WTHN1s WTFR]9STRUCT+CFMPF1, "IP?F'}uTOTCf’-ly TPIQEFFIN],. ANTU1
Sy AIRFFly WATFFly XNMOpl, TCTPFl, FDCPFly FMTRCly ACTTP1l, ADJTPI
$, ACT8P1, ADJAP1, ACTVH1, ADJyHl, aDJPP1, 7#Pall, TCTF1 , AFCSTI
§+ CZSRys WATER]y WSTRCie CFOUN1s HUBDIyy TOWLE]ls NMUMTOls CTOWD]
€y S3IRJjy SARJS]s ATUIC)s CBALs TTD1ls TTD2i{s DELPS1s CSTLVY
$ +STHSY, cYLRN1e cFaNcly PSTazle PUFIT1. P¥PpSly RPTAL1y SEPCSI
COMAON" ;g A ER/HRFACY, ATUS, CPSRA, SSCD,PLANC1,CASSSI,
$ GAIRs FAIR?Y HPAIRY HFAAT? 4LRTP» PLANCT]
COMMON /TINE/ XNSy TLAs XNTSe ARPS, TTD2QE, LINOR, XNPs XQUALY
9500 FORMATMOIN SHOT AT CHECKPOINT a, VaR(4)any1PE12 4,AKquvaM{4)alty
SE1P. 49X "OAFRON,E12,4) _
9501 FORMAT(nQIN SHOT AT CHECKPOINT 3  I3n 11,6X,uDAFRO=N,1PE12.4,6X,
S WYAR(G)IZHGE12,420Xs"AFRO(I)EN4E12,4) )
6502 FORMAT(#OTN SHOT AT CHECKPOINT £, I=MyI1s6XenvaR(%)any1PE12,¢,
$§ B y"FAF=1,E12,4) . )
9503 FORMAT (wOIN SHOT AFRO WILL BEI 34D 3ECAUSE: VAS{4) =i, 1PE1244)
IDR=g .
IF(W.En,2) GO TO 31
00 ! Igzl,s
1 vgM(1Sy=20,0
TC”SI=O|
TCAS2=ne
DO 20 12143
T(I)szS(lu(I-B).S.
IF(FXTeM?) T(I) = TFIX
IF (T(T) 5T, 180,y T(1) = 180,
20 1F (T(1) JLE. 0,0y T¢Iy s 10,0
DO el 1=l,4¢
CWAR(T)=2VaSt 3l a(l=2) w2,
21 IF(CwA=(1),LE.0,) CWAR(I)=,5
DD 22 T=14
WLRA({T)=VAS{S) e (Iw2)*10.
22 1F(WLRA(IILLELD,) WLRA(I)=S,
AFRI(1)=2VAS(4) /2,
AFRI(2)y =VaS(4)
AFRDI(3)=VAS(4) a2,
DTl:-l.
DCWAREy

GO TO gl
31 DY1=VAn (1) =VAM(])
DCWAR=VAR(3)=YAM{3}
DAFRI=vAR{4) =VAM(4) . :
IF (JAFR0.LE.C.0.aND,I0BeNE,0) WRTTE(519500) VAR(4) sVAM(4) 9DAFRO
DWLIa=VAR(5) =VaM(5)
IF{ITl . £2.,0,.0R,0T1.EQ,VAR(1)) 30 TO 33
ny 32 1=1,3
() = var(l) = (I-1) « pTi/e,
IF(FXTeMP) T(I) = TFIX
32 CONTINUE
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-1
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SURROUTINE SHOT

33

34
35

36

37

38
39
40

42

8042
43

(;4

45
46

51

74/74  OPT=1}

50 TO -5

20 3% 1=143

Tl avartly«(1-2) 42,

1F(T%T=M2) T{I} = TFIX

IF(T(1).52.179,) T(I)=170, _
IF(OCWAR,E3,0,0.,0R,DCWARLERWVAR(3)) GO T 37
DO 35 T1=l,4

cHa(l12var(3) «(I-1)mpcwar/3,
[F(CwA (T LEL0.0) GwAR(I)=0.2%
CONTINUE

63 T2 135

D2 39 1=1,3

c4atyavar(d) o (1-2)
IF(Cuant1),LEL0,0) cwar(Ine0,23
CONTINKE

LC=3 .
IF(DAFPD,.E0.0.,0.0R,DAFROLEDVAR(4)) 50 TD 41
DO 40 T=1,3
AFRI(I)=VAR(4)~(I=1)=DaAFRO/Z,
IF(128,EQ.0) GOTY 43

D0 8740 1=1,3

FTN 6,2+78351

IF(AFRA(TY ,LEL0,0) WRITE(6+9501) I,0aFRO,VAR(4)+AFRO(I)

CONTINNE

60 19 43

FAF'=-5.‘:'5

TCTA3S(FAF~VAR(4))

IF({TCelTal,E04) FAF=FAF*(Q,9

po *2 1=1,3

AFRI(IV=VAR (%) s (I=2)aFpF

IF( aFR0(I),LE, 0,0) pFRO(1)=1000, » 7
CONTINIE

IF(I23,EQ40) _G0OTO 43

IF (AFRA(I) WLE«040) WRITE(609302) I,VAR(4) sF a5

CGNTINHE
IF{IWLNA,S3,0.0,0R,DWLRALEQ.VAR(S)) GO 7O 45
DY 44 T=194
WLRA(T)=VaR(5)=(I~1)=0WLRA/3,

50 Tn =1

DY 4R T=],3

WLRA (T1svar(5) e (I-21 85,

Lw=3

Dn 15 1T=1,3

0o 15 t1e=l,LcC

ITt~wantIry .50 ,0.0y WRTTFE (68,0504 T(C

FagtaT(n0IN SHOT, sIVISION SY ZZRO, CWAR("e1241)20,0m)

PaN3L = TUIT) - oWAR(Ig) = TTIZ3E « TD
RANS (1) =,9«RANGL

RAN3(Zy=, 7=RANGL
RAN3(3)=,5«PANGL

no 15 re=1,3

pn 15 1asl,3

no 15 qu=l,Lw

KCAhC:E

IF{I%.AT.1,0R,1C.5T.1) xcaLc=2
IF(la.nT. 1) <CaLC=4
IF(IHe5T. 1) XCaLCzs
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SURROUTINE SHOT 26/74. QPT=]

SIN="/2HOT = 1/ "

FTN 4,247835]

CALWl CALCITLIT) 9RANGIIR) oCWARLIIC) »AFRO(IA) 4 WLRA(IW) oKCALL)

IF(<COnV.E3.1) 60 7O 15
IF{IELTE LT XDEPAY) GO T
1r(rco=1.an.3.) 50 T0 1
IF{TC08,GE,TCOS)Y) GO TO
IF(TC0s2,27,%,) 60 T0 1
IF(TC0s),32.TCOS2) GO T
lg tcos2=rgosl
P 19 11=1,5
19 vaAMIITy=vaAR(ID)
14 TCOSi=TCOS
VAR(1Y=T(IT}
Vanr(2)aRANG{IR)
VAR(3)=CraR(IC)
VAR (4)=aFR90(IA)
VAR(5)=WLRA(IW)
CaF=aFnd{lyn,l
G0 TO 18
16 IF(.L.En.2) G2 TO 15 )
IF(TC022.,52.9,) GO TO 1
IF(TC08.GE,TCOS2) GO TO
17 1C0582=7C0S
VAMID) =T (IT)
VAM(3)=CHar(IC)
VAM {4} =aFRY(14)
L VAM(S5) =WLRA (IW)
15 coNTINUE
IF(IDB,ER,0) RETURN

0 1g
4

ls
8
0 14

7
15

WQITE(Ao;53)TCOSI-VAR(I)vVAR(Z)yVAR(‘),VAR(Q),VAR(S)

553 FoRVAT (" T£0S1=vEL2,5,m Tll=nmh, 0,1 RANGI=nFT7, 44" CWARLIENFT,3,
1t ATR01="Z1043,1 WLRAL="F4,0)

RETURN
END
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SUSROUTINE SPDES 76/74

X Re e e RsYs R leNete oo lsRaReNs e ReRe e ReXaRe Xe e Ko Xe Ko Xa X Xe e Ne Ke NaXe Xe e Xe Xe e Xe X2 Xe Ko ls N Xe Ko K e Ne e Xe

0PT=] FTN 4,2+7435]1 12718778

SUBROUTINE SPDESITSsTTOsXNS»XNPyCHi D TLA»XyVELD9VELDO,ARPS ¢ XNTS

1DEL?WLINOR,

SHRRQYTINE SPDES DESIGNS A CONDENSER,RE3OILER ON THE
BaSI5 OF THE TEMPERATURS JIFFERENCE GETWEEN THE SATURATED
STFAM AND THF SATIIRATED AMMONTA. TWZ AMDIUIMT aF HEAT

Tr g€ TRANSFEREN, THE TEMPIRATURE OF THI: STE,M, THE
LENGTH OF THE TUBESs AND THZ ZXIT QUALITY OF THE aMMONIa
LraVING THE TU3ES THE CONDENSERI/RESOILZR caNM BE JESIGNED
WITH TWO TYIES OF TJ3ES (1) 33RE TUBES, AND (2) ENHANCED

TiE3

FaR 3aREZ TU3ES THE QUTSIDI COSFFICIENT 1S PInVIDED oy
NUSSULT AND THE INSIDE COZIFFICIENT 3Y ROHSENAW

FAQ THE ENKHANCED TU3ES THIZ: OUTSIDE aNp INSIOFE COEFFICIENTS
ARE 2Q0VINED BY A REPORT FR0M LINDE £nRPOQATION

CEFINITION O0F VARIASBLES

AnBdS
AcT
BETA

c
cHLD
¢
peLP

D=LTa
DELTK
DsLTS
DEMSTV
NENSIW
DERPTHY

5
Gr

Ha
HE S
HTCON
HACON

Hewsl
Ht.}:{j'\j

KaF

ong
Prw
Qa0

RAEF
RAES
S1GMa

AREA PER CONDINSZR/RE3GILER SHELL! (SQ FT)

TOTAL AREA OF CONDENSER/REBOILER SHWELLS {SQ FT)
CONSTANT IN CORIZLATION FOR AZpT TAANSFER ON

THE OQUTSINE 0F THI TUSE (RTY/4R=SQ FT=DEG Faxw3/4)
SPACING ySTWEEN CONDENSER/RE3JILER TUBES (IN)

HEAT TRANSFERZD IN THE CONDENSER/RE30QILER (gTU/HR).
S2Z¢IFIc HEAT 271 LI2UID aMMONIA (QTU/LrMmDFEG F)
PRESSURE DROP OF THE aMMOMI, THROUGH THEI cONDENSERY
RZ30ILER (LaF/S3 FT)

AMMONIA SIDE TZYPERATURE DROP (DEG F)

WALLL TEMPERATJRE DR2P (DEG F)

AVERASE STEAM SIZZ TEMPERaTURT DROP (DEG F)

DENSITY OF aMMONIA vaR0R (LgM/cyu FT)

DENSITY OF aAMMOMIA LI0UID (L34/CU FT) .
NUMgER of TU3ZS IN JEPTH OF a TUBE SaANK IN THE!
CONDEINSER/REI2ILER (DIMINSION_ESS)

= ACCELSRATION DJUS TO GRAVITY (FT/S3 HR)
= AVERAGE MaSS FLUX OF aMMONI, THROUGH THE' CONDENSERV

REIOILER TURES (.BM/HR=S53 FT)

FORCED CONVECTIIN COEFFICIENT ON THE INSIDE OQOF THEII
CONDENSER/RESJILIR TU3ES (BTU/HR=Sn FT=2EG F)

HEZAT OF VAPORIZATION FOR SATYRATED AMMONIA (BTU/
L3V )

HEAT TRANSFER CZOIFFICIENT ON THE INSIDE OF THE!
CONDENSER/REBZJILER TU3IES (BTU/HR=~S0 FT=JES F)
AVERAGE HEZAT TRANSFER COEFFICIENT oN THE!I QUTSIDE: JF!
THE CONJENSZIR/RIIIILER TU3ES (BTU/HR=SQ FT=DEG F)

HZAT OF VAPORIZATION F0R SATURATED STEAW (BTU/LEM)

EFFECTIVE HEAT TRANSFER CAEFFICIENT FOR THE
CONDENSER/REZIILER TU3E wealL( (BTY/wR=-5Q FTDEG F)
THERMAL CONOUCTIVITY JF S:TyYRATED WATER (RTU/HRe
FT-DEG F3

DUTSIDE DIAMETIT 9F THE CONDENSER TUBING (IN)
ERANITL NUMBER 27 SATURATED aAvMONIa (DIMENSIONLESS)
HEZAT FLUX THRIUGH THE INSIDE CONDENSER/REBOILER
TURE WallL (8TJ/43-52 FT)

DENSITY OF SATURATI) AATER (LAM/CU FT)

DENSITY OF SaTURGTED STEav (LBM/CU FT)

SURFACE TENSION 97 _IQUID AMMINIA (LBF/FT)
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TUCONW = THERMQL CONDUCTIVITY OF SATURATED AMMONIA (BTU/HR®:
FT«-NEG F)

71D « INSIDE DIAMETER OF: THE CONDENSER/RE30ILER TUBES
(TN}

TvCT - THERMAL CONDUCTIVITY OF THE CONDENSER/REROILER

' TURES (BTU/HR=FT=DES 7)

TLa ~ CONDENSER/REQIILER TU3E LENGTH (FT)

TLAA » TOTAL' FLOW 9ATH FOR THE AMMONIA (FT)

T< = TEMPERATURE 0OFi THE SATURATED STEaM (DEG F)

TTD - TEMPERATURE DIFFERENCE RETWEEN THE STEaAW aAND
AVMQONTA (DEG F)

UroN - OVEZRALL HEZAT T2UNSFER COEFFICIENT IN THEI CONDENSERV
REQQILER (BTU/HR«5] FT=0E3 F)

Vel = INLET VELOCITY 071 THE aAMMONI4 TC TRE! CONDENSER/
RE3NILER TURES (FT/SEC) i

VELD = INLET VELOCITY OJ71 THE AMMONIA TO THE' COVDENSER/

QOO0 OO OO0

RESOILER TUKES (FT/SEC)

veLDo - EXIT VELOCITY JF1 THE aMMDONIA LUEAVING THE! CONDENSERY

REZBOILER TUZES (FT/SEC)

VTSsS - VISCOSITY OF SAaTJRATED WATER (LBM/FT=HR)

vIsy - VISCOSITY OF SATJRATED aAvVONIA VAPAR (L3M/FTeHR)

VrISH =~ VISCOSITY OF S5aTJURATZD AMMONIA LIQUID (L3M/FT=HR)

VeFl -~ SPECIFIC VOLUMN JF SATURATED WATER (CU FN/LBM)

vVeGl = SPECIFIC VOLUMN OF. SATURATED STEaAM (CU FT/LBM)

X - EXIT QUALITY DF: THE AMMONMTA LZAVTMe THE CONDENSER/.
RZAQOILER TUSES (DIMINSIONLESS)

. XnP - MUMBER OF PaASSEZS OF THE avMoNIa THROUGH THE

CONDENSER (DIVENSIONLESS; )

xns - NUMRER OF SHELLS IN THE CONDENSER/RERQILER .

. {DIMENSIQNLESS)
XnTS - = NUMBER OF TUBZS 2ER SHELL! (DIMENSIQONLESS)

REAL! XSF ‘

DIMINSION TSAT(64), VSG(S4)s VSFU64) s HSFG(66)y ANG(3)
_COMMON/PRIP/CPUH s THCONW Y DENSTH e VISWHF G,y

1 CPV o THEONV G DENSIV4VISV,SIGU,,

2 CPaAsTHCONASDENSIA9 VIS
COMMON/OHTS/VELNYODCe TKET

COMMON/TU3Z/KGAsLD,TID(748)

COMMON/RPRT2/UCONN HOCONsHICON s tWCONo HF Gy VELDT W VELDOT+ TTD74 TS

1XNPT9DELPWT I ARPS Ty TLAT s XNTST 9 XNS?

COMMON /SUPPLY/ ValL(5)s CPLNs CPIPy (cOS» W3, (O5M, EFFy
$ QiNy cLANDs REAIR, Zs4R7a22, Woo Us DELPWs PPOWs
s FPAWy NELFCe WIDTH, ELENGs VAIRs VWAT Hly HO T4
% EwAT Nw g NT, NP9 PLANCEYPSIZ12y SPBPY SwWe, SWe
3 SPC,OTOTAL,PLANC3,SAFRON, aAIR,  yFP, SPCH,PS1713, w12
k4 Bo2 NUz2y  TCOSe DELPASIZLPATIDELDWCICONSASe XNTSXe VELOX
% o TLAXy UCON. PMCSTe. FMCST, #34CC, EFFCy CHy CA, cs
$ s cLToe CFes  cPccr FITgOs CSCCEPRERy YELPID, AST4OLDeST
$eCAPCSTe XNFAMSBLDANGe CPLENs JPFELYS wHX, #TTUsB, AaDIAs ABLN
Ss  ATHARy WTFRMsSTRUCC)CFPERFy42PERFs TOTCFs  TPZs EFFINs ANTU
$y AIRzF, WATFFy XNMODy 'TCTPSY4y  FOCPFe FMTRCs ACCTTPy  AQYTP
$, acT30ons 4DJYBPDs  ACTVHe  ADJVHe aDJPPF, TH22IR, TeaTFy é‘CST
$y CSRA, wATERW, wSTRCTe CFOUNDY My321a, TOWLEN, NyM7rO4, crOud

$9 S33Je« SQ2JSe ATUBZY CSAs TTD1e TTD2v DELPS* CSTLVR

$§ 9C3THa, CYLRNGs CFANELs PSTACSs PUFITC, PMPTSTe RPTPLs SEPCST
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e Ne]

PROPERTIES OF STEAM VERSUS TEMPERATURE

DATA TGAT 60024,44498,49407,52¢57,55.990,

1 58.82951,5063457105.27458,42,70,44,72,34974,14,75,85,
177.%9479.04,81,96,8%,66987,17439,52491,72,93,0495,78+97,65,99,43,
2101416,102,77,106,344105.85,107.3,108.7,110406,117435,2132,93,113,8
364115,064116,22,117,34,118,464,119,51,120,56,125,42,129,758,133,75,
4137 ,%,160,77¢1463,91,165,85,147,62,152,24,154,72,157,08,159_33,
5]51.45'155,539169,25-172‘77,175.05,179.13,1§2°°S'f54'81’187'45'
5199.95,192,27/ »

DATA V=F ,,016019,.,015020,.,015922,,016025,,015928,

1 ,018032,,016035,,01%9039,,015063,,015047,,016051+,015055,
1,01895n,,015062,,150564,315070,,010077,,01558%,,7216091,,016037,
2.0151049,015110440151160.016122,,016123,,015136+4,01613%9,016165,
3.015150,.015155..0161303.016163.,@16170,,015;75,.516190"016154,
4,015186,,015194,,015198+,0152929,015207,,0152279,0162459,016264,
SeN152971,,016297,40143125401%93274,015341,,01935444716367,.016380,
£.0152392,4,016403¢,01662069,016%47,4,015457,,01648694916503%,016522»
74016539.40165544.01565729,016387/

DATA Yc5/26423,76+203%797+1751,7141552.30,1383,42,

1 1256,5R,1168,17,1057.,42+930.30,913.964354,22,805.54,
1760,5%8,726,5%,584,30.652,41,595,25,549,23,505,27,474,87,6444,95,
2’*18063,395.“2937“.651356.Of?.339.26.32“,02,310.13|§97041.285.73'
3274,55.294,994255,764267,134239,11,231,6,224,569277,959211,74,
4205,87,200,3%,175,74158,19,143,2°,131,01,120,73,112,5104,47,57,92,
B2 1 a5l N8 eD2,.539 7848001877 953,33453,03158,48¢546¢55,51414948,1%3
Br4B 4405063, 116440,989939,067/

DATA HeF5,/107048,10650193065+¢3,30563+8,1052.0,

1 1050,3+¢1055.8:1057,401055%,19105%,%91053,8,1052.791051s7
11050.7,1049.5;1043.9.1047.3.1045;5.1a44.3.loﬁa.,1641.evloto.6,
21039.5,1038.251037,641035,641035,5,1036,6+1033,7¢7032,391032,1
31031.3,1030,95102%2,9,1029,1,41023,5,1027,841027,141026,3,1025,9,
41025,3,1022,5+1020,,1017,7,1015,5,1013,5,1011,791010,4+1008,4,
3100%,8,1005,651006,91002,641001,39398,9,996,74994_59992,9+990,7

65923 ,949987,3.%65,54984,19582,5/

SETTING OF CONSTANTS
ANG (1)
ANG (2).
AMG (3)
G = 32_
VAR

(9]
-
.
IS
N
< vl Mo

(9]

-
2

An

w

PRYSICAL PRCPERTIC F
HSF31 = TLU(TS.TSATsHSFG459)
vSFl = TLU(TS+TSAT,V5F33)

vsgl TLU{TSeTSAT,VS5%,39)

PRY = pPW=VISH/THCONW

oaEfi = 1, /v5Fl

R3F3 = 1,,svsal i

‘ng = .3,343360E6-01 + 2,042038.03a (756450, ,421c4FE00a(T54460,)
A owae

VISS = 5,838976-"2410 4a (446,04, ((75+%80,).252 )

T3S 3ANK DZPTH (10 FT) IN NUM3ER QF TU3ES
DEPTHM = 19,21i2,/(00C + C)
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SeTTING OF CONSTANT FOR OQUTSIDE HEAT f?ANSFED COESFFICIENT
BETA = 7280 {{G*ROET®(ROEF=RIEG) «KSF#»*34HSFG1/((0NC/12+Y*VISS))
lax,25) /05PTHY»x, 15667
IF(LINOR.SR.L) BETA = l6700,/02PTHNww, 15567

SETTING OF CONSTANT FOR INSINE HEAT TRaVSFER COEFFICIENT
HA = ((CON/(HFGw N)13*(PRW) %21 ,7))#=3) aVISWaHFG/ (STGMA/ (BENSIWe
1DENSIV))#e,5 .
IF(Lagon.sa.l) H3 = 582+828=H8
JI = °

AFGINNING QF TTERATION LOO® FOR VELOCITY OF AMMONIA INSIDE
T4E TU3ES OF THE CONDENSER

FARCED CONVECTION COEFFIZIZNT ON THE INSIDE: aFi THE
: CAVDINSER TUSES ,
10 HFC = ,023x {VELD*0NC*DENSIW®3600./{1Z¢*#VISW))»#,3PRWsa4n]2,
LaTHZOMW/TID (KGa LD}
JI =0

INITIAL GUESS FOR THE AMMONTA SIDE TEMPERATURE DROP
DELTA = TTD/2,

SsGINNING 0F ITERATION LDD2 FOR THE AMMONIA SIDE
TEMOERATURE DROP :

HTAT FLUX THROUGH THE INSIDE TUBE waLl
20 QA0 = (TID(KSALLD)/03C)*(HFC=NILTA ¢ HB«DE_TA%»3) o
IF(LINAR,EQ.L) Qa0 = (TID(XKGAsLDY/0DC) » (HFewIELTA o HgaBELTAs*2,72
1) . '

DETERMINE TEMPERATURE D02 ACSSS THE wall
DELTK = QAD*(0DC/264)#ALOG(ODC/TID(KGALLD))/TKCT

AVIRA3E TEYPERATURE DRIP 4CROSS THE CONDENSATE' LAYER
DELTS = (QAQ/BETL)w#}.3333
IT(LINARLEQL]) DELTS = {0AOD/3ETa)+#8,34

TATAL TEMPERATURE OROP 3ETWEEN: THE STEaM AND THE AMMONIA
DELTT = DELTS + JELTK « DELTA
JI = Jr + 1 .

DETERMINATION OF NEXT BUESS FOR THE AMMANIA SIDE
TeUPERATURE JROP AS A FUNCTION CF THE LAST TwO TOTAL
TeMPERRTURE DROPS AND THE SPZCIFIED ToTal TEMPERATURE DROP!

DELTT2 = DELTT1
DELTTL = DZLTT
DELTA2 = DELTAY
SELTA] = DELTA

1F (JI LT, 2) DELTA = DELTA & ,25

IF(JI. T.2) SO TO 20

SLO%E e (DELTAL = DELTA2)}/(DELTT! =~ DELTT2)
DELTA = SLOPE=(TTD = DELTTL) » JeLTAl

CANVEIGENCE CRITERIA FOR THE a“MONIA SISE TEMPERATURE DROP
IF(aSS((DZLTA=RELTAL) /NELTA) LT, ,0001) GOTO 30
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T4/74 OPT=} FTN 4,2+7435])

G0 T2 7o

veLOCITY OF AMMONIA BASED' ON THE INSIDE! WALL' HEAT FLUX
AND THE EXIT QUALITY OF THEi AUMONTIA

VEL = QDC#QA0*TLA2XNP/ (7T5.#X*HFG=TID (KGA4LD) #up#«DENSIW)

CANVERGEMCE CRITERIA FOX THE' VELOCITY 07 AMMONIA THRU THE

TBES
IF(A8S ¢ (VELD=VEL) /VEL)
VELD = vEL

G2 10 10

eLTe 2003) BOTO 40

NM2ER OF TUBES AND SURFAZ
AcEA
ARPS = CHLD/ (XN3+QA0)
XNTS = AINT(ARPS/(3,1415q9«(00C/12,12TLA) » 0,5)
XNTSX = XNTS*XNS
AST = ARSS#XNS

OVERALL HEAT TRANSFER COEFFTICIENT
UCON' = Q4O/7TD

OUTSINDE HEAT TRANSFER COEFFICIENT
HOCON = QAOQ/OELTS

IVSIDE HEAT TRANSFER COZFFICIENT
HICIN = (QAO/DELTA) = 00C/TID(<34,L0)

EFFECTIVE wapl MEAT TRaANSFTQ COEFSIsIENT .
HWCION = QAQ/DELTX

ExIT VELOCITY OF THE aMONIA _EAVING THEI CONGENSER! TUSES
VELDD = VELD*DENSIW®(({ys = X)/DINSIN & X/DENSIV)

POTSSURE NROP THRQUSH THE'
BT = VeLDDENSTH«3600
TLAA = TLaslé,axVP
caLLi UPCO\J(OOWS!TID ((GA’;D) ,TLAA,A\JJ,GT 0"X’DEVSIH’DE\'SIV|

CONDENSER/RESIILER TUBING

éVISN'-“1333vVLSVt 41338o“EL°v09‘vD°GvOPMnyW PHIL,PHILR4yVF4FLiRLY
RV)

DEL> = DELPwlas,

STORAGE OF VARIABLE

707 = TTD
VELD7? = VILD
VELDDY = VELDQ
DEL2WT = DJELP
ARPST = ARPS
TLA7 = TLA
XNTS7 = XNTS
XNS7 = XNS
XNPT7 = XNP

G-168
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757 = 75
RETURN
END
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SURROUTINE' SSCALE
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L

74776 NPT=]

USIOUTINE S3CALE

FTN &,247%351

SUBROUTINE SSCALES SCALES THE STEAM SUPPLY SYSTEM UP TO

ORTAIN THE SPECIFIED POAZIR QUTPUT

RaTED 8ACK PRESSURE 0OF THE STEAM TUYRBINT,

CAST OVER THAT OF THE SYSTIM USING

OF: THEi PLANT (PSIZE) AT THE
THE INCREMENTAL!

A COVWENTIONAL: TURRINE I8!

CALCULATED AT THE RATED 342K PRESSURE,

DeFINITION OF VARIABLES
= INCREMENTAL CJOST 0F STEa
BOWER OUTOUT 2Us: TO INCR
BACK PRESSURE (%)

cIST OF S3TEaM SJ233LY SYsT
HZAT RATE FACTOR JF STEA
eozssyURE (D14ENs10VLESS)
c ST OF POWER PLANT PER

ANT STZZ (MA)
ST AM TURRINE ATED BaCx

CasSsSs1

AT RATEN 3ACX PRISSJRE D
FOR STEAM TUR3INI: (JIVEN

OGICAL FIRSTy FXTEMP

COMMON

A AA DA AN AN AN N

o

MNA ANA ARADA AN A

o

At WA

ATTR, ALPHA, ANG ()
sCo4PF, CSSPKW, cONFy cONL, £OSTL, CaPe
scade cTURBY coANGs CLUVRy CHATILSy VM
snaNGLzy HFIN, pEgPle pESVELY HESVELY
1EFF
FCR,
¢+ GICSFF
yHXNP,
s ITHAY,
yJadNe
'K:C'\!‘/g
sMAzXT
JNTUCL(2) s
OaydN
002
nPSIZE’

FI3ST, FIXL, FCOS, FFHX, FXTEMP
42sST

ITVIN
CALEXT

NTA

SER. PWCOSy PLANC,. PFACT,
1PI=3aFs PORFAN, POKLECs POHCIRY
s+ SRP, RITHUCE. REpPUCY, ROCFL
» 3REJy 3EDLcEy @REpYCY
+SIGMA5s SAAF
1Ty TPO(%)y TEFF,
+T2Dy TW
925y UWS
WY
Ag (e
:¥32=A: XW, Xp
OMMON /SUPPLY/ VAL(S),
GTNy clLaNny REAIR,
EPNY,y ’)E-FCv 's"IaTH’ rLE“JQ VAIQy
AEWAT, NWy NT, NOWwALANCZ, pS
s°¢, ’TOTAL, LANC3,SAFRIN,  aar

POMD
POHCN

TLIMy THTINY TLPRA,

CPLNy  CP1?2,
FA R ol

G-170

M SyP2LY FAR MAKE UP OF
EASED! HEAT RATE AT RATED

=M PzR KILOWATT (S/XW)
M TURSINE AT RATED BACK

<ILOWATT (g/KkW)

PRESSURE (IN H34)

INCREMENTAL PLANT COST DUE TO INCREASED HEAT RATE

F STZAM TURBINE (%)

CIEFFICIENTS JF: THI30 ORpER 4=aT RaATE cURVE FIT

SIONLESS)

Hs' CONMAT. CONq'ﬂapcﬂrl

PL!
Ds PO4STCy POHSCL

TFIX
CCcosy W3, COSM, EFF,
W, Us DELPW, PPQW)
VWAT Ml 2, T4,
Izlz. SPBP, sw3y
vFP, SPCDvP512139 WT2e

12/18/%6
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SURROUTINE SSCALE T4/74 0PT=1 FTN 4,2+¢78%35] 12718716

O OO0 e NeXe] DOO0

(e ReNe]

(@]

YAOAOD

$ Bo2, NW2, TCOS, DELPAWDIILPWTSDELPWC,2ON3AG,y XNTSX, VELDX
$ 4 TLiXy UCON, PMCST, FMCST, =3ACCs EFFC, CHs Cay  CS
$ . cLTCy CFCy CPCCs FITCO ~='nczpwsp.)ELPI:, AST,0LDCST
$,CA2CST, XNFAN,BLOANG, CPLEN, D3FEL,  ywWX, 4TTUB, ADIA, ABLN
%y HTHARy WTFRM,STRUCCCFPERF 4HPPERF, THTCF, TPcy EFFIN, ANTU
9 AIPEF, AATFF, XMMZD,; TOTPT, S3CeF,  TNMTRCH ACCTTRY  ADJTP
%y, AZT3cDs ADJ3PDy ACTVH,  ADJVA, ADJPPF, TH2AIR, TCTFs AFCST
Sy 25R~e WATERW, WSTRCTs CFOJUNDs HU3DIa, TOWLENS NUMTOWs CTOWD
S S33J. SARJISy ATUBCH C3Ay TTol, TTD2s DELPSe CSTLVR
& ,CSTHe, CyuL?NG, CFAVEL, PSTacs, PyFITc, PuPesT, aPvPL, SEPCST
COMMON /SINK/  VAR{S)»s CPLMi» 2PIP1% CCOSy° W3¢ CO3M1y EFFQY
atnl, cLaNl, REAI!, z1,43Fa25,  wel, Ul, CEPW], pPOwl,
TEOU, pEfCLy wzQ.‘. gLeNl, VAIQ VWATLy  HIT, 401, T4l
Rwals WL, 1, 91,7°L0c2.751712, 25P8P, s.els  sw3l
P~ OT143NC3Y nrn01o AATRIYFOUINY SPCDTY SPSI3IWT2MINY
83247N1VN2“IN, TCOSys DEPA1. 2P4T), DQ\CIQVON Al’ XNTSy1y VELD1
s Thalas UCONL, PMzSl, #McSly Faacly EFFcly cHYy cals . c¢Si
» SLTCly CFCl, CPZC1,FITCO1, CST1,CEPRE],JEPIPY, AST1,0U0Cs!
$eCACS) 1 XNFANT «3LU0ANY s CPLENL*DPFE 1Y Adle NTTUle ADIl® ABL])
Sy ATHN1) WTFR14STRUC].CFMP™1y =PPF1+TOTCF Y TPY+EFFINYY ANTUY
$9 AIRFFls WaTFF1ly XNMOple TCTR71, FOCPF1ls FMTRCle ACTT®1, ADJTRY
5, ASTEP1. aDJBP1,y ALTYHL, ADJydl. 8DJPP1, $4°all, TCTF1 , AFCST]
$»> CTSR1se WATES{s WSTRC1y CFOUNL» HUSDIL. TOWLELls NUMTOLls CTDWDL
%, S3J1s SQRJS1s 4TUSCIy CRALy TTD1ls TTD21s DELPSl, CSTLVI /
$ +0STHRL, CY‘RV‘. cFaNEly PSTaCls PUFITI. PYM2ES1y RPTPLDs SEPCSI
COMION ssCcalER/HAFACL, ATUB, CP2RA, S$SCO,PLANC1,CASSSI,
5 GAIR, FAIRs HPAIRY HPWATs WLRTPs PLANCT]

@ N A AP A RN

EAYATION FOR HEAT RATE FACTOR AS A FUNCTION oFi TURBINE .
BaCK O9RESSYIE

HRE(P)=TPO(1) + TPO(2)«P ¢ TPO(3)*Puwse2 o TPO(4)sPye3
HEAT RATE FACTOR AT RATZD! 3ACK: PRESSURE
HRFAC1=HRF (R3P)

INCREMENTAL STEAM SUPPLY COST DUE TO INZREASED MEAT RATE.
FACTOR AT RATED BACK PRESSURE (8}

DTURBC = CTURB = PSIZE * 1000 .
caSsS! = ¢3S°KW » (HRFACL = 1,) « PSIZE » 1000,
$SS2C = PLANC » PSIZE s 1000, « casssl

o. Au!' F’\!‘? TA'/’llﬁ T
- -

CHQT ($/'w)

T INCREASI) 3TZaM SUARLY
PLANCT?Y = SS3PC « DTURRC
PLANC] = PLANCT1 7/ (PSIZE = 1000,)

INCREMENTAL STEAM SUPPLY COST DUE TO INCREASED HEAT RATE
OF TURBINE ($)

e3PLL =55SPC/ (PSIZE*1009,)

SSCOt = (SSPLC « PLANZ) * PSIZEi * 1000
TCD = NTURAC
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715 - RETURN
END
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SURROUTINE STORE

OoOO000

A AR AHA P A AA N AL WA

PP NS AN AN ALA A

74774 OPT=] FTN 4,2478351

SURROUTINE STORE

THI5 ROUTINE 1S CALLED EACH TIMZ! A NEW LOW COST IS FOUNDe _
1T STORES vALUES OF COS3T, DESIGNy ETC, FOR THE FINAL REPORT

gnuunM soOTEID s ¥B5 120
COMMON /ROTRET, xPR(20
COMMONRPRT2/R2 (15,
CoMMON ,R93T3/ R3(4)
COMMDON /XPTSUP/ HPg (2021
COMMON /XPTRET, HpR (2020,
COMYIN ,sxkPRT2/ SPRT2(lg)
COMMON /XPRT3I/ SPRTI4)
COMMON /SINK/ VSTO(132)
COMVDN /SUPPLY, VIN(132)
LOGIoAL FIRST, FXTEYP
cOMMON

47TR, ALPHA, ANG(3) : )

sCAPF, £SSPKW, CONFy cONL, €OSTL) CAPCHGs CONMAT, CONYMK2,gaf

sc3dy cTURRY cpANGs cLUVRy cHAILBy VM

WDANGLE, DFIN, DEEPL,y DESYELY JIESyELV

1ESFP

y FCR, FIRST, FIXLs FCOSs FFHX, FXTEMD

s G3CFF

s HXNPy 4PpeST

sITHA s ITMIN

?* JCONS

KONV, KALEXT

SMXEXT

fNTUCAL(2)9 NTA
cOMunN

202

sPSIZFy PERy PWCOSs PLANCs PFACTy POMOPL: _

sPI-RaFs PNHFAN, POHLECs POHCIR, POHCND, POHSTCy POHSCL!

» 33P, REDUCE, REDUCYs ROOFLI

» 2REUy FWENDUCEs AREDUCY

1SISMAG, SAAF

+TJy TPO(%)s TEFF,y TLIMy THFINs .-TLPRAy TFIX

e 720 TW

2tJ2Se UWS

YWY

WYAS(S)

yXJEPAY XWe XD
Do 1 I=l,132

vsTO(ry=vIN(I)
CONTINNE :
20 3.1 =1, 15
sPaT2(1)=2 (1)
CONTINNE
D2 4 I=z146
SarT3(1y=R3¢(1)
CONTINNE
D2 50 1=1y2021
Hos(I) = xPS(I)
CONTINGE

D0 50 1=1,2020

G-173
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HOR(I) = XPRI(I)
60 CONTINGE
50 Jeovs=i
RETJAN

END
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SURROUTINE
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SUMCOS 74/74 oPT=]

SU3RDUTINE SUMCOS (FCR,PSTZECAPFYCCOST,CPIAL,CONBAL,ATUBC ) CPLENY

FTN 4,247%35]

5FBACC1=MCST15TRUCC'CFCU“01CAPCST059C31vSSCDv#RFﬂCprRFﬂCZvYFPy.
$ PLANC, CLAN1y CLSUMs FCSUMy COSY1s CSTLV1, CSTHSTe CFANEly CYLRVR

5
THIS RAUTINE REPORTS THE FINALI COST SUMMARY

6001 FORMAT (1H1,///4T174nC A P I T & U
$9T729"y N T T ENERGY ¢ 0
SyT150 4 (Matt) s TTL,52(Matty /7))

6010 FORYart
L T2,nCAOLING SYSTEM CAPITALn,T43,F1340
ReT6I9"COOLING SYSTEM CAPITAL"3T119+G12,6/)

6020 FORMALTY
L r4en7NyEqny735,F13,0
R,T72,uTOWERN,T105,51246)

6030 FORMAT]

L Toe"HeAT EXCHANGER"T234F13,0

DyTT3"HEAT EXCHANGER"»T93,612,6)
6040 FORMAT(

Lo p7s"PLEN M9 723,F 1340

RyT75, nPLENUMN,T93,G12.6)

6942 FORYAT
L T7¢"LNOUVERS",T23,F13,0
Ry TT3m DUVeRs5",T33,512,9)

5044 FORMAT, ]

L T7,uHAIL SCREENSH,T23,F13.0
ReyT759MHAIL SCREENSNT934312+5)

6050 FORMATY
L T7'"FAN SYSTEM"I T23|F13.0 -
RyT73,1FAN SYSTEMi,T33,61246)

6060 FORWAT
L T7y"STRUCTUREM,T23,713,0
RyT734"sTRUSTURE"9T93,612,6)

6970 FO3ar
L T79"FQUNDATION"|T23|F13'0 :

Ry TT34"FOUNNDATION®T939G12467)

6080 FNQVAT
L rasnPIPINGH,735,F13,0
ReT72+"PIPING"9T069512,5)

6990 FD24AT
L TaeMCANDENSERN,T35.F13,0
?97729"CO\IQENSEQ"'T?061312-6)

€100 Flaar
L T2,nCAPACTTY PENALTYn Tel Fllepn
RyT6Is"CAPACITY PENALTY"yT119+512.67)

8110 FORMaT
L T2y"PLaNT SCALING"#T48:F13.0
RaT&I e ANT SCALING*T1199G12,5)

6120 FOIMAT
L T&e"STEAM SUPPLYN,T35,F13,0
RyT7T2y"aTERY SUPPLYM,T106,612,86)

6130 FOuMaT)

L T4 nBASE PLANTH,T35,F13°0
RyTT24"2ASE PLANTM,T105,512,6/)

6140 F£aRM4AT|

L T2s"L2ND»,168,F13,0/)

cCosT
ST
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SURROUTINE' SUMCOS 74/74  OPT=] FIN 4,247835]

6150 FORMVAT, ‘ .
L TasSsla(nanm/) :
€150 FORMAT
L T;,H-ATA_ CA?ITAL COST"VT“G!"S",TQB,FIB.
RyT6I3nTOTAL CAPITAL COSTn,T119,312,6/)
6170 FnowA?,
R Ta?s"FNERGY PENALTY",T119,612,.5/)
5180 FORUAT
R T69.m20D1719NaL 3aSE PLaNY FyzLM,T119,612, 5/)
6150 FORMAT,
R TAI-MAPERATION AND MAINTINANCEW,T119,512,4/)
6200 FpavAT ‘
RyT72+M70TALI,T119,512.6)
YFP3l = yFp * 1,
FACT2R= FCR/{PSIZE«CAPFs8750)
wQITE(s,6001>

WRITE(g96010) (””OS*~CPIP-~'OV3A1)v((Cc051¢C94P10c0N8a1$-FAcTOR)

WRITE(Ay89 7 o) ceosleceoslarazToR

WRTTS(A96030) ATURCLATYICAFACTIR

WDITE<A.6040’ CPLENSCPLEN*FAZTIR

WRITE (ns6042) C3TLV1s CSTLV]1*FALTOR

WRITZ(A,6044) cS5THSL, cSTHSI-FA’TOR

WRITE(%96050) (F3ACC & FMCsT o CybaNl o cFaNzy) .
s s (F3ACC + FMCST + CYLRN1 + CFANE]) = FACTOR
WRITE (ay5080) STRUCTSTIUCCATALTOR

WRITE(£46070) CFOUNDCFOUNDTSLTCR

WRTTZ(£+5080) cPIPl,cPIPlaFagsTIR

WRITE (£46090) CON3IAL,CONSAL«FATTOR

unxir<a.5’oo’ CAPCST,CAPCST#FACTIR

WRITE(A,6110) SPCO1,SPCDI*FACTIR

ws 11»(5,5120) SScneHRFAC2/HRF A 1eYFPPL, SSCpeHRFACZ/HRFACL&TFPPL s

srnuron

WOTTZ(4,6130) PLANCW (HRFAC2/4RFACLaYFPP1=14)4104,3 » P5IZE,
5 JLAVC-(AQPAC /HRFAC]#YFPP~1,)%]0**3 « PSIZZ *« FACTOR
WRITE (548140) cLaN]

wnIyE(a¢6150) 7

W2ITS(e46150) CLAN]+SPCD1+CACCST+CLOS14CPIN]+CONBAL
§¢ {CLANT+SPCD1+CAPCST+CCOS]1+CPI21+C0ONBAY; «FACTOR
WRITZ(4,9170) ¢cLSUM

WRITZ(As58180) FCSUM

WRITEL 81907 CoSYy ‘
TOTAL = (CLAN] « SPCD1 + CAPCST + CCOS] + COIP1 + CONBAY) =
$ FAZTOD + CLSUM s FCSUM « cOSwul

WRITE (95200} TOTAL

gNn
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SURROUTINE STRUCT

74/74  0PT=) FTN 6,2¢7835]

SURROUTINE STRUCT(DTOW, WHX, WATER4s ROOFL, ZSTRUGy CFNDy WSTRCH

ITOWN, ELENG, POHSTC)
SUBROUTINE STRUCTURES DETERMINES THE ¢2ST OF THE STRUCTURESS
AVD THE FOUNDATION FOR THE CIRCULAR TOWSRS « THE STRUCTURE
‘CAST IS 2ASED 2 THE HIIGTH AND DIaMETIRI OF gACH TUWCR ANy
TWE DESIGN R00F LOAD, THEII FOUNDATION COST IS BASED ON THE!
TATAL WEIGHT OF' THE HEAT ZXCHANGERS AND: THE SURFACE AREA
COVERED BY THE TOWERS,
DEFIMNITION OF VARIABLES
CFND - COST OF FOUNDATION (3,
CeTRYC = COST OF STRUCTURES ($)
DTOW - TOWER DIAVETER (FT) v
I704N  « NyM3ZR OF- CIRCyLaR 704ERS (DIMENSIONLESS)
ITOWN = NUMBZR OF CIRCULAR TOWERS (DIMENSIONLESSY
PAHSTC = DIRECT aAND INCIRECT CONSTRUCTION COSTS FBR THE
STRUCTURES (DECIMAL PERCENT)
RAOFL = DESIGN ROOF L3ad (L3F/5Q FT) .
WATERW = WEZIGHT OF THE WaTER IN THE HIWT EXCHANGER (Laf)
WHX - WIIGAT oF MaTERIaL IN THE HEaT EXCHANGER! (LBF)
WaTRC - CIRCULAR TOWERS STRUCTURAL!' WETGHT (LBF)
DATA P} ,3,1%156265,
. STRUCTURAL COSTS
CSTRUC = ZLENG 4 02658 & Pl4s o DTOWas2 o ITOWN o .

$ (,006295 & ROOFL o o725}

FoauNDATION COSTS

CFND' = «019 a (WAX o WATERW) o 482 » Pl 6 a OTOW,e2 « ITOWN

STRUCTURAL WEIGHMT OF COOLING TOWERS BASED ON 50'637LB

WSTRC - CSTRUC , +63

STRUCTURAL COST TAKING INTD ACCOUNT DIRECT AND' INDIRECT
CANSTIUCTION COSTS

CSTUC = CSTRUC = PONSTC

RETURN
NG
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SURROUTINE SURCON 74/74.

OO0

s ¥eXe e Xs Te XeNe KXo Xa X Xe ke Xe NslsEs NeXsKeXeNsNe NaXs K Xa s e Ne o Re Ne Re Ro Ne Io N e RQ N e 1Q

$

-

0PT=1

FTN 4,207835% 12718/76

SUBROUTINE SURCON (ISURe KGAs LDy TLAs» XNTS, ARPS, XNS» CONCST
CONMAT, POHZND)

P20GRAM SURCON DETERMINES THE CAPITAL COST OF A SINGLE
PoESSURE OR SERIES=CONNECTEID SURFACE! CONDENSER, REFERENCE!
MSURFACI CONDENSERS FOR LAND INSTALLATION"; FORM PLial2e
WeSTINGHOUSS ELECTRIC cORPORATICN, 26 NOWEMarR 1968
uPDATED ON FZaRUARY 12 1376 7O CyYRRENT PRICES '

DeFINITION OF VARTABLES

ACCT
ACDER
AzPS
AUXCST
CFAC
CnoNCST
CONMAT
OsCT
ExTCST

F
FETCST
Fop

PAOHCND

dHLCST
TeSTRF
WT

XmS
XuTsS

ACCESSORY cosT
IVCR
ARZA PER SHELL!
AUXILTARY COST
LINGTH CcORRECTION: FACTOR (DIMTNSIONLESS)
CONDENSER COST _ )
VARTABLE FOR CONDENSER MATERIAL (DIMENSIBGNLESS)
QUANTITY DISCOUNT FOR TU3ES (ITMENSIONLESS)
ERECTION COST «
TUIING LENGTH PIN4AlLTY (DIMENSIONLESS)

FIELD ERECTION £OST (S/5Q Frt)

TUSE SIZE FACTOR (DIMENSIONLESS) .
INDIRECT COST FalTOR FOR THE TUBE, SHELLM AND
FIELD ERECTION 20STS (DIMENSIONLESS)

SHELL COSi FOR
TOTAL €OST OF TU3INS MATERIAL! (S/FF)

WEIGHT OF TOTal! QMOUNT OF TU3zf IN THE CONDENSER'
{L3F)
NUMBER OF SHELLS IN THE CcONDENSER (OIMENSIONLESS)
NUMBEIR OF TUBZS5 PER SHELL (DIMENSIQONLESS?

ZASES COST

DEFINITION OF ARRAYS

THBVA
ci

cLM
Rogh
GaGLI
TuxLIN
ChRLINE

LA3GICAL FIaST
DIMINSION X C
IMINSTON TU3
THCSINY(TY, 9
COMMON /3PRT3

<
-~
X

o
/

>

CORRECTION Fg:TOR FOR' THE] CONDENSER!
0Fi TJSING MATZATAL

JF1 THE CONDENSER (Sq FT)

(%)

(%)

$/52 FT)

V< CONDENSER ($)

TUSE MATERIAL (VAMES)
TUSE FIXED COST
TUas “ATERIzL ¢cISTS (S/LzM) .
DENSITY OF Tuge MaTgRIALS (LaMyel IM)
TURE GAGE (DIME
THICKNESS OF TU3Z! (IN)

COMMON DIAMETERS OF TUSES (N}

8§)y FF(10e7
CSTeSHLCSTy

TUBING MATERIIALS, COSTS,

S ($)

NSIONLESS)

ROEL(10)y GRGLI(TH,
TETCSTsCONBAT

AND- DENSITY

DATA CL 7 000, 0+00y 000y 0008, 0DeC4, 039, 0'159 020, 015,

0,10 ,

'DATA C{_M / 1030' 1.52’ 1.33' 10407 1036' 0.‘4‘ 0'32' 1.53' 7.601

$

7,90

/
DaTa_ReEL , 0,395, 0,323, 0,323, 09,0975, ,0975, 0,2g4, 0,254, ,230
20,63, 0.153

/
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SURROUTINE SURCON

(PO O e Xe Ne N

0o

e X K

OQOOO0O0

OO0 (9] e NeXes X Ne N gl

DATA

* N &%

DATA
DATA
DATA

DATA

DATA
DAyA,

DATA

DaATA.

"DATA

DATA.

DATA.

DATA,

DaTA

DATA

DATA

DATA,

DATA

74/76.  QOPT=1 FTN 4,247835]

TUBMA , WADMIRALTY 1, wCU=10 NI n, wcyuw=30 Nt W,
606176 ALM™s "3003eH14 A"y “STEEL SEAM"»
"STEEL WELO". M304. 5/5 WEw, WTITANIUM 1ln,
WTITANIUM 211y WL INIE €S1%n, " INDE a{12M,
L INOE SS16m/

STANDARD TUBE DIAMETERS, SAGE, AND' THICKNESSES
OPLINE , 04525, 04750, 0¢8°5, 14000, 14125, 14250 7
GAGLT / 1244 1bes 1649 184y 2009 2249 28y 7

THKLIN 7,103y 4083y o065, 0%3s o035y 088y ,021 /.
TUBING LENGTH PENALITIES

FAR COPPER ALLOYS

(FF(lad)wd=1eT7)/ 04009 0,00¢ 0a00y De00¢ 04079 0,08y 0,09
(FF(2yJ)9sdz=lyT)/ 0,009 0,00y 0400, 0,00, 0,079 0,08y 0,09
(FF{34J)9J=197)7/ 04+00¢ 04009 0400y 0400y 06079 0,08y 0,09

FOR ALUMINUM

(EF(%9J)sdx197)7/ 1400 14009 1406s 19104 lelde 1, 1.
(FF(S5yJ1ed=lygys 1,00, 1,00, 1,06, 1,10, 1,14y 1,1g, 1,
FAR STEEL , . i
(FE(B59J)od=10T)/ 14009 1,000 1409 1,134 1417y 1.210 1.
(FF(T9d)sd=le7)/ 1,00, 1,00, 1,09, 1,13, 1,13, 1,21, 1,25

FrR STAINLESS STEEL

(FF(ByJ)sJ=197)17 14009 14009 14009 150%y 1,089 1,12y 1,16/

FoR TITANIUM

SN\

NN

(FF(99J)9J=19T)/ 0a00s 04009 0e00y 1205y 14059 1109 1,10 7
(FF(104J) 4y=l,7), 0,00, 0,00, 0,00, 1 05y 1,08, 1,20, 1,10 ¢,

CANSTANTS FOR COST EQUATION FOR BaASIC CONDENSER SHELL AS A

FUNCTION OF TUSE Q4De (UPJATED FE3RUARY, 1976}

ScCl 7 0.00009y T7,69583, 3,805882, 10,83636y 12.956545,
15,2232¢ »

scc? , 00000,00, 47125,00, 102164, 71, 102181, g2, 103272,73,

192237,21

COST OF FIFLD ERECTION AND' TUBING PER SQUARE FOOT OF
SURFACE AREA IS BASED UPONI INFORMATION SUFPLIED B8Y

WESTIMNGHCUSE COMPANY AND AVZRAGE. WaAGE LLBOR RATES JBTAINED:

Fo0M JUNE 1975 CONSTRUCTION: REVIEW
E=TCST /s 2450 ,
FIRST/«TRUE.

DEFINING THE' CASE UNDER CONSIDERATION

IF (+NOTeFIRST) GOTO 55
LFLAG=q

00 10 r = 1, 13

ITUIMA = I

G-179
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SURROUTINE SURCON 74/74  OPT=} FTN 4,2474351 12/18/7%

71s IF (CONMAT ,E0, TUBMA(I)) GO TO' 55
10 CONTINIE

WRITE(&y11)

~ LFLaG=! _
- 11 FORMAT (5X,"NO MATCH FOR CONDENSER TUBE MATERTIAL™
leg IF(LFLAG.NE.NY STOP .

55 CONpIN,E
FIRST = ,FALSE,

¢
- < DETERMINE TOTALI LENGTH OFi TUBING REQUIRED AND CORRESPONDING
125 c QUANTITY OISCOUNT :
¢
) TOTLT=TLA=XNTS=XNS
c
. , IF(TOTLT=500004)1024101,101
130 101 0SCT=9,04

GO0 TO 103
102 IF(TOTLT=30000,)105v104,10¢
194 09s52T=n,02
- 30 70 103
135 105 0S8CT=A,
' 103 IF(ITURMALSE.11) GO TO 107
KK =7
00 106 I = 2y 8
_  IF(TLA W65, (10.0e1)) KK =2 1 - 2
160 106 CONpIN,E
F = FFLITUSMAIKK)
AZDIR = 06900
IFtITUPMA LT, 4) ADDER = F
CIF(ITURMA WLT. 4) F = 1,00

DFTSRYINE TOTAL COST OF TUBING' MATERIAL

000

WT = 124 » 3216139 « ROEL(ITUBMA) » (ODLINE(LD)~THKLIN(NGA))
- S x THXL_IN(XGY) ’
150 TCSTPF = CLM{ITUSMA) *WT o CL(ITUBMAL

TCSTPF = TCSTPFaF o ADDER

TUBE CO5ST ARE Fe0s3e COSTS, 1ell ACCOUNTS FOR PURCHASING
AnD SHIPPING

(e NeRe N el

TURCST = TOTLT « TCSTPF w (1s11 = DSCT) » 1405
60 7O {lg

OO0

160 107 50 TO 108,109,114, ,ITySvA-10
108 TUBCST = TOTLT2145#1.05%(1,11=05CT)
6o ToO 119
109 TUBIST =
53 7o 110
765 114 TUBZST =
110 rygasT =

TOTLT#1.6%14052(1,11-235CT)

TOTLT'E.S'I.'OS‘(IQ ‘L’DSCT,
- TUBCST = POHCND

DETERMINE SHELL! COST INZLUDING LENGTH, WULTISRESSURE, AND
ACCESSORY COST CORRECTIONSs AS APPROPRIATE

[ond |
~
(& 31
s NeNe RSN

CFAZ = 016 » TLA + .58
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SURROUTINE: SURCON T4/74  OPT=)

s -

75

205

(e Xe¢ Nele N

o000

00

111
112
113

100

50 TO(100s1114112,113)9ISUR
CFAC=CFAC+0a08

G0 10 100

CFACRCFACYD.16

GO TO 100
CFACECTACH0.03eXNS»D,02

FOD = 1,00

IF(LD (LT, 4) Foo = 0,95

IF(LD LEQ, ? Fo5 =2 1,05

accFle (0,1 6‘ALuG(XNTS) ~ 0,485)¢F0D

FTN 4,2¢73351

IF(ITURMA LEQe 2) ACCF = (0, 239*AL36(XNTS) e 1,812 0F000

THE CONDENSTR SHELL' COSTS WERE' CBTAINED: FROM NESTIRGHOUSEWS

1973 PRICE LISTING 1312

AURCST = 0¢454ARPS,ANS
5SHCST & (SCC){LC)I*XNTS + SCC2(LD}}

SHLLSTEBSHCSTS (CFAS+ACCF) #XNS o AUXCST

SHL2ST = SHLCST =« 1,05
SHLCST = SHLCST = POHCND

DETERMINE COST OF FIELD ERECTION. AND: TUBING

FETCST2ERTCSTwARPS o XNS
FETCST = FETUST « 1,05
FEZT2ST = FETCST » POHCND

DI TERMINE TOTAL! COST OF CONDENSER

CONCST=TUSCSTSHLCST+FETCST
CON3AT=CONCST

RETURN
END

G-181
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FUNCTION TLU

DOOO

v
OO0

(@]

2 Xs XXz Xa)

OAOAOY OO

100

104

195
106
107
log

76/74  OPT=) FIN 4,2+7%35]

FUNCTTON TLU(X¢XT,YTeNT)

FUNCTION TLU IS A FOURSPOINT [AGRANGIAN INTEQPOLATION
TABLE LOOK=UP ROUTINE

DEFTNTTTION NF VADTARLES

NT =~ NUMBER OF DATA PIONTS

TLA - DIPENDENT VARIAZLE: ‘
X - INCESENRENT VARIA3ZLE , !
X7 - INDEPENDENT VARIA3LEZ ARRAY

YT - DEPENJENT VARIA3LE ARRAY

DIMENSION XT(NT),YT(NT)

DETERMINE IF INOEPENDENT VARIAZLE IS WITHIN 3ANGE: OF
TABULATED DATA

IF((X=%T{1)) e (X=XT(NT)})100,100,101

DETERMINE IF TABULATED VALUES OF INDEPENDENT VARIABLE ARES
I\ ASCENDINSG 0% DESCENDING ORZER

IF(XT 1)~X7(2))102,102+103

DETEQMINE POSITION OF INDEPENDENT YARIAZLE IN ASCENDING
ARRAY

DO 99 I=1,NT
IF(X~xT(1))1054104499
cONTINUE .

DETERMINE POSITION OF INDEPENDENT VARIA3LE IN DESCENDING
ApRAY

DO 96 I=1,NT
IF (X=¥T(1))98,104,105
~ONT INUE

IF INDEPENDENT VARIABLE IS EQUAL! TO TABULATED VALUE, SET

FUNCTION EQUAL TO CORRESPCNDING VALUE OFf DEPENDENT VARIABLE

TLU=YT(D)

RETURM

IF INCEPENDENT VARIABLE ISS3ETWEEN FIRST TWO OR LAST TWO
TASULATED VALUES, ADJUST INDEX TO 03TAIN: FOUR POINTS FOR
INTERPOLATION

1=2)108,106,107
*1

0 168
;NT)108’1099109

DETERMINE FUNCTION VALUSI USING FOUR-POINT LAGRANGIAN

G-182
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FUNCTION

TLU

10l
1000

(R ]

76/T4.  OPT=] FTN 4,247835]

INTERPOLATION

X1=2XT (1-2)
X23XT(1=1)
X3=XT (1)

X6=XT(ls1)

TLJ=(y=X2) # (X=X3) 4 (XeX&]/({X12X2) 9 (X1eX3) o (X1mX4)) e YT(I=2)
$xeX1) @ {Xax3) #(X=xs)/((X2=X1) 6$(X2uX3) # (X2~X4))oYT(1e1)
$lx=X1) 2 {XaX2) o (X=X4) /((X3eX]1) 8 (XIax2) e (X3=X4)) YT () |
+lxmxl)®{x=x2) #(x=x3)/{{x4m=x]1 & (x0ax2] ¢ (xémx3))eyT(Jol)

RETURY

WRITE 651000y %,XT(1),YT(1) .

FORMAT (141394 _TABLE LOOK=UP3 X NOT IN RANGEI! OF TABLE//
EX43HX 39F15,5,3%, THXT (L) =9F15,595%, THYT (1) =efl15,5)

STIP
END

G-183
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SURROUTINE: vaRIT
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SURROUTINE VARIT(Tar TPERs PCST» KALLY 2USUMs FCSUM)

SiyBROUTINE VARIT DETERYINES' THE PERFCRMANCE oF! AN DPTIMUM
PAWER PLANT FOR A SPECIFIED AMBIENT TEMPERATURE THE
SUSROUTINE ALSO DETERMINES THE: INCREMENTAL COST OF!
OPERATING
TEMPERATURE

TYE OPTIMUM POWER! FLANT AT THQT AMRIENT

DEFINITION OF VARIAILES

CaPCHG
CaPCST
CAPF
Ceosl
CILANDY
cLsuM
CoNsal
cnsM1
[of-¥.
cr1Pl
C'TCL'
DrLFC
peLPSl
DeLPse
OFNSIV
DENSIVE

Ers
EFFl

Fens

FeR
FoSuv

Foowl
MFG2

HaFacl
HeFac2

HoFacCe
HoFA2S

XxITD
HYLMTO

[ ]

11t 31

CAPACITY CHARSE: (§/MEGAWATT) .

CAPITAL COST roq AUXILARY Pow R (%)

CAPICITY FACTOR (DIMENSIONLESS)

CO5T OF THE HEAQT ZXCHANGER AT OPTIMUM DEBIGN CONw-

DITIONS (%)

COST OF THE LANDI AT Q02TIMUM D>TS5IGN CONDITIGNS (3)

suM OF THE PRIDyCT SETWIZN THE AUXTLARY POyER

COST AND THE FRAZTION OF THE YEAR THAT THE

AMRIENT TEMPERATURE EXISTS (MILLS/KWH)

COST OF THE CONDJENSER/REZOILER! AT oPTIMUM DESIGN

CINDITIONS ¢5)

MAINTAINENCE CcOST AT OPTIMUM 5£SIGN cONDATIONS
(MILLS/KyWY)

SPECIFIC HEAT OFI THE! AIR (BTU/LBM=-BEG F) ,

COST OF THE PIRPING AT OPTIMUM: DESIGN CONDITIONS. ($)

AUXILIARY POWZR 20ST (MILLS/XWH)

CINCREASED FUEL! 20ST FOR THE SLANT (MILLSYKWH)
PRESSURE DROP IN! THE: SUPPLY PIPING AT THE OPTIMUM ~
DESIGN CONDITIONS (LBF/SQ FT)

PRESSURE DRCP INI THE SUPPLY PIPING AT THE OFF'D;-
SIGN CONDITIONS (L2F/S3 FT)

DINSITY OF THZi VAP0 LEAVING THE CONDENSER/REROILER
AT OPTI4UM CESISN CONIDITIONS (LBM/CU FT)

- DENSITY OF THZ' VaoPSR LEAVING THE CONDENSER/REROILZR:
AT OFF DSESIGN CONDITIONS (LgMvscU FT) _
EFFESTIVENESS OF THE: HEAT ExCHANGER (DIMENSIONLESS)
EFFECTIVENESS OFi THE HEAT EXCHANGEAR AT OBTIMUM
DESIGN CONDITIONS (DIMENSIONLESS)

FUEL cosT <</vw 3TU)

FIXE8 CHARGE 2ATEZi (3IMENSIONLESS)

SuM OF THE RvaJcT JETWEEN THEZ FUEL cOST' INCREASE
FOR THE PLANT JUZI TO THE OFF DJESIGN CONJITIONS
AND THE FRACTION OF THE YEAQ THAT THE AMBIENT
TEMPERATURE EXISTS (MILLS/KWH) : )
S FaN FUWER a7 OPTivu¥ UCSIGN CONDITIONS (KWH)

- HEZAT OF VaAPORIZATION aT QFF 2ZSIGN CONDITIONS

(2Ty/7LIM)

HEAT RATE FACTOR AT RATING cOVOITION(DIMENSIONLESS)
HEZAT RATE FACTOR oT DESIGN cOuUDITIONS (DEMENSION=-
LESS)
- HEZAT RATE FaACTOR! AT OFF DESIGN CONPITIONS
{DIMENSIONLESS)

HEZAT RATE FACTOR AT OPTIMUM DIBIGN CONDITIONS (DI~
MENSTIONLESS) .

HIAT EXCHANGER ITD AT OFF DESIGN CONDITIONS (DEG: &)
HEAT EXCHANGER LDG MEAN TEMPEZRATURE DIFFERENCE

AT OFF: DESIGN CONDITIONS (DEG F)
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SUBROUTINE' VARIT

OO IO TOANOOOOTOIOIOOO OO OO0
~ .

74774

QrNl
areJcT!

areJcTe
RANGE!
RANGE?
SecD!
§2513
Th

TaMM

T20S

oPT=1 FIN 4,2¢7835] 12718716

-~ BACK PRESSURE OF! THE' TURSINE (IN HGA)

PERCENT OF THE! YEaR AT THE: SPECIFIED: AM3IENT
TEMPERATYRE TIMES THAE INCREMENTAL' cOST AY THIS
TEMPERATYURE (MILLS/XYH) ,
OOWER GENERATING gY THE PLANT (MEGAw#ATTS)
Oilup DAWED AT ODTIU M DESYIGN COMDITIONE fvuun
PLANT SIZE (MEGaWATYS) v

TOTalL PCWER QUTPUT 4F PLANT AT OFF DESIGN
CONDITIANS (MIGAAATTS)

2P ACEMENT POWER: COST (MILLS/KWH) _ ) o
AYMMONIA PRESSURE! AT THE CONDENSER/REBOILER (LBF/
53 FT)

AMMONIA PRESSUREI AT THE HEAT IXCHANGER (LBF/SQ FT)
HEAT INOPUT INTD THE OPTIMUM PIWER PLANT (BTU/HR)
HEAT REJECTED AT THE OPTIMUM 9ESIGM CONDITIONS OF
THE PLANT (STU/HR) )

HEAT REJECTED AT THE: OFF: DESISN CONDITIONS OF THE
PLANT :

TEMPERATYRE RANSSH OFt THE AIR AT OPTIMUM DESIGN
CONDITINNS (DEG 71 ) )
TEMPERATURE RANGE! OF! THE: aIp AT THE OFF BESIGN:
CONDITIONS (DEG F1 ) . ‘
DIFFERENTIAL COST OF! PLANT EXZLUDING THEI COOLTING
SYSTEM AT OPTIVUM DESIGN CONDITIONS (§)

TOTaL' POWER DJTPUT OF PLANT AT OPTIMUM ppSIGN
CONDITIONS (MEGAWATTS!

. AMBIENT TEMPERATURE (DEG F)

TEMPERATURE 2Fi THE' AMMONIA [ EMVING THE CONDENSER/
REQOILER AT THE QPTIMUM DESIGN CONGITIONS FOR THE
PLANT (DEG F) .

INCREMENTAL INCRIASEN IN cOST. OF THE POWER PRODUCED
8Y THE OPTIMUM: POWER PLANT DUSI TO THE COOLING
SYSTEM (MILLS/XWH)

DESIGN AM3IENT TEMPERATURE (DEG F) .

BASE THERMAL EIFFICIENCY OF THT! PLANT(DIMENSIONLESS)
RATED THERMAL EFFICIENCY OF THE PLANT
{DIMENSIONLESS) , )

DESISN THZIAMALI EFFICIENCY OF THE OPTIMUM! PLANT
(DIMENSTINLESS) .

OFF DESIGN THIRMAL! EFFICIENCY OF THE' PLANT
(DIMENSTONLESS) i . )
TEMPERATIRE OF THE' AMMONIA AT THE INLET TO THE
HEAT EXCHANGER (DEG F)

- FRACTION OF THZi YZAR THAT THE' CORRESPONDIING
AMBTENT TEMPERATURE EXISTS (DIMENSTIONLESS)
TEMPERATURE DIFFERENCE BETWEESN: THE SATURRTED
STEAM AND AMMONIA IV THE CONDZNSER/REBOILER
AT DESIGN CONJITIONS (DES F) .
TEMPERATURE DIFFERENCE BETWEEN! THE SATURRTED
STEAY AND AMMONIA IV THE CONDINSER,/REBOILER
AT ORPTIMUM DESISN CONOITIONS (DEG F)

TEMPERTAVRE DIFFTZRENCE BETWEEN! THE SATUIATED
STEAM AND AMMONIA IN THE CONDENSER/REBOILER
AT OFF DESIGN gIONDITIONS (DES F)

TEMPEAATYRE DRQI® OF THE AMMONIA IN THE SUPPLY
PIPING (DEG F) .
TEMPERATWURE DROD: OF THE pMMONIA IN THE SUPPLY
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PIPING AT OPTIWUMI DESIGN CONOTIONS (DEG #)
TEMPIRATURE DIC3! OF THE aMMONIA IN THE SUPPLY
PIPING AT OFF JDESIGNI CONDITIONS (DES F) 3
T1 = SATURATED STEAM TEMPERATURE IN! THE CONDENSER/
PEROILER {DEG F) _ ]
- wWal « MASS FLOW RATE! OF1 ANMONT. AT OPTIMUM DESIGN
CONDITIONS (L3M/HR) . .
W32 -~ 435S FLOW RATEI J7! aMMONIA AT OFF DESIGN CONDITIONS:
{L3M/HR
Wal - 353 FLOY RQTS! OFi AIR THROUGH! THE' REAT EXCHANBER
AT OPTIMUM DESIGN: CONDITIONS (LBM/NR)
OPTIMUM PLANT SCalING FACTOR FOR FaN AND! PUMP
POWER LOSS (DIMENSICGNLESS)

-4

.‘ .

(v}

~n

nN
]

YFPMIN

LOGICAL FI2ST, FXTEMWP

COMMON
ATTRa ALPHA?® ANG(3)
s CAPF, CSSPXW, CZONFy CONLy COSTLs CAPCHGs CONMAT, CONMAZ2,CAF
+C3UJs CTUR3y CDANG,y CLUVRy CHAILS, CVM
sDANGLEs oFIN, DEZPLs DESVELN JESVELV
JETFP
,EFCR. FIRSTs FIXxL, FC3S, FFHX, FXTEMP
sG3IEFF
yHENP . HPCST
s ITHAX, ITMIN
QJ:ONQ
OK:OM\/y KALEXT
riAXFEXT
sNTUCAL(2)s NTA

COMMON

VIith AN vt B AA LW

A

ogRy PWe0Ss PLANCy PracTy POMyPLI - .
J4FaANs POHLECs POMeIRYy POHcNp, PO4STCy POHScH

9 A A
]
)

91JCSe UWS

 WTY

s VAS(7)

gx:)”f:pf\y Awy XD R .
COMMON ,SCALER,/HIFACl, ATU3, CPERA, SSCO,PLANC1,CASSS],
$ GAIR, FAIR, HPAIR, HPWAT, WLRTP, PLANCT]

VA AP AR A BN
-
—
)
j ]
-
—
x

SOMUAN sQUBOLY s VWAL (DY, 2PN.  cPTP. (RS Wi, cO08M. EFFy
$ QTN, CLAND, REAIR, Z HRFACE, Wa, Us DELPW, PPOWy
$ FPNw, DELFC, WIDTH, ELEVG, vAIR, yuAT, HTo WO, Toy
$ REWAT, NW,y NT, NP, BLANC2,PS51212, 5PBR, SWé, SW3y
$ S50 ,0TOTAL,PLANC2,SAFRON,y &AIR, YFRpy SPCHIPSIZ13 WT29
5 8=2 NW2y TgOSy DELPASDILPATDELPHE,y~ONJASs XNTSX,y VELDX
§ , TLax, ucOV, Pucsrt, FMCST, FBAZC. EFFC, CHy ca,  CS
$ s cLvCe CFCY CPCCy FITCOY CS5C*CERREPPIELPIDY aSTeOLDCST

€4CAPCSTy XNFANGZRBLDANGy CPLENy JPFELY WHX, #TTUB, ADIA, ABLN
Ss  ATHR4 WTFRM,STRUCC,CFPIRTAPERF, TOTCFy TP EFFIN,  aNTU
§s AIREF, WATFF, XNMDD, TCT?Fe FDCIF, FMTRCy ACCTTPy  AQJTP
Sy ASTEPDs ADJBPDy ACTVHy  &2JVHy aDJPPF, THoAIR,  TeTFy AFCST
§, CSRn, WATERW, WSTRCT, CFOuUMY, =uB0Ia, TO4LEN, NyMTOw, cTOWO
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SURROUTINE: VARIT 74,74  OPTat _ FTN 4,2+74351

a0 an

OO0

a0

00

OO0 OO0 (¢ Xg]

(zle]

Sy S3RJ, SQRJISy ATUBCs C3Ay TTD1s TTD2s DELPSe CSTLVR
§ +CSTHSy CYLRNGy CFANELY PSTacSy PUFITC, PMPEST e RPTPL SEPCST
COMMON /SINX/  VaR(5), CPLNly CPIPls cc0Sis  W3Ts COSMiy EFFl
aIvy, ckaMNy, Rreary, 21, VA3IFAZS, Wo1, Uls DE®R1, PPOwl,
FPOwls DEFC1s WIDT1y ELEN1» VAIRLs vwaTie  HITs  ADly  Tél»

gMIN NyaMIN, 1¢cCs1, DEPAL, JPwrl, DPWCi,cONSAY, xNTS1, VELDY
¢ TLals UCON]e PMCS1e FMCS1e FBAC]1® EFFCle  CHY?  Cale  CS1
s CLTAls CFCly CPCCLWFITCOle CSCLlsCEPRE1LIERIPIs ASTIsOLDCSI
$y0ACST o XNFANL»ALDANL s CPLENTI s DPFELL wrl, ATTUl, ADI1ls» ABL1
Se  WTHN1, WTFR1,STRUCL.CFMPF1, +PPF1,TOrCFi.  TPYLEFFIN1, aMNryl
§, AIRFFl. #ATFF1, XNMODl, TCTPF1, FOCPF1, FMTRC1l, ACTT?1, ADJTP!
$y, ACTBry, ADJBP), ACTVH1s ADJVH1s 4DJPP), THPAI], TCTF] , AFCST]
%y CSR1y WATER1, dsrﬂclo CFOUNMT, HUanIl, TowWwiEls NUMTOLle oTOWD]
$y §33J19 SQRUSY, ATUBCis CBAl, TTOlls TTD21s DELPgY, CSTLVI

§ +C3THS1e CYLRNIe CFANELly PSTAZ1y 2UFITY1, PM2CS1le RPTPLLe SEPCSL
COMMON /TINE/ XNSs TLA, XNTSs ARPS, TTD2QE, LOINZR, XNPs XQUALY
COMMBN / PROP/ 94, THCOVWy JENSIWy VISW, HFGy

* C2yy THCONy,y DENSIVy vISy,SI6Ya,

. CPa, THCONA, DENSIA, VISaA

W W AR A

DESIGN THERMAL EFFECTIVENESS OF: THE POWER PLANT
TEFF3=TEFF/HRFARS

HATEL TnERMaL EFFECTIVENESS OF THE. POWERI PLANT
TEFFI=TEFFJHRFAC)

HEAT INPUT INTO THE POWER: PLANT
QIN1=3413,Z¢3 « SPS13/TEFF] :

HEAT REJECTED AT THE DESIGN: THERMAL! EFFECTIVENESS OF
THE P0WER 2LANT

ERTJCTT = QINl=(}, = TEFFJ)

RAN3E = VaAR(?)

TAAM = TD + RANGE/EFF1l + TTD21

DENSIV = FLUID(7+1,TAMMeELEVsnCaLLE2SM)

INITIAL GUESS AT THE SATURATION TEMPERATURE‘?OR THE' ABOVE
AM3IENT TEMPERATURE
Tl =:Ta + RANGE/ZIFF + TTOH]l + TT22

BACK DOREZSZSURE AT THE SATUIATICN TEMPERATURE:
O = EX3({17.158-9260,/(T1+6604))

HeAT RATE FACTOR AT THE A3DVE 3ACKX: PRE3SURE:
HRFASA4=TRO (1) +TPO(2)*P+TP0(3) 2 *#24TP0 (4) 2P =3

TUERVAL EFFECTIVENESS OF' T £ PLANT AT T4E ABOVE BACK
PoESSYRE
TEF*N=TEFF/HRFACS
HEAT REJECTSD AT THE ASDVE! THERMAL!I EFFEATIVENESS OF1 THE
AWER PLANT
GRZJCT2 = 2INix{l., = TEFF4)

TEMPEQATURE DIFFERENCE IETWEEN' THE SATURATED STEAM AND

G-187

ACTWrY Nwy, NT1, NP1 ZB NC2y 2517212y TSPSE  SWALly SW31y
SPr1y PTOT1,PLN=31, AFROl, AAT1.YFPMIN, SPCD1s SPS13,WT2MINY
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34/74  OPT=] FTN 4,2473235]

TUE AMMONIA IN THE CONDENSE R/REBOILER
TTol2 3 (QREJCTZ/BREJCTL) » TTOII

PSESSURE OF THE AMMONIA LZAVING THE COVDENSER/REBOTLER
P12 = FLUIN(10,1sT1=TTol2yELEVeTcalr 22n)

HERD = rLutha 1=71-v-n|2 rL.n ncale 25y

DENSIVS = F'UID(T 19T1- TTDIZ»E EvynCaLC 2in!

MrSS FLOW RATE OF AMMONIA THROUGH THE CQOLING SYSTEM
W3z = AREJCT2/4F32

PPESSURE NHROP OF AMMONIA T420UGH THE SUPPLY PIPING
DELDS2 = DELPS) = (W324%2 * DENSIV/(DENSIVZ # Wllie2))

PRESSURE AT THE END OF THE! SUPPLY PIPING
P22 = o912 = DELPS2/1¢4,

TI = T1 - 7701l - 7702

DELTI = .001

LoOP TO DETESRMINE THE TEMOSRATURE OF: THEZI AMMAONIA AY THE

EnD 2F THE SUPPLY PIPING
FTI = P22 » FLUID(109]9TI+ELEV,PCALLC 23n)
FTIJEL = =222 o FLUID(10s1+TI+aELTIsELEV, CaLL 24M)
TIPL = TI = QELTIAFTI/Z(FTIDEL = FTI)
IF(ASSI(TIPl = TI),LT..00017 50 Ta 20
Tl = T1P] i
G0 TO 10

»  TEMPERATURE CROP IN THE AMMONIA FROM THE! BEGINNINS TO THE!

EvD QF THE SUPPLY RIPINS
TTN22 = Ty = TT012 = TI

T=MPZRATURE RANGE OF: THT 4IR
RANGE2 = QREJCTZ2 7/ (W4] » (la.eYTPMIN) a2 CPA)

SATURATION TEMPERATURE OFI THE STEAM IN THE CONDENSERY
RFROILER
T11 = 2AM3E2/EFF] « TA + TTD12 + TTD22

CANVERGINCE CRITERIA FOR THE SATURATION TEMPERATURE OF
TWE STEAM IN THE CONDENSER/RE3IVILER

IF( «NAT. FXTEME LaND, (T11-Tl)es2 1€, ,001) GOTH 40

IF( FXTEMP +anND. a3S((T1laTl), T1l) , 7. 80,0001, GoTo 40

Tl = 111

GO T2 g

PrWER JUTAUT OF THE LOW=PRTSSJRE TURBINE! AT FHE SPRCIFIC

A~¥3TENT TEMPERATURE
PTOT = QAINY -’Ef?4/34 34E+3

PAWER OUTPUT 0F THE PLANT AT THE SPECIFIL AMBIENT TEMe

PERATURE
PGENI = PTODT = PPOW1/1000, = FPOW1/1000,
TEFFO=TEFFS
IF(?3EN,32,PS1ZE) G) TO 56

COST OF THE AUXILIARY POWED REQUIRED TO MAKE UP FOR LOST

G-188
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ODOO0O0 OO0 00 OO0 o0 o NgNe] (@]

s XeNe R

CaPACITY ON HOT DAYS
CSTCL=(PSIZE~PGEN) /PSIZE#PWCIS
TEFFO=YEFF3
G0 TJ 40

50 CSTCL = 0,0

INCREASED FUEL COST OF THE| PLANT DUE' TO' OFF' HESIGY
CONDITIONS .
60 DELSC = FCOS*3413,E=5 % ((1esYFOMIN]/TEFFDa1,/TEFF)

IF(CALLLNE,1) GO TO 70
caP3s8T=0,0
IF(?SI?E.LE.PGEN) GJ TO 70

CaPITAL CHARGE FOR THE AUXILARY POWER
CAPCST=CAPCHG* (PSIZE=PGEN)
70 CcONTINIIE

INCREASE IN COST OF OPERATING THE PLANT AT THIS AMBIENT
TZMPERATURE DUE TO THE USZI OF THE COOLING SYSTEM
TCOS = (CCDS1+SPCI1+CLANY«CPIP)+CONBA]+CAPCST) #FCR/ (PSIZECCAPF:
$ 87%0,) + cOSMILDELFC+CSTCL

F2ACTION OF THE YEAR THAT THIS AMBIENT TEMPERATURZI EXISTS
TIMES THE INCREMENTAL COST OF: THE COOLING SYSTEM AT
TYIS AM3IENT TEMPERATURE:

PCST=ToER#TLOS

SUM OF THE PRODUCT BETWEZNi THZ AUXILARY POWER COST AND .
TWE FRACTION OF' THE YEAR THAT THE AMBIENT TEMPERATURE
E¥ISTS :

CLSJM = CLSUM + CSTCL = TPER

SiM NF THE PRODUCT 3ETHWIIN: THE FUEL COST'INC§EASE FOR TNE
PraNT pUE TO THE OFF DESISN CONDITIONS AND TWE FRAELTION
OF THE YEAR THAT THE AM3IIINT TEMPERATURSI EXIGTS
FCSJM = FC3UM + DELFC » TPER ’
1083=0
IF({I108~,.8n,0) GOTO 800
938 FO?*;’AT.(TE,F6-1¢ T104F6,1s T18,y7F5,2, T26oF7.¢, T33,F7.3
$yT41,78,3, THT7,FT.2, TS4,F7,2, 762,F8,3, T72,F7.,5, T81,611,%
3 TQ.3VJ':".4, TlO-’J,FT,Jq Tllsy:ﬂ.las)
936 FIRMLTI1H0)
937 FANMAT (1X 3 nHRFACGS1,G11439T244"TEFFA31,611,5,T669n0REJEN,G1145,
L3 75:3"”‘\-‘35-"75'1-5:?857"‘!50(3’:"’31'OSOTIQBy"TIIG‘HOGiLSE/
€ Iy MPTOTAL=" 1611459 T259PGIN="3G11,29T454nPP0Wa, 511,23
T 165MFPT,=21145G11,54 737, QINL=,3511,5/

-— =

§ 1Xg" TEFFATN,G11e59T24 9" TEFFLITH,G11454T46,nYFPYINZI,G11,5)
WRITE(a9929) . .
WRTTZ (A9937) HRFac4sTEFF4,QRIJeRANGEIVAR(3) 9y T114PTOTAL 1PGEN,
€ PPN rPOWLOINL, TEFE3,TZFF Ll YFPYIN
WRITE (4,938) HRFAC2,TEFF,HRFAC,"RFACLsTEFFD,yCCOS1,SPCD1eCLANT Y
s cP1P1.c9%s" . i
938 FORMAT(1XsHRFAC2=1M»G1 159 254" TEFF=19611459T450"HAFACEY 9611450
5T64 " HOFACY="9561]1 459 TBEeMTEFTD=M,5]11,45+T1069"CCOS{="151145/
B1Xy" SoCI1=9G11429T2%"CLANL=511,29T40ynr0TPl2n,gl1,2,T765,
s ncIsMy=n,511,5)
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539 FORVAT(T2+"TAIsTAO»TAMMIT119ANGEITTOIM166]5%6'

800

B10

CONTINLE

TAMMI = T] = TTD12 =« TTDZ22

HXITD = Tl = TTD12 = TTI22 =~ T4

12718/10¢

IF (2ANAE2 ,GE«HXITD) WRITE(£0939) TAsTA*RANGE2 ) TAMM,T11,RENGE2,TTD12

IF (ANRER,BE.

CONTINHE
WRITZ (~49353)
$,.T1

"$4°

$oHRTACH
3¢ SANGET
FaTTHIZ
$HxLTA
SyuxITD
Ty2GEN
S, DELFC
5,08TCh
$,7CO5
$oTPZQ w 100,
L.2CST
IFIID35,E£3.0)
RET JRN

ENO

2 HXITH) GO TO glo
HxlM70 = 2aNGE2/aL05 (HxITD/(4XITD = RANGE2))

TA

RETURN’
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SuébOUTIVE XfEND T4/74 OPT:i FTN “z‘r‘asl

SURROUTINE XTEND(L}
THIS 2PUTINE CHEZKS EXTREME VALUES AT MINIMALI COST POINTS

DIMINGTON TTRY (2),RTRY(2),CTRY(2),ATRY (2),wTaY (2)
COMMON /SINK/ VAR(5)s CPLN1y ZPIP1s CCOS1e W3Ts COSNY.  EFFY
alal, cLaNl, REall, 21,43F28, o1, Uls DEPWY, PPOWlY
TPOuly NEFCYe WIAT1e ELEN1s VAIR1ly VYWATL HIT, 401, Tély
€waly  Nwis V71, VP1,ZPUNC2,Z57712) ZSP3P,  SW4l, SW3ls
SPr1e PTOT]4PLNC3L,y AFROL, AAIR1»YFPMIN, SPCDTs SPSI34WT2MIN,
BPZMIN,NWRMIN, TCOS), DEPALs JPWTly OPWCy,CONBATs XNTSy, VELD)
’ TLAI. ch\lly PV“SI, “""Sl' FQA"lv ’FFCI' CH]' CA’.' Cs’.
s CLTRly (L1, CPCC .rTTCOI. CSZ1,CEPREYWIEPIP)y  AST1,0LOCS]
sCAPTST e XNFAN]9BLDANT s CRLENLD3FELY Y WHis ATTU1le ADIle ABL1
T4 WTHNy NTFR34STRUC]ICFMPF 1y HOPF14TOTCF ]y TPI+EFFINys ANTY]
®y AIPFels 4ATFFLly XNMOpls TgTPR1, FDFD?lc FUYTRcls ApTTRTy ApJT2Il
€¢ ACTET1, aDJRP1, ACTYH1. ADJy+4l, aDJPPy, 142all,s 1CTF1 , AFCSTI
fy CSR1y WATER1, WSTRCle CFOUNls HUBDIL1y TOWLEls NUMTOly CTOWD]
Sy SOJjs SARJSys ATUBCyy CBAy, TTD11,y TTD2)s DELPS), CSTLV]
§ 2cSTAR1s ~YLRN1, eraNgls PSTacl, SUFIT1, PU2pSl, Rprolq. scpcs1

ﬂ(ﬁ*}'ﬁd'ﬂmﬂfﬂ

cOmw0u /SUJPLY/ VAL (5) 4 cPLN, CcPIP, C’OS' Wiy € OgM, EFF,
: QrNe CLAND» REAIRY ZeARFAC2e W4y Us DELPWs PPOW?
$ FOAW, JELFC, WIDTH, ELENG, VAIR, VWAT, HI! HO, T4
$ EWAT Wiy NT, NP, I ANC2,yPSTIZ12y SPEPY SWe, Sw
% SpC,pTOTA DLAVCB,SAFRQV AAIR, YFP. SPCDpPSIZI3, N2
b3 B2 NNZ' TOOSe DELFAYIZLPNTYULLPWCICONSASY ANISXe VELDX

"%, TLAXs UCON, PMCST, FMCST, F8aCls EFFCH Cu, Ca, cs

12718/76

Sy clTCe CFes . CPCCy FITCO CSCrCEPREP,JELPID, AST,0LDEST

$9CAC3Ts XNF AN-aLaANo, CPLENs DPFELY - WHX, #ATTUS. aDlas ABLVN
5y ATHAR, WTFRM,STRUZC,CFPERFYIPPEIF, TOTCFy  TPos EFFEN, ANTU
S, GIRFF, WATFF,- XVM0D, TCT9F), FDCPF, FYTRC, ACCTTPs ADJTP
%9 ACTS20Ds ADUBRDY ACTVH’ A)JViv ADJPPFYy THOAIRS TCTFs AFCST
&y CSRn, WATERW, WSTRCTy CFOJUND, HUBDIa, TOWLENs NUMTOW, CTOWD
$o 33J. 55RJISs ATUaZs CBA; .TJI. TT02y DELPSy CSTLVR

% ,C53TH=, CyLAN3, CFAVEL, PSTACS, PUFITC, PMPzgT, oPTPL, SEPCST
COMMCN /TIVE/ XNS» TLAs XNTS» 8R2S TTDZQE' 'YNORO XNP? XQUALY
LOGICAL FIR5T, FXTEMP

coMMNY

$ ATTRe ALPHAY ANG(3)
$ sCAPF. CSSPKW, CONFy CONLs COSTL CAPCHGe CONMAT, CONMA2,CAF!
$ yc3Jdy CcTURHe cDANGy CLUVR, CHAILS, CVVM
% +DANGLE, 3FIN NEEPLs DESVELs DJESVELV
T $ETFP
s FCRY FI?ST' FIXL: FcOSe FRHXy FXTEMP
S aG;fFr
% JHXNP, 4PAST
T LITHAY, ITMIN
& +JzONS
T 4,XTONv, KALEXT
$ SMASXT
& L MrgCrl(2y, Nya
COMMON
LB IES ‘
§ 4PSIZ7y PERs PWCOSs PLANCy PFACT, POMDPLI A
§ +POM3AF, POHFAN, POMLEZ, PO-CIy POHCND, POSSTCy POHSCEL
$ s 8P, REZDUCE, REDUCV, ROOFL
$ « JIREYy QAREDUCE, QREDUCY
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2YRROUTINE XTEND

10

A A H N AN

74/74  0PT=)

MAGe SAAF
TPO(K)O
TW

U%s

sSIG

yT)t

2+ TCD

'U:S’

JHEY

s VAT (7))

1 X23TPas XW, Xp
COMMON sLAacALL/ SBN
TTRY(15=VA2(1)-20,
IF (TT»Y(l) oLE,
TTDY(Z)-VA?(la.e,
IF(TTRY(2),65,170,) TTRY(2)=170,
IS(FXTFMP) TTRY(l) = TFIX
IF(FxT=42) TTRY(2) = TFIX
¢Tav(lyavar(3)-3,
IFsTRy (. Lf.0) cTRY (L)=,5
cTRY(2y=var!{3j+2,

ATRY (1) zva2 (4) x4,
ATRY(Z)2VaAR (%) /4,
Wray(ly=vaa(S) 00,

WTRY (2)=VAR(S) /3,

DY 3 I.1.2

RANZL = TTRY(I)
PTRY(ly=,3sRaANGL
oTAY (2)=.7eRANGL
SDN="/¥T’UH-1/ "
no I~r=1.2

TEFFy TLIM, THFIN, TLPRAy TFIX

0,0) tTRY(1)=10,

- VAR(3) '= TTD2JE e TO

FTN 4,247835] 12718/7s

CAL.! CALC(TTRY (').RTQY(I?),vAR(3).vAR<4),VAR(5)911

TF(LCOY,52.1) GO TO 3
IT(JZLPAL.LELXDEPA)Y 30 TO 3
IF(TCOﬁ.GT..99-chsl) G2 T0 3
Tenst=Tos
VAS(li=TTOY(I)

VAS() 2var (3}

YAS (&) zVAR(S)

VAS (5] 2VaR(3)

L=-

CONTINDE

Do 1n T=12

RAMN3L = VAD(I) - CTRY (1)
QTQle"ag'QA Gv..

PTRY (2124 7*IUNGL
SNz /¥y TEND -3/

00 10 tasi,?

CALLI CalC
IF(<COMV,ZQ.1) 6O TO 1@
IF(JELDALLELXDEPA) GO TO 10
IF(TC o=.uT..99-Tcosl) G3 10 10
Tcosl=rcos

VAS (1) =VAR(])

VAS{3)=CToY(])

VAS(G)=VAR(4)

VAS(5)=VAR(5)

- TTH22F « TD

(VAR{1) 9 RTRY (T} 2 CTRY(I) s VAR(4) (VAR(S) o1}

L=1

CONTINGE

D0 11 1=1,42 .

CaLLl CablCivar({1)oVAR(2)sVAR(3) 9aTRY (T} +VaAR(5) 9221}
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SURROUTINE XTEND

1

12
13

74/764  OPT=] FTN 4,247835]

IF(<COMV,EQ,1) GO TO 11
IF(JELPALLE.XDEPA) GO TO 11
IF(TC0%.6T,49927C0SL) GO TO 11
Teosl=rcos

VAS(1)=VAR(1)

VAS (3} =VaR1(3}

VAS(4)=ATRY (D)

VAS(5)=VAR(S)

L=1

CONTINNE

SaNz n/xrrvg-a/n

Do 12 12142

CALLI CALC(yAR (1) 9vAR(2) s VAR(3} 9 VAR(4) sWTRY (1) 931}
IF(<COMVL.E2,1) GO TO 12
I?(DELnA.LE.XDEpA) 50 10 12
IF(T:OQQGTQOQQ‘TCOSI) GO TG 12
Tcnsl=rzos

VAS (1) =YAR(])

VAS(3)=VAR(3)

VAS(4)=VAR (&)

VAS({S)aWTY (I}

L=l

CONTINIE

TF(LEN.]) WRITE(S,13)
FORMAT ¢t XTEND CALLEDv aND CHaNGE “hDE")

ir (L<.ta..1) «Ahtx» s RKALEAT ¢ 1

IFf (KALEXT +8T. “XEXT) STOP ngails 10 5s,R, EXTEND EXCEED MyEXT™
RETJIN :

END
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SURROUTINE: ERRMSG 74/74  OPT=z] FIN §42+7%38] 12718/%%

SURINUTINE EIRMSSG (XEY)

IF <EY 1S 1 INCREMENT THE COUNTER FOR NO- FANI FOUND
IF <EY I S 2 INCREMENT THE LD22 COUNTER
IF <EY 1S 2 PRINT THE COUNTERS

&

OO0 0D

(XEY +E2a 1) NFKTR = VFXTR » ]
(KEv (E3. 2) LPKTR = {PXTR ‘
, (40n (LPKTR,27) .20, 0 ,aVD. (LPXTR 53T, 0y WRITENE,200)(PKTR
in _IF (XEY .20, 3) WRITE(6,100) VFKTR,LPKTR !
: 100 FORMET(///7//7" THE NJM3ER OF TIMZ; N3 FaN waS FOUND "e120/
$n 74T ‘lyMazp OF viMes LOOP ESCA®E 4AS REQUIRID =9,120)
200 FORMAT(1XeISe® FAN _OOP ESCARPZS REQUIRED So EPY-1LN

QETJEN

15 END

LS N N2
R
T

n

G-194






