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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
logic, 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.






APPENDIX F
PLASTIC VERSION OF THE BNW-I COMPUTER CODE
Figure F-1 is a subroutine Tinkage chart indicating which subroutines

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

F-1
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Plastic Circular Model Subroutine Linkages
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DROGRAM PLCIR]

OO OOOTDHON

76/74 0PT=1

FTN 4,247835)

PRO3RA PLCIQI(IVPUT,OUTPUT.TA355=IVPUT,TAPEB=OUTaUT)

PHOGRAM PLCIR) IS A VERSIJIV OF
OSPTIMIZATION CODE DEVELIPID BY

Dnav AAALTMR TAWED PINADAM, T

Doy COOLING TOJER DESIGN FOR A

DIMINSTON PCST(3)
LOGICAI FIRSTs FXTEUP
COMMON

THE 8Nw] COMPYTER
PN FOR ERNA YNDER THE

JETEQMINIS Tue APTIMUM

PARTICULAR SI7E POWER
PLANT WITH A PLASTIC TU3E COOLING SURFACZE AND CIRCULAR
TAWER ARRANGEMENT OF THZI: TJUSE 3UNDLES,

)

 ATTR, ALPHA

% 9CAPF, CSSPKNW, cONF, cONLy 20STLs CaAPCHGy CONMpT, COM*AZ.CAF

$ scaJdes £S5SAL?y CcZLASTe CFSe CDaV3e CLUVR, cHaIlSy cVM

5 4DTEPL, JSSVEL, 0AVNSLE .

3 9rFFD

T 4FZ23y FIRSTe FIXL, FCOSy FXTEUD

% yHITFR :

% sHXNP, HPEST

e GT4EA+

% o ITUA¢y ITMIN

5 4JCONe

% .K:G‘J\,’.‘ <ALF‘T

€ JMXcXry

S JNTUCAL(2) e NTA

COMUON

¥ ap2

$ oPSIZF, PERs PWCOSs PLANC, PFACT )

$ WPI43nFe 204FANe PI4lpgs PO4CIR, PO4gNp, PO4STes POHSEL

& WN25Y, 33TDyCE '

% *R3Pe REDYCEY RNOESELY RDESLAs 3D0FLe RFIX

t ,SAAF, SIGMA, SPAMAT(2)

§ 4Ty TPO(%), Te=F, TLI¥, TLP, TSealP, TelLWSTy THFIN, TFIX

T STJ3A G TW .

$ 9'J2Se UWS

% W VAS(H)

< ",_v'."-\l

% 2 XITPYe XWe XD e

COMMAN /SINK/  VAR(D), @PIPls 22081y W31y cOSM{, gFF]

$, CILA'l. REALD, Z1,43FA2S,  wbl, Ule POy,

% 0Ny e DEFClY WIDT1e ELENI» VAIRLY VWAT]e HIqo 401 T4l
3 WAL, NWY e ZPLNCZ,251712y Z5P3Py  SKbé1, S¥37,

% SPaly OTOT]4”LN-Tiy aF30ly aaizlsYF3uINy SFeDle SPS13,WT2MIN
2 RN VMM redsy, JEPAL, 32411, DPWC1,20M3A7, xNTS1, VELDIL
Ty TLale UCON19 FMCS1e FRACLle ZFFC1e CH1 Caye 51

$9 CLTrle CFCly CPCCL.FITCOly CSC1sCEPRELLIEPIPY,y  ASTI1
RecA2cS19XNFANT ,gLDANL 9 cPLENLy )PFELLY wHl, WTTUl, &plls agll
%y  sTHN1e WTFR1,STRYC1,CFMPFI, 4PPF1,707cF1,2FFINY, ANTYL

%9 AIRFF1, XATFF1, XNMGND1, TCT2F1, FOCPF), FYTRC1, ACTT?l, ADJTD]
Se AJTHN1,y ADJBPYe ACTVH]y ADJVHYs ADJUPPY, TH2AIls TCTF1 » AFCST)
$e nS:ls WATERIy YWSTRcle ¢FIJUNls <J3011, TOdLEDS €S=1, ~Hzl
© .c3a1, Yy¥rPyr, o901, ATY3ICL, CSTLV1, CsTHsI, cyYLRN1, cFaveE)

COMYMNYN /SCALER,/ HRFACL1? SSCO* BLANC

%

Gy

19, FAIR, HPAIRy HPWAT, 2_aNCTi

1

COMYMSY /SUPPLY/ VAL(?)y  CPI®y  £cIS

S

~
-

LA*'De RFAIR,

F-3

ZyM3FAC?, ad

CAssSsye’

w3,
U

c0Svy
PPOWy
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FROGRAM PLCIR] 74/74 0PTa} FTN 4,2+73351

00 OO0

e NeNe]

OO0 aO0n

EWAT, NWs2LANC2,PS51Z12, SP3Py SW4, SW3,

BN AN

Bo2e+  NW2e TCOSe DELPASDISLPWTIOELPWCYCONBAge XNTSXy VELDX
EX) TLAXe UCON, FMCST, FBACC, EFsC, CHy Cay €s
S, cLTCy CFce CPCCy FITCO CSCeCEPREPSELPIPY AST ]
$9CAPCSTy XNFANWBLDANGs CPLEN» JPFciy wHXy #T7UB, AD1As ABLN
Sy ATHAR, WTFRM.STRUCC,CFPERF,12PTIF,y TOTCFy EFFINy  ANTU ,
$y AIRFF, WATFFs XNM0ODs TCT?F, FDCPF, FMTRCs» ACCTTRs ADJTP
$s ASTENDe ADJBPDs  ACTVH,  ADJJVH, 4DJPPF, TH24IR)Y TcTFs AFCST
S £SoDe WATERWs WSTReTe CFOUNDY HUZCIAY TOWLEN)Y CSEs | cHF:
§ 9C349 NUMTOAy cTOWDs aTUBCe CSTLVRs CSTHS, cYLANGs CFANEL
COMYNN /VaRVARZ  TPER(16)s TA(1S)
cOMMON ,1N315/ DIsT
COMMNN /TINE/ XNSyTTDsTLA+XNTSsaRPS )
81 FNRMAT ("} TD USED IN THE FOLLOWING CALCULATIONS IS =nFR.3)
930 FORMAT(T02,"aMgIENT TURGINEM"s T2B4nHEATH, T33,1c0gT TOM
$ 193,"00WEQ COgT™, T10S,"PCy TIMEw,T115,wPOR7ION oFm) i
931 FORMATI(TO4 . nTEMPI, T10,M0UTLETH, T20,"8ACKun, T28,nRATEN, TS50, nHX"
TaTST oKX, THA,MANWIRMN, TT72,"CHANGE INM, T83,"REPLACE™
$9T0 39T aM3TENT"s T104,maT AM3IENTY, T113,"INCREMENTALM)
932 FORMAT (T114"TEMPH,T18,nPRESSURII, T2T4"FACTORN, T35,"RAVGEN
€y TA240TTOPH, T49 ,nLMTDn,y T57,0ITDu, T62,uGENTRATEDN
SeT72,"FUEL COST™, T83,mLOST CAPM, T95,4TEMPM, T10g,nTEMRN
$9T115,1#POWER COST') L , .
933 FORMYATY TO024131(Meit)y TTet Byl T,1 Uy 2640 1ty TIaM Ne v4ALH B
SoT4Ten ny TSGyu ny THL M vy TTl,n vy, TBL,n ", T92," ny T103, ]
$9 TLIG, 1 1) : .
934 FORMAT( TO34YDEG Fty T114"pES 5f'y T199MIN, H3ry T35, MpEl Fv
S9T41y"NES 7y T43,uDEG Fu, T36,"DEG F", 162,"MEGAyATTS"
gy TT2ynMILLS/KWiHi, TB2,0MILLS/<WHu, TI3 uMILLE/KidHn
SeT106« " PERCENTI, T115s"MILLS/XAN") R
944 FORMAT(1H0,T91,eINAL INCREMENTAL! 20STH,5171,5)
945 FOQW‘:\T{IL"CvT96“cApA:ITY CHARGE! §1,5315,8)
FI1aST=,TRUE, »
15 NUCASE =

ReAD IN THE EXTERNALLY FIXZID PARAMETERS OF THEI DRY' COOLING:
TAWER SYSTEM AND THE INITIALI STARTING POINT oF! THE!
0°TIMIZATION ROUTINE,y A DZISCRIPTION OF THE INPUT CARDS

Ic 3IVSEN IN SU3ROUTINE SETUP

CALL! SETUR (TSTAR,TEND ,NUCASE)
20 CONTIN{IE

INPUT PRINTOUT SUMMARY

CALL! T4 PSUM

Tue FOLLOWING IS A ROUTINZ! WHICH: USES PATTERNED AND
GeadIENT SSARCH ROUTINES TD OSTERMINE THE OPTIMUM DRY
CrOLING TOWER DESIGN
00 T I=az1,5
7 VAR(IS)=0,0
TO=TSTaR

1 WRITE 9310 TD

FPaWs DELFC, WIDTH, ELENGy VAIRy VWAT) HTy MO, Ths

S2C,Pr0TAL,PLANC3,SAFROVY, aAIR, yFP, SPCO,PSIZ13, WT2»

12720/76.
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BROGRAYM PLCIR] 34/76  OPTaj

K=4
C
c
C I HEAT QATE " TURBINE
-
‘CALL! SeCALF
c N
C .

4 CALL! S=O0T(D)
IF(12021.6T,0,0) GO TO 5
~VAS(6)-Vu<(4)/4.v
G2 TO 4

S =0

o ,
C
ot SraRCH

CALLI XTEND (L)
. v IFGERGL) 50 TO 6
c : :
o FINE ©

CALL! SLAT(2

2 ycons="
C
N GOADIENT ;EA?CH FOR
CALL! §7RCH
‘»-;¢J~o~s.Eo 0) GO TO IOv
KzKel
. IF(<BT,2) GO TO 2
19 conringg
C
c
c

3OO0 0

:’ALIVG TH‘ STEAM SUPPLY AND: TURBIVE’TO ACCOUNT FOR CHANGE!

CrURSE PATTZRN SEARCH FOR onrxwum POINT

FIN 4,247835]

ExTENDING THE SEARCH BEYOVQ‘THE .IWITS OF THE PATTERN

Pn IMTOUT oF DRV COQLINa TD#ER DESIGN

ATTFRV s:ARCH FOR TﬂfroDTIWUM POI\N
)

THE QPTIMUM POINT

CALL) 011T2(R3P,HRFAC] |SSC3 CASSS1, P'AVCTI,PLAVCI)

CALLI OuTé (1)
CALL OnT6a(2y
Cali! BoTHXD
CALLI RPTHXC(AFRO))

t

CalLLl R7RT1(DESVELY POHCIRY

calil A= nr’(rchl.couMAT.covuAE)

call 2PTFaN

. w:I'—(n-IOO)

100 rﬂQ4AT}lﬂl) L
wDIT'fr.QBO) :
NQITF(<-3~‘)

WRITS (54337
WRITE (4,333)
WRITTS{r4936)
WwolITS (e ,523)
CLSIM=a4n Cow
FCsJn = 0,0

CALCULATION AND PRINTOUT OFITJE Pz RFORHANCE:PARAM’WERS oF:

TWE NRY ZOOLING TOWER AND POWER PLANT FOR A YEARLY
TFMPERATURE PRIFILE

DO 3 I-L.“TA

3 CALL! VaRIT(TA(I)»TRPER(I)sPCST(I)sI4CLESUM,FLSUM)

F-5

12720716



185

-y
R
3]

PROGRAY PLCIR] 74/74  OPT=]

P2 XeX2X

ACOS=0,0

DO 2 IzleNTA
ACOS=ACOS+RPCSTI(I)
CONTINIE
WRITE(as944) ACOS
WRITE{R+945) capPcsl

FIN §,2+7835]

CaAPITAL AND OPERATION COST SUMMARY PRINTOUT

12720748

CALLI S1MCOS (FCR, PSIZE, CAPF, CCOS1, CPIP1, ZONSAT, ATUBC1, CPLEWL

$ 4F3aCys FMCS1, STRUCle CFOUN1s CARPCS1y SFCD1s SScDs HRFAC)
$ +HIFA2Ss YFPMIN, PLANCs cLANly olSUMy FeSudy cOSMly cSTLV]
§ 4C5THgl, CFANE1#xNFAN], CyLANlaxNFaN],

TO0=TD + Se

FIRST = .TRUE.

KaLIXT = 0
WRITE(cs100)

IF(TD. E.TEND) GOTO 1
CONTINE

NUJCASE =)

CALL!SFTUD(TSTAﬁoTEVDiNUCASE)
5

15 (NUCASE.EQ.0) 5070
G0 -TD PO
END

F-6
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SURROUTINE: CALC
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76/74 0PT=] FTN 4,2+47635) 12/20/78

SUBROUTINE CALC(TI,RANCEICHWARAIAFRINIWLRAT4)

HBRQUTINE CALC OF THE PLASTIC TUSE DRY COOLIVG TOWER SYSTFW
CnDE DETERMINES THE DIMENSIONS AND 0ESISN PARAMETERS OF THE
HeAT EXCHANGER, THE COST OF THE' HEAT EXCHAMAER SURFACE IS
FAUND 3Y A SEPARATE ROQUTINE INITIATED FROM THIS SUBROUTINE'
TuE DESIGN AND COSTING OF THE FaN AND PIRPING SYSTEMS ARE DONE
Bv SEPARATE ROUTINES ALSO INTIATED FROM THE CALC SUBROUTINE.

© THE INPUT PaRAMETERS ARZ SUPPLIED TO TH&i CALA SUBROUTINE
"By TAE OPTIMIZATION ROUTINT DEVELOPED BY MeI,T. IT IS A

CAMBINATION OF A PATTERN AND GRADIENT SZARCH RQUTINE, THE!
PI1RPASE OF THE CPTIMIZATION PAQT OF THE! CODF IS TO MINIMIZE
THE INCREMENTAL COST OF: DRy COOLING By VARYING THE! DESIGN

Of THE DRY COOLING TOWER, IT THEREFORE SUPPLIES FIVE DESIGV!
VILRIARLES TO SU3ROUTINE CA.C AND IN RET.RN AN INCREMENTAL
CaST IS FOUND,

TuE FOL'OWIVo ARE THE INPUT PARAM:TERS TO SURROUTINE CALC
STEAM TURBINE E£X44UST TEMPERATURE (CEGREES F)
Rsﬂo: - TEMPERATURE DIFFEZRENCE OF THE: WATEZR ENTERING AND
LEAVING THE HZAT EXCHANGER (JZGREES F)
cwARA - %4710 OF TAE 4ZaT CAPACLTY OF THE wWATER 70 THE
‘ AIR {OIMENSIONLESS)

AFRON = FRONTaL AREA OFi THE HEAT EXcHaNGER IN THE DIRECTION
A 0F AIR FLOW (53 FT) . 4
WLRAT < RATIO OF THE WIDTH TO THE LENGTH OF YHE HE,.T

TXCHANGER (OIMENSIONLESS)

v = PARAMETER wHICH 3PEclFIES wHIZH OF THE ABOVE HaS
BEEN VARIED 3Y THE DPTIMIZIATION RAUTINE! SINCE' THEI
LAST TIME THROUSH CALT

DEFINITIONS OF VARIABLES

ApIR = AIR SIDE HEAT TRANSFER AnsA (SQ FT)

AEC -~ CAPITAL COST OFI FAN SYSTEM (%)
AMTU - HEAT EXCcHANGER VJM3ETR OF TRAVSFER UNITS {DIMENSIONm.
' LESS) , )

3aR - ATMOSPHERIC PRESSURI FOQ A PAITICULAR ELEVATION
{IN HEA)

CuIN ~ THE SYALLEST “CAT TRANZITEIR Ca”aciTy BLTWCEN THE AR
AND THE HWATER (3TJ/HR DEG F)

CANL = THERMAL CONDUCTIVITY CF THE TUBE Wall (3TU/HR FT
NEG F)

DeEPL! - UPPEQ OR LOWER LIMIT ON THE NJUMBER OF TUBES IN
DZPTH (DIVENSIONLESS) )

DELPA = aTR SIDE PRESSUIE DIOP ACROSS THE HEAT EXCHANGER

8SUNDLE (L8F/53 FT)

DELPIP = PRESSURE DROP THIOUGH THE SUPPLY aND RETURN PIPIND
SYSTEM (LBF/S3 FT) i

DeLPWg = PRESSURE DROP THIDUSH THE CONDENSER (LgfiSQ FT)

DELFWT = PRESSURE DROP TH QUGH THE HpaT EXCHANGER! gUNDLE
{LBF/SQ FT)

F-7
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SUBROUTINE: CALC

FOAIOAOODOAOID IO DODIIOITAODIDHONTIO

o«

OO0 ONTOO0 O

74/74

" DePTH

ot
EFF
EFFP
Ei FNG
E_EV
FAIR
FixL

GiIR

GuaT

NTUCals

NIIMTOW
Nuw

onL

p

PoOW
PeIZE
QTN
QrzJ
R=AIRE!
REFF
REWAT
Tr0S

TrWFCS

0PT=i FTN 4,247335] 12720786

DEPTY OF THE HEAT EXCHANGER PARALLEL! TO THE AIR
FLOW (FT) ' .
INSIDE DIAMETER OF' THE HEAT EXCHANGER TUBE (IN)
HEAT EXCHANGER EFFECTIVENESS (DIMENSIONLESS)
PUMP EFFICIENCY (PEICENT)

ILENGTH OF HEAT FXCHANGED yUgER: (FT)

STTE ELEVATION (FT)

- AIR SIDE FRICTION FACTOR (DIUENSIONLESS)

THE FIXED LEN3TH OF HEAT EXCHaNGER TUBES SPECIFIED
AY INFUT TO THE 2002 (FT) .

MaSS FLUX OF aIR TH30UGH THp TRANSVEZRSE AREA BE=~
TWEEN TUBES OF THE HZAT EXCHANGER (LBM/SQ FT HR)
MaSS FLUX OF a4l THIOUGH THE 3I260NAL aAREa BETWEENI
TURE ROWS OF THII HEAT EXCHANGZIR {LaM/SQ FT HR)

- MaSS FLUX OF WaTZR THROUGH THZI) EXCHANGER! TURES

(L3M/SQ FT HR) )
WATER SIDE HEAT TRANSFER cOQEF~IcIENT THRDUGH THE
HEAT EXCHANGER TUBES (BTY/HR SQ FT DEG F

- AIR SINE HEAT TRHNSFER 20EFFIZIENT THROJGH THE:

HEAT SXCHANGER 3JNDLE (ATU/HR SG@ FY CEG F)
HORSEPOWER REIUIIEMENTS OF WaTER PUMPINSG SYSTEM

FOR THE CONDENSZR, PIPING SYSTEMy aND COOLING

TIOWER (HP)

HEAT RATE FACTOR OF sTEAM 1) )RIINE AT THEI RATED BACK:
PRESSURE {DIMINSIONLESS)

MEAT RATE FACTOR OF -STEAM TYUR3INE: aoT THEI DESIGN
TEMPERATURE (DIMENSIONLESS) i

NUMBER OF PASSEZS OF WaATER THRIUGH THE HEZAT ZXCHANGw-
ER (DIMENSIONLESS) : )

INTERNAL VARIABLEI FOR SELECTING THE FRICTION FACTOR!
AND HZAT TRANSFZIR COEFFICIENT FOR THE INLINE OR
STAGGERED TUBEZ SSACING (DIMENSIONLESS)

INTEANAL VARIASLE: FOR SPECIFYING THAT THE SET OF!
INPUT VARIASLES LEAD TO UNREASONABLE ANSWERS
{DIMENSIONLESS) ,
SOECIFTES THE TYRE oF NTU=EFFSCTIVENESS @GaLcULATION
T2 RE- USED ay THE CODE (DIMENSIONLESS)

- MJMBER OF CIRCULAR TOWERS (DIVENSIONLESSY

NUMBER oF HEAT EXCHANGER TUBES IN
WIDTH (NIMENSIDNLESS)

- NJTSICT DIAMETER JF HEAT EXCHANGER TUBES (IN)

[ 4

STEAM TURIIVE 34CK 2RESSURE (IN HGy)

- POWER REQUIREMENTS JF WATER P UMPING SYSTEM FOR

THE CONDENSER PIOTNG SYSTEM ANO COOLING TOWER (XW)
POXCR OUTOUT 2F SLaNT {<w) .

HEAT SUPPLIED 3Y THZ STZaud sSUsPLY SYSTEM {(BTU/HR)
HEAT REJECTED 3Y THT DRY (COOLING ToWER (gTU/HR)
REYNOLDS NUM3EZR SF THZ aIR FLOWING THROUGH THE
MINIMUM CROSS=SECTIONAL AREA JF THE HEAT EXCHaANGERI
(DIMENSTONLESS)

EFFECTIVE HEAT EZXCHANGER TURE! WALL THICKXNESS

B4SED ON AIR SIDEI TUSE AREA (°T)

REYNOLDS NUYSZIR 2F THE WATER SLOWING THROUGH THE!
HEAT EXCHANGER TU3ES (DIMENSIINLESS)

INCREMENTAL COST FQR THE ySE 2oF DRY COQLING

TOWERS (MILLS/<4A)

TOTAL COST OF THEI PIPING SYSTEM (Ks)

F-8



SURROUTINE CALC 36/74  OPT=) FTN 442474357 12720716

115 c TeFF - RATED BACK' PRESSURE EFFICIENCY OF' THE STEAM
¢ TURRINE (PERCINT)
o TeFFM = EFFIZIENCY OF THZ!I STEAM TURBINE AT THE DESIGN
c TE4PIRATURE (PERITENT) )
¢ T20 - CIEFFICIENTS OF THIRD ORDER CJRVE FIT OF! HEAT
i‘zo o) . RATE FACTNAR uR3ge TiIDATyE pany nn-—ccnn:l
c {ITHMENSTIONLESS) ]
c TTD - TTZRMINAL TEMPZIRATURS DIFFERENCE SETWEEN THE STEaM
c AND WATER TEMPIRATURES OF THE CONDENSER (DEG F)
o T: - EXIT TEUPCRATJRI OF THE AlR FROM TWE HEAT EXCHANGER
725 z BUNDLT (DEG F) :
c U - OVERALL 1EAT TRANSFER COEFFICIENT of: THE! HEAT
e EXCHANGER (8TJU/43 S2 FT DEG F9
c Vaav ~ AMERAGE SPECIFIC VOLUME OF THz AIR IN THE HEAT
c EXCHANGER 3UNILE (Ty FT/LaM)
130 ¢ VIN ~ SPEQIFIC VOLUME 3F THE Al1R ENTERING THE HEAT
C EXCHANGER BUNILI (CJ FT/LEM)
o VIR - VE_O02ITY OF THEZ 4IR IN THE MINIMUM CROSSeSECTIONAL!
; AREA OF THE HIAT EXCHANGER (FT/SEC)
£ V,0UT = SPEcIFIC YOLUME JF THE AIR LEWVING THE HEAT EX=
735 < CHANGER BUNDLE! (SU FT/LBM) .
¢ Vol - TOTaL VOLUME OFi THE HEAT EXgAaNGER (cU FT)
~ VuaT - WATER VELOCITY THROUGH THE HZaT EXcHANGER TUBES
£ (FT/SEC)
o c WInTH  ~ TOTaL HEAT EX2HaVNGER WIpTH (FT)
140 c W3 -~ MpSS FLOW RATE 0F: WATER THRQUGH THE CcOOLING TOWER
¢ (LARM/HR)
c " Wa - MaSS FLOW RATE 35 AIR THROUGH THE £00LING TOWER
c (L3M/HR) ‘ .
¢ . Xp - LONGITURINAL PITZA 3ETWEEN aDJACENT TU3E! ROWS
145 c : 0F THE HEAT EXCAANGER FROM CENTERLINE TO
¢ CENTERLINE (IV)
z XnG - LONGITUDINAL DIa30NaAL PITCH 3ZTWEEN TURES IN
c ADJUACENT R0WS. OF: THE: HEAT Exc-m_NGEn CENTERLINE YO
- e CENTERLINE MIASJREMENT (IN) i
150 I X = TRANSVERSE PITCH BETWEEN ADJAZENT TUBES IN THE: SAME!
o TUSE ROw OF THE HEAT EXCHANGER FROM CENTERLINE
c TO CENTERLINEZ (T\) _
) ¢ 2o - NUMBER 0F HEAT IXCHANGER TUBZS IN NEPTH
e
758 ¢ HEAT £XCHANGER DIMENSISVALI JELATIONSHYA
c .
c Ar = INSIDE TURE ARZA (S3 FT/FTy
c 0ga -~ QJTER TUSE SUIFLIE AREA (SQ FT/FT)
- c A7CT - TSTiL OUTER SJSRTACE AREn (Sg TTAFT)
140 o vnLP ~ HEAT EXCHANGER VILUME (cu Fr/Fm)
o ART - €R08S SECTIOVaL: 00T TU3E aRIl (SQ FT/FTY
c AzS - J\IT CROSS-SEZCTIONAL aR%p (SR FT/FT)
o ALPHA = TU3E SUQFACE s4REa PER UNIT HIRT EXCHANGER VOLUME
- c (sf\ FT/FT)
165 o S1GM4 = RATIO OF FREE FLOW aRta TO 7OTaAL F:ONTAU
c AREA (DIMENSIONLESS)
¢

LOGICAL FXTLNG
- LOGICAL FIRSTy FXTEMUP
170 co\ldﬁq

$ ASyR, ALPHA

F-9
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SURROUTINE: CALC

34/76¢  OPT=i FTN 4,247835]

$ ¢CAPF, CSSPKW,. CONFy CONL,y COSTLY CAPCHGy CONMAT, CONMA2,CAF!

% 9C3Jy CSEAL®y CELASTs CFS, CDANGy CLUVR, CHAILSy CVM

$ 4pIEPLs DESVELs DANSLE

$ WEFFP

$ +FIRy FIRSTy FIxLs FCOS, FxTEY™

S 9GIEFF i

§ JHXNP_ HPCST

% o I1-EAT

$ ’ITWA!p ITMIN
5 9 JZ 2

$ 'K”Oﬂvv XALEXT

§ JMXEXT ' £

$ oN'UCrL(Z)’ NTA ' o

rIM4ON

] ”ov

§ .PS5I1ZFy PERs PWCOSs PLANC, 2FALT

5 ,Dadq\ﬁ. POHF ANy POHLECe POHCIRy POHCNDy PONSTCH PonscL

$ »A3TJ. RREpUCE
$ 1R3Ps REHURZs ROESELY ROEsLar RIVFLLN RFIX

§ y5AAF, sIGMAy gRPAMAT(2)

$ 9T TP0(4)y TE EFF, TLIM, TLPRA, TSEALP, TELQST, THFIN, TF[X

$ +TJ3A2G,e TW

B 2UnSs UWS

$ JVAS(S)
S swWTVY

% 4XJEPn, XW, XD

COMMON /SUPPLY/ VAL(S)s CPI2y (CCOSy Wqy COSMmy EFF!

§y sLaMDs REAIR, ZyHRFACS, Wey Us PPOW, i
s FPnWs pELECs WIATHy ELENGS VAIRy  VWAT, HT» HO T4y
S REWAT, Nw,PLaNc2,Ps1Z12, SP3P,-  sSwW4s  SW3y
$ S0CyPTOTALsPLANC32SAFRONe  AAIR) YFPy SPCDIPSIZ13» T2
) Sna, NWn, TCOS, DELCA,DELPWT,DELPWC,20NBAGy XNTSX, VELDX
Sy TLaXs UCONs FMCST, FBACSs IF7Cs CHy CAr cS

LX) CLTCoy CFCsy CPCCs FITCOY CSCeCEPREP,DJELPIP, AST
$9CA2CSr, XNFAN,BLDANG, CPLEVY, 29FZL,  wHXx, «TTUB, ADIA, ASLN
S»  ATHRR* WTFRMISTRUCCICFPERF*4PPERF TOTCF* EFFINY  ANTU

By ATREFys WATFFs XNMOD, TCTR%y  FDCPFy “MTRCe ACCTTP, ADJTP
Sy AST35De ADJBPDs  ACTVHy  AJJUVHy ADJPPF, THOAIRy TcTFy AFCST
e CSo2De WATERWs WSTRCTs CFIUNDs HUIDIA, TOWLEN, CSEy CHF
§ ,C8, VyMrOs, CTOWD, ATUBC, CSTLYR, CSTHS, cyL]WgG, CFANEL

COMMON' /SINK/  VAR(5), CPIPl, CCOSl, W31e COSMYy EFF]

%y SLAVYy REAIY, Z19ARFA25, Waly Ul PPowi.

5 FONuly DEFCL, WINTle ELENly VAIRYs VvWAT], HIvy HOLly Tély
§  RWwal,  Ywl,zPLNC2,281712, ZSP37, sw4l, SW31y

% 5Pnly PTOT14”LNC31, AFWULl, QAIR1,YFPMIN, SPCDy, SPSI3,WT2MIN,
$  BO4rNaNW24INy TCISy, DEPAyy I94T1y DPWCy,CONBAT, xnrsl, VELDY
By TL:ly UcCN1l, FMgSle Facle ZFFcly cHly CAls 51

s, CLTFl, GFCl, CPCC1,717COl, CSC1,CEPREY,IEPIPY, AST1
$9CAPCST1XNFANI 2 BLDANLsCPLENTYOPFELLY  WHls ATTULe ADI}s ABLY
$y dATHnls WTFR),STRUC+CFMOF 1y HPPF 1, TOTCF s ZFFINTy ANTU)

$¢ AIIFely WATFFly XNMOpls TCTPRQ, PDCprlo FYTRCle ACTTP1,y ADJTPI
s, AZTB™1, adJBP1, ACTVH1, a&DJvdl, adJPPy, 714”all, TCTF1 , AFCST1
S £S=19 WATERl+ WSTRCls CFOUNle HSUBDI1s TOWLELS CSENy CHF1

% +C3A), NUMTI4y, CTOWDys ATU3C1e CSTLV), CSTHE1s CYLRN] CFANE)
COMMON /ScalZR/ HRFACls SSCDe PLANCL, CASSSl,

GAIR, FAIR, HPAIR, HFgaT, PLANCT]
COMMON/DJR/DI*XDGSF

g

F-10
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539

735

249

270

275

I Y
D
un

OO0

a0

OO0 n

OO0

DO OO0

(9]

COMMON /FLSW/ FXTLNG-
COMMON /INDIS/ DIST ,
COMMON: /HEADEX/ JUMLE(lg) s W3
CAMMNN /HXD/ ATs ATOT
CcOMMON /Lacakls SRN
COMUNN /TINE/ XNS+TTDsTLAIXNTSyarRPS
COMMAIN /SURFEX/ O0Ls _DUMLST(15)
COMMON,TIBE/XGALFGALTY o LDESAIDY 9y TID(T o6y wpTii(Te8)
COMMON ZFaN/ FandaP (1535107 47a0aH (153,100 ,FMePFy FRCPFY
el BT AFC,EREY,, IHR !
300 FORMAT LI CALT 4Ty 71 43X nT1T0,1P2114443%,"RANGESN E11,493X,
FUCHAP A= 4T3 104 e2XaMAFRONZ" 011 a6 93X "W RAT="9E)144)
301 FORMAT (" CALE M="aTla3XeMT1="a12211¢%0 3%, "RANGES" BT, 493Xy
THCWARA= ) E1 1,6 43X e MAFRON=1,E11 (493X MWLRATZ"9ELL ol g TL10p"TCO5a,
E1144)
8 FoR9AT(wnZER0 DIVISOR IN SUSROJTIME CALC, AFQUN=n 1PE13es,6X,
€ USIGMAz,T13,4) ,
305 FoRMATYY /CALCY MynT1=nyE9,3y" HAIFAC221,E9,3,1 TEFFM="4E5,3,
h NT=n,£3,3.M00E 2,0 N3z, T, 341 J4SU,E9,3)
316 FORMAT (W Iy SUSRDUTIVE CALC A VALUE OF'"sG13,59" FOR AFRON WAS IGND
SRED 3E~AUST IT PRODJCLS ZERD VAUE FOR NWM)

903 FORYAT (MOERIOR IN npEPTH CALCJLATION LOQP IN SUBROUTINE CalLpe™

S /1XeM ' iaW3 D1 eZDeAAIRIVOL,AFRINI,13,6613,5) )
303 FORMAT!IX,13am TTERATIONS IN CA_C AITHOUT CONVERGING OV DEPTHy PZD
C %=y 5373.5e" Z0=T45)13.5.  AFRINZ"4513.5)
CDATA M<TR s/ ' )

Tuf FOLLOWING ARE BRANCH POINTS 0OF THE SUBROUTINE
D=PENDING OY THE PARAMETER WHICH HaAS BESN VARIED SINCE THE!
LsST TIYE THROJGH CALCs THI PROSRAM BY PAWSSES THOSE
CALZULATIONS THAT 0D NOT HaVE TO 3f RECALCUL,LTED

SXT NS eAND o VCeEAsMaANDsMaEQaS) RETURN
“Ead4) 50 Tn 22

£a.3) 30 70 21
£E~,2) 50 10 2"

M MO N

(

0

(M E~,3) GO TO 223
(T E

{

¢

OO IS A Y |

TIE 3ACK PRISSUIE OF THI! TURBINE 15 GIVEN HERE A4S A
FONCTION OF THE STSAM TURIINE EXHAUST TEIMPERATURE {IN HGA)

XP(174165=026C0.,(T1+6604))

P=f
goz=e

TUE HEAT RATE FACTOR OF THSi TURBINE 1§ CALCULATED HERE
AT A FUACTION J2F TJE TUIIINE 34CK PRESSJRE (DIMENSIONLESS)
HEAT oATE FASTOR CURVE FIT
HRFAC22T20 (1) +TPO(2) P +TPD(3)sPna2 ¢ TP0(4)ePes3

THE OFF DESIGN TURSINE EFFTICIENCY IS GIVEN RY THE
FOLLOWING (PERCENT)

TEFFM=TEFF JHRFAC?

F=11



290

205

215

330

335
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SUBROUTINE CALC

OO0 00O A000

aaoon ODOOOOO00 0O 0000

o000

2 Xz X2 XsXsNe Xa X2,

[aXele]

 GREJ=QIN« {1 ¢"TEFFM)

20

21

30

3l

33
$

34/74  OPTal FIN 8,247835{ 12720718

¢ 3 THE TOTAL HEAT CONSUMPTIONI OF: (BTU/HR) THE PLANT 18§
GIVEN AS A FUNCTION OF 204ZR JUTPUT OF THE PLANT
‘(W) aND THE TURBING EFFICIENCY

QIN=3473,«PSIZE+1000./TEFFM

THE HEAT REJECTED BY THE! DRY COOLING. TOWER (RTU/HRY
Is THE FOLLOWING ' :

[ '

KNOWING THE AMOUNT HEAT REUECTED BY THE! DRY Z0OLING
TAWER AMD THE RANGE OF THE! WATER) THE MASS FLOW RAYE OF: THE:
W,TER FLOWING THROUGH THE TOWER CaN BE caLCULATED {LgM/HR)

W3=3RE /RANGE

GTVEN THE CAPCITY RATIO 0F! THE AIR TO THE WATER, TME
MaSS AIR FLOW RATE CAN 3E CALCULATED (LBM/HR)

wWhe=4d3/ (CyARQA=,.26)
THE DESIGN OF THE HEAT SXCHANGER IS HANOLED aY THEI
FAMILIAR NTU=- EFFECTIVENESS RELATIONSHIP, OEPENOING
UsON THE VALUE OF THE CaPacITY RATIQ THZI EFFECTIVENESS
(nIMENGIONLESs) Ig DEFINED 5v EITHER OF! qHEZ FOLLOWING Tw0
_ RSLATIONSHIPS
IF (CWArRA.GE«le) GO TO 30 .

" CaPACITY RATIO LESS THAN: ONE

EFF = =ANGE/(T1 = TTQ = TD)
CMIN=W3 .
GSXQ

GO TO 21

CaPACITY RATIO GREATER THANi ORE

EFF = CWARA&RANGE/(T1 = TTD = T2y
CMIN=WAS, 24

G=CAaRA _

H = CWARA®RANGE/(T1~TTD - TD)
1op=0

TWHE HEAT TRANSFER CAPACITY OF A HEAT'EX;HANGEQ'IS AEPw.
RESENTED 8Y THE. NONDIMENSIONED: NUMBER 071 HIAT TRANSFER UNITS!
NTU, THIS PARAMETER IS JEPpNOENT UPON THE FLOW ARRANGMENTS
OF THE COLD AND HOT FLUIDS

CAUNTER FLO¥ HEAT EXCHANGZIR: ARRANGEVENT

IF(NTUCAL (1) +EQenCQUNTER FlLm :ALL-NUNOZP(Tl,TD,TfD,CNAﬁA,RANGEQ“3
sWis ANTU)

¢r0ss FLOWw HEAT EXCHANGEZR' aRRANGEMENT



SURRDUTINE CALC 14/76  OPT=} FTN 4,2+¢7%35] 12/20/76

IF(VWUCAL(l)aEO.NCRQSS FLOW#H) ANTU==G#ALOG(1,*ALOG (1=} /CWARA)

) o
245 o STNGLE PASS HEAT EXCHANGER
¢ .
IF (HXN2 eEQe 1e epANDe NTUCALKL) *EQe nTABLE! nw) CALL
$ NTJLP (CHARASEFFANTUY
A o
350 C Tw0 PASS HEAT EXCHANGER
c ‘ v .
IF (HXuP oE0e 2o oaMDe NTUCALI(1) ¢EQe nTABLE! n) CALL:
§ NTJPP (CHARASEFFYANTU)
_ 22 CONTINI'E
355 c
o Ho AT E£XCHANGER OIMENSIONS
o
C I4SIDE TURE AREA
. . AI=3'14159‘DI"12-/14[‘|
g0 C
C OnTZR TUBE SURFACE AREA
0SAE3,74159+0DL%12,/1%4
c
o c TnTAL OUTER SURFACE AREA
155 ATOT=0g5A
c
c HEAT EXCHANGIR UNIT vOoLuMEl
VOL==Anmaun] e/ 00
c . . ;
270 o RATIO OF HEAT EXCHANGER SJRFACE AREA TO VOLUME! OF HEAT
C EvCHANGER
ALPAR=ATOT/VOLP -
C
C U1T CROSS=SECTIONAL! AREA
275 ACS = »“/12 0
ACSY = € LlexocGrl2, 0
o
o C20SS=-SECTIONAL TURE AREA
- ART = ﬂDL/la 0
350 ARTY = 2,0waART
C oo
C QATIO OF FREE AIP FLOW ARZA T) TOTAL! FLDW AREA
SIGMA = (AZS = ART)/ACS
‘ SIGWAD = (aCSD =« ARTD)I/ACS
ans C .
C THE AIR FLOW AREA (SQ FT) NORMAL TD THE DIRECTION OF AIR
c FLOW IS CHECXED TC DETCTMINE IF IT IS 4 RIASONABLII VALUE
c
IF(AFRANASIGMAEQe0e0)WRITE (9,300)49T1,RANGE ,CWARA,AF?ON WLRAT
29¢ IF(AFRANSSIG VA.C“.o.c)wQITE(5,301‘ T”os
IF(AFRNNYSIGMA.ER,0,0) WRITE(S5s8) AFRCN,SIGV,
o
c THE AIR MASS FLUX IS CETEIMINED FOR THE!' MINIMUM CR0SSe
C SeCTIONAL FLOw AREA
295 C

GAIR= w4,/ (AFRONSSIGMA)
13D = W6/ (AFRONSSIGMAD)
eatal = zarre
IF(38120 .CTe GAIR) GAIR] = GA&IRD
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1F: (IHEAT .EQ. 3) GAIR] = GAIR =~ '~

TWE AIR SIDS REYNOLDS NUMBER FOR THE MINIMUM CROSSe.
SFCTIONAL FLOW AREA IS FOUND BASED ON THE OUTSIDE TUBE
DIAWFTER '

REAIR=0DL#GAIR1 /(404621240

THE AIR SIDE HEAT Tanusraat(sru,Hn SQ F; OEG Fi COEFFICIENT
' AnD FRICTION FACTOR IS DETZRMINED - .
CALLI FAICHO (FATR,HO,00L X%, XD, X236, 5AIR] , IHEAT)

THE WIDTH (FTy OF THE HEAT EXCHANGER IS CALCULurem

DEPENDING OV IF THE LENGTH OF THE HEAT =XCHANGER TUBES IS

F1XED* CR ALLONED TO FLOAT

IF(’XT!\ dIDTH:AFPON/FIXL '
1'(.VOT.FX*LNG) WNIDTH=SQRT (WLRAT=AFRON)

TWE NUMBER OF TUBES IN WIDTH.
NWaNIOTH, Xnal2

A CHECK ON THE NUMBER OFi TUBES IN WIDTH:

T IF(NWeLTe1) WRITE(6,316) AFRON

IF(NWLLT,1) MKTR = MKTR » 1}

1F(UKT2,5T7,200) STOPWAFRON IS 3€ING DRIVEN TH ZERo™
IF(NWaL Tel) GOTO 10

WTZ2=wInTH

NW2=NW

TWIS IS THE START OF THEi ITERATION LOO™ FOR HETERMINING
TWE NUMBER OF TUBES IN DESTH OF THE HEAT EXCHANGER!

KN=0
Z0=2.

WATEZR SIDE REYNOLDS NUM3BER!
REWAT=4B8enW3/(3014nle654DTw(ZD/H4XNP) aNW)
WATER SIDE MEAT TRANSFER COEFFICIENT (3TU,HR S@ FT' DEG F)

~ DITTUS BOELTER RELATIONSHI?
Hl=,1826% (REWAT=*=,8)/01

NUSSELT LAMINAR FLOW RELATIONSHIP
IF (REWAT LY. 26ggs) HI = 3,55e5,354/(D1/{2.}

CHECK ON WATER SIDE HEAT T3IANSFER COEFFICIENT TO
DETERMINE IF IT IS A REASONABLE VALUE

IF(LEGVAR (HI) «EQe0) GOTI 6
WRITE(Rs3I93)NW,W3yDI+ZDeAAIRYVILWAFRON
sT0>!
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74/74  OFT=) FTN &,2+¢7%35]

6 CONTINNE

[a Xe Xe Ke)

a0 o000 (e NeXe] 00 Y O

OO0

10

OO0

o000

a0

I
b

OvERALL HEAT TRANSFER CALCULATION BASEDI ON THE! OUTSIDE
SURFACE AREA (BTU/HR SQ FT DE3 F)

REFFl = ATOT / (2.43.14159)
U= lons (1,0/m0 o |

REFF = ALOG(OOL/DI) / CONL!

ATAY 7/ (81sRI) )

BTR S1DE HEAT TRANSFER SUIFACE! AREA ({S2 FT)

AAYR=ASTUSCMINZY

VALUME OF THE HEAT EXCMANGER (CU FT)
VOLSHATR/ALFHA

DEPTH OF THE HEAT EXCHANGZIR (FT)
DEPTH=vOL /AFRON

TUE NUVRER OF TUBES IN DEATH

p7p=70
20=12.+DEPTH/XD

" CANVERGENCE CRITERION OF ITERATION LOoP
IF (AR (ZD-PZDy PZpeLTe#001) 52TO 11
Cch( CN THE NUMBER OF TIMSS THROUGH ITERATIVE' LOOP
KN=<NeT .

TEI<N.ATLTO) WRITE(6°303) KN*PZINZI1AFRON
IF(4v.nT,u0y GoTo 10

2=73
6072 §
KCONV=Y
LyC=v
RET 2N
ReSTRICTING THE NUM3ER OFi TUBSS IN DEPTH B8Y eXTERNAL
VARIABLE DEEP(
TEST = n »
T (DEEP'\. .LT‘ 0.0) TEST 2 M, 5T,.n
IF(IEERL o5BTe 0.0) TEST = P LTW" .
IF ( teeT LEQ, “.GT." LAND. 2D .57, ABs(DEE”LY) 6070 19
IF ( TeST (EQ, valTeM JANDe 7D oLT, JEEPLI) GOTO 190

WaTEI SIDE FRICTION FACTOR aND PRISSURE: OROP CALTULATION
0fF THEZ HEAT EXCHANGER

GWAT = HXNP & STGe o W3 ,/ (3916159e01s074204\w)

VELOCITY OF WATER THROUGH THE TUBES

12720716



- - . - s
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e X

. €15 VWAT=GYAT/(62+43600¢)

HEAT EXCHANGER TUBE LENGTH '

D00

5 IF(FATLNG) ELENG=FI¥L
520 IF (WNOTWFXTLNG) ELENG=WIDTH/WLRAT'

‘WATER SIDE FRICTION FACTOR

OO

] " IF{EWATGT2000e) GO TO 12
525 FWAT=164/0CAAT
GO TO 4
12 IF(2EWAT.BT,1.ES) GO TO 13
FUAT=40791/(REWAT#=,25)
s GO TO 14
=30 13 FWwAT=,046/ (REWAT=x 2}

WATER SIDE PRESSURE DROP THROYGH THE: HZAT EXZHANGER

oo

14 DELPWT = HXNP & 48, » FWAT » ELENG = (GWAT,/3500¢)4#2 /
535 $ (DI » 62, = 64,4)

AIRFF = FAIR

WATFF = FwaT

CANDENSER DESIGN

o000

£40 .
CALLI SPDES(TD,T1,RANGE,TTD,XNS,2REY,VELD,RHO,, ARPS [ TLA,XNTS, HDLOS)
DEL WC=HDLOS*62,

CNSTING OF THE HEAT EXCHANGER SURFACE AND HEADERS

2 X233

€45
CALL! CASTEX(ATOT)

FaN SYSTEM DESIGN

(s e XKel

550 . To=CWACALRANGESTD
BARL_N=2,39953-3,81835E~5+ELEV
BAR=EX2 (BARLN)

SCECIFIC VOLUME OF aIR £OR THE INLET TO: THE WEAT EXew
CHANGER BUNDLE- AND THE IZXIT OFi THE FAN (CU FT/LBM)
SPVOL=(T4+459,67)/1,325/3AR -
VAT NE (TD+459,67)/¢1,325¢3aR)
VAN UT= {Ta+459,57)/(1,3¢5+34R)
Vaavs(upaIN+VAOUT)/Z,
£60 VAI3=GaIRlevAaav/3600,

[gXe kel

¢ A1R SIDE PRESSURE DRCP THROUGH THE HEAT EXCHANGER
DELPA = (GAaIR1/3800s)%%2 = Z * (4esFAIR) * VAAV/S4,.4
DPTASF=DELPA

865 DPTINW = DPTPSF/ 35,2022

' IF((OPTINW#,07495¥SPVOL) «GT4d,359 RETURN

c

c DFSIGN AND COST OF THE FANi SYSTEM
. CALL! FAN (CPTINW)
570 o

F-16
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e Ee NeXe]

e NeNel

e XeRaXel

QOO0

76/76¢  QPT=] FTN 4,2+474357

AFC GREATER THAN ,49E+9 MEANS NO SUITASLE FAN WAS FOUND BY
SUBROUTINE FaNy SET TCOS T2 HIGH VALUE TD THROW 0UT THIS
PAINT IN THE' SEARCH FOR £ MINIMUM

IF( AFr «5Ts #49E*9) TCOS = l1eZp38
IF( AFr .GT. +497+0) RFETURN

DFSIGN AND COST OF THE WATZR PIPING SYSTEHM

CALLI PTPCRT(T1, w3, TTD, RANSE, CTOWD, DELPWT, DE_PWC, DIST

s . +OESVEL,y REDUCEs QZDUCZs WRy ZD9y XWe TCWFCSy NUMTOW
$ ) +DELPI?y EFDPy HPWATs RMDs CDANGs 2CHCIR POMLECY EFFP)
DELY = NELPYT « aplPWc » DELPI?

IFITTHECS o8Te 1.E433) TCOS = 1.E+38

IF(TCHFECS 4GTe 1.5+39) RETURN

PPOA=HOWAT /(1,34 ugFFP)

SHALING UP THE POWER PLANT AND. THE' DRY 200LING TOWER TO
MEFET THE POWER REQUIREMENTS OF: THE: FAN AND PIPING SYSTEMS

CALL! ScalP (RANGE, CVWARA, AFROV, WLRAT, TCWFCS, NUvTOW)

DeTERMINE THE INCREASED COST OF' PRODUCING ELECTRICAL

12720716

FAWER FROM POWER PLANT USING A DRY COQLING THWER AS THE, HEAT

REJECTION SYSTEM

" CALLI NAVART (CWARA,TCOS)

Lves
RETJRN
EMD
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OO0

SURROUTINE CHNGE (M) -

THIS RNAUTINE IS CALLED B8Y SUBROUTINE SERCH WHEN PRESSURE DROP RE=
STRICTTON IS ENCOUNTERED, IT SZWRCHES B8Y CHANGING A VARIABLE:
OTHER THAN THAT SELECTED 8Y SU3ROUTINE SERCH,

LOGICA{ FXTLNG
DIMSNSTON DP(5) 40V (5) yVAJ(5) _
COMMON /ScalLER/ HRFacly SScDs 2LaNgly cassSsly

$ CGAIR, FAIR» HPAIPo HPWAT, PLANCT

LOGICAL FIRSTy FXTEMP . : v SRR
COMMON . r )

$ AFTR, ALPHA

AADBA VYA NARAAW

$

N AN

s
$
%
8
$
3
3
%

5
3

3

ummmeﬂeﬁuummmw

"9yCAPF. CSSPXW, CONF's CONLs COSTLw CAPCHGe CONMAT, CONMAZ2,cAF!
vC1ﬂv,CSFAL°' CELAST» CFS» COANGs CLUVR, cHAILSe VM
yDZEPI 4 DESVEL, DANGLE
+EFFP
,FCPo FIRSTy FIXL, FCOSy FXTEMS!
yGafFF
PHXNP, HPAST
s IHEAT
s ITMAYy ITMIN
s JCONg
s KrONv,y XKALEXT
yMXExf
sNTUCAL(2)s NTA
COMVON
ony: :
sPSIZEy SERy PWCOS, PLANC, PFACT _ . .
sPUHBAFs POHFaAN, POHLECy PO4CIR, POMCND, PO4STCs POHSCL!
yR28J, QREDUCE
1232y REDUCEY ROESELs ROEELA» ROOFLY RFIX
1SAAF, SIGMAy SPAMAT(2) -
+Ty TPO(%)s TESF, TLIM, TLPRAy TSEALP, TelLaSTs THFINy TFIX
1 TJBAGy TW
sUZSy UWS
yVaS (F)
PWFY
s XJEPrs XMy XD
COMMON /SUPPLY/ VAL(S)y ¢PIPy (COSy W3, cO0SMe  EPF
[ LA D’ QCAIR‘ Z’HRFACE’ d‘, U' PPOH'
FPaky DELFCy WIDTH, ELENGy VAIR, VWAT, HT MO, T4
REWAT NW+PLANC24PSIZ12s SP3Py SH4 SWae
SQC9PTOTAL9PLAVC3 SAFROV AAIRY YFPy JPC7vPSIZI3, wWT2y
Ch2 ‘e TCTG, DELTAGIZLPWTHDELPWC,CONBAS, xNTSxy vELIX
’ TLaXe UCON' FMCSTy FBACCe EFFCy CHe Car (]
’ CLTCy CFCy CPCCs FITCOy CSCyCEPREPHHELPIPY AT
1CAPCSTy XNFuMNyglDANGs CPLENs DJPFELY wHXy WTTUB, aDIas aBLN
s HTHRRy WTFRMySTRUCCYCFPERFIHPPERFTY TOTeFe EFFINe  aANTU
s AIRrsFs WATFFy XMNMODy TCT2%4  FDCPF, FMTRCs» AQCTTRy ADJTP
y ACTB2Ds ADJBPD, ACTYH, AdJy+dy, ADUPPF, 1HPAIR, TCTFs AFCgT
’ CSrDy WATERWs WSTRCTse CFOUNDY HUSDIAs TOWLENS CSEr CHF:
9C3Ay NUMTOW, CTOWDs ATUBCs CSTLYRe CSTHS, ZYL3INGy CFANEL
COMMON /SINK/  VAR(S). ¢PIPly 200Sl, W3], EOSMT. EFFL
y CLATL, REAIL, 21,HRFA2S,  yol, Uty PPOyT,
FPOw1? DEFC1* WIDT1® ELENLY VAIRL1® vwaT)!? HIy? 401 Tsl?
2EWL ]y NW1+ZPLNC2,2S1212y ZSP3Py SWéyy SW37y

F-18
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SURBOUTINE CHNGE 34/74 OPT=) FTIN 4,247835}

4l

10

11

43

12

17

$ - SPcl, PTOT1,PLNC31, AFROl, AAIR1,YFPMINy SPCDIs SPS13,WT2MINs

[ n’?W?N,VHZNIN. TcOS1ys DEPAls DHPWTY, DPWC10"0N8A19 XNTS1l, VgLpl

Sy TLAL c '1 FMCS1, FBACl, ZFFCl, CHY» CAIQ cs1
S CLTF1* CFC1?® CPCCLFITCOl* CSCI'CEPREIYDEPIPT? ASTI
Sy CAPCS T XMFAN] yBLDANY Y CPLENLTWDPFEL]Y wHl, NTTU1, ADIl,
$, FTHn1, WTFRI, :Tpu l,cFM°F1, APPFl, TOT»FI. FRINT. A“TUI
$, ALRFEY, wATFF1, xV'Up1, 7CT?"1, FOCPF), FMTRC1, ACTTP1,
$¢+ AZTBo1 ADJRP1® ACTVHI® ADJVHLY aDJPPlse TH2AIl® TCTF]
L £571y WATER1s WSTRCls CFOUN1ls +UBDI1s TOWLELDS CSEl

LY 18]

ADJT?Y
AFCST1
CHF1

s ,cnal. NUMTOW] cTDWDlv ATU3CLy ¢STLV1,y €STHASls @YLRNle CFANEL

cOMION e sz FxTLNG
COMMON ZLACALL/SRN
COMMON /TINE/ XNSsTTD»TLAIXNTS,ARPS

L=0

X1=0

N9 1 I=113
ov(ly=_ 05

02 2 1=1,2
pV(l+dyz,2
DD 3 I= 195

VAJITY =VAR(T)

VAL(I)~VAQ(I)

VAL (M) = (1l 4DV (M) ) ®vaR (M)

IF(FXTevPy val(l) = TFIX

IF(FXTeMP) VAl (2) = RFIX
IF(VALkAJ.LP-“.vJ GU TO 3¢

IF(4.G7,3) 'Go 1o 10

Ir(VAL(I) L. 0,0 50710 3¢

Bom VA3 VAY(Z) /(Vad (1) =TTD=TD)

15 (4.6r,1,) GO 10 36 .
TF (aL0A (1. =H) /VAL(3) JLE.=1,) 5O TO 3p
SaN="/AHNGESL/
CAL"SAL'(VAL(I)vVAb(a)vVAL(3)9VAL(‘)0VAL(5),1)
1Fi<cCy . gq,1) 6P

PA= ]EL“A

Pal=NE~Al

DO Wy = ELPA-DEPL]

IS ER]

IF (XT|_MG) 1iB=p

DO 25 11=[IBe5

1=6-11

IF({1.Enag ANDDV(1),6T,,005) 5O TO 35
IF(1,EA.MY) 6D TO 35
VAL(I)=tl »DV (T} AVARII)
IF(vaL(I) L, LE., 0y G0 TC 24
VAJ(IY=valL (1)

IF(FXTEMP) VAJILl) = TFIX

IF(TXTeMP) VAJ(2) = RFIX

IF(1.,67.3) 50 TO 19

1F(vaJ¢ly LLE. 0,0y Govo 12

H o= VAL(3)sVAJ(2)/(VAJ (1) =TTD-T)

IF (4.6r. 1,y GO 7O 12

IF(ALOG (1, =H)/VAJ(3) . LEs=1,) GO TO L2
6n 7o '7

VAJ(I)=VAR (D)

GO TO =4

-7
-4
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SURROUTINE: CHNGE 74/74  OPTaj FTN 4,2+738351

la

45

24

25

26

a7

IF(MalTel) yaM - 0 T Tt e
SAN=H/CHNGE=2/ 1t
rAL-IchC(VAJ(l).VAJ(Z)‘VAJ(3>»VAJ(‘)ovAJ(s),Jy
VAJ(I) =vaR(I)

IF (<cowv,20,1) 60 1O 38 © 7

‘PA=JELPRA

PAl=DE~AL o
0P (1) =nELPA~ DEPAI ‘ o

ce e ‘ ]
D=1- . * . .
VAL(T) = (1, +DVITI)a(E=DP{M))/DP (1)) »VARIT)
IF(FXTeMPY VALt = TFIX

IF("XT=MP) Val(2) = RFIX

1F(VALII) 4LE.C.D) 60 Tn 34

IF(1.Gr.3) GND TO 24

IF tva (1) JLE. 2.0 GOTO 34

H o= VAL<31avaL(Z)/can<1>-TTo-Tao

IF(H.Gzate) GO TO 34

IF(aLOn(Ll,~H) /VALI(3) JLEs=1,) GO TO 34
san="/»Husg-3/ "

Ccalll CaLotVAL (1Y »VAL(2) +VAL(3) 9 VAL(®) s VALHS) y )
IF(<C0y,E2,.1) GO 70 34

17 (2ELPAGT XDEPALANDDELPACLEW1,01*XDEPA) GO TO 36

IF(JELNPAL,GE, 1. 0leXpDEPA) GO TOD 25

. c=psl0

IF(ZelLT+e001) GO TO 34
E=Fe+C

30 7O 78

D=Cs19,

IF(>eLT.«20) G0 TO 34

E=E =D

GO TO 18

1F(TC05.6E,TCOS]) GO TO 34
calll STORE

L=1

DO 27 1d=1,5
vaJd(IJy=Var (LYY

VAL (M) = (1, eDV (MY ) eyaR (M)
IF(FXTeMP) vaL(l) = TFIX
IF(FXTeMP) vaL(2) = RFIX
IF(vAL (M), LELC,0) GO YO 36
IF(4.6T.3) GOTD 33

S IF(VAL (1) aGEs 1704 ,0R.VaL(1)4LT.110,) GO TO 3,

47

33

34
as
36

H = VA (3)#VAL(2) /(VAL(1)=TTO=T2)
IF(4.6r,1,) GO 70 36
I"(ABOF(I.-H)/VALT3).LE--I.) 80 70 36
5RNe1 /AHNGE w4 /1
CALL! CaLC(VAL (1) ,VAL(2) ¢ VAL {3) 4 VALI(S) 4VALKS) JM)
IF(<COV.ER.1) GO TO 38
pal=DErpal

A=DJELrA
NP () =nELPA=DEPAL
6o 70 1l
VAL (T)=VAR(I)
CONTINIIE
Do 37 1=145

F-20
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SURROUTINE CHNGE

37

38

39

24/74

DVI(I)=adV (D)
klagdael

OPT=]

Kl:o
IF(OVI(])«LEas?®
DD 39 1=1l.5
nv(Ly=nv(ly/5,
60 7O &

RET JRY

END

05) 60 TO 39

F-21
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SURROUTINE' COSTEX 74/74 0PTaj ‘ FTN 4,247835] 12720/7s

SU3ROUTINE COSTEX(ATOT)

o

c ‘ "SIBROUTINE COSTEX DETERMINZS THE: COST OFt THE HEAT EXCHANGER

c , Bi:NDLES OF THE DRY COOLING TOWERS, THE!I COST OF THE HEAT

o ExCHANGER BUMDLE IS BROXEN! DOWN INTO SEVERAL SUBCOMPONENTS
' c ' jo HEACER

c 2. TUBING

c 3. TUSING SETALANT

c 4, SPACERS ‘

c 5, BUNOLE FRAME! :

c 6. BUNDLF ASSEV3ILY

¢ THE WEIGHT OF THE HEAT EIXCHANGER: BUNDLEIAND THE WAYER ARE

c ALSO caLCULATED.

-

o DFFINITION OF VARTABLES ] )

c AnC = HOLE FACTOR FOR THE HEADER cOSTS (EIHENSIONLESS)

c AT = CRNSS=~-SECTIONALI AREA OF THE TURE (sQ IN)

c BIECF' = BUNDLE SHIPPING aND ERECTION FRCTOR OF THE HEAT

c EXCHANGER (DECZI4aL)

o Ca = 3UNDLE ASSEMSLY aND FRAME COSTS ($)

c caa = guMplLE ASSEM3LY 23ST. ($)

c cad = ¢c9ST OF gOLTEy AzaneR JOINT (s/FT)

c celLAST = £0ST OF THE g-aSTO%eR (s/LgF)

¢ CFPREP = ¢OST OF gNp PzPaRaTION FOR zpcH TUse (54TUge)

c ] - UNIT rFRa'r pOSIS (s/LaF)

c cH . = cO0ST OF THe HrA3 R FOR gacH gUNpLE

c Cull - STEEL‘HEADEQ ZosTs ($/L8F)

c CHF = gUNpLE FRAME COST (%) .

c CHX - cosr OF THE HEAT gXcHANGER ($)

e co - UNIT PLASTIC c3STS ($/Lafp)

¢ Ce - COOLING gyrFACE CZO0gyp (S)

o C<C ~ TUBE SPACER COSTS (§/TUBE-SPAZER!

c CsE = COST OF SEALING PLATE AND SEALANT ($)

¢ CSEALP = COST OF ScAL PLATE ($/LgF) |

c DT =~ INSIHpE nlaMeTzR JF TU3E (IN) ‘

o ELENG - LENGTH OF THE HEZWT ZIXCHaANGER TURES (FT)

c Fa - TOTaAL TUSE FLOW a2€Ea PER PASS SG (T\)

o FaCT 4 HEADER FACTOR wHICH DEPENDS OV THE TYPE: OF HEADER

c i (JIMENSIONLESS)

c F1Teod = TYRING COST (3/°T)

c Fp = PRESSURE FACTOR (npIMENSIONLESS)

o F1 - HZADER DEPTH MaTIRIAL FAaCTOR (IN)

o Fo « HIADER wIDTH MATEIRIAL: FACTOR (IN)

e Hn - YEADZR DESTH PER PASS(IN)

o HEOMAT = TYPE OF rEabE< MaTER1alL (DIMENSIONLESS)

c HFDTU3 = NUY3ER QF TU3ZS PZIR HEADER

o HEDTYP = TYPE OF HEADER

o HEDVOL; = HEADER VOLUME (ZU FT)

c Hu - HEADER WIDTH (IN)

c Hy\» ~ NUMpER OF PASSES THROQUSH THE HEAT EXCHANGER

c (OTMENSTIINLESS) X

¢ Nu - NUMgER 0F HEAT ZXCHANGER TURSES IN WIDTH

[of (DIMENSIONLESS) .

c onL: =~ OUTSIDE DIAMETZR OF Tuge (IN)

c PrF =~ PI0CJRMENT COST FaCTOR (DECIvaL)

c PAHBAFI = INDIRECT CONSTRJCTION COST FOR HEAT EXCHANGER

c BJUNDLE (DECIMAL)

F-22
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SURROUTINE COSTEX 76/74

(@]

AT OO OO OO0 OO0 DI O0

RAEELA
RnEL
RNESEL
SpaMa
Se
T=LAST
Te
THBVQC
Tw
WsTERW

We
WX
LIN
WTEIM
THOR
WTTU3
Xn
X:BUN
X!
Z

ARRAYS
TH8vA
CL
c.Mv
ROEL
GiGLI
TuxLIN
FINTY
Crv

S:Lx“s

U XFo
TANFT
Fos
FrH
H=DTy
HeDMA
QN
Cuv
W
C"
CuH
Fe
FiNMg
Fol

FrH
M, XFY
R~EF
STANFT

REALI NTU3

0PT=1 FTN 4,247835]1 12720716

- DENSITY OF THEZ SEZALING ELASTOMER (U 3M/CVU' IN)

- TU3ING MATERIAL JENSITY (L8M/ZU IN)

DENSITY OF STZELI SZALER PLATE (LBM/CU INY

- SPACIR MATERIAL' (DIMENSIONELSS)

SPACING BETWEIN SPAZERS (FT)

THICAKNESS OF SLASTOMER LaYER (IN)

THICKNESS OF SPACER MATERIAL (IN)

~ VOLUME nf WATZIR INSIDE THE TU3ES (cU FT)

THICCNESS OF THI HEADER walls .(IN)

~ TOTAL WFIGHT OF THE 4ATER IN THE HEAT EXCHANGER
AYNOLE (W3F)

=~ WIDTH OF THE HEAT EXCHANGER 3 JNOLE (F) )

~ WEIGHT OF MATIRIAL' MAXING UD THE ExXCHANGER (LBF)

WZIIGHT OF MATZIRIAL! IN THE HEAT EXCHANGER! (LBF)

WEISHT OF THE AZaT EXCHANGER TRAME (LBF)

WEIGHT 0F THE HIAT EXCHANGER HEADES (LBFY

WEISAT OF THE TJ3ZS IN THE HIAT £XCHANGIR (L8F)

LONGITUDINAL TURZI: SPACING BETAEEN TURE ROWS (IN)

NUMRER OF HEAT IXCHANGER 3UNDLES (DIMENSIONLESS)

TRANSVERSE TU3E 2ITCH NORMAL TO AIR FLOW (IN)

NUMBER 0F HEAT ZXCHANGER TUBES IN DEPTH

(DIMENSIONLESS)

LINER MATERIAL

LINER FIXEN COSTS (3) -

LINER MaTERIAL 'Dgrs ($sLg)
NENSITY OfF LINEZ WATEQIALS tLasau IN)
LINER GAGE

THICKNESS OF LINER (IV)

TYPE QF FIH

Fin ¥ATERIAL COSTS (3/L3)
FINNING FIXED €OSTS (S/FT)
COMMON nrafETeRs JF: LiNVer (1M
MaXIMyM FIN HEIGHT (1)
STAYDARD FIN THICKNESS (IN)

- LOWEST FIN PITCH (°PI)

-

HIGHESQT FIN PITCH (5R1)
TvPZ oF HEADER
HEADER MATEZRIAL o
KEADER YATEXITAL JDINSITY (L3/CU IN)
COST OF HEADER MATIRIAL (s/LB)
cOST 0F HEANER 1Aﬂ41WIV AND wr*DING (S/FTY
NOzzer AND ATTACAING 20sT (S/KHOLE)
Tusz Avs PLUGHILE SREZARATION ($/HOLE)
COST LENGTH FAZTOR FOI TURES (DIMENSIONLESS)
TyPZ 857 FIN MATIRIAL
LAwER LTIMIT ON STANDARD FIN PITZHES THAT ARE
COMMERCIALLY AVATLABLE (FINS/IV)
UPPER LTMIT ON STavDaD FIN PITZHES THAT aRE
Vouq QCIALLY AVATILASLE (FINS/IVY
AXI4yM FIN HEISAT FOUND OUMER~IALLY (IN)
ENSITY OF FIN MaTIRIAL (Lgv/cd IN)
FIN THICKNESS LIMITS SOUNp cOMMzRelaLlyY (IN)

F-23



SURROUTINE COSTEX 76/74.  OPT=i FTN 4,247435] 12720716

115 LOGICAi FIRST, FxTEMP =~ ' 7 B ‘
COMMON o i |
$ aAFTR, ALPHA o C o
$ +CAPF, CSSPKW, CONFy CONLs COSTLy CAPCHGy CONMAT, CONMA2,CAF!

- . $ sc3Jv CSEALPy CELASTs CFSs CDANGs CLUVR, gHAILSs ¢VM

120 S »DZEPLy DTSVEL, DANCLE |
§ JETFP
§ oFCRy FIRST, FIXL, FCOS, FXTEMM
§ 4G3SFF ' : ,

¥ $ SHX\P, HPST ) =

ies $ o Id4cAT ’ :
$ «ITHMAy, ITMIN ' : [ oo
5 rgcoMe ' ' f : - 1
$ JKCONv, KALEXT o o : o

- % 'MXL_‘X"r ! ! . ' . ' i )

139 ' $ .MYUﬁAL(Z). NTA

cOoM40 o . , o
$ 0DX ‘ ‘ \
$ yPSIZEs PERe PWCOSe PLANCy PFACT ) L

- S sPIHBAFy POHFANy POHLECs POHCIRY POHCNpe POASTCY POHSCL!

73S $ 4QJ, Q*epUcE .

s ,R3%, REDCE, ROEGEL, ROEELA, R00FL, RFIX
$ sSA4AF. SIGMArY SPAMAT(2) )
$ +TDs TPO(g4)s TEFFy TLIMy TLPRAs TSEALP, TELASTs THFINs TFIX
3 +TJU3ANGe TW

140 $ sUSSy UWS
% svASI(5)
$ 'W:M
§ ,XJEPA, X, XD , .

- COMMIN /SUPPLY/ VAL{(S5)sy CPIPy CCOS, W3y COSMy £FF!

145 %9 cLAuD. 2EAIR, ZJHRFACZs Wy Us  PPOMs _
5 FPowWy nelFes WInTHy cLENGs VAIRY  VWATy  HIo HO, T4,
$  REWaT, NW,PLANC2,PS1Z12, SP3P,  SW4,  SW3,

% $TC,Pr0TAL,%LANC3,SAFRON, aAIR,  yFP, sPC3,PS1213, WT2,
¥ 82y  NW2y, TCOS, DELPAsDELPWT,DELPWCsSONBASY XNTSX, VELDX

150 %9  TLaXs UCONs FMCST FBACC, EFFC, CHy Chy . CS
Sy CLTCy CFCy CPCCy FITCO, CSCyCEPREPyIELPIPY AT
S9CAPCSTy XNFANsRLDANGsy CPLEMs DPFELS WHX, WTTUB, ADIAy ABLN
$9 WTHARs WTFRM,STRUCCCFPERF,HIPERF, TOTCFe EFFINy  ANTU
.y %y AIRFF, WATFF, XNMODy TCT®F4 FDCPFs FMTRCy ACCTTPy ADJTP
155 $, ASTBAD, ADJBPDy ACTVHe ADUVH, ADJPRF, TH5aIRy TCTF, AFCST
T £S2D, waTERy, wSTRCT, CFOuV), Hy3DIa, TOLLEN, CSE, CHF
$ sC3A9 NUMTOWe CTOWDs ATUBCe CSTLVRs CSTHSe ZYLANGY CFANEL
COMMON /DJg/ 01+XDGsSF
cOMMUN /7 = CIS1 7 WL
140 COMMON /EScAL/ B53ECF
COMMON /SEalLER/s HRFaCl, SScDs 2iaNgly casssl,
¢ GalR, FAIRs HPAIRy MPHAT, PLaANCTI
COMMON /HEADEX/ CHHoCNoCHMoCHWI CRUs CHUICSTyCU0 e CSRICSMIPITCHF 9 P MY
1PRESSyHEDMATIHEDTYP s NPASS, WS - .
165 COMMON /SURFEX/ 0D eGAGLINNTUS s TUSMAT,FINTY?FINMATICFByAPLATEY
s COATCsy ZINCCy CASTCeSSeERPREPCyXTUBMAIXHEATY 4 XPINTY
COMUON / RORT3 / TUBCSTeSHLCSTIFETCST+CHX

- DIMENSTON TU3MA (2),CL(2),CLY(2) 4ROEL.(2) S
170 DIMINSTON HEDTY (&), MEDMA(3)s RVEHU(3)s CHC(4) 9 CHUAT(3y
DIMINSTON ROES(2)y SPAMA(Z)s ¢P(2)

F-24



SUAROUTINE COSTEX 74/74  OPT=1 FTN 4,2+478351 12720776

TASLE I

175 - LINER TUBING COSTS AND DENSITY

OO0

"DATA CQ 70e0¢ 0002/
DATA RAEL: /0,035, 0,033/
789 Data C~ /1,10, 2.29/
"DATS RAES <044, #0314,
" DATA TR'MA/ UPOLYETHYLEY, WPILYIRODYL M/
DATA SoaMa /"POLYVINYLcYy "POLYCARZONM/

c -
785 c TARLE I1T
c HeADEDQ FABRICATION COSTS
-
DATA SeDTY , nywZiN REMOVH, uwWELD PLUG n, MFOIM REMOVE,
B + NEQ]M PLUG " /
190 DATA (wEDMA(I)sI=1+3)/"STEEL PoWALUMINYM My taalLVANTZED"/
DATA RAEHY / ,2864. 09751y 42847/
DATA CuMAT / .53s 1.3y 37/ .
DATA CuC / 1405¢ 14007 2495s 079 /
195 g DeFIMING THE CASE UNDER CONSIDERATION
c
IF(*NOTFIRST) GOTO 55
LFLAG=A
- 09 17 r=1,18
200 TTUSYMA = I
IF (TyuaMAaT JEQ, TyusMa(r)) 60 > 25 -
10 CONTINGE
PRINT Y1
LFLAS=Y
20g 11 FORYAT(5X«"NO MATCH FOR LINER MATERIaLM™)
25 D2 33 T:loa
15Pa™a = 1 ‘
IF(SPAnAT ) LEQ. SPAMALL)) GOTY 45
} 30 CONTINGE
219 PRINT 31

LFLAG = 1
1 FOPVAT 5% ,"ND MATCH FOR SPACZR MATERIALM)
5 CONTINUE
IT(LFLAG,NEL0) STNHP
21lg 55 COMTINGE
IF (FI13537) 5970 125

c

c LINER TUBING CISTS

~

220 WL = 3767911 aROZL (ITUBMA)# ({ODLu#2¢0 ™ DImg2e0) /4.0
CLYZ = (CLMiITypYa) = WL ¢ CLIITUBMA))
PCF = 1,10
LTS = CLTC#PCF
FITZ0 = cLTC
’ 225 c
c Ti=E SPACER COSTS
c

TS = 354

F-25
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SURROUTINE COSTEX 74/78.  0PT={

OO0

OO0

DO O0

555

a0 OO0

a0

140

N

145

HD
AT

XN e (T/HXNP) + 1,0
:3,16155 « 0oL = ODL / %,

CSC = CP(ISPAMA) * (XW = HXND & AD/Z = aT) » TS » RODES(ISPAMA)

E«D PREPARATION COST
CEPREP = EPREPC
CHOLING SURFACE COST

cs.
cs

: Cq o POHBAF

DEFINING THE CASE FOR THE! 4EADJER

IF (sNATe FIRST, GOTD 145

DO 130 I=1+%

THEYTY = 1

IF. (HENTYP ,EQ, HEDTY(I)) GO TD‘139
CONTINOE

PRINT 131 ‘
STO

FOQMAT (5X41"NO MATCH FOR HEADER' TYPEM)
0o 140 I=1,3

IHEDMAST

IF (4SDUAT,EQ.HEDYA (L)) GOTO 142
CONTINNIE

PRINT 141

STN?

ForMaT (5X¢"ND MATCH FOR HEADIR MATERIALM)
FIRST=, 7ALSE,

RETUAN

HeADER AND NOZZEL £OSTS
CONTINUE
NI'IMBER OF RUNDLES IN COOLING TOWERS

XNARJN = NW=XW/(12.0%#8)
XNMID = XN3UN/g.0

Ni/M3ER OF TURES PER BUNOLE!
HEDTUB = 12,%7 «WQ/XW
ABC=1,n .
IF(IHENTY.EQe2,008,IHEDTYLEQRe4) ABC=2.0
FP=1.0n
FA = ,765398+DIeDI«HEDTUI/HX NP

HEADERQ DEPTH AND WIDTH

HD = Xn » (2/HXNP) + 1.3

Ho =2 Fy 7/ (2.0 = Hg) » <,0

Fl =20 & HXNP « 4X\P w Hp /. 10,0
Fe = 2_°-HXVP!FA/(2°,°-HQ)

IF (IHE~TY 20+ 1,03, THEDTYENe2) TacT=2,arles,
IF(IHEQTY +EQ¢3,0R, IHEDTYWEQe¢) FACT=2,a7l

F-26
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TuNWa (FITCOSELENG+CSCa ((ELENG™5255) /SS) ¢CEPREP)
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209

205

110

220
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N
(8]

330

SURROUTINE CNSTEX

a0

[PESRES Ne)

a0 OO0

a0

[ XR}

(e Xe}

[eNeNe]

78/74

OPT=1

He4dER COSTS
CHM= CuMAT (IHERMA)

CHa (CHr s ROEHM(THEOMA) w (12 2 W3aTWu (2, #F1uHD +(F2¢2, ) #HW) ¢FleaFas
S Tv ) 4 CME*(FaCT=w3 +(4,0aFlady s

S 4,0 v pgJa (HXNR#HD/124 + WR) 4 i
1CHH® (24, 0%8RT a2 48 /xw) & 4,neCNasQIT(Fa,3,{63501)xNRNLEP

CH = Cu = DOHBAF

IF (A8

1T

« 5T

1

4,0) PRINT 150

ANNDLE ASSEMSLE AND FRAME, COSTS

RiiNDLE FRAME (COST
AESHTLENG®(BO0 ¢ 2.0883) *XN3UN

oVE .

CViF =
CVF =
cHF =

~

vF

=

0437

3UNDLE ASSEMBLY €0ST »
C3A = (115ne * SIRNT(Z*ELENGI/42¢ ¢ 550.% SQRT(ELENG)/945
$S2RT(WR) , 3.5 & 5030,) = XNBUN
POHIAF

c3A -
ca = CvF + £34

WFISHT OF HEIAT EXCHANGER

FTN 4,2+7835]

2,04 (F2 42,0) 04wy /12,0y

« WB » HXNP & HD

ST NF HEADEQ SEALANT

. » {CSEALP = ROFSEL =+ TSEALP = 12,

3T = 20FEA *= TELAST = (12, = Wg & HXNP = QD = HEDTUR
) o« XNHUN

SE « POy3aF

Tu8E vATERIAL WEIGHT OF COOLING TOWERS
Z » NYW = ELENG * WL .

WTTJR

=

MEADER MATERIAL WEIGHT OF) COOLING TOWERS: .
WTHIR = 20EHM(THEDMA} & (124%438TW 2 (2,aF [«<D¢(F242,) #HW) +
5 FlaFaaTw)

TAaTaL
WTF3IM = 20,9

* XNBUN

FRAME WEIGHT

* ELENG ®= (24.4W3/(2.#SS

}) &« SQRT(Z/6.)*XNBUN

TATAL WEIGHT OF WATER IN 4EAT EXCHANGER
= Z-NthLENsva.16159-31-31/(1b?.o-a.o>
2 N

TURvVOL

HZG -

WATEIRVW

+ GiRNF & 1D o« Hin o« WB 7/

= (TU3VOL ¢ HEDVOL)=562,4%

a6,

= XNBUN

TATAL MATERIAL WEIGHT OF HZAT EXCHANGER
WwTTUS ¢ WTHDR * WTFRM

WHX =

THTAL HEAT EXHANGER COSTS

BSECF
CHYX =
RETJAN
END

=
~

le
~
SEC

12

(CS ¢« CH + CA + CSE)
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SUBROUTINE FAN (DPTINW)

!

SUBROUTINE FaN SEL;CTS THEI OPTIMUM FAN SYSTEM FOR THE PARTICW.

"UAR YEAT EXCHANGER GEOMETRY SELECTED, FOR THE PARTICULAR

FaN SYSTEM THE FOLLOWING PARAMETER ARE SPECIFIED=

1e BLADE DIAMETZER
2., HU3 DIAMETER
3. NUM3ER OF 3LAJZS PER FaN
o 4, BLADE ANGLE ' )
KnOWING THE NUMBER OF FANS AND THE PACKING FaCTOR OF THE
FaNSy THE CIRCUALR TOWZR DIaMeTER ¢aN ZaSILY BE )
DeTERMINEpD. ' THE ¢OST OF THE FaN SYSTgM IS THEN FOUNp, THE
FaN SYSTEM RESULTING IN T4g) MINIMUM cOST 1S SPECIFIED AS THE!
05T IMYM. _
In THIS SUBRCUTINE TRHERZ! ARE TWO ARRAYS WHICH CONTAIN DATa
FAR THE FOLLOWING FAN DIAMETERS (24926028930060960)s FOR
EicY FaN DIAVMETER THERE IS PERFORMANCE JaTa FOR FaNS WITH
DTFFEREMNT NUUPRER 0F RLADES AND 3LADE AV3LES. THE DATA
AR24YS FANDAP CONTAINS TAZi FOLLOWING INFORMATIONa
FANDAR (L1s)
J=le5 - COEFFICIENTS FORI THIRD DRDER cURVE FIT OF VOLU=~
METRIC FLOW RaTE! VERSUS TOTALI PRESSURE DROP AcROSS!
THE FaN

J=6 ~ LOYER PRESSURSI DROP LIMIT (IN WATER)
J=7 - UPSPHR PRESSURE! IRIP LIMIT (1IN WaTER)
Jzg . = DIAMETER OF FAN(FT)

J=9 -~ NUMSER OF BLADES 9ER: FAN

J=10 - 3LADE ANGLE (DESGREES)

1214153 = DIFFZRENT SETS OF DaTa FDR EASH Fan aND

" PERFORMANCE POINT - - -
TWE DATA ARRAY FANDAH CONTAINS THE FOULDWING INFORMATIONe
FANDAH (I,0)
J=ly5 = COEFFICIENTS FOX FOURTH QRDER cURVE FIT OF
HORSEFOWER VEISUS VOLUMETRIC TLOW RaTE

J=6 ~ L2#ER LIMIT OV VOLUMETRIC FLOWw RATE OF AIR THROUGH!
THE FaN FOR wHICH DaTa IS AVAILABLE

Ja7 - UPPER LIMIT ON VILUMETRIC FLOWN RATE OF AIR THROUGHI
THE FaN FOR WwH4ICA DaTa IS AVAILABLE

J=8 -~ DIAMETER OF FAN(EM)

J=9 - NJMBER 0oF BLADJES PER Fayn

J=192 = BLADE ANSLE (DE3R2Zs)

DEFINITION OF VARIABLES o
A AIR FLOW AREA OFi THE, FAN (SG =)

AalLN =~ NUHMBER UF FAN 3LAJES (DIMENSIOINLESS)

anla - FaM JIAMETER (FT)

ANFCOS = ANMUAL FaN cOSTS (%) . .

AMSFPC = ANNUAL CAPITAL! COST OF: PLENUY, FOUNDATICONs AND
STRUYZTURES (8) .

AMSFPE = TOTaAL aANAUAL ¢OST OFr THE FAN SYSTEM ANp STRUCTURE

34R ~ BAROVYETRIC PRESSURE (IN HGA)

BLOANG = FAN 3LADE ANGLE (DEGREES)

CAPF = DERCENTAGE OF TI4E TAE PLANT 1S PRODUCIVG POWER
(PERCENT) )
CPANG = COSINE OF TME ANGLE FOR THE DELTA HEAT EXCHANGER
 ARRANGEMENT (IIVMINSIONLESS) R
CFM = ESTIMATE OF THE VOLJYMETRIC FLOW RATE: OF AIR THROU3M

F-28
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76/74

CFR0S

crt
CING

cuaT
coL
coM
caR
e
5iST

DoTiINW
23TM
Drow
DTTS5
TCSF
EnR
E1.FNS3
AR
Ferad
FaMLEC
Frds
FrR

FasT
Fuag

Fupg:
Feoy
GnEFF
H=
MAIR
HopF
H1821a
1
IrMaX

ITMIN
ITUIN

ITowN
LaFeLlFE
NaF
PFACT

P aNg
PAHEAN

PAHSTo

RAOF!

- FAN MIT0R cOST PzR 4ORSEPOWER FOR: MOTORS' OF SMALL:

0°T=]

EACH FaN

FTN 4,247835]

{CU FT/¥IN)

12720746

FAN 3TACK COSTS WITH AND WITHOUT VELDCITY RECOVERY

(%

CONVEZRGENCE PARAMETER FOR THE: VOLUMETRIC FLOW RATZ|
THROUGH EACH AN (DIVMENSIONLESS)

TNRRFAMFN

DETERMINING THE FAN PERFQOIMANZE POINT (CU FT/MIV)

TAL VOULUMETIIC FIOW 2aTE OF AlID LISERN IN

€OST OF FaN MOTOIRS 2EZR FaN (§)

£IST OF PLENUM FOR THE ENTIRE TOWER SYSTEM ($)
£IST OF PLENYM MATERIAL ($/U8Y)

£AST OF THE S2£33 REJULER (3}

FaAN R1ING
nISTANCE
CIRcylan
PRESSIRE
JI1STANCE
DIAMETER
DISTANCE

MATERIAL UNIT ~0ST (3/L3F)

FROM T4 CONDENSER RJOM. To THe FIRST
TOWZR (5T) v

DROP ACR0SS THE HEAT EXCHANGER {IN H20)
FROM TH4Z: SWITCH GEAR TO TuE MOTOR (FT)
OF THE CIRCULAR TOWIIS (FT) ,
FROM THEZ! TOWER Tp TAZI SWITCH GEAR (FT)

ZSCALATION FACTOR FOR FaN COST {(DIMENSIONLESS!
FEZAT RATE OF 2LANT (3TU/KW=HD)

LENGTH OF HEAT ZXCHANGER TUgGZS (FT)

DLANT ELEVATION FROM SEa LEVEL! (FT)

FAN DIAMETER (FT) .
SLECTRICAL! WIRING COSTS FOR THE FaN SYSTEM ($)
PLANT FUEL 05T (cENTS/MugTH)

FIXED CHARGE RaTZI ON CAPITAL SDR ONE

YEAR (FR

ACTIONALY

CAPTITAL COST JF THE FaN (%)

HIORSEQOWER (8/4°) N o
FOUNDATION cOSTS FOR THe slrecJLAR TOWERS' ($)
Pavc REAUIREVENTS OF THe FANV SYSTeM (KWY

GEAP 30X

EFFICIENCY OF THE FaNI SYSTEM (PERCENT)

HEIGHT OF THI SaN RING (FT)
H2RSEPOWER REQUIIEMENTS 9F THIZ: FAN SYSTEM (HP)
HORSEPOWER REAUIRIMINTS OF gacH Fan (HR)

DIAMETER

OF THE Fan HUB (FT)

PERFDRMANCE PIINT OF a FaN (DIMENSIONLESS)
MaXTMUM NUMBER DFI TOWERS ALLOWED BY INPUT VpRIagl?l
{IIMINSIONLESS)

N .
MINIYUM NUMIZR 371 TOWERS ALLOWED 3Y INPUT VASIASLE!

(DIMENSI

ONLESS)

NJY3ER OF CIRCJLAR TOWERS (DIYENSIONLESSY

VaRTa3LES USED IN SPECIFYING wHICH FaANS ARE TD gE

CONSIDERED FOR JSEZ IN THE FaV SYSTgM
(ITHENSTIONLESS)

NUMAZR 0F FaNS va<ING UP THE ~yN SYSTEM
{DIMENSICONLESS)

DACKING FaCTOR, RwTIO OF CIRCULAR TOWER 2WOF AREA

TO FaN SWEPT aRT4 (DIMENSIONLESS)
BAST PLANT COSTS (S/XW)

INDIRECT
INDIRECT
(JECTMAL
CIRCULAR

COST £AZTOR FOR FANS (DECT“AL)

COST FacCTOR FOR CIRCJLAR TOWER STRUCTURES!

)
TOWER RVOF LO0AD (LBF/SG FT)

F-29
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74/76  OPT={ FTN 4,2478351 12720776

SAAF: = SHIPPING AND ASSEMBLY FACTOR (DECIMAL)

SePVOL! = SPECIFIC VOLUME J3F THE AIR EXITING THE HEAT
EXCHANGER (LBM/CZU FT)

STRUCC = CIRCULAR TOWER STRUZTURE ¢OST (5

TAVI? - TANGENT OF 16 0E3REZS TO 3£ UsED IN cOSTING oF:
;quv ge|.4.n oJ-urAV ::—”I“';J

TaN 8 ~ TANGENT OF 3 DE Jaras TO BE uS=D IN COSTING oF EXIT
STACK FROM THE: FaN (DECIMAL) ¢

TRSTF = TOTAL CNST OF THE: FAN SYSTEM (S$) '

TrSTPF = TOTAL CNOST OF A FaN (%)

TATCFM = TOTAL VOLUMETRIS FLOW RATE FORI THE AIR THROUGH
T4E FaN gysTEM (2 y FT/MIN)

TATHP? = TOTAL KORSEPOIAE2 3EQUIREMENT OF THp FAN SYSTEM tH3)

™ - TOTAL’PRESSURE‘JIPF RENTIAL AZROSS THE FAN (IN 42d9
Ta - AIR EXIT TEMYPSRATURE. FROM THE HEAT EXCHANGER
(DEG F)
Ues = JNIT COST OF THE! STACX (s/LaFf)
uws = UNIT WEIGHT OF: THE STacX (LgFrcU FT)
velL ~ AVERAGE VELOCITY OF THE 2IR LEWVING THE FaN
(FT/SEC)

VelLREr = SPCelFIES WHETHSR VELOCIY RECOVERY STACKS ARE
GOING TO 3E USED OR NOT (DIMENSIONLESS)

Ve = NON RECOVERABLE' AIR VELOCITY +HEAT EXITING THE FaN
(IN 420)
WATERW = WEIGHT OF WATER IN. THEi HF AT EXCHANRFR TUBES AND

BUNDLES (LBF)

WEY = UNIT WEIGHT OF T<E ENTRY BELLI (LBF/SQ FT}
TOWHX - WIEGHT QF THE HZAT EXCHaANGER (LBF)
HiDTH - WIDTH OF THE AHEAT EXCHANGER (%) .
_WoL = WIEGHT OF THE PLENUM MOTERIAL! (LBF/ SQ FF)
W = MASS FLOW RATEI 071 AIR THRQUGH THE HEAT EXCHANGER'
(L3M/HR)
XuTAN = NUMBER OF FaANS (JDIMENSIONLESS)
REAL.I NOF

COMMON /FAN/ FANJAP(153¢10) 9FANRAH (1534100 9FMCPFy FBCPFY

SVELIEC, AFCsZLEVyZHR

LNGICAL FIRSTy FXTEMP

COMMIN
§ ATTP, ALPHA .
§ sCa3F., CSSPKY, cONFs CONLs COSTL'» CAPCHGs CONMAT, CONMRZ,cAF
$ yc3Je CSEALP LASTy CFSy CDaNGy CLUVR, ¢HaILSy cVM
$ JDZEPL DFSVELp DA\GLE
$ +EFFP
S sFZRr FIRSTY FlALe ESOVEL) FATERF
s 1G§EFF
§ JHXNP, HPCST
§ o[HEAT
§ 9IT4AY, ITMIN
b 'Janq
$ +KZONv,y KALEXT
$ oMxTxr
§ 4NTUCALI(2), NTA
COMMON
$ 003
§ 4PSIZFs PERy PWCOSy PLANCy PFACT

$

yPIHBAFs POHFANs POMLEL, POHCIRY POHCNpDs PONBTCy POHSCL

F-30
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SUaROUTINE FAN

3

GAIR,

74/T74.  0PT=) FTN 4,2+47835]

S +GTJ, AREDUCE ’

$ »R3”s RENUCEs ROESELs ROEELAY R00FLy AFIX

% oSAAF. SI06MAy 595MaAT(2)

% 972y TPO(4y, TEFF, TLIW, TL’?A, TSEALP, TELAST, THFIN, TFI
$ ITUIALNEY TW

T 41128y U4S

3 ,VAstfs

& gWeV

k3 .x;rD». Xy AD .

cOMION ,gyPPLyv, yaL(3), cPI°, ¢cOs, w3, cOsv, EFF
3y CZLAMDY REAIR, Z+HRFAC?2 Nas Ye PPOwWy

% FPady DELFCs WIDTH. -Lrvs.‘ VAIR, VWAT, HTs HO,
% QEWQTQ NW,D'AVCE'rSﬁL; 5?399 SH#, Sw3.

3 STCLPTOTAL,PLANCT, aAF”““ AQIR, YFP, SPcn,PS1213,
5 Ao, NW2 o TCUS- JELPAo)ELPMTfDELPWC9:OV3Q§' XNTSXo
$, TL-Xy UCON, FHMCST. FHAZC. EFFC, CHy Cas cs
Sy CLTCy CFCs CPCC,y FITCO,y SCeCEFREP, DELPIP, AST
ToLADCSTe XNFANGBLDANGy CPLEVs D2FEL: AHAe WTTUB, ADIAY
e ATHARy WTFRM,STRICC.CFPERTy42PERFy TOTCFs EFFINe  aNTU
%+ AIRFF, WLTFF, x¥M0D, 7CT77, FDCPF, FMTRC, ACCTTR,
. ACTR0ND, ARDJBPD, aACTVH, ADUVH, ADJPPF, TH3AIR, TCTF,
L ) £Sune J4aTERYs WSTRCTy CFOUNDy HUSDIAs TOALENs CSEY
% ac3as NUMTCHs cTOWDs aATUgre CSTLVRy CSTHS, oYLRANSs CcFaANEL

COMMON /SanER/ 4Rracle SS¢dy PiaNgls casSsly

FATR, HPAIR, HPyuaT, PLaNeTl

X

Tés
NT2Z2
VELDX

AN
ADJTP

AFCST
CHF

12720746

COMMON 7M2a0EA7 CHHICNSCHAMICUWPCRIICHIICSTICUOICSRICSMIPITCHE Y CP Y

SPRFESS e E

IMATeHEDTYP s NPASS W3

cOMAON /ENL00R, LFgelFE
Cqﬁ'ﬁN /PLcOSTy WP
COMMIN V5187 DIsT
COMMON /Pur/ PMELEC

CATA (FANDAP(  1aJ)ed= 1 105
% .7951 .0652(‘ 16
¢ 13 12625 ’ 244 o
DATA (fANDARL 2sJdyed=1910y /
% 1,059 1=e03172 y=,12682
% '23' !0765 A 24‘ .
naTa (FAVDAPL 34Uy ed=1910) /
$ 1.346 1=1,635 +1.,6AR5
s N ve3 v 2%, s
DaTa (FANDAP( 44Uy ed=1v10) /
& 5543 044,552 e=14,339
T 355 ve 4 s 26e 9
DATA (£ANDARL SyUysdzlelny 7
% L4015 yH.007 9=16,5c7>
T W82 1498 y 284y
DATA (FANDAP(  3eJysdzl910) /
€ 1,337 109315 1=4e655
3 G477 «.25 ’ 2“ '
DATA (cANDAP(  T4Jyed=isl12) /
% «3,074 25,609 [ B ”’ .905
F %32 slenl v 2hGe o
DATA (mAMNDAP(  23J)ed=10l0) 7/
$ 1,226 13,829 y~11,305
$ .605 el y C%a
DATA (cANDAP( 94JdyedaielDd) /
T 217,129 456,90 1=182,64164

F-31

111,964 y=8,252.
5¢ ¢+ 6, /

1,2533 y=e2331 '
5. 14 B. /

1=1,666 +,588¢ ’
50 14 10. /

115.999 1 m64582 ’
6e 9 12. /

117,327 126713 ’
6, 9 14, 7

»5.368 1=2e624 .
6- * 16. /

254,656 ¢e=1%,277 [
Se ¢ 19, /

112.904 9=5.303 '}
60 L] 20. /

1152.343 1=6T7,27% ’
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DATA (FANDAP( 279J)sd=1¢10) /.

$ 2153,996 548,34 92659402

$ \.02 ] 01.48 ’ 26,

DaTA (FANDAP( 28,J)9v=1910) /

$ 1.290 9=1,005 102432
F-32

$ .69 e140156 y 26Gs 9
DATA (FANDAP( 10sJ)eJd=1410) /
$ .9109 1=26216 1=+ 0576
$ .205 «+ 795 ) 26,
DATA (FANDAP( 11,J)sd=1310) /.
$ 1,089 1=e7222 ve0581
$ -26@ 90969 [} 2“. 1]
DATA (FANDAP!{ 129J)ed=1910) /
% 1,194 1=,6306 y=,0933
$ 327 914138 Ty 2%
DATA (TANDAP( 139Jysd=lel0y /
$ 1.%42 +=1.399 v1.550
S .333 ) 112 " 2“. ]
DATA. (FANDAP( 144J)9dalel0) /
$ 4397 14,638 9=10,373
$ 445 2le?1 ] 240 9
DATA (FANDAP( 15,J)sJ=1910) /
s 1,933 +=,5932 y=,53643
5 .52q . 01.1/‘ [ 2“. L]
DATA (FANDAP; 164dy9d=1010) /
h] .2“4 1] .202 0-14-399
$ 012 i 91,25 y 2%
DATA (FANDAP( 179J)ed=1910) 7/
$ 2,321 1=2,232 211,862
$ 684 +11e15 s 26y
. DATA (FANDAP!{ 18yJd)ed=1910) /
§ =12.148 455,65 y=83,947
5 756 11,74 s 244
DATA (FANDARP( 194Jd)9d=1913) /
% 08525 ".2121 O206814
b3 .214 3 ' 9-95 [ 26» [
DATA (FANDAP( 204J)edJ=1s10) /
$ 1,307 9=2,057 13,129
3 .276 11419 9 2%,
DATA (FANDAP( 214J)sd=1910) /
$ 1.140 14,3030 12,4077
% «3% 91,3635 ’ 2%e 9
DATA (FANDAP( 22,J)9J=1910) /
$ 1.211 y"el1516 , " +5856
$ 377 91,34 sy 264,
DATA (FANDAP( 23+J)9ed=l910) /.
s 1.247 !-0“13 0'16502
$ .455 ,1;4 v 24. ’
DATA (FANDAR( 2%9J)sd=1510) /
3 1.314 s 5641 y=1.536
$ .5% 91,37 . 2“. ’
DATA (FANDAP( 25sJ)9sd=1910) /
s 5757 164363 y=T,5248
g 6352 ,1,55 . 26,
DATA (FANDAP( 269J)9J=1910) /
kY —.076 ’01982 "'10.733
$ .T45 slebd sy 244

Ba 0 22.

909596
80 1 6.

v.0384
5. ’ B.

'.01957
84 9 10,

1‘10‘18
8, ¢ 12,

18,729

Bs o lae

’ .6805'
8. v 16,

112,133
8. ’ 18.

"Q?“Sl
30 y 20.

1 55-657
8, ZZ.

1 .593“
10¢ 6.

'.20760
10. ’ 8.

’.2543
10, o 10,

,03418
10, » 12,

’01965
10, 4 la,

948532
10, » 16,

14,961
10. L] 15.

’6.333
10, » 20.

’350052
lg, , 22

19,1717

FTN 4,247835]

,-.075&
s . 0876
7
"..009“7
194356
"2.755
1y 3251
’-3-683

'*oO?i%

l'130939

y»e1894.

148712
1w, 0672
y=e07576
1=s01766
vme1989
s=1,231

1m14647

9‘690609

0'105{5

PN

12720775
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f «205 9255 s 26¢ o
DATA (FANDAP( 294J)sJd=1410) /
$ 1,164 1 =,0621 s=3,590
$ 248 1066 s 254
DATA (FANDAP( 304J)9J=1410) /
$1.196 +01327 -=2,201
S .EQC 0.77q L] 260 1
DATA (FANDAPYL 31,5J)9d=1s10) /
% 1.378 1=1.,413 11,077
T .35' o-ag [} 260 [
DaTa (FANDAP( 324,J)ed=1910) /
¢ -,397= 413,678 138,603
F 441 0087 s 254
DATA (SANDAP( 335J)sd=1910) /
$ 2.%97 14,479 +5,7893
§ 455 s 85 s PB,
DATA (caNDAP( 244J)ed=1410) /
$ -3105:3 '200029 "‘050.“2
% «525 1489 v 25
DATA (2ANDAR( 35,U)9J=1910) 7/
2 =37.,9325% 1229 ,06 «=693,03
3 .595 vs 88 s 26e
DATA A“DAP( 354Jyedz1910y /
5 19; Q"QQO 76 01663 3
b3 .53 190 ’ 26. ’
DATA (rANDAP( 37,U)4d=1910) /
$ 1.166 1=1,456 12,750
$ .27 14505 v 256
AATA (cANRAP({ 33,J)9d=1910) /
£ 1,179 1 =.1032 9=24070
5 .27: 'qo7§5 [ 26‘ [
DaTa (FANDAP( 3%5J)9d=1s10) /
% 1,431 =374 1404604
k3 .333 9-335 ] er 1
Darh (FANDAP( 404Jyed=1910) /
$ 1,339 1:5223 123,195
3,37 y 2305 ’ 26e¢ 9
DATA (FANDARY G4lyd)edslelD) 7/
] '8802 931760 -B 974
T 445 y1.083 vy 25«
D&TA (FANDAP( 42+J)sJd=1910) 7/
$ 1.929 L Bt té“?l 0..5586
% 3512 y1.03 s 764
DATA (zaN¥yaP( 4’9d)1d 1210) 7/
T «,703 ,44.?:: »-27,23%
S .536 ,IA L] 260 1]
DATA (ZANDAP a»sJ).J 1»10) /
% ~13.827 v 76,312 v=138,97
$ ,695 11.06 y 26,4 o
DATA (FANDAP( 454Uy ed=1s10) /
§ =1%4,517 «58,914 -108,562
S 74 11e125 . 25
DATA (rAN3A9( bheJyyd=1910) 7/
£ 1,0% 1*.5941] 103743
s ,23 «e 18 sy 25,4
DATA (FANDAP( 47+J)ed=1910) /
S 1.284 '°09253 009886

F-33

«4683,48
Se 9 20.

1y=1295,9
50 * 22.

14,222
5. L 6,

»3,033
S ¢« 8,

'05361
8, s+ lo,

'30499
5' ' 12'

27+814
80 ] 14.

_'.9519
8. L4 15.

972,063
Bo 14 19,

'111-051
8. » 20,

S,.63
8. 22

19,6713
11, » 6,

y~1,0506

/

/

/

/

/

/

/

FTN 4,2+7335]

yeé,382 '
1762727 5
12,2331 '
y=19,25¢
smle061 ’
'n166 67 ’

+=156,93 .
2373,75 ’
11,818 ’
1=1,935 ’
106993 ’
1=1+643
y=2.748 ’
1=.5993 '
12224635 9

1'330j33 ’

2=20.0 L
ve2083 '
14303 L

12720714
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$ 429 +498 ¢t 264 9 1ls 9 B, 7/
DATA (FANDAP( 48,J)yJ=1910) /

s 1,320 +2,09006 ¢=1,233 11,396

b 0355 } e1s15 e 256 3 1le s 100 /
0ATA (FANDAP( 494J)sJ=l410) /

$1.385 143155 y=1,958 114822

3 413 1-28 N 25. R 11. N 12' /
DATA (ravonp( 509J)0Jd=1410) /

$ 1.,376 ,.7733 s=Coe 250 910701

$ 049' ’1 1015 [} 26. ’ 11. * 1‘. /
DATA (FANDAP({ S19J)ysd=1910) / :

$ 4334 15911 211,257 8,504

$ .57 . '1.464 [} 26. L] 11. 9 16. /
DATA (FANDAP( 52,J)9d=1410) /

$ =64275 134,035 1=53,2555 935,674

$ .65 114525 [} 26¢ ¢ 1l 9 1By 7/
DATA (FANDAP( 534Uy eJalsl0) 4

§ -25,743  ,103,627 ,-144,837 ,89,298

3 .75‘ 1138 0 260 s 11l,e 20. /
DATA (FANDAP{ SésJ)edalsel0) /

§ =A7,904 9225,828 9y=273,144. 146,373

gz 1,11 y1.45 26, 4 11, 4 22,
DATA (FANDAP( 5544)sdzlel0) /

$ 1,141 1=~,331 9=1,453 v=1,591

$ |19 s954 . 28- . e ¢ 6./
DATA (FANDAR( S56,J)¢d= =1410)

$ 1.045 12.745 .-16.5 4 530,038

$ ,23 ’-63 y 284 4 6,9 8,/
DATA. (FANDAP( S57sJ)9ed=1s10) /

s ,5211 15,303 1=23,573 136,245

b3 .25 9.7 ] Zeo ’ Be 10. /
DATA (rAVDAP( 530J)9J 1»10) 7/

$ 1,058 45,352 y=22,7730 433,866

; .33 ’|71 [ 28. L] 6' ’_12. /
0ATA (FANDAP( S9«J)sd=1v10y) 7/

% -3,092 437,987 +=111.734 139,178

£3 .39 ee 78 K} 280 ] Se s lé‘ /
DATA (FANDAP( 50¢J)ed= 1e20) 7

§ =1.,430 426,222 ,=79,847 +102.926

§ 435 ,077 I 2Be 6o 9 16¢ /
DATA (FANDAP( 61ad)ysd=1910) /

$ 22,974 s167,722 ,=422,785" 4,467,638

s ./‘; ’.785 1] 8. L} 6. [ 18. /
DATA (FANDAP! 525dyed=1910) / o

g -4,12% 946,711 9=131,308 159,511
3 53 ", 76 ’ 2“ ] 5, ’ 20. /
DATA (FANDAP( 630J)9d=1910) /

% «93,242 1607.748 y=1365.,5 £1350,4

s ,58 vel9 s 284 9 B, 9 22,7/
DATA (FANDAP( 644Jd)9d=1910) /

S 1.1069 1-.0283 +=3.,051 *3.750

$ .20 9957 sy 2%« v Be v 64 7/
DATA (=AVDAP( 65,J)9J=1210) 7

s 1,386 -.4003 y=2,450 13,275

$ .255 9'79 v 2% s B, 9 8,/
DATA (FANDAP({ 66yJ) 9= 1910) /

5 1,479 1=.4131 ~,8639 y»,0806

F-34

FTN 6,247835]

1me6345!
ATy
105649
y=2e4T4
y=8,8459
y=20,622
y=229,455
92,453
12204517
1=20,781
v=18,871
1=64,532
4=50,00
»=193,335
y»T1,4578
v»508,349

'Ol.gi.l

'.ltbés

90301;

’

’

.

1272076
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435

440

SURROUTINE FAN

F-35

74/76  OPT=]

s .3\ 9.9 [] 280 L} e. L] lo. /
DATA. (FANDAP! 6T7:J)yJd=1910) /

$ 1.3542 114115 2 =6,559% +9.507

b 035 . ’09 ] 28' L] 90 ’ 12. /
DATA [FANDAP( 684J)sJd=lsll) /

€ .a3a3 !9=6‘Aa 7'263‘267 '280991

3 .("‘ ,.9(1 ] 280 ] 8, ’ 14. /
Data (cANDAP( 69,J)yd=1010) /7

% -,145c 113,991 1=36,402 +38,619

L] 54: 1% s 284 o 8, 9 18, /
DRTA (2ANDAR( 70, )9 J=1010) /

$ 1,525 v22,206 y=51,296 169,975

s ,557 v¢78 v 28, 9 B8, s 18, 7
DATA (SANDAP([ T71sJ)ed=1310) /

$ -15.619 +36,430 y~191,291 41704303
$ .5 496 v 2R, s B s 20, /
DATA (FANDA®( 72,J)9J=1410) /

$ «192,795 1£5n,555 1=~1666,4  ¢]1121,9

$ .3 91,01 . 284 9. ¢ 22, /
DATA (FANDAP( 73,0)sJ=1910) /

% 1,907 +=8.155 106,342 y#39,870

$ 203 9972 ’ 28, o 9, ¢ 64 /
DATA (FANDERP{ Téedysd=11+10y 7/

T 1,707 1 =2.471) + 3,482 s27,257

S o3 01'025 . 2B. o Q. o lﬂ’ /

_ DATA (FANDAP( TS,J)9Jd=1910) / :

% -5.697 143,171 1~25,5858] 190,264

f 443 11e045 s 28¢ 9 54 9 la, /
DATA (cANDAP( 7PaJ)9d=1920) / :

§ =11,476 971,958 v=>139,528 ,4119,048
S .565 '1.05 . 2%. ] 9. 1} 18. /
DATA (TANDAP( 77¢Jdysd=1r10) /

$ ~111.138 ,485,02 »=T778,16  4553.442
5 57 e lell v 2% 0 9.9 22,/
DATA (=ANDAP{ T8yJ)yJd=1410) /

F ,9182 1=,6337 141263 1=1,283

$ 118 934 y 2Bi 9 106 9 2, /7
DATA (SANDAP( 79¢J)ed=le10) /

% 1.191 y=.5515 Y =974

% .2 108 13 28. ’ 101 * 6. /
DATA (SANDAP( BOeJ)sd=1e10) 7

$ 1.478 1=,2616 1=2.543 13,408

5 .31 21403 v 2%, 9 104 » 10, /
DATA (FANDAR{ H81sJ)edz=1910) 7/

$ 0e%35%4 934207 s=20.171 119,338
k3 .43' rlols L] 280 * 10. ] 1“. /
DATA (FANDAP( R2aJ)sd=1910) /

% -12,956 +75,3¢61 9~161.915 113,921
s .53 1,17 s 2Re 4 10, 5 lg, /
DATA (rANDAP{ R34Jyed=1e10) /

5 ~131.160 ,32A8,522 +=784,754 4,518,323
s .71 1,21 s 28, 9 10, » 22, /
DATA (FANDAP{ B4sJdyedelnl0ly /

£ .939%4 y=.6355 143696 s=1.159%

$ ,122 20584 s 284 9 120y 2,/
DATA (FANDAZ( 85,J)sd=1910) /

$ 1.205 1e,51 141897 11,018

FTN 4,2+478351

124,848
3711655
1-15.385
1=18,322
+=56,97
1=321.938
v20.833
$3,078
1=314495
v=37,792
ym147,595
v1,08

. a697¢
1=1e¢79
176,894,
+=35,119

+=127,273

veT752

1.6163

’

12/20/7%



- SURROUTINE FAN

450

290

.55

76/74  OPT={

s 216 va96 3 28B4 b 124 0 6y 7
DATA. {FANDAP! 86,U)yJ=1410) / ‘

$ 1,504 1=e1562 121,505 +1.699

3 .33 sl.2 y 28, 9 12, 02 10, 7
DATA (FANDAP{ B7sJjeJdalsl0) /.

$ 6086 16,847 3=15,5837 112,241

s 43 .32 s 284 12. ’ 14. /
DATA (FANDAP( BR,J)yJ=1410) /

% 1,227 14,615 +=9,2753 17,309

5 ,52. 11,46 y 284 9 12, ¢ 18, 7
DATA (FANDAP (| B9+J)eJd=1410) / :

% 1.036 1=e6638 v=b.142 +15.12%

< -1’ 38 ' 30. 1] Bo 1] 2. /
DatA (rANDAP( 904J) sJ=ls10) /

$ 2,034 v=5,822 113,159 1164404

$ .22 reh4 s 30e 9 8¢ v g, /
paTa (caNpaR( 910J)9J 1910) 7/

s 1,109 16,519 v =26,233 »y35,842

% 032 !'79 * 30. ’ 8. 1 4 10. /
paTa (FANDAP; 92,J)4J= 1 5

$ -9,489 6, osa 18 815 41904216

s ,43 ,.eS o 30, 4 8, 9 14,
DATA (FAMDAR( 93,J)sd=1s10) /

% ‘1009.5 '5216017 +e=10184,02 93781.48

S .7 s+ 38 ] 30 8. 9 18. 7/
DATA (FANDAP( 9%,J)9Jd=1910) /

$ 5.344% y=4 375 s0, W0,

L] ﬂ]h .91 . 36, 5. ’ 22. /
DATﬁ (FANDAP( 95, Jyed=1910y ¢

$ 1,058 = 7516 y=2.356 154095

% .12 T yat ’ 30. v 100 9 2, 7
DATA (FAVQAP’ 969J)rd=1910) /

$ 1.511 1=1.705 v1.163 1o} 643

S 023 "T L] 300 1] 10' [ 5. /
DATA (FANDAP( 9T4J)sd=lsl0) 7

$ ,5192 19,050 1=26,525 929,287

L3 .34 '09 y 30. [ 10. 1] 10. /
DATA (FANDAP( 984yJ)sdeleld) /.

$ =9,714 s 71,057 ,=157,3586  ,150.57%
$ .45 i 2140 ’ 3% s 104 14. /
DATA (FANDAP( 994J)sd=1310) /

$ =506.715 422069.6 1=3604,35  +2607,84

$ ,82 914045 v 30, 5 104 s 18, /
DATA (FANDAP(1004J)sJd=1510) 7

$ ~3313.9 113335407 9=20T0347 913072.5
$ .97 +1.03 . 30¢ « 106 9 22, 7/
DATA (FANDAP(101sd)ed=1910) /

3 1.076 -.9?.95 9-13825 '04669

s 12 1,44 v 304 9 11, 0 2, 7
DATA (FANDAP(1024J)9ds1910) /

$ 1.535 v=1,08 1 =e4653 143259

b3 "“ 11763 [ 30. 110 ’ 6. /
DATA (FANDAP(1039d)9d=1010) /7

$ ,9216 16,162 y=18,702. 18,958

b -32 "95 1 300 ’ 110 ’ 10. /

DATA (FANDAP(10%,J)9Jd=1910) /

s -18,274

»106,841

y=218,930 ,188,787

F-36

FTN 4,2+47835]

roe 7336 )
y=ie215 V
0*2;1?8 B}

1~164698 @
v6.562 ’
y=18,721 i
s=T73,502 .
1=2836+03 4
10, ’
1~6,699 *

9'7516 ]

-’

"120633

"530358 ’

| 4=706.956

+=3385.42
9'.36&3 [

1~e2670 ’

1eT 415 ]

"600351 )

12720716
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76/74.  OPT=]

«576 3107 ’ 3o, ; 11, » 14. /

DATA (FANDAP (10544} sd=1s10) 7
=3000.2 ,12053.9  ,=18126,3 412096,4

L9917 11,11 y 30, ¢ 11, ¢ 18,
DATA (FANDAP (1064J)9ed=19410) /

-3%.913 » 78,558 1=36.9389 00
1.07 '1016 L] 30- ] 11' 1 22.
DATA (FANDAP(1074d)sJ=1010) /

1.032 0'.?723 '—3.2?5 ’5'874

1253 v2 4R5 v 3%: 0 12 v 2.

" DATA (FANDAPI(LCBeJ)ed=1910) /

1.523 9'.3049 ".569 "9265

W2453 veB3 s 30, 9 12, & 6,
DATA (FANDAP(1N94J}sd=l910) 7 :

1.:5! 04n199 "12|15° 011-996

.35 +1.05 v 30, » 12, 9 10,
DATA (FANDAP(115sJ)ed=1910) 7/

=1%4,035 183,829 9=160,543 ¢132.788

S y1.14 v 30, 0 12, 9 14,
DATA (FANDAP(II14Jd)ed=1010) /

«473%9.04 517939.56 4«25156¢,2. +15654,5

|°78 !1-19 [} 300 * 120 ’ 18.
DATA (FANDARP(1I1Z2s0)9d=1910) 7/

1,376 +=.1855 +=15,8358 153,187

013 ,.3%5 [ “On [ ] 50 ] 2-
DATA (Favuar (113sJ)rvzlell) /

2.579 12,752 +5.513 1=15.565%

.225 !-GA L] 0- ’ s' A 6.
paTa {(rANDAR!1149d)9u=1010) /

1.569 16,765 9=22,032 124,257

.32 voB3 . %0, 5 8, s lo.
cata (£ANDAP(11S,J)ed=1910) 7

“6416% 163,615 1=156.602 163,373

o467 l.gl ’ 40,4 » 6. ] 14.
DATA (FANDAD({115,J)yd=1s10) /

~5.464 435,577 y=127,737 ,123,57

<56 1496 s 40e¢ o B. 9 18,

DATA (TANDAPIY1Tsdyed=l010) 7/

=121,205 .555,%03 1 =1748.196 41419,63
.6?5 7100 [] QO- L] a- L]
DATA (FANDAP(118,J)ed=1910) /
1.902 s.454 +=11.977 v127.924
«l 9+32 ’ 404 9 104 o 2
DATA (cANDAP(119+Jysd=1el0) 7/
2.222 y2.529 I S O y13.051%
.P53 5-7? [} ‘0. ) 10- * 6.
DATA (FANDAC (iIF0edyoedz=isi0) /
1,717 210,358 1=31,545% 135,638
387 9.9 y 40, 100 y 10,
nATA (FANDAP({121aJYed=1210) 7/
=10.728 95,5651 y=189,552 «179.69%
. 435 slen2 o 404 9 10. ¢ 18,

DATA (TANDAP(122,J)ed=1el0) /
-90,812 2 472,054 »?375,215 4,713,055
.59' ,1.073 '} 40. ] 10. 1] 13.
DATA (FANDAP(1235J)9d=1410) 7/
251,346 41060.7 +1=1650.33 ,1161,51

F-37

/

/

/

/

/

/

/

/

/

/

/

/

FTIN 4,247435]

1#302a,19
e 0.0
1=5.711
1397
ymd o865
1400673
+=3643,9)
1=69,015
1939
s=114719
1=63,846
1 249,557
y=433,33
1=27 4683
123355
+=16,245

9'63'371

y=216,564

9=296 667

-

12720776
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SUBROUTINE FAN

F-38

74776  OPT=)

3 630‘ 910127 i 404 9 106 o 22, 7/
DATA (FAMDAP(12%9J)sd=1910) /

$ 1,920 921,656 3,019 188,274

] 014' 9-A4 [ 500 1] 12- ’ 2. /
DATA (FANDAP(125sJ)sJd=1410y /

£ 2.561 v*1.195 +e1299 vel.262

L3 .255 ., 9-84 ’ “oi 1] 12. ’ 6. /
Data (FANDAP(1264J)ed=1y10) /.

S 4204 117.433 1=43.1%¢ 142,370 -
L3 03; ) '1-06 . 40' ¢ 120 * 10. /
DaTA (FANDAP(1274J)9d=1910) /

$ =1ll.%a 175,814 1=145,248 4117,576

$ 52 91417 ¢ 60,4 9 12, 9 1o, 7
DATA (FANDAP(128sd)ed=1910) /

F «7,134 931,.A77 1904389 v58.768

3 .635 .‘1-24 . 40'0 y 20 , 15. /
DatA. (FANDAP(129,J)9J=1210) /

$ ~468,799 41598,46 122115483 41245,43

$ .39 ,1.3 v 40e 9 124 9 22. 7
DATA (FANDAP(1304d)ed=1010) /

$ 1,343 +=,07846 4=6,985 »17,722

$ 145 0048 v 404 v 184 y» 2, 7/
DATA (TANDAP (131,J),J=1,10y /

3 2."‘25 '-111“2 ”7597 ”2.21“'
[ .27 B ,,93 ’ "0' [ 14" ? 6- /

, DATA (FANDAP(1324+J)9Jd=1210) / :

3 .3"52 ']3.03 "29-035: '250619
S .40 . 01019 ] ’00. 1] 1‘. 1] 10. /
DATA (FANDAP(1334J)sJ=1910) / :

$ =3.55% 133,492 +»=78,853 164,69

s ,572 v1.29 s B0, 4 1%, 4 18,y
DATA (FANDAP(1364J)eJ=1910) /

$ =33.126 1178,576 1=272,953 181,509

$ 63 1135 y 40a » l6e 9 18, 7/
DATA (FANDAR(133,U)4J=1910) /

§ =119,.,32 » 406,731 ,=504,395 ,278,236
$ .85 s1e433 . 404 9 14,4 22. /
DATA (FANDAP(136+J)9d=l910) /

b2 ‘0.9%8 9=2.0921 1‘240207 !55.2“8

$ ,155 1o 292 60, o« v 4,
DATA (FANDAR(137,J)ed=1010) /

$ 5.3529 92277 s=27.8232 50,082

$ .195 2039 y 604 9 12, 9 6, 7/
DATA (FANDAP (1385J)9J=1910) /

$ 2,058 938,609 y=15T7475 92404715
L3 .235 ¢.66- ’ 60- ? 12. ’ Bo /
DATA (FANDAP(139,J)sJ=1910) 7/

$ 2,544 937,353 +=1664207 9215,777
$ «23 ve7 . 60s o 12, 9 10, 7/
DATA (FANDAP(1%04J)9d=1310) /

% ~4]1,688 0396,74 »=1195,8 11548,

S .333 . Q..’l'a [ 60. [ ] 12. , 12. /
DATA (FANDAP(141sJ)ysJd=12+10) /

8 =7.944 2124,78 »=359,35  +65%,25

S ¢397 "76 L] 600 ’ 12| ] ° /
CATA (cANDAP (1629J)9J=1910) /

g 40,774 1349,5 »=929,3 11076,8

FTN 4,247435§

03090'; E i

+9399 ‘

=159566 i

0~3§-§39- ’
119,929 )
92275,191 &
+n17,908 ’
11,017 4
18,539 $
1 =19.54. '
v=44,911
1 =57 ,544. »
12450967 o
4=33.077 s
137,116
1=119,45 ’

,-7#0,92 Y

1=210,91 1]

1468 43 ’

j2720/18
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SU3ROUTINE FAN

76/74  OPT=]

5 .45 1e 76 y 604
DATA (EANDAP(1434J)ad=1410) /
% =1519.9 19561,7 $=21438,7
s 951 '!786 [] 60! 1]
DATA (FANDAP (1444J)sdxlsl0y /

$ 4,129 1=3,795 ..7753
s ,12 .48 y 04
DATA r—A’oAP<145.J),J 1310) 7
5 4,504 +=3,225 s=1l.14%2
5 0154 1-6? [ 600 ?
DATA (FANDAP(1%6,0)9d=1910) /
$ 5,296 -,R309 y*3.21
$ .202 . "76 .Y 60¢ o
DaTA (CANDAP({14T7¢J)edz=1el0) /
S 8,217x 1 =3.071 o=1,666
5 25 "76 (] 50. *
DATQ (FANDAF (14840d) 0 d=1910) /
b3 3.001 ’1[‘.169 "55.056
$ .31 0093 ? 60- 1}
DATA (FANDAP(149,J)ed=1910) /
$ 5,504 v13.941 2=45,551
5 -355 9090 [] 60- v
DATA (2ANDQP(1500J)’J=I'IO) /
S -3‘&,30 ,265.1‘5 9"612;11
$ -435 vg'?’} [ 60. *
DATA (FANDAF (1514J)ad=1e10) /
§ 25,352 9-95 07 9197 .51
1 .ﬁg [} 60, [
DATA (FAVjAp(quQJ)!J =1e10) 7/
$ =220,<5 ¢1153,5 e 2163,
§ +35 © 9098 + 60e
DATA (TANDAP(1534J)eJd=1910) /
$ =33p.r35 ,841.7 ) =463,22
& ,G6°2 1140 ’ 6°m [y
DATE (FAVDAH( 1aJ)sd=1410) 7
$ ~93,845 19813,578 1=23756,146
$ 40000n, 760000, ¢ Pby s
DATA (cANDAH{ 24J)edz=1910) /
£ 7,793 y28R .39 s =481,24
$ 407N0n, «S50000, y 264
DATA (TANDAK( 3aJdysd=lelf) /
F ~115479 *1005.09  +~1845,37
% 40000n, .950000. s 244
DATA (FANDAH{ 4yJ)sd=1s10) /
g 80,78, y-le2.82 ,722.3%
3 400000, 21025000, o 26,
DATA (ANDAM( Sed)edzlsl0) 7/
$ 153,9¢ 1=527,75 114664,53
$ 40N00P. «1100000. [3 24 9
DATA (caNDaHU 6,J)sd=1y10) 7/
% -196.-‘2 9113”.28 ,-1400075
$ 65030r, 1180000, v 24y
DATA (FANDAN(  TrJdyed=1s19) /
¥ 205%.67 *=579,29 *1312.33
% 500800n, y 1250000, ] 6o
DATA (=aANJAH{ 3yJ)yd=1a10) /
T 705,77 1*2402,05 ,3785,21

F-39

12' 9 16. /

121080,3
12, » 18, /

caB.6Q7
160 1 2. /

13,317
160 y 4. ,

’3.711
16. ’ 6. /

9"20459
160 ? 5. /

'58.651
15- L 10. /

047,755
16. 14 12. /

1604401
160 ’ 1“- /

'~185,15
16' ’ 16. /

v1802,6
160 ¢ 18, 7

1040
16. ’ 22. /
12520.20
6' ’ 6. /

1369,65
5.0 B./

11498,74
5. L] 10./

6

v ~358,42
. ?

12, 7

141447,9
Be o 1“' /

2 763,81
by v 15, 7

1-1087,12
Sy 0 18. /

v»2521,68

FIN 4,2474351

'.775é.4 ’

28.977 .
12,953 ’
13,365 ’
024489 [
1=31,803

"190§74 . ?

'-220.51 [ ]

162,299 4
=562, 09 *
000 L]

121065461 ¢

'y=139,86 »
1=486,5 ’
'2610?3 ]

1450,03 ’

»=163,17
296,36 ¢
1601 .4 ’

12720718
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SURROUTINE FAN

76/T74.  OPTal

$ 800000, . +1330000,, y 264 s 5, ¢ 20, /
OATA (FANDAR{ 9aJ)yed=ls10) / ,

$ 721.3? 1=2196,49 93143,5° 121889,81
$ 75000pe. 1400000, ¢ 240 » 64 v 22, /
DATA {rFANDAH! 10sJ)edslel0) 7/

§ 177,57 +1=697,3 W1776,89 ,42085,05
S 400000, y780000, s 264, 9 8,9 6,/
DATA (FANDAH{ 11sJ)eJ=lel0y 7/ .

$ 185,52 1=582,33 *1372,23 '%1437,06

$ 40000n, 1880000, . 3 245 » 8. 9+ 8, /
DATA (cANDAH( 12+J)eJ=19310) / ‘

$ 143,97 '=192,78 1435,12. " yeb44 .8

$ 402000, 1970000. [ 2he » Be 9 10. /
DATA (FANDAHM( 13,Jy9d=1s10) 7/

$ 163,15 12256,19 1512.11 te361,99

$ 500000 01050000e s 243 » 8o 9 12, /
DATA (FANDAH 1%.U)ed=1210) /

€ 77,675 +1050,7 »~1B875,53 ,1567,15

% 500000, 911640000, » 26, 9 B8, 9 la, /
DATA (FANDAH({ 15,J)sd=lysl0) /.

% 148,09 *=1568,6 1627,63 18604,74

s 70000@. 21240000 ’ 2Ge 0 8. 164 7/
DATA (FANDAHL{ 164J)9d=14+10) /

$ 142.97 +=189,66 1 786,1 1»749,59

$ 650000, 01330000. « 264. « B. s 18, /
DATA (FANDAH{ 179J)ed=1210) /

] '235’-’-?4 '1539.71 "'2094.92 91360.05

$ 900000, 91400000e 9 244 9 Be o 20, /
DATA (FANpAH{ 18yJ)ed=1910) /

$ ~112,76 1549,55 y=906,93 v554°,88

$ 90000n, +1400000, 4 244, » B, 9y 22, /
DATA (FANDAH( 193Jysd=1410) /

$ 22.07& +833,11 »=~1316,1  +1603,54

$ 400000, 2739000, « 2% 4,10, 9 6, 7
DATA {FANDAH( 205J)9J=1210) 7/

$ 58,107 1431,89 1=1131,38 *1196,97

$ 400000, 4880000, s 244 9 10, 0+ 8, 7
DATA {FANDAH( 21yJ)9sJ=1s10) / ~

$ 112,44 +139,49 »=323,24  4300,12

% 40000n. '970000. ’ 26 Y 100 [} 10. /
DATA (FaNOAH( 224J)0d=110) /

£ -100.95 11345.51 +~2651.05 +2365,19

$ 555004, 11060000, ¢ 26e¢ 9 104 o 12, 7/
DATA (FaNDAH( 23,J)ed=1910) /

$ ~199,47 v1864,5 s=3537.88. 43061,97

s 580000, 1140000, » 24, ¢ 10, o la&, /
DATA (FANDAH( 249J)9eJ=1010) / .

5 =435.44 *2301.51 *+=4681.25 *3571.12

$ 72000n, +1250000s ¢ 2%¢ 9 10e ¢ 15, /
DATA (cANDAH( 29+J)ed=lslD) /

¢ ~27,539 v520,01 4 =768,57 ,558,36

$ 65000n, 11330000, ¢ 26, 9+ 10, ¢ 18, /
DATA (FANDAH( 25¢J)0d=1910) 7/

$ 752,58 *3303.25 *=~417T7,96- *2502,21

S 350005. .91‘00“00' L] 2“. ? 10. ’ 20. /
DATA (sANDAM{ 273J)sJd=1110) 7/

$ ~273,R8 ,1653,67 s=2140,73. 16475 52

F-40

FTN 4,247835]

1405,8
2757 .53
1501417
v119,46
136,131

, #5303
1160.84.
1206499
1=354 3]
163,17
+#833,33
1252468
s=165_69
1283916
.~1931.ar
1=10571.86

0’191.62

1=599 65

y=bd16 92

-

-

12720756




765

785

SURROUTINE FaN

’ 2469 4 100 o 22 /

T4/74 0PT=]

$ 500000, 214000000

DATA (FANDAM( 2B8,J)eJ=1310) 7/
S '59.966 9641.02 .'1263086
% Span0na, 4900000, y 206,
DATA (FANDAH( 2944) 9oJ=1910) 7/
§ 14T7.64¢ teh34 10 :918,07
$ 50000n, 4390060, y 26s 9
DATA (CANDAH! 30,J)sJd=1910) 7/
$ 46,13n 166,753 1 =282,52
S 500000. |1080000' [ 26. 1]
DaTA (FANDAH{ 31sd)ed=lsln) /
% 13%,9 1w262,12  1498,13
% 3000Cn, yllrooon, ) 260 o
DATA {(FANDAH{ 32,U)9J=1910) 7/
$ 172.97 y=372,85 2 722,82
% 500C0Cn, 91270500, ’ 264

DaTA (FANDAH(

S =,3204

DATA (SANDAM(

$ =4347 74
$ 11500n0,

*452,25

113226,42
91600000,

I3¢J)yed=1s10) 7

lﬂ“)/‘e.el

$ 75000a, +1350000. 4+ 264 o
DATA (ANDAH({ 3%44J)¢d=1210) 7/
¢ 139,32 1=92,296 +235,953
% 70000n, 01430000, o« 264
DATA (FANDAM( 35+J)2J=1910) /
P 162414 1=194,34 *432,03
$ 500001, 11500000, . 2A- -
. DATA (FANDAM( 38,U)+d=1+10) 7
$ 322,67 v =647 74 1423,14
% 54500n, »1500000, ) 260
DATA (FANDAH( 37,Jy,J=1y10) /
3 =«330,23 02212431 y=4250,
s 60900n, 2940000, y 26,
DATA (raNDAH( 28,4)9Jd=1s10) 7
¢ 23,70 9.7433 1115,75
t 600000, 91040000, 4+ 264 o
DATA (FANDAMI 394J)sd=1210) 7/
S 169,08 1=263,52 44383,82
& 500000, +1150000. 4, 25,
DATA (FANDAM( 40sJ)edzls10) /
2 17.946e 1115.59 *=-11,038
$ 60000n, ,1250009. . 265¢ ¢
DATA (eANDAH{ %14J)90=1010) /
£ 175.3¢ +=257.133 3533,44
$ 50000n, +1340n00, , 26,
DATA (FANDAH( 424J)9d=191D) 7
$ -4/4,73 12169,22  1=2763,15
% 84000n, al640000, 9 25¢ 9
pATA (mANDaH!t *3,0y4d=1910) 7
3 193,5¢ 1=238,44 9578,44
$ 6000n0r, 11520000, 4 25,
DATA (TANDAH( 4449y 9Jd=1210) /
& -559,.n4 923%54,358 0 =2794 435
$ 1030000, 51°7cc00, o, 26, ,

45¢JYed=1910) /

»1123,39"
. 6. /

+=704 /87
6e » B, /

0272,1
6e » lo, 7

1-354,08
?

6. 12. 7

y#517,47
6' ’ 14./

2693,49
5. ? l\‘.’. /

'v~117,56
6' ’ 18. /

9'278,64
£ o+ 20,/
";50091
60 * 2?. /

'3636.36
8, ¢+ 5,7/

1=»152,03
Bq A 8. /

1’364.34
5' ’ 10. /

'.“9.109
50 ’ 12. /

y=4492 33
8¢ o 16. /

211597,82
5¢ » 16, 7

y=673 .25
8, » 18, /

’154605‘0
8, » 20, 7/

1=-14504,08 +7162,39

L 26. *

DATA (£aNDAH! 46,0y 4,J=15103 /

% «3244n8

W2261,12

1 =4456,17

F-41

8., ¢+ 22, /

»3924,24

FIN 4,2473351

414,52
1209,79
4=126,46
167,873
v116,30
1=156,59
v2.759
153,34
115,454
1=1212.12
123437
1674599
13,771
+100,18
1=363,64
v100.02

1=335,66

1=1363,66

1=13583,64

12720/7s



SURROUTINE FAN 74774 0pT=l FTN 6,2478351 12720/%s.

$ 600000, 4270000, y 284 9 1le o 8, 7
A00 DATA (FANDAH({ 474J)1Jslsl0) /. )
$ 297,49 1=674,346 923,08  1e453,77 0,0 ’
$ 500000, «10R0000, v 2654 9 1le 9 8,/
DATA (FANDAK( 484Uy sd=1310) / .
) , 8 165,74 «=105.07 2169 .48 §=26,20] 5-71,878
805 $ 600000, 91190000, 4 264 » 11, ¢ 10, 7
DATA (FANDAH{ 49yJ)eJ=l010) 7/
% =121.21 11158,54 1=1704.59 »1170,09 +=335.11 i
$ 500009, 41300000, o 26, o 11, ¢ 12, /
) DATA (FANDAH( S504J)ed=1410) / :
alg $ -34,047 1518,n8 1=1116,29 1766,02 +=230,.83
$ 500009, +1390000, 4 254 9 llo s 14, /
. DATA (FANDAH{ Sledyedalsl0) / , :
$ 12,517 0 602,92 +=670,08  ,415,16 +*126,02 W
. s 60000’1. y1500°00. [ 26. ] 11. [} 16. /
315 DATA (FANDAH( 529J)9d=1910) 7 )
£ 223,46 1-,008 s80,012 114166 134,965 »
$ 500000, 91600000« ¢ 25« 3 114 9 18, /
DATA (FANDAH( 53,Uyed=1s10) /.
v v 3 -3,927 +1038,49 y=1360,642 ,867,22 »=2098,33 .
820 ' $ 1000000, L1600000, 4 264 y» 1l1a 9 20, /
DATA (FANDAH( 5&4,Jy,J=1410) /
$ -33555,68 211081415 9=11777,03 95652,78  +«1047,67
5 1170000, +1600000s 9 264 9 1le 9 22. / )
DATA (raNDAH( 55,J),J=1310) /.

-t

-

825 $ 32,97« 997,99 y»185,86  ,213,%9 1e116,55
, $ 500069, +1020000. s 28s v Se 9 6, /
DATA (FANDAM{ S569J)9J=1s10) /7 :
$ 80,29¢ 1=71,85 +154,45: 1-110,7 111,083 )
. 3 500000,  21110000s o+ 284 ¢ Be » B. /
330 DATA (FANDAH( 574J)9Jdalsl0) / o
. § 35,09 +=39,55 175,619 12264432  ,=17,992

5 50000n, 11220000 ¢+ 284 ¢ 6. 9 lo, /
DATA (FANDAH({ 58+Jdyrd=zlslly 7

$ 163.7> 1=352,.71 1588,43: *1=352,27 156,878 ’
R3S § 73000n, 41330000, ¢ 284 9 S¢ 9 12, 7/
) DATA (FANDAR( S593U)9J=1910) /.
S -30-5?1 9391.0 '-386¢5~ ,205.0 .-55'.528 )

$ 50000n, 91450000, o 28, ¢ 64 » 14, 7/

. DATA (CANDAKW( 60eJ)su=lsl) /

R4 0 $ 522,97 1=1352.27 116563,48 | 1e841,5 1145,26 '
b 10309000 015600003 [} 284 ¢ 5¢ ¢ 16. /

DATA (EANDAH( Alad)ed=lsl0) / .
g T4A, 20 L,m10es 78,2170, yeld22,22 ,160,87 v
L . $ 1000000, 1630060, 4 28, » S5, » 18, / :
CEL- T DATA (cAMDAH{( 62,J)sJ=1910) / ,
$ 550.3) 1=1015.79 914,44 1+298,92 12146481 ’

$ 1250080, 41700000, o 28¢ » 64 o 20, /
pDATA (FaNDAH( 63,J)sJd=1010) / :
. $ -130,87  ,1135,05  +~1362,37 +760.4 1=159 66
LT $ 1280000, +1760000. o+ 2%, 6. 9 22, /
DATA (FANDAH( 64+JysJd=1910) /. . _
5 =51,432  '6838,46 1=1396,44 11273,01 +m4b61,14 ¢

$ 5N0000n, ¢1050000, v 284 9 B¢ v 6, 7/ '
DATA (FANDAH( H5,J)ed=1310) 7
855 S 27.126 '271,5 "“55.18' 1381.06 '.1¢3.86 []

F-42 :
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SURPOUTINE FAN

74/74  0OPT=]
$ 53900n, 21180000 4 284
DATA (SANDAH( 66+J)9sd=1310) /
$ 157,22 *=318,55  1523.34
$ 55000n, v1280000, 4 28,
SATA (ANDAH( A7, J)ed=1910) 7/
£ 297,62 y=873,87 s1501,13
$ 650000, 91400000- v 284 o
DATA (SANDAMH({ 68+J)9d=1910) 7/
$ 177.38 1=395,03 *889,58
% eOGOOﬂ. )1540000. Y LR [
" DATA {=ANDAHI( 69,J)4d=1210) /
$ 79,607 s =25,755 0395,73%
T 3N300n, 21600390s 4 28B4 o
DATA (cANDAM( TO0oJ)ed=1910) 7/
§ 250,75 1=520.49 1369 ,34:
$ 933007, 21700000, 4 284
DATA (SANDAHI( 7TleJd)ed=1010) /
% 311.62 +~376,43 «398,49
§ 1220000, 41750000 o+ 2Re »
DATA (FANDAK( T72+J)ed=1910) /
% '2§7016 '1157.2 t=]1]145.54
& 1250040, 1770000, 4 284

DATA (FANDANI 73,J)sd=1e10) 7

3 =-13,1=1 v483,04 y=928,15
$ S0000n, 01050000, » 28,
AT (FANDAR, THad)rvsieid) /.
L3 102,6= 17.378 .35.104
s %3000e, .1252000, 5, 28,
DATA (FANDAH{ 754J)ed=1010) 7/
5 123,1% '=50.334 1318,5%
$ 502000, 91570003, 5 28,
DATA (eANDAH( T6,J)4J=1310) /
s 183,11 y=95,277 v404,.55
5 950905. 017700009 1] 28' [

DaTa

(FANDA( TTed)ed=19010) /

£ ~7316,5 v19397,41 ¢=18251,23

$ 1250CA0, «1770000. ’ 284
NDATA (FANDAH! T8sJ)sJdsl9e10) 7/

$ 141%,96 2 =8770,26 ,21005,06

$ 500000 v»830000, ’ 28¢ 9 1
NATA (FANDAH{ 79s+J)eJzlsl0y 7/

% ~33.9 '18930.61 +1=1370.32

% SSOQCQ. v10700051 L] 250 L] 1
DATA (FANDAH{ 804.J)ed=1910) 7/

$ 131.9 »=73,089 ;191,54

§ 37200A, y1320000, , 28, 4 1
DATA (FANDAH({ RleJ)yed=1910) 7/

£ 224,01 1=284,12 1540409

S 50000n, 51580000, 4 28s ¢ 1
NDATA (FANDAH( R23.J)9Jd=1210) /

€ 713,7 - »=~1798%,52 ,2453,25

T 859000, +1770000, + 29, » 1

DATA
$ 21153,75
$ 1200200,

14181.1
«1770000,

(FANDAH( A39.J)ed=1910y /

9'452;052
1] 29' k) 1

DATA (sANDAH( 8%,y d=1910) /

$ 1151437

1 ~5675,67

y14912,2

F-43

"By

8e 8, /

144646,78
8. 4 lo, /

enl021.21
12, /7

14672,74
8. ] I‘. /

.9343,17
30 L} 16. /

'e600,17
sl ’ 18' /

'.11601‘
8. L] 20. /

1581,78

8 22. /

Se 9

'703903
9., ¢+ 6, 7/

’39c954
9. » 10, 7

"260186
90 * 1‘. /

'.307001
Fe s 18, /

17556,64
9. 9 22, /

v=22060,6
O o 2d /

'1164,03
0' 1 6. /

(VL

;=48
1

o2
10, /

.
1=336,88
0s 14. /

,~1335,48
0. ¢ 18, /

122643,75
0. ? 22- /

v=164453,5

FTN 4,2478351

191,05

v23l:6T

1160,99

180,002

1122438

1es,097

+'=120,54

y=274.70

"66.37‘

’510636

161,861

'=1207.28

18484 B4

*=422,

v‘f3.295

155,138 .

1259,29%

1ed 26,6

v5109,47

-

1272076
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SUBROUTINE FaN

74,74 0OT=]

$ 500000s  ,860000s o, 2Be 4 120 4 24 7
DATA (FANDAH( BS¢J)sJ=1110) /

$ =25T.87  01727,79 12293643 12274,14

§ 550007,  +11B0000. v 28+ 9 1240 % 6,4 7
DATA. {FANDAM{ 86,J)4J=1410) /

$ 90.537 .287,08 0=615,77  ,341.86

$ S7200n, »1340000, 4 28, » 12, » 10, /
DATA. (FANDAM{ B74J})sJd=1310) /

$ 454,87 1=1056, +1726,52.  1«1108,2

$ 500000, 41630000, o+ 28, s 12, » la, /
DATA (FANDAH( BByJ)ed=1410) /

§ 553, 8= 92620,67 41271564 ,e574,16

§ 65000n, ,1770000s 4 2R. 5 12, 4 18, »
DATA t:A'\‘DAH{ 891J)0J=1"10) /

$ 71.003 1=131.16  4292.2 1=268,88

$ 500090, 2920000, y 304y B. 9 2,7
DATA (FANDAH{ 90,J)sJd=1310) / _

3 46823 399,64 »»784,08 1705.5

$ 500000, 41220000, » 30a s Be s 6, 7
DATA (FANDAH( 919J)ed=1910) /

$ 140,32 4=267.88  ,605,71 1 =460,68

$ 50000n, 11490000, o 30, » 8, 9 lo, /
DATA (FAMDAH( 924J)ed=1910) 7/

$ 223,24 1=353,83 1529,456 1=270,74

$ 500000, 21770000 v 30e 9 8,4 14,./

. DATA (FANDAH{ 939J)yJd=1410) /

§ ~469.74 11952.01 1 =2176,9 v1114,75

$ 10000n0, 1770000, , 30, 4 8, 18, /
DATA (FANDAH({ 944J)sJ=z1s10) / '

$ «2790,78 +7918,48 y=»7719,83. 3355,91

% 1400000' .17700000 [] 30. ] so ’ 22. / .

DATA (FANDAH( 95,J)sJ=l910) 7/

'$ -2116 64 ,11988,3 24400, »21818,2

$ 600000, 940000, v 306 9 10, v 2, 7/
DATA (FANDAH({ 96,J)sd=ll0y /

§ -135.27 11062, 1"1749,93  41364,18

$ 60000n, 41260000, s 304 9 10,4 0 6, /
DATA. (FANDAH( 97,J)edz1910) /

F 70401 1279.3 1=2479,95  9404,31

s 500000, s1530000, , 30, 4 10, » 10, /
DATA (FANDAH{ 985J)sd=l910) /

s 48,58¢ 0624 ,58 .»556,3 1368,.77

$ $0000n, 21870000, 4 30, 4 10, o 14,
DATA (FANDAH( S9yJ)ysJd=1310) 7/

$ 1838,82 124735459 95146,5 y#2338,56

$ 1110000, 41870000, o 304 o+ 10. y 18, /
DATA (FANDAH(100,J)sJ=1010) 7/

$ 3860,5 1=8553,07 »7718,76+ 4=3055,38

$ 14%00n0. 91870000¢ o 30s » 10, ¢ 22, /
DATA (FANDAH{101sJ)ed=14910) 7/

§ 573,84 +=2632.75 ,5269432. ,=4485,9

$ 40000n, +19580000, s 304 ¢ 11, » 2,7/
DATA (FANDAH(1029J)ed=lel0) 7

$ 108.37 v*77,393 116047 222%,672

$ 500009, 91280000, » 30, 9 11, 9 6, /
DATA (FANDAH(1034J)9Jd=1910) 7/

$ =156,28 11106485 1=1431,07 844,31

FTN 4,247435]

1=724,96
s=146_78
q233.f
.169;3'9-
166,078
10243,37
v109,65:
040,306
y#216,07
1y»546,08
yw7275,73
ye420,08
+=128,79
1294,619
1400467
1449,55

+11363,64

147,348

,~197.§

12720718
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SURROUTINE' FAN

74/T4  OPT=)

$ 600000, 11560000, 4 30 ¢ 11, ¢ 10, 7
DATA (EANDAH(10%4J)sd=1910) 7/

$ 108.38 1142,38 ~19,25% #»15,095

$ 700000, 91870000, 4 304 v 11, ¢ 14, 7
DATA (FANDAM(1054J)edelil0) /

$ 1252,28 t»3070,33 3400 9 1-1571,34

$ 1040000, 1870000, » 30, ¢ 11, » 18, 7/
DATA (FANDAH{1D064U)ed=1p10) /

§ 6428,22 ye14958,5 ,13695, » #5506 ,54

$ 1459Cn0, 1870000, o 364 9 11, » 22, 7/

DATA (FANDAH {107 +d)sdalel0) 7

$ -59,04 1308,5 v102,27 1=616,16
5 50000n, 1950000, v 30, 9 12, ¢ 2,/
DATA (FAMDAH(108:d)ed=1110) /

g ~Z72,43 +1420,3 s=1840,21 ,1030,3

% A0N00n, '1290000. ’ 30 ] 124 s /
DATE (FANDAH(10%99J)ed=lsl0y /

$ ~107.4% 844,15 v=980,16- 4527,

& 500000, 41580000, 4 0. 49 12, 9 10, /
DATA (FANDAH(1109d)9d=1910) /.

5 172.04 1=75,343 1334,05 1=264,146
$ 700000, 21870000, o 304 9 12. 9 16, /
DATA (sANDAH(LL11sd)sJd=1910) /

$ B67,44 y=1854,72 ,2097,31 +1«952,564.

$ 10500(’0. '1870000n '} 30. ] 12- ’ 18; /
DATA (FANDAH(112sd)9J=1910) /

$ $62.5¢ 1=1667,56 41862,59 1=928,013

s }QOOOnO. 91620000. . ‘Ooc [] Ba ¢ 2. /
DATA (FANDAN(113.Uyed=1910) 7/

$ ~236,7 4926,78 ,=837,08 339,55

$ 1000060, 92150000, o« %0, s Bs 9 6,/
DATA (SANDAM(1140J)9Jd=1413) /

$ 59,n2 1212,2 2=81,972 114,603

$ 1000000, 42570000. o+ 40. » B, s 10, /
DATA (EANDAH{1154U)ed=1910) /

$ 420,1 1 =653,647 5 450,55 1»159,25%

5 1200000, 23040000, » 6404 s 8, ¢ &, /
DATA (FANDAH{116sd)edzlel0) /

5 502,.0n 1 434,25 1352,15 1=95,755
€ 17000A0, 43320009, o 404 o B4 o 18, 7/
DATA {(FANDAH(I1T9d)ed=1910) / :

$ 296,24 21016 ,68 «=557,16 4149,48

§ 227000, 43550000, « 40, o B, s 22,
DATA (FANDAH({11BaJ)aJd=1910y / .

% 207010 e TAGA % 13325455 1e3505,81

€ 1200070, +1700000. & 40, o 104 » 2, 7/
DATA (FANDAM(1194Jd)ed=i910) /

8 ~006.43 +2572.563 4=2223,33" +D66,.9

§ 1260080, 2260000, o« 40, s 10, o 5, /
DATA (=ANDAH(L1PCsJYed=la10) /

% 29.5%64n 1645 ,32 2=3471,49 1132462

3 1200000, 2740000, o 40, o 10, 9 10, 7
DATA (sANDAHI{IZ1sJ)od=1s10) /

§ «536,7 $1461,13 »~834,02 1221453

$ 1270000, 43180000, 4 40, o 10, o 18, /
DATA (FANDAR(1229J)ed=1910) /

$ 621a1R 1n42R,07 1299,22 "600185’

F-45

v m—

FTN 4,247835]

"2 oSé

821,78
1303,63
y@227.27
y=119,86
148,077
1148,6
2170445
1*55,0
12,878
118,336
17,843
1»15,597
162540
y»130,21

"220635

1223,765

11,457

-

g T g -

12720/78s



SUBROUTINE! FAN

DATA (FANDAH(1%14J)sd=1010) /

$ =750,05

+915,56

y~243,21

F-46

74/74.  OPTa{

$ 1800000, 3460000, 4 40v y 10, » 18, /
DATA (FANDAH(123,J)sJd=1410) /.

$ 905%,%3 1~11236,5 45513,37 1=1173,03
$ 2500000, 3740000, ¢ 404 o 10, 9 22, /
pATA (SANDAN(1243J)9J=1310) /

$ .230.79 '658,9% 12336411 737,837

$ 1200000, 41720000, o+ 40, 9 12, 0o 2, /
DATA (FANDAH(123,J)9d=1s10) 7/

5 -2510,45 ’908.1 ..574.52 '157,2

_S 12900n0, 02330000. 9 ‘1"0. (] 129 ] 6. /
DATA (FANDAA{126,J) ¢Jd=1310) /

$ «1531.173 1779,21 12646 ,03 1119,08

$ 1200000, +2830000. o 404 o 12, o 10, 7/
DATA (FANOAN(17T Uy vd=1910) /

$ 542,7 s =459 ,3] 0452,62 1e152,95
$ 1300070, 43270000, 4 40, ¢ 12, 9 14, ¢/
DATA (FANDAH(12ByJ)sJrlyl0) /.

$ 1111647 1=1131.9 1794,01 1=202,17

$ 18500n0. +3610000e 9 40e¢ 9 12s 9 18, /
DATS (FANDAH(1299J)9dalel0) /

$ «13207,1 +17541,5 y=8397,4 417865

¢ 25940000, '3750000- ’ 40, o 12. Y 22. /
DATA (FANDAH(130¢J)9d=1910y 7/

$ «6175,%3 117637.9 +=19314,,6. +8430,56
$ 1270070. 1730000« o 40y 9 lée v 2,/
DATA (FANDAH(131,J)sd=1010) /

3 227.1: 9112.24 "'105." 160.29

$ 1270000, 42330000, 4 404 9 184 9o 6, /
DATA (FANDAA(1325d)sJd=1910) /

$ 181.38 1236,11 157,838 10,7284

$ 1200000, 42370000, o 404 » 16g 9 10, /
DATA (FANDAH{133,J)yJd=1910) /

$ ~103,26  4246,19 y=428,3%  4105,65

$ 1270000 93360000e 4 409 » 160 9 14, /
DATA (FANDAH({1344J)9d=1910) 7

$ 754.94 12702.9?2 1618,5% 12]182,21

$ 1920000, 3720000, o+ 40, o 14, o 18, /
DATA (eANDA41135,0)yd=1910) 7

$ 1717,77 1=1161.5 +466,83 155,358
$ 2540700, +37350000, o 404 » l%, » 22, /
DATA (FANDAH(1364J)sd=1910) /

$ «27.57% 1253,49 v=106,3 121,961

$ 2000000 +4250000. o BD¢ ¢ 124 o be /
DATA. {FANSAALI3TyJ)ed=1910) 7/

$ =15,803 +293.54% sol22,4 47 125,347 °
§ 2000000, 44750000. o+ 60, ¢ 12, 9 6, /
DATA (FANDAK (138sJ)rJdelsl0) /

$ 253.5 126,007 141,5 129,273

$ 2970000. 52200004 o+ 604 s 124 » 8, /
DATA (FANAAH(L139+J)sd=1910) 7

s 213,0A 137,040 128,83 s »8,833

$ 2030000, 436350000, « 60, o 12, ¢ 10, /
DATA (FANDAH{140yJ)ed=1910) 7/

$ 417, re36,1665 167,171 te]ll.709%
% 22500’10. 95170000n L} 600 1 120 1] 12. /

»30,626

FTN 4,247335]

191,146
5Cet
»~18,939
114,589
216,206
916.;5$
1=143 23
1=1458,33
y@16,572
1#14093
v=11,837
116,936
+=e8156
124126
12,262
144242

15606

1,53671

"1 05?6

-
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74/74  0OPT=) FTN 4,247835]

[ 323D0(‘0' «B87000000 'y 60 . 12 [ lGe /

DATA (rANDAH(16424J) 9d=1310) /
$ -1483_.36 11518,16 'm419,53 153,4 122,515
$ 4100000, 7000000, o+ 604 9 124 0 16, 7/

DATA (FANDAH(1%43,4)sd=1s10) /
$ P2457.a s=1226 3R 4330 AT =38, ’
$ 4500000, 7000000, » 60, s 12, o 18, 7/

DATA (TANDAH(l46,4Jy9Jd=l9id) /
$ =135,.79 +S46,46 »=304,19 175,677 1=8.757
$ 2000000, +3700000, » 60, 5 16, 4 2, 7

DATA (FAVDAH{145¢d)9dz1al0) /7
§ -75.0% 16442 ,92 e=203493 141,82 1=3,638
$ 7NJ00n0, 94250000, [} 604 o 15 4, /

DATA (FANDAA(1%464J)9J=1i10) / .
S T0.%14 ¢251,15 2 ~R56,013 s18.,615% yel,205
$ 2000000, 4%550000. » 604 s 16, 9 6, /

DATA (FANDAH(147,2U)9d=lel0y 7/
$ ~94,021 1660,36 1=147,35 124,961 101,903
3 2700070, 45250000, o 50, 9 16, 9 8, /

DATA (FANDAH(148+.J)9J=1910) 7/

% -20.122 +394,283 9~107,36 114,133 s=,9016
$ 2000000, 43330000, o+ 60, » 15, » 10, /

NDATA (ZANDAN({149,Jd)9J=1210) 7/

% 502.5< '~132,33 2102.93 1+19,495 21,03
$ 21700n0, 26370000 . $0s o 1684 1?. /

DATA (FANDAH(150sJ)ed=1210) 7/

[
Cd
()

‘s 390,34 184,842 ,12,235 13,364 100766

% 2500000, » 7000000 ’ 60 o 154 4 la, /
DATA (FANDAH(1519Jd)edelrl0) / -

$ -1452,49 915%3,69 +=~601,72 948,623 122346
$ 473CAn0, +70000500,. o« 604 9 18, 9 15, / .

DATA (FANDAH(1S290)9u=1910) 7
by 5655."05 .-375“,3 01680.23' 9-133.4-1 6,
$ 4200000, ,7000000, 4 60, y 16, 9 1B, /

DaTa (FANDAH(1534J)sJ=ls10) /

$ 1231.93  *-90,429 13,163 1040 10,0
$ 3250000, 97000000s o 60e 9 1%« ¢ 22, /

DATA M1 ,3.1%4159265, :

DATA TaN3 /,1665/, TANI9/,344/y HB/5,/

SoECIFIC VOLUME OF AIR LEAVING THE MEAT EXCHANGER
Ei EVATION SPECIFIED FOR THEI PLANT

BAR.N=1.39R53=3,.,91835E=5+ELEV
BAR=EXP (RARLN)
SPVOL=(T4+459.67)71.325/8AR

TOTAL: VOLUMETRIC FLOW RATE!I OF THE FAN SYSTEM

TOTZFMaW4«SPVOL /50,
AFC=5.Fn8

Ac=oc

ARP=0,

apIa=0,

A3LN=0,

AVEL_ED,

IFILFE,LT.1) LFE = 153

F-47
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SURROUTINE: FAN

3 XsXs X2t

YO o

0000 QOO0

QOO0 OO

74776

ji START OF ITLRATIVE Loor FOR‘D‘JERMIVING'THE OPTIMUR FaN.

'SYSTEM

Do 600 I=Lcu'h|E

OPT={

'IF(LFB LTel) LFB 2 1

D

)

FTN 4,247835]

INITIALIZATION or FaN’ 0°PTI41ZATION PARAMETERS

T2=0+
RCFUPFe(,
CFMOF=4,
NOF =0
KPP0,
TOTHP=C,
FCsT=0,

C50S5-SECTIONAL! FLOW ARSA FDR THE FaN DSPENDING ONI THE FaN

01 avITER

IF(lelEe27) A=429+08 :
IF(IaBTe2T+AND, I LE.S4) Ax455,96:
IF(I-1To:’+ AND,I.LE.88) A=5B4,3
IFtT.6T.0a.aND T LELLIL) A=858,37
IF¢I.Gr.111.aNp,I.L 5. 135) - a=1123,351
IF(l.5v,135) a=2gg0C,s

DFTZRVINE THE NUMBER FANS,

THE' VOLUMETRIC FLNW RATE' THROUGH

EaCH FAN, AND THE TOTAL! PRESSJRE. QROP -ACROSS E£ACH PFAN

K=0 )
CONTINUE
K=Kel

IF(K57.100) GO TO 59

T{E PRESSURE DIFFERENTIALI ACROSS EACH FaN IS DEPENDENT UPON
TYE MESTHOD OF AIR DISCHARGEI FROM THE: FaNy

VeLOCITY RECOVERY STACKS

VeLREC=)p
VELREC=]

THE VELOCITY RECOVERY IS5 34SZ) ON 13 FT HIGH STACXB WITH
8 DEGIEE SIDESAND FOR A 28 FT DIAMETER FAN THE EFFECTIVE=

NO VELOCITY RECOQVERY

VELOCITY RECIVERY

WITH OR WITHOUT

NeSS OF THE STACK HAS 38IZ%N TALEN TC BE 39 PERCENT

F-48
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1735
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SUIROUTINE FAN

a0 oo

OO0

OO0

OO0

O an

o

55
54
59
62
57

74774  OPT=) FTN 64,2+7835] 12720716

. ATR VELOCITY EXCITING THE' FAN OR. STACK
IF(VEL"EZ.EQ4 go) VEL=CFM/60./A

FAND' = FAVDAP(Ioa)

IF(VELOECLEQets) VELZCFM/60;/(FAND+2Z, '13-/28.'FAND' 14054)..2.§./
*3.1416

FLOVP=FF4/1000000,

TF(VELNEC.EQ. 0,) VPxVEL##2/4452,852

IF(VELREC.E0s 1,0 vP=0, 2.((»FM/50,/A)--2/4452 85244, 0VEL#a2/4452,
wg5a)

TaTaL PRESSURE DIFFERENTIAL| ASROSS THE FAN
TP=J)PTINWs,074952SPVOL+VP

CHECK IF PRESSURE DIFFERENTIALI AND VOLUVETRIC FLOW RATE' ARE
WTTHIN SPECIFIZD LIMITS

IS(TP AT FANDAP (147)) GO TO &2

IF(CFM_GT.FANDAR I 7)) G2 7O 5¢&

IF(ZFY LTFANDAR(T,5%)) B) TO 55

IF(TP. | ToFaNDAP (I46}) GO TO 55

IF(VP.aT.FaNDAP(1s6)) GO TO 5%

CALCULATION OF VOLUMETRIC. FLOW RATE THROUGH THE FAR FOR THE
SOECIFIED PRESSURE DIFFZRENTIAL ACROSS THE FaW )
RCFMPFZFAMDAP (14]1)+FANDAP (142} #TPeFANDAP(1,43)aTPeu24FANDAP (194} "

aTPeederatnaP (1,5)2TPuab

SELECTION OF A VOLUMETRIC FLOW RATE TO ZLOSER MATCH THE
ReQUIRED PRESSURE DIFFERENTIAL) ACROSS THE FaAN
DF=RCFuPF~FL VP
IF(ABS(DF)  LE.0,01y GO TO s7 -
c1=1.on:/?cFM?F
IF(21enTel aANDLCI#CFM,GT, (CFMeCING)) GO TO 55
IF(”I.!T.*.-AND CI=CFM.LT,(CFM=CINC)) GO TO 3%
CFM=CFvwCl
GO TH 50
CFM=CFusCING
60 TO 0
CFM=CFu=CING
G0 TO g0
CONTINNE
GO TI 400
CONMTINIE
G0 TO 400
CFM2F=oCFMPF*1000000.

CALCULATION OF THE NUMBIR JF FANS IN THZ) FAN SYSTEM
NOFaTOTCFM,/CFMPF
[F(2FMBF LT, FANCAH (116) ¢ OR,CFMPFILGTWFANDAN(T, 7)) GO TO 400_
HPPF=F NDaH (151) oF ANDAH (142 #CFMPF +FANDAH (1, 3) %RCFMPFea2eFaANDAH (]
e 4) RCEMPT 234 ANDAH (1,5) 2 QCFMPFunt
HPPTEHPPF/,"7495/5PVOL
CALCULATION OF HCRSEPOWEZR REQUIREMENTS OF EACH FaN

HPPF o HPOF/GREFF
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000

(2 Xe]

s Nelel

2 Xs X2k

(2 X212]

e XeNe]

CALCULATION OF THE!NUM3ER: OF: CIRCULAR TOWERS BASED!I ON AN ' »
" ALLOWASLE FAN PACKING FACTOR

1OWN = (WIDTH o CDANG ,(P1 o FANDAP(I,8))) we2 ; (NOF & PFACT)

ITOWN = TOWN .
IF tITOWN .LT. ITMTN) GOTD 00

IF (ITAWN ,GT, 1TMaX) GOTO 400

CALCULATION OF THE DIAWETE?'O"TﬁilTONEQS
DTON = WIDTH » CDANG /(21 = ITO4AN)

FAN ELECTRICAL WIRING COSTS

VM=230n» ) ) : : :

IF (HPPF ,LTe 250.) VM = 480,
CIF(4PPE 5T, 2000,y vM = 900,

DPTTWR = NIST

DTTS5 = OTCW / 4« *(ITOWNS(3e72¢) + 14a)°
DSGTM = DTOW / 2, =+ DTTSG 7 2,
IF(4PPr LT, 251.) TRMp = 22:000./vor + T.g*HPPF: & (114, = ,la9:

5 » HPPF) » =P2F
IF (H4PSF .GEe 251,4) TRMA -229003./v07.o 7.aatHPPF
$ 870,/SQRT(4PPF) =4PPF
VS = 7200,
1F. (HPPF LLTe 2000.) ¥S = 13300, _
. TRM31 = (DPTTWR4DTTSG=1000,) = (37, & o47sHPPFRNOF/ SQRTYVS)
$ + .5 « NOF) / NOF - _
TRMa = {100, ¢ 1,1¢HPPE) & (553TM=2304) / SQRT(VM)
CSR = WPPF & 55, « HPPFas 1,5 + 1000,
FANLEC = TRMA « TRMS + ToMC

FiN MOTOR COSTS

FYC = 56462

IF: (HPpF ,GT. 300.) FMC = 26433
aigvue = 0,0

1F (HPOF ,GT. 300,) 3IGMC = gl000,
CMOT = HPPF *= FMC + BIGMC

ToTAL HORSEPOWER REQUIREMENT OF THE FaAN SYSTEM
70 TOTHP=KPPF «NOF
CaPITaL COSTS OF THE! FAN

IF(1eLT.88)FCST=FANDAP (1,9) 4 (22,44FANDAP(I,B) w600} +]9424FANDAP 1,8 .
»)

IF(I.ur 83)FCST=FaNDAP (199} # (51, 2eFaNDaP (148) 950,) +1384627ANDAP (1
*48) ~2700,

EFCSF = i «05 N

FCST = FCST » EFCSF

SAATI 3 115

HFR = 13, » 28, » FAND

STACK COSTS WITH VELOCITY RECOVERY

IF(VELREC.EQels) CFROS= UCS * U S & PI « (FANDeHFR*TANBY = WFR
$ « 502T(l, ¢ Tange*2)

F-50




SUAROUTINE' FAN 74/74  OPT=) FTN 6,2+7335] 12720776

5 C .~ +. # UCS = UWS = PI &« (FAND<qBsTAN19) » HB
& : » SQIT(le ¢ TAN1G*w2)

1115 c . STACK COSTS WITH OUT VELDCITY RECOVERY

IFAVELPZC JEG.qge) CFROS = CVV & WFV « P & FaND#s3 / 6. ‘
SR Co 4 UCS + uWE & 0 eFRND » ¥ s TaNlys s ¥
‘% SQRT(1e 4 TAN]OG=a?2)

]
%

INCREASING THE FaM COSTS TO TAXE INMTO AZCOUNT FOR SHIPPING
‘ AND ASSEMBLY OF FAN SYSTTM COVMPONENTS
CFRIS = CFRONS = SAAT x PONFAN
FesT 20H"aN » SpaF = FoST
. CSR POHFAN &« SapF * CSR
1325 fUOT = CHMOT = POHFAN = SAAF
FAN_EC = FAMLEC = PJHLEC

—
(o]
[
(=]
OO0

I TATAL, CAPITAL COST OF THE' FAN SYSTEM
) TCSTRF = FCST » CMOT ¢ CSR o FANLEC « CFROS
1220 TCSTF = TCSTPF = NOF

AvNUAL COST OF THE FAN SYSTEM

OO0

. ANF:OSé:TCST?*TOTHP--?«ST-PLAVC)-FCR*EHR-FCOSIIO-GB-TOTHP-
1335 B T43THrARF=AT760,

CnAST DF PLENUM

[ N 1e]

c

' PL = rPM a WPL =(JTOWN = PI/4e x DTOWau2 = NOF # PI/4ew (FAND*3¢5)
1349 S w#2) .
PL=C

P = POMSTC

b

(9]

STRUCTURAL AND FOUNDATION COSTS OF THE ZIRCULAR TOWER

e XeXel

1345 STRUCC = «?458 & (PIeDTOWan2/be) » ELENG = ITOWN
$ a («0p635 m ROOFL ¢ ,726)
§TRJICC = STRUCC = POHSTC : _
FNDS = o M1lg » (WHXSWATERW) * o92e(PI/% 1aNTOxes2aiTONWN
FNDZ = FNDC = POHSTC

AvNUAL FAN, STRUCTURAL AND' FOUNDATION COSTS

o Ne Nel

ANSSPC = (CPL + STRUCC + FNDC) » FCR
) ANSSPF = ANSFRPC » ANFCOS
1455

<

3707450 OF JESIGN FARAMITIRS FIR THE LZAST CoSY Fai SYSTEM
Ta 3F PRINTED OUT 8Y THI! SJRRIUTINE RPTTAN

PO

150 IF (ANcFPF «3T. AFC) GOTO 400

1360 AFC = aNIFPF

AFCH = ANFCQOS

AC=TCS+TF

AHP=TOTHD
_ . ADIA=FrMIAR (I g)
1265 A?L\l:p;‘NF)AP(IQQ)

RLNANG=F NP (1410

XNFAN=u0F

NUMTOW = ITOWN

F-51
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1175

1380

SURPOUTINE! FAN

74/76  OPTaj

"CTOND = DTOW

AVELBVFL s

CFPEIRF2CFMAF;

HPPERF=HoPFE! ' !

TOTCF=TOTCFM - ‘ ‘ co

'FAC?F = FCST

FMC?F = CYOT + CSR
CPLEIN=A~PL

CYLING = CFROS
HPAIR=TOTHP

" FPOA=TATHP/1.3417

1385

1490

povl

1sd-
O

ol

1400

400

DPFZ L=cv9/(.°7495-spvoL;)-5.2922
DPHX = DPTINW « 5,202lg , 164,
HURIIA = SART (ADTass2 = 4,#4,3,16155)

TCTAF = TCSTPF
FDCPF = FCST
FUMTIC = CMOT

ACCTTP= (DPTINW + VP/(.074°5'S°VDL)) * 5,2013/144,
CFANEL = FaNLEC
ADJUTP = TP % 5,20218714ahe

ACT3IPD = DPHX
ADJ3PO = DPHX = ,07495+*SPYOL
ACTVH = DPFEL/14s4,

ADJVH = VO = 5.2021g /7 lgs,

AGJPPF = H4PPF x SPVOLI » 07405

THPAIR = +23IR

TCT = AC

AFCST = aFCH

CSRJ = CS<

CONTINGE ' -
RETJRN

END

F-52
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SUBROUTINE' FRICHO 74/76  OPT=1 ' FTN 6,247835] 1272074

leNoNe]

(9 Xe)

ODODIIOOODINDIDDBTIAADIANIG TN DOODATOOTOIODIDIDIINDODODINDONDOO

SURIDUTINE FRICHO(FAIR 450D s xasxDexD3+6ATR, 1)

T<IS VARIATION TO SUBROJTINE FRICHO Cal CULATes THE!
FoICTION FAZTOR AND HEAT TRANSFER COEFFICIENT FOR AIR FLOH
TUROYGH A SANK CF PLASTIC: HEAT EXZHANGERI TURES,

D FINITION OF I
1 = MCADAMS RELATIONSHIPS FPR THE HEAT TRANSFER
COEFFICIENT aND: FRICTION FA’TOQ THROUSH A BANK JFi
STAGGERSD BARZ! TUIES

7yxAUS<AS RILATIONSHIP FOR <EAT TRANSFER
COEFFICIENTS AND uCADAMS FRICTION FACTOR
RELAT] ONSHI° FOR A BANK OF STAGGRRED TUBES

2-

3 = ZU<AUSKAS HZAT TRANSFER COEFFICIENT AND MCADAMS
FRICTION FACTOX: RELATIONSHIDS FOR IN LINE BARE
TUNES

DFFINITION JF VARIABLES

Ay = VISCOSITY OF AIR (L3M/FT=HR)
c> - SPECIFIC HEAT 07 AIR (BTU/LBY DEG )
FalR = AIR SIDE FRICTION FACTOR FOR 3aRE TUBES (DIMENSIO Vi

LESS) .
G4 IR = MaSS FLUX OF AIR THROUGH MINIMUM CROSS-SECTIONAL!
FLOW APEA (L34/52 FT +R)

Hn - al2 SIDE HEAT TRANSFER corF#I~1rNT (gTU/HR sQ FT
nES F)

OnL | = OJTSIDE DIAMETER OF THE PLASTIC TURES (IN)

P3ANTL: = aIR SIDE PRANDTL! NUMBER (HIMENSION[ESS)

RiTIO = RATIO OF TRANSVIASE TO LONGITUDINAL PITCH OF THE
TU3ES

ReATR =~ AIR SIDE REYNOLODS VUMBER 3ASED ON THE MINIMUM
CROSS-SECTIONALI FLOW AREA AND OQUTSIDE DIAMETER
OF THE TURES

T=CONA = THERMAL CONDUCTIVITY OF AIR (3TU/HR=FT=IEG F)

Xn -~ LINGITUDINAL PITCH 3F TygeS PaRALLELI TO AIR FLOW

XL = RA4TIO OF LONGITUDINALI PITCH T THE OUTSIDE
NIAMETER OF THE TUSES

XT - RATIO OF TRANSVIRSE PITCH To THE OUTSIDEZ' DIAMETER
JF THE TU3IES

Xy - TRANSVERSE 2ITCH OF TUBES NORMAL Tn AIR FLOW

PRoPERTIES OF AIR AT 100 JISREES 7
AMU = n-04554
CP =2 0n,2406
THCONA = 0,01l564
Fi OW CONDITIGCNS
ODLSI = 2DL/12+0
PRRANTL = A4U=CP/THCONA
REAIR = 0OLF»GalR/AMY

TANSVERSE AND LONGITUDINALI PITCHES

F-53
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o B h '
. xT -1 “'I/ODL?: ) N L i o i .
XLl = Xn/09Li AR L ot -
‘ RATIO = XT/XxL: E SR .
e ‘
Canan ATR SINE FQICTICON FACTOR = SQUATIONS g~i3A AND! © MTADAMS
c NWEAT TRA\JSMISSIOV" THIRD EDITION
c.
¢ BAANCHY POINT FOR STAGGEREDI AND INLIvE TUBE AARANGERENTS
v GO TO (5¢5,7)1 .
c
¢ STAGGERED TUBE FRICTION FAZTOR!
5 CONTINGE ‘
FATR = (04250 & 041175/ (XT ® 1,0)%¢1,08)/{REAIR**(,16)
GO TO n '
¢ .
o INLINE' TUBE FRICTION FACTORI
T VALJE = 0.430 + (1 137xL)
FAIR = (0.044 o 0,050axL/(XT « 1,0)eaValUE)Z(REAIR"40,18)
¢ . . A
Cuunn Ara SIDE WEAT TRANSFER COZFFICIENT MCADAMS AnD ZUuxAuskAsn
r. CcORRELATIONS
C A
¢ 7 BoANCH POINT FOR STAGGERED! AND! INLINE TUBE ARRANGEMENT
8 G0 TO 11092006001
c : ) .
o STAGGERED TUBE ARRANGEMENT, EQUATION 10«11A MCADAMS "HEAT
¢ " TeaNSMISSION® THIRD EpITION
10 HO =: 0,33% (REATR*«0,50) ¢ (PRANTL®0,3333) aTHAONA/OFLF
RE?JRN
¢ .
¢ STAGuEpED TUBE ARRANGEMEINT, EQUATIONS 33, 40, AND 41 A,
c ZIIKAUSKAS WHEAT TRANSF:R! F?OM TUBES IN ’ROSSFLDU"
o .
20 IF(ICATR LT 10.0) RETURN
, IF(IEATR ,5T, 100,0) GO TO 30 .
E REYNOLDS NUMAER GREATER TYaN 10 BUT LESS THAN 100
HO =1 0,90+ (REAIR*#0.40) " (PRANTLN»(,36)=THCONA/ODLF
RETURN
o : N .
c ~ REYNDUDS NUMBER GREATER THAN' 100 AND LESS THAN' 1000
: 30 IF(IEATR 5T+ 1000) GO TO 40
IF (RATIO .GT, 2.) 50TO 35
XC = s3799 * 200 ,sw{=,2%aL0Gi0{RATIII}
XM = 45898 ¢ «2+ALOG10(RATIO)
c o .
¢ RATIO OF TRANSVERSE TO LONGITUOINAL: PITCH LESS THAR 2
HO =: Xr « REAIRssXM = PRANTL»e,3% » THCONA , OOLF
arTJau
c . . ,
¢ RATIO OF TRANSVERSE TO' LONGITJOINAL: PIT2H GREATER THAN 2
35 HO =: .5875 = REAIR#%,6478 = PRANTL#*,36 » THCONA / OOLF
RETJRN
¢ .
¢ ReYNOLDS NUMBER GREATER THAN 1000 AND LESS THAN 2000E05
40 CONTINUE
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[ Ee]

20 OO0

(¢ X&)

59

60

70

20

IF(ATIO0 .5Ts 2,001 80 TO So

RATIO OF TRANSVERSE TO' LONGITUDINAL PITCH {ESS THAN 2
HO = 0,35~ (RATIO#*%(.20)* (REAIR#*0,60)* (PRANTL®*0,36)+THCONA/OOLF
RETJRN

RATIO OF TRANSYERSE TO LONGITUDINAL PITCH GREATER THAN 2
HO = 0. 40%(REATIRem 5C)* (PRANTL®=0,35) sTHCONA/ODLF
RETURM

INLINE TUBE ARRANGEMENT, EQUATIONS 38, 38, AND 42¢ A
211KAUSKAS nHEAT TRANSFER FROM TUBES IN CRCSSFLOWM
xr(:éAf: «LTa 10) RETURN
IF(EATR .37, 100y Go 1o 70

REYNOLDS NUVBER GREATER THAN 10 AND LESS THAN 100
HO = 0,80%(REAIR*®0,.40)* (PRANT *#0,350) +THCONA/ODLF
RETJIN

ReYNOLDS NUMBER GREATER THAN 100 AND LESS THaAN 1000
IF(3FATD .67, 1000,0) GJI TO 80 )
HO =2: 0 293x(REAIR*+0,618)#(PANTL#+0,360)«T420NA/QDLF
RETJRN

ReYMOLDS NUMBER GREATER THAN 1000 AND LESS THAN 2¢00£05
I17¢3EATR L&Y, 2.00EQ3) GO TO 90 )
HO =.0,270-(REAI3'1 0630)'(pQAVTL"°-350)‘THCONA/ODLF
RETJ2N .

ReYNOLDS NUMBER GREATER THAN 2+00£05
H) = 0,021 (REAIR®#(0,84) ¢ (PRANTL=0,36) » THCONA/QOOLF.
RzTVAN
£ND
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5uaRoUTINE HEADER (GPuHDR, NBRANCH 3RCHGpyyRED,NNsJ,0TA,REDCOSTY
$TEECOST,ELCOST,UPIPCST,VELO,EUCAST,FLGCOST,DEBVEL)

THIS SUBROUTINE DETERMINES DESIGN AND COST INFORMAYION FOR
T4E MAIN CIRCULATION PI®ING AND THE QUAIRANT PIPING,

DeEFINITION OF VARTIABLES

| 8pIPCST = A30VE GROUND PIPE COST (51000,FT)
BARCHCST - PNITION OF THEI COST OF: A TEE Arrargurso T0 THE
; 8RANCH ($1000)
8ACHOTA = OIAMETER OF DISTRIGUTION PIPING. plaMgTER OF
. 7 BUNDLE FITTINGS (INCHES)

Y11’ gocHGeM . FLOW RATE TO cl2ul,3 ToWER oalruar BUNDLE! (GPM)
{ DESVEL = PIPING SYSTEM WaTER DESIGN VELDCITY (FT/SEC)
DTa = PIPE COMPONENT DI,42TER (INpdES)
EJCOST = Expﬂvsxow JOINT -osr 181000y
£Lc0ST = P G?Er ELaOW ~0ST (31000)
Fi.5c0sT = FLA 2 ($1000)
GRMHDR = INITIAL FLow INTY HEADER (GPM)
GOMREM = FLOW IN A HEAJEZR SECTION (GPW)
IoRESS = PIPE COMPONENT JESIGN PRESSURE! (PST)
NFL - UPPER LIRIT FOR VUM3ER OF TOWSRS OR TUBE! BUNDLES
PER QUADRANT ) )
NES « NJMBER OF POSITIOVS IN UMIT C0ST ARRAYS. MYsST

MATCH NUM3ER OF! 20SITIONS IN JTAM ARRAY
NN -~ 12y THEN MAIN CIRCULATION HZWDER IS DESIGNED
1F=1 THEN QUADRANT +4EADER Is IESIGNED

PIOCST = BILOW GROUND °I2Z! COST ($1000/FT) _ v

ReD = ALLOWABLE REQUCTION IN nIAMETZR BETWEEN ADJACENT
HEADER gECTIONS (INZHES), 1IF: RED=¢ THE PROGRAM

: CALCULATES THE EDUSTION

REDCOST = REDUCER CIST (31000)

RepUeT = REDUCTION IN 2TaMETZIR BETWEEN ADJAZENT HEADER
SECTIONS (INCHES). ONLY USED WHEN REDa0

TEECOST = TZE cOST ($1090)

UnIPAST = UNIT PIPE cOST (531000/FT)

vACST = vALVE COST (%1000} , VALVES ARE MO7OR OPERATED:

BUTTESRFLY VALVES }
VELO - TRUE VELOCITY IV PIPE, ALWAYS LESS THAN
DESVEL(FT/SEL)

OO 00O ONOIO) OO DIDNDOIDIAOOO

COMMON /CPIPE -/ APIPCST(23), DI&M(23), EJCST(23), ELCST(23)
g, F: ercr(za\ )
$ 695122y, PIPeST(23)y REDCST(Z3)s TEEEST(23)4 VagsST(23)

COMMON /PRESS/ IPRESS

DIMSNSTON VELD (200}

DIMINSTON D14(200),REDCOST(200) 4 TEECOST(200) ,UuPIPAST(200)

LOGICAL  caLb 1

DATA, nIAW/IZ-o18.026-930o936.v42.'“3-’34op60.o66.972.073.084-9
590.f°5 le .0108 !114-'1209’125011 2.’13P00164 /

DATA  FLGCST/4342946184489391,165,1,398,1.93692,471,3,218,3,966,
$5¢5397,.136,94815,12.496,14,725,164+956,20,455,23,955, 25.61.27 254,
$25%.918,30,. 572,32 226133,98/

DATA FUCST/e%F,1,1141,55,2,172,2,585,4 242,5,8,7,242,8,685,
$10,272.11,66413, =55,15 45,19 84o,23 24,26 93,30, 63.34 14 37,66,
$41.1%946, 7 48, 2?951 74/
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DATA .;EDCST/.?’o8909’1o3l1055’2}076565’5;453613'?01’905’1105'
$13¢3,15°5,17%5,19%3,45¢5,60°,7320,37+0,101¢,114%,3277/

DATA  TEECST/eB82924048034215:3eB43044472195419949,1641356,422,41,
sen $51,37.261+462,19459649514785465,968,71,410442,117.59131.25%

$144,,159,,170.,18%,/

OﬂTQ .nIpCST/ l15',15,.1851.225;.25'.2950'42’.¢55205100555036655
S.Tloo7?9.7§5v.941.99’1.2811.313»1 3941,445,1.50591,55591.617/

DATAE ArIPCST/a729410090e1220¢1
1.495§-:250.5559.5E50.714

21.277/

n..1729.198..9999.328v.360s.3900

745,1,023,1,070,1,11,4,15,1,1

DATA EICQT/ 63R41,3%4¢2,0%92,5043,1543,71,8 .0391%, ?920 4'26 Se
134,135, 4'44 h149,864, 9'7002’1020'116 ’129.’1430'157 '1710’1850

DATA CalL | Z4TRUE./

DATA NrS/23/s NFLV200/

CalLl' THE APPROPRIATE SU3SROUTINE TO ESTA3LISH UNIT COST DATA

FAR THE PIPING SYSTEM COMPONENTS,

IF (CALL 1 «AND. IPRESS ,EQ,
1T (CALL 1 +AND, IPRESS

«EQ.

50) CALL P50

39 CALL P75

17 (¢cal 1 .aND. IPRESS LE8. 1235y call plég

caLL b = ,FaLse,
DY 24 Tml.NFL
RED"IST(T) =0
TZEC755+ (1) =00

24 CONTINLE
EJCIST=9,
FL52nS+=0,

T<E IQITIAL CONDITION IS TO HAVE THE FLOW REMAINING IN THE

HraADER (GPMREM) EQUAL.

(APMHDOR)

GOMICM-GP DR
ELCOST=0,

T3 THE FLOW THAT SNTERS THE: HEADER

CONST1=(3. 1416/44) 474401260 #0TSVEL!
quay? (6,,3,1415)a164, /(60 ,27,481)

IF NN=] THE QUADRANT HEADSRS ARE BEING SPECIFIED,
UtATrow OF 3RANCH DIAMETZR IS 3Y=PASSED BECAUSE THE BRANCH»
It THIS caSE THE PI9g CONNECTING THE QUapRANT Hsaoga TO THE
3. VaLc HEADZR, IS FIXEC AT 8 I“’“fs DIAMETER,

B TANCH STAMITER IS THE
THIS CALCULATION IS USED TJ GZT THE INJIX II TO DEITERMINE THE

80ANCH TEE CNST (BRCHCST)

IF(NN.cQ,.1) GO TO 23

DJIAMETIR OF THE YISTRTIRUTION PTRINAL

3ZLOVW,

BRC4DI~=52_T (RRCHGPU/CONSTL1)»12,
IF(32¢cunla,LTenIaM(l aacHD.n dravM(ly

po 10 r=1,yFS
1T =1

IF{32CDIADIAM(IT)) 11y}

10 CANTINGE
11 33CHD0IA=DTAM(IT)
23 J:l
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c o ' ‘ e
¢ : TWE LDOP INCLUDING STAT-M.NTS 22 To 21 DESIGNS‘ANDICOSTS THE
o COMPONENTS OF: EACH HEADER' SECTION,
c A
, ¢ ' CAMPUTE THE REQUIRED PI®EZ! DIAMETER FOR HEADER SEGTION J BASED
c b 0N THE FLOW REMAINING (GPMREM) aNn THE ~ESIGi VELOCITY
¢ "oty (nESVEL)e THE DIAMETER ASSIGNED TO HEAER SECTION' J IS THE!
¢ MEXT LARGEST DIAMETER, IN g INCH INCREMINTS, FROM_THE 0OlA=~
¢ MeTER ARRpAYs pIaMy IN SUZRJUTINES P50, 295 oR plis,
c
22 DIA(J):GQRT(QPMQFM/CON<T1)t12.

p0 12 Tl= 1yNFS -

1 =11 ‘

IF(OIALJ) =DTAM(T) 113913912

12 CONTINIE

‘ 13 DTIA(JY=DTAM(])
o
c TuE MaIN CIRCULATION HEADEZR HAS AN‘EXPQWSION JOINT' aND
c ASPROPRIATE FLANGES AT THEI CONDENSER IMLET ANDi OUTLET..
o

IF (JeEnal LAND, NN ,NE.1) EJCOST=EUCSTI(I)
IF(JeENe] «AND. NN NE,))} FLGCOST= 3.4FLGEST(T)

Ir THE STATEZMENTS THROUGH STATEZMENT 17 THE REOUCTION IN
HeADER PIPE SIZE IS SPECIFIED, THE REXJCER cOST IS DETERw
MINED. THE INDEXES USED TO DEFINE THE aRRAY POSITIONS FORI
OTHER ‘COMPONENT COSTS ARE' DETERMINED,

IF 4 REDUCER IS COSTED FOR! HEADER SECTION J IT IS INCLUDED! IN
TuE COSTS FNR AEADER SECTION J=1« 1TS LARGER DIAMETER WILL!
3r THAT OF HEADER SECTION J=1, THE COST OF: o REDUCER 15
BrSED ON ITS LARGER DIAMETER,

FAR J=1 THIS ROUTINE IS 3Y=PASSED BECAUSE THE FIRSY HEADER
WTLL. NOT HAVE A REDUCER PRECEIING 1T,

I1F1J.Enal) GO TO 15

THE FROGRAM MaY HAVE A SPECIFIED vaLUE 5F REQ WHICH FIXES THE!
PeDUCTION IN PIPE DIAMETZRS BZTWEIN HEADER SECTIONS. RED
MIST 3E 4 MULTIPLE OF 6. [IF RED=n THE IVUTINE: CALCULATES A
ReDUCTION, FOR EXAMPLEs +HEADER SECTION J=1 MAS BEEN ASSIGNZD
A DIAMETER OF g6 INCHES, IT IS NETERMINZD THaT HEADER SECTION
J SHOULD BE 84 INCHESe. THEi REQUIRED REJUCTIAN IS jp INCHES.
IFr RTo=0 THEN A S¢ INCH RZIDUCZR 1S CO31SD AND HtAJtR SECTION
J WILL SE ASSI3ZNED A DIAMITER OF a4 INCHES. IF RED=g INCHES!
& 3¢ INCH REDUCER 1S COSTED 3UT DIAMETER: J WoULD 3E ASSIGVE)
A VALUE OF 9q INCHES, If RED=12 INCHES THEN A 98 INCH REm
DICE] IS COSTED AND DIAYETIR J 1S ASSIGNED A VALUEI OF 34
12CHES, IF RFD=18 IMCAES I3 4ORE THEN N0 REpUGER IS SPECI~
FTED aND DIAYMETER J IS ASSIGMED A valyE! OF 94 INCHES. LARGEI
Vi _USS OF RED IIESULT IN PI2E SIZES LARGZR THaN REQUIRED B8yT
FrWEx QEDUCERS ARE REGUIRETI.

sXeXa ez ieReXe X2 XeXs ke e e R N N e/ OO0 O000

IF(IED,NEL0.) GO TO 14
IF: (A%g(DIA(J)-D*A(J 1114LT40.1) GO TO 35
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c . C:LCULATION OF REDUCTIONVs RED NOT SPECIFIED.
¢ , ‘
REDJCT DI (J=1)=DTA(J)
175 M = REAUCT/6s + o01
1 =1
50 TO J«
¢ , .
o c ReD SPECIFIZD, POSSIBLE REASSIGNMENT QFi DIAMETER Je
189 c
14 IF (D1r(J)=0=2+GTanIA(J=1)=RZD) 50 TO 17
DIA(LY=DIA(J=1)=RED
M= REN / g, +
- IJ =1 ¢ (DIAGJY = DIAMLI)) 7/ Se « 01
8% c _ ,
c DeTERMINE REDUCER COST. 1T HAS BEEN ASSUMED FROM YHE RE=-
¢ SUCER CAST DATA THAT, FOR IXAMPLE, & 95 INCH REDUCER WILL
c cn <T THE SAME WHETHER THZ EIJCTIAN IS TO 90, 84y 0OR 78
c 1uckHrs, ,r THE TOTalL REIDJCTION BETWEEN aDJagENT HEADER
1990 c SECTIONS CEEDS 18 INCHES THEZN AN ADDITIOVAL REDJCER MUST 3E
c CASTED, IN THE EXAMPLE,s THIS #0ULD BE & 78 INCH REDUCER. IF!
c THE TOTAL REDUCTION EXCZEDS 36 INCHES, SAY 96 TO 5%, THEN A
c 9z 78+ AND 60 INcH REDJCIR WOULD BE ¢OSTEDs AND SO ON,.
c
195 16 K=0
Jd=1 ]
CIF(U0 o TJ JGT, NFL)Y Js2eNFLU
IF (J BT NEL) RETURN .
. lg pERzOST(J=1) = REDCOST(J=1) & REDCST(IJsud)
200 K=Kl :
JJsu=3.X%
IF(JJ.LE.®) GO TO 15
52 TO 'q
. 17 DIA(D) =DIA(JI=1)
205 15 M = (DTa(d) = DIAM(IN)/6, + 01
¢ DETEIMINE TEE £OSTS. 1IF T £ LAST HEADERI SECTION 1S BEING
c DESIGNED THEN USE AN EL30W RATHER THAN & TEE, THE TEg €OST
. o In ASSUMED TD 3E ,47« THE ZOST OF A TEzZ: OF THE "RUN" DIAMETER
?190 c PLUS o33« THE COST OF 4 TIE: 0% THE ngRaNpH® DIAM:Ter. THe g
c 1veH 3?A“cu DIAMETER CONVECTING THE QUAIRANT HEADZR TO THE!
[of BUNDLE HEADER I3 NOT AN AIRAY VALUE., 3CHCST IS ASSIGNED A
¢ VALUE OF #2600,
: 215 IF (M . 1 .GT. NFL) J=2wNFL
! IF (J 5T, NFL} RETURN
. IT (A36(3PMRIManR0H5PM) LT, 0.01) 3D TO 14
l TF(NN ,NE. 1) B2CHCST = TEECST(II) * 433
I=(vM.;a.1) aRCHEST=.2
: 220 TEEZOST(J) =TEECST (I+M)»0,67¢BRCHCST
: o
R c MAIM CIRCULATION PIPING IS UNDERGROUNDe QUAPRANT RIPING IS
c a0VE GROUND. FITTINGS £OSTS WERE NOT HEPENDENT ON ABOVE OX!
[of 8ri Od GROUMD SPECIFICATION,
. 528 c

60 TO =1
19 ELECOST=ELCST{I+M)
20 IF (WN LNE, 1) UPIPEST(J) = PIP25T{I+M)
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S1BTRACT OUT THE FLOW TO ONEi S3RANCH FROW THE FLLOW IN THE
" HZADER. IF NO FLOW REMAINS THEN' THE! LAST HEADER SECTION HAS!
8FEN DESIGNEZD. THERE ARE! FINALLY J SECTIONS IN THE HEADER:

230

OO0

IF{NNyEQa]) UPIPCST () =aBPIBCSTII4M;
535 VELD(J) = (GPMREM/NIA(J) »#2) sCONST?
. GPMIEMzGPMREM=gRCHGPY

IF (5P4REM,LE.1.0) GO TO 21
J=g+l
IF (JeaT«NFL) RETURN
240 Go To n2
21 CONTIN(E

RETJRN

END
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SugUTINE INPSUM ’ ‘
THIS RAJTINE REPORTS INPUT SUMMARY 'AND CASE JESCRIPTION

LOGICAL FIRST, FXTEuP
COMMIN
ATTR, ALHA
vCAPF. CSSPKW, CONFy cONLy COSTLY CaPCHG» CONMAT, cONMaZ,caf!
1C3Js CSEALPs cELASTy CFSs CDANGy CLUVR, cHAILSy cVM
«NIEP| 4 DESVEIL, 2aANGLE

W2, FIRST, FIXL, FCOS, FXTEMD
s GITFF
e HXNP, 4PAST
eI4EAT
yIT"Ay, I7VIN
s JCON=
WKCONUs <ALEXT
s MXEXT
+NTUCAL(2) s NTA
cOuulN
ana
2PS125, PER, PWCDSy PLANC, PFACZT , .
sPRHRAF Y DOHFANW pOHLECQ pOH_Iqo pOHCNov POHSTC, pOHSCU
+QTJ. 03enUCF ,
yR37, REDYCT, RUZSEL, RUEELA, ROUFL, RFIX
1SAAF e SIGMA® SOAMAT (2) .
+TDs TPD(4) e TEFF, TLIMs TiLPRA» TSEALP.- TELASTs THFINe TFIX
sTIRAZGy TW
11128y UaS °
VS (R) :
'W:V
,XDED‘, X, XD .
COM#ON /FAN/ FANDAP(153910) #FAN 44(153410) yFMCPFy FBCPFY
DVEL* b.AFb,_;th'“R
COMVYON /TTNZ2/ oM
126 F“Q‘xT:’/«QXv"CO'FFICIE\TS ?Oq POLYNOMIAL CURVE FiTMm
127 FORMAT(70X ™0 1 % a1 v 11X 82" 111x2"a3" v 1x9"45")
128 FravaT v HzAT RPATE FACTOR AS FUNCTION 0OF BACXPRESSURE (INCHES OF M
+E27JRY) "y173e13,5/0
129 rxa'a;,ra,'kunn ”- RATING BAaTKPRESIUREN,F6,2,n INAWES OF Mgacuyaym)
130 FOR4AT(T4+"SITE ZLEVATION"sFT7,0e" FEET A30VEl SEA LEVEL™?

AANDAN AL AAA B3 H AL N

YA P WA A

7 AN A AN

272 FORMAT (141,730,007 §y P U T S JUMMARY A D CASE
SO FE S ARIPTI NI, '

?04 FORAAT (7240 (M mmmmmmaea= “U) 919092 (Nmammranaatt) g ail)

206 FORMAT (T2,13°T10NS SELECTED FOR THIS RyNw,7904"STARTING cONp1T10VS
S0y

200 FopruaT140)

210 FonUAT T4 TEXCHANGER DEPTH UYNCINSTIAINEDH)

298 fjprT(Tﬁ."UDPEQ LIMIT ON TURIINE TEVPH,F6,1,n Fu)

215 FORWAT 76,EXCHANGER DEPTH COVSTRAINED 70 1y48,1X,F5.198 TUBES™)
229 FOPWAT‘I%‘.TJO'"T”Q=~VF DUTLET TE M=¢QAr'QE. TI"oF1o 34 Fu)

255 FDRWAT(TZ,HFXCHAVaEQ LENGTH JNCZINSTRAINED™ 3

239 FOPYAT(TY 0 XpHAMGER LENSTH SILEy AT ".rS'o,u FEET™)

2135 rOQWarfiq.,Tsc PCAPLCITY RATIO, CwARAM,F10,3)

240 FORMATI!T4yn2UN WITH VELOZITY 2570VIRYH)

243 FORMAT (Ta"RUN WITHOUT VELOCITY RECOVERYM)
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0 FORMAT (1HeT31,"FRONTAL AREAy AFRONM",F11,0)

S FORYAT(T4y"NTU cALCULATION IS gy n,2410)

0 FORMAT (1Me,782,nyIDTH 7O LENGTS RAa7I0, LLRATW,F10,3)

265 FORMAT (TB+'"TUBE ARRANGEMENT "eal9)

300 FPRWAT(//T51s"UNIT COSTS AND COSTING FACTORS"/T51,30 (nwu) /)

305 FORUAT(T2.nFURT 0, FT.3,10 cENTS/MMaTyY
$9730,100wER PLANT CONGTRUCTIONH,F11.34n 5/Kyn
§¢T1069FIXED CHARGE RATEN,F5,.3)

310 FORMAT (To4"LAND ",F7,3y" 8/SQ FTN -
SeTI0yUCEO  ACEMENT POWERMyTX9F114340 MILLS/KWAN
$,T10690CaPACITY FACTORNGF9,3)

315 FORMAT(T2,nMOTORSH,FT,3en § / 49
$+T309MaTEAM SUPPLYNTS49F 139" S/XW TURSINE OUTRPYTH
$+T930"aASE THERMAL EFFICIENCY"sF9,3)

320 FORUAT(T30,4CAPACITY CHARGE"sT3%yF11,3,n 5 uun
$4793,0c0NgTRUCTION €057 MyLTIPLIERN,F9,3)

325 FORMAT(TI5,nMAINT COSTS /CAPITAL!I COSTSw,F9,3)

WRITZ(Ae202) :

WRITE (£e704)

WRITE(44205)

WRITE(ny204)

WRITE(Re209)

WRITE(4,203) TLIM

'c '
LOGSYM = w, [ E.n
IF(‘)EEL’L.GToOoO) LOGSYM a: N GELN
IF (JEEPLWEQ040) WRITE(6,210) .
IF(IEEPLVE,0,0) WwRITE(64+215) LOGsyMy ABs(DEEPL)
c .
WRITE (£e220) VAS(])
¢
IF(TIX)) «EQe 000) WRITE(6,225)
IF(FIXL oNEe 0.0) WRITE(69230) FIXL)
c
WRITEZ(A9235) VAS(I)
c
IF(VELPEC.EQe0,0) WRITE(69243)
_ IF(VELDEC.VEL0,0) WRITE(6,2%0)
o
WRITE (6,250) VAS (4,
C,
WRITZ (5,2535) NTUCAL
WRITE(54259) VAS(5)
c o
WRITE (s,255) TUBARG
c S
WRITZ (4,126
W?ITE(“l{ZZ)
WRITE(ayi2a) (TPO(I)s1=l,4) ,
WRITE (4, 129) RgP v
; WRITE (4 130) ELZV
o

WRITE (4,300)

WRTTE(24305) FCOSsPLANCFCR
WRITE(Ay310) COSTL,PWCOSsCAPFI
WRITE{Rrs313) HPLCST,CSSPKWTEFFI
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’ 115 PRITE(22320) CAPCHGCCM

WRTTE(%,325) PgR
RETJRN oo
END -
+
n
F-63
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SURROUTINE HYNLOS

(e Xele] e NeXs X! 00 o000 OO0 OO OOOOO0OO0O00

OO0 OO0 00

a0

100

101

103
107

74/74 OPT=} FTN 4,2+478%3%1 12720716

SIRO(TINE HYDLOS (DIA,VELsVISs 3404 ID4HOLS)

' S3ROUTINE 4YpLOS FOR GIVEN: VALUES OF INSIDE: OTAMETER,
VELOCITYy VISCASITYs aND IENSITYs DETERUINES THE FRICTION
Head LSS PER FEET DF 23a4N. TUSING (Ip=l)y STEEL PIPE (ID29),
0o CaST IRON PIPE {ID=3) JSTN5 M0ADY FRICTION FAATDR CHART
EAUATIONS . )

REFERENCE,y XNUDSENy JeGe AND KATZ, DoL. "FLUID: DYVAMIGS AND
He AT TRANSFERY, McGRAWeAILLW NEW YORK, 1958, P,17%

DIMENSION EP (3,
INSIDE SURFACE PROTUBERANZES FOR COMMERCIAL! TUBING AND PISE
DATA £P,0400006,0.0018,040102,

CALCULATE REYNOLDS NUMBER' aND DETERMINE! IF IN LAMINAR OR
TJRBULENT REGION

RE=30ne«RHOuVELADIA/VIS
IF(RE-2000+)100e1015101

CALCULATE LAMINAR FLLOW FRICTION FACTOR

F=16s )RE
60 TO 102

CALCULATE RECTPROCAL: OF RELATIVE 20UGHVESS AND' RECIPROCAL! OF!
SAUARE R00T OF FRICTION FACTOR FOR FULLY TURQULENT FLOW
RF=0TA/EP(1D)
FF=4,+4L0G10 (RF)+2,28

CHECX TO DETERMINE IF TURSJLENT FLOW IS FULLY DEVELOPED

CF =RF ,FF /RE
IF(CFa0,013104,103,103

DETEIMINE RECIPROCAL! OF SQUARE' ROOT OF FRICTION FACTOR
FAQ TRANSITION FLOW INITIALLY ASSUMING IT YO BE THE SAME AS
FAR FULLY TURSULENT FLOW

TRF=FF
TRECSFF=4,AL0G10(1ev4e6TRF*TIF/IE)

IF CALCULATED AND ASSUMEZD VALUES OF RECIPROCaLI OF SQUARE: RODT
OF TRANSITION FLOW FRICTIOV FaCTOR DO NOT AGREE WITHIN
SSECIFIED LIMITS, ASSUME! NZw VALUE EQUALI TO GALCULATED VALUZI
AND REPEAT caLCULATION

CALCULATION :

106

IF((A2S(TIFC=TRF) /,TRF)=0001)105,105,1086
TRE=THFC
G0 TO 107

CALCULATE FULLY DEVELOPED: TURSULENT FOW OR TRANSITION FLOW
FRICTION FACTOR

F-64



SURROUTINE HYOLOS

105
104
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102

o

74/764  OPT=)

FF=TRF
F=lo/FF>w?

DETERMINE FRICTION HEAD LDSS
HDL_S=276e594«F «VEL2=2,/DIA

RETUR®
ENDS
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SUBROUTINE: NOVART 74/74  OPT={ FIN &,247435] 12720706

SUBRQUTINE NOVART(TVAL34VCST)

SIBROUTINE NOVART CALCULATEZS THE PERFQRMANCE OF THE' POWER
PIANT AND DRY COOLING TOWZR: UNDER THYE ASSUMPTION THAT THE
ATR SIDE HEAT TRAMSFER COZFFICIENTS AND' AIR VELOCIYY THROUGH
THE YEAT EXCHANCER TUSCS ARD GNCHANGED

DeFINITION OF VARIABLES

CAPCHG =~ GAS TURBINE CAPITAL COST ($,%d)

G:2CST = COST OF GAS TURIINE (§)

CoPF ~ PERCENTAGE OF TIME THE PLANT IS PRopUCING POWgR
(PERCENT)

croSs - £0ST OF THE D3Y 200LING TOWZRS ($)

CLAND =~ C257 OF LAND TA<EN UP 3Y THp 3RY coOLING TOWERS ($)

COM3AS = C7sT OF SURFACE: CONJENSER (3 . .
CnS™ = COST OF MAINTAINING THE DRY COOLING TOWERS (g)
coIP = CIST OF PIPING aND SUMPING SYSTEMS (S$)

csTed = cC5T OF MpKE=~JP POWER gY gaS TURBINES AT EacH

AM3TENT AIR TSMPERATURE (MILLS/KW=uR)

INGREMENTAL FJELI cOST FOR STEwM SUPPLY. SYSTEM

(MILLS/KY HR) _

EFF = HEAT EXCHANGER ZFFE-TIVENESSS 3F DRY cOOLING TOWeRS:
(DIMENSTIONLESS)

pelFe

EFFe =~ £ONNENSFR EFFEnTIVFNESS ) i _

Fros ~ FUEL COST FOR THE! STEAM SUPPLY SYSTEM (MILLS/BTU)
_FeR - FIXED CHARGE ATZI OV cAPITaL 2ER YEAR (PERCENT)

Faow = POWER REGUIREMENTS OF FaN SYSTEM (kW)

HaFaCl = HEZAT RATE FACTOR OF STEaM TURIINE AT RATED gaeK

) PRESSURE (DIMENSIONLESS)

HAFAC2 = HEAT RATE FACTOR OF STEaM TUR3INE ;T DESIGN
CONDITIONS OF POWER PLANT (DIMENSIONLESSY! o

HoFaC4 = HEAT RATE FACTO OF STEaM TURIINE 3T A PARTICULAR
AM3IENT AIR T-IMISRATURE (DIMENSIONLESS)

P - BACK PRESSURE OFI STSAM TURRINSI (IN, HG,.) _

PARCOS = INCREMENTAL PIWIR P0JUCTION =0ST OF THEI DRY
COOLED POWER PLANT FOR a PARTICULAR AMRIENT AIR
TEMPERATURE (MILLS/<W=HR)

PrEN = POWER QUTRUT JF 2 aNT AT a PAQTICUtAR AYBIENT AR
TEMPERATURE (Mu) i :

PoOW - POWER REQUIAEMENTS OF THE PIPING SYSTEM {XW)

P$SZ13 = POWER OUTPUT OFi STEAM TURIINE' AT RAaTED 3ACK
PRESSURE TO PVDJCE REQUIRED JUTPUT OF PLANT AT
DESISN cONMNDITIONS (dwW)

PiuT - POWE< QUTPUT OF: PLANT AT SPECIFIED AMBIENT AlIR
TEMPERATURE ({vd) _ )

PuCRS =~ COST OF FUEL F0R 5a5 TURGINE (MILLS/KW=HR)

QTN - THERMAL ENERSY DJTOUT COF STgaw SUPPLY SYSTEM 4T

RATED BACK PRESSJURE OF TURBINE! (B8TU/HR)

QREJCT = HEZT REJECTED AT s SPECIFIED saMRIENT AlIR
TIMPERATURE (3TJ/HR B

R,NGE = TIMPEZRATURE 2QANGE- OF! 44TER PASSING THRQUSEH THE:
HEAT EXCHANGER (JEG6 F) _ .

SecH = INCREMENTAL COST OF PLANT DUEI TO SgaLE UP OF STEaM
SUPPLY SYSTEM aN) THE SCALE U® OF THE PLANT TO
TAKE INTO ACCOUNT FOR FAN AND PUMP POWER:
REQUIREMENTS (5)

OO OTONOONO0OOONAONANN O MIONO DO OO OO DI OOONO OOOO
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SUBROUTINE NOVART 74/76  OPT=) FTN 4,2¢7835] 12720778

ODOOGOOODDOODOOINAO OO OO

A A A AN A AAAAN A

N AN A

“Ta AM3TENT AIR TEMPERATURE (DEG =

TefFFE = THERMAL EFFICISENZY OF CONVENTIONAL STEAM! TURBINE!
AT RATED BACK PRESSJRE (DIMENSIONLESS)

THEAMAL EFFICIENCY 2F STEAM TURBINE AT RATED

BACK PRESSURE (JIMENSIONLESS)

TEFF3 = THERMAL EFFICIENCY OF STZaM TURCINE aT POWER
PLANT DESIGN CONDITIONS (DIMENSIINIESS)

TEFFL

TEFF4 = THAERYAL EFFICIINCY OF STEaM TJRSINE ASSICIEATED
WITH A PARTTICJLAR AMBIENT AIX TEMPFRATURE
(DTHMENSIONLESS) ,

TLIM = LIMIT ON THE TEMPERATURS EXITING THE STEAM
TURRBINE (DEG F) ] )

TSER - PZRCENT OF TIVMZ aN aM3ISNT TEWPERATURE OCCURS

NURTHG THFE YEAZ (PEICENT) )
Tro - COFFFICIENTS FOR THIRD ORDER CURVE F1T OF STEAM
: TJRAINE HEAT RUTI FalT0R (DIMENSIONMLESS)
TZRMINAL TEMPERATURE DIFFERENCE OF SURFACE
CONDENSER FOR A 2ARTICULAR AMITENT AIR TEMPERATURE!
THERMAL CAPACITY RATIO 9F THE: WATER TO THE AlR
PASSING THROUGH THE HEAT EXCHANGER (DIMENSIQNLESS)

—
4.

(&

0
[}

-
<
r»
-
()
)

T -~ EXTT TEMPERATJREI OF STEaMm TyURIINE (DEG 7Y

vVeST ~ TOTAL INCREMENTAL: COST OF DRY COOLING (MILLS/KWaHI)

W3 ~ MASS FLOW RATZ 071 WATER THROUSH THE HEAT EXCHANGER
(LBM/HR) } i

XcOST ~ INCREVENTAL COST OF DRY cQOLING FOR EACH AMBIENT

ATR TEMPERATURIE (MILLS/KW-HR)
y=p -~ PLANT SCALING FACTOR TO TaKE INTO ACCOUNT FOR
FaN AND PUMP POWER (DIMENSIONLESS)

REAL! XrOST(8)Y -
COMMON svaavaRy VTPEZR(16),vTa(ls)
L0GIgal FIRSTy FXTEMP

COMMON

ATyR. ALPHA
yCAPF, CS3PRW, CONF, CONL, ZOSTLY, CAPCHG, CONMAT, CONMA2,CAFI
«C3Jy CSEALPe CELASTs CFSy COANGs CLUVR, CHAILSs CVM
sNTEPL . 32SYEL, DaNGLE
sEFF
9F~Ry FIRSTs FIXL, rCOS' FXTzMP
1 GIZFF
sHXYP, HOrST
gI'{EI\T
s ITYAY s ITHIN
s J2INA
KONV KapTXT
sMXEXT
WNTICAL(2)Yy NTA
CAMIN
nn2

1OSITFy PERs PWCOSs PLANC, PFACT ,
2aP24g4Fy POHEAN, POHLECY POHCIRY PONCND, PO<STCy POHSZL
1032, SReDVCE

sR3Py REaue3y RI=Szhy ROEglLas IOCFLY RFIX

sSEAF, SIZ A, s%aMaT(2) i

2Ty TPO{4) e TETFy TLIMs TLPRAs TSZALDs TELASTs THFING TFIX
s TJ3A25, TH

sJnSy UWS
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SURROUTINZ: NOVART 74/74  OPT=) FTN 4,2478351
yVAS(S) o ' o
sWFV ' .
2 XDEPAy XWe Xn Co )
COMMON /SUPPLY/ an<5), cP1I?Y ccos, " W3, OSMy EFF:
s CLamDy REAIR ZyHRFACS, 4y Ue PPOWy ;
FPnWs DELFy WIDTHs ELENGY VAIRo VWAT HTe HOe. T4
REWATY Nw,PLANC2,PS1712, $73°%,  Swa,  Sw3y
SoCIOTOTAL*PLANC3sSAFRONY AAIRY  YFps SPCH*PSIZ13?  WT2!
822,  NWp, TCOSs DEL8sIZLPWTIDELPWE,CONBAS, XNTSX, VELDX
’ TLaXs UCONy FMCSTe FBACCY *ZFFCy CHs CAr (of]

000 0000

OB 000

G000 0000

%
3

S
5

S
LY
S

b

$

’ CLTCv CFCe  CPCCy» FITCO, CSCyCEPREPs JELPIPY AST
ca’tsr, xNFaN,sLDaNG, CPLEN, D®FEL,  yWx, 4TTUB, ADIA, ALV
s WTHAR? WTFRMeSTRUCCICFPEIF +~2PPERFs TOTCFr EFFIN®  ANTU _
v AIRSF, WATFF, XNMnl, TCT27, FDRCPF, FMTRC, ACCTTP, ADJTP
» AZTSADs ADJBPD.  ACTVH,  ADJVH, ADJPPF, THIAIR, TcTFs AFCST
. CSe0y WATERWs WSTRCTs CFOUNDs HU3DI&, TOWLENS cSEy CHF:
'9C34y NyMTOy, CTOyDy ATUBC, C3TLVR, CSTHS, CyLING, CFANEL
cnn«ﬂN /SCALER/ HRFACl» SSCD?* PLANClY CASSS1
GAIR, FAIRs HPAIR, HPWAT, 2LANCT]
pIMENSTON VLIST(9)
DATA NTRIP/,0/
0aTa VLTST /"CCOS" uSpcOn, "CLAVD"D"CPIP” "COVBAS" "COS““
l"‘"F'\" npchosn "V"ST"/

TGEIMAL EFFICIENCY OF TUR3INE AT THE' OESIGN POINT OF: THE:
PLANT, :

TEFSB=TEFF/4RFAC2
THERMAL EFFICIENCY OF TURSINE' AT THE' RATED BACK PRESSURE

TEFF1=TEFF /4RFAC]
QIN1=3413,£+3 » PSIZ13/TEFF]
vesre=0,0

START OF LOOP FOR CALCULATING THE INCREMENTA{ cOST OF DRY
CAOLING FOR EACH TEMPERATJIRE RANGE

D0 300 I=1,NTA

Au31EMT ATR TEMPERATURE ANDi PZRCENTAGE OF YEAR OVER WHICH
TEMPEIATURE OCLCURSe

TA=VTe(T)
TOER=VTPER (1)

ITERATIVE LOOP FOR CALSULATING THe: XIT TEMPERATURE: OF THE:
STEAM TURBINE AS A FUNCTION: OFi THE AMBIZINT AIR TEMPERATURE,

CALCULATION OF THE THERMalL! EFFICIENCY OFi STEzM TURBINE FOR
~ THE SPECIFIED EXIT TEMPZRATURE: OF THE TURSINE
Ti=1%0,
P=EXP(174168=9240,/(T1+460,)) .
HRFAS4=T29(l) + T20(2)#P + TPQ(3)s02e2 4, TP (4)sPes3
TEFT4=TETF/HRFACS

12720788

TeMPeRATURE RANGE OF WATER FLOWING THROJGH THE HEAT EXCHANGZIR
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SUBROUTINEZ NOVART 74774  0°T=) FTN 4,2+74351 12720/f¢

DO

e e ]

OO0 ano o000 OO0 [ e

IO

D OO

OREJCT=RIN *{]1,~TEFF4)
RANGE=NREJAT/{W3x (1l +YFP))

TrRMINAL TEMPERATURE DIFFERENSE BETWEEN THE WATER AND THE
STEAYM NF THZ SURFACE CONDENSER
TTD2=RANGE/EFFC=RANGE

ExIT TEMYPERATURE OF THE STEAM TURSINE OV PREVIOUS EXTIMATE
IF(TYAL3.6T.1le) 5279 2
T11=2RA»GE/ZEFF. & Ta + TTDP
GOTI 3
T11=RANGE=TVALI/ZEFF + TA & TTO?

. CANVESGENCE ZSRITERION FOR =XIT TEMPERATJURE OF TURIINE
IF(eNOT. TXTEMD (ANDe (T11~T1)2*2 ,LTs .001) GOTO &
YT = ~35¢( (TllaTly /7 T11)
IS (FX=E¥2 ,aND. CVT LT, 7,0001) 5070 4
Tl=rll
6079 1

TATAL POWER OUTPUT OF TUR3INE AT THE PARTICU{AR AVMBIENT
AT TEZMPERATURE

PTOT = QINY » TEFF4 /s 34134543

PA¥ZR QUTPUT FROM PLANT AT Thil PARTICULAR AMSIENT AIR
T=MPERATURE

PGEN=PTOT=CPOW,1000+~FPOW/1000+ .
TEFTD=TEFF4
IF(365,35,F512ZF) GOTD 5

C~ST OF FUZL FOR GAS TURBINE VMAKE UP POWER

CSToL=(PSIZE=PGEN) /PSIZEAPWCOS
TEFF2=<EFF3

GOTI &

CSTIL=r .0

TiCREMENTAL CO3T OF FUEL 703 STEAM SUPAPLY SYSTEM DUE TO STEAM
THRIINI OPERATING AT OFF: DESIGN CONDITIONS (RATED BACK
PrESSYRE)

DELFC=FCO5w3413,E=5 « ({1a+YFO) /TEFFD=1,/TEFFD
IfrT.Ns. 1y 60 vn 10

ERATURE LIMITATION ON MAXIMUM YEARLY EXIT, TEMPEZRATURE: JF!
STEAM TJRSINE

- -
TeMe
=

Tw

IF (T1{ «53Ts TLIM) VCST = 10s » T11
IF (T11 5T« TLIY) RETURN

CAPITaL COST OF GAS TUR3INTI USED FOR MACE=-UP POWERI OF STEAM
P: ANT

IF(3S17ZLEPGEN) 6O TO 10
C4PCST=CAPCHG#(PSIZE=PGEN)
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SURROUTINE: NOVART 34/74  OPTaf FTN 4,247835]

OO

O

OO

10 CONTINGE

CasST OF PROJUCING POWER WITH GRY COOLED! pLAN.'l‘. AT SPECIFIED‘
Av3IENT AIR TEMPERATURE

PARZOS = (CCOS + SPCD « CLAND + CPIP « C3NBAS + CSP:ST) = FCRy
$ (PSIZr « CAPF = 37580.) + COSM + DELFC o+ CSTZL
XeoST({T)=TPER=PARCOS

p00 cONTINGE

SUMMATION OF INCREMENTAL! POWER: PROQUCTION COSTS

DO 820 I=1,NTA
VCST=VAST+XCOST(I)
320 CONTINLE

Dr3UG PRINT OUT STATEMENTS

NDRJG=2
IF(NDBI1G,EQe Q) RETURN'
NTRI®=:TRIP+1
WRITE(49902) NTRIP - :
WRITE (449000 CCOSeSPEDsCLANDICPIPscONBASYCOSHs TPERIPARCOS VST
WRITS{ayg0l) V[ IST
901 FORMAT(1H ,9'4X,46,4X))
992 FORMAT[gNOVART CALLI NOo"s1I10)
RETJRN
END
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SURROUTINE NUNO2P

34/74 OPT=) FTN 44247835

SUBRVUTINE NUNO22{ Tie TD* TTD® CWARAY RANGEM W3' W4 ANTU)

T=TS ROUTINE DETERMINES THEI NUMBER pF TIANSFER UNITS

FAR A TRUF ZOUNTER=FLOW HASAT EXCHANGER.

TLE NTU=ZFFZCTIVENESS CORRELATION FOR TIUE COUNTER! FLOW IS
UeEN, THERE ARE THREE 20SSI3LE CONDITIONS~ CAPACITY RATIO
GnEATER THAN UNITY, EQUALI TO UNITY, AND' LESS THAN UNITY.

DEFINITION OF VARIABLES

DO OO TIOO

|

CvIN = MINTMUM CAPACITY (3TU,HR DEG =y _ _

CwaA =~ CAPACZITY RATID 2FI WATER TD al3 (DIMENSIONLESS)

ErF - HZAT EXCHANGER ZFFICTIVENESS (DIMENSIONLESS)

ITD = INITAL TEMPERATJIRE DIFFEZRENCE OF HEAT

EXCHANGER (DJE% 71

RANGE - TEMPERATHIE RANSGE: OF: WATER (3G F)

TV ~ STEAM SaTURATION TEMPERATURE (NEG F)

T = AM3ITENT DISIGN TEMPERATURE (DI6 F) , '

TTD - CONDENSER TERMINAL TEIYPERATyR:E DIFFERENCE (DEG FI
REAL! ITD

1 FOR4AT("O0IN SR,

NUNOZ2P EFF IS GREATER THAN OR EqQUAL TD 1."/

3 Tzv”EFF="qonlzlsvTZOO',TlOTQOTTD'CNARA)?ANGEF",

T 1P3E1=.6)

ITh 2 71 =~ TTD = Tn
CIF(CWARALGE, 1,00 GOTO 200
EFF = naNGE / ITD
IF (TFr,GE, 1.0y 307D 700
cYIN = W3
7042 = CAARA
GOT2 3n0
c

200 EFF = CWARA = QANGE , ITD
IF { EFF.3E. 1.9) GOTO T7pp
CMIN = w5 = Y,Z24
7ca% = 1,0 s cwaRra

o
IF (CWaR& ,EQ, 1.0) ANTU = EFF/ (1,~EFF) - } ]
IF(okA=ALNE,. 1,00 ANTU = (=alDS3{(1,=EFF) / (1,=EFFeZCaPY)1/(],a
§ 7CA)

RETJIN ,

300 ANTJ = (=8{06( (].=ZFF)/(1,=2FF#2CAP)} ) / ([,=2C2®)
RET JIN .

700 WRITE{asl) EFF, Tly TDs TTDs CAdRA, RMNGE
STO" .
2]
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SUAPOUTINE NTULIP (C2, H, Y)

Tu/tb raT=] FTN hebelbly 057C2/777

THIS ROUTINFE NDETERMINES THD NUMEFRQ OF TRAMSFEZR UNITS FOR A
ONE=PASS CROSS-FLOW HEAT EXCHANGER,

THE TA3BULATED DATA CF NTU VEoSUS FFFECTIVENESS ANO CAPACITY
PATIO WAS TAKCN FRQHM “"MZAH TEMPERATURE DIFFERENCE [N COUNTER-
CRPOSS=FLOwW HzAT FTXCHANGERS3™. RA STEVENS, MS THESIS,

SOUTHERN METHGDIST UNIVFERSITY, 1956. THE DATA WERF
DETERPMINEND AMALYTICALLY.

DIMENSTION VE(164,11), VC(11),y VY(L15)y PCOL(16)

DATA

NATA
3.5,

NATA
11 *
DATA

VC / Glo' '1’ .2' 13' .“1 .S' lé' I7 'IB' IQ' 1- /

VY /0409 <25+ «S5¢ «835s 14039 14250 1e5¢ 1275, 240y 2459 30,
Gay Ser Besw 7a /

(VETU 1,0),I=1,11) /
el /
(VEC 2410 ,I=1,12) /

«2212y #2148, 2164, <2141, 2117, 2095, ;267:0 «2050, .2028,

'28

0aTA

07y 1945/
(VE( 341),[=1.11) /

e3935s +38360. 3787, 3716, J3RUB, 23578, 3512, 3443, 43385,
3323y 43263/

DATA

(VE( woI)sI=1421) /

+572% 5576, S5U274 <5285y 5147y 5014y 4885, J4760, U640,
U523, LS4/

DATA

(VEC SyI).I=1,411) /

«6321s +H1lU1, 59664 <5797+ 56334 5475, .5323y 5175, 5033,
<LR9hH, uT7E3/

OATA
l71

(VE( 64T)el=1,11) /
3Ly «8Y916y 0702y «BLIE, 6296y 5103y «5917s 5737, 5563,

«539R, 0521437

DATA

(VE(Q 74I)sI=1.11) 7

«7769y 47522. 7281, .7G46, .Hh819, ,6598, 6385, 5179, 5980,
«5738y 5603/

OATA

(VE( ByI)WI=1411) 7

«8259 4B00Cs +7781y 74874 47233y <6998y «H763y +65369 6316,
«B104y 45899/

NATA

(VE( 9,10 4I=1,y11) 7/

«ABL7, 48378, «B109,s 47843, 47582, 47325y /7075y 46831, <653,
«6365, 46143/

NATA

(VE(1C D) eI=1411) 7/

«VL79, 48320 4BFR52, JH379, ALG4s <7839, 7557, .7291, .7030,
B774y JH526/

NATA

(VE(11.0),0121,411) /

e9502, +9270G, o3(18, R753¢ 3479, 48199, 7917, <7635+ 47357,

NATA

<7082, o514/

(VE(12, TV, I=1,11) 7/

2352,y 43501, 927 3s 490240 «3755, o BLBG. LI1%, .7%0by L7613,
<7325y o7Jul/ -

NATA

(VE(L3,10,1=1,11) 7/
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DOm0
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41
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T4rThs GOT= FTN L4a54410 Cs5752/77

«ABL7y +Y054, .FUSiy 49225y «BIT7Ls 83699, JBLL1W, 4B120y 7821,
75224 72267

NATA (VE(L4,I).I=1,11) /
«432%, 9830, L9F83, Y0495, 9273y L0019, B742y 48447, .B1l4D,
W7B2Ry 47511/

NATA (VE(LS, ), I=1.11) 7/
«eFI75, oI WLL, 9303, LJYEBLy IuT0s 47239, .A975, LYHRG, 8375,
BUS2y J772%/

NATA (VE(16,1)4I=1,11) /
«9391, 3955, J9BHT, Y7HT7y <3655, 29387, 49149, R866, 8557,
« 8223y J7RAKY/

C = CR
IF{ CR 46T« 1.) C = 1./C

FIND COULUMNS WRTGH BOUND C.

KL = €

N0 4J7 K=1,11
[F(C.LT.VC(K)) GGTO 41§
KL = K

COMTINUE

GENERATS ARRAY PCOL Y INTERCOLATING SETWEEN VE VALUES IN
COLUMNS KL AND KL¢ei

IFIKLaGT ¢0ell «8HN. KLLTW11) FACTCR=(C-VvCI(KL*1) )7 (VC (KLY-VC(KL#L))
10 500 I[=1.,16

[F(KL.FQeG) POOLIIY = VE(I,1)

[IFIKL EQe 11) PCOLAIY = VE(I,KL)

IF(KLGT0 «ANO. KL oLTe 11)

PCOLII) = (VE(I,KL) - VE(L,KL#1) ) * FACTNR #VE(I,XL+1)
COMTINUE

FIND THE POSITION OF PCOL VALUFS BOUNDING £

A = 1

20 £33 [=1,1¢
I[F(F LT, PCOL(I)Y ) GOTO 613
Ia = I

CONTTHUS

THE VY VALUES 3IDUNAING Y ARE VY(IA) AN) VY(IA+1)
INTFRPCLATE 2FTHFEN VY VALUES T GET Y

FACTOR = (E-FCOL(TA))I/(PCCLITIA+L)=-POOLCIA) )

Y o= JYLITAY ¢ (VY (TA+1)=VY(TA)) * FACGTOR

CER NVETY
SN
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SUBROUTINE MNTU2P

THIS ROUTINE DETERMINES THE

74 0PT=4

(CR

c,' Y,

FIN 4.5+614

NUMBER 0OF TRANSFER UNITS FGOR A

TWO-PASS COUNTER-CRQOSS-FLOW HEAT EXCHAMGER AITH THE WATER

NTU VERSUS EFFECTIVENESS AND CAPACITY

05762/77

RATIO WAS TAKEN FROM *“MEAN TEMPERATURFE DIFFERENCE IN CQUNTER~

STDE MIXEDN CETWEEN PAS3ES.
THE TAQULATED DATA OF
CROSS=FLOW HFAT FY(CRAMGERS™ .,
SOUTHERN METHODIST UNIVERSITY,
NETERMINED ANALYTICALLY.
DIMENSION VE(15,11), VC(11), JY(15),
naATA (VEC( L1,0), T=1.11) 7
11 * 1.3/
DATA (VE( 2,T), I=1,11) /
5 e2212+ <2189, 21067, 2145, 2122,
5 «2017y 41996/
DATA (VE( 3J,I¥, I=1,11) 7
R «3935, <3869, ,3801y 43736y «3H673,
g «2369, 3312/
DATA (VE! 44I)s I=1,11) /
3 «5034y 44930, JUHZCB, LUL728B. 4529,
3 1620 JWLQ74/
NATA (VE( SsIL), T=1,11) 7/
T «B321y «H172s 6024y 58775 «5732»
3 «5043y 4914/
BATA (VE( 6,10, I=1,11) /
5 « 7275y «7995, 65914,y 6734,y +H554L,
t « 5687,y 495187
OATA (VE( 7,11 I=1,11) 7/
£ «B173y «797S, 7772 « 7564+ 27353,
? «6531%s 460¢7/
NATA (VE( B8,I), I=1,11) /
3 ROUTy JBL4A, 1239, ,8022, 7A00,
T 66441, ,BhZ21/
DATA (vE( 9411, I=1,11) /
B «9179, 48936, .B794, 8576, B346,
3 +7CRS, .6B82R/
NATA (VELL1Z,I), I=1,11) /
z eQ502y «93UL,y 4ILAT, «A9SH, ATZ2A,
£ «TUDE, 47127/
DATA (VEU(LL, I}, T=1ei1) 7/
T «3638, 49567, «96(7, «9225. <3015,
5 «75671y 47374/
DATA (VE(LZ4IYy 1=1,11) ¢
5 »3817¢ 49712+ 9575, 9GTAR, .92CH,
A 7348, 47538/
JATA (VE(L2.1)e I=1,411) 7
3 29932, 49870« 49775, .3HLS, 9477,
R WBllLl, 7813/
DATA (VE(1LI)e I=1,11) /
5 «9aA7%, (N33, JGATR, 779, V6L
N LR35%, A013%/

F-74

RA STEVENS,

1955,

MS THESIS,
THE OATA WERE

PCOL(LS)

2130,

«3610G,

<4532,

«5590,

«6375,

7141,

«7571,

<8134,

« 3435,

«3780,

«BA77,

<3271,

cUR2,

«2073, .2058,

.3544, 3487,

bta37, JL3L3T,

«5443, <5311,

6198, .6023,

«5929, .b717,

7340+ 47108,

«7555, <7600

«82274 47959,
+8251,

« 8721, <ALLS,

«3035s 48758,

«A39, 4A370,

.2038,

«3428,

<4252,
«5176,

«5852,

«6507,
«B6B877,

«7343,

« 7684,
« 7965,

<8152,

. 5“60-

+ 8673,



SU LMITING NTH2e Tu/T4 (G320 -4 FTN 4o Stuls 05732277

TATA (VEGIS, 1Y, TI=1.11) /
£ ¢33y o 1971. W93 G, W989H, 49747, 44592, L9388, 49I127R, ,8R4LS,
Fy £ <8518, «41€6/

O

GATA VY /lely 25y a%9 o773 Loy 103y La7y 209 2650 3ay 345y bay
F Suy hay 7Ta 7/

G
.5 NATA VC 7/ B.»’). el o2y -3' o4y 05' o0y of sely «Ty L. /
e
IF( CR «GTe 1) C = 1./C
C
746 G
c FIND COLUMMS WHICH BOUND C.
c
<L = ¢
M L35 K=1,11
75 [FC.LTLVC(K))Y 6OTO w18
KL = K
Wi CONTINUE
¢
C
ar C GEHERATE ARRAY PCOL SY INTERPQLATING BETWEFN VE VALUES IN
C COLUMNS KL AND KL+t
C

410 IF(KLeGTa0e0 o«AMDGe KLoLTa11) FACTOR=(C-VC(KL+1))/ (VCIKL)=VCIKL+1))
10 530 [=1,15
HG I[F(KL.F9.0) PCOL(I) = VE(I,1)
IF(KL «EN. 11) PCOLAI) = YE(I.KL)
IF(KL.GTe0 «AND. KL LT, 11)
£ PCCL(TY = (VE(L.KL) = VE(L,xL#t1}) ) > FACTOR #VE(I,KL+1)
236 GOMTINUE

(7(} C
C
C FIND THE POSITIOM OF PCOL VALUES BOUNDING F
S .
Ia = 1
ag 30 66C [=1,16
IF(F «LT. PCOL(I) ) GOTN &1l
Ia =71
Ul CONTINUE
C
[ o
G THE VY VALUES SOUNOTHG Y AXE JVY(TA)Y AND VY (TA+L)
G
# INTERPOLATE SETWEEN VY VALUES TO GET Y
[
e F1G FACTOR = (E=PCOL(TIA))I/Z(PCOL(TIA+Y) -PLAOLLITAY) )

Y oz yY(IA) ¢ (VY (TA+1)=vY(T1)) * FACTOR
QETURN
FEND

F-75



SURROUTINE 0UT2 34/764  OPT=1 FTN 4,2478351 12720706

sujqutINE'0UT2(RBP.HP?ACl.SSCDHCASSSI,PLQNCfI,PLSNCI)

c .
o THIS RAUTINE REPORTS STEAM SUPPLY COSTS DUE TO INCREASED HEAT QATE
. ¢ AT RMTING 3ACKPRESSURE, _ .
5 c :
1 FORMAT(1H0,T3,nSTEAM SUPPLY SCALING TD COMPENEATE FDR INCREASED Wy
§ "HIAT RATE AT RATING BACKPRISS QE, RBP=",F5,2+TgTs"INy HGM,
$ T11240HRFACL=M,F11.6) ,
2 FORMAT(140,79,nSTEAY SyPPLy COST DIFFERENTIAL! $"yT384F12,0,
10 $ TAI*MRTEAM SUPPLY UNIT COST"»712,00"  S/Ku™)
3 FORVAT (1XsT39"PLANT COST INCLUDING STEAM SUPALY $19T389F 12400
$ TS3."nl ANT UNTT 0ST INGLUDING STeAM SUPPLY MyT9leF12,3,"S/KW")
WRTTE (541) RAP,HRFAC]
' NRITE!,2) SSCNWCASSS]
13 WRITE(443) PLANCT),PLANC,
. RETUAN _
: END

F-76



19

15

20

. 8

45

S0

SURROUTINE OUTS

OINO0ODO0O

CLOGIZAL FXTLAG

AN AN PADANAD AR DA

AA N A PAPAANA A AA A

LI R e I B ]

76/74  0OPT=2) FIN 4,247435]

SUBRIOUTINE OUT4 (<WHICH)

12720706

WHEN CALLED WITH KWHICH = 1 THIS ROUTINE REPORTS AONDITIONS AFTER
SCALING PLANT AND! STEaM SUPPLY BUT 8%k

FORZ! SCALING FoR FANS AND PUMPS

T

WHEN' CALLED WITH KWHICH NOT 1 THE WUTINE REPDRTS CONDITIONS AFTER

S aALING FOR FANS ANp PUMPS

LAGICA; FIRST, FXTEMP ’

COMMIN

ATTR, ALPHA
1CAPF . cSSDKN- 2ONFs cONLy 2OSTLY CAPCHGe CONMAT, cONMA2,cAF
€3y €SZAL", CELAST, CFS. COAVG, CLUVR, CHAILS, CVM
NIEE e 7FSVE” JANGLE
W ETEFR
sF2Ry FIRSTy FIXLy FCOSe FXTEM™
1 GICFr
sHXNP, <PeST
yI+dcAT
sITHAy, TTMIN
y JTONe
KCZONv, XALEXT
WX-VT
9VTUg1L(?)! NTA
. cOMvIN
anx
4PSI12c, PERy PWCOS, PLANC, PFACT
+PO43 Fy PONFAN, POHLECY POch?, POHCNDs PO4STCY POHS~U
03TJ, 3RealcE
yR3°, REJyCE, RO£sEL, ROEpla, RO007L, aF1x
+SAAF, SIGMAs SPaMaT (2) )
sTI+ TPO(4)y TEFF, TLIYy TLPIA4, TSEALP, TELASTs THFINs TFIX
Y TIBARGY TW
21J2Se UUS
vrg(:,
sy
,XWFP'\Q Xlo XD )
COMMIN /SUPPLY/ VAL (D), cPI’» 2coSy W3, cOSu, £FF
»  2LAVD. RERIR, Z, H?FAy'o Wey Us PPOWs .
FPAWs HELFCY onTH, ELENG VAIRs VWAT, Hls HO, T4,
REW,~ Ty N“'JQDLﬂ“CeupSIZ1’C Spap' SH", 5w3,
STC,PTOTAL.2LANC3,SAFRON,  aaIR, yF®, SPcp,PS1z13, WT2s
Bz Nw2e TCOSs DELPAIEZLPATIDELPWCIZON3AGY XNTSXe YELDX
’ TLAXy ylON, FMCST, FBACC, ZFFC, CHe Che cs
. CLTCy CFCy  CPCCs FITCO CSCaCEPRERP,JELPIN, AST

%
3
%
i3
$
%
5

3
$
$
%

vyCA®CSTy XNFAN,aLDANGs CPLEN, DJPFEL, WHX, ATTUS, ADIAs, aBLN
. NTHARy WTFRM,STRUCCI1CFPERF1PPERFy YOTCFs EFFINY aNTUY
y AIRFFs  WATFF. wioa, TCT2%,  FOCPFy, FMTRCy ACCTTP, ADJTP
s ACT3™N. aDJ3PDs ACTVHs ADJVH4, ADJIPRF, THPAIR, TcTFy AFCST
s CS:2. WATERWs WwSTRCT, CFOYVY, Hy3D1a, 7O4LEN,  CsE, CHF
»C34e MUMTOY,y CTOWDs ATUBCs CSTLVIs CSTHS, ZYLRNnGy CFANEL
COMMON /SINK/  VAR(S) CPI°1a :COS}' W319 COSMIs EFF)y
s clauly REall, Z1,43F 225,  w4l, ui, poowl,
FI0w1ly DEFCIe WIDTLl, ELENL, VAIRl, vWaTl, HIY, HD1,y Tély
3€waly,  Yw1,2PLNCZ2,251212, ZSP3P. swél, SAH3T,
SPr1s PTOT19PLNC31e AFROLls AAIRL)YFPUINg SPCD)y SPSI3sWT2MIN®

F-77



60

85

Ta

75

85

80

o5

SURROUTINE! OUT4

901

906
911
9:6
917
918
g2l
926
931
936
941
946
551
956
961
Q4
96
964
965
1001

1005
1006
1011
1016
1021
1026
GLEE!

74/74  OPT=) FIN 4,247435] 12720/7¢

$ BO2MiN,NW2MIN, TCOS1, DEPAl, JPWTl, DPWCI,~ONBAT, XNTS1, VELD1

$y  TLals UCON1, FMCS1, FBACLs ZFFEly,  cHl1y  CAls €SI
$. CLTFlsy CFCly CPCC1,FITCY1l, CSCl,CEPRE1,DEPIP], AST!
SyCAPCST P XNFAN18LOANI*CPLEN]PDPFELY? WH1s WTTUls ADIY®
Sy ATHNY HTFRIvSTQUCI,»FMP’lt 4°pFIQTOTCF1v FFINT, ANTUI

ABL1

Sy AIRFF1l, WATFFRY, XNMOply TCTPRY, FOCFFly FWIRLLQ RETTRL, ADJTP&
$. ACTBNL, ADJBP1. ACTYHl, ADJyH1l, ADJPP1, 4Pall, 7TCTFl o AFCST!

S CS~1ly WATERls WSTRCly CFOUN» 403011, TOMLElo €SSl

CHFY

$ +C3A1, NUMTOWy, CTOWD1s ATU3C1ly CSTLV]s CST4519 CYLRN1, CFANE)

COMMON /ScALFR/ 4RFACle SSCO 9L4Nc1' CASSSY,
5 GAIR, FAIR, MPATIR, HPwAT, PLANCT]
cowMnl /pgs/ DITXDGISF
COMMON /FLS¥/ FXTLNG i
FORMAT (" CONDITIONS AFTER SCALING PLANT aNp STEAM SUPPLY
-Scaszf FOR FANS aND PUMOS) My T33,"4RFAC2=",515,7)
FORMMT 1Xx4T8341P5IZ12214515.7¢" “yn)
FCRMAT (1XaTY3 pnPLANC2%14G154741 g/KWn)
FORMAT(1XyTABsn  SpPBP=i, G15.34" $NM)
FORMAT(1XsTE19"aACK PRESSURE="s5315,7," IN, H3mMm)
FORMATi1xXeT799nsAT TEM°=RATU:E=n,G15 94m DEG FU)
FORMAT t1X,T1%,0WATER FLOW RATE u, 315.9, n L3I MASS / HRw)

FORMAT(1XeT14smAIR  FLOW RATE: M, 515,85, " |3t MAS§ / HRM)
FORMAT (1XsT1%yn PUMP POWEZR "y 313,9, " KILOWATTS™)
FORMAT {1xsTlésn FAN POGER 1y 515,39, " X1LOyAzTS™)

FORMAT (1X9T14*"HX SURFACE ARZA "» 515.9+ " S3 FT™

FORUaT (1XyTlgyn FRONTAL ARZA ", Glgeg, " Sq FTw)
FORMAT (1XaTLlenWIpTH/LENGTH RuTIO "y 615,9)

FOnYAT lxeTl3 40 WIDTH "y I11y745,m 7y3ESM)
FORMAT (1XyT15u WIDTH yG1l5a99n FEETH!

FORMAT (1X,T99"NO, CONDENSER TU3IEZS “y615,3)
FORMAT (1XsTB2"CONDENSER TUSE LENGSTH "9G515,94 FTatr)
FORMAT I 1X9T159MyWaATER VELOCITY "9313eF9m FT/SICHM)

tBEFORE!

FORMAT (1X*T79"CONDENSER HT TRFR AREA "9515,9*" S8 FT TOTAL™)

FORMAT (1X,"SCALING FOR FAN AND PUMP: POWER REQUIREMENTS™,
» T30yMecaALING FACTOR "y G15,.9)

FORAAT I 1X9TB88 s PSIZE #eG315.9,M Yyn)
FORUAT[1X9T8ReNPSIZII My G154 " uww)

FORVAT (1XsTB39"PTOTAL "y515,9y " My")

FORYAT (1XaTBR om0 ANC3 1y G15,94m S/KW™)

FORMAT1XsTBEy1r  SPC 1y G15,99" 3n)

FORMAT (1X TB834n SPCO uyGlSed,yn gun)

FORMAT [ 1Hne12(" =2 s% »m 1H)//)

WRITZ (4434088}

whRTP = wIDTI/ZELEN)

TF i atCeNEwis 30T 2000

WOITE (s ?91) HRFACS

WRITE (ce508) 2SIZ1}

WwRITE (499113 2PLNG2

WRITZ (49918) 25P3P

WRITE (249 }7> BEPTIEY

WRITS (5y9layvar(])

WRITF(eyg2ly) w3l

NQITE (Ry326) W61

WRITE(rs531) (PPOWl/ {1, sYFRMINY)
WRITE(4,935) (FPowl/ (1l ¢yFPUINy)
WRITE(A9941) (aaIR1Z (Ll +YFaMIN))
WRITE(6yg¥6) (AFRO1/(1,tYFPVIN))

F-78



115

145

SURROUTINE' OUT4

2000

" WRITE (A,

74/T6  OPT=}

WRTTE(£9251) WLRTP/(1seYFPMIN)

WRITE(63956) NwWiMIN I

WRITE(ks961) WTEMIN

WRITE(%£4955) asTl

WRITZ(hy967%) XNTSI

YAITE (£y563) TLal

WRTTE (re954) yELD]

QETJIN

CONTINIE :

waITE(ﬂcinnl7 (1 esYFPMIN)
005) psIze

WRIT= (ks 1006) spsl3

WRITTZ(As1011) P70T)

wTTT(ae1016) PLNC3]

WRITE (Re1021) SPCY

WOTTE (¢,1026) 5PcD)

WAITTE(4,32)) 35w3l

WRITS(Ay324) Suél

WRITE(£,931) pPpowl

WRITE(24936) Fpoul

WRITE(ay9%1) AaIRl

WRITZ(A4948) AFROL

WRITE (£ 9351)WLRTD

WRITE (4,055 Hyl

WRITE(59351) WINTI

WRTTE(A5955) ASTl » (l. « YFPIIN)

WRITE(8+362) XNTSL » (1, « YFPUIN}

WRITE{Ae953) TLA1

WRITE(299564) VELD]

RETJIRY

END

F-79

FTN 4,24733571
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SURROUTINE' P50

OGO DITIATOO

(e

OOOONOOOOD O ONn

$
%

A AN

74/74

SUBROUTINE'PSO ' '
COMMON /P1250 / APIPCST(

y FLﬁgéT(23)

vELﬂ

-

OPT=] FTN 4,247835]

COMMON ,CcPIPE/ x(230)

23)» 01AM(23)s FUCST(23)y ELCSTY23)
123), ©IP¢cST(23), REDCST(23)y TEECST(23)y VacsT(23)

TUIS SUBROUTINE SUPPLIES UNIT COST DATA TO SUSROUTINE
PIPCRT FOR PIPING SYSTEM COMPONENTS DESIGNED FOR

"125 PSIs

DPRESS= 125
OF THE INPUT,

THIS DATA IS CALLED 3Y USING A VALUE OF

FoR STUDY PURPOSES,

DFFINITION OF VARIABLES

ApIPCST

DraM
EuCsT
teST
EEEs
FLLGCST
PTPCST
RepcST
TEECST
VaCsT

DATA APIPCST ,

o152

A30VE GROUND RI®E COST (s1000,FT)
COMPONENT DIAMETZR (INCHES)
EXPANSTON JOINT cOST ($1000)

90 nEGReg gL3dW 2£0ST (S1000)

45 DEGREE EL30y COsy ($1000)
FLANSE cOST (g1000) )
BELOW GROUND 212E COST (S$1000/FT)
REPUCER COST ($1000)

TEE cOst ($1000)

BUTTERFLY VALVES

50 PSI

. 056, 074, (092, L112»
1240, +265y 4290, .322,
.396, 623, L649, L4670y
.5“1' . 9727’ 0772! 0812’
12, ’ 18, ’ 24, ' 30, ’
“8. ’ 54. ’ 500 ’ 660 14
54. . S0, . 96, ’ 102. .
120, y 126, y 132, s 138, ’
.560, 1,11 1,86, 2.17
5,80 , 7,26 8,63 , 10,1
16,8 19,8 23,2 , 26,9
37,7 . 41,2 66,7 48,2
«437,y «9959, 1.556 2.12 ¢
7005.' 1200 9 1609 9 2003 ’
31,1 34,9 38,7 43,1
74,8 4 77,9 5 80,9 , 88,0
03001 !670' 1003 L _1.37 ]
417, 8,9%» 13,1 , 15,4 ,
22,6 4 25,0 s 27,5 4 30,6

F-80

(DPRESS=PIPING DEZSIGN PRESSURE) ON CARD G}
THUSy aNY COST JaTa CaN 3E SUaSTITUTED HERE:

VALVE: COST (s1000y. VALVES ARSI MOTnRi OPERATED

«132,
0353,
0490,
«8352
36. ’
T2. .
108, ’
144,
2469
1105 ’
30.6
S1.7
2068
23,6 ,
95,1
1¢71 »
17,8
33.6 ’

12720756 "
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70

80

SURBOUTINE PSO

40

74774  OPT=l

$ 35,6 51,9

1

DATA Fi{/GCST,

5 . '342!
$ 1.91 b4 2.47 [
$ F.82 12.5
$ ?5!.6 L] 2.".3 [ ]
DATA P1PCST,
k3 00959
s .2%3, L363,
s 548, .593,
% .741' ,963'
DATG& RFDCST,
'5 0355'
S 1-38 1] 1.55 *
& 5,95 8.1° L]
s 20.9 38,9
DaTa TrecsT,
% .496,
s 357, 1.37,
T 23,1 26,8
S 45,9 88,6
DATS VaACST,
3 3.64
< 17.% . Rl,0
$ 45,0 51,7
$ 83,5 , B5.5 ,

D0 40 1=1,230
¥(T) = APIPCST(1)
COMTINDE

RETJRM

END

F-81

- - e

. e w e

- e w -

FTN 4.247835]

<697y
1-17 L]

.798’
8,99
12.7 *
56,9 o

2459
20.1 ’
39,1
ST'B L

5 02 ’
704 ?
70,5
lo1, ’

69,0
1040
T,13

2"160 ?

33,9

e221y
«503,
w719y
1.24
1405 o
5,71

1608 ’

63,8
3,08

23,3

“3.0 9

9446

13.8 ,

40,4

755

106,

12720476
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SURROUTINE P75

nr?r)hrﬂr)nr;n OO0 OO0 00

$

4/76.

SURROUTINE P75 N L o .
COMMON /PIPTS , APIPCST(23)y DIAM(23)s EUCST(23)y ELCSTY23)

y FLG

eT(23)

oPT={ 4 FTN 4,247335] 12720748 »

S 4pLE9123), PIPEST(23)4 REDEST(23)y TEEEST(23)s VACST(23)
conwOn /e”1PE/ x(236)

Tu1S SUBROUTINE SUPPLIES UNIT COST DATA TO SUIROUTINE
PtPCRT FOR PIPING SYSTEM. 20MPONENTS DESIGNED FOR 3
7% PSI.

DPSESS=

TH1S DATA IS CALLED 8Y USING a VALUE OF ,
75 (DPRESS=PIING DZSIGN PRESSURE) ON CARD 61

0F THE INPUT, THUS, aNY COST DaTa caN 3E SURSTITUTED HERE)
FAR STUDY PURPOSES,

DEFINITICN OF VARIABLES

ApIPCST

DTAM

£.1cST
ELcsf
EL 45

FILGCST
PTPEST
RrocST
TFECST
VaCST

DATA, APIPCST,

NAANH

152,
< 3nE
0652’

DATA DrAM,

14
34

;2&
..0

..1 .
paTa EC

L]

’
’
9

Aaovs'cnouné PI9€1 COST (g1000,FT)
COMPONENT DIAMETZR' ¢(INCHES)
EXPANSIOMN JOINT 20ST (310009

90 pEGREE gLy0W ~0ST ($1000)

45 CEGREE EL3J, £OST (51000)
FLANGE COST ($1000)

gELOW GROUND PIPE ¢JST ($1000/FT)
REDUCER COST ($1000)

TEE CUsT (%1000

VALVE COST (elnnon), VALVES ARZSI MOToR OPEHATED
SUTTERFLY VALVES

TS PSI
1056’ 0074’ 0092' -112' 0132'
0240’ '265' . 1290! 0322’ 03530
WBT1, «DC1y «330, 5768, 622,
«E81, o711y <379, 322y ¢ 965 /
12. 1] 180 * 2“. [ 300 ’ 36. [
A8. v 5“0 ’ 60- ’ 66} . TZ. L
560 1] 900 ’ 96. [ 102. 1 1080 [}
120. 1] 125. * 132, v 139. ? 1440 /
« 560, l1o11 1,66 2417 2¢69
5.80 T,2% 8,99y 10,1 » 11,5
1605 1] 1908 ? 2302 L] 2619 ’ 3006 [
37,7 41,2 64 7 48,2 51,7 /
o437 1.00 ¢ 1,36 2.12 ? 268
T.05 0 ’ 6.9 203 ’ 3¢6
35,2, £§.9 ’ is.ﬁ y 53,7 4 G8,7 ,
T4,8 4 82,9 97.0 , los, y 1lls, /.
2300 #5665, 103 9 i:37 [ 1-7. []
4077 ] 8.94 * 13.1 [] 1:;‘ (] 17.é [}
28,8 32,1 5,3 , 38,9 425

F-82



70

SURROUTINE P75

75

85

90

76/74 oPT=1

§ 47%2 , 519 ,

DATA, FI_GCST,

k3 [ AZ!
L ]..9-1 y 2.27 '
$ .82 o 12.5 .
£ 25,6 27,3
DATA PIPCST/
% 0096,
3 253, .353,
% 574, 2569,
5 «215, 262,
DATA ReDCSTy
L 0363,
$ 1.31" ’ 1.55 ’
3 595 10.9
S 28,6 35,9
DaTA TRECST/

.494.

3,57 7,37

L
25,.1 ] 38.0 [ ]
61.5 68,6

A A N A

_ DATA VACST,

Y

$ 3.6%
s 17.4 5, Zl.0
$ 45,0 51,7
% 80,5 35,5

DO %0 1=1,230
X(1) = APIPCST(I}
COMTTINGE

RETJIAN

N

F-83

- - e e

7403
+993,
3,97,
17,0 .
30,6
157
Lahy,
075."'
1.1% ,
545,
4026 ’
11,3
6295 ’
2409
1608 ’
45,0
59,1
8.67
34.3 ’
65,6
95,6

FTN

?953 ’

- W e w

&
0
.
-d

- o w e

6,247H3TY
8403
1640
7-18 ’
24;" 3
33,9
0221,
503,
_«B74,
1436
1405
5071 ’
21e2
7949
3.08
23,3 ’
54.3 ]
115,
3.8
0.%
75,5
106.

12720776
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SURROUTINE P{25

s X2 Xs s KeXsXels N2 Xz XslsNs e Xs NeReigloNe Re e e Ne N

74/74

OPT=1

SURRDUTINE P125
COMMON /PIP125, APIPCST{(23) DIchz3), EJCST(23)9 ELCST(23)

$y FLGCST (2

FTN 4,2673%35]

$ .g'p5t?3), PIPCST(23), REDCST(’S). TEECST(23) s VACST(23)

COM¥ON /C P1PE/ x(230)

THIS SURROUTINE: SUPPLIES UNIT COST DATA TO SUSBROYTINE
PTPCRT FOR PIPING SYSTEM COMPONENTS DESIGNED FOR
THIS DATA 1S CALLED 8Y USING a. VALUEIOF

=g PSI,
DrRESS= 5§
Ge THE IN

0 . (DPRESS=zPIPING DESIGN PRESSURE) ON CARD G
THUSs aNY COST DaTa AN 3E SURSTITUTED HERE

PUT,

FAR STUDY PURPOSES.

DeFINITION OF VARIAZLES

APIPCST
DravM
EJCST
ELST
EL45
FILGCST
PIPCST
RepeST
TFECST
VaCST

DATA ARIBCST,

A30VE GROUND PIPE: CIST (51000 ,FT)
COMPONENT DIAMETIR
EXPANSION JOINT COST

(INCHES)
($1000)

90 DESREES EL3OW £OST (51000)
45 DEGREE EL39y COsy (S1000)

FLANGE COST
RELOW GROUND PIPE COST ($1000,FT)
REDUCER ¢OST
TEE CCsT
VaLVE COST

(5100

(810
($1000)
(slooo

BUTTERFLY VALVES

5 «056,
3 204, 2240,
3 ,4aT, .555,
$ .388, 893,
DATA DIAM/
3 12, '
s 42, ., 48,
$ 730 ’ 84. 1]
g 116 s 120, ’
DATA EUCST,
& R -56°|
$ ;.2“ ’ 3.80 [ ]
s 14,0 1,5 ,
s 34,1 7.7,
pATa ELCST/
5 o¢37l
A 5;25 ’ 7005 ’
$ 34\1 ’ 47.6 [
$ 93,9 4 105, ’
DATA E| 45,
% - o30°9
3 3555 14 4077 ’
$ 25,6 o, 35,5 ,

125 PS1

074y
.276,

.65,
.228,

1160 ) 1

F-84

1

0)

00)

); VALVES aREl MOTaR OPERATED!

«092,
350,
718,
1,11 ,
26,
60, ’
96. ’
32! []
1:56
°o°9 4
23,2
46,7
1455
2113 ’
59,4
3o, y
03
18007 |
5107 1]

30.
65,
lo2,
138.

2.17
10,1
26,9
48,2

#12

141,

. @ w

* e o e

- w e

01568,
o421,
822,
1.21
36, ’
72 3
108, ’
144,
2489
11,5
3006 ’
51.7
3¢47
29'9 ’
82,7
152,
2433 »
2207 ’
6107 *

12720786
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S 65,0 . 68,3

DATA F|_GCST/

¢ 9342

$ 1.97 ’ 2-“7

] 3.8 , 12,5

s 23,6 27,3
DATA PIPCST/

L3 00969

s 370, L3563,

% o017, ,7539

% 1e13 & 1.18 ,
DAT& REDCST,

s . 355,

s ’-44 L 3033 ’

% qnsﬁ L] 1319 ’

3 45.5 62.1
DATA TEECSTy

5 . 494,

3 :.8') . 7031 L]

3 34u2 * 47.0 L]

5 B%.4 s 99,7
DATA VaCST,/

s 3,64

s 17,4, 21,0

35 45,0 . 51,7

$ 80,5 BS,5

D0 40 7=1,230
X(1) = aPIRCST(I)
CONTINGE

RET JRN

END

1

23

TT«7

- * @ @

F-85

- - w @

* e w e

FTN 4,247435]

109, y 1lls,
%.15 ’ 1640
. W55 7613
20.5 24,0
32,2 33,9
- 859 [} 57’
oé379 _o§720
1.01 [} 1.07 [}
1.52 1] 1!60
+635, 1455 ,
6,61 7.58 ,
24.3 1) 30.9 []
101, y 113,
2.89 4.22
26,0 30,1
72.7 L} 79.1 [
1‘7. ’ 157.
i1.2 ’ 3.8 [}
37.“ 2 00‘ ®
T0,5 o 75.5
101, + 106,

12/20/768
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54/74  OPTej FTN 4.,2478351 12720746

SURROUTINE: PIPCRT (TSy W3y TTDyw TRy TOWERD, IELHX, DELCONe DISTY

DESVELs REDJUCEy 2REDUCEs guNWIDT, TU3DEP,
TRANPIT, ¢OST, NeTOW, PDP, EPDP, HPWAT,
K0, 2DANGy POHZIRY POHLERy EFF™)

' T ’l‘ IRl Ta YRR & RNT 4

' SUCASUTINDG DESISNS AND C35T3 THE PIPING SYSTER, THE P17
IHG SYSTEM INCLUDES ALL THZI! PIPEY VALVES, PUMPS AND FITTINGS
3eTHEEN THE CONDENSER aND: THE HEAT EXcdaNGER, PIPE pIaMETER
I¢ DETERMINED FROM THE WATSR FLCOW RATE AND TWE DESIGN
VELOCITYs VALVE AND FITTING SIZES CORIISPONA TO TWE PIPE
Syzrs WITH THE SAME FLOW RaATE THE Pyvas ARg SIZED

AZCORDING TO TOTAL FLOW RATE AVD TOTAL )NNAMIC HEAD,

T4YE SUPOLY AND RETURN PIPING 2ESISNS A?EIIOENTICALIALfHOUGH

OTFFERENCES IN wWaTER PROPIRTIZS ARE ACCOUNTER FOR IN THE: HEAD
L0SS aND PRESSURE D30P. COSTS FOR SUaSYSTEMS OF THE PIPING

'AQF MULTIPLIED 8Y A FACTOR OF TWO TO AC~OUNT FOR 30TH THE

SUPPLY AND RETURN PIPINS. THE PUMP STATION IS PROVIDED IN
TaE RETURN PIPING ONLY. THE COST aND P2ESSURE DROM OF THE!
ReTURN PIPING ACCOUNTS FORi THE LENGTH OFt THE PUMP STATION
WUICH IS ASSUMED TO BE Sqo FEET,

DEFINITION OF VARIABLES

BUINGPM = WATER FIL OW RATE Tn gAcH TUBE aundLEe }Gou%

3YNWIDT - TUBE BUNDLE WIDTH: (FT) i 3

cnsT « TOTAL' COST OF WaATER CIRCULATION PIPING SYSTEM
{$1000)

e25P -~ PIFING ¢O0ST PSR TOWsR GROUP (£1000)

CPTOw = PIPING COST PIR TOWER (21000)

gcrow -~ NUMBER OF CIRCULAR TOWERS - . .

DELCOM = PRESSURE DROP IVt CONDENSER (2SF)

BFLFIT = PRESSURE DROP IV BUNDLE FITTINGS (SSF)

ODsLHX = PRESSURE DROP IV HEAT EXCHANGER (PSFY

DELPUMP - PRESSURE JROP IN: PUMP STATION PIPING (PSF)

DELRET = PITSSUPE DROD IV WATER CIQCULATION 91PING, RETURN

SYSTEM {(PSF) »
DFLLSUP = PRESSURE DROP IV WATER CIRCULATION PTIPING,
SUPPLY SYSTEZM (2SF)

DELSURE = TOTaL PRESSURE! JR0P IN WATER ZIRCULATION PIPING
(PSF)

SELTD - PRESSURE DRCP IN: TOWER PIPING (PSF) )

OFSVEL: < PIPING SYSTEM waTER DESIGN VELOCITY (FT/SEC)

D1ad - DIAMETER OF 2ISTRIBUTION PIPING (INCHES)

OraH - DI1AMETER OF PIPII COMPONENTS FOR MAIN CIRCULATION:

) MEADER (INCHES) ~

2749 - CIAMETER OF FIPZi COMPONENTS OF| QUAQRANT
HEADER (INCHES)

0147 - DIAMETER OF TOWER PIPING (INCHES)

01ST - DISTANCE FROM CONDENSER QUTLET TO gOUNDARY oF
TOWER GROUR (FT)

DSGTM = DISTANCE FROM ELEZTRIC SWITCH GEAR TO PUMP MOTOR!

(FT)

DVYNAEAD = DYNAMIC HEZAD SEZENI 3y PUMPS (FT 0F waATER)

EFFP - PuUMP EFFICIENCY (pEgIVaL FRacTION)
EJCST ~ EXPANSION JOINT £OST (51000,
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76/74

gL csT
E."B
EQE
E?LEVD
ENLENT

EnLFIT

EnlPyYvp
Fi 3CST
F=5
GoeST
GPGPM
GAMCIRC
GoMMaX

GOoMTOT
Head
HEadl,2

HEAT],,2

H=DR
HOPPVER
HowaT
IrPESS
Ni-UNPRD
NeTOV

CNFL

NES
NoMR -
N2 X
NTOWSPS
NTOWFGP
Nru=2P3y
PrnIa

Pre

PAHCIR
PAHLEC
Prnd

> .o~
F37Tus3y

PUFITS

PllM?ﬁST

LN N I I A L I I I B I |

oPT=] FIN 4,247835] 12720715

.90 DEGREE ELSIA COST (510003
45 neGREE ELBOW COST (51000)
EQUIVALENT LEVGT (FT)
EUIVALENT LENGTH OF: oxsrnlsurxov BIPING' (FT)
ESUIVALENT LENGTH OF TOWER PIPING (FT)

E‘;UIV(A‘LEMT |E\Ir‘1'.h m.-- HHN?LE E:I'VTI\!‘;-S l'l_-‘.P’-

EQUIVALENT LEVaT4 0F|DIDE IN 2UMP sTATION (FT)
FLANGE cPST (31000,

FLOW TO COMPLETZ! TOWER GROUPS (L3M/HR)

cOST OF PIPING 70R MaIN cIReU_RTION HEAJERS ($1000)
FLOW RATE TO ZOMPLETE TOWER 330UPS (GPM)

FLOW RATE TO ZaCH CIRCULAR TOWNER (GPM)

MaXTHMUM FLOW 4TI THAT CaN gE' TRANSPORTED THROUGH
LARGEST DIAMETER PIPE AVAILAILE AT THE GSIVEN DESISN
YELOCITY (GPY)

TOTAL WATER FLOA QATE (GPV)

HZAD LOSS (FT OFI WATER/100 FT OF EQUIVALENT LENGTH)
HEaAn LOSS FOR EIENDy SUPPLY (1) AMD RETURN(2)
(cT2l00 FTy ,

HEap LOsS FOR EQLENT, SUPPLy {1) AND RETURN (2),
teT/100 FT) )

LENGTH OF MAIN CIRCULATION HZADER sEcTI"NS (FT)
HORSE POWER PER PUMP (HP)

REQUIRED PUMP HDRSE P0WER (MPY

PIPING (CYPONENT DESIGN PRESSJRE (RST)

TURE QUNDLES PER QUADRANT

CTOW

UPPER LIMIT FO2 NUMIER OF TOWZRS OR TUa‘IQUNDLFS
PER QUADRANT

NUMBER OF PNSITIANS IN UNIT CHST APRAYS

TOTAL NUM3SER 07 PUMPS

NUMAER OF PUMPS SERVING £XTRA TOWER GROUP

NUMRER OF COM2LZTE TOWER GRoUPS

NUMBER OF TOWERS PERQ GRoy®

MUMBER OF TUBZS PEZR 3UNDLE .
DTamMETER OF FUM? STATION PIPING COuPONENTS (INCHES)
PRESSURE DROP IN ©I9ING SyYSTEW. (PSF)

COST OF STRAIGAT PI9E FoR ONE HEADER SECTION OF
MAIN CIRCULATION 212ING (%]1qap9)

TATAL PTPING SYSTEM ¢2ST ($1000)

PyuP MOCR gLIzTRIC CIST (%)

INDIRECT COST FBCTO0R FOR ZIRCJLATIAN PIPING
INDIRECT COST FAZTOR FOR ELECTRICAL REQUIREMENTS
WATER PRGPERTISS aRIAY

C33T OF FUMF STATION FOX COMPLETE TOWER GROUPw
PTPING AND PUMDS (51900) )

cJST OF PIPING ~ZOMPONENTS IN 2UMP STATION OF
COMPLETE TOWER 330U ($1500)

PUMP cCSTS FOR = UFLETE TOWgR GROUP (51000)

OAELR,5»SR =~ PRESSURE 5203 IV GUAIRANT 4EADER RETUARN (R)y

GFLCST
QuDCST

QHEDR
QrIPCST

SuUPPLY (S}, SUPFLY AND RETURN (SR} (pSF)

COST OF ELROW ON LAST QUADRANT HEADER SECTION
($10€0)

TOTal COST OF QUADRANT HEADER PIPING COMPONENTS
{%10C¢0)

LENGTH OF SECTION OF: JUADRANT HEADER (FT)

COST OF STRAIGHT PI=E FOR ONE' QUADDANT HEADER
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115 ¢ _ SECTION ($1000) e
¢ QeDCST = QUADRANT REDUCER! COST ($1000)
¢ QeEDUCE - valye OF aLLOwa3iE REDUCTION IN PIPE! DIAMETER
o BETWEEN ADJACENT QUAORANT HeadER SECTIONS, CAN Bil
_ . c , _ ZERO OR MULTIPLE! OF SIX {INCHES)
120 c QTECST = QUADRANT TEE COST (81000,
c GTPEST = PIPz COMRONENTS cOST FOR ONg QUADRANT
c ' HEADER ($1000)
- c Q1436P2M - FLLOW RATE TO DNE'QUADRANT (6P ’ . i
_ ¢ RFOCOST = REDUCER COST (510 B
125 c RenpUcE = ValLUE OF alLLO¥as3LE ?raucTION IN Pleg DIAMETER
¢ RETWEEN ADUACENT HEADZR SECTIONS Of MAINI CIRCYLA=
¢ TION PIPING., CANV BE: ZERN OR MULTIPLE OFI SIX
c (INCHES) -
- ¢ RiOs1e2 = DENSITY OF WaTZRM aVERAGE, SUPSLY (1), RETURN (2)
139 ¢ (LaM/7cU FT)
c TnCST - bISTQIBLlTION AND: 7CyER PIPING COsTg ($1000)
¢ TF - WATER TEMPERATUREI LEAVING CONDENSER (DES F)
c TEECDST = TEE COST ($]10006)
c TRRPCST = TOTAL COST OF MAIN zIRCULATIOW HEADERS (£1000)
735 o TH420 - WwOTER TEMPERAT,HIZ! (DEG F)
¢ TT - WATER TEMPERATURZ! ENTERING CONDENSER (DEG F)
o TAWOIA = TOWER DIAMETER (°T)
c TPCST = TOTaL COST OF PUMP STATIONS ($1000)
C TADZST = TOTAL ¢OST DF QUADRANT HEADERS ($1000)
14¢ of i~ = TE-RERATURE RAN3E! OF wATER (226 F)
c TAANPIT = TRANSVERSE TUSE PTTCH (INCHES)
¢ ToTRMAy = TERMS IN PUMP ELECTRIC CHARGES DETERMINED B8Y
¢ TDMB' ~ EMPIRIcalL! cOST "ORQELATIONS
~ Tg.\lc .
745 ¢ Te - STEAM SAVURATION TEVPERATURE (DEG F)
c TTD - CONDENSER TERMINaL TEMPERaTY®E! DIFFERENCE (DEG FY)
c TTDCST = TOTALi COST OF TOWER DISTRIGUTION PIPING ($1000)
c THENEP = HEAT EXCHANGER TUSE =OWS IN oIRECTION OF! AIR FLOW
c UeI®CST = UNIT COST OF STRAIGHT PIPE (S/FT)
T30 c VaCST - VALVE COST (%l000)
¢ veL0 - ACTUAL WATER VELOCITY (FT/SEC)
c VELOCIT = ACTUAL VELOCITY IN 3UNDLE FITTINGS OR PUMP STATIOWM
o PIPING (FT/SEL) ‘
- ¢ VELOD =~ aCTualL VELNCITY IN DISTRIQUTION PIPING (FT/SEC)
185 o VeLoT = ACTUAL: VELOCITY IN TOWER PIPING (FT/SEC)
c VISele2 = WATER VISCOSITY aVERAGEs SUPOLY (1) RETURN(2)
c (L3M/FT bR)
¢ Vu = PUMP MOTOR VOLTAGE' (VOLTS)
. ¢ Ve |~ PUMP SYSIIM YILTLSE (VOLTS)
Tg0 ¢ W3 - CIRCULATION wATZR! FLOW RATE (LBM/HR)
¢ XTOW - CTOw
c : _
: ¢ VARIABLES APPLYING TO EXTRA TOWSR GROUP' WITH COUNTERPARTS
. c FaR COMPLETE TOWER GROUPS
165 o
. ¢ ENELPUP ~ DELPUMP
c ERELSR = DELSURE
o EnYNHD = DYNHEAD
c EFJCST = EJCST
179 o EFLGCST = FLGCST
¢ EsRPCST « GPCST
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74/76 0OPT=1 FTN 4,247835]
EcDIA - PDTA .«

EpDP - pPNo NI Cy

EoMOZST - PUMPCST : o

EpCST ~ PSTACST

ErUFITS = PUFITS

EveST - PGP . .

EvFLD - F25G . )

EYGPM ~ GPGPM

NEXTDW = MNTOWPGP :

DIMSNSICN VELO(EOO). UPIPCST(200)
COMMDN /CRIFE , APIPCSTI(23) DIA“(23)9 EJCST(ZB)v
¢y FLOCET(23)

.EHFD(?J). PIPCcST(23), RECEST(23) TEEcsT(23). VicsT(23)
COMMON ,PIesSS/ 1PRESS
COMMON /PH20/ TH20(16)

ELCST(23)

PROP (1592}

12720716

LOGICAT CaLL 1
COMMON /RORT)/
RINGeM .
+NYNHEAD »DIAD +DIAT «DIAH(200) +5IAQ(200) _
yE25C8T LEGPCST LEPMPCST LEPUFITS LEDyNHD ,EXGPM ,EJCOST ,ELCOST
'FLGBONST
sGPMYCTIRC +GPGPM 4GPCST
WHERRI200)
sJSave
yLSAVE :
JNTUARRRY ZNEOUNPRD oNTOWGPS sNTIARGP yNEXTOW
2PSTARST L,PUFITS ,PUMPCST o°I°"05T(200) sPISCOS
y040CeT ,OyaDGPv ,QPIPCST(200) +IHEDR(200) ,RTECLST (2008
-Q4DCr1(2nO)- O’LCST
yREDCAST(200), 2PpTRPL
.T;gcos‘<700> »TPCST »TpeST #TTOCST #TGPCST s TOWSIA »T8pCST
P X T

COMMON /PMZy/ PMELEC

DATE Call 1 /.TRUE,/

DATA De<6TM 7100,/

DATA N&S 723/ s NFL 7200/

CalLll THE APPROPRIATE SUSRIJTINE TO ESTA3LISH UNIT COST DATA
FAR THZ PIPING SYSTEM COM2JNENTS,

1F (CALL 1 +AND, IPRESS ,E2. 303 CALL! PS50

IF (CALL 1 «AND, IPRESS LEG., 735) CALL P75

IF (CALL 1 +aND. IPRESS .23. 123) Caiyl plas

caLlt 1 = ,FaLSE,

XTO4 = NCTOW

CTCH = NCTOW

Towd1a = TOWERD
DO 1 T=laNFL
REN2DST(1)=0,
TE=TS=TTD

Uaf WATER TEMPERATURE TO 55T WATER PRQPZRTIES.

TI=TE=-TR
VIS1=TI U(TEeTHZO4PROP(192)915)
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A )

3OO0

OO

nuo1=rtu(TE,Tnzo;PROP.lsé

VIS2=T| U(TI+TH20,PROP (142} ,16)
RHO2=TL |y (TI,TH20,PRIP,16)

RHOT{RLO +RHD2) /2,

VIS={VIS1+vIS2)/2,

GPMTOT = w3,/ (60 ,#RHO/T,.%8);
NTU3PRu=12,eqUNNIDT«TUBDEP/TRANPET
consTla(3,16416/4,)u7,481060,0028vEY,
conSTE2(4,,3,1418)al66 £160,97,491)
GBMZIRA=GRUTOT/CTOW

GPMYAX = (DTAM(NFS)=*2,144,) » ZONSTD
NTQH4PGr=G2UMAX/GPMCIRC )

If THE FLOW TN ONE TOWER' ZXCEEDS THE FLOW THAT CAMI BE
TeANSPORTED THROUGH THE LARGEST DIAMETSRI PIPE THEN ReEJECT
TH1S DESIGN CONDITION,

i2z720/1s

A TOWE2 GROUP ZONSISTS OF AL THE TOWERS' SUPBLTED B8Y A SINSLE

M3IN CIRCULATION PIPING 4ZADERs THE NUMBER OFi TONERS PER

GROUP (NTOWPGP) CANNDT ZXCZED THE MAXIVUM FLAW AVAILABLE: IN

T4E LARGEST PIPE DIAMETER JIVIDED gy THZI FLOW PER YOWER
(RPMCIRC),

IF¢ NTAWPGD (LT, 1) COST = 1,E%40
IF(NTOL26P LT, 1) ARITE(Rsse7hT7)

6767 FORMAT ("0Iy PIPING ROUTINE VUM3=R OF TOWERS PER GAOUP =9 WaS
§ REJECTEDH)

IF{ MTAWPGP LLT. 1) RETURN
IF(NTDWPGP.GTCTOW) NTOWPGP=2CTIN ¢]1,Emgp .
NTONGP<=CTOW/NTOWPGP

I# THE MNUMRER OF CIRCULAR TOWERS EXCEESDS THE NUMBER OF TOWERS
PeR GROUP AND IS NOT AM EZVEIN MULTIPLE 0F1 THE NUMBER OF TOWESRS
PER GROUP (E.G.=NCTOW=12y NTOAPGP=5) THEIN A SEPARATE MAIN
CIRCULATION HEADER aND PUM STATION 1§ HESIGNED FOR THE
NIMBER OF EXTRA TOWERS (NEXTOWs IN THIS CASE NEXTOW=2) AND
TWE TOTAL FLOW TO THGSE EXTRA TOWERS (EXGPM), THIS SO

CaLLED MEXTRA TOWER GROUP"™ WI_L' 8 DIFFERENT FROM THE MalN
TrWgR GROUPS oMLY WITH RESPEsT TO THE NJMREZR OF TOWERS IN

ToE 30UP AND THE STZE OF| MaIN CIRCULATION PIPING. aLL' THE
PIPING ASSCCIATED WITH THZ: TONER PIPING AND QUADRANT PIPING
Iz UNAFFECTED 3Y THE EXTRA TONER PROBLEM, THE! LENGTH OF

OO QOO0 OO0

T4E MaIN CTRCULATION HEADER SECTIONS IS aLSO UNAFFECTED.

STNCE THERE IS5 LESS TOTAL: 04 TO THE EXTRA GROUP THE PIPE]

SiwAETEA OF THE EXTHA SROJF MalN CIRCULATION HEADER IS
S“ALLER AND THE PUMP STATION REQUIREMENTS ARF REDJCED,

NEXTOW=CTCW=NTOWPGPANTONGPS

EXGPM=uEXTOW=GPMCIRE

GPGPM=ITOWPGP=GPMC IR

QU4 DGPM=GPMC IR/ G, : _
N3UVPQn = (TOWNRIA»3,1415g) /18, » guNWIpT =» CoaNG) o1,
gUN3PM=QU 4 )GPM/NGUNSQD

S1ZE THE DISTRIBUTION PIPING,

DIAD=SART (GPMCIRC/CONST1)al2.
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QOO e Xe Ne]

DI AHITOOOHODO

OO0

(" Ne Ne)

10

11

DD 10 T = 1¢NFS

10 = Nt
IF(JIAN=DIAM(ID))11411,10
CONTINnE

St7E THE TOWER PIPINGe

DIAD=DTAM(1D) A
DIAT=SART(QUADGPY/CONSTL) *1 2, : |

po 12 v1 = lynFs

12
13

IT = Ny :
IF(ITAT=-DIAM{IT))13:13.12

CONTINOE

DIAT=D1AM(TT)

DFTEQMINE THE HEAD LOSS AND PRESSURE DRIP IN THE DISTRISUTIOIN
A0 TOWER PIPING., THIS INZLUDES THE: PIPING FROW THE MaIV
CIRCULATION HEADER TO THE JUADRANT WEADZIR.

ESLIND=,2+704%0IA+20042DTAD/12,

VELID=(3PUCIRC/DIAD**2) «CONST2

EQLINT=TOWDTA+40,«nlaT/12,

VELOT= (QUADGPM/DTAT*=2) ¥20MST2

CALLI HYNLOS(DIADVELODWVIS],3401,2,HEAD])

cali HYDLOS(DIANsVELODVISZ2yR402,24HEAD2)

CALS HyDLUS(CTAaT,VELUT,YIS19R401,2,4EAT])

CALL! HvDLOS (2IATHVELOT ¢VIS292-024294HEATR) o ‘
DELTI=(EOLEND* (HEAD ] *#RHO | +HEAD 29R402) +FOLENT* (HEAT ] #RHO +HEAT 24
sRHN2Y )Y »100,

DETERVINE THE COST OF THE DISTRIBUTION AND TAWER PIPING.

T<E DISTRIJUTION AND TOWER PIPING ¢oST (TDCST) INCLUDES THE
LTNGTH OF PIPE {.2+TOWDIA) CONNECTING TH4S MAIN CIACULATION
H-a0ZR TO THE TOWER DISTRIQUTION HEADER AND THE Plee
CANNECTING THE TOWER DISTRIZUTION HEADER TD THE QUADRANT

He 8FRS (ASSUMED TO TOTAL! 3,25»TOWDIA), THE TOWER DISTRIZUe
TTON 4540DFR IS ¢0OSTED aS FOUR PIP= TEES, THe TEE 1S ¢0STED
Az .57 TIMES THE COST OF A TEE OF TKE MIUN' nIAMETER PLUS
¢33 TIMES THE COST OF a TIg£ JF THE weRANgH" pIaMeTER,

TOCST= 2«Tn4CIA*PIPCST(ID) 06, a(,67TRTELCST(1I)»,33TEECST(ITY)
$¢3,25=T040TA*PIOCSTIIT) 10, o 0ST{IT)I+2, wELS5(IT) 4% ,aVACST(IT)
$+0.4FLnlST(IT)

THeST=", 757

DrSI3N AND COST THE QUADRANT 2IPINGs

CALLI HTAaDI2 (RUADGEM,NBUNPOD, 3. N5PM, RE3UCE,1,L,0149,0RDCST,TECST,
SAELCAT . UPIPCSTWYELOWREJESTHIFLGCST 4 IESVEL)

Lsave = L

ADE _S=A,

ADELR=",

ATRZ5TL0,

IF(LW3T.UFL) COST = 1,E440

IF(Le3T,NFL) RETURN

no z0 wk=1l,yl
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OO0

360

145

370

375

390

295

OO0 0

O0ONOOONOONOOO

s Xs X2 Xz1zhe}

21
22

20

I = KX
IF(1.6T.1)
QHE)R(T)=°

26/74

50

o0PT=]

To 21

FTN 6,2+7535]

TRE LENGTH OF STRAIGHT PIPEI FOR QUADRANT HEADER SECTION I

Anrnnufc £No TuE lruf?u nrlrururrr AS. Q'Eﬂs TOT TIMES Tum
, DTAW’T’R oF THE T;E. NO ALLOWAVCE 1S MaDE FoR REDUCER
- LFNGTH.
. |
GO TO 22
' 'DETERVINE THE HEAD LOSS 4NOD- PRESSURE DRIP IN THE QUADRANT
CPIPING,
QHEDJR(T) = SUNWIDT « CDANG = DIAQ(I) » 175 , 12+

EALEN=A 4’3?(1)0?0.-DIAQ(I)/12-
CAL"HYQ'OS(DIAQ(I)’VELO(I)vVISI RH01s2,HE 0 1)

CaLLl HY¥NLIS DI AN () e VELO (T} aVIS2,R~020 Z,HEADZ)
QDELS=ADELS+dEAD1aRA01.E3LEN 100,
QANELR=NDELR*HEAD2#RHIZEQLEN/100,

QPIPCST (1) =QHEDR (1) *UPIPCST(I) ) o
IF(14LTaL)ATPCST=ATPCST+APIPEST (1) «QRDEST (I +QTECST(D)
IF(1.EN.LYQTPCST=ATOCST+QPIPCST(I)4QRDCST (1) +QELCST

CONTINIE

TWE FITTINGS AND PIPE CONNECTING THE QUADRANT HEADER TO
THE SUNDLE HEADER ARE GIVEN: A DIAMETER JF 8 INCHES AND
E=TIMATED TO COST 31,75 X 10*#3 TOTAL FOR EACH TU3E BUNOLE

QOELSR= (QIELS#NDELR) /2,
QHDCST=QTPCST=2,¢1, 75=NBUNPQD!

O=SIGN AND COST THE

EYyTRA TOWER GROUP,

VARIASLES DEFINING CONDITIONS IN THE EXTRA TnWER GROUP ARE!

MAIN: CIRCULATION PIPING FOR THE

12720775,

GeNZRALLY RESET TO a ZERO VALUE: EacH TIVME PIPCRT IS CALLED SO
TuAT STORED VALUES FROM A PREVIOUS CALCULATION WILL' NOT 8¢
TVCORRECTLY INCLUDED. )
SOECIFIZD THEN 3Y=PaSS THIS SET OF CALCULATIONS.

EDELSR=0,
EPDIA=n,
EGPCST=0
EEJCSTQO-
EFL3CST=0,

IF(NEXTNWLEQD)

50 TO0 35

If THERE ARE NQ EXTRA TOWERS

CaLLI HEADER(EXGPMyNEXTON 9 GPUCIRCHREDUCE 09 JEX+DIAHIREDCOST, TEECOST
SsELCOSTIUPIPCSTyVELISEEJCSTIEFLGCSTHDESVEL)

DELSUP=0.
pELET=0.,
GPC5T=00

IF(JEX,BTLNFL) COST =

IF(JEX,GT.

TuE HEADER SECTION FROM THE CONDENSER TO' THE FIRST TOWER

NFL)

RETUAN

1eE440
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I2 HEADER SZCTION 1, THEN, ALLi EVEN NUMBER WHEADERI SECTIONS
ASE GIVEM ZZIR0 LENGTH 35CaUSE TOWERS AR MATGHED ON OPPOSITE
StDES OF THE MAIN CIRCULATION HEADER,

00

OO0

. D0 30 r2=1,J5X

405 I = 1I2 )
IF(1.En 1) GO TO 31
IF(MOD(1,2),EQ.,9) HEDR(I)=0,
IF(MOD (152} 4 NEL0) HEDR(IV=1,5«TOwpIA

DFTERMINE THE +HEAD L0NSS aND PRESSURE pROP IN THE MAIN CIRC-
ULATION PIPING TO THE EXT24 TOWER GROYP,

al0

DO

60 TD =22
_ 31 HEDA(IVeDIST+.5aTOWDIA
415 32 gL IN=wEDR (1) +20,anlaH () /12, )
Calni HVnLOS(DIAH(T) s VELO(T) 9 VISI4R40142,HE D)
CALLI HypLOS(DIA(I) s VELA(TI} s VISZ4RAD2 2, HE42)
NELSUP=DELSUP+HEAD 1 =RHOLaERLEN/100,
IF(l.67.1y 650 19 33
327 DELIET<DELRET+HEADR#RHN 2« (EQLEN=50,) 2100,
' BY TH 06
33 DELLIET=DELRET+HEADR2«RHO2-ERLEN/100,
34 prPoOST(I) =RPIPCST (1) *HEDR(I) . ,
16 (IelTeJEX)ECPCST=EGPSTPIPZOST(I) ¢RENCOST(I) ¢ TeFrOST(T)
425 IF (T E~eJEX)EGPCST=EGPCSToPIPCOST(T) +REDCOST (1) +EL 2OST
3¢ econTINGE
IOFLSR=DELSUP+DELRET
£3nla=z, 7+«DIAH(}) . - .
EGP2ST225P2ST#2,-50,#UPIPCST{L) ¢ (EEJCSTH+EFL325T) »?
%39 35 QNN -

DeSISN AND COST THE MAIN ZIRCJLATION PIPING FOR THE COMPLETE]
TAWER GROUPS, COMMENTS IN. THE ABOVE SEZTION ON EXTRA GROUP
P12ING DESISGN APPLY HEQ?Z IDENTIZALLY. ’

DO OO0

N
)
8]

CALL! HEADER(GPGPY,NTOWRGP,G2MCIRC,EDUCE,0,J,01AH,REDCIST, TEECIST,
SELCOST UPICST o VELDsEJCOSTIFLGCIASTIDESVEL)
Jsave = J
, DELSUP=0,
440 DELRET=0,
6PCST=0,
IT(J.0T.NFL) COST = 1,E+40
IF(J.GTNFL) RETURN
- DG :ﬂ 72—17\;
445 1 = I3
IF(1.Ensl) GO TO 41
IF (MDD 1,2),.24Q,9) HEDR(I)=0,
IF (400 (142) NE,0) HEOR(I)=1,3«TOwplIA
60 12 42
450 41 HEDAIIY=HIST*.5«TOWDIA
42 EQLIN=UEDR(I)+20.=DIAH(I) /12, .
Call HYDLOS(OIAH(I) o VELD(I)9VISIeR40142,HEND])
CALL! HUDLOS(DIAH(T) 4 VELD (1} 9VIS2,R40292,HE2)
DELSUP=NELSUPeHEAD I #RHOLEQLZN/100,
17(1.67.1y G0 10 43
DELIETZ0TLIEToHEADZ=RHOZa (EQLEN=5D ) 2100,

ot
9]
Ul
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SURROUTINE PIPCRT 374/74 OPT=} FTN 4,247335]% 12720718 °

OO e Xe e N el e NeXe N

(2 Ee Ngle]

00000

Doa0no0

43
64

40

GO TOD a6’

DEL?ETzD‘LQET°HEADZ'RH02'EQL’V/x00o
PIP”OST(I)-U?IPcST(I)tHEDR(I)

IF(IeLTa J)GPcST-aPcSToPIPcosT(I)oREDcOST(IyorgEcoerI)
IF(I¢€0eJ)GPCST=GPCST+PIPCOST(I)«REDCOST(I)eELCOST

¢ DeTERMINE THE HEAD LOSS ANDI PIESSURE DROP IN THE 3JUNDLE |
" FITTINGS CONNECTING THE QJADRANT HEAODER TO TWEI TUBE BUNDLE
HeADER, -

CONTINNE .

NELSURF=DELSUP+DELRET o
GPCSTErRPLST#2e=504#UPIPCST (1) + (EJCOSTOFLGCOST) »2
A

EQLTIT=350,

DETERMINE THE HEAD LOSS AVDI PRESSURE DROP IN THE PIPING FOR
TuUE PUMP STATION SERVING THE COMPLETE TOWER gROUP.

VELQCIT"(BU\J\J;’“/Q- «#2) «CONST2

CALL! HYDLOS(Ra s VELNCITIYISsRH09 29 HEAD)
DELTIT=HEan*RHO=cQLFIT/100.
EqLoyMe=200,

PDLQ--7tULAH‘l)

S THE PRESSURE DROPS AND: DYNAMIZ MEAD' TO GeT THE! PUMP STA™
TION COSTS. THE EQUATIONS FOR PUUP COSTS ANp PUMPI FITTINGS
CnSTS WERE EXTRAPOLATIONS OF AVAILABLE 20ST naTa,

Two PYMPS SZRVE EACH TOJER GROUPe NO AJXILIARY PJWP
CtPACITY IS PROVIDED,

VELICIT=(GPGPM,/PDIA=2)«CONST2
caLy lHVDLOS(’D'AvVE'OC*ToVIS’a?HOZoZvHEAD)
DEL2uMo=<4Ea0RA0ZxEQLPYMR/ 10D,

PDP=DE| SURS+Q0ELSR4DIELFIT+DELPUMP+DELTD
DYNHEAL= (2D2+NELHMXeIELCON) /RHO
BUMACST={,C12940YNHEAD], 065)-53594/1000

TATal COST OF PIPE, FITTINGS, AND PUMPS PER' fOMPLETE: TOWER!
520UP,

PUFITS(2.545P%PY,10004)«74/DESVEL

9FSIGN AND COST THE PUMP STATION SERVING THE EXTRA TOWER
G=0UP, THE METHOD IS IDETICALI TQ THAT FOR THE'CO“PLETE
TAYER GROUP.

PSTACST=OUMPCSTYOUFITS
COTIAN=NHDCST*4,+TDCST

CPG2=Cn Tow-NToprP.sacsToPSTncsT
EDELPMp=

EPN2=0,

ENYNHOL0,

EPMACST=M,

EPYFITe=0,
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EPS25T=0,
sls ' EXCST=2, :
IF(NEXTOW,ZQ.0) 30 TO 50
VELICIT= (EXGPM/EPDTa%»2) #CONSTR
CalLi HYDLOS(EPDIAVELOCITVIS2,34029 29 HE D)
: EDE.PMP=HE D vRHOZxgQLPUMP /100,

520 EPD"=FnELSR+INELSR+IELFITHEDILPMPeaELTD
EDYNHD=(E2IP+DFEL4X«JELCONY /RHD
EPMO0ST=(0,0129+E0YNHD+1.065) #EX554/1000,
EPUTTITe=(2,5¢Ex5oM,1000,) w7, /0SSVEL!

DETEQMINE TOTAL COSTS.

)
N
ut
o NeRe X

EPSCSTLEPUOCSTHERUFITS
EXCST=rPTNReNEXTOW+ESPCST+EPSEST
; 50 CONTINGE
830 COST=Cr5P+NTCWGPS +EXCST
£OST = €OST » POHCIR
TTNZST=TOCST*CTOA
TRPCST=GPCSTaNTOWGPS+EGPCST
. TPCST=nSTACSTANTOWRPS+FEPSCST
£135 FP3 = aAP3PU ~ (60,0sRHN/T,48L) « NTOWGPS
FXF.Q =EX5°Y = (60,*RHO/T7,4381) )
HPWAT = (FPG *{PDP + DELHX ¢ DELEOV) + - .
EXFLO®(E2DP+ DELAX ¢ DTLAON)) / (62,#3600 4550,)

s
. ¢ :
£40 ¢ Cn4PYTE PUMP MOTOR ELECTRIC: COSTS,
o
NPX = -
IF (MExTOW AGT, 0) wPx = 2
) NDMD' = 2 a NTOWGPS + NPX
545 HPROMP = HPWaT/ (NPMPREFFR)
IF (49PoMP LT, 251,) Ta4a = 112:00,/NPup & 7,88 = HPPPMP
s . s (1lg,-,15944PPPyp) epHpopMP
IF(4PPAMP ,GZ. 271, «ANDe HPPOM2 . g, %000,) TRMA = 112500,/NPUP
] . + 7.88¢477797 & 870,/SR3T (HPPPMP) «yPPPYP
£59 1F(4oPnu2 6T, 2000.) TRVMA = 112300,/NPMP & 7,88 » WPPIMP
vs = 7200,
IF (MPpoMP LT, 2900,y VS = 13300,
vy = 4400,
IF (4PP24P ,(T. 2000,) vM = 2300,
355 IF (APnRwo LT, 251) VM = 480,

TAMI = (D1ST/2, - 1000,)=(37, ¢ L47wHPPPMP&NOMP/SQRT(VSY
% 4+ o3 «NPUP) /7 NOMP _
TRM~ = (108, * lal * HPPPMP) 3 (5533TM 22558, / 3ariv (VM)
PME_EC = (TR™A » TRY3 + TRMC) » PO4LEC

360 COST = COST + PMELEC/1000, * N24P
PISZOS = COST
RPTI, = PUELEC/1000, = NPMP
RETUIN
END
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+

4/T74. 0

PT=1 FTN 4,2474351

SUBQDUTIVE ROOT(TFIXSRFIXyTTI,TI,CAARL)

oIVEV THE EFFF’TIVEVESS THIS ROUTINE CALCULATES THE
CAPACITY RATIO LIMIT FOR: THE 4EAT EXCHANGER USING A

SINGLE PASS CROSSFLOW CORIILATION

DEFINITION OF VARIABLES

CvARA = T

EFF
RFIX

T~

TelX

D -

THERMAL CAPACITY RATIO OF WAT R TO AIR FLOWING
T4ROUGH THE HIAT EXCHANGER (DIMENSTONLESS)
EFFECTIVENESS OFI HEAT EXEHANGZR (DIMENSIONLESS)
TEMPERATURE RANGE: OF: WATER FLOWING THROJGH THE:
HEAT EXCHANGER (2EG F) }

HEAT EXCHANGER AM3IENT pIR DESIGN TEMPERRTURE

(DEG F)

EXIT TEMPERATJRE! 0F THE TURBINE AT wHIcH THE
SYSTEM IS TO 3 JESIGNED FOR (DEG F)

TZRMINAL TEMPERATURE DIFFERENCE QF THE SURFACE
CONDENSER (DEG Fj)

EFF = cFIX/(TFIx - TTD - TD)
CWARa =

FUNC:
DFDC

(1,00 -

EFF) /EFF

NEWTION~RAPHSIM ROOT FINDING ROUTINE

=

CHaARA#EF
EFF « EX

F o= (leg = EXP(=CWARA))
P (=CWARA)

CWa4a = CWaARA = FUNC/DFDC
IF(a8S(FUNZ) «G

cHarL
RETJR
END

N

CWARA

T. 0,01) go 1O 10 .

F-96
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SU3RQUTINE RPRTI(DESVELS PF) :
THIS RAUTINE PRINTS PIPING COST RERORT

COMMON /KPRTL,

8 ING~]

sDYNHNT +9TAD1 ¢DIATY #+DTAH1(200)s DIAQ1(200

«£35CR1 ,£5PCS1 LEPYPCl LEPUFIL1 LEDYNH) ,Ex3PM1 L,EUCOSY ,ELCOS1
YE_GCr ;

*G3AMCT1 13PGPMY 1G62CSTI
“yHEDRY (200)

3 JSAVY

sLSAYY

INTUROT IN3UNPY INTOWGL *NTOWP1 NEXTOY

yPSTACR] ZPUFIT] sPUMPCL »PIPCIS51(200)y PISCOY

»A4DCR1 5 0UADRL »A2IPCL{200) +3HEDRL(200) »3TECST(200)

2030¢81 (2000 L02LcS]

10EDCA1{200) s RPTPL] i .

«TIECAL1(200) ,TPCSL 4TOCSL #TTOCS1 ,TGPCS1 LTOWDELl ,TADCSI

W XTOWY

CcOMMON ,PResS/ 1°RESS .

{80 FOQUAT(TI1el4 (0ai)//T369WPIPING" 975591391 PST DESISN PRESSUREM
$ /773,151 ="))

200 FORUAT (//25X"CIReULATION PI2ING T cAcH TOWsR GRAUPM//52X,1e0ST 1
$N 19827 DOLLARS FORI/AQX.50 (M=t) /12x. "HELDER  DIAMETER 1 ENGTH
S 21P¢ TEES REDUCERS EZXPANSION FLANGES"/12X¢"SECTION (I
eNTHES) (FEET) N 33Xy " JOINT (1) {317/

202 FORMATIIN o1%X:1251X97719,9)

204 FORMAT //10XenCTRCYLAR TOWERSNH,T16,14xy#TOWER GROUPSH, 14Xy 164/10Xs
E"TONERS PER GROUP"II5914X2"TIWERS IN INCOMPLEZTE GROUPM?11s)

1204 FouaT(//710%, _
THenST oF cTIRCULATION PIPING FOR £azH TOWER GI0UP  $§"3F5,0," =10sw
€3 10X,"c0ST OF cIRCULATION PIPING FOR Iwﬁow=LETE GROUPI  $1M,F3.0,
S0 xl0madn/ 78TxyTOTAL COST O7 CTRCULATION PIPING g, F5,0," 100w
3"/ 7//;

295 FORMAT (/25X "GUADRANT PIPING"//42X,"'COST IN 10ee3 DOLLARS FOR'"/40x
fyMomemamemccmmacencenamcmeeamaaai/ 12Xy HHEARER! R;Ausvan LEN3TH
$ 21°€ TEES REDUYCERS" /12X "SECTION  (IVeHES)  (FEET)"/)

208 FORMAT(//1nXs"TUSES PER RUNOLEMI104710X,"3JNDLES PER RUADRANTH,I6
R9/10%+nCOST OF HIANERS PER QUADIANT  3BH,FS,pe" #1931/ //49X,"TOTA
sl COST OF QUADRANT HEADERS 31,732,090 " «10%s3n///7)

209 FORMAT (/25" TOWER PIPINGH//10xy"TIWER DIAMETERM,33xyF5,0yn FEETH/
10X "OIAMETER oF PIPE FROM CIRCULATION
TI/1naXsHEANER TO TOWER DISTRIBUTION HEADERm,TT.g9n INCHESM/15%X "0
FAMETER OF TOWER nISTRIGUIION RIS, FlaC4t IN~HES"//10Xenc0ST OF: 3l
R5TRIZyPTAN PIPING PIR 70,52 §1,75,0," «10ss231///40x,T0vAL COgT O
®F TOWE: NISTRIAUTION PIPING $"975,00" =10e%3"///7)

211 FORAAT (/25Xy"PUMP STATIONM//10X,"DISIGN VELJCITY",15X,F3,0," FosSH/

AAGNAA PBAD A ARN VA

% 19X, "FLOY PER gUNDLE" 10XsFB,0," GOMHY/
$10xo"FL 0w PER QUADRANTIWGXWFS, 0, 5PM/10%x,05L 0y PER TOWERM,11xy
SFR.00" 52 /10xF I OW PER TOWER GRIUP MeTg,0" GPM"/10X?

SMFLIW TO INCOYPLETE SROUP MyF8.q," GPMIyy/)

212 FORMATI0OX,"FOR Tapd TOYER GROJIPM20XsirOR INgOMPLETE TOWER GROUPM
S/12Xe "Ny NAMIC HEADI W34 F3,0y" FIETU,IX,mOYNAMIC HEAD!,3%,F5,0,
BN FIETH/ 12X MPUMB COSTML1X9 S E5, 00" #10e% 3N TX L MPUMP COST "] 1Xy
SHENGFS Do’ *]02a3"/]12Xe"AUMP FITTINGS COST 3" )FS5,.00" *10ex3"y7Xy
$MPUMP FITTINGS ¢OST $"eF5,0s" al0sxa3n 12X, uoyMP GTATION ¢0ST  $1
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SURROUTINE' 2PRTI 76774 QPT=) FTN 4,247835{ 12720718 °

. $yFS5, 04 w10eedn,7x,nPUMP STATION €OST  gu FSi 04" #10aa3n)
2120 FORWAT(//T3R+"PUMP ELECTRICAL: COSTS 5",F6.00" ¢10a03"//7)
2125 FOQWAT(TSSy"COST OF PUMP STATIONS SNIFS,0,1 #108a31///4/,

s oT56,mTO0TaL: PIPING SySTEY COSTS §1,Fg, 09" »10a23"s//)

213 FORVAT1H1)

214 FORMAT 14 .13X,72.1Xx.7F10,1)

WRITE (44213) :
‘WRITE(ry1a0) IPRESS
WRITE(4,20%) IFIX(XTowlel,£=30),NTowW51,nTOWPLyNEXTOL
WRITE (24200)
00 201 I = 1 JSAV] *
IF(1.GT.1) GO TO 202
WRITE (492033 I1,0IAHL(I)s HEDRL{I)s PIPCOS1(I)#PFy TEECOL1(I)#PF,
5 REJCOT(I)=PF, EJcosllva FLGcO1ePry
6o Td 201 ' '
202 IF (1 _£9, JSAyl) 6OTO 210
ARITE(A9203) Ta DTAH1(I)s HEDRIC(I) olacoslt:a-Pr. TEECO] () »PFYy
§ REJCO) (1) #PF
60 T2 201 N ' y
210 LRITE(24203) 1, DIAHI(I), HEDRI(I)o PIPCOS] (1) #PF, ELCOSI-PFb
SREDCO1(I) *°F
201 CONTINVE
WRITE(291204) GPCST1%PFe EGPCS1#PFy TGPCS1wPF!
WRITE(re209) TOWDIl, DIADL, 21471, TocslePF, TTOCSlePF
WRITE(44209)
. DD 206 I = iy LSAV]
IF (I.=2Q.L5AV1) G0TO 2¢7
WRITE(29214) 1,0TaQl(Iys QHEDRI(I), QPIPCLII)=PFY QTECS1 (1) #pF:
$ ,020Ccel(T)»PF
GO TO 205
207 wRITS(c9216) I, DIAQ1(1)s QHEDR1I(1)y QPIPCI(I}wPF, QELCS1sPF,
$ ARICSY(I)*PF
20g CONTINGE
WRITE(Re211) DESVELs BUNGP1s QUAIG1s GPMCI1y GPGPMly EXGPM{
wnxrr(q,ZIZ) DYNHDly EpYNH1, PUMPL1wPF, gPMP2lePF, PUFITlepF,
$ EPJFI'aPF, PSTaclarF, EPScSlear
WRITZ(4y2120) RPTPLI
WRITE(4,2125) TPCS1ePF, PIsSCO)
RETJ2AN
END
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SURRCUTINE: RPRT2 J4/74  OPT=1 FIN 4,207835] 12720706

SU3TQUTINE RPRT2 (EFFC, TUBEM, TUBEM2)
THIS RAUTINE REPORTS CONDENSER JESIGN AND: £OSTS

COMMON ,X23T2, UCON ,TI LTI ,TOLM XNP
$ yVv= Lo, DELPWCQAQPSyTLA.XNTS.!VQ.TQ
cOMMDN /K2RT3/  TURESTHSHLCSTFETCST s CHX
6100 FOx"MT(
e 149,20 (many/Talync 0 N D E N S E 31/T40,20¢hany)
6105 FORYATY
L T03¢9wm= DESIGN CcOVDITIONG aaman
RIT72"e~= DESIGN OPERATING cav::rrous 77y
6110 FORMAT,
L Tlee"eTEAM TEMPE RATUREN,F6.1." Fn
ReTEI9"AVERALL HEAT TQAN FER COZFFIZIENT MeFg,2¢" ATU/HRI SQ FT DE3
AFW)
6115 FORMAT] ' ‘
L T1DeMINLET WATER TEMPERATURSI,TB,1e" F0
RyT40s "4 VERAGE WATER VELOCITY THRU COND W,Fgel," FF/SEC")
6120 Foa'aT)
L T11,meXIT WATER TEMPERATUREN,FSel,n Fu
vTﬁav“ﬁQESSJRV DROP THRU CONDENSER "yF8e19" LB/SQ FTY)
6125 roouat;
L TO2,m 06 MEAN TZMPERATURE DIFFERENCEM,Fgoelyn FN
23 TTO+MaONDENSER EFFECTIVEMESS MeF3,d)
6130 FOrYayy
L/T0Gym=== CONDENSER DESCRIPTION ===u
RyT794" == CONDENSER COSTS =m=1t//)
5135 roavaTy .
L 717-"“u“ar? OF SHELLS",169 )
R T750"rUBING MaTERTAL SYeF14.2°02x"("r2a100") ™)
6140 FopuaT, '
L T23.M4E8T TRANSFER AREA PER SHILL"sGll,geft SQ FTw
R T33,"2HELLS 31,714, .
6145 FOP“ATI
L TOT,unUM3ER OF PASSES PER SHELLM, 16,
R T77.m"7IELD EZRECTION S'"4F14.2)
€150 FnavaTy
- T22407y3E LENGTHI, 16,745, nFIET)
6155 FORMAT
L Taav"wuwaaa 0F TURES PER SHILLMyIS
RyTH29"TOTAL: COST OF CONDENSER 3",F1%,0)

WRITE (e,6100)

WoTTE . gyacy

WRITS (2461100 TS2UCON

WAITE(as6113) TIaVvERD

WRITE{a,6120) TELDELOWC -
WRITE(£93125) TOLM,EZFFC :

WRITE(A,5130)

WRITS (#96133) (IFIxX(XNS))yTUSCSTy TYBEM, TUBEM?Z
WRITS !aa6160) ARPS,SHLECST -

WRITE (6451453) (TFIX(XNP))FETLST

WRITT(2,5150) (IFIX(TLA)

WRITE(re6153) (TIFIXIXNTS)) s (TU3LST4SHLEST+FETEST)
RETJIRN

END
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SURROUTINE! RPTFAN 74774  OPT=] FTN #,247835]

DO

SUBROUTINE RPTFAN
TH1S RAUTINE REPIRTS FAN DESCRISPTION AND COSTS

COMMON ,FAN, FANDAP (153410 4FANDAH (153,10),FMCPF, FBCPFY,
FVELIEC,AFCELEVEHR
LOGIcaL FIRSTs FXTEMP
COMMON
ASTR. ALPHA ‘ .
sCAPF, CSSPXW, CONFy CONLy COSTLH CAPCHGs CONMAT, CONMA2,CAF
+C3Jy CSEALPs CELASTy CFS» COANGy CLUVRy cHAILSe CVM
*DIEPL s DESVELs DANGLE
1E5F°
2elRy FIRSTy p1XLy FCOSy FXTzM®
yGIEFF
7HxNP, HPCST
s 1HEAT i
2 ITMAY, TITMIN o ‘
QJ:DNC '
2 K2ONy,y XaALEXT
WNTUCALI2), NTA
COMMON
oo%
yP312Fy PERs PWCOS» PLANCy PFAZT ) .
yPIHBAF s POHFANy POHLECZs POHZIR, POHCND, POMSTC, POMSCL!
1Q38J, QREDUCE
sR3%s REDUCEs ROESZLs ROEeLas ROOPLY RFIX
sSAAF, SIGMAy SPAMAT(2)
y T2y TP0(a)s TEFF, TLIM, TLPRA&, TSEALP, TELAST, THFIN, TFIX
1TJ3ANG? TW
sUSSy UWS
yVAS(F)
P TV
yX)EPE, Xwe XD

COMMON /SINK/ VAR(S)s CPIP1y CCOS1, W31y COSMIsy EFF)

5, cLanl, eall, Z1,H3F 25,  Whl, . yl, prowl,
s 720ul, pEFCle w1%r1. gELZNl, valal, vwaTi, HIT, Hol, T&1,
§  Wyal, wl,ZPLNC2,251712, 2SP3P, su%1l, Sw3l,
5 SP~1s PTOT1+PLNC31e AFROLlY AAIR1I9YFPMINY SPCDYs SPS13+WT2MINY

S 82241NsN#2MINy, TCOS]y DEPAYy IPAT)s OPWC)yCONBAT, XNTS), VELD}
Sy TLaly UCONl,y FMcS1, FRACLy =FFzly cHl, CAlys 2sl

$, Cclrrl, CFC1, CPCCl,FITCOl, C35C1,CEPREL,JEPIP], ASTL
SeCAPTST o XNFANLyBLOANL oCPLENL 2 U2FELY Y WwHl, ATTUl, ADLlly ABL]
$y ATHR)y WTFR],STRUC],CFMPF1y H4PPF],TOTCF{+IFFINTs ANTU

$9 AIPFrly WATFFle XNMODly TCTRP71, FDCPFly FVTRel AcTTP1, aADJTPI
$y ASTI™1, aDJBP1, ACTVHl, ADJydl, ADJPP1, p4”?all, 1CTFl , AFCSTL
S €551y WATER], WSTRCl, CFOUN1, =U30I1, TOWNLEl, CSEqy cHFY
% »C341, NUMTOW), CTOWO1s ATUSC1le CSTLV1, CST-S1s CYLRN1y CFANE]

REALI MATOR(433)y pRIVE(342)y 21Tcr(3,2), RECOVY(5,2)

DATA ((MOTOR{T4K}eI=led)y Kalys3)/

. MTATALLY FN", " 0SeD SQU'S"IINEL CAGE"," MOTOR ",
- MEXxPLOSION 'y "DIJCF SQUIM"IREL! CAGE !"4"UOTOR "y
* "TWO SPEZD Me"SQUIFREL ¢!y "4GE " y

DATA <kon1vs(1.x),I=1,3),K=T,é)/
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RPTFAN 76/ 74 NPT=1 FTN 6,2¢7835]
- USDIQAL; BEV"’"EL' GEAR DQ","IVE ".
™ NV el T DRIN,NVE Hon ny
DATA ((PITEH(L K)9I=1s3) 9K 1.2)/
» nMaN AL Plyn,ncH BLADES My "y
- "ANTNevARIAMMRLE PITCH "3 ADES ny

DATA ((RECOVY({Ts€) e I=z19R)eK=142)/

. MFANS NOT EMy"QUIPPED WIN,WTH VELOCITM, MY RECOVERY";
» " AIFEySERSM, )

» "EANS EQUIPH,HPID WiTH Vn,nel0gITY RE","COVERY DIFY,
. “FSIRS ny

FORMAT (14 )

ForuaTl4ly

FIRMAT (T52,1F A N SM)

FIRMAT ¢ T5Y_ ylemcannmnaall)

FARABT (T16 4" =mu DRIVE SYSTEM cewity 792 )Meea FAN GEOMETRY =eelt)
FOPUAT (TR, "BLADE DIAMETER MeF§, 241 FEETMH)

h TN Y]

b s e
DO D OD

(")
O o oo

-
o]
-
[=]

1050 FORMAT(TR7,1BLADE ANGLE "4F8&.2y" DEBREES!)

1650 FORVAT (TT3.nNUMATR OF BLADES/FAM 1,F58,2)
1070 FORAT I TR4,nNYUMBER OF FANS nyF5.0)
1080 FARMAT(T17,n=== FAN COSTS ===uyT73,u===> DESISN CONDITIONS ===u)

1635 FORMAT (T100,9 (AT TUAL)n,Tch,"(AJJJST‘O,u)
1690 FARHMAT (TT3y"VOLUMETRIC FLOW ATI/FAN Y,F12.09" CU F?/MIN"
1100 FORMAT (T164"8LADI AND HU3 COST/FAN S"eF1C040eT71

» nToTaL vOLUMETRIC FLOY RATIZI wyF12,0, gy FT/MINw)
1120 FORMAT(T24s"40TOR COST/FAN 3"sF10,09T7C:

» NTATAL AIR PIESSURE OROP 271 4eXe ",F8e5e" PSIn,T120,Fp,5)
1139 FOR“AkaIO"SPE 3 REQUCER NRIVE COST/FAN $14710,0,T69,

v wPoESSyRE DRIP ACROSS H.X, 3YNILE o FB Sy ”5!"'7120oF8-=)
1140 FORVATI(T264M"STACK COST/FAN §"eFl0.09T72

. MNANSREGOVERASLE VELDICITY =EAD ".rn Sem PSI"yT120+FB,.5)

1145 FORMAT(T19,"ELECTRICAL COST/FaN §9,F10,0
T o T% 3.n4J~"’?0”"Q/FA\" F1304 4’".7‘15 £12,0)
1150 FORYATITTS,
#NEAN PAWER REQUIREMENTS MeFB40e1 HAM)
1196 FORVAT (T2 na=s aANNUAL OPERATIONALI GOSTS $",F10,.0)
1200 FORMAT (T37,5410)
1210 FORMAT
R TAassMulU] DTAMETER YeFga24!t FESTY)
WRATTEtRe1903)
WRAIT=Z(ee1000)
weITE{ayl000) -
W?ITE(G!IO’O)
WRITZ(AW101N)
WRITE(r«1020)
wITZtns1000)
IF(VEL"CC.5200) WRITE(S5e)
IFIVILGEC,S0, 1) WRITE(6s!
WRITS(ey100M)
WRITE (2, 1930)
WRITE(aylpnn)
WeTTIZ(ae1210) HYSDIL

v

{RESCVY (T41) 91=115)

19
% (Q;‘OVY(192)9I=A15)

27
23

waiTtelsae1040)
WRITE (441950)
WRITE(rs1080)
WRTTE(441070)

ADI1

BLJANT

ARL
”FAJI

F-101



" WRITE (A,

SUBROUTINE RPTFAN 46/746.

WRITS(&s1000)
WRITE(¢,1000)
WRITE («s1050)

WRITE (ay1000) "

WRITE(551085)
WRITE(ar1050)
WRITE(asll00)
WRITE (441120)
WRITE(4,41130)
WRTTE(ar]140)
w:rrs(s,i}asa
50)
WARTTE (44 11g0)
RET JRM
£ND

OPT=]

CRMPF L’
FOCPF1ls TOTCF1

FMTRcly aCTTPLy aduTPRl
CSR1,ACTBP1, AJU3Pq

CYLRNLY ACTVH1Y ADUVH]

CFANE}s HPPF1s ADUPP)
THPAL
aFcsTl

F-102
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SUSROUTINE RPTHXC 4/7¢  OPT=1 FTN 6,2+476435]

OO0

MRA A A A

A AN A APRA AN A N Y A AR

N A A AA

¥
$
3
$

3
$
$

3

R

R

suBRUTINE RPTHXC (AFPQY)

THIS PnUTINE REPORTS HEAT EXCHANGZR DESIGN, OPERATING CONDITIONS
AND CO<T

LOGICA FIRST, FXTEMP
COMMION
ATTR, ALDHA .
yCaFF. CSSPXW, CONF, cONL, COSTLy CAPCHG» CONMAT, cONMAZ,caF:
»C3Ys cSEALPs cELASTY CFSy COANGs CLUVR, cHaILSy cvM
yDFEPL, JESVEL, DAVGLE
IETEFP
sF22y FIRSTs FIXL, FCOS, FXTEVA
QGJEFC
yHX%NP, HPAST
s 14EA,
s UTHAY. ITMIN
+ J20Ne
WK ZONV,y XALEXT
eMXTXT
WMTyCaL 2y, NTa
COMMON
0%
yP31Z5y PERy PACCSs PLANCs PFACT o
sPI4RAFe POHFANs POHLEC POHcIRs POHCNDs PO%STCe POHSCL
»A3EJ, QReplcE
sR3”e LN JcEs ROESELs ROEELA9 ROOFLY RFIX
«SAAF, S1gMA, SPAMAT (2}
5TJs TPI(Ays TEFF, TLIM, TLPRa, TSEALP, TELASTs FHFIN, TFIX
YT GAGY TW -
s UICSy UWS
sVAS (™)
sV
1X77P 29 Xde XD - -
cOMUNN /SINK/ VAR(®)y gPIPly 2c0Sly ¥31y ~OSMY, EFF1
TiAM1. REATI, Z1,HRFA2S, w4l U1, PPOyi,
FA0L1Y DEFCT Y- WIDTLY ELENL® VAIRLY vwaTye HI7? Hp1? Tsl?
AEWAL NW1eZPLNC24251712s ZSP3Py .Sub)e SW3Ty
SPnl, STOT14°LNZ1, GFQ01e AAIR1,YFOMIN, SPCDYy SPSI13,WT2MIN,
B22MT N, Ny24IN, TCIS1, DEPAl, JIP4Tl, DPLC1,20M3A7, XNTS1, VELDI
TLAlY UCCONY» FMZS31e FBACLY ZFFCLe CHyY Cay cs1
s SLTeYly GFCl, CPCCILFITCOls C2SC1,CEPREL,DEPIPY,  AST]
Y CAPRST A XNFANL RLDANL a2 LENT 9 DPFEL]Y Wel, ATTUL, apllse asll
« ATHRN1y WTFR1.5TRUCL,CFMPTL, H42PF1,70TCF 1 SFFINT, ANTYUL
sy AI2F=1s WATFFIe ANMODls TCTPAls FOLPF1e FUTRCLy 4CIT21y ADJTPL
s AZT3n(,. ADJBP], ACTVH}s ADJVH1, aDJPPy, TH24I1, TCTFl » AFCST)
» cSnly waTgR1ls WSTRcle @FOUNLs HU3DTIYs TOWLELs (¢SSl %Hrl
«c3a1, NyMtOy1, C710wD1y ATUIC), CSTLV1, CsT4Sle AYLRN1, CFANE]

COMMON ,TINT, XNS, TTD, TLA, XNTS, ARPS
COMAIN /HXD/ Al,ATOT
COMUIN sEScaAL/ gSECT

6390 FoRVAT

T7lomat 0F WaTER v, Flal0yn Lam)

6490 FoPVAT

771077 OF TURESM,F14,04m L3m)

6410 FORMAT(

F-103

12/20/76



60

85

70

75

80

8S

90

S5

SURROUTINE! RPTHXC 74/76.  OPT=i FTN 4,247835]

L TByMAPHAN, G14,8
ReTTLynyT OF FRAME u,Flé,0,n LgM)
6420 FORYATY
L TA,nSIGAn, G148
ReTT1e"e¢T OF HEADERMsF14404" LB
6422 FORMAT]
2 T71e"3T OF STRUCTHFlae0ym L3M)
£42% FoRUAT , ,
L T7le'  ROOF LOADN,Flg,0,n (B0 i
ReT106en("yFBe2,n Lg/SQ FT)M)
6430 FORMAT
L T3,uFITCO/ATOTn, G148

3 o .
6460 FORMAT (14092a109T15"NTU £FFECTIVENESS ORRzLATION' USEp™)
6500 FORJAT1HO)

6505 FOR4AT(T35930("="}))

6510 FORUMAT(T3g,"H E A T EEx CHaNGERM

6512 FORMAT (1HesT90WFS,1s" FANS"sT1104F%al s PASSH)

6515 Fio'arg
L T24n WATER FLOW RATEw,Ill,n LBM/HRn

ReTT1s" COOLING SURFACE! 3M4F1040)

6520 FORMATY
L T2,yn AIR FLOy RATEM,I11s¢ LBM/HR®
ReT71" HEADER AND NOZZEL! $"+F10,0)

6525 FORMATY } )
LoT2em TUSES IN DEPTHY,Fll,2s" TUYBES (WeFlpelyin FT DEEP)N
RaTT70s" UNDLE ASSEMSLY $¥,Flo,0)

6526 FORYATY ‘

Q. OTT04n BUNDLE FRAME gn,F10.0)

6527 FORYAT]

R T70sw SEALING ELASTOMZR $",F10,0).

6530 FDRvATY : - :
L t24"71;BES ACROSS FRONTW,I114" TUBES  (nyF7,1," FT WIDE)®

ReyT71s" PLENUM $"9F10,0!
6532 FORMAT(1X

Ry T7lem LOUVERS $%yF10,0)
6533 ppavat (1X ,

2, T71yy HATL: SCREENS s"yF10,0)
6535 FORMAT!(

L T24M LENGTHY,F1140s FEETY

ReyTT1ly" STRUCTURS! $"yF10,0)
6537 FORMATY '

R TT1,0 : FOUNDATION! su,F1040)
6540 FORMATY .

L 7240 FRONTAL AREAYsI1lew ‘g FEETw

R oT7len HEAT XcHR SHIP avD EREZT $¥,Flo,0)
6541 FORMAT TByMSURFACE AREA¥,I11ls" SQ FTM)
6555 FORMAT(TTO,11 (n=it) 42X 411 (nan))
6560 FORMAT (TT3,"MAIR",T8T+"WATERY)
6565 FORMAT(T70425 (natt))
6570 FORMAT|T50,"REYNILDg NyM3ER™
,2(192135,51405 3X))
6575 FORYAT (T4B,"VELOCITY (FT/SECI™
§ «2(1Pe13,5,£14,5,3x))
6580 FORMAT[T34,"PRE3SURE DROP (L3S FORCE/SQ Nyn
$ +2(1P13,57E144393X)) .
6581 FORMAT(T44s"INLET TEMPERATURS| (Fn'"y1PEL13,5,E014,5)

F-104
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SURROUTINE RPTH

5G5R2
6§g3
6534
6585

6587 FORMAT (150 ,"FRICTION FACTORY

6595 FORYAT (T35,"0VERALL U (BTU/HR S3 FT DEG F)w

6610

Xe T6/74.

0PT=]

FTN 6,247835]

FORMAT(T45,"EXTT TEMPERATURE 1P3".12513.5,E14.5)

FORMAT (T56,mRANGE (7)1, 1PF13,3,21%,5)
FORMAT (760, CyARAN, TX,17E13,5)

FORMAT (T29nHEAT TRFX COEFF (3TJ/HR SQ FT DEG Flu
S ,2(10;—13.:;,;;14.5,3)(,)
5586 FORMAT (TE2,"NTUMsTXs1PE13.5)

5 12(1PT12.59214,373X))

S 37xy10513,5414,5)
6600 FORMATT52,4EFFECTIYENESSN

% sT7Hhsc7,4)

FOQﬂAT(T5l,"FIN EFFICIENCY"
?

3 9T7“),F7o

WRITE(445500)
WRITE(5,6505)
WRITE(Ae5510)
WRITE (698512)
WEITE(496545)
WRITE(%,6500)
Witl1TZ{Rr45553)
WRTTZ (446559
WRITE (£45355)
WRITE(hes3TH
MRTTZ(,5575)
WRTTE{4455a0)
WRITE (2,55353)
WRITT (445537}
WRITE (~e632])
WRTTS (46307}
WRITE(4,5583)
WRTTZ(4256504)
WRITZ (445566
WRITE(A,6525)
WRTTE 1n,6500)
WRITS(4,4620)
WITTE(4+45500)
WRTTE lr,p330)
WIITZ(£45400)
WRITE (~,5410)
WRITZ(a95420)
WRITE leyss22)
WRTTE(4456426)
WRITS(ay5430)
WRTITE (& y6440)
WRITE(A.6300)

WRITE(2,6515)
WIITELRe652p)
WRTTE(4,65E5)
NRATTE (A AD26)
W17 (reH5B2T)
WRITE(e.58330)
WaliTE{neR332)
WRITE 6533}
WRITE({Ayh523)

XNFANLs HENP

Reall, RgWaAl
varinl, vwarl

nEoal/zl44,, opaTl/ /184,

H()ly ’111
AIRFFly WATFFI

TO» VAR(]}=TTD
741, var(ly~var(2)-7TD

41Ty VARIS)
VAR(3)

ANTUL

ut

cerl

crrIyl
WATER]

WTTUY

ALPHAS WTFRI
SIGYA, WTHD1
WSTRC1

AFRIN=ROQFLy RI07L!

FiTenl/atoT
NTUCAL

IF1X(s9¥31), C51

IFIX(SW61) 9CHY

21y zlsx0/12,, z3al

CH:I
cszl

i, wIDTL, cPLEN]

Cstivl
C3THS1
ELEN1y STRUC]

F-105
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SURROUTINE RPTHXC 74/74

WRITE(A,45537)
WRITE(Ry6540)
WRITE(%6541)
RETJRN

END

OPT=1

CFOUN1 :
IFIX(AFRON) » (BSEchl
IFIXtaalrl)

F-106
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SURROUTINE RPTHXD 76¢/74 OPT=} FTN 4,2+47835] 12720756

SUBROUTINE RPTHXD
THIS RAUTINE REPORTS HEAT EXCHANGER DESCRIPTION AND: UNIT COST DATA

LOGICAI FIRST, FXTEMP
COMON

ATTR, ALPHA
sCAPF. CSSPKW, cOMFe cONLy cOSTUs CaPCHGe CONMAT, cONWﬂZ,CAF
vCaJr £SEALPs CELASTy CFSe CDANGy CLUVR, cHaILSy VM
#NIEPL e NESVEL, DANGLE !
yETFP
JFCR, FIRST, FIXL, FCOS, FXTEM>
yGIEFC
sHXMP, HIeST
s I147aT
WITMAY, ITHMIN
S JI0Ne
s KONy, XALEXT
s MYEXT
JyNTUCAL(2) s NTA

cOMuIN
on=
+2S12ry PSRe PWCOSs PLANCy PFACT o
ePJ4R Fe PORFANs POYLECs PO-CIRy POHCNDy PO4STCy POHSCL
1020Js AIREnUcE
+R37, REDYCE, ROESEL, ROEELA, ROOFL, RFIx
sSAAF s SIGMAY SOAMAT(2) o
sTDy TPO(4)s TEFF. TLIM, TLPRay TSEaLP, TELWSTs THFINs TFIX
«TJURArG, TW '
s1J2Se UWS
’W=V
2 AJDEP A, XW, XD ‘ ‘
COMMON /HEADEX/ CHH, CNy CHM, CMw, CRYy CWJy csT
’ Cr0o CSRs cSMy PITCHFY CPMe PRESSoHEDMATHYHEDITYP, NPaSS:
) A
cOMMON /STINK/ vaq(5), nPIP1l, 2¢c0Sl, w31, Soswf. EFF1
. ZLAMY, REAIY, 21 4HRFARS, Wbl Uty PPOWT,
TPO.le DEFCYY WIDTls ELENL1? VAIR1e viwaTye HIy 401 Tale
WALy N} 9 ZP|NC2.2Z517126 Z3P3P,  Swbhyy  SW3Y,
SPr1y OTOT142LNg31, AFROLs AAIR1,YEPMIN, SPCDYe SPS13,WT2MINY
872MIN,Ny2vIN, TCYS1. DEPAL, D7uTly OP4C1,C0N3AY, XNTS1, VELDI
’ TLAT® UCONYe FMCSle FBACL1Y ZFFZ1 cHyo CAaye o131

» CLTrYy CFCly CPCC1oFITCOls CSC14CEPRE]SDEPIPYTy  AST)
1CARSST e XNFAMN T ogLDAMY s cPLENL DT Ly wHly ATTUL, AaIlv askl
s TN, WTTR1,STRUCLLCFM271, <47P=1,70rcFy,2FFINT, ANTYL

s AIRF=i. WATFF1, XNMOD1, TCT2F1, FOCPF], FUTRCly ACTT®l, ADJTO]

s ACT3my,y ADJBPy s ACTVHY, ADJVHy, ADJP2,, TH3Aljs TCTFy » AFCST)

’ cS21s WATERYY WSTRels cFOUNLly HNU3DI1y TOWLELS cS=Z1y GHFI
«C351, Nog¥yOwy, C7%wDle ATU3Cly CSTLVI. CsTHSLe cYLANL, cFANE]

COMMDMN /TINE/ XNSs TTD, TLAy XNTSs ARPS

COMMON /SURFEXY 00LsGASLIN, NTU3sTUAMAT,FINTYP,FINMAT, crFa

sAPLATEs £0aTcs ZINGCCe CASTC SSIEPREPERIXTUSM, s XHEDTY 4 XFINTY
COMMON /nJda/ Nl XnGy 5F
SOMMON /5UPPLY/ Val (33, cPI2y  £COSH W3, cOSuy  ZFF
s zLavDs REAIR, ZoraFac?, WSy Us PPOW,y
FPawy JELFCe WIDTHy ZLENGY  VAIR,  VWAT, Ml WOy T4y

F-107
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SURROUTINE' RBTHXD 34/76.  OPT=] FTN 4,2+7835%
$  REWAT. NW,PLANC2,PS1Z12y SPSP,  SW&, SWd,
s S5 PTOTAL,PLANG3»SAFRONy  AAIRy  YFPy_  SPcpsPSIZ13,
$ 8r2, Ny2, rtcUs, DELPA,ISLPuyT,DELPWC,CONBAS, XxNTSX,
Sy TLaXy UCONs FMCSTe FBACCZe EFFCy CHY Car ¢S

$y CLTCs CFC, CPCC, FITCOy CSC,CEPREP,DELPIR,  AST
SeCA”LSTe XNFAN,gLDaANCe ZPLEM; JPFZL:  WHX, dTTV3e AD%a
Sy WTHARy WTFRMeSTRUCCICFPERFHOPERFY TOTCFs EFFINs  aNTU
$» AIRFFy VWATFFy XNMODsy TCTPFy FOCPFy _FMTRCy ACCTTR,
Se AZTBODy ADJRPDs  ACTVHy 20UV aDJPPF, TH2AIRy  TeTFy
%, €Srne WATERW, WSTRCTs CFOUND HUIDIAs TOWLENs CSEy
$ sc3ar NUMTOW, cTOWDe aTUBCe £STLVRY 'CSTHS, cYLRNGy CFANEL
600 FORMAT(1H])
6601 FOr'atiid )
6602 FORMAT (14+,Tlp,n N O N ~D E LIT A 4 E A
$ R AESCRIPTTI O N"TSsF5.1s" DEGRESI M)
6603 FORWATY
L 122,1cyPPORT gPACING neF7,34747yNFEETH
R 9yT57ynSSAL PLATE THKNSUYyF11l,3s1t INCHM)
6605 FORMATY i _
L Tas"TuSE PITCH NORMAL TO AIR FLOW "y77,39T47y " INCHN
R 9T35+n5zaL PLATE DENSITYH,Fll.34" La/cy INgM) .
6610 FORMATY o
L T2,#TBE PITCH IN DIRECTION OF' ATR FLOW n F74e3,T47,wINCHn
R +T33,0ELASTOMER THXNSH4F11439" INCHM)
6615 FORYATY v
LT18."T; 35 DIAGONAL PITCH 1yF7,3,T4T, " INCHY
R #TSHYMELASTOMER DENSITY"sF11,39" LB/CU IN,™
6620 FORWAT) _
LT239"LINER MATERIAL ",2A410
R )
6625 FOR¥aT( -
L T1l,n INER THERMaL CONDUCTIVITY",F7,3

R )
6630 FOR™aT) - .o

LT, nLINER TUSING OUTSIDE DIAMETER n ,F744,T47,nINCHN

ReTHy"UEADER TYPE ",2410)
6635 FoRMAT(1He

LT38yMmam y ¥ I 7T COS TS caam
6640 FORMAT

R T58+"-EADER MATERIAL: (Me1al0ym) 39,Fg 3,"/ 3"
6645 FoadaT :

R Tg8e"sOLLED JOINT, TU3E TO HEADER S$"eFg.3,"/TUBEM)
6650 FOPYAT|

R TS59.".ELDED JOINT, TyUBE TO HEADER $%,7g,3,"/TUBEM
6655 FORWAT ¢

LT10eMSPACER CASTING 5",G10,44"/Ca" _

RyTS5y"rU3E AND PLUG HOLE PREPAIATION SM,FB,3y"/HOLE™)
6660 FORVAT)

LT9+'"ENn PREPARATION $"9G10,40"/TUBES

ReT65s"10ZZEL AND ATTACHING SM,Tg.34"/HOLEM)
6662 FORMAT| ,

L TleenSEALI PLATE $"9G10,4,n/L8n

RyTOE7s"uDLTED HEARER JOINT Sy FB,3yM"/FTH)
6665 FOR¥aT)

L T14,aFRAME COST §1,G10e4,n/L3n

RT5Q+"HFADER MACHINING AND WELDING SMyFg. 3,M/FT™)
6670 FORMATY

F-108
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SURROUTINE' RPTHXD 74/74  OPT=) FTN 4,247%35] 12720746

LT09,"LINER TUBING  SnsGl1.59"/FTH,
RT70"STRUCTURAL STEEL: 3"srg.30"/L8")

6695 FNORVATY
LT23s"TUBE SPACERS
R)

sn,Gll.s,u/rwu
c
6617 FORMAT

L T27+" INER GAGE "yFS,.l

R)
6710 Fo21AT

—s)
(9}
(@]

LTP+"LINER TUBING INSIDE DIAMETEIR! "yF7449T4Ty"INCHN
Ry TAIIMUEADGER LENGTHMF11,34" FSETM)

WATTE(Ae5500)
DO 20 T1=193
IF (DAmGLE

1F
WRITE (£ y66501)
WRITE (£ 256593)
WRITE (Ry5605)
WRITE(6,6610)
WRITE(R,6615)
WRITE (ne6617)
WRITE(£45520)
WRTTE(Ay 55725)
WRITE{£445630)
WRITE(Ryb710)
WRITE(4e5501)
WRITS (eyna0l!

00 30 1=1,3

WRITE(545535)

WRITE (456010
WRITE(A256540)
WatTE ey 5645)
WRITE(r465639)
WRITE (5,5555)
WRITS (A+6550)
WRTTE(cy5552)
WRITE(445583)
HRITTE(44655470)
WRITE (A, 5655)

RETJRN
END

-LT-

(DAVGLELGT.

1.E=30) WRITEN(5,5602)
0.0) ARITE(646502) DANGLE

SSs TSZALP

XWs RIZSEL

XDy TELAST

xn5, VeclaA
GASLIN
TI3MAT » XTUBMA
cONL

O9OL e HEDTYPy XHEDTY
DIs W3

HEDMAT, CHM
crJ

cuwJ
CASTCoCHH
EPREPCyCN
CSEALPY CBU
CFSe CMYy
cLTcl,y CST
€31
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SUBROUTINE' SCALP 74/74.

OO0 000000 00ARDONO000000D00000000000000000 (s NsEeNeNeNsRe NN Re Re No Nl

OPTa] FTN 4,247835]1 12720418 °

' §UBROUTINE SCALP (RANGEs CWARA, AFRONy WURAT, TCWFCSy ITOWN)

SUBROUYTINE SCALP SCALES THE! PLANT aND DRY COQLING YOWER

DFSIGNS AND COSTS LINEARLY UPWARD OR DOWNWARA TO ACCOUNT
FAR THE FOLLOWING FACTORS-

1

2

. THF DFESI3N TEMPZQATURF pF, THE! POWeQ DUANT nors
NOT CORRESPOND TO THE RATED 3IACK PRESSURE OF THE!
STEAM TJRBINEL,

o PART OF THE TOTAL! POWER OUTPUT OF THE PLANT IS
USED IN SUPPLYING POWER TO THE FAN AND PUMPING
SYSTEMS,

THE FOLLOWIHG ARF POINTS ON: THE HEAT RATE FAATOR CURVE wHICH!
ADE USED IN DESCRIBING THZ| SCALING OF THE PLANT AND DRY COOLW
ING TOWERS, AT EACH 0F THESE POINTS THESI HEAT RATE!I FACTOR,
PUANT SIZz aND PLANT cOSTS ARE DETERMINZD,.

PoINT 0

POINT |
PAINT 2

PAINT 3

CONYENTIONAL TUQalVE'OPERATIVa AT 2ATED BACK
PRESSURE

STEAM TURSINE 0PZRATING AT RATED BACK PRESSURE:
STEAM TURSINE OPZRATING AT SYSTEM DESIGNI EXIT
TEMPERATIRE WITH OUTPUT OF: TUIBINE GENERATOR EQUALL
TO THE DESIGN POWER OUTPYT

STEAM TURBINE 02ZRATING aT SYSTEM DESIGN EXIT
TEMPERATURE WITH TAE POWER QUTPUT oF PLANT EQUAL!
T2 THE NEZSIGN PIAFR OuiTHUT

TUE DIFFERENCE BETWEEN 90INT TWO anp THREE Ig THE PLANT HAS
BEEN SCALED UP TO ACCOUNT FOR THE POWgR CONSUMPTION CF THE:
FaANS AND PUMPS, RETWEEN P0INT ONE ANp TWO THE' POWER PLANT
HAS 3EEN SCALED UP OR DOAN. TO ACCOYNT FOR AN INCRERSE OR
DECREASE IN THE HEAT RATZ FACTOR.

DEFINITION JF VORIA3LES

AaIR

ANIA
AFRON

ATUBC
8SECF
of}
CtPF

ceos
craNEL!

cFOUND.

CH
Cualls
CLAND
CLUVR
CnNBAS
cnSH
CDI;’
CPLEN

AIR SIDE HEAT TRANSFER. AREA 071 HEAT EXCHANGER
(SQq FT)
FAN 3LADE DIAMETIR (FT) .
FRONTAL AREA OF! THE HEAT EXCHANGER NORMAL! TO AlR
FLOW (SQ FT)
HEAT EXCHANGER TJUSE COST ($)
gUNDLE SCHIPPING aAND ERECTION' COST FACTOR (DIMEN=
sIONLESS)
BUNDLE ASSEMBLY Z0ST (§)
PERCENT OF TIME PLANT IS GENERATING POWER DURING
THE YEAR (PERCENT)
TOTaAL' CH3T OF THEI DRY COOLING TOWER (S)
€OST OF THE ELECTRICAL WIRINS FOR THE FAN SYSTEW
(%)
cIST OF THE FOUNDATION FCR THzy pRY cOOLING TOWERS
(s)
AUNNLE ¢OSTS FOR THIZ HEAT EXCAANGER s
CU’T OF “Hatl sc3cENs PER yNIT AREA ($/5% FT)
COST OF LAND COVIRED 8Y THE D3Y COOLING YOWERS (§!

. COST OF LOUVERS PER UNIT aREA ($/3q FT)

COST OF THE SURFACE CINDENSCR (%) ,
INCREMENTAL MAINTENANCE ¢05TS OF DRY COOLING ($)
cOST OF THg PIPING SYSTegM ($)

COST OF THE PLENJM ON T0P Of THE coOLING TOWERS (5)
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CrM

nelfFc

ELENG
FaaCC

FrcPe®
FraZ

Fra3
Frds
FrR

FrXa

FuQPr
FyveSYT

Fen
HoalIR
HowaT

HeFacl
RiFeac2
YnfF22l
HeLVa
ITOAN
KeONY
Kra

-
-

NegY
NMTOW
Nt

PR
PiI_ANC

PLANCE
P'AVrg

L2 I B | )

oPT=1 FTN 4,247%35]1 12/20/1%

- COST OF PLENUM MATERIAL PER POUND (S/LBW)
COOLING SURFACET CO3T ($)
COST OF HEADER SEALANT FOR cOVNECTING PLASTIC TUBZIS
10 tHE HEADER (3)
€OST OF THE HAIl] SCREZENS FOR THE ENTIRE FRONTAL
AREA OF TWE H4ZAT EXCHANGER (%)
€257 OF THE LOUVZRS FOR ONTROLLING THg AIR FLOW
TO THE HEAT EXCTHANGERS (1)
RATIO OF HEAT CAPACITY OF THE WATER TO THE AIR
\1Iw=VSIOVLFSS)
COST OF THE FaN AIN5 aND THE VELOCITY RECOVERY
STACK IF THEY ARSI USED ($/Fav)
TNCRIMENTAL FUZL! cOST FOR THE SCALgD UP PLANT
(MILLS/KW HY
LENGTS 9F HEAT =x*%av3£n TUSES (FT)
£AST OF FAN BLADIS AFTER SCALING UP THE NUMBER oF
FANS (%) )
CIST OF FAN 3LAJZS RER FAN (5/FAN)
FUEL COST FOR THZ. 3458 PLANT AITH 3 ZERD cOST ONCE
TYRNUGH COOLING SYSTEM (MILLUS/HW HR)
FUEL C£OST FOR THZ SCaLED UP P_aNT (MILLS' /KW HR)
CNST OF FUEL FOR POWER PLANT (CENTg/BTU)
FIXED CHARGE RTI FIR Ca”ITal! PER YEAR (PERCENT/ZYRD
THE FIXZD LENGTH OF HEAT EXCHANGER TUBES SPECIFIEM
BY T4E INPUT TO THE COOE (FT)
FAN MOTOR COST PZR FaN (3/FNaA) _
TAOTAL FaN MOTOR 20ST FOR THE =aN SYSTEM AFTER
STALE L3 (%)
POWER REBUIREYENTS OF TWg FaN SYSTEM (KWY
HIRSEZPOwWIR ?=3JI?’W NTS QF THZ) FaN SYSTEIM (KP)
HIRSTPONEIR REIJUIREMEINTS OF THzi WATER PUMPING
SYSTEM (d3)

= HIZAT RATI FACTOR AT PO0INT ON (DIMENSIONLESS)

HEAT RATE FACTOR a4T POINT TwW) (DIMENSIONLESS)
RaTIO OF ARFAC2 TO 4RFall USED FOR SCALING UP
PLANT TO DESING CONDITIONS (3IMENSTONLESS)
SJURFACE AREA COVIRED 3Y HalL SCREENS OR LOUVERS
(S £T)

NJM3ZR OF CIRCUL&R TOWERS (DI%ENSIQNLESS)
INT=Z3INAI, VARIAQLE FJR SPECIFYING THAT THE SET OF
INPYT VARTABLIS T4D TO yYNREASONABLE VALUES
(DIMENSIONLESS) )
VARIABLE FOR S?ICIFYING 5aGE OF TURES USED IN THE
CONDENSER (DIMENSIONLESS)

VanIaRLT €07 SOITIFYING THE ITAMITER OF
CONDTNSER TUIINS (DIMENGIONLESS)

STORS THE P23533aM IS THE SCAL=ZD JP FRONTAL AREA,
MaASS FLOW OF aIR AND SPECIFIZ VOLUUE OF aAlR IS LESS
THAN ZERD (DIMEN5IO0NLESS)Y

NJMAER] OF CIRTJULAR TOAERS (DIMENSIONLESS)

NUMBER NF HEAT EXCHANGER TUBES IN WIDTH
(DIMENSTIONLESS)

pF"’VT\G' OF TOTalL CAPITaL COSTS oF DRY COOLING
THOAER ALLOWED 7O MAINTENANCE' COST (PERCENT)

BASE PLANT COSTS (S/%H)

PLANT cOSTS av DDI“T INE (S/%XA)

plaMr COsT AT 291V7 TWO (§/kw)

-y
PiVE

-
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115 c PLUANC3 = PLANT COSTS AT 20INT THREE -
, ¢ PUELEC =~ £0OST OF ELECTRICAL! WIRING FORi WATER PUMPING SYSTEM '
o (3)
c PAHCND = INDIRECT COSTS FDR SURFACE cONDENSER: AS A PERCENT®
- - N e ) AGE OF B8ASE COSTS (PERCENT)
120 c PAHSCL! = INDIRECT COSTS FOP AMIL SCREENS aMNs L OUVERS
c AS A PERCENTASE OF 3ASE COSTS (PERCENT)
c PAHSTC = ININDIRECT COSTS FOR THE STRUZTURES AND FOUNDATIONI
o FO THE CIRCULAR TOWER AS A PERCENTAGE OF! BASE -
- c COSTS (PERCENT)
125 e PoOW » POJER RERUIREMENTS OF THE WATZR PUMPING SYSTEM (KA)
¢ P3SIZE =~ S2EZclIFleD POWER QUTRUT OF THE: PLANT AND MAKE UP
o SYSTEM TO THE POWER GRID (MW)
c PSIZ12 <~ POWEX OUTAUT OF: TURSINE AT THS! TURRINE RATED BACK
c PIESSJRE FOR A PIWER OUTPUT 0Fl THE TURBINE OF ;
136 e _ PSIZE AT DESISN CONDITIONS (M4) '
c PSIZ13 = POWER QUTPUT OF! TUR3IINE AT THZI TURRINE RBWTED gaCK:
of PIESSURE FOR A 204EX OUTAPUT 071 THE PLANT OF PIZSE
c ) . AT DESISGN CONJDITIONS (Mw)
o PTOTaL’ = TOTaL POWZR JUTPUT OF THE TUR3INE ;T DESIGN
135 o CONDITIONS (MW)
of RANGE: = TEMPERATURE DIFFEZ RENCE. OF THE: WATER ENTERING
[of AND LEAVING THE 4EAT EXCHANGER! (DEG F) .
o RAOFL = ROOF LOAD DESISN GONDITIONS FOR STRUCTURAL: cOSTS OJF
- c CIRCULAR TOWERS (L3F/SQ FT)
140 ¢ SpAFRON = SCALED P FRONTaL! AREA OF THE! HEAT EXCHANGER
¢ NORMAL TO AIR FLOW (52 FT)
c Sp® - INCREMENTAL PLANT COST SETWEENI PLANT DESIGNED AT
¢ RATED CONDITIONS (PquT 1) AND! AT DESIGN. CONDITIONE
c (POINT 2) (%)
J48 ° See = cIST OF PLANT aT BESI,N cONpITIONS (POINT 3)
¢ SPCH - INCREMENTAL cOST JF PLANT ysIVe DRy cOOLING TOWERS:
z AT DESING CONDITIONS (POINT 3) OVER PLANT AT RATED
c , CONDITIONS (PJINT ly (%) .
o STRUce =~ STRUCTURAL! cO2ST JF THE cIQCULAR TOWERS (%)
150 ¢ SwLRAT = SCALED UP WIDTA TO LENGTH RATIO OF THE HEAT
c ExCHAVGER (n1YeVNsIONLESS)
o Sw3 - SCALED UP MASS FLOA RATE oF WATER THROUSH THE.
[of HEAT EXCHANGSIZR (LBH4/4R) } )
o Swé = 5CaLED UP MaSS FLOW RATE OF AIR THROUGH THE HEAT
155 c EXCHANGER (L3U/H3)
¢ TEWFCS = TOTAL COST OF THZ PIPING SYSTIM (Kg)
c Tn - pESIGN TEMPERATURT OF THz pRY cOOLING TOWER (pE3 FI
o TEFF: - RATED 8aCX PRISSJRE EFFICIENCY OF: THE STEAM
- - c TURIINE (PERCENT) .
160 ¢ Ti A - LENGTH OF CONDENSER TUBING (FM) N
o Th ~ EXIT TEMPERATURE; OF THE AIR FROM THE!HEAT'EXCHANGEM
o (PEG F)
c Vi - SPECIFIC VOLUME FO THE AIx (CU FT/UBM) '
- ¢ WaTERW =~ WEIGHT OF WATER IV THE HEAT EXCHANGER BUNDLES (LgY)
165 c WX = TOTAL WERIGHT OF: THE: HEAT EXSHANGER EXCLUDING
c WATER (L3M) )
¢ WIDTH = TNTALI HEAT EXCHANGER WIDTH (FT) ) ]
¢ Wi RAT = RATIO OF THE WIDTH TO THE LENGTH OF THE HWEAT -
L. ¢ , EXCHANGER (DIMENSIONLESS)
190 c WoL - WEIGHT OF THE PLENUM PER UNIT AREA (LBF/SQ FT)
ol WSTRUET = TOTAL! WEIGHT OFi THE COOLING TOWER STRUCTURES (L3F)
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WTFRM = TOTAL WEIGHT OF! THE HEAT EXGHANGER FRAM (LBG)
WTHDR = TOTAL WEIGHT OF! THE HEAT EXcHANGER HEADERS (LBF)
WTTUS - TOTAL WEIGHT OFI THE HEAT EXCHaNGER TUBES (LBF)
Wi - YASS FLOW RATZi OFI THE WATER THROUGH THE HEAT
W, -~ MASS FLOW RATEI )71 THE AIR THRIUGH THE HEAT
' EXCHANGER (L34/H4R) _ _
XuF AN =~ NJMgER 0NF FaANS INt THE FaN SYSTEM (HIMENSICNLESS)
X\S - NUMGER OF SHELLS IN THE SURFAZE CONDENSER
© {DIMENSIONLESS)
XuTS = NUMgER OF CONDJENSER TUBES PER SHELL (DIVMENSIONLESS)
Xv = TRANSVERS PITCH 3JETWHEEN ADJACESNT TUBES IN THE SaMil
TJUBE R0W OF THE HEAT EXCHANGERI FROM CENTERLINE TO
CENTERLINE (IV)
YePP1 = PLANT SZALING FACTORI TO TaKE INTO ACCOUNT FOR PuM?!
AND FAN POWER

LoGgIcal FXTLNG
LOGICA; NESV
LIGICAL FIRST, FXTEMP
COMMON
ATTR, ALDHA
yCa2F, cSSPKYWy ONFw cONLy £OSTLY CAPCHGe CONMAT, cONMA2,caAF
1C3Jy CSEALPs CELASTe CFSe COANGy CLUVR, ¢HAILSe CVM |
+DIFPLy NESYELs DANGLE
JFI2, FIRST, FIXL, FCOS, FXTEMP
s GIASFrE
WsHXNMP, HPEST
s I4ZAY
yITMAy, ITMIN
1JC0Ng
s KONy, <ALEXT
MXTXT
JNTUCAL (2) s NTA
coM‘mN
b RS
«PSIZT, PEe PWCOSs PLANC, PFACT
sPIHgAF s PNHFANy POHLEC POHCIRY POHCND, POHSTCs POHSCL!
+NREJ, AREDUGE
sR3°, REDYCE, ROESEL, ROEELA, ROOFL, RFIX
s5AAF . SIGHMAY SPAMAT (2) .
s TV TPO(4)e TEFF, TLIYy TLPRAs» TSEALP, TELASTs THFINs TFIX
2 T ARACGe TW
s1)=Sy UMS
’Vﬁ;{=)
Sy .
WJXDEPA, Xw, XD
COM4ON /SUPPLY/ VAL (S)y CPIP, CCOS, W3s COSM» EFF
e CLAND. PEALR, ZsHAFALZ, Wy Us PPOW,
Py, oEkFg, WIDTH, ELEN3, vAIR, ywAT, HTy W0, The
IEWaTe. NWsPLANC2.PSIZ12y SP3Py SWay SwWas
SeCyPTOTALSPLANC3.SAFR0ON, 8AIRy  YFPy SPCHIPSIZ13s WT2¢
A2 N2y  TCOSy DELPAWDELPWT.DELPWCy2ON3ASY XNTSXy VELDX
TLaxs yCON, FMCST, FBACC, EFFC, CHa Cay cs
cLTC CFC* CPLCY FITCO? CSCP'CEPREDPIHELPIDY AST
«CASCSTy XNFAN,3LOANGs CPLENs I2FEL, wHX, ATTUB, ADIAs ABLN
sy NTHAR, WTFRM,STRJCCICFPERF9IPPERFy TOTCFs EFFINe  ANTU

F-113



249

555

280

285

SUBROUTINE! SCALP 74/74.  OPT=i FIN 4.2+47835{ 12720418

s IR Xs X2 X3

OO0 O00O000 OO0

901

$y AIRFF, WATFF, XNMOD, 'TCTPFh, FODCPF, FMTRCy ACCTTRy, ADJTP
Sy ACTBPDs ADJBPDy ACTVHs ADJVHY ADJPPFY TH°ﬂIRo TcTFy AFCST
$s CSPED, WATERwW, wSTRCT, CFOuVd, Hu3D1A, TO4LEN, CSE, CHF:
S 9CBAY NUMTOW? CTOWD® ATUBC* CSTLYRY CSTHSs CYLRANGY CFANEL
COMMDM /SINK/ vnncsiv CPIP1s ccosyy W31e COSMyTy EFF]

$, cuarl, Rgall, z1,4rF 425, whay Uly PFGWLy

5 FPOvl, DEFCl, WIDT1, ELENL vaIxls vWaTly HIT»  HOly, TH1y
s 3Ewal,  ‘wl,zPLUC2,251712, 25P37, sSwél, Sw3l,

5 SPcle PTOT19OLNCI1y AFROLY AAIR1IsYFPMINY SPCDT? SPS13eWT2MINY:
$ BOOMININWRMIN, TCOS]s DEPAl, IPWY 1 OPHCI.CONBAlv XNTS1e VELD)
%y TLaly UCON1, FMCSly FBA ZFFely  cHly  CAYe €5l

$y CLTCl, CFC1, CPCCl,FITCYl, CSC1,CEPRE],IEPIPY, AST
S'CADCSf9XNFAN1°qLOA“]'C°LEV1'3PFrL1' WHls #TTUls» ADIY}e ABLY
$y YTHm1y WTFR}4STRUC]4CFMPF1y 4PPFq,TOT "Flo"FFIVI' ANTU) _
$e AIRFFls WATFFle XNMOple TCTPFLly FOCPFly FUTRCly ACTT21, aDJTPL
€y ACTR?], ADJBP1, ACTVH1, ADJv4l, 4DJPP1, 1+42all, TCTF1 , AFCSTI
¢, CSz1, #ATER1, WSTRCl, CFJUN1, HU3DI1, TOWLEl, CSE1, _ CHFQ
$ +C34]1, NUMTOW], CTOWDY{» ATuacl, CSTLVY,y CSTHS1s CYLRN1y CFANE}
COMMON /ScaALER/ HRFacCls SScDy 2LaNcle caSSSls
$ 6AIR, FAIRy HPAIR, HPwAT, ’LAVCTI

COMMON /LACALL/ SRN

COMMON /ESCAL/ 9SECF

COMMON /TINE/ XNSsTTDsTLAPXNTSsARPS

COMMON/TUIE/RKGAYFGA(T) o LD ESA(5)1TID(7 6) sFTFILT6)

COMMON /PLc0ST/ WRL

COMMON /FLSW/ FXTLNG

COMMON /PME/ PMELEC

cOM*ON /HEADEXY CHH,CNpCHMvCWHv"RUOCNJ.CST.CWO'CSR,CSM'PITCHFQCP*H
1PRESSyHENYATIHEDTYP yNPASS Wy

COMMON /FaNY FaNDaP (153, 10)'FAVDQH(153 10) 4FMCPFs FRCPFY
SVELREC,AFCELEVEHR .

DATA NeGV/.FALSE./

FORVAT (1X9A1049T14RANGE s CWARA,AFRON, WLRATY,5514,4)

NAMELI&T /n8VL/ AFRONs VA?Y War TD® Ta? CWARA® RANGE!

XT0d = ITOWN

SCALING FACTOR FROM POINT 1 TO POINT 2 TO ACFOUNT FOR CHANGE!
In HEAT RATE FACTOR

HRF W1 =HRFAC2 /HRFAC]
PAWER OUTPUT OF: TURBINE AT RATED: 8ACK P:ESSUnEqPoxﬁT 1) WHICH
5TVES REQUIRED POWER OUTPUT PSIZE AT THZI DESIGN
84CK PRESSURE (POINT 2)
PSIZ12=PSIZEuHRFR2]

PLANT COSTS AT DESIGN CONDITIONS (POINT 2, HHIcH IRCLUDE
STEAM SUPPLY AND BAZK PRESSURE! SCALING TO POINT 2

PLANC2:PLANC] . HRFR21

INCREMENTAL COST OF SCALIVNG' UPi PLANT QUEI TO INCREASED HEAT
RATE FACTOR

SPBO=(BLANC2=PLANC) «PSIZEn1eEs3.
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(SrALING FACTOR FOR SCALTV3'°LANT SIZE T MEET PUMP! AND FAN
"PNWER REQUIREMENTS

IF (ST Ex1000+=P20W=FPONsL EaQe0) KCONV=]
IF(<r0"V.50,1) RETURN
YFPa{PsIZEs 1 E+3) /(PSIZEx], E*3-990ﬂ-=°o“)-1 0

PLWER QUTPUT OF THE TUR3INI GENERATOR AT THE RATED

R+CK PRESSUIE (PCINT 1) W#4ICH MEETS THE: POWER REQUIREMENTS: oF
TWE FaANS aND PUYPS (POINT 3) AND THE PONER OUTPUT OF THE
PLANT AT THZ DESIGN BACK 2RESSURE (POINT 2)

PSIZ13=(1.+YFP})4PS1Z12
TrTal POWER QUTPUT OF THE: PLANT AT POINT 3
PTOTAL = 2SIZE w {(le+YFP)
PUANT COST AT POINT 3 EXCLUDING THE DRY COOLING TOWER COST

PLAVC3£PLANC2&(1-¢Y;p)
SPC=PLANC3I*PSIZE=]1,T+3

I“CREMENTAL COST OF PLANT DUE TO JRY COJOLING TOWERS
SPCI= (PLANC3I=PLANC) » PSIZE » 1+Ee3

SFALING UP THE DRY COOLINS TOWER DIMENSIONS AND THE COSTS
AcSOCIATED WITH IT

IMDEPENDENT PARAMETERS OF) THE DRY COOLING TOWER

YEpol=YFD & 1
SW3zw3.YFPD]
SWhzAt,¥Fopl
SAFR0M=aFRONeYFPAL
SHLIAT=WLRAT = yFop!

SOHRFAZE COMDENSER DIMENSIONS aND cosTs

ISR = 1

CALLI SURCON(ISURs K3Ay LDy TLAs XNTSe ARPS, XNSs CONBAS) CONMAT
2 POHCND)Y

XNTS=YFPP]

= CONBasavFP?P}

SeALE THE NUMQEIR OF TU3ES IN WIDTH AND THE HIDTH OF THE
HEAT EXCHANGER

IF (FXTL MG WIDTH=3AFQON/FIXL!
IF(eNOTLFXTLMNG) WIDTH=SQRT{SWLRATsSAFRON)
TOW_EN = WIDTH / (XTOW#Z2,)

NW:#IDTH/XH:IE.

C4ECK ON THE EXIT TEMPERATURE OF THE Al LEAVING THE HEAT
EvCHANGER
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(e Ne] OO0 OO0 a0

e Ne Mg

[eXe Xa]

oobo

3l

FIN 4,247%35]

74/74.  OPT=i

Ta=CWALASRANGE+TH

va=33, 15-(T0°460.)/(15 *144,)
IF(SAFHON.bT.O ) NEGV=a4TRUE,
IF(VA,LT.0,0) NEGVa,TRUE,
IF(SWée LT, 0 0} NEGV=.TRUE,
IF(V:GV) NRTTEes.DnuL)
IF(NEGY) STOHP

CONTIN)E

FAN AND PUMP POWER

FPOAzF~OW . YFOh1
PPO#=PrOW *e YFPP)
HOWATsHPW,AT « YFOP]
HPAIR= 4PRIR » YFPPI
x\FAv YNF AN YFPPL

THE NUMBER OF FANS AND THE[!MOTOR, SLADE, AND ELECTRICAL
WIRING COSTS OF THE FAN SYSTEM:

FMCST=¥YNFANWFMCPF
FBAZC=fFACPF s XNFAN
CFANEL = CFaNEL = YFPPIL

ELECTRICAL WIRING COST OF: THE PIPING. SvErEM
PMELEC = PMELEC » YFPP]
DIMENSIONS AND WEIGHT OF! THE: HEAT' EXCHANGER'

ATU3C = (CA + CH + CS & CSE) « 355ECFI
ATU3C = ATUSC=YFOoP]

aAl=AAIR « YFppl

WHX=WHYsYFopDl

WTTJR=:TTUR=YFPP!

WTHIR=uTHNR&YFEPI

WTFM=yTFRVeYFPPl

WATERW = WATERW » YFPPI

INCREASED FUEL COST OF THZ! PLANT
FUEL COST, FOR THE BASE PLANT WITH a4 GONVENTIONAL TURBINE
9PERATING AT RATED 3ACK PRESSURE
FCBZ= FCOS » 3413.E=5 / TEFF
INCREASED FUEL COST FOR THZ! S2aLED UP PLANT
FCBY = FCOS % 3413,5~5%(HRFAC2/TEFF) & [1.4YFD)
DELFC= FC33-FCB2Z
LAND AND PIPING COSTS

CLAND = COSTLsSAFRON
CPIPl = TCWFCS = YFPPYl = 1000

PLUENUM SIZE AND COSTS
CTOWD = CTOWD . YFPP)

F-116
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SURROUTINE SCALP 74/74  OPT=} FTN 4,2+4748351 12720776

400 CPLEN = CPM = WPL '« (ITOWN = 3§16159/4. = CTOWD*=2
§ = XNFan o+ 3,14150,4%, & (ADIA+3,5)esl
cPLIN = cPLEN = POKSTC

STRUCTURE AND FCUNDATION COSTS

QOO0

CALLI STRUCT (CTOWD, WHX, WATERW, ROOFL, STRUCC, CFQUND, WSTRCT,
3 NUMTOwW, ELZNG, ?OHST'>
CFOIND = POHSTe = cFOUND

LOAUVER AND HAIL SCREEN CJSTS

&

—

o
e NaKe]

HSLVA = CTOWD « NUMTOW = 3014135 » ELENG
CSTLVR = CLUVR = HSLVA = POHSCLU!
CSTHS = CHAILS » HSLVA = POHSCU

TaTAL COST OF DRY COOLING TOWER

o Nele)

CCOS = F3AGC + ATURC + FMCST + CPLEN & STR(UCS + CFOUND
_ % 4 CSTILVR « CSTHS + CFANZL=XNFAN/YFPPL & CYLRINGSXNFAN
20 4
€Osu = PER o (cCIS o CPIP + CON3AS) /. (PSIZE«CAPFLB760,)

AUNUAL INCREMENTAL COST JUTI TO MAINTENANCE OF DRY COOLING .
3 TAWERS
425

" INCREMENTAL COST OF DRY COOLING TOWER

OO OD (9]

OLDCST. pCOS’SPCD‘CLANDOCPID*MOVBAS)‘FCQ/(?SIZE'CQPF‘S?ﬁOO)
s + CnSMs DELFC

RETJRN

gND

e
[N
o>
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SURROUTINE: SERCH 746/76  0PT=) _ FTN &,2478351

e Ko Ne)

‘-

SUBRQUTINE: SERCH

THIS RNUTINE SEEXS MINIMUM BY SINGLE VARIABLE! SEARCH METHOD

LOGICAL FXTLNG

COMMON /LACALL/ SRN

DIMENSION ¢(S) _ _
COMYOM /SUPPLY/ VAL(S)s CPIPy CCOSy W3, cOSuy EFF

Sy CcLauDs REAIR, ZyHRFacC?2, Wy Us PPOW)y

5 FPrWy DELFCy WISTH, ELENGs VAIRy VWAT, HToy WOy
s WwAT, Ny,PLatc2,Ps1z12, SP3P,  swa, Swiy _

$ SnCPTOTALPPLANCI*SAFRONY 4ATIRY  YFPr SPCHIPSIZ1Is
$ Anoy NWoy TCOS. DELPASIELPWT.ODELPWCyCONBASe XNTSX,
Sy TLAXs UCONs FMCSTs FBACCs EFFCo CH» CAs cS

S clTeo CFcy cPccr FITeDy CSCCEPREPYIELPIPY AST
$4CAPCSty xNFAN,BLDANG, CPLEN, JPFEL, wHXy wTTUB, ADIA,
$¢ WTHARy WYFRM4STRUCCCFPERFHPPERFY TOTCFs EFFINe ANTU
Sy AIRFFy WATFFsy XNMODs TCT®F, FDCPFy FMTRCe ACCTTP,
$y AZTAPDs ADYEPDs ACTVHs  adJVHs aDJPPFy THOAIRY TeTFy

L. £Sops WATERWs WSTRT» cFOUN:ay HU3DIAe TOWLENS CSEy .
§ 4C38y NyUMTOW, CTOWD, ATUBC, CSTLYRy CSTHS, CyLRNG, CFANEL

COMMON /SINK/ VAR(S)s CPIP1ly CCOS1? W31» COSMI* EFP1
s, cLamle REAID, Z1,HRFA2S,  wel, ul, PPOWl,
$ =POwls peFcly WInTls gleMls VAIRls VWATIe  "HILl HO1ls

i 2EviALly NylszPLNC2,257712, zSP3P, Swéle Sw3ly

127207108 .

Thy

WT2!
VELDX
ABLN!
ADJTP

AFCST
CHF:

T4l

5 $Pcl, PIOM1,PLNC31, AFKOl, AAIR1,YFPMIN, SPCD1, SPSI34WT2MINy.

3 BPQMfN.VﬁgwIN. TCOSys DEPAy, DPWTyy OPWC),CONBATs XNTSj,
1 TLaly UCON1s FMesS1, FBACLy EFFCle CH1 CAly csl
£, C2LTCls CFClse CPCCY,FITCO1, CSC1,CEPRE),DEPIPYy ASTL
$1CAPCST *XNFANT 9BLOANT9CPLENI'DPFELL? - WH1s WTTUlse ADIY?
$y WTHpyy WTFR{4STRUC],CFMPFy, 499;19T0TCF1oEFFINI9 ANTU}
$, alrFel, WATFF1, XNMOpl, TcTPF1, FDCPFls FMTRCly 4¢TTP1y
$, ACTB"1, ADJ3P1, ACTVHI, ADJv4l, aDJPP1, t4”all, 1CTF1 ,
% CSnls WATERls WSTRCle CFOUNTs +4USDIls TOWLEL:» CSEly»

VELD]

ABL1

ADVUTPL
AFCST1

CHF1

$ +C3A1. NUMTOW],. CTOWD]s ATUBCls CSTLV), CSTHS1s CYLRN1ls CFANE}

COMMON /ScaLER/ HRFacls SSCJ» PLANCly CASSSls
s GATR, FAIR, HPAIR, HPWAT, PLaVCT)

LOGICAL FIRSTs FXTEWP

COMMON

S AFTR. A|PHA ,
$ +sCAPF. CSSPKW,. CONFy CONLy COSTLs CaPCHGe CONMAT, CONMWN2yCAF!
$ scade CSEALP: CELASTy CFSs CDANGy CLUVRy cHAILSy ¢VM
S +nTEPLs DESYELs DANGLE
S sEFFP
$ +F2Ry FIRSTe FIXLs FCOSy FXIEMP!
% +GREFF
$ sHMXNP, HPeST
$ s IAEAT
$ S ITMAYy ITMIN
$ 1J70Ng '
$ oKION,;, xALExs
£ IMXEXT
$ SNTUCLL(2)s NTA
cOMMON
$ oDy

$ 4PSIZry OpRy PWCOSy PLANCy PFACT . .
$ yPIHBAFs POHFANe POHLECs POHcIRhs POHCNDy POMBTCe POMSChH

F-118
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SURROUTINE SERC

50

78

as

9

05

hy R

wn & w

H

A A A AP AR HA

764/7%  QPT=1 FTN 4,2+7%35] 12720718

+02EJ, QREDUCE
.nao. REDUCEs ROZSELs ROEELA» RDOFL» RFIX
SAAF, SIGMAy SPAMAT(2)
»T)a TPO(%)s TEFFs TLIMs TLPRay TSEALPy TELWST» THFIN» TFIX
s TJ3ANGY TW
vU;Sv UwWS
PVRN(R)
W TV
WXIEPA, XWs XD
COM%ON /FLSW/ FXTLNG
OMMON /TINE/ XNSsTTDsTLAIXNTSyaRPS:
CWQ"L - 0 0
IF(FXTcHP) CALL 200TI(TFIXsRFIXeTTDyTDyCWARL)
IF (SxT=MP A"D, yAR(3) ,6T, 0.90#CqARL) VAR(3) = §,90%CHARL
DD 50 TVAL=1+5
VAL {IVAL)=YAR(TVAL)
SAN=H/QERCH=1/ »
CaLil CaLC(val (1) ovaL(2) aVAL(3) aval () svaltS), 1)
caLLi STORE
cl1)=53
C(?)=
ctN
c(4)
c(5)
13=1
IF(TXTING) I8=2
D0 3 1=13,5
Mzbal
K=3
DD 3 Iv=lyg
VAL (TKy=VAR(IK)
KC=0
o0
VAL (M) 2VAR (M} +C (M)
IF(sXTzum) vaL¢l) = TFIX
I (FXTEMR) VaL(2) = RFIX
IF(FXT=MP ,aAND, Val(3) «37. O.9%ecwaRL) 6O TD 7
I7¢4.67,3) G0 To l¢
17 (vab (1) .57, ThIM) 6070 4
H o= VA (3)eval (2) ZLVAL (1) =TTI=TD)
IF(4e6c.1.! GO T2 &
IF(ALOF(I.-n)/vn_(s).LE.-I.: 60 TO &
SAIN=N/CERCH=Z/ o
CAL.lCA;C(VAL(I)oVAL(Z)9VAL(3)9VAL(¢)9VA'(5),M)
15¢<cOyv,.£2.1) 69 10 4
IF(J)ELra,LT,XDEPA) 30 TO 3
IF(ICLoALLE XDERPA) 30 TO 3
x-;rﬁoj.az.r £osl) G0 TO &
J=
CaLL! STORE
30 TO » s
IF({<«En,1) KC=]
IF(J.Ea. 1) 60 70O 7
VAL (M) =VAR (M) =C (M)
IF(TXT=uR) valL(l) =TFIX
IF(TXTeMP) VAL (Z) = RFIX
1FvaL (M), LEL?,0) GO TO 7

[V R I ]
S
= T
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H = VAU (3)#VAL[2) / (VAL (1) =TTD=TD)

IF(4.6e,1,) GO TO 7

IFALOG (1. =H) 7vaLi(3) +LEs=d,) GO TO T
SON=H/CERCH=3/ ¢ B .
CALLI CALC (VAL (L) o VALI2Y s VAL () ovalit®) s vALUS) 9 M)
IF(<c9 'y, ER.1) 60 790 7
IF(JELPAL,LT.XDEPA) GO TO 5
IF(JELPALLEXDEPA) GO TO ¢4
IF(TCDg.GELTCOSLY GO TO 7
CALL! STORE

KC=0

60 TO =

IF(<hEr,1) KCa) ]
IF(<CaFR.1) CALL CHNGE(M)
K:K-l

IF(<.En,0) GO TO g
CitM=C M) /5.

GO TN ! ‘
CONTINYE

RETJRN

END

F-120
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SETUP

T4/T4

OPT=)

FTN 6,2478351 12720716

SUSROQUTINE SETUP(TSTAR,TEND ,NUZTASE)

3 X3 Xs X3)

gt m o @ m®my
Lren wzxx wxx

(9]

YOOIV OO IO NNATDITOONIHIDIODTIIODIOOTONIADAI OO

CARD
TYPE

Al

coLUM:S

1=8n

[N N NN N

(RN RN N NN

A2

1=8n

Bl

1=19

41=5a

51=6n

hl=To

71=83

1

NPRPUT D

EESCRIPTION

FOR BNW1 PLASTIC CIRCULAR TOWERM

DECEMI3IEZR 10 1976

i-.-l-."-..i.

IN THE DESCRISTIONS RELOW THEI SYMBOL! (DFB MEANS
DECIMAL FRACTION:

FORMAT

- e

{8A10)

BLANK

(E1De+0,

[A]]

1040,

£10.0,

£10.0,

106,

£1090)

VARIABLE

1
Y
NAME OF P
£

DESCR(I) R

XL P P L T P Y Y ey Y e LT !
o h -

DESCRIPTION AND' (UNTTS)

Ldadad ot b Al g 2 L L L L DL L Y L LI L LT L L 2 Y L }

COMMENTS OR CASS DESCRIPTION TO 3E
SRINTED AT ToP OF FIRST JUTPUT PaGZL
ANY \NUM3ER OF TYPE a] CARDS MAY 3E
USED 3yT A BLANK A} CARD IS NOT
ALLOWED. .

IN ALL COLUMNSs OVE TYPE: A2 CARD ONLY

TSTAR R
TEND R
VAS(1) R
VAS(3) R
vas(a) =
vas(s) R
FIXL R
DEEPL R

F-121

LOWEST DESIGN TEMPESATURE! TO USE:
(JEGREES F)

AIG4EST DESIGN TEMPERATURE TO USE
(DEGREES F)

INITIAL! VALUE FOR T(RBINE! OUTLET
TIMPERATURE: (DEGREES F)

INITIAL! vaLUE SRR CWARA, RATIO OF
MZP WATE®R s mzor aIR (DF2

INITIAL valUE #oR AFRON. AlR St1OE
FRONTaLi AREA (SR FT)

INITIAL; VALUE FDR W RAT, RATIO OF
HEAT EXCHANGER WIDTH/LENSYH  (OF)

LENGTH OF HEAT EXCHANGER (FT),
IFt THE A3SOLUTT: VALUE OF FIXLa0,
THEN THE PROGRaM WILLI CALCULATE
THE LENGTH,

CIMITING valUg FOR NUMBER! OF TUSES
(NUM3ER COF Tu3:=8S)



65

89

85

90

95

100

SURROUTINE SETUP F4/74  OPT=]
(XX RN NN KR]
(N RN XN NN ]
cl 1~47 (8F5.0, TA(I,

I N ENNNN]
€2 1-44

41-85

(s X2 Xs X2 NeleNe s NelsNeXe Ne ke Na NeNe R R RO Ne ODOOOQO0O0

c.........

c’......l.

¢ 01 4=14
11-20
21-31
31=44

41=59

51=60
61=73
T1-87

£l 1-19
11720
21-33

31=49

0000 A0NN00ANAN00000NA000 000

(SFSOO'

8FSe0)

(E10<09

£10.0,
E10409
£1040,

€10.0,

E10l°’
€100,

(El°l0|

E‘I0.0,
E1o.0|
E1040,

41=34 BFS'O) TPERkI)

TA(I)

TPER(I)
NITE = A TYPE €2 CARD IS

PSIZE
TEFF
CAPF
FCR

cCcM
ELEV

ROOFL

FCOS
PWCOS
PLANC

coSTL

R

FIN 4,247335]

Ir| THE ABSQLUTE! VALUE! oF DEEpL! = 040

THEN THE PROGRAM WIL LI COMPUTE THE
DEPTH WITH NO CONSTRAINTS'
+DEEOL! TuPLIES COMSTRAINT OF
THAN OR EQuALI TO HEEPL

Aane
o e

<0EEPL! IMPLIES CONSTRAINT OF LESS
THAN: OR EQUALI TO DEEPL.

. .
TEMPERATURES REPRESENTATIVE OF
TPER(I) FRACTION OF YEAR (DEGREES F)
CaUTION. o HIGHESY Ta

MUST 3E FIRST

FRACTION 0Fi YEMR OVER: WHICH TEMPERAm
TJRE TA(I) IS TYPICaLl (OF)

CONTINUATION OFt TA(f) FOR Ia 9 TO 16

R CONTINUATION 0F! TPER(I)
REQUIREDI EVEN IF SLANK,

R

o -

F-122

3ASE' PLANT' SIZEl (MEGAWATTS)

3ASE: THERMAL EFFICIENCY (OF)
CAPACITY FaCTon (OF)
FIXED: CHARGE RATE (DF)

RATIO MAINTENANCE COST TO' CAPITALI
COST (DFy

CONSTRUCTION COST MULTIPLEER (DF)
SITE ELEVATION ABOVE SEA tsvsgs(?¢>
A00F LDAD: (LB/SQ FT)

FOEL’ COST (CENTS/MMaTy)
AEPLACEMENT POWER COST (MILLS/KWM)
POWER PLANT CONSTRUATION COST ($/K#)

COST OF' LAND (s/5Q FT)

12/720/7% -
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SURROUTINE: SETUP

J6/74 0eT=1
¢ 41-5q E1040y CS5SPKM
c
c 51=6¢ £10.0, CAPCHG
c
o pl=7A F104,0) HPCST
C .
COOQQ.....
c
o
c
¢ E2 1-17 (E10.0s POHBAF
o
¢ 11=23  E19.0y POHFAN
¢ 21-35 £10.0 POHLEC
o
o 3i~4j £10.0 POHCIR
o
c 41~5¢ £10.0 POMHCND
c .
¢ 51=69 £10.0, POHSTC
£ ,
c 61=7h E10+0) POHSCL
o
Ceeevoncan
Croecsoncene
c Fl 1=10 (F10-0, R3P
-
C -
o 11=74 4F15,8) TRO(I)
¢ _
o
o
Cavetnresen
C-oa.oo.no
C -
¢ 61 1134 (£19+0, EFFP
o
c 11=20 E1G+0) DPRESS
c
o
¢
C
o
c
CC.."'.O'
c....llll'
C -
£ Hl 1=-1aA (E10.0, VELREC
o
o
o
c 11=23 £10.0, XDEPA
c
¢
c 21~34 E1040, TLIM
~

R

R

F-123

FIN &,247435] 12720776

COST OF: STEAM SUPPLY (s/XW)
CAPACITY CHARGEI ($/MEBAWATT)

COST OF ELECTRIC MOTORS (g/HP)

INDIRECT 20ST FACTORS FOR =
FUNDLE ASSEMALEI AND FRAME!

FaNS

TLECTRICAL:
CIRCULATION PIDING
CONDENSER
STRUSTURE:

SCREENS AND' [[OYVERS

TURBINE: RATING: BACK PRESSURE (INCHZB
9F1 MERCURY)

COEFFICIENTS FOR THIRD ORDER POLY=
NoMIaAL: FOR HEAT'RATE AS 4 FUNCTION
OFI TURIINE BaACKI PRESSURE,

EFFICIENCY OF PUMPS (DF)

9IPING DESIGN PRESSURE (PSI)
MAY 8E&!
S0
70,
125,

CONTROL! VARIAILE.
1 FOR' VELOCITY RECOVERY
0 FDR N VELDZITY RECOVERY

MININUM AIR SIDE PRESSURE!I DROP THRU!
4EAT EXCHANGER (LB FORCE/S2 FT)

MAXIMUM STEAM TEMPERATURE! FOR THE
TJRBINE (DEGREES F),
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SUBROUTINE! SETUP

Q00000 00NN 0000

74/74.  OPT={

¢

c -

c 31=649 E10.0, TOWMIN R

c.

o

o ) .

of 41°59 El10.0, PFACT R:

o

o

c‘ 0 . . .

C' - E

o 51=60 El0e0, TFIX R

¢ ;

¢

c B C

c 61~To E10.0, RFIX _ Ri

c .

c' -

o 71=80 E10+9Q) TOWMAX R

c

C:

¢

Creecteconse

Clo"l'ooo

c‘ - .

c H2 1=13 FE19+0 G3EFF Ri

C

Cecsseresne

Coevtovnee

11 110 (E10e0, CPM R
1129 E10+0, WAL R
2135 E10+0, CLUVR R
31=46 E10.0, CHAILS R
4154 E10s0, UCS R
51-66 E100, UWS R
- 61=7p  E10.0, CVM Ri

71-80  E1090) WFV R

XN NR NN

c..tl...‘.

c v

c J1 1=29 (2A10, NTUCALI I

¢

c,

c

c.

c

c.

F-124

FTN 4,247%351 12720¢7¢s.

ASSUMED. 180 IFI FIELS 1S BLANK OR: 0
THE' MINIMUM ALLDWAB{El NUMBER OF!
TOWERS PER GROUP.,

ASSUMED { IF NOT SPECIFIED

PACKING FACTOR, RATIO OF: CIRCULARI
TONER ROQF ARZA. TO FAN SWEPT AREA
(9F)

FIXED' TURBINE OUTLET TEMPERATURE (Fh
ENTRY IS IGNORZD IF' BLANKI OR ZERQ

FIXED: RANGE' [Flye
IF] BLANK OR' ZERO

ENTRY 19 IGNORED

MAXIMUM ALLOWA3SLE NUMBER OF' TOWERSS
ASSUVMED 9999 IFi BLANKI OR ZERD

FAN' GEARBOX EFFICIENCY

PLENUM COST  ($/LB)

WEIGHT OF: PLENUM MATERIALL (LB/SQ FT)
COST OF: LOUVERS' (5,8Q FT)

COST OFi HAIL SCREENS ($/5Q FT)
UNIT cosf OF STACK: ¢/iLB

UNIT WT OF: STACK LR/CU FY

FAN RING MATERTAL UNIT COST s, LB

UNIT WT OF: STRAIGHT CYLINDER LB/SQ FT

CONTR0OL! VARIASUE FOR SPECAFYING THEI
METHOO TO 8E USED To CALCULATE NTUe .
NTUCAL! MUST BEGIN IN COLUNN {.

CROSS FLOW

COUNTER FLOW

TABLE
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SUBROUTINE: SETUP

J4/74 QPTa)
¢
<
o
c
¢ 21~30  F10-0, HXNP R
C
c LFLLY)] F10e0, W3 R
¢
c 41=5¢ £10+0, NTU3 R
C
c 51=60  F10e0) SS R
-
Creetocnns
c.uotcotnf
C
¢ J2 1=1a (£10s0, DESVEL R
o
o
c 11=20 E10.0, REDUCE* R
¢ ’ :
¢
¢ 21-34 £19,9, AREDYCE R
C,
c
c
c 31=40 E10.0) DIST R
¢
¢
COOO'OOQQO
Ccltlnoon'
of v
¢t Kl 1719 ({F10°0, XW R
c
o
o 11=2a £10.0, XD R
C
c
c 21-3¢ F10.0, X0G R
¢
c 31=49 A0, TUZARG R
C
c
o
o
c
c
o 41=5% 710, HCCALC R
o
c
o
c
C‘
o
¢
c
c

F-125

FIN 4,247835] 1272076

CROSS FLOW OR' COUNTER FLOW CAUSES:
CALCULATION OF' NTU Y EQUATIONS,.
TASLEl CAUSES TABLE LDOKUP OF NTUs

NUMBER OF PASSZSE THRU HEAY EXCHANGER

~EADER LENGTH (FEET)

NUMBER OF TUBRES  THRU PLATE FINS

SUPFORT SPACING (FT)

DESIGN WATER VEILOCITY FOR! PIPING
(FT/SECY

MINIMUM STEP CHANGE IN PIPE: DIAMETZR:
FOR TOWER PIPING (INCHES)
way 3€ 6, 12, 9r lg

YIMIMUM STEP C4ANGE IN PIPE: pIaMETER
FOR QUADRANT HTADERING, (INCHES)
MAY 3E 6y 12, OR 18

J1STANCE FROM TOWER TO CORDENSER
RIOM (FT)

TUBE: TRANSVERSE!I PITEN! (NORMAL TO AIR
FLOW) (INCHES)

TJIE PITCH IN JIRECTION OF' AIR FLOW
{INCHES)

TU3E DIAGONAL 3ITCH (INCHES)

TJU3E! ARRANGEMENT, MUST BESIN IN
COLUMN 1,  MAY BE= v
STAGGERED
INLINE'

ASSUMED TO BE STAGGERED IF OMITTED

CONTIOUL VARIARLE TC SELECT METWHOD.
TO BIZ! USED IN CALCULATING: FRICTION
FAZTOR AND HEAT TRANSFER COEFFICIENT
FOR' AIR FLOWING ACROSS STAGGERED
TUBES, MAY 351 03 2

(ASSJMED 2 IF 3LANK)

ACCALC=]1 SPECITIES MCADAMS RELATION
SHIP SDR HEAT TRFR AND FOR!
FRICTION FaCTOR



595

300

305

3is

320

325

339

338

340

SUBROUTINE' SETUR

76/74.  OPTai
¢
o
o
¢ D
¢
c
c
c -
¢ 5164 F10+0) DANGLE R
~
'c i
c.....--..
gooooonﬁao
c .
c Ll 1=15  (F10.0, ODL R
C
¢ 11-29 F10.0, DI R
c . )
c 21=34 F10.0, GAGLIN R
c
c
E.
[ A . ) i
c 31-59  2Al0, TUBMAT, R
c XTUBMA R
c
o
[of
C'
c
o L .
o 51-6q F10e0) CONL R
¢ .
c.-o'no--o
c!....!...
o
c Ml 1=2§6 (2Al0, SPAMAT R
c.
c
¢
¢ ) ,
of 21-3p £10¢0, CSEALP R
o . .
c 31-4p5 F10e0, TSEALP R
C:
o 41-56 F1i0e0, CELAST R
o .
o 51=64 F10e0, TELAST R
c,
¢ 61=79 F10ep, ROESEL: R
o
c 71=85 F10eg0, ROEELA R
o
c.-.....-.
Crevtrvsnae
c o . .
¢ N1 1=190 (EiQ0eQ, CASTC R

FTN 4,2¢733S{

HCCALCm2 SPECIFIES MCADAMS RELATION.
, SHIP FDR FRICTION FACTOR:

AND ZUKAUSKAS RELATIONSHIPI
FOR HEAT TRANSFER COEFF,

" HCCALC! IS 1G6NORZD IF TUBARS = INLINEI

F-126

3ASE ANGLE FOR DELTA HEAT EXCMANGERI
(JEGREES)

HX LINER OUTSIDE' DIAMETER! (INCHES)
49X LINZR INSIDZ! DIAMETER [INCHES)

GAGE OF HX LINSR TUBEi (¥AY BE
22, 20+ 19, 18. 17, 16, 15,
1645 l4e 134 12¢ 11e. 10e )

LINER YATERIALW MUST BEGIN IN COLI 31

vAY 8E! e o _
POLYETHYLENE!
POLYPIOPYLENE
POLYVINYLCALORTOE"

THERMAL: CONDUCTIVITY OF LENER MATERM
IALI (3TU/(HR SQFT BEG F/. FT) )

SPACER: MATERIALL

COLUMNI 1»  MAY BE o
PO YVINYLCHLORIDE
POLYCARSUNATE:

MUST SEGIN IN CARD

SEALI PLATE COST (S/(3)

SEAL' PLATE' THICKNESS (IN)
ELASTOMER cﬁér ($/LB)
ELASTOMER LAYER! THIGKNESS! (IN)

SEAL! PLATE: DENSITY (LB/CU IN)

~ELASTOMER DENSITY (LA,scu 18

FIXED! CASTING COST FOR SPACERS

12720788 -
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SURROUTINE' SETUP 74/74  OPT=1
c
¢ ;
€ 1l-2¢ E10400 EPREPC
¢ .
c 21=3p E10.0) CFs
¢
Coeevsacnoee
c.l.".l..
c -
¢ Pl 1-25 (2Al0, HEDTYP,
c ) XHEDTY
c .
c
¢
c
c
C -
c 21=3¢ F10+0, HEDMAT
C
c
C
C -
c 31=44  F10s0) T¥
c
Coonsovven
Coco'ocon-
c -
¢ ol 117 (E10e0, CRJ
c
¢ .
C 11=25° E1C40» CWJ
c
¢ .
c 21=3¢ E10e0e CHH
c
C -
c 3l=49 £10400 CN
c _
c 41-50  £1040, CMw
c
c -
c 51=60 E10+0C, CST
c
c 61=79  E10.0y CBJ
c
Ceoovonace
Cooo!ooo.o
¢ Rl 110 (E17.0s  XNS
c
c 11-24 €100, VELN
E 21-35 £1%40 00C
o
c 31-49 E10%.0, GA
c

F

R

o0

2

7

FIN 4,247835] 12720/76

{$/SPACER)
END PREPARATION!' COST (s/TUBE)
FRAME UNIT COST (g/LR)

HEADER TYPE, MUST START IN COLUMN 1.
vaY 3E& = ) B
WELD REMOVABLE
WELD 2LUG
FORM IEMOVa3LE
FORM PLUG
HEADER MATERIALW MUST START IN
COLUMN 21, MaY BE = i
ALUMINYM
sTEEL

THICKNESS OF HEADER MATERIAL, INCHEE:

£O5T CF! ROLLED! JOINT, TU3E To HEADER
($/TYRE)

COST OF WELDED: JOINT, TUBE TO HEADZIR
{3/7UBE)

TJSE: AND PLUG HYOLE PREPARATION COST
(S/HILE)

NOZZEL' AND ATTACHING COST ($S/HOLED

£OsT OFi MEADER MACHINING aNp webo1Vs
{eg/r7)

STRUCTURAL: STEEL COST  ($sLB)
CIOST OF' BOLTED MEADER JOINT ($,FT)

NUMSER OF CONDENSER SHELLS

NOMINAL DESIGN VELOGITY THRU CONDENR:
SZR TUSES (FT/SEC)

CONJENSER TUREZ 0,D. (INCHES)

CONDINSER TUBE: WALL GAGE, MAY BE
126 164 16, 18s 20¢ 226 2%,
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SURROUTINE! SETUP 74/7%.  OPT={ FTN 4,247835]

¢ . ’ L A
(o] 41=5p E10+0, FC R' CLEANLINESS FACTOR {(DF)
c L o ..
c 51=5%4 £10.0, TTD R TERMINAL TEMPERATURE DIFFERENCE!
(of (DEGREES 7y
¢ : A . : .
¢ 61-80 2A10) CONMAT, ® CONDENSER TUBING MATERb.
c CONMp2 R IaLe- MUST START IN.
o COLUMN 61 RAY BE: =
c ! .
¢ ACMIRALTY
c CU=14 NI,
of 304 S/5 WELOED
c‘
¢
Ceosveoncen
Coroeevncone
[+ S0 N . -
c si 1=5_ (IS, LF8 I LFB AND LFE! SPECIFY_FIRST AND LAST
o s5=1p 159 LFE 1 POSITION TO. BE! CONSIDERED! IN THE:
c TaBLEI OF FaNS. DEFRULT VZLUES ARE!
¢ LFB=] AND LFg={53
of .
C' L L 2 L& 3 3 £ T 31 1 1 2 Q,---~
(of NTAMETER IF AN LEAN
c coomgoee: m~aaeows. L LT
o 26, 1 27
o 28, - 53 88
o8 30. 89 111
o 40 {12 135
c 50. 136 133
c
c i1=1s 15 MXEXT I THE VMAXIMUM ALLOWABUE! NUMBER OF'
c CALLS TO SUBROUTINE XTENDI FOR ANY
c ONE! DESIGN TEMPERATYRE,
c .
c JEFAULT VALUE IS5 10
o
CI'Q'OO!Q.
Ceeovvevee
¢ , - . , .

¢ Ul 2«72 NAMELIST INPUT CARDL NAMELTIST NaAME Is #READINm
c AT LEAST 1 TYPE U]l CARJ: IS REQUIRED,
c IN ITS SIMPLEST FORM: THE: Uy CARD IS . . i
c . SREADIN' NUCASE=Q SENII
c geGINNING IN cARD COLNMN: 2,
o
¢ VARIABLES IN NAMELIST nREADINn ARE=:
c.
¢ DANGLE, DESVEL, DIST, I, FIXL, LPS,
o LFEy NUCASE, 03U PFACT QREDUCEy REDUCE"
¢ RFIX, TFIX, TLIMy TOWMpAX, - TOWMINy VELRECH
c XD X0G X
c
o AFTER THE INITIAL CASZI IS DESCRIBED! WITH CARD TYPES Aj~Uj
¢ THEN ANY NUMBER OF TYPE} U} CARDS MAY BE' USED TD REDEFINZI

F-128
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SUPROUTINE: SETUP 74/74  OPT=1 FTN 4,247435] 12720718

[ A
o
O

W55

479

485

490

£00

OO0

ANY OF THE VARIABLES IV THE NAMELIST FOR ADDITIONAL! CASZS

NUCASE 1S A CONTROLI VARIA3LE TO SPECIFY HOW THE DATA
- FOR THE NEXT CASE ARS TO 31 READ,

NUCASE = 0 SPECITIZS THAT THFI DATA FOR YHE NEXT
CASZi ARE! TO 8% READ FRoM A COMPLETE' SEF
OF: &1 THRU Y1 CARDS

SPECIFIZS THAT DATA FOP THE NEXT CASE
ARE TQ BE READ FROM NAMELIST CARDS

L audl]

NUCASE =

REAL!I NTUB

DIMENSTON TO0J(6)»TGA(T)

COMMDN/DJ3/D L XDGySF

COMMON /INDISZ/ DIST N
_COMYON /HEADEX/ CAHeCN9CHMeCMWICRUPCWI9CSToCMOICSRICSMIPITCHF CP MY
1PRESS I HEDUAT»HEDTYP 4 NPASS, W3

’7“‘”’“ /SURFEXY, 'ﬁ)L,oAubIV,VTUBQTUB“AT'FINTY"'FIVMAT,cFB,APLATE.
SCGAT”n‘IV CyCAST(C9SSIEPREPCIXTUIMAYXHEDTY s XFINTY

COMAOV/FLSN/ FXTLNG :

COMMON /TINE/ XNSeTTDeTLAYXNTSyARPS

COMMON,/TINEZ2/CCM

COMMO /TUSE/KGAWFGA(T) sLDsESA(S) oTID(T746) 4FTF(Tyg)

COMMOM/DHATC/FCyCUS) s VELN .

COMMON /SINK/  VaAR(S)y cPI®l, 2c3Sly  w3l, cosul, gFfFl
Sy siLavly rzall, 21,4’F 25, wel, Ul, pPPOWl,
s 20wl, DEZFC1, WIDT1, ELEN1, VaAIRl, vwaTy, I, 401, Tely
$ WA, NWI.ZPLVF2,7SI212c Z5923P, SWéye SW3IYH .
$ SPele DTOTIoPLVS 19 AFROL AaI?lcYFPvao SPCO1s SPS13,WT2MINY
] B'””Tv Ny 2N, Si, DEPAYl, JPWTl, DPwCi,¢ DNBAI' xNTS1, VELDI
S Ti.ale UCOVI' FMCS1y FBACIY ZFFC1 CHy caye Cs1
Sy CLTRls C7Cly CPCC14FITCOLls  CSCL.CEPRE]ZDEPIPTy ASTI
$5CASTST 9 XNFAMNT,3UDANL G CPLENLIDPFEL LY W41, #TTUl, ADIly aBLY
$y ATHRLl, WTFR1,STRUCL.CFMPFL, 4927 1,10rcr), 2FFINT, aANTU) ,
Sy AIRFFly WATFF1, XNWODl, TCTPFQl, FOCPF1, FMTRCl, ACTTP1, ADJTP1
$y ACT301s ADJ3PYy ACTVH], ADJVH], 82JPP1, TH2AIls TCTF] o AFCST)
LX) £S=1y WATERly WSTRCLle CFOUNLls HUSDIls TOWLEL, SE1y QHFJ
$ ,c341, VuuTOny, cTOwD1ls ATU3Cls CSTLV1, CST<S1s GYLRN1, CFA
COMMON /SCALZR, HRFACle S3CD+ PLANC1» CASSS)Y
3 Gal3, FaIRs HPAIRy HPWAT, 2LancTl

COMMON #FNLOIP/ 73y LFE

COMMIN /P CUST/ WPl

LOBICAL FXTLNG

!u—\u—.ﬂ\l ~m—n e
. -y SISCRVT

LO”I AL FIRST, FXTEMWP
cOMMON
ASTR. ALSHA 4
«CAPF, CSSFPXW, CONFy CONL, COSTLH CAPCHGy CONMAT, CONMA2,CAF!
9C3Jy CSEAL®?y CELASTy CFSy CDANGy CLUVR, cHAILSy CVM
1DZEPLy DESVEL, DAVGLE
sESFP .
vFoRy FIRSTy FIXL, FCOSy FXTEM®
2 GREFF
yHY P, wPcsT
s I4ZAT
»y ITMAY, ITMIN

A A ARANDANDPA AN
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SURROUTINE: SETUP T4/74.  OPT=] FTN 442478351

Q000 e Xals)

OO OO0

9 JCONg
1KCONVs KALEXT
“XLXT
.NTUCAL(Z)s NTA
COM'ON
003
4PSI25, PER,y PWCOS, PLANC, PFACT . , .
sPIHAAFs POHFANs POHLECs POHCIRW POHCNDs POHSTCr POHSCL!
'QEJ, 9RepUcr
»R3P» REQUCEs ROESELe ROEELAs WOFLs RFIX
1 SAAF, SIGMAo SPAMAT (2)

1 TJBAZG, TW

sUzSy UWS

PVAS(F)

sy WFY

oXJEPA1 XWe XD )
COMYON /SUPPLY, VAL(S)s CPIPy (CCOS, w3, COSu, EFF

s LSLANDy REAIR, 2yHRFAC2, Wy Ue PPO@,
FPaWy DELFCy WIDTHy ELENSs VAIRy VWATH M1 HOo

REW AT Nwy PlAVCZ.PSIZIZc SP3P, SWé, SW3,
sec,Pr0TAL,°LANC3,SAFRON, aAaIR,  FP, sPcp,PSiz13,

3P VW?! TCOS» DELP&lD‘LDﬂT’DELDNC,AONBAS, XNTEX s
$y TLAX, UCON, FMCST, FBACCy EFFC, CHy Cie cs
Sy cLTCy CFCe cPCCo FITco. CSCrCEPREPy3ELPISy  AST
$9CA~CSTs XNFAN3BLDANGs CPLENs JPFELY WHX, WTTUB, ADIA,
%y HWTHAR, ﬁTFRMQSTQUCC,PFPERF HOPERF, TOTCFs EFFINy aANTU
5, AIReF, WATFF, x¥M0D, TCT®F, FOCPF, FMYRC, ACCTIP,
Sy ACTBoDy ADJBPDe  ACTVHe ADUVAs ADJUPPFy THPAIRy © TCTFs
L X £S3Dy AATERWs WSTRCTs CFOUNDY HUSDTA« TOWLEN, ¢SE,

S 9C349 NUMTOWs CTOWDs ATUBCy CSTLYRs CSTHS, CYLRNGe CFANEL

COMMON /VARVAR/ TPER<161. TA(1%)
cOMMOM, TN T/TIN(15) »FTIN(15) X
pquou/PHDO/TH20(1b)'DQOP(IS'Z)

COMMON/CFHL/ZVELT(15) 9 TELT (15) 9 4BLT(15,2)
COMMON /FAN/ FaANDAP (153910) 4FaNDaH(133,10) ,FMCPFy FBCPFY
SVELREC,AFC,ELEYLEHR
COMMON /PRESS/ IPRESS

»T3s TPO(%)s TEFF, TLIMy TLORay TSEALP, TpLaSTs THFINy TFIX

T4y
wt2y
VELDX

ABLN!
ADJTP

AFCST
CHF:

12720/76

NAMZLIS T/anorwxerREc.TLIM.Tme.RFIx-Towav'TouMAx.oEstL,Reoucfs

$ :nswucs,alar.xw.XooxooooAVGLEcOQLoox.FIxL'LFB»LFE:NJEASE,PFACT

DATA B ANK /% "y
SURFACE. CONDENSER TUBE 0,04 AND TUBE GASE ARRAYS

DATA TOD,/Ge525,0¢750C, uno75.1~00u,101c: 10259,
DATA TGA/12.914.-16.,18..20.,22..24

ExTERNAL guURFACE AREA (5@ Fr) OF: CONDENSER T(BE: PER LINEAR

FanT A3 A FUNCTION OF TU3E! 2404

DATA £5A/0¢1636,001963,0¢2291,0°25134002964,003271/

TUBE HALL GAGE CORRECTION. FACTOR: FOR QVZRALL: HEAT YRANSFERI

COEFFICIENT FQR AODMIRALTY VETAL, ARSENIcAL COPPER OR
ALUMINUM TUSES FOR SURFACE! CONDENSERS

DATA ?GA/Q.87,0-92.00961100011002g1'0491'°6/
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74/74.  0OPT=1 FTN 4,247835]

CAMDENSER TURE I+Ds AND 3PM PER FPS VELDCITY THROUSH TUBE AS
A FUNCTION OF TUBE GAGE ANDi TUBEi 0.0

DATﬁ TID,0+407,0+659,00495,05327, 0-555 0e563,0e581,
0 932.0.%8ﬁ,o.6?n,o 532.0.680 00694404706y
00“”97-'09900’“3900'”90~50510-819 04831,
0.78240,23490,87090,902:0,93040,964490,956,
0.907,0.959,0.995’1.0279!.055.I.OSQwI.ORI.

B 1.032.1.034.1.120e1.152.1.180,1.19411.266/

DATA FTF/0.605,0,51596250090453090+754,04793,04826,
De 59’.0 83:,0 941;1 04191,132,1,17391, 2?0.
1.03741423141.359,1, 47“.1 J£6,1.6“2.1. 90,
1. a9r.1.:03.1.55:,1 99242,117,2,18242,137,
2.014,2.251,Za“24!2-59202c725,2|797}21861|
24607924877 93407193.2%9030609,34890934560/

CANDENSER INLET TEMPERATURE! ARRAY INLET TEMPERATURE
CARRECTION FACTOR FOR OVERALL HEAT TRANSFER cDEFFICIENT FOR
SYRFACE CONDENSERS

DATA ;Iw,30-,35-,40-,450 S0 y55,60065¢,70¢,75¢ 807,85,
904919540100

DATA FTIN/C.545,0, 613 0067940.743,0,805,0,853,0,91740.562,
1.00041,02551,042+1,060,51, 074,1.093,1 100/

veLociTY COVSTAMT FOR OVERALLI HEAT TRANSFER cOEFFICIENT AS A,
FIINCTIAN OF TU3E 0.0,

DATA ”U/Zﬂ7-,267..263..263..259.,259-/

WeTER TEMPERATURE ARRAY ANDI WATER DENSITY ANH VISCOSITY AS A
FUNCTION OF TEMPERATURE

DATA %Hzo/s?-,4«-.50-.60-,70-.30.,90-,1oo.,i1o.,izo.,130.,
1 0.!160-;‘.70.0150 /

DATA ~nup/aa “2.6?.*2.09 38,52,34,%2,27,62,17,52,.11,61,499,
61,84461,73,81, 34.91 39.61 20961,01¢60,79+60457,
6-33,3.75;3.17.2.7192.37'2008.1.8531.65.1.693
l-3601.2401.1491.04-0.97i0.90.0.3$/

CANDENSER TU3Z VELOQCITY ARIRAY AND TUBE ZIND LnSS PER PASS aN2
WeTZR3CX LOSS FCR SINGLE AND TWO PASS ZONDENSERS A4S A
FINCTIONN OF VELOCITY

DATA Vel T/ /lesle543249225430230548050605550,5a5736090e59709745,8e/

DATA TELT/0005%¢a033900600e1100e150¢¢220942809¢3504045099,549
.6""3’.752!-573!1-002,101‘66/

DATA WPLT/ 402040350770 101100 el1700022054305¢9395,4¢4889,605947239
*850,.987,1¢1356,1+2933,
,34,,05,.09,.14..20',28,,37,.67,.58..71',841'

e32891.14341,314.1.487/

89 ’onAT "quPUT ERROR. THE SYM OF THE TRER(I) SHO''LD BE! 1,0000™)
6000 Fo:'aTr141///Tn5,"avw! DRY COOLING TOWER CosT MODEL! == P,

" PLASTIC TUBEy CIRCULAR TOWER VERSION,»
.TaO'”T%IS RUN MANE ", Al04°Xs810)
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SUBROUTINE: SETUP 74/74.  OPT=i FTN 6,2478351 12720/18 -

5001 FORVATRA1D) -
. 6001 FORMAT(T21,84l0) s : :
630 5002 FopwaT(8EL9,0)
6002 FORMAT(/1x,86l5,1)
. 5003 FORMAT (16F5,0)
6003 FORMAT (/1xBFB,193FB8. 4}
) 5004 FORMAT(F1000,4F15¢8)
635 £004 FORMAT(/1X,F10,244G15,8)
 Sn95 Foqwur<2alo.6F10 0)
6005 FORMAT;/1x9281041X+6G1548)
5006 FORMAT(3F10,0,2A10,710,0!)
. 6006 FORMAT (/ x.3F10 5.1Xv2nlo,F10 57
649 5007 FORMAT ( (321049F10.0)
6007 FOQ"AT (/1X+241051XsA1045615.8)
5008 FORMAT(RIS)
6008 FORWMAT{/1X.816)
) 5009 FOR4aT(6£10,092410)
645 6009 FORMAT|/1x96515,395x92A10) o
7060 FOR%AT(T&,HTSTAR".TZI.uTEND",TB&»"VAS(l)n,TSi,nVAé(s)h
S TS6rVAS(4)MeTBYMVAS(S) s TSy WFIXLY,T11]y"DEEPL™)
7090 FORMAT( 4Xy"TA(1)"e3XMTA(2) My 3XNTA(3) M, 3x1Ta(8)1,3XNT(S)0
_ s,3x"TA(6)".3x"TAt7)",3x"TA(9)".1x"TP=R(1)",1quPER(2)u.zx"rPER(3)"
850 . g ,1XnTer(4)n,1qupEQ( uTﬂEQ(S)",lquPER(r)u,1quPEQ(B)u)
T120 FORYAT | 4XNTA(9)Me2XMTA (10)"v2X"TA(11)",2xn1'“12) My2XNTA(13) 0
S2XMTA(14) M 2XNTA(1S) "y 2X"TA(16) "y IX"TPER(9) TPER(T0)TPER(11) TPER(]
$2TPER(1IITPER(14) TPER(1S)ITPER(159 M)
) 7150 FORMAT (TS5 wPSIZEn,TZ3,nTEFFn,T33,nCAPFY s 754 ,0FCRn T69 nPERn
655 3 qTSQo"C’VﬂpTOH,"fLCV" T108,9R00%LM)
7180 FORMAT (TS, 700G T235"PWUCOSHsTIZ 9O LANCH, TS52,MCOSTLN TE7 411 SSPKWM
§ 9T32:0CAPCHEY,TT,*4PCST)
7185 FORMAT (T5,"POHRAFN, T20 s "POHFANM, T35, WPOHLECH T30, NPOHCIR®,
. $ TE59"O0HCNI" s TG OOHSTCH T35y WPOHSCLY)
659 7210 FORMAT(T5,m33P1,T1740TRO (1)1 9X"TRO(2) 11, 9XNnToD (3) 1, 9XNTRO (4) 1)
7240 FOQ*anTS.HFFFDH,Tao.HDFRE=S">
7270 FORMAT (T4 nVELRECH,T204"XDERPAT, T35y "TLIMIs TS0y #TOWMINN,TE5,uPFACTY
3 ,77,,urF1x",790."wrIx".71o:."rowwax">
) 7300 FORMAT(TI"CPMM,T20,MWPLN, T35, HCLUVQ".750.uchILsu,r65,uuc5n,Tso
£55 $ 9 JWSH TG MCYMI,T110,¥WFYY)
. 7330 FORWATkTS'"VTUCALM9T24'"HXNDH’TQﬂ'NWB"'TSS'"VTUB“OT75'"SS"

7335 FORWAT(Tso"D SVELM T214""REDUCE"y T35 "QREDUCEN" s TS50, "pISTH)
_ 7360 FORVAT(TEH, 10Xy T18,ynxDinyT28,1xIGn, T35y nTYBARG HCALC1,yT53
&70 B e"IANGLEM)
7390 FOQ“HT}:X"OP'",12\"31".OJX"GnGLKN“o9X“TuaMA"o13X"¢ONL")
7400 s} nu.'r.‘r: urn. 'A'"Q?ZB,":SEA' n“’"'*l','SEALP"'TSE'"CELA‘-'
L] .773.ur=LasT",rea.nQOEst".7103."20EELAH)
o T450 FORVAT (SX,uCASTCH,10X,nEPREPCH,10X,uCFSn)
675 7480 FORVAT (T4.“H‘DTY°". Taho"HEDWAY"oT369"TH"
7510 FonAT(Sx."cQJ".lzx."cm".12Xo"~HH“,12x."cN",12x,ncnw",12x."csf",
g 12xyM-~BJM)
7540 FORMAT(SXMXNS!s)2XWVE LN"vllx"UD”"'12X" A9 1IXNFCI, 1 aXNTYDN
$ 913XMAONVATH)

£890 7570 FﬁR%AT;T“ MLFE"y T1ly "LFEYy T153, "MXgXT®)
7280 FOR‘AT(Sx."GBEFF") .
¢
00 18 1=1,5

18 VAR(I) = 0,0
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SUAROUTINE SETUP 74774  OPT=] FTN 4,247835]

#85

90

695

760

~t
w
(V)]

749

CARDS
30

35
a7
40

CARD

CarD

CARD

CARD

CARD

c
Card

c
CARD

TCOS = 0,0

FXT.NG=.FALSE,

FXTSMP = ,£ALSE,

CALL! DATE (D0Y)
CALLl TTME (HEURE) -

WATTE (£96700) DOYyHEURE
IF(NUCSELSTs 0) GO To llg

Al = A>

READ(3,5001) DESCR
00 33 7=]9R

IF(JE=CR(I) «NE.3LaNK) GOTO 37
CONTIN IE
ROTY 4r
WRITE (246001} DESCR
GaTa 30
CONTINGE

81 4 .
QEAD(3+45002) TSTARs TENDs VAS(1)s VAS(3)s VAS(4), VAS(S)

§ sFIXL, pFEEPL . .
W2TTZ(%,59002) TSTARYTEND, VAS(1)s VAS(3), va5(%), vAS(5H
$ JFIxk, DE=PL

WRITE (217050

¢l
READ (S¢95003% (TA(I)9I=198) ¢ (TPER(I)9I=l,8)
WOITE(6+5003) (TA(I)eI=19B) 4 (TOER(1)9I=l,8)
WRITE(Ae7030) -

c2
READ(545003) (TA(I)sI=9116) » (TPER(I)15916)
WRPTITE(A95903) (TA(I)11=94916) 5 (TPER(I)y129416)
WRTITE(2,7120)

01 . .
READ(=,5002) PSIZiy TEFF, CAPFy FCIy PERy CCMy E{EYy ROOFL
W2{TE(5,56092) PSIZEs TEFFy CAPFTY FCRs PERs CCMy ELEVs ROOFL
WRITE(Ay7150)

El . . .
READ(S45002) FCDOS, PWCOSe PLANZ, COSTLy CS3SOKWy CAPCHG, HPLST
WRITE(%,8002) FEOS, ®We0Ss PLANCs 2OSTLy CSSPKWy caAPCHGy HPCST

WRITE(2,71EC0)
g2 _
READ(5,5002) POMBAFy POHAFANy PJIHLEC, POWNCIR, POHCNDy POHSTC
3 +POHSCL
WRITE(%,5002) POHBAFs POHFANs PO4LECs POWCIRYy POHANpY POHSTC
s 2 POA4SCL,
WRITS(<97183)

F1
READ(345004) R3Sy (TPO(I)sI=)s4)
WRITE(4+600%) RRPy (TRO(I)el=ls®)
WRITE(ry7210)
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770

SURROUTINE: SETUP

74/74  OPT=)

¢ .
CARD G1

'READ(5,5002) EFFP, DPRESS
WRITE(A+5002) EFFP, DPRESS
DPRESS a DPRESS ¢ ].,E~30
IPRESS = NPRESS
WRITE(Ry7260)

c
CARD H1

h
carD

. WRITE(A,6002)

c
Camo
CARD
-
Carp

c
CARD

9950

$ _
WRITE(4$95002)

I1

READ (245002}
y TOWMAX

. 9TOWMAX
ITMIN = TOWMIN + 1,E=39
IF (XITYIN LT, 1) ITMIN
ITMAX = TOWMAX « 1,Z=30
IF (ITuHAX LLTe 1) ITMAX

=1

= 9999

FTN 4,2478351

VELRECs XDEPAs TLIM, TOWMINs PFRCTs TFIXe RFIX
VELRECY XDEPAs TLIMs TOWMINs PracTs TFIXs RFIX

IF (ITeaX JLTe ITMIN) STOPHTOWMAX IS LESS THAN TOWMIN®

IF(TLIV ,LTele) TLIM = 180,

IF ¢ Tfo.GToono .AND. RFIX.GTODOO, FXTEMP’é‘.TRUE;

WRITE (4y7270)

IF (VAs(]) oLE, geg) VAS(]) = TSTAR & (TLIM=TA(1))=5,

H2

READ(5,5002) GBEFF
GBEFF

WRITE (647280)

READ(545002)
WRITE(R+6002)
WRITE(£97300)

J1

HXNPy
HXNP o

READ (545005)
WRITE (k,6705)
WRITZ(£e7330)

NTUCAL
NTUCALY

DESVELY
DESVEL"

2
READ(595002)

WRITE(£46002)

WRITE(4972335)

k1

READ(245006) XWe XD XDG,
IF(TUBARG LEQe ¥ 1) TUZARG
IF(dccrle +£3. » ) HeeoAle
IFITUBARG oEQ4"STAGGERED "
IF(TUB+RG ,EQ,wSTAGGERED n
IF(TUBARG LEQL"INLINE "y

N3s NTUS, SS
4Bs NTUB. SS

REDUCEy QJREDUCZY DIST
REDUCEs 2REDJCEY DIST

U343Gy HCCALCs DaN
"STRGGERED ™

ne "
2ANDde HCCALC «EQo"1
2 AND, HCCALC ,EQ 12
I4ZaT =3

-
|
=
-
=

CPM, WPL, CLUVR, CHAILSs UCS, UWSy CYMy WFV
CPMy #PL, CLUVRW CHAILSy UCS,.UWSs

CYMy WFV

GLE

m) IHEAT =1

) IHEAT=2

WRITZ (cs60%¢) XWy XDe XDGe TU3A433y HCCALCe OaNGLE

WRITE (Ay7360)

cOMyERy DEGREES 70 RADIANS
CoANG = COS(DANGLE * 3,16415
FORMAT (MO IHEAT="y13)

WRITE (%9499%0) IHEAT

% / 180,
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200

a0s

R10

221

r30

fb40

250

2%%

SUPRAUTINE SETUP 74/74  OPT=1 FTN 4,247835%%
CARD L1 o
READ(5,5006) ODLy D1y SAGLIN, TU3IMAT, XTUBMA, CONL
WRTITE(6e6006) ODLe DIs GaGLINs TU3¥ATs XTUgMay CONLI
WRITZ (Ay7399) '
c
CARD M} }
READ(545005) SPAMAT,CSEALPsTSZALP,CELASTsTELAST,ROESELWROEELA
WRITE(4596005) SPaMaATscSEALPTSZaLPeCELASTITELASTHROESELWROEELA
WPITE (Ae7400)
o
cARD N}
READ(=,5002) CASTCy EPREPC,y CFS
WRITE(Ae5007) Ca3TCy EPREPCs CFS
WRITE(As7450)
c
CARD D)
DFEAD(=,3907) MEDTYP, XHEDTY, HEDMAT, Ty
WRITE(£a6007) HEDTYDs X-EDTYy +4E0MAT, TW
WRITE (2,7480)
c
CARD 91
QEAD(545002) CRJs CWJs CHHy TNy CMWs CSTy C3U
WRITZ(448007) CRJy CWJy CHHs CNy» CMdAy CSTy C3J
WRTITE (2,7510!
c
CARD R1
READ(545009) XNS, VELNy 0DCy 34, FCy TTDs» CONMAT, CONMA2
WRTTE1.,5009) XNS, VELNs ODC» 349 FCo» TTDs CINMAT, convg?2
WRITE L&y 7540) .
~
CAeD S)
READ(5,5008) LF3, LFE, MXEXT
WRITE(495008) LLF3e LFE, MXEXT
WRITZ(%47270)
IF (“XEXT o=Te 1) MxExt = 10
17 (LFr .LT, LF3) STOP “LFB IZXCIEDS LFE ON INPUT cARDYM
c
£HR = =3414.643 , TEFF
’ IF(FIXL +GTa0e0) FXTLNG=eTRUE,
DN 55 1=l,ls
IF(ToS0(J).LTal.E~20) GOTO 46
Nras=J
45 COMTINGE
46 COMNTINGE
_CMQ-‘Q-A 'l’_\
DO 20 t=1,16
20 svwp£2=<v2ER ¢ TPER(I)
IF(835(SYPER™140) 4L TelsE-10 15070 22
W3ITZ (e s59)
sTO>
22 CONTINNE
¢
C B o
C DETERMIME ~OSITION OF TUSE O0eDe AND GAGE IN RESPICTIVE ARRAYS
¢

DO 99 T=1,%
W0 = 1
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abs

. 879

RTS

889

RAS

290

295

900

SURROUTINE: SETUP

905

a10

99

c .
1011

98

74/76

0PTa1 FTN 6,2¢7835]

1F( ASS(0DC-TOD(LD)) +LTs +001) GOTO 1011

CONTINIE

STO™ nTLLEGAL VALUE FOR CONDENSEZR TUSE onn

0o 38 T= 197
XGA = 1

IF( AB=(5A=TGA(KSA)) LT ,001) 307D 100

CONTINNE
STA3 "1LLEGAL

CONTINNE

VALUE FOR CONDENSER TUBE 5a0g™

CALLI COSTEX (DUM1)

RETJRN

CONTIMIIE

READ(S,READIN)
IF(NJCiSE «EQe 0) RETURN

WRITE(2,6002)
+ JFIXL,DEEDL
WRITE (4470601}
WRITE(%,6003)
WRITE(R,T120)
WRITE (ey8qn2)
WAITZ T 5010
WRITE (546002)
WRITE (es7180)
WRITElass002)
*
WRITE (5,7185)
WRITE (546004
WRITE(£,7210)
WRITE (r45002)
WRTTE le97240!
WRITE(reH0n2)

-
9!

ITMIN =

TSTAR'TENDy vAS(1)y vAS(3),y yAG(4)s VAS(SY

(TA(T) s1=19B)y (TPER(D)9Ialym)

PSIZE, TEFF, CAPFl, FCR, PER, CCM, E{EV, ROOFL.

FCOSe PWCOSy PLaNCe cOSTLy CSSPKWy GAPCHSe HPEST

POHSAFs POMFANs POHLECs POHMCIRY POHENDs POHSTC
+POASCLI .

REPy (TPO(I)sIxly®
EFFP, OPRESS

VELRECs XDEPAy TLIMy; TOWMINs PEACTy TFIXs RFIX
+ TOAMAX

TOWMIN « 1,z-30

IF (It4V ,Lro 1) 17TYIN =1

ITMAX = TCWMAX + 1,3-30

IF {ITWAX oLTe 1) ITMAX =: 9969 .

IF (ITuaX LT, ITMIN) STOP"TOWMaX IS LESS THaN TOWMIN®K
IF (TLIM ,LTe 1) TLIM = 180,

IF (TFIX oGTe €40 AND, RFIX o437, 0.0) FXTEM = ,FRyYE,
WRITE (4 ,7270) .

WRITE (Rs5002) GBEFF

WRITE (k972170
WRITE(496002)
WRITE (#y7300)
WRITE (£46005)
WRITE (497330)
WRITE(reb9g2)
WRITE (#,7335)
WRITE(695006)
WRITE (k473560)
COANG =
WRITE(cr6005)

CPMy WPL, CLUVRs CHAILSY UCS,y UWSy cVMe WFV
Ntycally HxNP, w3, NTJ 8, s§
DESVELs REDUCEs QREDUYCE+ DIST

XWs XDs XDGs TU343Gs HCCALCe DaNGLE:

C0os (DANGLE * 3,1615% 7/ 189,)

0DLe DIy GAGLINy TUBMATs XTUBMA, CONLI

F-136

12720776 -



SURROUTINE SETUP

015

920

r4/76

WRITE(2,y7390)
WRITE (A96005)
WOITE(Ae7400)
WaTTEfay5002)
WRITE(&£4765n)
WRITS (c46007)
PRI Ry r*8Y)
WRITE(2e56002)
WRITE {a27510)
WRITF(296000)
WRITE (52 73%0)
WRITS LA ENDR)
WaTsz e e 7370)

0RT=] FTIN 6,2+78351

séAwAr.cséaLp.TsaALP.cELAsrvisthsr,ioeSELbRertn
CASTCy EPREPCy CFS

HEDTYPs XHEDTY, -“EDMAT,y TW

CRJ, C=J, CHH, CVy CYw, CsTy C3Y

XNSy VELNs ODCy GAs FCy TTDy CONMAT, CONMAZ

LF3, “FE, xexT B

17 (TIXLaGTa000) FXTLNG=4TRUE, v

END
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SUBROUTINE' SHOT

s XeXe Nel

34/76  OPTsl FTN 4,2478351

SUSANUTINE SHOT (L)

12720/7%:

THIS RAUTINE ESTABLISHES A STARTING PLACE: FO THE' MINIMIZING. PRO®"
CENJRE BY SAMPLING POINTS AROUNDI THE STARTING' VALUES PROVIDED.,

LOGICAI' FXTING ' , ,
DIMENSTON T(3)yCWAR(4) ¢RANG(3)98FRO(3) 4WLRA(4) P VAM(S)
LOGIcal FIRST, FXTEWP
cOMYDN

ARTR, ALPHA

s¢3Us CSEALPs CELASTs CFSs COANGy CLUVR, oMaILSs cVM
9DIEPLy DESVELs DANGLE

WEFFP

vFaRs FIRSTy FIXLy FCOSe FXTEYS

¢+ G3EFP

JHXNP  HPCST

s IHEAT

s ITHMAxs ITMIN

s JONg

sk CONys KALEXT

sMXEXT

yNTUCAL(2) s NTA
cOW“ON

on3

+PSIZFy PERy PWCOSs PLANC, PFACT B .
sPIH4BAFy POHFANs POHLECY POMCIRYy POMCNpe PONSTCs POHSCL!
+QEJ, GRepUcE

yR3Ps REDUCEs ROESELY ROEELAy ROOFLy RFIX

9SAAF, SIGMAy SPAMAT(2)

1 TJTAGy TH

sUJCSe UWS

s VAS (™)

Y WFY

s XKIEP%y XWe XD
COMMIN /FLSHW/ FXTLNG
COMMOM sLacalls SRN

R DA AR RN AR W HARAA AN A AN AN

COMMON /SUPPLY/ VaL(5)y CPIPw £COSy W3, (OSMy  EFF
$y 2LAD» SEAIR, ZyHARFAL2, Wy Uy PPOw,y

3 FPAY, DELch WIOTH, ELEN31 VAIR, ywAT, M1, HO,
§  2EWAT, NWoPLANC2,PSIZ12y SP3P,  SWge  SW3y

5 SeCyPTOTAL,PLANC3.SAFRONy  AAIRy  YFP, SPCHIPSIZy3e
3 ar2y NW2y  TCOSs DELPAsDELPWTsDERPNEycONBASY XNTSX,
S, Taxs &%, F¥Csy, FBAlC, EFFC, CHy Chy Cs

S CLTCe CFCe CPCCy» FITCO CSCrCEPRERPYDHELPIDY AST

$,CAPCST,y XNFANGBLODANGy CPLENy JPFELH WHX, #TTUS, ADIA

Sy WTHRRy WTFRMySTRUCCYCFPERF42PERFy TOToFy gFFINe  ANTY

%9 AIREFe WATEFs XNMODs TCT2Fy  FDCPF,y, FMTRCe ACCTTRY

v ACTR2Ds aADJuPDs  ACTVHs  ADJVHs 4DJPPF, THPAIRy  TcTFy

B €SrDs wATERWy wSTRCT, CFOYYY, «y301A, 7O,LEN, CSE,

§ sc3a% NUMTOW? CTOWD? ATURCY CSTLVRY C3THSe ZYLANG® CFANEL
COMMON /SINK/ VAR(S)s CPIP1, CCOS}» W3jsy COSMI, EFF,

$. zLavl, qEAIl, Zl,4rFa8s,  wel, Ui' PROW! ,

$  FP0wl. pcfcly WIDTl, £LzNl, ValRl, vwWaTis  HITy  HoOl,
¢ REwAly MHloZDL c2,251z12, ZSPBP’ Swol, Sw3ip

1C4°F, CSSPXW, CONFy cONLs COSTLs CAPCHGY CONMAT, CONMAZ,Eaf

179y TPOt4), TEFF, TLIM, TUPRA, TSEALP, TELAST, FHFINy TFix

Téy
WToy
VELD
ABLN!
ADJTP

AFCST
CHF:

T41,

$ SPc1? PTOT]PPLNC31* AFROL? BAIRL?YFPUINY SPCDY? SPSII*WT2MIN?

F-138
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SURPOUTINE SHOT

$
S
LT
$+C
Sy
S
%o
R

76/74  QPT=) FTN 4,2+73351

RO2MIN,NW2UYINy TCOS), DEPAly JPWTI, DBWCIo'0N3A1; XNTS1,

TLaly UCON1, FMc<1, Faab SFFCly cH1y CAYs ¢s1
CLTrlse CFCY, SC1,FITC £5C1,CEPRE]1,HEPIPY, AST]
A’CS{!XNFAVIGBLDAHI’CDLENIOD?’ELI’ WH1e WTTUle ADIY»
ATHAY, WTFR)4STRUC]CFMPF, APPF1,TOTCF,SFFINT,y ANTU)
AIRFrls WATFFle XNMOple TCTPF1. chp" FMTRPCl; AxTT2),
ASTB™1, ADJAP), &CTyHl, ADJydl, ADJUPP), Tq’AIl, TCTF1

£Srls WATER1Y WSTRCls CFOUNY» 4U:DIiv TOALELY CSEly

VELD1

ABL1

ADJTRY
AFCSTL
CHF1

$ 4C3A}, NUMTOW1, CTOWD]1e ATU3Cl, CSTLV1, CSTHS1y CYLRNl, CFANE]

C"\

]

9500 FJ?"ﬁT("nIV SHOT AT CHECXPOINT 4,

9501 Fov“arf"ofd SHOy A1 CHECXPOINY 3,

o}

$E17

€ N

MMON /Seal.ER/ HRFagle SSCO9 ’LAVPIv CASSS1,

6a1?, FAIRy HPAIR. HP4AT, PLaVNCTI

MUON ZTINE/ XNSITTD?TLASXNTS?ARPS
*,:x.uﬁhrgp_u.plz 4y

VAR(A) 214512, ao6Xo"AF40(I""’-12.4’

VAR (4) 2019 1PE12. 696X "VAM(4) ="y

I=",1116Xe"DAFROan,1PE12,496X

9502 FORAMAT(MOIN SHOT AT CHECKPOINT S, I=",IlygX,"VAR(4)a"y1PE12,4,

21

24

22

31

s &
s
12
17
DO
VA
TC
TC
Go
T
1F
1F
IF

Do ©1

C¥
IF
1F
Cw
cw
CW
CA
co
DO
Wi
IF

XeNFpF=n,.cld, 6y
{FXTeMP) calL ROOT(TFIXaRFIXaTTIsTOeCWARL)
A=)
{~4En,2) GO 70 331
1 Ie=145
M(IS)=0,.0
osl=n,
052:0.
Zz) T=l,
Tl=zv, 5(1?*(I-?)-5.
(FXTeM2) T(Iy = TFIX
(T(1) 6T+ 1g0,) T(I) = 1g0,
(ren JLEs o) WOy TeIy = 1000 )
11Q
a?&f\ VAS(3)¢(I 2)x2,
(29AS(T) ,LEL D, cwap(I)=.S
{aNDT. FXTEHP) G0 TO 24.
A}y = cuarpx0.9
A2(2y = cwWanLxD g
A3 CNARL-O.70
AR(%) cwarL«0,60
NTINOE
22 12144
QA(I\'VAS(3)¢(1-2)'10.
(2bma (I}, Ea0.) whRA(I) =S,

Fe3l11=vasisl /2,

AF
AF

RI(2Y=VAS(4)
R7(3)=vas (4«2,

OT‘:

DC
Da

Wa=1,
F2o=1,

Dyl RA=T.

LC=
Lw=

4
6

G2 1o &l

DT

1=VAD (1) =VAM(])

DCWA=VAR(3) =VaM(3)

Da

FRO=VAR (4) =VAM(4)

. _ ) _#sxe CHECKPOINT
IF(IAFP0.LTe40.aN0«IDBeNELD) WRITE(6599500) VAR (%) 9yYAM(4) 40AFRO
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SURROUTINE: SHOT

32

33

34
35

Je

37

38
39
40

8040

4]

42

ana4c
43

44

45
46

51

9504

74/74  OPT={ FTN 4,247835]

DWLRA=VAR(S) =VAM(5), ' '
IF(IT1,E0.0440R.IT1.EQ,VAR(L)) GO TO 33

Do 32 1=1,3

T = var(l) - (1) » pT1/2,

IF(FXT=MP) T(I) = TFIX

CONTTINNF

60 TO =5

DO 34 t=1,3 _ _
T(II=V,2(l)e{1-2)e2, . - . : ‘ S
IF(SXTeMPY T(I) = TFIX. '
IF(T(1Y.5E.17%,) T(I1=170,

IF(ICH \R.EQ.N.0,0R, DCHARLEQeVARI3)) GO TO 37
DO 35 1=1l44.

WA (TY2VaR(3) ~(I-1)%prwaR/3,
IF(SHAS (1) LELO,O) cwWaR(1)=0,25

CONTINIIE

GO 70 23

DD 38 1=1,3

CHAR(IY=VAR() & (1=2)

IS (CWAR(I) 4LE.0,0) cwaR(I)=0,25

CONTINIE

LC=3 ,
IF(JAFR0.EQ.0.0.0R.DAFROLER.VAR(4)) 30 TO 41
D0 &0 1=1,3

AFRI(I)=VAR(4) = (I~1)#DaFRO/2,

sas CHECKPOINY

IF(IDR,EQ, Q) GOTO 43

DD 304n I=143 . .
IF(aFRA(I) ,LE+0,0) WRITE(639501) Iy0aFRO+VAR(4) 9AFROCI)
COMTIN,E

GO TO 43

FAF=b5;S

TC=A3S(FAF-VAR(4))

IF(TC.! T.1,E*4) FAF=FAF=0,9

oo 42 1=1,3

ATRI(IV=VAR(4) 4 (1=2) aFaF

IF( AFRO(1),LE, 0,0) AFRO{I)=1000, = I

CONTIMNE

»as CHECKPOINT

IF(I28,EQ.0) GoTo 43

Do 8042 1=21,3

TF(aFRA(T) JLE.0.D) WRITE(699502) [4VAR(4)sFaAZI
COMTINGE :

TF(JulcA ER,0,0.0R,OWLRALEQR,VARY{S)) 530 T2 45

DO 44 T=1y4 ‘

WLRA(I)=VAR(S)={I=1)*DWLRA/3,

GO TO el

DO 46 1=143

WLRA(I}=VAQ(S) e (1-2)55,

LN=3

DD 15 fT:l,J

0o 15 r1e=l,Lc _

IF(CWAR(IC) +E0.0,0) WRITE(6,950%) 1C . i
FOr¥ar(moI¥ SHOT, DIVISION 3y 2ERO, CyaR(me129")a0,0M)
RANSL! = (T(IT)aTTD-TO) = (1 ,~EXPlaCHAR(IC)) ) /CHaRTE!
RANSGH(]) =4 9=RANGL

RANS‘( =-7'RANGL
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SURROUTINE SHOT 74/764  OPT=) FTN 4,2474351 12/20/76

RANS(3)=.5+RANGL

IF(TXTru0) RaNG(l) = RFIX
- IF(TXTeMP) RANG(2) = RFIX
175 IF(FXT:4D) RANG(3) = RFIX
oo 15 p=1,3
no 15*7A=19
po 1% pw=l,iy
. ©oKCaLn=!
180 IF(TR.aTe1.0Re1C5T+1) XCALC=2

IF(TA.:T.}) KCALC=4

IF({IwWanTat) XCALC=S

SRNzM/SHITAL/ ®

CalLL CoLC(T{IT) s2ANG(IR) 9CWAR(IZY 2AFRO(TIA) +WLRA(IW) ¢KCALL)

T35 IF(<COV.57,4) GO To 15
¢ IF()“*ﬂ.hn.X”FDQJ 30 T2 lg

IF(IELAALLS.XDEPAY G0 TO ls
IF(f:Ocl.sa.°.1 30 TO 14

- o 1F(T¢N<,53T7,TC0sl) 62 Tn le
199 IF{TLCR,.,3E.TCOS]1) GO To lg
xr(r n2.50.7.) 50 Tn lg
c IF(TCO=1.57.7C0S2) GO TO 14
1F(Tcnel,35.7C0s2) GC TO lé&
- 18 rCns2=reosl
55 07 13 11=1,3

lg vaM({IIy=vaR(ID)
14 1Cnsi=rTe0s
VARIL) =T (TT)
VAR (2) -3aNG(19) .
200 VAR (3} 2CwaAR(IC) .
VAR (%) =AFI0(IA)
VAR (5) =W, Ra (IU)
carzaspa(lys,l
G0 73 135
205 16 IF(LWEN,?) GO T0 15
I-(r'ﬂc?.:ﬁ. .) 50 To iy
IF(T202,52,7C082) G2 To 15
IF (757,37, 7C052) 60 TO 15
) 11 rcosi=Teos
219 ’ vam{y =T(IT)
‘ VAM([3)=CHaR(IC)
VAM(6) =AF2D(TA)
VAM(3) =WlRa (W)
} 15 CDNTINWE
215 FIIDI,E3.0) RETURN

” vvr. ey TA A~ ...-\.‘; Ve s m s
Q S M IO I R Ot S P IR T H=SC ISP 1“:-:1\

853 FQQWAT{" Tcn31l=nsl2, 5,n 111
1" AT201=1E10.34" WhRALI=2F4,0)
L RETJIAN
220 END

@]

JaVARITI s VAR(G) 9 VAR(S) .
nEA L0y ANGlanFT, 4, cWARLENFT, 3,

'l (R ]
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SURROUTINE' SPDES

0000 NDOOO0ONNIANDOADND NN O0O0 OO0 (100000000()00000000(‘)

74/74.  OPT=] FTN 6,247435] i2720/!0%8

SUBIDUTINE SPDES(TD,TS,TR,TT),XNS,CHLD,VELD,3HO,ARPS, TLA, XNTS, HDLD

18}

SUBROUTINE SPDES DESIGNS a4 SINGLE PRESSJRE SURFACS!I CONOENSERI

Iy ACCORDANCE WITH HEAT EXCHAVGE INSTITUTE =5} SYANDARDS

FAR SUYRFACE CONDENSERS FOR GIVEN DESIGN vALUES OF TURBINE
ExHAUST 3TEAM SATURATION TZMPERATUREs CIRCULATING WATER
TeMPEQQTURE RISE IM THE CONDENSER, cONDENSER TERMINAL
TcMPERATURE DIFFERENCEs CLEANLINESS FpAcTORs TURE SIZE aND
NoMiNaL yelOgrry THROySH tHE tyu3Es, AQD:FOR A GIYEN pusE
MATERTIAL

DeEFINITION OF VARIABLES

APPS =~ AREA PER CONDENSER SHELL: (SqQ 7 _

AT - TOTAL AREA OF CONDENSZR SHELLS' (SQ FT)

cuLd =~ HEAT TRANSFERED: IN THE CONDENSER (§TU/HRY )

cy ~ ARRAY OF VELOCITY CONSTANTS FDR THE OVERZLL HEAT
TRANSFER COEFFICIENT a4S A FUNCTION OF THE TUBE:
OUTSIDE DIAMETER (DIMENSIONLESS)

DELPWE =~ PRESSURE DROP OF! THE: WATER THR0OUGH THE CONDENSER
(LRF/5Q FT) ,

EFfc - EFFECTIVENESS 0F1I THE; cONDENSER! {DIMENSIONLESS)

E<a ~ ARRAY OF EXTEARNaL! SJRFACE ARZW, OFi cONDENSER TUBE!
PLl LINEAR FOOT AS A FUNCTIQN OF TyYBE OJUTSIDE

) DIAMETER ((SQ FT/FT) . .

Fe ~ FOULING FACTOR FOR THE: OVERaALLI HEAT TRANSFER
COEFFICIENT (DIMENSIONLESS)

Fra =~ ARRAY OF TUBE #ALLi GAGE CORRECTION FACTORS FOR THZI
NVERALL HEAT TRANSFER COEFFICIENT FOR ADMIRALTY
METALs ARSENICALI COPPER OR ALUMINUM TUBZS FOR
SURFACE CONDENSERS (DIMENSIONLESS)

FpL =~ LENGTH OF FLOW 2aTH PER SHELL! (FT)

FTF - ARRAY OF 5PM OEX FPS VELOCITY THRU TUBES AS A

FJINCTION DF TU3Zl SAGE AND Ty3sI OUTSIDE DIAMETER
(6PU/FT/SEC)
FTI = INLET TEMPERATURE CORRECTION “WCTOR FOR THE
OVERALL HEAT TRANSFER COFFFICIENT (DIMENSIONLESS)
FTIN ~ ARRAY OF INLET TEMPERATURE COIRECTION FACTORS AS
A FUNCTION OF INLET TEMPE2ATURES (HIMENSIONLESS)

GeM - VOLUMETRIC FLOW 2aTE THROUGH THE CONDENSER

Gou - VOLUMETRIC FLOW RATE OF WaTER THROIIGH THE CONDENSER!
o (GALLONS/MINUTE) ) '

GP4S - VOLUMETRIC FLO4 RaTE. OF #4aoTEx THROUGH £acH SHELL

OF THE CONDENSER (GALLONS/MINyUTE)

HnLOS - HEAD LOSS OF THIi 4oATER THROUSGHI THE CONDENSER (FT)

HNLS - HEAD LOSS OF THEZ! WATER THROUSH THE TURES OF THE
CONDENSER (FT/100 FT) )

PeOP = ARRPY OF THE WaT:ER 220PERTIES DENSITY AND VISCOSITY
AS A FUNCTION D7 TEMPERATURE (LBM/GU FT LBM/FT H

RW0 - DENSITY OF THE #ATER (LBM/CU =)

TavT - AVERAGE TEMPERATURE OF THE WATER GoING THROUGH THZII
CONDENSER (DE3 74y

TalM = L3G MEAN TEMPERATUYRI' DIFFERENCE OF THE CONDENSER:
(DEG F) ) '

F-142



60

65

85

90

95

SURRQUTINE' SPDES

2 XeEkeXeXeXs X2 Xe ke Xe Ea K s e s e Xe e Ee X K ks X2 Xs e R A Nu le Na o Ne ke Ne e Ko e e Ne |

74/74
TeLOS -
T=LT -
Tw20 -
Tt -
T1D -
TTN -
TL_A -
Te -
Te -
TT0 -
UrON -
Veld -
VELN -
Vel T -
Vs -
Wal0S -
welT -
X219 -
X8 -
XuTS -

COM4ON /RPIT2/
s VILD74IELPHT
£ TY3E /K
COMMI/OHTC/F
COdMNIN T/T
nqwuou/942n/r
GOMMG /ST /T
COMMO/7CFHL/Y

0PT=1 FTN 4,247435] 12720776

(DEG F)

HEad LSS OF THZI #ATER IN THZ: CONDENSER DUE TO
TJAE END EFFEC Ta (FT?

AIRAY OF HEAD LOSSES DUE TO TUSE END EF‘ECTS AS A
FUNCTION OF WATEZR VELOCITY (FT)

ARRAY OF WATER TIMPERATURES (JEG F)

Iu'rT TSMPERATYIZ: OF: THE WATER ENTERING THE

ONNINSER (DES &)

A?QQY 0F INSIDE' TUSZI! DIAMETERS AS A FUNCTION

nF TUSE BABE AND DUTSIDE NIAMTTER (IN)

INLET TEMPERATURS A3RaY USED IN CONJUCTION WITH
THE INLET TEMPERATJIE CIIRECTION FACTOR (DEG F)
INTEGER VALUE 3% FLOW PaTH [[ZVGTH PER SHELL (FT)
- TEMPSRATURE RANGS OF THE WATER FLOWING THRQUGH THEI
CONNDENSER (CE3 7

TURIINE IXHAJST STEAM SATURATION TEMPERATURE

(226 7)

TZRMINAL TEMPIRATURE DIFFERENZE 3ETWEEN THE
SATURATED STEAM TEMPERATURE aAND EXIT TEVPERATURE]
0F THE WATER LEAVINS THE COVDINSER (DEG F)

OVERALL HFAY TRaNSFZR COEFFICIENT nF THE! CONDENSER
<4TU/“R- in FT=-225 °) .

£ocITY OF THE WaTER THRU THE: TURES OF THE

counawssa (FT/SEL i :

INITILL GUESS 07 THE VELOCITY OF THE WATER IN THE
CONDENSER TUHI3 (FT/SEC)

AR,Y OF VELOCITIES USED IN £AONJUNATION WITH THE!
TJ3E END LOSS ARRAY AND THE WATER ROX LOSS ARRAY
(FT/5EC) ~

VISCOSITY OF THZ: WaTZR (LeM/FT=HR)

ARRAY 07 HAEAD LOSS IN THE WaTzIR BOXES OF! THE
CONNINSEZR AS A FUNCTION COF THEZI VELOoCITY OF THE
WATER IN THE CONDENSER TUBES (FT) i
LISS OF HEAD IN THE WaTER BOX OF THE CONDENSER (FT
NJ4BER OF PASSES THI  WATZR MAKES TWROUGH THE
CONNINSFER SHILL' (DIMENSTONLESSY )

NUMGER OF CONDENSER SHELLS (DIMENSTONLESS)

NJMIZR OF TU3ZS PER CONDENSER SHELL (DIMENSIONLESS)

UMM ,TI 75 ,TDLM ¢ XNP
s ARPS 2y TLAT9ANTST9XNST7,TS7
GALF3a(T)sLDeZSAIS) 9 TIN(7,6),FTF (T48)
CeZU(HI P VELN
IN(IS)yFTIN(LS)
u2a(l9y,o200 (15
qlw(al),9574(51)
ELT(135)4TEL (1:),M3LT(15 2)

COMMAN /SUPPLY/ VALI(S) . c°I° SCIS, w3, (cOSus EFF

%, CLAMD, REAIR, Z,4’Fac2, Al ur PPOyy _

z FPAade JELFCs WIDTHy ZILENGs VAIRy VWATH HIs HO» T4
3 IEWAT, NW,2LANC2,251Z12y SP32 SWa SW2s
% SepePTOoTale2Ly \;3.5Ar?31v AAI?' YFPs _SPrnsPSI1Z213, WT2s
) 373, Vuz, 71278, DELPA,2ELP4T.0ELPwC,20N34¢, xNTSxy VELDX
Sy TLaX?  UCONe FMCST’ F3ACZY EFFCe CH Cat cs
By CLTCO CFCy C2CCy FITCI,y CSCCEPRED G JELPID, AST
S9CACSTe XNFANyBLDANGy COLEVs DPFZL ¥4Xy ATTUZ, ADI&e ABLN

Sy ATHARy WTFRMGSTRUSCHICFPERITLHIPEIFy YOTCFy EFFINy ANTY
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SURROUTINE SPDES 74/74. OPT=] FTN 4,2+7%35] 12720716

»

$y AIRFF, WATFF, XNMOD, TCT®F, FDCPF, FMTRCy ACCTTA, ADJTP

$s ACT300s ADJBPDs ACTVHy ADJVHY ADJPRPF, THPAIR, TCcTFs AFCST *
Sy CS=0s WATZRWy WSTRCTs CFOUNDy HUBDIAs TOWLENS CSE CHF!

$ +C3A9 NUMTOWs CTOWDe ATUBCY CSTLVIs CSTHS, CYLRNG» CFANEL

OETERMINE CONNDENSER QUTLET. INLET sAND AVEDAGE COOLIMG WATSR
chﬂrqATUp:S, JENSITY OFi COOLING WATER 3ASED ON AVERAGE
TeMPEQATUREy TOTaAL COOLING WATER FLOW, ~00LING WATER FLOW PERi
SuELLy LOG 4EaN TeEMPERATURS HIFFERENGCE aND INLET TEMPER,TURE
CQQRQCTIO\I Fac TCR

OO0 00 00

901 FORMAT|» NON INTEGER TLA. VALUZ=n,1PE13.6)
110 TE=TS.TTD
TI=TE.TR
TAVT=(TI+TE) /2,
qHI= T'U(TAVT,TH’O PR0P, 1g)
GPV=CxLY/ (3 ZI-RHJ-TQ)
¢ WRITEZ(2s901) RHDGPM
GPMS=<PM/XNS
TDLM=TR/aLOG((TR+TTOY /TTD)
FTI=1,140,0013574(T1~100,)
IF(TI LT41004) FTI=TLU(TIsTINYFTINYLS)

o}
¢ SeT VELOCITY THROUGH TU3ES Z2UAL' TO NOYMINAL! HESIGNI VALUE: AND!
e INITIALIZE INDEX USED TJ INDICATE WHETHZR INTTIAL: OR SUS=
c S=QUENT CALCULATION OF SURFACZI AREZA FOR' GIVEN DESIGN
c CAONDITIONS
c
VELD=vELN .
I1sA=)
o
c D’T’QWIVE OVERALL HEAT TRANSFZR COEFFICIENT AND SURFACE' AREA,
c PrR SHELL
c

104 UCDN:CU(LQ)tSQQT(VELD)!FTI;FGA(KGA)-FC
IMMY=UA~ON
AR3S=CHLO/XNS) 7/ (UCON«TDLM)
NAMELIeT/233GP0/ o
. s ARPS «VELDsGPUS s XNP VI TLA» XNSeCHLOyUCONs TOLMe ISR
: IF(.EGYAR(ARPS) (NE,L0) WRITE(5+23GP0O)
IF(LEGUAR(AR?S) (NE 0) STOP nIN sPogsyiw

FAQ INITIALLY CALCULATED VALUE: OF SURFAZE AREA, DETERMINE THE!
LeNGTH OF FLOW PATH PER S4ELL, THE NUMBIR OF PASSES PER SHELLI

-

AT THTZ ACTUAL TURT LENCSTH ROUNDED TO fHE NEAREST FOOV

QOO0

) IF{I1S+~1)100,190,101
100 FPL=ARPS*VELDAFTF (XGA,LD) /7 (3PUSHESA(LD))
IF(7PL LT 1.E=29) WRITE(5.08370)
1F(=PL LT,1,E~20) STOPnINgPDES2N
XN2F1,
IF{FPL 53T.50.) XNP=2,
TLA=ATNT (FPL/XNP)
IF(TLA LT 1.9 TLA=FPL/ZXNP
IF(TLA.LT147) WRITE(64991) TLA
IF(TLA.LT. 1.9) sorg 103
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SURROUTINE SPDES

D3O DD

OO0

DOOO0

OO0

101

102

103

244,74  OPT=) FTN &,2+7835] 12720/78

CCALCULATE ACTUAL! VELOCITY THROUGH TUBES AND IF! IT BOES NOT
ARDES WITHIN §PSCIFIED LIMITS WITH THE 2URRENMT DESIGN VALUE»
CHaN3E INDEX TO INDICATE SU3SIQUENT CaLTULATION aND DETERMINE
SURFACE AREA USING CALCULATZIO valLuyeg OF VvELOCITY

VELEGOMS#ESA(LD) s TLARXNP / (ARPSFTFUKEA, D))
IF(VEL,LTW1.5~20) WRITE(54D8520)
IF(VEL.LT.1,E=20) STOP MIN S33E53n

IF( (A S(VEL=VELD)/VELD)~0.002)1C3,103,102
134=2

TYE D=L
50 10 104

DrTERUINE NUMRER OF TUSSS JF 3IVEN SIZE! PER SHELL' AND TOTAL
CAMDENSZR HEAT TRANSFER SJRFACE AREA

XNTSz2 INT (CPMS/(VELD»FTF(KCAL,LD) ) +0.5) »XNP
XNTSX=xNTS & XNS5

AST=ANPS#XNS
DETERMINT HIAp L.OSS THRJ THE! CONDENSER, INCLUDING TUBE-END
A3 KATZIRBOX LOSSES

VIS=TL UITAYT,TH20,5R0P (142)415)

CALL QYDLNS(TID(KGASLD) s VELD+VISsHO91,KHOLS)
TELNS=TLU(VELDWVELTHTELT,15) =x\o

INP=XN2

WALIS = TLUI(VELD. VELT.HBLT(1,INP)y13)
HOLDS=TLa*XNE/100 «5pLSsTELIS+43LDS -
DELPWC=HILIS » 3H)

STNRASGE OF VARIABLES

TLAX=T A
VELIX=vELD
EFFS=T=/(TR+TTD)
VELI7=9E0D
DELIWT=0Z.2WC
ARPIT=4395
T_ar=T1 A .
XNTS7=vNTS
NS rT=X S
T57=TS

RETUR-

END

F-145
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SURROUTINE:

OO OO 0O

SSCALE T4/74. OPTe{

AV AA AP AAA AN NA N

BHAMAWL HANABAIA NN AN

L ¥}
$
$

SUBROUTINE SSCALE

SI'BROUTINE SSCALES SCALES THE STEAM SuPaLY SYSTE% uP TO

0=TALIN THE SPECIFIZD POWE Q|OUTPUT OF TH=i PLANT (PSTZE) AT THE

RATED BACK PRESSURE OF THE! STEAM TURBINEl, THEI INCREMENTALI
CAST QVER THAT OF THE SYSTEM USING A COUVFNTTONAL: TURRINF TS
CALCULATED AT THE RATED 3AalK PRESSURE,

DEFINITION OF VARIASLES |
CaSSS1 = INCREMENTAL COST OF STEAM SUPPLY FOR MAKE: UP OF:
' PONER OUTPUT DUE! TO INCREASED: HEAT RATE AT RATED:
_ BACKX PRESSURE (3)
CRSPKW = ¢OST OF STgaM SJUPPLY SYSTEM P:zR KILOHATT (S/KW)
HRFACl = HEAT RATE FACTOR OF STEaM TUR3INE AT RATED gacK
PRES3URE (DIMEVSIONLESS)
Pi'ANC = COST OF POWER PLaNT PER KILOWATT (g/KW)
PRIZE = PLANT SIZE (UMW)
R=P - STEAM TURIINE RATED 3aCK PRESSURE (IN H34)
Secd - INCREMENTAL PLANT ¢OST HUE TO INCREASED HEAT RATE
AT RATED BACK PIIZSSJURE OF STIAM TURBINE (%)
TA0 = cOEfFFICIENTS OFi THIRD ORpgR +HszAT RATE cURVE FIT
: FOR STEAM TURBINE! (DIMENSIONLESS)

LOGICA. FIAST, FXTEMP
COMMON =
ATTR, ALPHA )
»yCAPF, CSSPXW, CONFs cONL, CcOSTLs CaAPCHGs CONMAT, cONVL2ycaAF
sc3Js CSEALPy (SLASTs CFSy ZOANGe CLUVR, cHaILSe gVM
oo~=Pv, DESVEL, DANGLE
l\_
4F22, FIR]ST, FIXL, FCOS, FXTE4D
1GIEF=
sHYNP, HPEST
,I-iEM"
s ITUAYe ITMIN
rJ2 g
s XKZONyy KALEXT
s MXEXT
eNTUCAL(2)s NTA
CDevIN
on=2 )
2sPSI1Zr, . PSRy -PWCOSe PLANCy PFACT L
sPIHRFs POHFANe POHLECe POHCIR: POMCNDY POHST s+ POHScL!
2Q3%J, ARgn¥cE
sR3Ps RepUcEs ROESELs ROgglAr» WOFLY RFIX
1S84AF, SInMaAs SPAMAT(2) )
oTYs TPO(4)s TEFF, TLIMy TL?Ra, TSEALP, TELASTe THFIN, TFIX
PTURASGY TW
2UCSe UWS
9VAS(5)
=y
9X37p‘9 XWy X0 . ‘
COMUYIN /SUBPLY, VAL(5), CPI®y (COSy W3, chwv EFF
cLATD, REAIR, 2,HRFAC2, Wby us PPO, -
FPAY DELch WIDTHY ELENGY VAIRY VWATY Hre HO T4?
ICHAT, NWyPLANC2,PSIZ212y SP3P, SWa, SW3e .

F-146
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SUARROUTINE SSCALE T4/74 0PT=) FTN 4,2+74351
5 SPCHPTNTAL,PLANC3,SAFRON, AAIR,  YFP, SPCAyPSIZ13, WT2)
L3 B2, NW2, TCOSe DELPAYIILPAT,DELPWEy2ONBASs XNTSXy VELHX
L TLrxy UCON, FMCST, FBACC, SFFC, CHe Cay cs

e e Xe] e XoNeTe B

PO

QOO0

OO

S cLYC» CFey  C2CCr FITCOY CSCrCEPREPYIELPIP? AST
$4CA2CSTe XNFAN,3LDANGs CPLENs J9FEL, WHXe ATTU3. ADIAs ABLN
$e HATH~Ry WTFRM.STRU-C.CEPCRF,42PcRE, THTCF: CEFTNs ANTU ]
Sy ATReF, WATFF, X\MOD, TCT?=, FDCPF, FMTRCy» ACCTTP, ADJTP
Te ACTR2Ds ADJEIPDe  ACTVHs  ADJVHy ADUPPF, THOAIR, TCTFy AFCST
%, £S Dy WATERW, WSTRCTe CFOUNDe 4U3DIas TOALEN, CSEy CHF
T 9034y NUMTOW, cana; ATU3Cs CSTLVYRs CSTHS, ~YLRANGy CFANEL
COMMON /SINK/  VAR(Z)y CPIPl, ccOSly w31, ﬁggmi. EFF1

e, LAY, QEa4li, 21,+%FA2S, Wel, Ul, M) ,

$ TP0wYe DEFCLY WIDT1e SLEN1?® VAIR]Y ywaTy» HIye 401 Tsal?
3 TWAL N1 4ZPLNC2,251212y Z5P3P, Swély SW3,

5 SPely PTATILPLNG31. AFROle AAIR1WYFDMIN, SPCDIs SPS13,WT2MIN,
$ 372 N, Ne2MIN, TCOS1, 2EPALl, JP4T1, DPWCl,i0Nday, XNTS1, VELD]
B TLtly UCOM]e FMCS1e FRAC1e ZEFZ1 CHy» CAYy 13

3y CLT-Ys CFCle ZRCZCL,FITCOls CSZ1,CEPREL.DEPIPYs  ASTY

SaCAPCST 9y XNFANY 5L DANT yCPLENLDPFELY Y wHl, 4TTUl, AaDIl, aBL1
s dATHN). JTFR1,STRUCL1.CFMPF1, 4PPF1,T0TCF1,zFFINT, aANTUL

Se ATAFF1» WATFFle XNMODle TCTOF1y FOCPF1y FUTRCLle ACTTPle ADJTRL
$s ACT321y aDJBPy, AZTVH1y ASJVH)]e ADJUPOy, TH2aIls TCTF1 + AFCST}

Se £8cly WaTED]e WSTRCle CFOUNLs HU3DIYy TOALELS CSEl, cHFl
s ,c2A1, Nu¥tOwy, cTOWD1, ATU3CL, CSTLV], CST4S1, cYLRNL, cFAVE)
COMMAN /SCALER/ AR7TAClY SSCD?* PLANCZ1e CASSS)®

% GA[R, FAIRy HPAIRe HPWAT, PLANCT]

" EnUATION FOR HEAT RATE FAZTOR AS A FUNCTION of! TURBINE
9aCX PRESSUSE

HRF (2)=TP0(1) + TPO(2)«P + TP0(3)%Pss2 ¢ TPO(4)4Peel
HzAT 2ATE FACTOR AT RATZD 3ACK SRESSURE
HRF AC1LHRF (R3P) '

IMCREMENTAL STEAM SUPPLY £OST DUE TO INZREASED HEAY RATE:
FACT2X AT QATED BACK PRIESSURE ($)

CASSS1=CSS5PK A= (HRFAC1=14)+2SI725«1000.

P ANT COST TaKING INTD A4CCOUNT INCREASED STEAM SUPPLY
CAST (S/MW)
PLAMSTI=PLANT ¢ PSIZ Ge ¢ CA333L

ROIITEI0%0
PLANCl=PLaNGTL/(PST2E21000,)
INCREMENTAL STZAM SUPPLY COST DUE TO INCREASED HEAT RATE
fe TUR3IINE ()
SSCO=(DL_ANC1-PLANC) #1000, PSIZZI

RETJIN
END
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SURROUTINE' STORE

74/76  OPT=] FTN 4,247335] 12720718

SUBRQUTINE STORE

THIS RNUTINE IS CALLED EACH TIVZI A NEW LOw COST IS FOUND.
IT STORES VALUES OF COST, DESI3VY ETCe FOR THE FINAL REPORT

COMMDN /RPRTé 71(28351
COMMON /,RO2TS/ R2(12)

COMMON /RPRT3/ R3(4i

cOMMON sxPaTl/ sarti (203 ' ‘ : .
COMMON sKPRT2/ $2372(12) ' o :

" COMMON /XPRTI/ SORTI(4) y '

"

HAADPA AA A AN AAA

COMMON /STNK/ VsTo(1lg :
cOMMON sSuPPLY, vIN(llg) ' ' ' :
LOGICAL FIRSTy FXTEMP

COMON _

ATTR, ALPHA v _
sCaPF. CSSPKW, cONF, cONL, ‘OSTL' CaPeHGs cONMAT, CONMAZ2,aaF!
sc3Je cSEALPY cELASTY CFSe CDaNBs CLUVRy cHAILSy gVM
1DIEPLs DESVELy DANGLE
s E°FP
sF2Ry FIRSTy FIxL, FCOS, FxTEMP!

'GIEFFE
yHXNP  HPCST
» IHEAT
s ITMAY, ITMIN
s JEONG
sK2ONy,y KALEXT

yMXEXT
.NTUCAL(Z), NTA

¢cOMMON -
ony
sPS1ZF,y PERs PWCOSs PLANCy PFACT )
»PI4Z4Fs POHFANe POHLECY POHCIRW POHCNpDs PO4STEy POHSCL!
sNTJ, orREHUCE
sP3Ps RENUCErY ROESELs R0eelay WOFLL RFIX
s SAAF. SIG“A; sPAuAT(z) ' .
oTYy TP0(4y, TEFF, TLIM, TLPRA, TSEALP, TELAST, THFIN, TFIX

sTISARGY TY .
2UZSe UWS
s VAS(F)

s WY

WJXJDEPh, XW, XD
DO 1 I=21+115%
VSTO(T)y=VIN{I)
CONTINUE
DD 2 I=1,2038
sPRT1(71)=R1 (1)
CONTINNE
DD 3. 121412
§22T2(1)=]2(I)
CONTINIE

DO 4 I=ly4
sPRT3(1y=RI(I)
CONTINGE
JCONS=Y

RETJN

END
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SURROUTINE SUMCOS 74,74  0OPT=1 FTN 6,2¢7635] 12/20/1¢

SURBROUTINE SUMCOS(FCRsPSIZEsCAPFyCCOS1yCPIP1,CONBALyATURCICPLEN,
SFeA:c,rMcST,STRUcc,cFOUNo,caPcST,S°c91.Ssco.ARFAcl.HRFACZ,YFp._
$.PLANC, CLANDs cLSUMy FCSUMy OSM1y CSTLV1, 2STHSTs CFANEly ¢YLRVA
5

o .

c THIS RAUTINEZ REPORTS THE FINAL COST SUMMARY

ot

6001 FORMAT (141 ,///9T17,mC A P2 I T A L) cosT SUMMARYH®
SeT72e"mu N T T ENERGY cosrw SUMMARYY

lo

15

20

40

45

59

55

T 71554 (nairyy TT1,32 (") /77)
6010 FORMAT,
L T2°"CAOLING SYSTEM CARPITAL"*T48¢713,0
RyTA+"FDOLING SYSTEM CAPITAL"sT119+8)12.6/)
6020 FORMAT
L TAWNTAWEINeT3IB,4F13,0
ReTT2M"TORERNGT1I0546126)
6030 FORMYAT,
L T7+"H=AT EXCHANGER"»T23,F13,0
Q.T73"HeAT EXCHANGER"4T93,612.9)
6040 FOvVAT,
L T7uPIENYUNGT23,F13.0
RyT730 " LENUMI 9 TO39G1246)
6042 FORPYAT
L o17,LnuvERS" s T23,F13,0
Q’T?S""'_OU\/ERS"QT93'312.6’
6044 FORMAT(
L T7+"HAIL SCREENS",T23,7F13,0
ReT73sunTl SCREENS",T934612,9)
6050 FORYaT]
L T7,mFAN SYSTEMN,T23,F13.0
ReTT75+"=AN SYSTEMN4TIZeG512.6)
6060 FNORMATY
L T74"STRUCTURE"3T234F 1340
QeTT54McTRYUZTURED 4 TO3,5126)
6070 FORMAT,
TT NFRUNIATION",T23,F13,0
ReTT3ycouNnaTIoN",193.612,6/)
H0R0D FORMATY
L T4.nPIPING,T35,F13+0
Ry TT7T24"DIPING",T106,5312,6)
6090 FORMAT
L 74."CANDENGERN,T735,F 1340
Ry TT2,HrONIENSERN,T1068,51206)
6100 FORMAT
L T2y"CAPACITY PENALTY",T48,F13
RyT694MpaPaCITY PENALTYN,T1lg,5
110 FoRYaTy
Lor2.mP aNT sCalIVse, 74847130
R9TEFeMLANT SCALING"#TY1194G12,5)
6120 FOR44Ty
L Tas"STEAM SUPPLY".T35'F13QO
2,T77,M2TEAM SUPPLYN,T1n6,G612,8)
6130 FOR*AT(
L T4."888% OLANT#,T35,F13¢0
. ReTT25M3ASE PLANT®,T1064612.57)
6149 Fo24aTy
L opa,nlaNg,168,F13,0/)

.0
12,87
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SUBROUTINE: SUMCOS 74/74.  OPT=] FTN &,2+7335]

6150 FORMAT{
oL Ta8sla(rrenyz)

6160 FORMAT! .
L r2,n707AL CAPTTAL COSTu,Ta6emsm,T48,F13,0
ReTAIe"TOTAL CAPITAL COSTMyT11995312,57)

6170 FORMAT
R Te2s"eNERGY PENALTY",T119,512,35/)

£180 FoRvATY
R TA3y#A00ITIONAL 3ASE PLANT FUsUh,T119,612,8/)

6190 FORMAT!

R THI»MAPERATION AND MAINTENANCEIMyT1191612+67)
6290 FpNRVAT )
Ry T724m70TALN,T119,G612,6)
YyFpR21 = YFP * 1,
FACTORz FCR/(PSIZE«CAPF*8740)
WRITE(se6001)

12720778

a«*

WRITE(496010) (cc0S1ecPIPlecON3al) 4 ((Cc0S1egPTIPlecONBAlY#F cTORY

WRTTE(Ry5020) CCO81,CCOS1aFACTOR:

WRITE 445030} ATUBC,ATUBC*FACTOR

WRITE(695n43) CPLENCPLENSFACTIR:

WRITE(ky8742) £S5TLVIy ¢STLVIeFoTOR

WRITE(6960%4%) STHSly cSTHSlarpaTOR

wRITE(245050) (F3ACC » FYCST « CylRN1 & cFaNEn)
'y » (FBACC + FMCST + CYLRNI + CFAVE]) « FACTOR
WRITE(ay60s0) STRUCCHSTRUCCHFACTIR

HRITE (A9 8570) cFOUNDICFOUND*FACTSA

WRITE (£45080) CPIP1,CPIP1aFAlTCR

WRITE(496030) CONBA19CONSALI*FACTOR

WRITE(a9b6100) CAPCSTHCAPCST#FACTOR

WRITE (Ae6110) SPcD1,SPCOlaFaCTOR

WRTTE (496120) SSCOdRFAC2/HRFAC1+YFPP],55CD#4RFACS/HRFAC]I aYFPP]s

§FACTOR
WRITE (A956130) PLANC® (HRFAC2/HRFACIAYFPP1=l, ) #10,%43 & PSIZE,
& oLaNCa (HRFAC2Z/HRFAClwyFPPLal,)s10we3 & PSIZZI » FR2TOR
w?ITE(A,SIQG; claNy )

W2lT2 ey 6150 ; .
WATTE(436150) CLAN]#SPCD]1+CABC3T+CC0OS1+CPIP1+CONBAY

$9 (CLANT+SPCDlecaPCST+CCOSeCPIPL+CONBAL) #FAZTOR
WRITE(£,5170) cLSUM

WRITE (ay6180) FCSUM

WRTTE(696199) COSH] . o
TOTAL = (CLAV] ¢ SPCO1 + CAPCST » (CCOSy + ¢cPIPy ¢ CONBAL) »
% FACTOn ¢ CLSUM + FCSUM + (c0Sul

WRITZ(545200) TOTAL

END
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SURROUTINE STRUCT 74/74  OPT=) FTN 4,2+7835]1

SURROUTINE STRUCT(DTOW, WHXs WATZIQ4s ROOFL, 2STRURs CFNDe WSTRCH
3 ITOWN, ELENSy PCHST()

SURROUTINE STRUCT DETERMINES THE COST 0F! THE STRUCTURES

AND THE FOUNDATION FOR THEZ! CIRCJYLAR TOYSRS o THE STRUCTURE
CAST IS 8BASZD ON THE HEIGTH AND DTAVETER OF: FaCH TOWER AND!
"T4E DESIGM R00° L0AD, THZII FOUNDATION COST IS BASED ON THE:
T~TAL 45I145HAT 07 THI HEAT IXCHANGERS AND' THE SURFACE AREA
CAVERED 3y THE TOWERS.

DxFINITION OF VAR)ABLES

C=ND ~ COST OF FOUNDATION (%)
CaTRUC = COST OF STRUCTURIS (%)

DTONW = T2A83 DIAMETER (FT)

I1094N = NJYRER OF CI13CULAR TO4ERS (DIVENSIONLESS)

ITOWN - N'JMAER OF CIACULAR TOWERS (DIYENSINNLESS)

PAMSTE = DIRELST AND INDIRICT CONSTRUCTION COSTS FDR THE
STRUSTURES (DICIMAL 2ZRCENT)

RNOFL - DSSIGN ROOF L24) (L3F/SA FT)

W TEQW = WEIGHT OF THE WaTER IN THE HIWT EXZYANGER (L8F)

WX ~ WTIGAT OF MATERIAL: IN THE HEAT EXCHANGER' (LBF)

WeTRC ~ CIRCJLAR TOWIRS STRUCTURAL WEIGHT (LBF)

DATA Pt ,2,14156285,
STRUCTYRAL £O5TS

"CATIUS = SLENG 4 2458 s Plsbe o ODTOWae2 o ITOWN
$ (,006P5 » ROCFL ¢ ,726) -

FAUNJATION COSTS
CFANDI = 019 = (WAX ¢ WATERW) * 82 x PI/6e x DTOWss2 « ITOWN
STRUCTURAL ASIGHT OF COJLING TOWERS BASZD ON $09+63,L8
WSTAC = CSTRUC , 63

STRUCTURAL COST TAKING INTD ACCOUNT DIREZCT AND INDIRECT
CANSTRULTION COSTSe

CSTIUC = CSTAUC = PIHSTC

RETJRN
END
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SURROUTINE' SURCON 74/74.

00 o

[t XsXeXeleNa s NskeNeNaNaNsNeleNoNeZes ReloNeloNeNels Nelo o Ne e N he Rele N N IR NS A Ao

SUBROUTINE SURCON:

$

OPT=)

FTN 4,247335}

+CONMAT POHCND)

(ISURy KGAs LD TLAs XNTS, ARPS, XNSy CONCST

PHOSRAM SURCON DETERMINES THE CAPITAL COST OF A SINGLE

POESSURE OR SERIES=CONNECTED SURFACE: GONDENSER,

"SURFACE CONDENSERS FOR LAND INSTALATINNM. €0RM P} 3aia,
WeSTINGHOUSE: E'EcTRIf coqaoRATIaN, 26 NOVEMBeR: lg5g

UQ?AT:D ON FEQRUARY

DEFINITION OF VARIABLES

ACCF
ApDER
ApPS
ANXCST
CFAC .
CANCST
CoONMAT
DsCT
EnTCST
F
FETCST
Fad
PAHCND

SWiLCST
TARSTPF:
Wt

AuS
X\JTS'

1576 T0 CURRENT PRICES

i

12/20/7s.

REFERENCE!

ACCESSORY COST CORRECTION FACTOR FOR THEI CONDENSESRI
INCREASES COST J7! TYSBING MATERTAL!

- AREA PER SHELL! OFt THE CONDENSZER

AUXILIARY COST (%)

LENGTH CORR=-TION: FagTOR (pIMzNSIONLESS)

CONDENSER €OST (%)

VARIARLE FOR COVIENSEZR MaTERIAL

QUANTITY DISCOUNT

TU3g SIZE FacTO®

INDIRECT COST FACTOR FOR THE TUBE,

(sg FT)

(DIMENSIONLESS)

FOR TURES (DIMENSIONLESS)
ERECTION COST (5/S3 FT)

TUING LENGTH PeNaLTY (pIVMENSIONLESS)
FIELD ERECTION 20ST ($/SQ FT)

(DIMENSIONLESS)

FIELD ZRECTION £OSTS (DIMENSIONLESS)
SHELL: COST FOR THE CONDENSER ()

TOTAL COST OF TJBINq MATERIAL! ($/FT)
WEIGHT OF TOTaLi aMOUNT OF TugzS IN THE CONDENSER

(LBF)

NUMSER OF SHELLS 1IN THE CONDENSER

SHELLh AND:

NUMSEZR OF TUZZS PER SHELL: (DIVENSIONLESSY

DEFINITION OF ARRAYS

TH3MA
ol

c1LM
RNEL!
GaGLI
TuKLIN
ONLINE

| I I I R I |

LOGICAL FIRST-V
DIMEINSTON SCT1(€)s SCC2(6)

fw-usrov TUsMpa 110y cLtlC)y cLM(I0)y ROELTL

TUSE MATERIAL (NAMES)

TUBE FIXED COSTS

($)

TUSE MATERIAL CISTS (S/L34)
DENSITY OF Tuge MATZRIALS (L3M/cY IN)
TU3E 5aGE (DIMENSIONLESS)

THICKNESS OF TU3EZ:

(IN)

COMMON DIAMETERS OF TUBES (IV)

» TH<LIV (7). ODLINE(8)y FF(10,7) )
TUBCST+SHLCSTsFETCSTCONSAT

COMMON /RPRT3

/

THBING MATERIALS, COSTS, aND DJENSITY

DATA CI. , 0+0
* 0,40 /

DaTA cM 7 1,30, 1,52,

» 7,00,
DATA RaEL ¢ O
$ 0. 162, D

9,

163,

0000, 0400, 009,

304, 0,323, 0,323,

0,0975, ,0975, 0,2g4,

DATA TUBMA / "AD IRQLTY ny MCy=190 NT », ney=30 Ni

F-152
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0)s GAGLI(TY,

0+04, 0¢39, 0°l2, 0+20, 0°15,

0.284'

(DIMENSIONLESS)

1,83, 1,60, 1,34, 0 a4, 0,32, 1,63, 7,60,
.290
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SURROUTINE' SURCON

OO0

OO0 aon g X9 ODOOO0

OO0

DOOOTOODOD

(9]

[oXe Np]

DATA
DaTA
DATA

DATA

DATA
DaTta

DATA

DaTa,

DATA
DaTa

DATA

DATA
DATA

DaTA

DATA

nata

DATA

76/74 OPT=z})

FTN 4,2+478351

N6061-76 ALity, 13003=H14 An, wSTTEL SEAMu,
"TITANIUM 1",

MSTEEL WELDM, "
MTITANIUM &n y

STANDARD TURE JIAMETERS,

304 5/5 WEM,

SAGE, AND THICKNESSES

ONLINE , Ne525, 04750, 0375, 14000, 19125, 10250
.02l 7

GAGLI 7/ 12.9 1849 1649
TuXLIN 74109y o083y 06

TH3ING LENGTH PENALITIE

FAR COPPER ALLOYS

(FF{1eJ)od=1e7)7 04000
(FE(2,0Y9d=1437)/7 0400,
(FF{3,J)sJ=1aT)/ 0,00,

Far ALU1INUM
(EF(6y3JYsd=19T)/ 14000
(FF(3,J)susly7i7 1,00,

Fo? STEEL
(FFiBadIrd=19T71/ 100y
(25 (T4 ad=leT7)7 1400,

FnR STAINLESS STEEL
(FF{SyJ)oJU=1eT)/ 100

Fp2 TITANTUM
(EF(94J)ed=19T)/ 000
(zF (10,01 ,u=1,71/7 0,00,

FUNCTION OF TUSE 04de (JPIATED FEQRUARY,

szC1 7, 7.563583

J¢000
15,223 2 /
snc? ’. 2

\.

O

0
2
0
3

0
37.?1 /

18es 20er» 22
5, 4049y .03

S

0,00, 0400,
0,00¢ 0,00,
0,00, 04020,

, 3.805882,

et 244 /
ED nazev

0400, 0407y 0.08y 0,09
0400, 000?, 0.05, 0.09
00009 0007, 0.089 0|09

1:18; boddy bdl i

——
ww
- -
e
e

—
* o

—
~ e~
- »

NN\

-
. e
[aV R3]

- -
~

1604 1008y 1,12y 1,16 /

10,83636,

12720778

] ® | /
R LRIt P

CANSTANTS FOR COST EQUATION FOR BASIC CONDENSER SHELL AS A

1974)

12956545,

9
0,00, g7125,00, 102184 71, 102191 82, 163272,73,

CnST OF FIELD ERECTION AND TU3ING PER SJUARE FOOT 9F
SIRFACE ARZA IS BASED UPON INFOIMATION SUPPLIED AY
Wz STINGHOUSE COMPANY AND AVERAGE WAGE L480R RATES OBTAINED

FoOM JUNE 1975 CONSTRUC

FIRST/eTRUE e,

TI2V RIVIEW

DeFINING THE CASE UNDER CONSIDERATION

IF (oNOTFIRST) GOTO 35
LFLAG=n '
[8]e] 19 T = 1, 10

ITu3

A =1

IF(ZONVAT LEQ, TU3MA(I)) 6O
10 conNTINRE

F-153
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SURROUTINE SURCON 34/74.  0PT={ FTN 4,247435] 12/20/7%

WRITE(Gs11) Lo
~ LFLas=?
11 FORMAT(5X,"NO MATCH FOR CONDENSER TUBE WwATERIAL™)
IF('F%hG «NEWO) STOP
' FIRST = JFALSE,

DeTERMINE TOTaAL! LENGTH OF! TUBING REQUIRED AND COR?ESPONDING
QItaNTITY DISCOUNT

TOTLTZTLARXNTS e XNS

0O 00000

 IF(TOFLT=50000¢)102,101,101
101 DSZT=n.06

GO TO 103
1902 IF(TOTLT=30000, )105:104110*
106 pSnaT="
GO TO 103
105 DSCZT=n,
103 KK =7

Do 106 I =2+ 8

IF(TLA oGEs (10,0I)) KKix= I = 2
106 CONTIqu

F = FF{ITUSMAIKK)

ASHER = 0a00 oA

IF(ITURBMA ,LTs 4) ADDER == F

IF(ITUSMA LT, 4) F = 1,00

DETERMINE TOTAL! COST OF: TUSING MATERIAL!

ocoo

109 WT =:12¢ « 3914153 » ROELATITUBMA) « (ODLINE(LD)=TRKLIN(XBA))
$ » THKLIN(XGA)
TESTOF = CLM(ITUSMA)*WT « CLAITUBMA)

TCSTRPF = TCSTPF»F + ADDER

TIBE €NST ARE Fi0,34 COSTSy 1,11 ACCOUNTS FOR PURCHASING
AvD SHIPPING .

0000

TURCST
TURCST

TOTLT = TCSTPF s (1+11-DSCT)
TUSCST = POHCND

DETERMINE SHELL! COST INCLYDING LENGTH, MULTIPRESSURE, AND
AGCESSORY COST CORRECTIINSy AS APPROPRIATE

OO0

CFAZ' = 0,01h*TLA + 0,58
. G0 T0110°.111.112,113),ISUR
111 cFagc=cFaCs0.08 .
] 60 10 100
112 CFAC=CFAC*N.16
- Go 170 100
113 CFAC=AFAC+0+03+XNS#0402

100 FOD = 1,00
IF(LD LT, &) FOD 0.85
IF(.D .EQ, &) FOD =1
ACCFl = (0, 115-ALOG(XVTS) = 0,4359 «FOD.
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SURROUTINE SURCON 74/74  0PT=) FIN 4,247335]

QOO

OO

(3 OO

(@]

IF(ITURMA LEQ. 2) ACCF = {0,239¢ALDG(XNTS) = 1,414)#F0D;

TuZ CONDENSER SHELL COSTS AZRET OSTAINED! FROM WESTINGHOUSEwWS
1073 PRICE LISTING 1312

AUXCST = 0e4S4ARPS L XNS
8S4CST = (SCCL(.D)*XNTS & SCC2(LD))
SH.CST=3SHCSTx (SFA0eaACCFY=XNS & AJX(CST
SHLSST = SHLEST * POHCND ,
DETEIMINE COST OF FIELD E3SCTION AND TURING

FETCST=SRTCSTHARPS« NS
FETZST = FETCST « 204CND

D=TERMINE TOTAL COST OF CONDENSZER

CNYCS~=TUALSTSALAST+FETCST
CON3ETZCONCST

RETURS
END
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FUNCTION TLU

00000a0000 0

QOO0 OO0 OO0

000

(¢ OO0 OO0

OGO

100

io2
99

103
98

105
106

lgg

34,74 OPT=l FTN 4,247%3351 12/720/76

FUNCTION TLU(XyXT,YToNT)

FUNCTION TLU IS.A FOURAPOINT LAGRANGIAN! INTERPOLATION
Ta3LE LOOK=-UP ROUTINE

DEFINITION OF VARTABLES

&
NT -~ NUMBER OF DATA PIONTS
T A = DEPENDENT VARIABLE:
X ~ TNDEPENDENT VARIABLE
e s ~ INDEPENDENT VARIAZLE: ARRAY
YT ~ DEPENDENT VARIASLE ARRAY
"DIVENSION XT{NT),YT(NT)
DETERMINE IF INDEPENDENT VARIABLE IS WITHIN RANGE' OF
TASULATED DATA
_ !
IF((X=XT (1) )= (X=XT(NT;))100,100,101 ‘
OFTERMINE IF TABULATED VALUES OF INDEPENDENT VARIABLE ARE
IN ASCENDING OR DESCENDING: ORDER: _
TF(XT 13 =XT(2y)102,102.103 '
DETERMINE POSITION OF INDZFENJENT VARIASLE IN ASCENDING
A3RAY
00 99 I=1,NT ' )
IF(X=XT(I1))1054104+99
co\], I“Ur .
DETEIVMINE POSITION OF INDEPENDENT VARIABLE IN DESCENDING
AnRAY
DO 98 I=1,NT
IF{X=¥T(1))98,y1044105
CONTInUE
I INDEPENDENT VARIABLE IS EQUAL! TO TASULATED VALJE SET
FONCTTON £AQUAL TO CORRESPONDING VALUE OF| DEPENDENT VARIABLE
TLI=Y7 (1) ' '
PETUR
IF INDEPENDENT VARIABLE IS BETWEEN FIRST TWO OR LAST TWO .
TABULATED VALUES, ADJUST INDEX TO 08TAIN' FOUR POINTS FOR
INTERPOLATION
IF(1=2)106,106,107
I=1s+])
GO TO 103
IF(I=uT)10891099109
I'—'I'l -

DETERMINE FUNCTION VALUE! UJSING FOUR=POINT LAGRANGIAN.

F-156 ’
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FUNCTION TLU

(2 N9

108

(9]

(9]

191

v} A A

1600
3

T4/74 0PT=1 FTN 6,2+7%35]

IMTERQOLATION

X1=XT(1-2)
X2=XT(Il=1)
X3=XTr1)

X4=XT(1+1

TLJ=(x=X2) n (X=X3) « {X=X4) / ((X1=X2)# (X1=X3) 4 (X]1=XS))eYT(I=2)
slvaX1)a(X=XI) 2 (X=X4) /7 ({X2=X1) 8 (X2uX3)a (X2=X4))2YT (=)
Slr=X 1) # (X=X2)  (X=X*) /7 ((XFax1) # (X3ux2) w (X3=X%) )oY T(I)
Syl R (LaXx2) 2 (X=X3) /7 ((X4=X1) 2 (XOax2) 2 (X4=X3))2YT(Ie])

RETUR:

WRTTE 16,1000)X,%X1(1y,YT (1) ‘

TOAAT (1919394 _TARBLE LOOK-UPT X NIT IN RANGEI OF: TASLE//
5X,3H4X =+F15.5,9X s THXT(1) =29F1373:5%, THYT(1) =+F15.5)

STO?
END

F-157
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SUAROUTINE VARIT

QOO0 0D OO0 NO0N0O0OOAN0O0OAIATT IO OO0 OO0 OO0 0

34774

CoPT=i

FIN 6,2473351

SUBRDUTINE VARIT(TA, TPER, PCST, KalLly CLSUM, FCSOM}

SBROUTINE VARIT CALCULATES THE PERFORMANCE qF! THE! POWER:

Pr ANT aAND DRY COOLING TOWEZR: UNOER THE ASSUMPTION THAT THE
ATR SIDE HEAT TRANSFER COSFFIZIENTS AND' AIR VvELOCITY

" TWHROUGH THF HFAT EXCHANGER TUYRES ARE UNCHANGEDH, THIS Ig

DANE FOR THE' CASE HAVING THE MINIMyM [NCREMEMTAL COST,

"DEFINITION OF VARIABLES

"CAPCHS
CAPCST
‘CaAPF
crnsl
CLQVI
CoNBaAl
Cnsuy
ceTel!
DrLFC
geFl
EFFcl
Fe0s
FrR
Frowi
HDFACI
HeFA2S
HAFACS
P

TeoS
PGEN
PrOw]l
SpSl3
PTOT AL

P4COS
arNl

V3

GAS TURBINE CAPITaL COST
COST OF GAS TUR3INE (%)

i

S VALY

PERCENTAGE OF TIME, THE PLANT IS PRoDUCING POWER

(PERCENT)

COST OF THE DRY CoOLING TOWERS' ($) .
c9ST OF LaNp Ta<sN UP aY THE 3RY cOOLING: TOWERS (S5)

€0st OF SyRFACE: CONJENSER

($)

COST OF MAINTAINING THE DRY COOLING TOWER (g)
COST OF PIPING AND PUMPING SYSTEMS ($)
cOST OF MaKe=UP 7ndzR gY GAS TUR3INES AT EacM
AMBTENT AIR TEMPIRATURE (MILLS/Ky=HR)

INCREMENTAL FJEL] COST FoR
(MILLS/KN HR)

STZaM SUPPLY SYSTEM

HEAT EXCHANGER ZFFECTIVENESS OF DRY ¢OOLING

TOWERS (OIMENSIOJONLESS)
CONNENSER EFFECTIVENESS

FUEL COST FOR TH4Zi STEAM SUPPLY SYSTEM (MILLS/BTU)
FIXED CHARGE RaTZ ON CAPITAL PER YEaAR (PERCENT)

POWER REWQUIREMEINTS OF Fan
HEAT RATE FACTOR OF STEamM
PRESSURE (DIMENSIONLESS)

HEAT 2ATE FaCTOR OF STEaM
CONDITIONS OF 904ER PLANT
HEAT RATE FACTOX OF STEau

SYSTEM (kW)
TURIINE AT RATED gacCK

TURIINE' 3T DESIGN
(DIMENSIONLESSY |
TYIIINE AT A PARTICULAR:

AMBIENT AIR TEIMPIRATUIE (DIMENSIONLESS)

BACK PRESSURE OFi STEAM TURBINS! (IN, HG,) _
INCREVMENTAL POWER PR0JUCTION £0ST oF THZ! DRY
COOLZD POWER PLANT FOR A PARTICULAR AMBIENT AIR

TEMPERATYURE (MILLS/XW<HR)

POWER OUTAUT JF: PLANT AT a PARTICULAR aMBIENT alR

TEUPERATURE (Mw)
POWER REQUIREMENTS OF THEe

PI2ING SYSTEM (KW)

= POWER QUT2UT 9F1 STEAM TURBINE' AT RATED 3ACK
PRESSURE TO PROJUCE REQUIRED HUTPUT OF PLANT
OF PLANT AT DESIGN CONDITIONS (M)

POWER OUTPUT OFj 2LaNT AT SPECIFIED AMBIENT plIR.

TEMRPERATURE (M)

COST OF FUEL F0Rt GaS TURBINE (MILLS/KW~HR)
THERMaL ENERGY JUTPUT OfF STepa¥ SUPDLY SYSTEM 2t
RATED 8ACK PRESSJIRE OF TURBINE! (B8TU/HR)

HERT REJECTED aT A SPECIFIEpD aMEBIENT AIRi TEMPERy=

TURE (BTU/HR)

TEMPZRATURE RaNG3Z OF: WATER PASSING THRQUGH THE

HEAT ZXCHANGER (JEG F)
INCREVMENTAL COST OF PLANT

DUE! TO SgALE=UP OF STEAM!

SUPRLY SYSTEM AND: THE SCALE UP! OF THE RLANT TO

TAKE INTO ACCOUNT FOR FAN

F-158

AND: PUMP PQOWE?R
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DO AN IDAOOODID IO O

SURROUTINE VARIT

AP AN

A A AR A PR A N

AAR AR A AN AN A

J4/76  0PT=1 FTN 4,2+7335] 12720/7s

RIQUIREMENTS (3

Ta - AMGQIENT AIR TEMPIRATURE (DEG ©
TEFF - THERMAL EFFICIENCY OF CONVENTIONAL STEaMi TURBINE!

AT RATED SACK PRISSJRE (DIMENSIONLESS)

TRERMAL EFFICIENCY 9F STEAM TJURBINE AT RATED

: RACK PRESEURS (2T4INSICNLESS;

TeFF3 = THERvAL EFFICIENCZY 9F STEaM TURBINE AT POWER

PLANT DESIGN CONDITIONS (DIMENSIONLESS)

THERMAL EFFICIENCY OF STEAM TURBINFE ASSOCIEATED

WITH & PARTICJLAR AwBIEuT AIR TEMPERATURE

(DIMENSIONLESS)

TrER = PERGENT OF TIMIZ av AM3IENT TEWPERATURE JCCURS
DURING THE YEAR {PERTENT)

Te0 - COEFFICIENTS FOR THIRD DQRDER ZURVE FIT OF STEAM
TURZINE ACAT RATZ FASTO2 (DPYINSIONLESS)

TTDP = TERMINAL TEMPERATURE DIFFERENCE OF SURFACE )
CONDENSER FOR A PARTICULAR AM3IIENT AIR TEMPERATURE!

TeFFl

TcFF4

TTD = TERMINAL TEMPZIAATURE DIFFERENZIE OF SURFACE CONDENSw
_ E? AT DESIGN COVIITIONS (DEG 7)
Ti - EXIT TEMPERATJRT! OF STEAM TURIINE (DEG Fi
VaST - TITAL INCREMENTAL! COST OF DRY COOLING {MILLS/XW=HR)
WA - MASS FLOW RATE 351 WATER THRQUSH THE HEAT EXCHAN3ER!
{LBM/HR)

PAST - INCREMENTAL COST OF DAY cOOLING FOR EACH AMBIENT
ATR TEMPERATURE, (MILLS/KWaHR)

PLANT SCALING FacTOR TO TaKe INTO ,CCOUNT FOR FaN
AND BUMP POWER ({JIMENSIONLESS)

Y=OMIN

LOGICAL FI2ST, FXTEYP
CoOMMON
AFTR, ALPHA ]
'CAPF, CSSPXW, CONFs ¢cONLs gOSTL) cAPcHGs cONMAT, cONMaZ2,caF
sc3Js €STaLPy cSLaSTs CFS»y CDANGy CLUVR, ¢HaILS, cVM
,0ZSPl, deEsveEL, DaVsle .
JETFP
«FZ2s FIRSTy FIXLy FCOSs FXTEM?
+33EFF
yHXNP, HPeST
s IHEAT
s ITVAY, ITMIN
QJ:QVQ
W K20V, KALEXT
PMXIXT
JMYYCALt2) s NTA
CormmQn
00R
s2GIZF . PER, PWCOSe PLANC, PFACT
WPINQ Fy POHFaN, POHLECY POHZIRy FOHCNDy PO4STge POHSCL
33T ), RRIDUCE
$737y REDUCEZs ROESELs ROEELA, R00FLy RFIX
JSAAF, 3IG4A, S52AMAT(2)
1T TP0<4)a TESFy TLIMy TL2Ras TSgale, TELAsT. THFINs TFIX
'TJaA T
yiyCS UﬂS
WyVES ()
oWV
,X)EPA, XWs xD

F-159




SURROUTINE' VARIT 74/74.  OPT=1 FTN 4.,2+78351 12720/76

COMMON /SCALER/ HRFAC1ls SSCDs. PLANC1ls CASSS1e

115
$ GaIR, FAIRs HPAIR, HPWAT, PLANCTI
COMMON /SUPPLY, VAL(5), ¢PI®y (CCOS) W3, (cOSMy  EFF
Sy  CLAMDs REAIR, Z,HRFACZo Wy Us PPOW, X
$  FPaW, HELFcs WIDTHy ELENGs VAIRs  VWAT, HT WOy T4y
120 ) $ EWAT, NWePLANC2,P51Z12, SPRP, SWé, SW3. ,
3 sPC,ProTAL,PLANC3,54FRON, AAIR,  yFP, sPCH,PS1213, T2
Iy 8n2, NW2, TCO0S, DELPA,DELPAT,DELPWC,20N3Ag, XNTSX, VELDX
$y  TLaX, UCON, FMCST, FBACCy EFFC, CHy Cas cs ;
. S clTee CFce cPcce FITcO, CSCYCEPREPsHIELPIPY ST
125 : $9CAPCSTy XNFAN,8LDANGs CPLENs DPFELe  WHX, ATTUB, ApIAs ABLN
‘ Sy  4THRR, TFRM STRyCC,CFPERF,47PE]F, TOTCF, EFFIN, aVyy
Sy AIREFs WATFFy XNMODs TCTOF FOCPFy FMTRCs ACCTTPe ADJTP
$y ACTBND. ADJBPDs ACTVH, ADJVHy ADJPPF, TH2AIR, TCTFs AFCST
Ty 30y WATERW. WSTRgTe cFOUNH, HU3DIA, TOWNLENS cSey CHF
‘13¢ : $ +C34y NUMTOW, cTOWos ATUBCY CSTLVRe CSTHS, oYLRNas CFANEL
COMMON ,gINK/ vAR(5)y CPIP1, £COsl, w31, COsMi, EFF1
$s 2UAMLs REAINS Z1+HRFA2S) Waloe Uls PPOW(*

$ FROwye DEFCyy WIDT1s ELENy VAIR)y VWAT]y HIT 401 Talr
) $ Revaly NW14ZPLNC29Z51Z12y ZSP3Ps  SW%l,y SW31,
133 s SPm1,y PTOT1,°LNC31, AFROl, AAIR1,yFPVIN, SPCDyy SPS13,4T2MINy
$ BAZMIMINW2MINs TCOS1s DEPAlsy JPWTls DPWC1sCONSAYs XNTS1y VELD1
S TLR)» UCONy, FMCS], FBAC1» EFFC), CHY s CAYy Cs1
$» CcLTals  CFCly CPCCLloFITEOly, cSClsCEPRELWDEPIPIs  ASTI .
$,CAPCST, xNFAN1,8L0AN1,CPLEN],,DPFELY,  yH1, 4TTUl, ADIl, ABL1
Je0 Sy WTHAt. WTFRY-STOUCT,CFMPF], 7PT]4TOTCF192FFINYy ANTU)
$9 AIRFF1s WATFF1s XNMOD1s TCTPF1, FDCPF1, FMTRCls ACTTPq,s ADJTP1
$y AZTAPl, 4DJBPly ACTVHl, aDJvYle aDJPP1l, TH2AIls TCTF1 , AFCSTI
%y,  CSPle 9ATER1s wSTRCl, CFOyUNI, 4ys011, TO4LEl, CSZ1, CHF]
$ 9C3A1e NUMTOW)s CTOWD]® ATUBCle CSTLY1e CSTHS1? CYLRN1?Y CFANE}

745 . COMMON /TINE/ XNSaTTDsTLA9XNTSs 48PS
c -
c Tug2vaAL EFFICIENCY OF TUR3IINE AT THE DESIGN POINT OFi THE
c PIUANT .
- , c )
- 150 . TEFFB=TEFF /HRFA2S
r
o TUERMAL EFFICIENCY OF TURSINE' AT THE RATED B8aCK PRESSURE!
o
TEFFN=TEFF /HRFAC]
155 o , i
o HraT SUPPLIED 38Y THE!' STEAMi SUPPLY SYSTEMW
o
QIN1=3413.5+43 , SPS13,TEFF1
T1=140,
160 c _
c AMBIENT AIR TEMPERATURE ANDI PERCENTAGE OF YEaR' OVER WHICH
c TeMPERATURE OCCURS. : .
C .

1 P=EXP(77.168=92404/(T1+460,))
765 HRFAC4=TPO (1) +TPO(2) *P+TD0(3) #P»e24TPO(4) #Pes3
TEFFh=TEFF/HRFACH

ITERATIVE LOOP FOR CALCULATING THE EXIT TEMPERATURE OF THE
STEAM TURBINE AS A FUNCTION: OFt THE' AMBIZNT ATR TEMPERATURE!.

O0O0000

CBLCULATION OF HEAT REJECTED 3Y THE DRY COOLING TOWERS
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SuUAROUTINE VARIT

N

74776 OPT=1 FIN 4,2+47%35] 127207106

RREJ=QATINI= (1+~TEFF4)

TFvPERATURE RANGE OF WATERI FLOWING THROJGH TWE: HEAT EXCHANGZR
RPANSE=~REJ/ (W31# (1. +YFPMIN))

T=P4INAL TEMPERATURE DIFFESENCE BETWEEN THE waTER AND THE
STEAY OF THE SURFACE CONDENSER
TTD? = RANGE/EFFCl~ IANGE

EvIT TEMPERATURE OF THE STZIAM TURBINE OV PREVIOUS EXTIMATE:
FANGR/EFFL « TA o TTOP

CANGTeVAR () EFF] o TA + TTDS

CANVERGENSE CRITERION FOR IXIT TEMPERATURE OF TURBINE
IF(aNOT, FXTEMP LAND. (T11=T1)#e2 ,LTe ,001) GOTO &
CVT = 2S¢ (TilaTly s T1l) :
IT (Fx=212 ,aND, CVT LT, 2,0001) 50710 4
Tlz7il
60 TO 1

TATaL POWER QUTPUT COF TJUR3INE AT THE PARITICUUAR AMBIENT
At TZMPERATURE

» PTGTAL = QINL#TEFF4/34)30Ee3

Pr#ER QUTPUT FRIOM PLANT AT THE: PARTI»ULAR AMRIENT AIR
Tru2EQAaTIRE

YOTAt—rPOJI/l - FPO%1/1000.
T

£nST OF FUEL FOR GAS TUXISINE VAKE UP POWER

CSTZL=1PSIZE=PGEN) /PSIZEPVCOS
TEFFI=TEFF3

GO TO 4

CsTlL=r

IVCSEVENTAL COST OF FUEL' 70 STESAM SUPSLY SYSTEM DUE TO STEAM
THURBINE OPERATING AT OFF D2ZSIGN CONDITIONS

DEL"C= :L3<,1611.--5.((1.oYr?WYV\I'FCC“ 1e/7 .= )

CAPITAL COST NF GAS TURSINZ! 73R MAXE UP POWER

IF (XA LaNEely GO TO 10
CAPCZST=0,0

IF (P3175,.LEL.PGEN) 30 TO 10
CAPCST=CAOCHG* 1PSIZ2E=PGEN)

10 conTIuNE

INCREVENTAL COST OF FUELI FOR STEAM sUPALY SYSTEM DJUE
Tn STZAM TUISINE OPERATING AT OFF DESISVW CONpITIONS (RATED
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SURROUTINE' VARIT 74/74  OPT=} FTN 4,2+7335]

935

8ACK PRESSURE)

TCOS = (CCOS1+SPCD1+CLANL#CPIP1+CONBALLCAPCST) #FCR/ (PSIZESCAPFY

$ 976%.) + COSMLADELFC+CSTCL

PCST=TRER*TCOS )

CLSJM.= CLSUM + CSTCL = TPER

FCSJM = FCSUM & DELFC = TPER .

FORMAT (T2,7F6.,1, T10,F6, 1, T13,F5,2, T26,F7.4y T33,F7,3
$eT41,Fr,3, T47,77,2, T54,F7,2, I62vF503v T72,F7.5, T81,611,5
$ TO3IF7.%, T106,F7,3y T115,511.3) ‘

2039 FORMAT | T2,"TAL,TAD, TWI,TwO,T11,ANGE, TYD"y7515,6)

OO0

oo

e el

OO0

0o o000

ROO

8290

830

CONTIMNUE

TEMPERATURES OF FLUIDS ENTERING AND EXITING THE HERT
EyCHANGER

TcuPERATURE OF AIR ENTERING' THE' MEAT EXZHANGER:
TAI =2 T4

TEMPERATURE OF AIR EXITING THEI HEAT EXCHANGER
TAO = TAI s VAR(3) s RANGE

T=uPzATURT JF WATZR EXITING THE UEAT EXCHANGER

TH3 = Ty = RANRT - TTT

T-MPERATURE OF WATER ENTERING THE HEAT IXCHANGER
TWI = DANGE + TWD
THE LOG MEAN TEMPERATURE! DIFFENENCE OF THE FLUIDS IN' THE
VHFAT EXCHANGER

HXLMTD = 1+E¢30

TESTR = (TWI-TA0) / (TwWO=TAI)

IF(TESTR .6T. 0,0) 5270 329 . )

WRITE(49253Y) TAIoTAOvTNIvTNO,TIIoRAVGEoTTD

GOTO 820

IS (TE@TR .ER. 1.0) HXLYTD = TWI=TAQ

IF(TESTR JNEo 1,0) HXLMTD = ) -
§ {(TWI-TAD) = (TWO=TAI) ) / A DG (TWI=TAO)Y / (TWQ~TAI) )
CONTINNE

INITIAL TEMPERATURE DIFFZRENCE BETWEEN THE WiTER AND AlIR IN

TSE HEAT EXCHANGER
HXITD = TWI =~ TAI

PQINTOUT OF HEAT EXCHANGER! PERFORMANCE. PARAMETERS
WRITE(#s335) TA
s,71
4P -
SyAPTACA
$+RANGE
$4TTOP
S+HXLMTH
$aHxITOD
$9°PGEIN
$yDELFC
s,CcSTCL
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SURROUTINE XTEND 34/76 OPT=1 FIN 4,247835] 12720/1s

e Ne Nel

SUBROUTINE XTEND (L)
THIS RAUTINE CHECKS EXTREME VALUES AT MINIMALI COST POINT.

DIMENSTON TTRY (2) ,RTRY (2),CTRY (2) ,ATRY (2),WTRY (2)

COMMON /SINK/ ~ VAR(5), CPIP1, CCOSls w3}, COSMI, EFF1
Sy CL‘AN‘p REAIlp ZIOHRFAZSQ N“']" U]:' PPOWI'

s TPOWly NEFCle WINTL, ELENIo vaIRls VWATY MIT, HOl Tély.
$  2Egal, ~ Vw1,zPLNC2,751712, 75737, Sy41, Sw3y,

s SPe1e PTOTIWALNC31e AFRN1Y AAIRIVYFPUINY 5PCOTY SPS13+WT2MIN?
$ B¥oMINsNWRMIN, TCOSye DEPAyy JIPWTYH DPWCisCON3ATy XNTSyy VELDY
S, TLaly UCON1, FMCS1, FBACls EFFCly cH1, CAl» cs1

$s CLTrly CFCl. CPCCL,FITCI1, CSC1,CEPRELLDEPIPY, aSTL
§sCAPCS] «XNFANL yBLOANL yCPRLEN] 9DPFELLy  wH1, WTTUl, ADI1, ABL]
Sy ATHR1y WTFR{4STRUC),CFMPF, %PPFI,ToTcFi,EFFINT, ANTUYy

$y AIRFFls WaTFF1, XNMOply TCTP®1, FOCPFl, FUTRcly AcTT?1, aDJTPL
s, ACT3P1, ADJBP1, aCtyHl, ADJydl, aDJPP1, 143aIl, 7CTF1 , AFCSTI
$s CS~1y WATER]s WSTRC1e CFOUN1s HUBDIYts TOWLEL® CSEl CHF1
$ #C341, NUuTOWy, CTOWDp» ATU3C), CSTLV}, CSTH4Sys CYLRN], CFANE,
COMMON /SUPPLY, vaL (), ¢PI%y (c0S, w3, 505“’ EFF

$s CLAYD, REAIR, ZoHRFAC2, Ao U We

$ FPAWe DELFC® WIDTHs ELENSY VAIR* VywAT)» HY® HOY T4
3 REWAT, NW,2LANC2,PS1Z212y §SP3P, SWay SWA, )

$ SrcyPTOTAL,PLANC3,SAFROVy  AAIRy  YFPy SPcHePSIZ13,  WT2»
% BR2, Nw2, TCOS, DEL®A,JELPAT,DELPWC,CON3AS, XNTSX, VELDX
S, TLAXe  UCONs FMCSTe F3ACLCY EFFC CH Car cs

S cLTCy CFCy CPCC, FITCIy  CSCeCEPREP,IELPIS, AST
$+CAPCSTy XNFAN,BLDANGy CPLENs JDPFELs  WHX, 4TTUS, ADIA, ABLN
&y WATHRRs WTFRMySTRUCCICFPERSYHPPERFYy TOTCFy EFFINY  ANTU _
$y alRcFy WATFFy  XNMOD, TCTPFh  FpCPFy  FMTRCe ACCTTPY  ADYTP
$. ACTBPD, ADJBPD, ACTYH, AdJvd, ADJPPF, ¢+42aIR, - TCTF, AFCsT
Ty CS»Ds WATERWe WSTRCTs CFOUNDs ~USDIA® TQALENY® CSE CHF
$ sC3Ay NUMTOW, CTOWD, ATUSCs CSTLVRs CSTHS, ZYLRNGs CFANEL
LOGICAL FIRST, FXTEWP
COMMON

ATTR. ALPHA

sCAPF, CSSPKW, CONFy CONLy COSTLs CAPCHGs CONMAT, CONMA2,CAF

9C3Js CSEALPy CELASTs CFSs ZDANGy CLUVR, ¢HAILS, CVM

«DZEPLy DESVEL. DANGLE

,E’.‘FP

sF 22y FIRSTy FIxL, FCO5, FXTEMP

1G3IEFF

JHXNP, HPCST .

'Y I4E€ar

s ITHAY, ITMIN

s JaONe .

o K20Nv, KALEXT

yMXEXT

sNTUCAL (2) s NTA
cOMMON

Opa _

,PS1Zc, PER, PWCOS, PLANC, PFACT _

+OIHBAFs POHFANs POHLECs POHCIy POHCNDs POSSTCy POMSCL

1Q3eJ, QRsplce

sR3Py REHUCEs R0OSele ROpplay I00FLy RFIX

ySAAF, SIGMA, SPAMAT(2) o .

+Tys TPO(%)y Tgrpe TLIMe TLPRA, TSgALP, TeLWSTy THEINY TFIX

MDA A RA A

F-164
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XTEND
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74/74  OPT=) FTN 4,247335]

s TIRAZGY TW
yiJ2Se UJWS
WVAS R
YWY
JXJEPA, Xw, XD
COMMON sLACALL, SRN
COMVON /TIV‘/ xuS,TTD,TLAvXVTS,ARPS
Trav(ly=vaq ()2
IF (TTav(ly ,LE. 0 .0 TvRY(1Yy=10,
TRY(2y=vantlya20,
IT(TXTrudy TTRY(!) = TFIX
IF(TXTruP) TTRY(?2) =
cTRY (ly=vea(3)-3,
IF(STRy (11 LEL0,) cTRY (l)=,5
cTRY (2y=vaRr(3)+2,
aTay(ly=vaxis) s,
ATRY(Zy=van (%) s4,
wTRY (lyzvar(5)+s®,
d\PY(7)-VaQ(5)/3
ng 3 121,2
RANSL= (TT2Y (1) =TTD=TO)~ (1, -=x=<-VA=<3)))/vAR(3)
RTRY (11 =,5«2246L
RTRY(Z)y=,7«RANGL
IF(=XTr42) RTRY (1) = RFIX
IS (7XTrM2) RIRY(2) = RFIX
SRAN=W/ v TEND=iy/ 0
na 3 1e=1,2
CALLT CaLC(TTRY (1) 2RTRY (IR) s VAR (3) 9 VAR (S) 4VaAR (5} 1)
I (K22 'V.22,1) 69 TO
1F (JELPa, Lr xDEPAY 50 0 3
1F(IEL"ALE XDERA) 30 1O 3
IF{TC0.GT,59%T20S1) G2 TN 3
Tenslsres
VAS (1) =TTRY (1)
YAS{IY =vax )
VAS (6)=VAR(4)
VAS(5) =VAR(5)
=1
CONTINOE
DD 10 t=l.2
FAN3LE (VAR D) =Try=To)* (La=EXP(=CTRY (1)) ) /CTRY (D)
RTRY ! i y 2,92 ANMGL
RT2v (23 =z.723ANGL
5 (FXToP) RTRY(I)

Tr Elv-r-un. nvr\ s D
\"I

faz-u/vrrwa 30

5 10 T3=1.2

CALL: CALZIyAR(]) +RTRY (I3} 4¢ TRY(I)avAR(4) yVAR(S) )
I7F(<C0V,22.1) GJ 79 1¢
IF(DSLoa,LT,.XDEPA) 30 70 10
IF(JELnALELXDEPA) 50 TO 10
IF(TCO<,53T,.99»TCO51) 62 T70. 10
Tcosl=rcos

vas(lyzvaa(ly

VAStID 22TRY ()

VAS(4) =VAR (4}

VAS(5)=VAR(3)

[N (]
pel
B
>
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SUAROUTINE XTEND

10

74/74  OPTay FIN 6,247835]

L=l

CONTINIE

DO 11 1=1,2

Calll calC(vaR (1) yvaRr(2) o VAR(3) yaTRY (1) yVAR(5) 4241}
IF (<COMYGEQeL) GO TO

IF(JELPALLT.XDEPA) GO TN 11

IF (DELoALLELXDEPA) GO TO 11

IF(TCO",6T.4994TC0S]) GO TO 11

Teoslarens ‘

VAS{1)=var(l}

T VASID ZVAR(D)

11

13

VAS(4)=ATRY {I)

VAS(35)=VAR(S)

L:l

CONTIN'E

SaAN=!/YTEND=G /N

DO 12 1=z1,2

CAL.I CALC(yAR(I1) s yAR(2) SVAR(3) s VAR (4) sWwTRY (1) 93¢ 1)
IF(<COWW,.Z2,1) 59 TO 12
IF(JELPALLTXDEPA) GO TO 12
IF(DELPALLELXDEPA) GO TO 12
IF(TC0C5T,s992TCAS1) 60 TO 12
Tcnsl=reos

VAS(1)=VAR (1)

Vast3)=vaR(3)

Vadisrm=vax(e)

VAS(3) =aTRY (]

L=1

CONTINUE

IF(LWER,]1) WRITE(6,13) .
FORMAT (" XTEND CALLEDs AND CHANGE! MADEWM)
IF (L .EQe 1) KALEXT = KALEXT ¢ |

IF (<ALEXT o3T. MXEXT) STOP ncalls T0 s,?, EXTEND EXCEED MXEXT»

RZTJRN
END
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