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l o g i c ,  i n p u t  and o u t p u t  i n f o r m a t i o n .  Volumes I 1  th rough I V  a r e  appendices 
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Volume I 1  - Meta l  Finned Tube Vers ions o f  t h e  BNW-I Computer Code 
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APPENDIX F 

PLASTIC VERSION OF THE BNW-I COMPUTER CODE 

F igu re  F-1 i s  a sub rou t i ne  l i n k a g e  c h a r t  i n d i c a t i n g  which subrou t ines  

may c a l l  o r  may be c a l l e d  by o thers .  T h i s  c h a r t  should be o f  ass i s tance  i n  

us ing  t h e  l i s t i n g  making up t h e  remainder o f  t h i s  appendix. 
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FIGURE F-1. Plast ic  Circular Model Subroutine Linkages 
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c 
C SCALIVC THE STEAM SUPPLY b ~ 0  TURBINE'  ?3 A C C O I ~ V T  F ~ Q  CHANGEI 
t: I u YEAT PATE OF TURBINE 
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CALL1 SCCALF 

4 C A L I '  5 ~ 3 T  t 1) 
IF(TCO:~.G?.O,O) GO TO 5 
V 4 S f 4 ) o V 4 S ( 4 ) / 4 .  > .  
G3 T O  4 

5 L=O 
C  I . I  

C  . E Y T E V ~ I N G  TWE SEAHCY B E Y D V ~ I  TYE L I M I T S  3F THE PATTERN 

. C 
C  P;NE QIITTE~V SEARCH FOR T IE1  O Q T I Y U M  P o I Y ~ T  

C4LL l  Su3T ( 2 )  
2 JCO\IS=' 

C  
C 6 0 A 3 I E N f  SE47CH FO? :YE 0 3 T I Y J H  POINT 

cn~, '  s r ? C r  
, L F ' ( J C O ~ ~ S . E O . 0 )  GO TO I @  

Y = K + ~  
I F ( < . G + , ~ )  GO TO t , 

l g  C ~ ~ J T I \ , ' I E  I .  

C  
C P T I V T O J T  OF DRY C03L I t4G T W E R  DESIGY . 
C 

CALL; O ' t T ?  ( Q ~ P ~ H R F A C :  S S C ~ , C A ~ S S ~ ~ P ~  A V C T ~  , P i 4 ~ ~ 1 )  
CACI i  011T4 ( 1  
CL!-LI 3 ' 1 T 4  (2 1 
CAL-1 =."''1X3 
CALL1 S-T-IXC (AFRO1 I 

CAL'I il"?Tl(~)EsvE~, POHCiQ) 
cnL,~ s c a r 2  ( E F F ~ ~  , C ~ U ~ A ? ~ C O U M A ~ )  

C A - L  "OTrk'J 
' W ~ I T E ( L ? ~ O O )  
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W o l T E t 5 , 3 3 ? l  . 
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W ~ I T F ( C  ~ ~ 3 3 )  a 
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FCSJ ' I  = a.o 
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C  TuE 3?Y C 3 3 L I Y 3  TOHER 4U3 PDHEq P L A V T  F3R A  :EARLY 
C  T F Y ? E ~ A T U ~ E  P R a T I L E  
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Ct,21TPL AND OPERATION C35T' SUYHARY P R ~ V T O U T  

C I ~ L L I  SIIYCCS (FC4, PSIZE, C A P F ,  CCOSl. CPIPl, C O N S A T ,  ATUSCl, C P ~ E Y Q  
5 r F 3 ~ C i r  Ft4CS?r SfRUClq C F O U V 1 9  C41CS1, SPCDl, SSCO, H R F P C l  .k 

S q Y ? F ~ ? q r  Y F P Y I b l t  D L A N c ~  CLAVL* cLSgYt fcSUY, cOSbflr cSTLV1 
8'  ,CSfrt~l. c F A N E ~ , x N F ~ N ~  C y L ? Y l e ~ " J r 4 Y l )  
TD=TS 5 .  
F I Q S T  = .T?UE. 
K 4 L 9 X T  = 0 
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I F ( T ~ . I - E . T E N ~ )  GOTO 1 
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I;(uLJc~SE.EQ.O) GOT0 15 
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SURROUTINE CALC 7 4 / 7 6  OPT-1 F T N  4,2*?4351 12/20/76 

S U B ? ~ U ~ I ~ ~  CALC ( T I  9 R ~ N G E , C W A ? A V  A ~ R ~ N ~ W L R A T ~ Y )  
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C HFAT EXCHAYSER. T'fE COST 3 F  THE HEZT  EXCHnNqEq SgRFbCE I S  
C F n i l V 9  37 A SEPA9ATE ROUTIVE l  I V I T I A T E D  FqOM T H I S  SclRROUTINE'r 
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C TuE 3ES:GN AGD COSTIYG 3 F  THE F 4 Y  A V D  P T P I N G  SYSTEMS ARE DOVE1 9 

C Rv SEDAQATE ROUTIVES ALSO I V T I 4 T E 3  F R O V  THE c 4 ~ C  SURROUTIVE*  
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i c! C 
r 

C . . TtrE I V P U T  PQRA\IETE?S ARE1 S J P P L I E C  7 3  TJEI C A L ~  SUBROUTINE 
C 9 7  T-IE ~ P T T Y I Z A T I O ~  ROU? I ' JE  DEVELOPED 9 Y  M.1.T. I T  I S  A 
C C ~ Y ~ I V A T I O N  OF A PATTEQV A I D  S R A D I E V T  SYRRCH ?OUTINE* THE! 

15 C Plrh 'P3SE OF TdE CPTI'+I!Z4TI3Y PAQT OF THE* CODE I S  132 M I N I V I Z E  
C THE IU tRECIEVTAL  COST O F  3?v  C ~ ~ L I N P ,  BY VARYING T H E I D E S I G V  
C OF TdE  3 R Y  t O O L i N G  TOWE?. I T  THESEFORE S U D P ~ I E S  F I V E  DESIGVI 
C V r R I A 9 i E S  5 3  S J 3 8 0 U T I N E  C4-C QSD I Y  RETJHN AN INCSEYENTAL  
r: C>ST I S  FOgVD. 

2 a c 
C 
C TuE FOLLOWIVB  4QE THE I V P J f  PhR4METERS TO SUqSOUTINE  CALC 
C Ti. - STEAY T U 3 9 I V E  E X l a U S T  TEMPERATURE (CEGREES F )  
C R j Y G E  - TEYPE?ATLJ?E 3 i F r E Q E V C E  OF THE W A T E R  ENTERING pND1 

25 C L E 4 V I V G  T-iE *EAT EXCdANSEQ (3EGREEq F )  
C \;.la24 , - ; i P T i u  GF TnE *itll\'i C A ~ A C I T Y  O F I  THE W A T ~ R  70 THC 
C 
r 4 1 2  (DI~AEvSI~VLESS) 
C AFQOV - F ~ ~ N T A L  A ~ E A  OF1 THE HEAT  EXcYqNGER I N  T q E  D I R E C T I J N  
C 0: A 1 2  FLOV ( 5 0  F T )  

3 0 C WLRAT - 4 4 1 1 3  OF THE J I 3 T M  T 3  -TYE L E V ~ T H  OF THE HEAT 
C EXCHAVGER (D IYEVSTOULESS)  
C Y - 9 n R 4 q E T E S  d+I:d S P E C I F I E S  WHIC'I OF THE ABOVE HAS 
C SEEY V A R I E D  3Y T i €  3 P T I M I Z I A T I O Y  R o Y T I N E I S I N C ~  THE! 
P 
w L A S T  T I Y E  T ~ R ~ J s ~ ~ ' C A L C  

35 P L 

C 
C DFFXYTT IONS OF V A Q I A B L E ~  
C 
C A A I ?  ' A I ?  S I D E  MEAT T?A \SFES 4REA ( 5 0  FTj  
C AcC  - C 4 P I T A L  C3ST 3F1 ;4N SYSTEY ( 5 )  

C A V T U  - Y E 4 T  EXCHANGE? VJYaEQ OF TRAYSFER UVITS ~ D I K E Y S I O V ~ .  
C L E S S )  
C ~ A R  - & T v o S ? H E ? I C  PRESSYQE F 0 9  A PP?TICU~AR E L E V A T I O N  
C ( I Y  4 C . A )  
C C,,I\! .. TTUE ~ U A L '  i,, ref "" k r i  '"-""" c2 C r ' h t I T ;  G z Y i t E N  i i E  A:; 
C A V O  THE WATER ( 3 T J / 4 Q  DEG F )  
5: C T V L  - T i E R ' 4 4 L  C 3 b J C J C T I V I T Y  2F :YE TJBE WALL ( 3 r U / H R  F T  
C DES 7 )  
C DYED!-' - VPPE? OR LOME? L 3 Y I T  ON THE YJMBER OF TUBES I V  
C 3 E P T i  ( D I q E V S i 3 V L E S 5 )  
C D r L ? p  - 5 T R  S I D E  P 2 E S S J q E  3 ? 0 V  A C ~ O S S  THE HEAT EXCHANGER' 



- DEDTY OF THE 9E4T EXCHANGER PLRALLEL ,  TO TLIE A I R  
FLOW ( F T )  - I U S I D E  D IaMETER 3 F  T q E  H E A T  EXCHANGER TYBE ~ I V )  - HEAT EXCHnNGEQ EFFECTIVENESS ( D I M E N S I O N L E S S )  - PUYP E F F I C I E Y C Y  (PE?CENT)  - (FYGTH nF H E A T  FXCdqUGEo TUBES { t f j  - S I T E  E L E V P T 1 3 V  ('1) - A I R  S I D E  F R I C T I 3 V  F 4 C T 0 9  (OIY~NSIONLESS) - T 4 E  F I X E D  L E U S T 4  3 F  d Z A T  EXc49NGER TUBES S P E C I F I E D I  
? Y  I V P U T  TO T I E  CODE - Y ~ S S  FLUX OF ~ i ?  T i 3 0 9 8 H  THE T R ~ V S V E R ~ E  6 9 E ~  BE-. 
THEEV TUBES OF T4E  G A T  EXCH4VGER (LBMISQ F T  V R )  - V A S S  FLUX OF 4 I ? '  TH?OUGH THE ) X A G O Y ~ L  p 9 E ~  BETWFEVI 
TUSE 90WS OF T . l z l r lE4T  EXCHANGIR (L@Y/SQ F T  HR) - Yr\SS FLUX OF rJaTEQ TYROUGi  TYZI E X C H ~ N G E ~ I  TUBES 
(L3M/SQ F T  YQ) - WeTEQ S I D E  H E 4 1  T ~ A ~ S F E ?  c O E F ~ ~ C I E N T  TY3OUGH THE1 
#EAT EXCH4NGER T J 3 E S  (BTUIHR SQ F T  DEG c9 - ~ i 2  S I D E  H E A T  Tqh 'dSFE? :!)EFFI:JEVT THROJGH THE, 
HEAT EXCHPNGE? 3 J V 3 L E  (QTV /HQ SQ F y  CEG F )  - H3RSEDOWE? RE3J I 'EYEVTS OF WdTER PUMPINS'  SYSTEki 
F 3 R  THE CONDEUSE2r P I P I Y G  SYSTEMI  NO COOLING 
TDUER ( H P )  - YEAT R A T E  F A C T O ?  OF S T E A Y  TIJQ~I~E A T  THE1 RATED BACK! 
p9ESSU9E (D !YZNSIDVLESS)  - nEnT 4 n T L  F A C T 9 3  O F  STE4Y  TuQ3 ' INE  4 1  T H E I D E S I G N  
TEMPEQATU?E (3 :uENS10VLESS)  - NJYqER OF PASSES 3F d4TEQ T H ~ ~ u G Y  TYE HE&T E X C H ~ N ~ ~ .  
EA ( D I M E N S I O V L E S S )  - I V T E R V A L  V k R I d B L E 1  F 3 Q  SELEC~IVG THE F R I C T I O N  F A c T ~ Q '  
AVD +EAT  T R A ' J S r E 2  C ~ E F F I C I E V T  FOR THE I V L I N E  OR 
STAGGERED TU3E S'ACIVG ( D I M E V S i O N L s S S )  - I ' i TEq ' JAL  V A R I A ~ C E ' F J R  S P E C I F Y I N G  T H A T  T*1E SET OF' 
I U P U T  V A 4 I A 3 L E S  i E 4 3  TO U Y R E A S O V A ~ L E  ANSdERS 
( ~ I M E ~ S I ~ ' J L E S S )  - S S E r I  F I E S  T e E  TYDE 3 F  NTU-EFFECTIVENESS t A ~ c U L & T 1  3N' 
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S U R R O U T ~ N E  CALC 74/74  OPT^ FTN 4..2+7635i 12/20/!6 

TuE A I R  S I D E  REYNOLDS V3Y3ER FOR THE M I V t M U M  CROSSb. 
SFCT IOYAL  FLOW AREA I S  F3JNO BASE3 ON T 4 E  O U T S I D E  TUBE 
DTAYETER 

- 
REAIR=oDL*GAIRl/(r046*12oO) 

C . 
C TIJE A I R  S I D E  Y E A T  T R A u S F E ~ I  (BTU/HR SQ F% OEG Fr) C~EFFICIEYT 
C ' A r l D  F 9 I C T I O U  FaCTOQ I S  3 E T t R Y I V E D  ' i: 

C f 

CALLI ~ P I C H O ( F A I R , H O , O D L , X ~ , X D , X S G , S A I R ~ , I H E P T ~ )  
>,F 

TqE ~IDTH ( F T )  OF THE 4EAT EXCHANGER IS C A L C ~ L B T E ~ ~  
D!=PEN31P;G 0'4 I F  THE L E Y t T 4  OF THE HEAT ;xcHA~IBER TUBES IS 
F I X E ~ C Q  ALLOWED T:! F L 3 4 T  

TWE VUMBER OF TUBES I N  H13TH.  

A CHEEK ON THE NUMBER OF* TJEIES I N  WID~HI 

I F ( V W * L T - ~ )  W R I T E ( 6 , 3 1 6 )  AFROU 
I F ( V W . L T I ~ )  YKTR t YKTR + 
I F  (YKT?.ST.ZOO) s T c P @ ~ A F R O N  I S  3EINcJ. DRIVEN 130 ZERO" 
I F ( ~ W . L T . I )  GOT0 1 0  
W T ~ = W I ? T Y  
NW2=NW 

T r I S  I S  THE START 3 F  TYEi I T E S A T I O N  LOOP 'FOR ~ E T E R Y ~ V I N ~  
TwE VUMEER 3 F  TUBES I N  DEOTY OF THE HEAT'EXCHANGERI  

WATC? S I D E  9EYNOLDS NUMSE?' 

WjTEQ S I D E  HEAT TRANSFER COEFF.ICIENT i 3 f U / H R  SQ FT' DEG F') 

Nl fSSELT  L A M I N A S  FLOW 2 E L 4 T I O V S H I P  
I F  (REKAT .LT. 2 k 0 0 0 )  HI = 3 D 5 5 * ~ * 3 5 4 / ( 3 1 / i 2 . ~  

CNECK ON WAfEQ S I C E  HEAT T?ANSFER C~EFFXCIEN? TO 
D F T E ~ Y I U E  I F  I T  I S  A REAS3 'JpBLE VALUE 



SU~~OUTINE CALC 7 4 / 7 4  O F f = l  FTN 4.,2*?+351 1 2/20/!5, 

6 CDEJT I NI'IC 
C 
C OI/ER&LL HEAT TRANSFER CALCc lLATION BASED1 ON THE! O U T S I D E  
c FI IPFACE ARE4 ( 8 T U / d 9  SO FT  0 5 5  F )  
C 

REFFI = ATOT / ( ? . r 3 . ! 4 ! 5 9 )  
u = 1.0/ (1*0/140 

S 9EFi * A L O G ( O D L / ~ I )  / COqL'  * 
s  TOT / (PIIHI) 

C 
C 4 7 1  5135 YFAT  TPANSFE9 SU?Ff lCE'b.REA 151 FT) - L 

C A I  ?=A* ITLJ*CVIN/V  
c 
C VPLVYE OF i d €  qEAT EXCHIVSER (CU F T )  
C 

v ~ I = C A ~ ~ / ~ ~ F M A  
C 
C C7PT.I 3F THE HE4T  EXCqAUSE?l ( C T )  

C 
DEPTY=vDL/AFRON 

C 
C TuE  V Y V ~ E S  OF TU5ES I Y  DEaTY 

Ze.9 C 
~ 7 0 ~ 7 0  
Z3=12. rDEDTH/XD 

c 
C C-UVfPGENCE C R I T E R I 3 N  OF I T E R A T I O N  LOOP 

i 85 C 
IF (AQ~(ZP-PZD)/PZC*LT*?OOI) S ~ T O  1 1  

C 
C C-IECY CN THE NIIHSER OF T I q E 5  THROUG9 ITERATIVE: L O O P  
C 

~ G Q  K Y = < h i *  i 
? C : < Y . t ' . 7 0 )  V R I ' E  *3'13) K N * P Z 3 ' * Z 3 * P F R O V  

(; I F  (" ' .-T.qO) GOT9 1 
7=23 
GCT? 5 .  

095 1 0  K C O \ l V = I  
~ \ / r = v  
Q E T J J V  

C 
C H c S T J I C i I h l G  T*+E N U U Z C R  3F TU3ES I U  D E P T i  B Y  FXTERUALI 

C O l l  C V n 4 I h 9 ~ E  DEEDL 
C b 

11 7EST  = 11 18 

I F  ( 3 E E P L  rLT. 0.0)  TEST = "e3T. I '  
I F ( ) E E q L  . S T *  0.01 TEST = " r L T e "  
IF ( TCST .ES.  11,5~.11 . A ~ D .  z 3  .G:. P B ~ ~ ~ E E = ~ ! ) )  GOTO 10 
I F  ( T r S T  ,EC. rf.LT.l' .AVD. 2 3  .LTe ?EE?Ll  GOTO l a  

C 
C klnT5; S I D E  F S I C T I O N  F A C T 3 4  4N3  FRESSUaE DROP CdL tJL IT IOY 
C oc t r ~  F E A T  EXCHANGER 

L 
C 
L V c L 3 C I T Y  OF Y A T E R  7'490U5d THE TU8ES 



FTN 4,2+7P351 12/20/!5 

1 C - 
. e l 5  vWAT=G'~AT/ ( 0 2 * * 3 6 0 0 * )  

C 
C HFAT EXCHANSER TUBE LENGT-Il 

, 
C 

IF~=#TLYB) ELE~JGIFIXL 
S t 0  I F ( ~ V O T . F X T L N G )  ELEVG=WIDTH/WL~PT. 

C 
C w4TEQ SfOE FRICTION FACTOR 
C 

I F ( ? E W f i T * G T * 2 0 0 0 * )  GO TO 12 
625 FWAT=16./SZtlAT 

GO T:! ' 4  
12 IF( 'E ivhT.OTsl*ES) GO TO 13 

F W A T = . E ~ ~ ~ / ( R E U A T * * . ~ ~ )  
f 

GO TO 1 4  
E 3 0  13 FdAf=.646/  ( ~ E W A T * * , ~ )  

c 
C WATER SIDE P R E S S U R E  DROP' TiSOUGY THE H E ~ T  EXEHANGER 
C 

14 DELPWT r YX'dP * 48. FKAT ELENG (G~&T/3500.) ; *2 / 
535 5 I D 1  * 6 2 .  64.6) 

AIRCF F 4 1 2  
WATFF r r W 4 f  

C 

C CnY5EYSER DESIGY 
C 

C b t L I  S P ~ E S ( T ~ ) , T ~ , F ? A Y G E , T T D , X V S , ~ Q E J ~ V E L D , R H O , A R P S , T L G , X N T S , H @ L O S )  
DEL'WC=HDL35*62. 

C 
C CnSTIVG O f  TYE HEAT EXCYAVGER SURFACE 4VD HEpDERS 
C 

CALL[  C n s  T E x  (ATOT) 
C 
C FIY SYSTEY DESIGN 
C 

5 5 0  T ~ = C ~ A P A * R ~ V E E + T D  
BARLN=?.37953-3.51835EIS*ELEV 
B ~ R Z E X P  (0ak'Lh) 

C 
c S P E C I F I C  VOLUME OF 419  '32' THE, INLET T O  THE -EAT E#-. 

555 C CI-t4VGER GUXDLE. AN3 THE E X i T  OF; THE FAN tCU FT/LBY)  
~ ~ ~ 3 L = i ~ 4 + 4 5 9 , 6 7 ) / 1 * 3 ~ 5 / 9 ~ ~  - 
V A I V k  ( f ~ + 4 5 9 . 6 7 ) / ( 1 , 3 2 5 * 3 ~ ~ )  
VAOJT= ( ~ 4 + 4 5 9 . 5 7 ) / ( 1 . 3 d 5 + 3 ~ ~ )  
v ~ / L v = ( \ I A I v + v A O U T ) / ~ .  

go(' V A ~ ? ~ G ~ ~ I P ~ * V A A V / ~ ~ ~ O *  
C 
C A ! Q  SIDE PRESSURE DRCP TY23UGYl THE HEAT EXCriNGER 

DEL3n - [ S a I c 1 / 3 5 0 0 * : * * 2  * Z * (4 . *FAI? )  * VPAY/5ar4 
D P T ~ S F I D E L P A  

565 DPTIVN = DPTPSF/ 5.2022 
I F ( ( D P T I Y W * ~ ~ ~ ~ ~ ~ * S ? V O L ) . G T ~ ~ . ~ ~ ~  ~ E T U R N  

C 
C DFSIBY AND COST OF THE F P V  S Y S T E M  

CALL! FAM (;?TINW) 
5 7 0  C 



SURQOUTIVE C A L C  7 4 / 7 4  @ P T = ~  FTN 4 . 2 + 7 + 3 5 i  l2/20/!6 

Arc S?EATER THAN . 4 9 E + 9  YE4VS h 3  S U I T A ~ ~ E  F A v  WAS FOUND BY 
SlrBROJTIbIE F A N *  SET TCOS I 3 1  YIGe VALUE TD THROW OJT  T H I S  
P p I Y T  IQ THE S E A R C H  FOR G ' I I L I Y U M  

DFS IGV dNfl COST OF THE JATE2 ?I?IYG SYSTEM 

CQLLI  P T ~ C ? T ( T ~ ,  h3, T T D T  R A V S E ,  C T b d 3 ~  D E L P ~ T ,  D E i P w c ,  DIST 
3 rCESVEL ,  REDVCET 1 ? I 3 J C I ?  Met 20, X W t  T C W F C S ~  NUMTOY 
F * D E L P 1 2 *  E F D P r  H P ~ A T v  9d3v CDAUG. ~ O H C I ? .  P O q t E c r  EFFP) 

D E ~ ) M  ~ E L ? P T  + ~ E L P W C  + D E L P I D  
I F ( T Z W F C S  . S T .  l.E*3?) T C O S  = l.E+38 
I F  ( T C t l ~ C S  . S T .  i , E + 3 ? )  RETUQV 
p p f i 4 = ~ n d ~ f / : l . 3 4 1 * ~ ~ F ~ )  

ScaLIvG Up TqrT DObE9 P L A Y 1  AN3 T H E * e R y  :OOL1y3 TONER 70 
MFET THE POWER REQUIREvEVTS OF THE FAN 4ND PIPING SYSTEMS 

DcTEQV lPJE  THE IVCREASED C 3 S f  3F' PSODUCIVG E L E C T R I C ~ L ~  
Fr lc 'E? F R O M  OOWER PLANT U S I V O  A DRY COoL1:NG TOWER 49 THE.H€ATa 
R F J E C T I ~ N  SYSTEV 



SU~ROUTINE CHNQE 7 4 / 7 4  @ P T = i  FTN 4,267q3~i 12/20/!6 I 

L 

C T H I S  S n U T I V E  I S  CALLED B~ SUB?OUTIVE.  SERCH WYEN P ~ E S S U R E  DROP RE-* 
C S T R I C T T O V  I S  E N C ~ U N T E R E D *  I T  S f & R C d E S  BY C H 4 N G I N d  A v A ~ I A ~ L E ~  
C OThER THAV THAT SELECTED BY S U 3 2 0 U T I V E  SERCY, 
C 

L O G I C A L  F X T L Y G  
D I M E N S T O N  D P ( S ) ~ ~ V ( S ) , V A J ( S )  
COMYoN / S C A L E R /  q 9 ~ 4 ~ l v  S S c D *  PCdN 1, C A ~ ~ ~ 1 9  

5 G 4 J R ,  ~ A I R P  H P ~ I R I  HPMAT, P L 4 V C T  
LOCICAI. F I ? s T ,  F X T E ~ P  

F 
COMqqy 

P V 4 .  4Lp14A 

, E r F P  
3 ,FCPr  F I Q S T ,  F I X L *  FCOS, FXTEMO1 
S ,G?EFF 
S ~ H X V P ,  t4PtST 
$ , I I E A +  
$ r:T'lAu, I T H i N  
s ,JtO?:q 
% ,KcDNv, K A L E X T  
B ~ M X E X ~  
f ~ N T u C < L ( ~ )  9 NTA 

COM V D Y  

f; on?' 
B 9 P S T Z F p  3 E R 9  PWCOS, PLAVC. P F a C T  
5 ,P3HSdF,  P~HFANI POHLEC, P b q c I ? ,  POHCYD, P O Y S T ~ ,  P O H S ~ ~ '  
S ,n3FJ. 3QEDUCE 
5 9 0 3 O c  REDVCE? POESEL, ROEELI~ ?OOFLv RFfX 
5 r S l A F .  S I S U A c  S P A Y A T ( 2 )  

r T ? t  ~ ? 3 ( " ) ,  TECFq TLJM, TLPSP,  TSEALP,  T ~ L b s . 7 ,  ~HFIN, T F I X  
B t T J E A ? G ,  TW 
S ,1::sc UIJS 
B ,VI \S( ' )  
F rW;V 
S rX3EPnc XkJr X p  

c3MYON / S U P P L Y /   VAL(^) 9 c P I D ,  cC35r W 3 9  COSHI EPF' 
S 9 C L C '  0 ,  ? E A I R *  Z,HRFICE, d4, U, PPOy* 
$ C P n V ~  gELFC* WIDTY, E L E ' J S *  V A I R I  VWAT, H f  9 H o t  7 4 e  
6 ' F W t T *  ~ ' N * P L A V C ~ , P S I Z ~ ~ I  SP3Pv SW4, SWqr 
55 S P C , P T O T P L , P L ~ \ ! C ~ ~ S P F Q O ~ *  P A 1 9 7  YFP, S P c j t P S f  2139 WT2, 
S n- - 

C I  v .  - -  IL-J, > E ; ' k , ~ ~ i ? d i , ~ E ~ P ~ ~ , ~ ~ ; I ' a 4 S ,  x N ~ S X ,  y E i 3 ~  
$ 9  T L q X *  UCONt  F Y C S T v  F B b C C *  E F C C ?  C H *  C A *  CS 
B *  CLTCI CFC, CPCCI F I T C 3 ,  C S C ~ C E P ~ E P * ~ E L P I P I  I S T  
S * C A J ~ S T W  X Y F u h ! , g L D ~ V G *  CPLEV, 3 ? F E L t  WHX, d T T i l g ,  ~ 0 1 4 1  ABLV:  
BI d T H p a *  W T F R ~ * S T R U C C , C F P E R F * ~ ~ ~ E ~ ~ *  TOTCF, E F F I v ~  4 V T U  
69 IIIRFF~ W~TFFI X'!F'*'OD* T c T > ' ~  FDCDF, FY'TRC, AccTTP, A o J T P  
%, A Z T B ~ D I  ADJSFD, PCTVH, A ~ J v ~ ,  4 3 J P P F r  7 * ? A 1 R 9  TCTF, AFCST 
F ; c  CSoDc dATEQW* WSTRCT* C F 3 U W 8 ?  l i l 9 D I ~ c  f 3 d L E N *  c S E v  CHF 
S v C 3 A r  YYuTOk!r CTOWD* A T U B C f  C S T L ' t ? ?  CSTHS, t y L ? N ~ v  C F P N E L  

C O Y Y O N  ISIUW V A ~  (5). C P I D ~  : C O S ~ ,  n 3 i 9  EOSYI  E F F ~  
B, C L ~ " I *  z ! * H R F A ~ S *  d + l v  U1, 
B = P 0 t 1 l *  3 E F C l p  u r I D T 1 9  ELEYl* V a 1 9 1 r  VWATI, H I 1 9  - 1 0 1 ~  T b 1 9  

' F W b ] ,  Y W ~ * Z ? L < C Z * Z S I Z ~ ~ *  ZS?3Pq fY41, S W 3 i 1  



SUR~OUTIYE  CHNGE 9 4 / 1 4  OPT=]. FTN ~ . ~ * T S ~ S I  12/20/76  

t S P c l *  D T O T l * ? L N C 3 1 *  A F * O ~ *  P A I ? ~ * Y F P Y I N I  S P c D j r  S P S ~ ~ * W T ~ M ~ N V  
S ny2YrN ,V~12"TN*  T c O S l ,  p ~ P A 1 9  3DNT1, D P W C ~ ~ C O N B A ~ ,  X Y T S l r  V E L O I  
5 9 f L r l  U ~ G N 1  1 F M C S I *  F B A C l *  E F F C I *  C H I  , C A I  C 5 1  
* C ~ T r l q  CFC1' C P C C ~ * F I T C ~ ~ *  C S C ~ * C E P R E ~ ~ > E P I P ~ ~  4 S T 1  
$ , C & ~ C S ~ ~ X ' I F & ~ ~ , S L D A N ~ ~ C ~ L ~ ~ ~ ~ * D ~ ~ E L ~ ~  W H l *  dTTU1, 4 D I 1 ,  4 9 L 1  
k c  v 'TL+n l  r WTFR1 , S T R ! J t l r c F M D F 1  ~ P P F ~ ~ T o T ~ F \ * T F F I Y ~ -  A N T U I  
$ 9  A I D F F ~  w A T F F ~  9 XV"'~l c T C T " ~  1 F ~ C ~ F I  1 F ~ T R C ~  9 P C T T ~ ~  * A D J T ~ ~  
$9 A C T B r l *  !,DJPp1* A C T V H l *  ADJV419 4 9 J P P l r  T H J A I l V  T C T F l  9 A F C S T l  
6. CS-1, W A T E Q I -  WSTRC!* C F 3 d ' J l r  I U B D I 1 ,  T D d L E l *  C S E l *  C Y F l  
S , ~ ? r 1 1 ,  YUUTO'dlq ~ T 3 N a l r  ~ T 3 3 ~ 1 1  cSTLV19  c S T I S ~ P  C Y L R N l r  c F A V E ~  

 COY^^^ /FLSN/ FXTLNG 
C O M ~ O Y  / L A C R L L / S ? N  
CDM\'CN / T I Y E /  X ~ I S I T T D ~ T L A , X V T S I ~ ~ P S  
L=c' 
rl=c 
0 9  ! I = 1 * 3  

1 3 v ( I : = . r 5  
0 3  2 I = 1 * 2  

2 ~ v ( I + 3 ) = . 2  
03 3 I = l , S  
V f i J ( 1  ) = \ l i j ? ( I )  

3 V b L ( I ) = ' J 4 ? ( 1 )  
4 V A I - ( Y ) = ( I , + D V ( M ) ) * V A R ( M )  

IF ( :XTcV?)  v a ~ ( 1 )  t TFTX 
I F ( ' X T c Y F )  VAL ( 2 )  t R F I X  

C - 
~ ; \ V & L ( ~ I . L L ~ \ . ' )  Gb T O  36 
I F ( V . t r . 3 )  'G9 TO 1 0  
I ~ ( V A L ( ~ )  .LC. O.O) G O T O  36 
H = Vb , ( ~ ) I V ~ ~ J ( ? ) / ( V A J ( ~ ) - T T ~ - T ~ )  

4 1  I F ( i , G r , l , )  C G  TO 36 
I F ( ~ L C ~ ( ~ . - H ) / V A L ( ~ ) . L E . - ~ ~ )  6 0  TO 36 

1 0  5 q ~ = ~ / r ~ ~ ~ ~ - 1 /  11 

C A L L  5 4 :  ( v n L i i r  , v A s ( ~ )   VAL(^) P V ~ L I ' )  * v ~ L I ( ~ )  9 1 )  
I F ( ( C , ' \ I . E ' J . ~ ~  G~ t 36 
~ a = 3 c t - r  
? r :=DE- r \ l  
~5 ! U )  = T E L P ~ - D E P A I  
IIR=L 
I F  ( 'XT l -? IS )  I i e r 2  
DO ?5 T I = I I P * 5  
I = 6 - I 1  
I F : I . E I . ~ . ~ ~ D . D V ( ~ ) ~ ~ T . * O O ~ )  63 TO 35  
1FtI.En.v) 29 f O  3 5  

11 V a ~ . ( I ) = ( 1 . * D V I I ) ! * V A 2 ( 1 1  
IF(V,IL!I) , L E . ~ . . " :  SO TC 34  
V A J ( I ) = V A L ( I )  
I F ( ~ X T F ' ~ ? )  V f i J ( 1 )  = T F I X  
I F ( ' X T c Y O )  V A J ( ~ )  = R F I X  
I = ( I . G T . J )  F3  TO l 7  
~ F ( V A J , ~ )  ,LE. 0 . 5 )  GOT0 1 2  
H = V, l  I ( 3 )  * v F J ( ~ )  / ( v A J ( ~ ) - T T ~ - T ~ )  

43 I = ( i . G e . l , )  50 T O  i t  
I F ( h i O s ( l . - d ) / ~ ~ ~ ( 3 ) r L E d )  8 3  T o  1 2  
G O  7 3  ' 7  

1 2  VAJ(I)=VA?(I) 
8 0  T 3  - 4  

17 J=: 



SURROUTI NE. CHNGE 7 4 / 7 4  o P T = i  FTN 4,2+1~3si ~ E / z o / ! ~  1 

, 1F(V1.L~.1)  J=M " r 1 ,  . ,  I 

SRN=II /CH?JGE-~/  6 6  

CALL1 C P L C ( V A J ( ~ )  v ~ A J ( ~ )  r v A J f 3 )  P V ~ J ( ~ )  * v A J ( ~ )  (J) 
v A J ( I ) = v A R ( I )  
IF ( < C O ~ I V . E ~ . ~ )  GO TO 3 4  ' ' 
PD=SELcA 
P A  1 =3EnA 1 
C P ( l ) = o E L P 4 - O E P A l  I 

e=".  I I I 

C=l. 
0=1. 

is V A L ~ ~ ) ~ ~ ~ ~ + D V ~ ~ ) * ~ E - O ? ~ ~ ~ ) ) / D O ( I ) ) ~ V ~ R ~ I )  
I F ( F X T c Y ? )  v A t ( l )  r T F I X  
IF('KT:wP) V A L ( E )  = ?FIX  
I r : V t , L ( i )  .LEOC.O) G3 TO 3 4  
TF( I .Gr .3 )  GO TO 24  
I F  ( V A L  ( 1 )  .LE. 0.9) GOT0 34  
H  = V A ~ ( ~ ) * V A L ( ~ ) / ( V A L ( ~ ) - ~ T D - T ~ ~ )  

45 IF(II.G~,~.) GO T O  3 4  
I ~ ( ~ \ L O ~ ~ ~ . - H ) / V A L I ( ~ ) ~ L E . - ~ . ?  GO TO 34% 

24 s ~ ~ l = f l / r ~ ~ ~ ~ - 3 /  I* 

CALL1 C ~ , L C ( V A L ( ~ )  T ~ A L I ~ )  T ~ A L ( ~ )  * ~ A L ( ~ )  ~VAL'(SI 'J) 
IF(<,PO'~V.EO.~) G O  T O  3 4  
Ii(?EL~AeGE.xOEPP.A'JD.DELPA.LE.1.O1*XDE?A) 0.31 TO 56,  ' 

I F ( ? E L P A . S E ~ ~ . O I * X D E P ~ )  GO TO 251 

E=T*C 
G O  7 3  T R  

2s D = C / 1 3 .  
I F ( 3 r L ~ a . 0 0 1 )  GO TO 34  
E=E-3 
GO Ttr 1 9  

26 IF(TCOq.GEeTCOS1) GO TO 3 4  
CALLI 5739E 
L = l  
00 27 i J - 1 9 5  

27 V A J ( I J ~ = V ~ R ( I J )  
 VAL(^)=(^ o+DV(M) *VAQ(M> 
IF( :XTrVP) ~ p L ( 1 )  o T F I X  
I F ( r X T c t 4 D )  V d L ( 2 )  = R F I X  
I F ( U 4 L ( Y ) o L E . u . 0 )  G3 TO 36 
1 F ( Y . 8 ~ . 3 )  t O ' T O  33 
I F ( V G L ~  1 )  .GE, I 7 @ . . 0 ~ . v ~ ~ ( 1 )  . L T * ~ ~ O , )  6 0  T O  3 s 1  
H = \ I k ( - ( 3 )  * ~ 4 ~ ( 2 )  / ( V P L ( ; ) - T T ~ - T ~ )  

47 IF!+.GF.~,) GO T O  36 
1: (4LOc( l  . - H ) / V n L ( 3 )  * L ~ e - l . )  53 TO 36 

33 S R ~ ~ C ~ ~ / ~ H V ~ E - ~ / I ~  
CALL' C ~ L C ~ V A L  ( 1 )  , V A L [ Z )  ,VAL(3)  p V A L ( 4 )  (VAL!(s) 
I F ( < C O ' I V * E ~ . I I  6 3  TD 35 
p a l  = o E ~ a l  
P P ~ I E L D A  
Dr ( 43 =PELPA-DEPAI 
G3 T3 11 

34 V k L ( I ) r V ~ ? ( I )  
35 CONTINI~E 
36 D o  37 ~ = 1 , 5  



FTN 4,2*70351 l t / 2 0 / ! 6  



SUP~OUTINE' COSTEX 7 4 / 7 4 ,  O P T t l  F T N  4.2r7435i  12'/20/!6, 

SU~?$U?IVE C3STEX ( A T O T )  
C I 

C S l r e R o u T f F J ~  COSTEX DETERYIVES THE COST 0:l THE !EAT EXCHANGER 
C Rl lNDLES OF THE DRY COOLIU31  TOHEqS, THE ICOST OF THE HEAT 

5 C ' EXCHANGER BUFJDLE I S  BSO<EVI D O I V  I N T O  SEYERPL SUBCOMPONEh(TS 
C 1. HEC2ER 

C 2. TU3IFJG 
C 3. T03I:JG S E A L 4 V T  
C 4. SP4CERS 
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is C D F F I V I T I O N  3F V A R I A B L E S  
C AsC - WOLE FACTOR F39 THE Y E A D E R ' C 3 S T S  ( ~ I M E N S I O N L E S S )  
C AT - C?OSS-SECTIOV4LI  4 9 E h  0 F  THE TJRE t S Q  I N )  
C 0 ? E c F 4  - QUNDLE SYIPP!VS 443 ERECTION F ~ C T O P  OF THE HEAT 
C EXCHAYGER ( D E C I Y d L )  

z 0 C c 4 - 3UYDLE R S S E M ~ L Y  4VO F Q A Y E  COSTS (fj 
c C?A - R ~ f J ~ L ~  &SSEM3LY t 3 S T  (f) 
C C T  J - C 3 S T  OF 3 0 L T ~ 3  1 ~ ~ 3 ~ 8  J O I V T  ( s / F T )  
C c ~ L A S T  - ~ 3 S i  3~ 7 - t ~  ~ - 4 S T O q c q  ( S / L B F )  
t c F P 2 ~ P  - c 3 S T  OF EVD P ? c P p ? ~ T 1 3 N  FOR E#cH TUB€ ( L I T U B E )  

2 5 C CFS - U V I T  F R A I F  r O S T S  ( 3 / C s f )  

c - COST OF T I E  H c ~ 3 f P  F ~ Q  EACH SJNDLE 
C C u t  '* - S T E E L  H E A 3 L 9  COSTS ( I I L B F )  
C CHF - a 9 N g L E  fqAME ~ 3 5 1  ( S I  
C C4X - COST OF TVE  q 5 A T  E X C ~ A N G E R  i s )  

C" E - V V I T  P L A S T I C  c 3 S T S  ( E / C ~ F )  
C , - C~OLIAG s ~ Q F ~ C E  COsT ( 5 )  

C C<C - TUaE SPAC,CR C3STS (B /TUBE-SPACER)  ' 

C C q E  - C3ST OF S E A L I V G  D L 4 T E  AND SEALf lNT '(s) 
C CSEALP - C3ST OF SEAL  D ~ ~ ~ i  ( S I L B F )  
c D - I U S 1 3 E  0 1 4 f l c T ~ 9  3 7  TU3E (IN) 
C 
(r ELENG - LEYGTH OF TWE Y f k T  EXCHAVGER TURES ( F T )  
c F .* - T ~ T A L  T93E F L O d  dJEq  PER D A S S  SQ ( i V )  
C F A c T  A  FADER F A C T O ~  J d I C 5  ~ E P E N D S  OV THE TYPE OF HEhDER 
C ( 3 I Y E V S I O V L E S S )  
C F I T C 3  - T 9 3 I U G  COST ( B / = T )  
C F c! - ? ~ E S S U R E  F A c T 9 9  ( ~ I Y E V S I O U L E S S ~  
C F 1 - Y E A ~ E Q  DEPTH Y ~ T Z R I A L ,  F A C T O R  (IN) 
C F 7 - HEADE? ~ V I D T W   ATER RIAL. F ~ C T O R  ( I N )  
C H q  - YEAD:? DEDTY 3E? D A S S ( I V )  
c H = D Y & i  - i Y s F  GP n t ~ [ l E *  9 4 1  E ? l A L  ( D I M E Y S ~ J N L E S S )  
C H F D T J ~  - u y Y q c Q  OF TU3ES 'LR ~ E A ~ E R  
C HcDTYD - TYPE f!F HEADE? - HFDVOL; - YE4DE9 VOLUME ( tJ  FTI 

C H3.1 - HEpDEQ W I 3 T H  ( I V )  

C H u w  - YUYHER O F  PASSES TH3OUGH THE +EAT  E X C H ~ V G E R  
C ( 3 T y < V S I O U L E S S )  
C U 1.1 - YUM3EQ O F  H E 4 f  ZAc+qVBE?  T U 8 5 6  I N  WIDTH 
C ( D ~ Y E ' J S ~ @ ' J ~ - E S S )  
C O n L  - O J T S I D E  D I A M E T E ?  OF TUBE ( I N )  
C P c F  - P 7 0 ~  J2HEIJT CDST F4CTOR ( D E C I Y t L )  
C D ~ H B P F L  - I V D I q E C T  t O V S T 2 J C T I O N  COST F3?1 HEAT EXcHhNGER 
C ~ J V D L E  ( D E C I Y 4 1 3  



F T N  4.2*7*351 12/20/!6. 

RfiEELA 
RqEL , 

QnESE? 
S F A ~ P  
S c 
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ARRqYS 
T 3 1 9 Y 4  - L I V E R  Y A T E 9 I A L  
c L - L I V E ?  C I X E n  COSTS ( 3 )  
c8-q - L I V E R  Y 4 T F ? I A L  t 3 3 T S  ( f / L e )  
A P E L  - ~ E V S I T Y  OF L I V E S  Y ~ T E Q I ~ L S  ( L g / t U  IN) 
GiBLi - L I V E 2  GAGE 
Tu7,IU- T H I C < N E S S  OF L I V E ?  ( 1 ' 4 1  
F:UTY - TYPE 0' F I r i  
CFV - F I U  U A T E R I 4 L  COSTS ( S / L 3 )  - F T V V I N S  F I Y E D  C 3 S T f  ( f / F T )  S : L ~ Y ~ -  c o ~ ~ ~ ?  t5Te.s 3.8 LIVER 
' 4 -XFi  - Y Z X 1 4 4 U Y  F I U  H E I S 4 T  ( I Y )  
5-f i '4FT- STG'J3A43 F I ' J  Tr(IC<R(ESS ( I N )  
f 1 7 ~  - LO1,:EST F I v  O I T t +  ("PI) 
F r H  - t+:B.fEST F i ' !  P I T C i  (C31) 
Y'DTY - T v P E  0' HEA3EQ 
H F D " ~  - HE93ER Y & T E ? I A L  
Qn?.fq - h E ? 3 E R  Y E T E ? I A L  J E V S I T Y  ( L 3 / C u  I N )  
C r Y  - COST 0; H E A ~ E R  ' t A T E " i 4 L  ( ~ / L B )  
d - c O j T  OF H E A ~ E Q  L l t , ~ l I V I V G  AND WELDING IB/FrF 
C" - ' ~ ~ Z E L  A'? A T T ~ C ~ ' I ~ G  "ST (S/H~:E) 
C A ~ ~  - TI'" uz-  11V3 P L G S 4 3 L E  ' : i 'A?ATIDN,  ( f / h 0 L ~ )  
F r - COST L E ' ! G T ~  F.4:73? c9? TU2ES ( J I M E V S I O N L E S S )  
F r Y V q  - T y s ?  O' F I N  '. 'hTC?if lL 
F D L  - L'II.IE? L I Y I T  O'! STA 'J049D F I U  P I T Z H E S  T H A T  ARE 

COYYERCIALLT' L V ~ I L ~ ~ L E  (FIYSIIV) 
F r Y  - UPPE? L I M I T  0 U  S T n U 3 f i 1 0  F l y  P T T t H E S  f d A ~  qRE 

COMYEQCIALLY ~ v A I - A ~ L E  (FIVSIIV) 
! 4 , X C q  - M d X ! 4 g Y  F I Y  t q E l S i T  FDJUY C ~ U Y E ~ ~ I ~ L L ~  ( I N )  
R-EF - C E U S I T Y  OF q 4 T Z 9 I p L  ( L a Y / C J  I N )  
S T A U F T -  F I Y  THIcK'GESS L I Y ! T 5  V O J N D  c ~ M ' ~ ~ ~ c I A L L Y  ( I N )  
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715 LOGICAI:' F I R S T *  FXTE'IP ' I 
I 

COMqOY ' I 

5 ArTRI ALPHA 
, I 

I 

B I C ~ D F ,  CSSPYWr C3NFt  cONL, COSTL', C A P C H G ~  CONM4TI C O N Y ~ ~ ~ C A F I  
B I C ~ J *  c S E 4 L P ?  CELAST, CFSI CDPVGI cLUVR, C 4 4 I L S 9  cVM 

I 

720 S  DEEP^, D ~ S V E L ,  DAUCLC I 

B ,E:FP I 

5 ,FC?, F I Q S T ,  F I X L ,  FCOS, FXTEHPI 
A t ~ 3 E F f  I 

S 9544F .  ~ 1 5 ' 4 4 1  SPAMAT(2 )  
'5 r T 3 1  r P 0 ( 4 ) 9  TEFFr  T L I Y ,  TLJQA* TSEALP,  T E L L S T *  SHFINI T F I X  
a ,TJa4aGI TV 
B t u e S ~  [ J ~ S  
8 r ~ 4 S ( ' i )  
g , W -.tv 
$ * X l ' P 4 *  XU, XD 

COM43N /SLIPPLY/ V A L ( 5 I r  CP1;r CC3St  W j ,  ~ 0 5 4 ,  EFFl 
A ,  :LA"!)* ? E A ~ P ~  Z ~ H Q F ~ C - 9  ~ 4 ,  (J, PPOY* 
5 FPoW, ~ E L F C ,  WI?TH, ELEUSI V A f R r  VUAT, HI* HO, 7'4, 
B ?EWnTr Y W , Q L A N ~ ~ * P S I Z ~ ~ ,  SP9P, SW4, SW39 
R S"CIPTOTALI 'L~~C~ 4419 ,  YFP, S ' C ~  , P s I z ~ ~ ~  WT29 
oi 9027 u Y 2 r  TCOSt ~ E L P I ~ ~ E L P U ~ V D E L P W C ~ ~ ~ N ~ A S I  XNTTX* VELOX 
5  TLPTI UCONI FYCSTr  FGPCCr EF'C, CHI C b r  CS 
8 ,  C L T C ~  CFCr COCCI F I T C O *  CSCICEP?EP*)ELPIPI &ST 
~ ~ C A ' C S T ,  XVF~NIRLDPVS* CPLE'J,  3'FEL* WHXr dTTUBI A D I A ,  AeLVl 
6 9  dTH?Q, M T F R ~ * S T R J C C . C F ~ E ~ F I ~ ' O E Q F ~  TOTCF* E F F I N r  AVTU 
a, ~ I R F F *  W4TFFv XVYDIII TCTac*  c D C P F ~  FYTRC, ~ c C T T P ,  AOJTP 
$ 9  ACT9n3, ADJ~POI 4CTVd. A3JuJ1 ADJPPF, T Y ~ A I R I  T c T F v  A f C 5 f  
J ,  C S l D q  WPTEP!~. wSTRCT* c F ~ u V J *  ~ u S D I A *  T D ~ L E N ,  CSE, CHF 
S 9C3Ap VUYTOW* CTOWD* ATUBCI CSTLV?*  CSTYSr ZYL?NGr C F I N E L  

COYY3V / 3 J ¶ /  ~ I I X D G I S F  
~ o s l u l v  / ; ~ c 3 3 1  f ivPL 
C3M'43N /ESCAL /  95EcC 
C 3 Y W N  / S E ~ L E ~ /  + R F ~ c ~  r SSCD, " L ~ Y C ~  r C A S S S ~  9 

5 G & I R ,  F A I R *  H P f i I R r  HPYATI D L ~ v c T ~  
cDMYD'J / ~ E P D E X /  ~ Y H , C N ~ C Y M * C Y W * ~ ~ J ~ C W J ~ C S T , C ~ O , C S ~ ~ ~ S M ~ P I T ~ H F ~ ~ P ~ &  

~ P ? F S S ~ ~ E ~ ~ A T * ~ E D T Y P ~ U P I \ S S ~ ' ~ J ~  - , 
2 9 Y 4 3 V  /SU?EEX/ ~ ~ L I S A G L I N I " I T U ~ ~ T L ~ ~ Y A T ~ F I N ~ Y ~ ~ ~ F I N ~ ~ T ~ C ~ B ~ A P L ~ T E ' ,  

S C O A T C ~  Z I ' d C C s  C A S ~ C ~ ~ S ~ E ~ ~ E ~ C ~ X ~ U ~ ~ A ~ X H ~ ~ T Y ~ X P I N ~ Y  
COM'lDN / ?QQT3  / T ' J ~ C S T ~ S H L C S T ~ F E T C S T ~ C H X  

c 
DIMSUS~OY TU3HA ( 2 )  , C L ( 2 )  , C L Y ( 2 )  , R 3 E L ( 2 )  
D IMENSION HE3TY ( 4 )  r HED'dA(3) 9 33EdY ( 3 )  r CHCtb.) r CHYAT ( 3 )  
DIMENSTOY ? O € S ( Z )  9 S P A M A ( Z )  9 C? ( 2 )  



I T A 3 L E  I 
LrUEs TUBINS COSTS AN5 3 E V S I T Y '  

L 

c TABLE 11 
C Y c 4 3 E 7  F A S Q I ~ A T I O N  C O S T S  
u 

DATA i c 9 T Y  / lfWE,D REYOVf t ,  ' l d E L 3  PLUG 11, tlFd?M R E \ t O V I f ,  
+ "F07M D L U G  M / 
DAT4 ( " E s Y ~  11) 9 I l l  9 3 )  / " ~ T E E L  "i"ALU'4INUY " P " G P L V A V ~ Z E ~ " /  
D 4 ~ 4  ~ - 5 4 ~  / *290* - 0 9 7 5 1 r  wZBQ/ 
9 4 7 4  C~1'14T - 5 3 9  1 .39  9 5 7 1  
0 6 7 4  C u C  / 1 ~ 3 5 1  1.00, 3 .959  0*30 

LFL?S=r 
11 F O R ~ ~ T ~ ~ X I ~ ~ V O  M A T C H  F O R  LINE? Y4TEqIALo)  
z5 D3 3? T = l r 2  

~ 1 1 3 ~  s ~ ~ C E F !  C O S T S  



, HD = Xn * *  ( % / Y X N P )  + 1.0 
AT = 3.14159 * 03L * ODL / ' e  

CSC = c P ( I S P A Y A )  * IXW * H X V 3 '  * dD/Z - 4 T 1  * T S  * ROES(ZSPAHA) 
i: 
C EtlD PREPARATION COST 
C 

CEP?EP r EPREPC 
C 
C C n 3 L I Y G  SURFACE COST I 

C 
C S  3 Z.NW* ( F I T c O * E L E N F + C S C *  ( ( E L E N G ~ * ~ * S S )  /SS)  ~ C E P ~ E P )  
CS =: Cs * POYBaF 

C 
C 
C O E F I V I Y G  THE C4SE FOR T Y E  i E A 3 E 2  
C 

i25 IF ( * N n T *  c I = S T )  GOTO 145 
0 3  130 I s 1 9 4  
I ~ ~ E ] I T Y  = I 
I F  ( ~ E Q T Y P  *EQ, qEDTY(I1) GO T3 135' 

i 3 o  c D N ~ I N I I E  
Pr; IUT i 3 1  
S T O a ~  

1 3 1  Fn9qAT t 5 X * f l Y O  YATCH F O R  HEADE2 TYPE'') 
135 nfl 1 4 0  1 ~ 1 9 3  

I HEI*A,I 
I F  ( I ? D ~ ? T ~ E O ~ H E D ' ~ A  ( I )  ) GOT0 162 

1 4 0  CONTT\IIIE 
P ? f  \lT y 4 1  
ST i la  

1 4 1  F 3 9 ' 4 4 T ( 5 X * I 1 N O  MATCH FOR HEADER VATERIAL")  . 
142 FIR~T= . F A L S E I  

R E T  J Q N  
r \r 

C H F A ~ E R  A Y 3  VOZZEL COSTS 
C 

145 C O Y T I N I I E  
C .. 
L rJtrM'3E? OF 4UNDLES I V  COOLIVG TDWESS 

XVRJV z V d * X W / ( l Z e o * d B )  
X U M 3 3  = XV3UV/q.O 

C 
C  NIIM?E? 3F T!J?ES PEQ BUNDLE! 

HEOTUi3 = 1 2 r * Z  * d 9 / X u  
A 3 ~ = 1 . "  
I F ( I ~ ~ ~ T Y . E ~ ~ Z . O D ~ I ~ E D ~ Y . E ~ * ~ )  A8C=Ze0  
F P = l  . O n  
7 4  = . ? 5 ~ 3 9 8 * D I * 5 1 * 4 E D T U 3 / Y X ' I P ~  

C 
c HFA3E9 DEPTq AVD LdIDTH 

H O  = X-  * ( Z / H X Y P )  + 1. 
H M  r F A  / ( r e 0  * no)  9.0 
71 = 2 0 HXNP * YXVP HD / l o o 0  
~2 = 2 : 3 * q x ~ ? * ~ ~ /  ( ~ o , o * H ~ )  
I F ( I ~ E ? T Y . ~ ~ . ~ ~ O ? ~ T . ~ E D T Y ~ E Q * ~ ~  " Z C T ' = ~ O * F ~ * ~ ,  
: ~ ( I ~ E ~ T Y * E ~ ~ ~ . O ~ * I Y E D T Y ~ E Q * ~ )  r $ c ~ = Z r * f l  

C 
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C T S T  9F HEA3EQ SECL4NT 
c s c  = >. . ( C S E A L P  * ~ O E S E L  TSEALP 1 2 .  WR HXNO * HD 

t t T F L a S T  'QCELA * TELPST ( 1 2 .  * We HXVP * HD - YEDTUS 
5 s 4 T  \ ) * X'441:U 
CSE = c f E  * "'73337 

P ~ I V ~ L E  h S S E " ¶ L E  AND FRAYE C3STf 

3:1\3Li: I S S E Y R i - Y  C O S T  
C S 4  = ( 1 1 5 n .  * S 3 3 T ( Z * E L E N S ) / 4 2 .  + 6 5 0 * *  S Q Q T ( E L E V S ) / ~ ~ ~  

$ + 409. *f32T(wg) / 3.5 + 5 9 0 , )  * XN9UV 
C 3 A  '= ~ 2 4  * ? O r ? i l F  
C 4  = CVF + C 3 h  

4 F I S d l  CE HEAT EXCHANGE? 

T ~ T A L  i !EIGd; 3' N n T E R  1'4 +EAT EXCHAVGE? 
TURVJL  = Z*Y~*ELENG*3.1~15~*3ir)I/(144.0*4,0) . ,..- ilE;;.'CL A 2.3 * ,,., ,, 4 ri3 z ;; - ria i :44, * x N ~ U N  
dA;i?N = ( T U 3 V O L  I E D V O L ) * ~ ~ . Q  

T n T A L '  H E A T  EXH4NGER COSTS 



S U ~ Q O U T X Y E  FAN (9PTINW) 6 1 

' St!R?3UTIYE CAY SELECTS THEi DPTIYUY FAN SYSTEM FOR THE P4RTrCb. 
I U L ~ R  YEAT EXCYAVGE2 GEOqET?Y SELECTED. FOR TYE  PARTICULAR^ 

F F Y  SYSTEY TLiE FOLLOWIVS JA9AVETER ARE SPECIFIED- :. ~ L A ~ E  DIAMETIQ L I 
2. YU3 DIAYETE? 
3.  YU't3ER 3F 3LA3ZS ?ES FAN 
4. 3LADE AUGLE 

K-OulIYrJ TyE YlJu8E4 OF F A I S  4N3 THE4 PACKING FpCTOR OF' THE1 
FnNSv THE CIPCGALP TOdE? 314YETEQ CAN I a S I L Y  BE 
DCTERYINED. TLfE COST OF4 T4E FXY SYSTEY I S  THEN FOUND. THE 
FnY SYSTEM SESIILTING I v  T i e l  YIYIMUM COST I S  sPECIFUED AS THE1 

' O ~ T I Y U W .  
'14 '  T H I S  SUg?OUTIYE THERE! A?€ TrJO A R R A Y S  WHICH CONT4IN DATh 
FqR THE FOLLOWIVG FAN DIAqETEqS ( ~ 4 1 2 5 * t 8 9 3 0 * 4 0 ? 6 0 ) ~  FOR 
E r c Y  F A N  ~ I A W F T E R  THERE I S  ? E S F ~ R ~ A U C E  ) ~ T A  FOR FQNS WITH 

, I  
DTFFE?EbIT YJVt3EQ OF RLP7ES 4Y3 dL&DE AVZLES. THE DATA 1 
A??aYS FANDIP CONTAINS TrlEl FOLLOWIYG IY:ORYA?ION- 
F n Y 3 4 P ( I  1 J 1  - I 
Jo195 * c ~ E F F I c I E Y T S  FD?' T - ( I R 3  O ~ D E R  CURVE F I T  3 F  VOLU- 

METRIC FLOW Rt,Tcl VE?SUS TOTAL! PRESSURE DROP ACROSS! 
T4E  FAN 

J = 6  - L!YYE? PRESSUREI 3ROP L I M I T  ( I V  WATER)  
J-7 - UP33R PRESSU9El >Q3? L I M I T  ( I V  WpTER) - D I A M F T E ?  OF F & Y ( F T )  
JTR J=9 - YUY9ES OF BLA3ES 'E? FAY 
J=XO - 8 i A D E  ANGLE (3E3?EES) 
I = l r l j 3  - D I F F E ~ E N T  SETS 3F D A T A  FDS EACH F ~ N  AND 

PERFOQMAYCE P 3 I V T  
TrtE DATA ARSAY FANDAH C3VTQINS THE FOLLOWING INFO?MAT~ON- 
F l u 3 4 4  (1,J) 
J m l v j  - c ~ E F ' I c I E Y T ~  F37 F,OUQTH ORDER CURVE F I T  OF 

H3JSEPObJEQ V E q S J f  V ~ L U Y E T ? ~ ~  'LOd R A T E  
J;6 - L3eE9 L I Y I T  3 v  v3LUqETRIC F ~ 3 d  RATE OF A I R  THRO(JO~I 

T4E F A N  '09 W * I t ' i  S A T A  I S  AVQILABLE 
J1;7 - U30E2 L I Y I T  i3v VJLUYETRIC F L 3 J  RATE OF 41R THROUGII 

T r E  FAN FOR W I I C I  3 4 T 4  1.5 AVAILABLE 
 ha - DIAHETER 9F f A V ( C T )  
J,Q - NJUHES O F  8L1)'S JE2 F A U  
Jz13 - BL4DE ANSLE (DE32EES1  

DCFIYITION OF VIQIARLES 
A - AIR FLOW AREA O r 1  TYE, FAN ( S o  
AaLY - hd'4yEz u; Fn3 3 ~ 4 3 t b  (~IYENSI~NL~SS) 
A n I A  - F A A I  ~ I A M E T E R  ( F T )  
A'IFCOS - AVAIUAL F A V  COSTS ( $ 1  
AtlSFPC - AVVUAL c a U I T 4 L t  COST OF PLENUY* FOUNDATIO!~* AND 

STQIJtTURES ( 8 )  
~ \ ' S ~ P F  - T ~ T A L  ANIJUAL C O S T  OF1 THE FAN SYSTEy AND STRUcTUSE, 
9 i, q - R A ~ O ~ E T R I C  P ? E ~ ~ ~ ~ ~  ( I V  HGA) 
9L34YG - F A Y  3LA3E AVGLE ()ES?EES) 
CAPF - oE?CEUTLSE OF f I 4 E  TAE PLANT I S  PRo3UCIVO POWER 
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.60R6 96.967 5 .  r:3.?$i 

5 043 91.32 , 28, * 12. t 14, / 
0474 ( F A V ~ ~ P (  flR~J),J=ltlO) / 

665 7 1 ,?27 r4.414 ,-9.275 ,7,309 
f , S t  ,1,&4 T 2 9 r  r It, T 18, / 
D4T4 (F4'J3A? ( 69.J) J=l t 10) / 

% 1.036 r-.44ib r-6.142 r15~125 
f .12 9 .38 30. r 8. T 2, / 

D P T ~  (FANDAP( 90,J) ~J=1,10) / 
t 7.334 9-5.922 913.159 t-16mb04 
s .23 9 a64 30.9 8.t 6 . /  
@&TB (r&qi)iiP( 91.J) rJ=lrlO) / 

f 1.103 9 6 . 5 1 3  9-26.233 935,842 
B . 3 2  , .73 3 9 .  9 8, 9 10, / 
D4T4 (c4'404P 9E.J) ,J=1$10 / 

S -9.189 rf6.096 ~-18be915 9190.216 
li . 4 3  85 30. 8. t 14. / 

@ A T $  ( = 4 " 3 A P (  93rJ) rJ=l*lO! / 
B -1n09.5 ~52c6.17 t-10iQd.02 r9781.~8 
S .7 r.88 r 3 0 b r  9. i 18 -  / 
DAT4 (FA'QAP( 94rJ) T J = I , ~ o )  

$ 5.3444 ,-4.375 T O ,  * a  l 
2; , R 3  * .91 r 30. r 9, t 22,  / 
DbT4 *FAV34?( 95,J) *J=1,10) / 

3 1.054 a--7426 9 - 2 . 3 5 6  (5,095 
TI . I >  9 ." 9 33r * 10. ? 2.  / 
DAT4 ( F A ' J ~ A ? !  969 J) rJ=ltiO) 

S 1.511 9 - 1  -705 (1.163 9.1.643 
023 9 .7 r 30. 10, 9 5. / 

DAT4 (FIVDAO( 97rJ)rJ=lrlOl / 
$ . 53Q2  *?.050 9-26.525 r29.287 
'5 r3 ' t .  9 . 9  7 3 C e  9 10, T 10. / 

D P T ~  (r41349t 90,J) ~J=1*10) / 
5 -9.716 ,71.057 *-157.955 ,150.579 
S .45 91.0 7 30. r 10. 9 14. / 
D A T A  (FANGAP( '39.J) 9Jrl+10) / 

S -534.715 ,2209.6 (-3606.35 92607.94 
$ . Y t  ,1 .0!+5 r 301 r 10. 19, / 
OAT4 (~4h:34D(10@,J)~~=lt101 / . - - - -  - 
6 - 3 ; i 5 . 2  rla~>?.or r - 2 ~ 7 ~ 3 . 7  rlS0Tz.5 
B .37 91-08 r 30. l 10. 9 22. / 
DATP (FAVDAP(IO~,J) rJ=lrlO) 

s 1.076 9-r4%95 ,-r3R25 9.4669 
S .I2 9 e44 r 30. T 11, 2 .  / 
3 ~ ? 1  (f~Y34P~l0%rJ),J~ltlO) / 

5 1.555 *-1.09 ,-a4653 1 ,5259 
8 .t% , ,765 r 0 t 1 6 .  / 
OAT4 ( r ~ ~ 3 ~ ~ ( 1 0 3 * ~ ]  rJ=1,10) / 

t .9?16 *6.1&2 9-18.702 tl8.958 
R -331 r .9R T 3Qe T 11, t l o *  / 
D4T4 ( ~ A N ~ P P ( ~ ? * ~ J )  t~=1,10) / 

S -13.274 ,109,941 *-218b930 ,188.787 



I S U ~ ~ O U T I N E  F A N  ?4/71 OPT-1 FTN 4,2+7435i 12 /20 /76  

t ,576 ,l.n7 3Fm 9 11. T 140 / 
OPT4 ( F A N D A ~ ( I O ~ , J )  ~ J = l ~ l q )  / 

% -3000.2 ,12053.9 (-18124,3 *12096,4 
$ ,917 9 1 . 1 1  p 3 0 m  v llm 9 l a m  / 
0414 (FAVD4P(l9S*J) rJ=ltlO) / 

$ -39.913 978.553 (-36.933 *?rO 
f 1.07 rl.16 9 30. T 11. r 22, / 

D A T I  ( F A ~ ~ A ~ ! I ~ ~ ~ J ) , J = I , ~ ~ )  / 
B 1.13;? 9-,7733 r-3.275 95.374 
5 . I Z T  1 -4'75 31. 9 It. 9 2m 
04TJ ( F A V ~ A P ( ~ C H I J ) ~ J = ~ T ~ ~ ~  / 

3 1.32Y 9-.RO49 *-.969 T r 9265 
S ,2'*? 9 083 30, 12. * 6, / 

~ 4 ~ 4  (FAVD4P (1091J) *J=l?lOI / 
f 1.:5! 94,193 *-12m190 t11.995 
B ,35 1 1.05 9 30. 12, 9 10, / 

D t T 4  (rA\99P(IlStJI pJrlrl0) / 
3 -14.015 (83 .923  ,-1001543 *132r73P 
5 .51 *l.14 9 '"I, T lzm 9 14, I 
DATd ( c A " ~ 4 ~ ( ! i l t ~ ) r ~ = l r l 0 )  / 

S -4779,OQ 917933.56 9-25154.2 r15554.5 
P , 9 7 a  91.19 30, 12. r 10. / 

O P T &  ( F A U ~ ~ P ( ~ I P I  J) rJ=l,lC) 
B 1.976 * - . I F 5 5  t-i5.959 r53.i@7 
S .13 , , 3 9 5  0 9 99 P 2. / 

0 6 1  * ( ~ - r u O 4 , r ( l l ~ * d )  r ~ + i t l [ i )  / 
5 P . 5 2 Y  7-2.752 95.513 r-15r545 
s .;??= , , 6 4  , 40. , 9, , 6 ,  / 

0 4 T 4  ( ~ ~ ~ 3 b c ! l l 4 r ~ )  * J = ~ T ~ O )  
% 1 . 7 5 9  96 .765  r-22.032 924.257 
a - 3 3  9 ,f33 . 400 r 8. 10.1 

3 J T 4  ;=3V9fiP(:1~, J) rJ=l,lO) 
5 -6r167 963,615 9-156.602 9163.373 

.4G7 . . ~ 1  9 40. 9 6 r  9 14. / 
OAT4 ( ~ A u D ~ ~ ! ~ ~ S , J )  ,J=lrlO) / 

3 -5.4ho 155,577 ,-127m737 ,129.57 
5; .56 .q6 9 40. 9 8.  a 1%. / 

9 4 7 4  (cAU3fiP!1!7rJ) rJ=lrl0) / 
3 -171,005 *=55,303 9 - i 7 4 3 . 1 9 4  91419.53 
$ .67> 9l.0 9 $0. 9 8.  9 22. / 

D C T ~  (rAL34?(119,J) t ~ = 1 $  10) / 
s 1 . q n 2  9.454 9-11.377 927,9?4 
'fi el4 9 r 39 t 40. 9 10. 9 2. / 

3 4 7 9  ( ~ A N D A ?  (119rJl rJ=lrl@) / 
5 2 . 2 2 2  r ? . ? 2 9  n 7 C . r  .- " . -  * r .  - 'C * & * * " * b  

S . ? 5 3  . -77 4 3 .  10. r 5. / 
D A ~ ~  (cAUD4°!:tO*J) rJ=i * !  0) - /  

5 1.717 tlC.35e y-31.5G5 935.639 
r .357 9 - 9 2  , 40, 9 10. 9 10, / 
9474 (cANDAP(:~I=J! rJ=i*lO) / 

t -10.779 (95.531 (-189,552 e179.635 
B .435 11.02 * 4 0 .  7 10. r 14. / 





S U ~ R O U T  I N E  FAN 74 /74  OPT=1 FTN 4 .2+74351  12 /20 /16  

f - 45 '  r  976 r 60, 9 I t c  r 16, / 
DATP ( r ~ V 3 4 P  ( 1 4 3 , ~ )  , J = l r l O )  

% -1519.9 ,9561.7 9-2143387 ,21080.3 
S ,51 9 9786 b o o  9 12,  9 18, / 

DAT4 (FAN34P (144 , J )  ?J= l  r l 0 )  / 
4.129 r-3.795 97758 8 -8 -69?  

5 + I ?  , . 4~ 9 6 ~ *  9 1 6 v  , 2 ,  / 
D a l e  (:A'~oA" 145, J) J= l  i 1 0 )  

f 4.504 9-3.225 9-1.142 9 ~ 3 , 3 1 7  
$ . I 3 4  T -62 T 6 0 r  159 9 48 / 

3 4 1 4  (chVg4P ( 1 4 f ' , ~ )  r J = l , l O )  / 
F 3,296 , - . ~ 9 n 9  ,-9.31 93,711 
S . 2 3 2  r r 7 h  9 600 r 16. 9 6. / 

~ a T 4  ( 6 4 ~ 9 4 ~  ( l h 7 . J )  r J r l *  1 0 )  / 
t 6.217: 903.071 8 -1 -696  (-2.459 
B ,23' 9.76 r 509 r 168 t 9,  / 

3AT4 ( C A ' J ! ) A F ( ; ~ ~ ~ J )  9 ~ ~ 1  910)  / 
4 5.009 9i4.159 9-55.055 958.651 
(k .31 9 893 609 1 5 0  r 10, / 

D k T 4  ( r ~ ~ 3 ~ ? ( i 4 9 r J ) t J = l r l O )  / 
S 5.504 (13 .941 r -45.551 947,755 
5 .355 .9n 7 5 0 .  9 169 9 12. / 

DAT4 (ZAVDAP (1501J)  tJ=I 910 )  / 
I -3Q.30 9255.14 - 6 i 2 8 1  ~ 6 0 4 . 0 1  
g ,435 ,,?n 9 G o *  r I$, r  Is. / 

!?4Tf i  ( ~ ~ ' ~ 3 4 ~  ( 1 5 1  t J) 9 ~ = 1 4  1 0 )  / 
e 25.357 9-95.07 9197.51 9-135.15 
4 .a3' 9 9 9 1  r 60. r 16. 9 16. / 

34T4 ( F A V ~ ~ P  ( 1 * 2 9 ~ )  r J = l  r l 0 )  
?i - 2 2 0 . ~ 5  t1153.5  r -2163.  91802.6 
5 9 5 5  9 8 98 r 60. 9 168 t 19. / 

O A T 4  ( c A U 3 A ~ ( 1 5 3 ~ J ) r J = 1 , 1 0 )  / 
5 - 3 9 0 . ~ 3 5  ,841.7 9-445.22 r 0.0 
5 . $ 5  (1.0 9 boa 9 16. 9 22. / 

D A T C  ( F A ~ A H (  ! . J ) , J = I ~ ~ O )  / 
S -93.9f76 9903.578 *-2375.14 ~ 2 5 2 0 . 2 0  
B 4qL'OO". q760006. r 4 9 68 9 6, / 

9014  ( rAU34Y ( 2 t J )  r J = l t l 9 )  / 
e 7,7?3 *?9P,39 ,-481.24 ,349.65 
g 6g!)nOn8 .Sb?onO. 24. 5. r 8. / 

O A T 4  ( rAU3AH(  3 r J )  , J = l r l S )  / 
a -115 .79  *10C5.09 (-1945.37 (1498.74 
* 40300n. r953000.  4 r 5. r 10. / 

DATP ( F A V ) A H (  4 , ~ ) t ~ = l r l O )  / 
5 Pt.755 -1,- c -  7-n , . , .5 :  0 4  n r --.u.42 
i bC000n. r1025CCO. . 24, 6,  9 12, / 

3 h T 1  ( c A V 3 4 r (  S , J ) r J = l , l n )  / 
t ;53',9r: 9 - 5 2 7 . 7 5  *1464 ,53  t r 1447 ,9  
S hOn00r. * l l o O @ O o *  r 2 4 0  r 6 .  r 148 / 

D A T A  ( c A V ~ A H (  6 t J ) r J o l r l O )  
F -135.:2 ,113n.28  9 -1400 r75  q743.91 
B 6 5 3 3 0 r ,  t l l n 0 0 0 0 .  9 24; r 6. 9 15, / 

n ~ T 4  ( r A V 3 p 8 4 (  7 r J )  r J = l r l ! J )  / 
205.61 9-579.29 (1312833  9-1067.12 
500001. r i ? 5 0 C 0 0 .  r 2 6 ,  9 68 r 19, / 

D A T l  IcAU3AHI 3,J: ,J=l  010)  
e 705.77 r-?4O2,05 ,3785.21 r*2521,68 



, . 
SUPROUTXNE F A M  ~ 4 1 7 4  OPTPI  FTN ~ , 2 + ~ 5 3 5 i  

B 3 0 0 0 0 p ,  ;13300q0 ,  , ; 24, r 5, r 20, / 
0 a T 4 , ( ~ A N D A H (  9 t J ) r J o l , l O )  / 

9 721.32 * -2134 ,49  93143.5 * -1389 ,81  
B 7 5 0 0 0 0 .  t 1 4 0 0 0 0 0 .  24. r 6. 9 22.  / 

DATP ( F A V D A H (  1 0 1 J ) r J = 1 , 1 0 )  
5 l 7 7 . 5 7  9-E97.3 , !7?5099 r*20G3,05 
S 4 0 0 0 0 0 .  ,78?030,  9 24. 9 8, 9 6, / 

D 4 T 4  (FAUDAH(  11 ,J )  rJn l  t l ? )  / 
5 185.57 * -592 .33  91372.23 9-1437.06 
B 4 0 0 0 0 n a  93Y0000e  24, 9 3 r  9 R .  / 

OPT4 ( F A N ~ A A (  12 .J )  r J = l r ! O )  / 
S 143.97 ( -192.75 ,43S,12 ' r -444.8 
B 4 0 3 0 0 0 .  ,970000.  2 4  9 0. r 10, / 

D A T 1  (FAVDAH ( 13 ,J )  9 J = 1 ~ 1 0 )  / 
S l h 3 . 1 i  "256.19 *512 .11  9*361.99 
B 5 0 3 0 0 0 .  t 1 0 5 0 0 0 0 .  24b  9 8. r 12. / 

DhTA ( F 4 ' d 9 4 d (  l 4 r ~ ) r J = 1 , 1 3 )  / 
f -77.675 ,1050.7 9-1875.53 * 1 5 6 7 , 1 5  
3 5 0 0 0 0 1 ,  ~ i 1 4 0 0 0 0 .  , 24, 9 9. l o ,  / 

D A T A  (FAVDAH ( 1 5 , J )  r J z l  r 1 0 )  / 
5 14q.OP 9-158.6 ~ 6 3 7 . 6 3  *.604,74 
a 70000n .  r 1 2 4 0 0 0 0 0  r 2 4 1  * 9 0  * 16, 

0 4 7 4  ( F A V D A H (  1 6 9 ~ )  f J = l r l O )  / 
Z 142.97 r ' lR9 .b6  9 7 9 6 , l  9-749.59 
5 6 5 0 0 0 0 .  r 1 3 3 0 0 0 0 .  24. r 8. r 18,  / 

0 4 7 4  (?AW34H(  17 ,J )  pJ=1,10) / 
-23S1.q4 (1539 .71  9-2094.92 r1360 .05  

S 9 0 0 0 0 0 .  9 1 4 0 0 0 0 0 r  r 24. 9 S r  2 0 1  / 
D A T ~  (FINDPHI 1 8 1 J )  r J= l , lO )  

S - 1 1 2 . r 5  9619.55 9-905.93 * 5 5 4 ; R 8  
% 9 0 0 0 0 n .  r 1 4 0 0 0 0 0 .  , 24,  9 8. 22, / 

3 P T 4  (FAUDAH(  1 9 r J ) , J = l t 1 0 )  / 
S 22,076 ,463.11 s-1316.1 ~ 1 6 0 3 . 5 4  
Z 40000n .  q730600 ,  , 24, 9 Id,  r 6, / 

3 A T 4  ( F A ~ D ~ H (  20 ,J )  r J = l * l O )  
S 5R.107 '43!.99 * - l l 3 l r 3 9  *1196 .97  
$ 49300 f l .  t 9 8 f l 0 0 0 .  24, 9 1 0 1  r 8, / 

0 4 1 4  (FAYDAH(  2 l t J )  r J = l r l O )  / 
S 112 .41  9137.09 9-323.24 ,300912  
S 40000f l .  ,970000.  24. , 1 0 1  10. / 

O A T h  ( F & ' J 3 A 4  ( 7 2 9 J )  PJ-1 S I C )  / 
3 -100.Q5 91345.91 r - 2 6 5 1 . 0 5  *2355,19 
5 5 5 3 9 0 n .  91W600001 24,  r 10. r 12, / 

DAT4  I F A Y D A H (  2 3 r J ) ~ J = l r l O )  1 
5 -195.47 r l 8 6 4 . 5  9-3537.84. 93061.97 
S 5 9 0 0 3 n .  * !140@0O. 24.  r 10. r 1 4 ,  / 

 DOT^ ( i A U 3 & H (  2 4 t J ) t J p l + 1 0 )  / 
5 -435.64 92301.5: 8-4681.25'  '3571.12 
6 7 2 0 0 0 ~ .  + 1 2 5 0 0 0 0 *  9 2 h .  10. P 15, 

DAT4  ( C A V D A H (  2 5 * J ) 9 J = l * l 9 )  
5 -27.559 ,520.91 , - 7 6 a . x  ,558.36 
S 5 5 0 0 0 ~ .  r 1 3 3 0 0 0 0 .  2 4 0  r 10. r 18, / 

DATQ (FANDAH(  2 5 r J )  r J ~ 1 1 1 0 )  
f -75 .? ,?A *331y3.25 r - 4 1 7 7 . 9 6  *2SOE,z l  
$ 95003n .  ,1400000.  , 24. 9 10. t 20. / 

!)AT4 ( - h U 3 A H (  2 7 , J ) r J = l t 1 0 )  / 
s - 2 7 7 . ~ 3  ,1653.67 ,-2140.73 ,1475  ,52 



~U~~OIJT IYE  F A N  ?4/74 ~ p t = l  FIN 4,,2+7935i 

A 9 0 0 0 0 ~ *  r1400000. 2'+* 9 10. 9 22. / 
DAT4 (rtYDAH( ?8rJ) 1Jnl?lO) / 

S -53.966 ,641.02 qn1263e96 ,1123.39 
4 50000n. ,903000. 26.  , 6, , 6, / 
D A T ~  (rAV3~+i( 29mJ)~J=lr10) / 

5 1 l T - & L  * - " ? c . ! o  : 3 ! 5 . ! 7  ~-'?*,&2 
6 503009. r990000. 9 26. 9 6. 9 8. / 
D4T4 (cCV3AH( ~ @ , J ) , J = I J ~ ~ )  I 

$ 46.1311 ,166.75 ra28t?e5'2 r27trl 
% 50000n. r l O R ~ O O @ ,  , 25. , 6, , 10. 

D A T A  (FAV3AH; 31 r J! t Jtl 9 1 0 )  / 
137.9,. "252.12 *498,13 9-354.05 

t SODOdn. tllR0000. 9 268 , 6 .  12.  / 
D n T 4  [FA'JDAd -r( 329,~) t J = l r  10) / 

3 172.97 7-372.Y5 *722,92 ,*517,47 
F 503001. r1270G00. 25, 9 6 .  9 14. / 

C k T 1  (FANOAH( 33tJ) ,J=1,10) I 
S -.32Fr *452,25 *-hbP.91 *493,49 
S 7c3"0?, r1350C00. r 26. r 5 .  9 16, / 

9 ~ ~ 1  (r4V3&14( 34,J)*J=lr!3) / 
C 130.3 r-92,296 -135.95 r-117.56 
s 7000On, ei4300n0. 25. 9 6. r 19, / 

3 c T 4  (rlVDAH( JS?J),J=i,lO) / 
'5 152.1~ (-194.34 *432,03 r-278,64 
B 703007. r1500000. - 2 -  5 :  ??. / 

, DAib ( F A Y ~ ~ ~ H (  35.~1 ? ~ = l t l ~ )  / 
$ 3 2 ? , h 3  ,-417-74 ~?23,16 9-35.091 
% 94709~. ,1309000, , 2 6 ,  , 5 +  9 27'. / 
DdT4 (F4VDAH( 37'J) rJ=1910) / 

F -330.73 ~2212.3l ,-425@ r 93536.36 
$ 50300n. r9'+0000, 26. 9 9, * 5. / 

3 A T 4  ( C A ~ ~ ~ Y  ( 39,,J) ,J=1,10) / 
$ 93.700 9 7433 r115,75 r-152.03 
S 50000n. ~l01OFOO. 2 6 .  e 9, 7 8, / 
DAT4 ( F A V ~ A ~ (  79*J)rJ=iy10) / 

5 159.Ou *-?63.6? 9433.82 yr364.34 
s 50000n. ,lX5~00o. 25, , 9. 9 lo. / 
D A ~ ?  (cA\?AY( 40rJ),J=l+lo: / 

5 77,i)ft~ *115.59 9-11.038 **49.109 
6 60000?. *12500C3. 250 r 9. 1 2 ,  / 

P E T 4  ( F A V ~ A H I  ' l r ~ )  rJ=:,!O) / 
t 1 7 5 . 3 G  (-257.33 ,533,14 90449.33 
B 50390q. ,134OnF3. , 26, 8. 14, / 

0 n T h  (FAV3Ar( 42tJ)rJ=l,lO) / 
S -4'4.23 92!53.22 r-2763.15 r1537.82 
6 94S00r. -L&f+FDrO, 9 26, 9. r 16.  / 

O P T R  ( ; A V ~ ~ H (  L : s ~ ) , ~ = l , l ~ )  / 
5 !07,5c ,-?78.41~ 9578.41 9-079.25 
9 6 9 3 0 9 ~ .  ,i570900, , 25, , 8.  19, / 

0 4 7 4  (=ASJ34Qf b b  ,J) ,J=l,iO) / 
f -533.~4 , z :15a .58  ,-2796.35 ,1545.54 
B 10'00~*0, , 1 5 7 ~ ~ 0 0 .  26, r 5. r 20. / 

D b T 4  ( ~ G V ~ C Y (  45rJ),J=l~lC) / 
$ -4367.74 113?26,42 r-1450C.Q9 r7162,39 
c 115'JCc0. ,1000000. 269 r 8. r 22, / 
Dn:? (c4V39H! 46*~)rJm1,10) / 

5 -374,179 9 2 2 6 1 . 1 2  ,-4454.17 ,3924.26 



S U R ~ O U T I V E  F A N  74/74  OPT=^ F T N  4,,2+7&35i 12/20/."6 

R O O  



S U ~ D O U T I N E  F A N  74/74 O P T - I  FTN 4,2+1435i 12 /20 /?6  



%50000kr 9 8 6 ~ 0 0 0 *  9 28, 9 12, q 2 * /  D A T P  (:4V34H( 859J) t J = l t l O )  / 
- ? 5 1 , 6 ?  *L727r79 (72934.3 *2274*14. 

B 55000n. t1180000~ 9 29, r 121 9 6. / 
OAT4 (FAYDAH~ 86,~)tJ=1610) / 

~ 9 0 . 5 3 7  .287.OR .-415+77 *341 :RE 
$ 573000, 91340000e 29, r 12, 9 10, / 
0411 ( F ~ Y D ~ Y (  879J)tJ=l310) / 

f 450.87 t-1056. *1726*52 9-1103.2 
S 50000n. t1630000r 28,  9 12, t 14. 
OAT4 (FAY~PH( RRtJ)tJ=ltlb) 

$ 555'.86 9-920.47 *1271;64 r*574,16 
s 550006. ,1770000. , 28, , 12, , le, / 
DAT4 (F4'JDPH: 89.J~ tJ~li10) / 

f 71.003 ,-131.14 9292.2 r -268.88 
s 500090. rqZOO00, , 304 9 9, 9 2, / 
OAT4 (FAYDAY( 90,J)rJ=1+10) / 

3 e 6 Q 2 3  9399.64 r-784.08 9705rS 
f 50000~. ,1220000. 9 30, 9 8, t 6, / 
OAT9 (FAYDPH( 919J)*J=1,10) 

g 140.3? 9-26?.88 ,605.71 ,*460,60 
B 50000n. ,i49000Or 9 30, t 8. 9 10. / 

D h T 4  (FAUDAH( 929J) tJrlr10) / 
B 223.24 9-353.83 9529.45 9-270.74 
k SOOOOfl, t1770000. 301 9 0, t 14*,/ 

. DATA (FAVDAH( 93iJ)rJ=lr10) 1 
f -469.74 ,1952.01 r-2176.9 t1114.75 
5 1000Cno. 91770~no. 30. 8, 9 10. / 
DATI (FAYD4H( 94rJ) ,Jrlr 10) / 

B -2790.78 97918.48 (-7719.93 93355.91 
B 14b00~0e r1770000. r 30. P 3 1  9 22, / 
D4T4 (FAYDAH( 95tJ)tJrltlO) 

5 -2116.64 (11989.3 9*24400. *21818,2 
t 00000o. 1940000. r 301 9 16. r 2, / 
OAT4 (cAYDAH( 96,J)*Jeli10) / 

S -135.?7 r1062e 9-1749.99 ,1364.15 
B ~ 0 0 0 0 r ,  ,1260000. , 30. r 10. P 6. / 
DAT4 ( F A V D 4 ~ (  97,J) gJ=1,10) / 

6 70.01; '279.3 9-479.95' 9404.31 
S 600006. 91530000e 9 3 0 ,  9 10, 9 10, / 
DAT4 ( F ~ V D ~ H (  9€!9J) tJ=l,lO) 

$ 48.586 , 4 2 4 . 5 5  ,r556,3 ,363.77 
S 50000~, 91870000. p 30. r 10, 9 14, / 
D4T4 (cAN34H( 99rJ) *J=1,10) / 

B 1838.F2 914735.59 ,5156.6 va23ae,56 
$ 11100o0. 91870000. 9 306 e 10. 9 l e e  / 
D A T ~  ( F A Y D A H ( ~ O O ~ J )  9 ~ = i b i o )  1 

3 A 1 0 e ' j  *~8553*07 ,7718,761 9-3055.38 
S 14000n0. r1970000. 9 30, 9 101 t 22. / 
DAT4 (rAV~4H(l3ltJ) tJ=l*lO) 1 

5 573.86 9-2692.75 ,5269632 ,-4489.9 
B 50000n, 9950000, 304 9 l l *  9 2 *  / 
DAT4 (~AQDAH(l02~J)tJ=l~lO) / 

S lob031 9-77.393 rl60-7 t-29r672 
$600006. ,1280000. 9 30. 9 i l .  r 6. / 
D A T A  I F A V ~ A H ~ ~ O J ~ J )  9 ~ = ~ ~ 1 ~ )  1 

S -156.28 ,1106e85 r-1431.07 9944.31 



SURROUTINE' F A N  74/74 OPT=1 F T N  4,2*7P351 1 2 / 2 0 / i 6  



S U B I ~ O U T I N E I  FAN 7 4 / 7 4 .  O P T ~ ~  FTN 4 * 2 * 7 P 3 5 1  12YZ0/!5 

$ 1000060m , 3 4 6 0 0 0 0 1  404  16, 1 8 ,  / 
DAT4 ( F A N ~ & H ( ~ ~ ~ , J )  r J = l + l o )  

$ 9055.63 9-11236.5 95513.37 9-1173.03 
S 2 5 9 0 0 n 0 .  ,3740000 ,  4 0 4  r 10,  r 22, / 

D A T ~  ( r4NDAH ( 1 2 4 r J )  t J = l , l O )  / 
-230.79 '650.95 1-336.11 : 3 7 r C 3 7  

s l a l O O n O ,  ,1720900 ,  , 4 0 ,  9 12, t 2 ,  / 
O A T 4  ( ~ A Y D ~ H I ~ ~ ~ ~ J )  r J n l + l o )  

B -234.45 9908.1 ,-576,52 ,157,2 
5 1 2 0 0 0 n 0 ,  ,2330000 .  , 40, t 12,  6 ,  

D P T Q  ( f A U D A d ( l 2 6 r J ) 9 J = l ) l O )  / 
3 -131.13 9779.21 lm444.03 *119.08 
S 1 2 1 0 0 0 0 .  ,2P10000.  r 4 0 4  9 12. r 10. / 

0 4 1 4  ( F A N ~ ~ ~ A ( ~ F ~ , J )  t J = l , l O )  / 
B 543,7 ,-:bss,am ,432.63 ,. i~2,95 
S 13000n f l .  r 3 2 7 0 0 0 0 .  40, 9 1%. r 1 4 ,  / 

D A T I  ( r A V > A H ( l E R , J )  r J n l r l 0 )  / 
$ 1111 .47  1*:13i .u 9794.01 9-202.17 
S 10500n i I .  ~ 3 6 1 0 0 0 0 .  r 40. 12, r 18. / 

~ 4 7 3  ( ~ ~ Y ~ & ~ ( 1 ? 9 t J ) r J ~ l t l O )  / 
f - 1 3 2 0 )  , 1  117541,5 9-8397.4. *1786,5 '  
e 254OOno. ,3750000 .  , 40, , 12. , 22, / 

O A T ?  (FAVCRY ( 1 3 0 . J )  r J - 1 9 1 0 )  / 
5 -6179.5 917637.9 1-!9314.6! 18430.56 
t 1200Cc0 .  ,1730000 .  409  14. * ? c  / 

DATP ( r ~ N ~ q H ( 1 3 1 , J )  , J = l r l O )  
B 227.14 9112.24 9-165.4 (60 .29  
% 1 2 3 0 0 ~ 0 .  r 2 3 3 0 0 0 0 m  r 40. r 14. 9 6. / 

D A T P  ( r 4 N D A d  ( 1 3 2 ,  J )  r J = 1 + 1 9 l  / 
5 I R 1 . 3 a  r?30 .11  9-57.038 r*.7?94 
% 1 7 3 0 0 6 0 .  ~ ? 3 7 0 0 0 0 .  41, 9 14. r 10, / 

DATA ( F A U D ~ ~ ( ~ ~ ~ , J ) ~ J = I T ~ O )  
S - 1 3 3 . ~ 6  9946.19 9-428.34. 9105.65 
S 1 2 7 0 0 4 0 .  ,3360000 .  9 40. 9 14, t 1 Q ,  / 

D P ~ ~  ( F I ' J D A H ( 1 3 t + t J )  t J n l t l 0 )  1 
3 751.94 * -702 .92  ,618.55' * -192.21 
Z 19209 '0 .  q3720000 .  r 40. r 1 4 1  r 18 ,  / 

D A T 4  ( c ~ ~ ~ 4 1 ( 1 3 5 , J ) r J = l , l 0 )  
$ 1717 .77  r -1161 .5  ,466.93 (-55.358 
O 2 5 4 0 0 ? 0 *  r 3 7 5 0 0 0 9 .  9 40. 9 1 4 .  9 2 2 ,  / 

DATA ( ~ a % 3 9 4 ( 1 3 6 t J )  , J t l , l 0 )  / 
3 -27.579 9253.19 *9105.3 * t l r 9 6 1  
B ? 0 0 0 0 @ 0 .  ,4250030 .  609  r 1 2 1  * 4. / 

DATfi : ~ ~ U ~ ~ 4 : 1 3 7 t J ) r J = l t l O )  1 
$ -1 ja.Qq3 ,293.54 - 2 1 '  925,347 ' 

A t 0 9 0 0 0 0 .  ,4750000.  9 60, r 12.  ? 6, / 
D A T A  ( F Q V 3 A H ( 1 3 P v J )  r J r l r l 0 )  / 

253.5 *-2h.00'3 ~ 4 1 . 5  (-9.273 
% 2 3 7 0 0 0 0 r  r52?OOOO* 9 6 0 6  9 12. * 9. / 

D & T P  ( i f i ~ 7 ~ 4 ( 1 3 3 r ~ ) r J = l r l o )  / 
5 213.0A ,37,044 r29 .83  0-9.833 
s 2 0 3 0 0 0 4 .  ,36500~0. . 6 0 ,  , 12, !0, / 

04:3 ( ~ 4 N D 4 1 1 ( 1 4 0 r J ) r J = l , l O )  
f 417.  * ~ 9 6 ~ 1 6 6 5  r 6 7 . 1 7 1  9 * l l r 7 0 3  
B 2 2 ? 4 0 1 0 e  ,5175000.  9 60. * 12. * 12. 1 

0 4 7 4  ( ~ 4 ~ ~ ~ 4 ( 1 ~ l t ~ )  t ~ = ! t l ~ )  
S -750.q5 9915.56 ,-243.21 930,626 



SIJ~ROUTINE  FAN 7 4 / 7 4  6PT=1 FTN 4,2+7835i 12/20/!6 

, 1 3 2 3 0 0 0 0 *  * 6 7 0 0 0 0 0 ~  9 60, 9 12, r 14. / 
0 4 T 4  ( ~ A V D 4 4 ( 1 ~ 2 t J )  , J = l i 1 0 )  / 

f -1103 .96  *151R,16 91419.53 953,4 * - t r 6 i 5 '  * 
S 41300n0 .  *70!l000O1 60. 9 12, r 16, / 

OAT4 ( F A V D A H ( ~ ~ ~ ~ J )  t J s l t l 0 )  
3 7257.A 1 9?39,k71 , - ? 5 ,  , I  * 3 3  i 
S 150DOn0, ,7000000 ,  9 60, 12, r 18, / 

OAT? ( r A V 3 4 A f 1 4 4 9 J )  9 J = l t l 0 )  / 
f - l j 5 , ? 9  95Q4.46 ,-304.19 ,79.677 9,-8.7j7' 
S 2030000 .  r 3 7 ~ 3 0 0 0 ,  r  60e  9 16. r 2, / 

D4T9  ( ~ h ~ 3 4 ~ ( 1 4 5 , ~ ) r ~ = l * l 0 )  
S -75.01f: 9442.32 * * t O 3 r 9 ?  941.82 ~*39658( b 
$ 2 0 0 0 0 n 0 .  94250000 .  r  60. 9 15. 9 4. / 

0 4 1 4  ( r b Y 3 ~ d 1 1 * 6 .  J) t J t i  9 1 0 )  / 
1 70.c14 r 2 5 1 . 1 5  ,-R5.013 ,14.615 , a l t 2 e 5  , 
F 203C000 .  ,4850090 .  r 60, 9 1 5 9  9 6, / 

~ 4 T 4  ( c n Y 3 4 Y  ( 1 6 7 ,  J) t J a l t l 0 )  I 
5 -9G.091 9 4 ~ 0 . 3 4  9 - 1 4 7 r 3 5  924.961 9 - 1 . 9 6 3  9 
3 7 7 3 0 0 - 0 .  ,5250099 .  r  5 0 .  9 16, r 9, / 

D4T4  ( F A \ I D ~ ~ I ( ~ ~ ~ . J )  9J=19  1 0 )  / 
% -20.122 9394.23 9-107,34 , l 4 , l 3 3  ,-,9076 9 

s 2 0 0 0 0 ~ 0 ,  , ~ 3 3 0 0 n o ,  . 60, . 15. lo, 
r3aT l  ( r A V 3 P I + ( 1 4 9 ,  J :  9J-lt1O) / 

5 9 Z . 5 ~  *-132.57 (102 .93  ( -19.695 91,03 9 

B 3 1 7 0 0 n 0 ,  9 6 3 7 0 0 9 0 9  . 60. 16. * 13.  / 
. DAT4 ( F ~ V ~ A H ( ~ ~ O , J )  t J = l r l 0 )  
fi 7Q0,3& 954,642 912,235 '  (-3,344 9,0746 1 
f ? 5 0 0 0 n 0 .  ,7000000 .  , 60. , 15.  9 14, / 

~ 4 ~ 4  ( ~ 4 v D A H ( 1 5 1  , J )  t J s l * l @ )  
9 -1193 .49  91553.69 *m401*72 *49.G21 9-2.346 * 
B 4iJC( l r !0 .  .?0003f!%. ,6c* 9 1 5 -  T 15. / . 

~ 4 T 4  ( F A Y ~ A I I ( ~ ' ~ , J ) ~ J = ~ ~ ~ o )  / 
S 5 6 5 b . i b  9-375a.3 r i 0 8 0 . 2 9  9-133,41 96, * 
Ti 4730n f i0 .  , 7000000 ,  9 60. 16. t 10,  / 

OAT* ( F 4 V 3 4 H  ( 1 5 3 t J )  ,J=l  t l 0 )  / ' l ? i ? . ? 3  * -90 .429  913.143 90.0 '0.0 9 
3 3 2 5 0 0 4 3 .  T 7 0 n 0 0 d o .  60. 9 16. P 22. / 

D A T P  P T  / 7 . i c l q 9 2 b 5 /  
OAT4 T3v3 / . 1405 /9  ~ A v 1 9 / . 3 4 4 / (  da /5 , /  

c 
C SPECIFIC VOLUtfiE OF A IR  LEAVINS T Y C  HEAT E X C Y A V G E R  LIT THE' 
C EI-EVPTXDN SDECIF IED FOP T I E 1  PLAVT 
C 

BARLN=7.39953-3.91835E-5*ELEV 
RA9=EXp ( ? 4 ? i y l  
S C ~ 3 ~ = ( T b * 4 5 9 , 6 7 ) / l J 2 5 / 5 A R  

C: 
C ToTt,L' VOLUMETRIC FLOw RATE1 OF THE FAN SYSTEM 
C 

T ~ T C F Y - W ~ * S P V O L / ~ O .  
A F C = ~ . F ~ R  
AC=3. 
I \ Y P = O *  
4DXa=O. 
A ~ L V ' O .  
A V F , ~ ~ .  
I ~ ( L F E , L T . I )  L F E  = 1 5 3  



SU~ROUTINE~ FAN 7 4 / 7 4   OPT=^ FTN 4,2*7)35i rz/zo/ii 

C, 

C  S T A ~ T  OF ITERATIVE LOOP FDQ1 D E B E R M I N I N ~ ~  THE! oPT1~Uf i  FAN 
C  SY5TEY . 1745  C 

03 400  I ' LFSILFE 
I 

C c. 

C  I~I~TIALIZATXON OF F~N'O~TIY~I~ATION PARAYETERS .. - - u 

5 "50  TD=O 
P C F ~ I Q F ~ O .  

' CcMOC=;* 
~ 3 f  r O  
h p p ~ t 0 .  -- 

1155 T O T ~ P = F ,  
F C S T = O .  
c'-Iof=O, 
C S B = ~ ,  
c"=Q. 
T C S ~ P F , I O *  
T"S:F="* 
V E L = O ,  
CI*JC=RI?OOO, 
~ F ' i = 4 0 f i 0 0 3 ,  
FLOV"=n .  
TP-0.  
DF=3, 

c l = O *  
C 
C CS0S.S-SECT~ONAL' FLOW GSEYI FOR THE FAN O E P E V D ~ V O  OYI THE FAYf 
C D i  4'43EW 
C 

I C ( I * L r * t ? )  A=423*08  
I F ( I ~ ~ ? . ~ ? , A N C * I . L E , ~ ~ )  A z 4 9 5 r 9 6 1  
I F ( I . ~ i . s 4 . A ~ D . i . L E . p 9 )  A=584,5' 
I F ~ T ~ G T . ~ ~ . A ' J D . I . L E . ~ ~ ~ )  ~ = 6 5 3 . 3 7  
1f (I.S~.!ll.~N~,T.~f.135)-&=11~3.~1 
IF ( I . S t .  1 7 5 )  ~ ~ 2 6 8 0 . 4  

C - 
c. OFTEQVIVE TLfE VUfUREQ FAVS, THE! V O ~ u n ~ i s I c  FLOW RATE, THROUdH 
C EhCr  FAN* A'JD THE TOTAL PqESSJRE DROP ACROSS EACH PAN 
C 

K=Q 
50 CONTfN!lE 

Y = K * l  
f~(O.Sj.103) GO T O  5 9  

T44E PQESSURE DIFFERENTIAL1 4CQOSS' EACH fahi IS DEPEVDENT UP3N 
T r E  YETHOD 3 F  AIR DISC~P9PJEIF?OY THE F4'4'9 w I ~ . I ~ O R  WITHOUT 
V r L 3 c I T Y  REc3VERY STACTS 
VFLSEC=o 13 VELOCITY 2ECOVERY 
V F C R E C = ~  VELOCITY' ?EC)VE?Y 

THE VEL3CfTv RECOVE?Y I S  3eSE3  2N 13 FT'.HIGH-STACY8 WIT4 
0 3E3QEE SiDES4Xi3 FOR 4 2 9  FT DIAMETER FfiN T ~ E I  EFFECTIVE-. 
NcSS 3F THE STACK dtS 9:EV T W E V  TC BE 80 PERCENT 



a S U ~ R O U T I N E  FAN 7 4 / 7 4  OPTa l  FTN 4,.2*7Q35i 12/20/!6 

A j q  VELDCITY EXCIT IUG THE' F'r\V opt S T A C K  
IF(VELqEC.EQ. 0 . 1  V E L = C F " / ~ O . / ~  

C u E C K  I F  PRESSL1QE DIFFEQENTIALI  AND VOCUYETRIC FLOW RATE'ARE 
~ T T Y I V  SDECIF IED LIYITS 

I ' ( T D . c T . F ~ ~ ' ~ A P ( I ~ ~ )  SO TO 5 2  
I F ( C r H . $ T . F f i V [ ) c H ( T t 7 ) )  S ?  T3 5 4  
1; ( Z F ' ~ . L T . F ~ ~ U Q Q ~  (I *S) ) G 3  TO 55 
IF(TP.1 T .F4%9t .P(1*6 )  1 GO TO 5'3 
I F ( V ~ . G T . F ~ \ ~ A ? ( I ~ ~ ) )  GO To 

C A L C U L ~ T I O Y  OF VOLUYETRIC CLOH RATE THQouGY THE FAQ FOR THE' 
S : 3 E t I F I E D  P2ESSURE D I F F E 9 E N T I 4 L  ACQOSS THE 

R C F ~ P F = ~ A ' ~ ~ A ~ ( I ~ ~ ) * ~ A N D A P ( X * ~ ) * T P * F A U D ~ P ( I ~ ~ ) * T ~ * ~ ~ * F A ~ D A P ( I ~ ~ ) *  
* T ~ * * ~ + c ~ ' J ? ~ P  ( I  ,5) * ~ ~ * e 4  

S y ~ E c f I O f l  OF A VOLUYETRIC 'LOW RATE TO CLOSER MATCH THE 
9 c 3 U I ? E D  PRESSURE DIFFEQEUTIAL l  4CROSS T4E FAG 

DF=?CF*.lPc-FLOVD 
I F ( ~ B S ( D ~ ) . I E . ~ , O ~ )  GO TO 5 7  
c ~ = ~ . * ~ F / ? c F Y F F  
IF(~I,~T.~,.AK@.cI*cFY.~T,(CFY+~~INI:)) 50 To 55 
IF(:I.~Tei.,4ND.CI*CFY.LT~ ( C F Y y C I N t )  GO T O  34 
~ F h i = C i ~ ~ * C 1  
G3 T9 5 0  

55 CFY=CFV+CIVC 
GO T O  :o 

54 CFM=CFv-CIYC 
c.0 TP &f l  

59 CONTIYllE 
G3 T D  (100 

6 2  CO~ITINI IE 
$3  TO 6 0 0  

57 C F M ~ F = ~ C F ~ P F * l O O O O O O ~  



SURROUTIVE FAN $ + / 7 b .  OPT=) F T N  4,2*7435i i a / 2 o / l Q  

CALCULATION OF TWEiVUM3CR 3Ft CIRCULAR TDWERS BASE3lON AN % 
: ALLOW4SLE FAN PACKIVG F4CT3Q' 

C ~ L C U L A T I O N  OF THE 31AYEiTES1 OF1 THE1 TOWE?IS 
DTOA' = J12TH * C3PEIG /( 'I I T D d U )  

' F i N  ELECTRICAL W I R I N G  C3STS 

V S  " 7,700. 
XF (YPPF .LTe 2000,) V S  = 11300. 

, TRY31 = (DPTTWR+DTTSG-1 0 9 0 , )  * ( 3 7 .  . *  ~ ~ ? * H P P C ~ N O F )  S Q R T ~ V S ~  
S + . 5  ; NOF) / NOF 

T 9 f - 4 ~ .  = 1100 .  + I . I * H P _ P F )  f 3 5 ~ T ~ - 2 ' 0 e )  / S Q ~ ~ ~ I V M ' )  
C S R  = yoPF * 5 5 .  + Y'PF** 1 . 5 ,  + 1000.'  
FANLEC = T Q Y A  + TRMS TQMC 

F?4C =. 5 6 - 6 2  
I F :  (HPDF .GT, 3 0 0 . )  FMC =. 2 4 - 3 3 >  
pIr.;vc 0 , 0  
I F  (HPDF .ST. 300.) 3IGYC 9 0 0 0 ,  
C Y O T '  = YPPF * FMC SIGMC 

C a P I T 4 L  COSTS 3F THE' fAVi 

S T A C <  COSTS d1T8 VELOCITY ~ E C ~ V E R Y  
IF ' (VELcEC.?3*1 . )  CFZOS- UCS J 5 * * ( F Q \ ~ D + ~ ~ F ~ * T A N ~ . Y  HFR 

S * SO ST(^. +  TAN^**^) 



S U ~ ~ O U T I N E  F A N  i 4 / 7 4  OPT-1  F T N  4.2tfP35i l2/20/!6 

5 +! UCS * UHS * P I  * .  ( F V I N D * ~ B * T A V I ~ ~ )  * HE! 
F n S Q ? T ( ~ .  T A Y I ~ * + ~ )  

Xh1CRE~SING THE fkbi  CCiSTS 13 T 4 r ( E  I N T O  ACCOUNS FOR SHIP PI NO^ 
AuD ~ S S E V R L Y  OF FAY SYSTEM cOYPONENTS 

CFR35 1 CF27f  * S C A C  * P?yFf i \  
FcST  = > O A = q N  * 5 q a F  * ~ c S T  
CSR = 3 9 Y F a U  * SAC: * C S Q  
f q O T  = c W T  * P O ~ F A U  SIIAF 
cAN,cC = f a \ lLEC * D 3 H L E C  

AuYUAL COST OF THE FAN S Y S T E M  

CPL '= yPh.i * WPL *(ITOWN r P I / 4 .  * 3TOW**2 - UCF * P I / ~ * + ( F A N D * ~ ~ ~ ' )  
S * l a )  

cPC=CP'- D 3 L i S T ~  

AUSrPC r (CPL + S T R U C C  + FN3C)  *, PC? 
AN!jcPF r IIVSFPC AUFCOS 

1755 r: 
C ^ _ _ *  -- ^ _  ----.-. 
u .I , *UL vr ~ ~ 3 r d ~  7 A i 7 4 i E E 3 5  732 THE ~ E a s ?  COST F ~ N  S Y S T E V I  i ' u  
C Tn 7 5  P7IV:ED 9UT BY T. IE1  SJqR3UTIVE R p T q N  
C c. 

1 5 0  I F  { & N C F > F  OFT. AFC) G O T O  400 
1360 AFC = r N 5 F P C  

t,=Cd = A * ~ F C ~ S  
A C = T C S t F  
AYP=TO;Y= 

- A D I ~ = F I ' ! ~ ~ E  ( I r e )  
I q b 5  A ? L V = F ; N ~ A P  (199) 

s ~ n a ~ : G = C c V > a P  (1  r lo) 
X \ I F r , Y = *  ')c 

YUMTDW = I T D d N  



SURPOUTINE; FAN 7 4 / 7 4  o p t o i  FTN 4*267035i l z / za / rk  

' C T O ~ D  ; D T O W  
CVELbVFL 
CFpERFzCF'4DF 
HPP'RF=H~PF' 
TOTCF=TDTC=M , , , 
F?C'F = FCST 
FUC'F = C'43T + CSR 
CPLSNzrDL 
CYL?NG r CFPOS ' 
HPAI?=+DT-l? 
Fp9d=TnT-tP/ i .341 
DPFEI..S ( V P /  ( 0 7 4 9 5 * ~ ? ~ ~ ~ )  1 *5*2022*  
DDHX P DPTIUW * 5.2O2lg / 144; 
HUq3J4 = 57RT ( ~ 3 1 ~ * * 2  - 4,*4/3,14159) 
TcTJF t TcSTPF 
FDC'F = FCST 
FWTqC n CYOT 

ADJTP r T D  * 5.26218/14fb. 
A C T ~ P D  = )p%x 
ADJ~PO = 3pHX * .07495+SPVOL' 
AcTVY o D P F E L / ~ ~ * .  
ADJJH VD * 5 .20z lB / 144. 
AGJJPF = 4DPF 5PV3L: r . 0 7 4 ~ 5 '  
THPdIR n dqp IR  
TCT'I = 4C 
AFCST AFCH 
C S R 3  = CS? 

400 C ~ U ~ I N I , I E  
PET J 9 Y  
EVD 



S U ~ Q O U T X ~ J E ~  FQICHO ? 4 / 7 4  OPT=I FTN 4,2+7@3si 12/20/!6 

T L I S  V A R I A T I O Y  TO S U B R D J T I V E  F Q I C H O  CALCULATES THC1 
F ~ I c T I O N  F A C T 0 2  AND HEAT T?AVSCER C O E F F T C I E N T  FOR A I R  FLOW 
f- i?c)L IGY .I S A Y Y  GF P L A S T I C  +E41 E X C i i a N G E q l  TURES, 

D F F ~ U I T I O U  OF I 
1 - M C C C A H S  R E L 4 T I 3 Y S 4 I p S  FOR T i E  H E i T  TR4NSFER 

C O E F F I C I E N T  A V 3 ,  F ? I C T I b V  ~ 4 t t 0 9  THROUSH A  94NK: 3Fl 
S i A G G E Q E D  34QZ1 TU3ES 

2 -I Z I J < A U S < ~ S  R E L 4 T 1 3 V S d I P  FOR 4 E A i  TRANSFER 
C O E F F i C X E V T S  4 V 9  'JCODAYS F ~ I C T I O ~ J  F A C T 0 2  
? E L A ? ~ ~ N S H I '  FR? 4  BANK OF S T A G ~ F Q E D  TUBES 

3 - Z U ~ A U S K A S  q E A T  T ? ~ U S F E Q  COE'F ICIEVT A V O  MCADAYS 
C Q I C T I O N  F A C T D ?  ~ E L ~ T I o w S H I X ~  FOR I N  LPYE SAREi 
T U q E S  

' VISCOSITY OF 4 1 1 '  ( L ~ Y / F T - H R ~  - S ? E C I F I C  HEAT 3;' A 1 2  I B T U / L B Y '  DEG f )  - 4 1 9  S I D E  f R I c T 1 3 V  FpCTOR FOR 3 p R E  T U ~ E S  [ D I H E M S I O U L .  
L E S S )  - Y A S S  FLUX OF 4 1 3 ;  TH2OJGH Y I N I Y U M  CROSS-SECTIOUALI 
FLOW AREA (L31/53 F T  I R )  - h i 7  5 1 3 ~  Y E 4 T  T ? q Y S F E ?  COEFFI~JENT (RTU/YR SQ FT 
c E G  7 )  - O!JTSI3E O T A Y E T E ?  OF THE P L A S T I C  T U A E f  ( I q )  - A I R  S I E E  P R A U D T L ' V U I . ( ~ F R  I ~ I M ~ J ~ I O Y L E S S )  - R t T I D  OF T R A Y S V Z ~ S E  T 3  L O V G I T J D I Y A L  P I T C H  OF THE1 
TL13ES - A i ?  S I D E  REYV3L.35 V Y Y 9 E ?  3 A S E ) ' O V  f r f ~  Y I Y I M U Y  
C 9 0 S S - S E C T I 3 U . l i  :Low A ~ E A  Aw3 O O ~ S I ~ E  D r d Y E T E R  
OF T I E  TlJ7CS - T r E Q V d L  r l 3 r J 3 . l C T I V I T Y  3F &IR ( ~ T U / H R - F T - ~ E G  F) - L ~ V S I T U D I V A L  ' I T C d  TUBES P L R A L L E L : T D  4 1 9  FLOW - Q c T I O  OF L O V G I T J 3 I Y 4 L  P I T C H  T 3  TYE O U T S I D E  
3T4METER DF T-IE TJ9ES - R A T 1 3  OF T?A'JSVE?SE " I T C . 1  TO THE O U T S I D S ' ~ I A Y E T E R  
?F T Y k  T I IZES - TPANSVEQSE ZITCI OF T'JBES N O 2 Y P L  T O  A I R  FLdW 

AYU = n - 0 4 5 9 4  
CS =: r),2Qc5 
THCY!A = 0. C I S 6 5  

FLOW C O N D I T f  SNS 



SUSROUTI  NE' F R I C H O  ? 4 / 7 4  O P T = l  FTV 9 ,2+7Y35i  12/20/!4 

c , I *  * I  1 

% 
XT nt X l . ~ / o o i :  

I '  
60 ~ L I  =: Xn/ODL, 

1 1  I I I 

R A T I O  L X T / X L  
, I I 

6 C * 
AIR S I D E  F Q I C T I C V  r A C T 2 9 ' -  EC:'IT!:VS 6-:3: : ~ 3 :  2 Y t A b A M S  c**** 

c " Y E A T  TRAYSMISSIDV*~ T H I ? D  EDITIOY 
65 C 

Bf ibVCq P O I N T  FOR STAGGEqEDI AVO I N L I V E  T 3 8 E  A ~ S A N G E R E N T S  c 
GO TO i 5 , 5 , 7 l I  

C C 
STAGSEQED TUBE F R I C T I O V  F!4CT3?! 

. , 
C 

C 
C I ' r t ~ I v 5 '  TU8E  F R I C T  I OY FACT391 

75 7 VALJE  0 ,430 ( l e 1 3 / X L l  
F A I ? I  = ( 0 , 0 4 4  + O.OEIO*XL/(XT - ~ . ~ ) * * V & L V E ~ / ~ R E A I R * * ~ . ~ ~ )  

C 
C** * *  A r ?  s13E H E ~ T  TRANSFER COEFFTCIENT Y C A D ~ M S  AND Z U K A U S K A S ~ ~  

E c ~ R R E L A T I O N S  
8 0 

C BD4VCY P O I N T  FOR STAGGEqEOI 4 W l  I N L I Y E  TJBE A~SANGECIENT 
8 GO TD i 1 0 , 2 0 ~ 6 0 1 1  

C 
C STAGGERED TUBE ARRAVGEYENT, EQUITIOY i o - l l ~  M C A D P ~ S  l l ~ E A T  

35 C ' T @ ~ Y S Y I S S I O V ~ B  T H I R D  Eg IT13 .V ;  
1 0  HO =: 0 ,33 *  ( ? E ~ I R * * O . ~ ~ I  * ( P R A V T L ~ * O * ~ ~ ~ ~ )  * T H c D N A / O ~ L F  

S E ~ ~ R N  
C 
C S tAGSEFED TUBE 4RRANGEYENT9 EQUATIONS 33, 90, AND 4 1  A *  

9 0 C ZIIKAUSKAS W E A T  TRANSFESI FZDH TUBES IN cROSSFLDW~~ 
C 

2 0  IF(?EATQ . L i e  10 .0)  ?EfuRN 
1 F ( ? E A r R  .ST, 190 .0 )  GO TO 3 0  

C 

9 5 C RFYNOLOS NUYREQ G R E A T E ~  T I 4 U  1 0  But L E S S ~ T H A ~  1 0 0  
HO o . ~ ~ * ( R E A I R * * o ~ ' L o ) * ( P R A \ J T L ~ * o . ~ ~ I * T ~ C O V ' ~ / O ~ L ~  
RETURN 

C 
C R F Y V ~ L D S  NUY9ER G R E I T E ?  THAN 1 0 0  AND LESS T H ~ Y  1 0 0 0  - 

1 0 0  3 0  I F ( ? E A T R  - 6 7 .  1 0 0 0 )  GO 79 4 0  
I F  ( R A T 1 3  .ST. 2 . )  50TO 35 

, A , ,  

X C  - .Jr,, + A U  ~ . * ~ ~ - . Z - ~ L D S : ~ ~ ? A T I J ~ ~  
X M  =: ,5899 . ~ * ~ ~ L o ~ ~ O ( R A T I O )  

C - 
105 C R h T 1 3  OF TR4NSVERSE TO L O U G ~ I T J O I N P L .  P I  T t H  L E S S  THAN' 2 

! i D  = Xr; * R E A I R * * X M  P S 4 N T L * * . 3 5 , *  THCOVA / OOLF~ 
R'T J9N 

C 
C ; ? q T I O  OF TRaYSVERSE T O ' L D V S I T J D I N I L  P I T Z H  SRFPTER THAN 2 

j 1 0  35 HO =- .7875 R ~ ~ 1 ~ * * . 6 4 7 8  * p ? A V T L * * * 3 6  I TYCONA / 0 3 L F  
RFTYQN 

C 
C R ~ Y U ~ L D S  NUMBES GREATER T + N  1 0 0 0  PND L E S S  THPN 2*0OE05 

40 C O N T I N t ~ E  



S V ~ ~ O U T ~ U E  F?ICYO 7 4 / 7 b  OP;=l F T N  4,2+71351 12Y20/!6 

I F ( ? ~ T I O  .ST* 2 r O o )  GO T 3  5 0  
C 
C RATIO OF TRANSVERSE T3< LDYOITUDINAL P I T C H  LESS THAN 2 

HO = 0.35*    RATIO**^). 2 0 )  * ( R E A ~ Q * * O . ~ O )  , ( P ~ A N T L ~ * o , ~ ~ )  * T - ~ C O N A / O D ~ F  
RET J Q Y  

:: 
C ?AT13  OF T?4VS\/E2SE T 3  L D V G I T ~ D I V A L  P I T C Y  GREATER THAV 2 

5 0  H3 =, @.40* ! R E A I R * * o .  S C )  * ( P Q A ' I T L * * O . ~ ~ )  *THCOVP/ODLF 
RETUR'J 

C 
r 
I I . { L I V E  TURE 4RQANGEYENT, EQUAT:3YS 38, 3 8 ,  AND 4 2 0  A 
C Z l l K A U S K A S  "HEAT TP4VSFE? ;?OW TUYES I N  c R G S S F L O W ~ ~  
.- 

6 0  I F ! ? E A T ?  .;TI 1 0 )  2ETUQN 
I F ( ? E A T R  .ST. 1 0 3 )  S @  TO 70 

C 
C Q c Y V 3 L D S  NlJS'SE? 3aE4TER T-IPY 1 0  A V 3  LESS' T H A ~ I  1 0 0  

t i 0  3 0,90*  ( R E A I R * * Q .  o o )  (PRAVTi**O,,350) *THCI)VA/ODLK 
9ET J?bJ 

C 
C R r Y Y O i ! ? S  VU"3EQ GPEATE? T 1 4 ~  1 0 0  AYb LESS T H A V ~  1 0 0 0  

7 0  IF(?FAT? .ST, 1000,O) G3 TO 9 0  
Hb = ~ ~ ~ ~ ~ * ( R E A ~ ? * * ~ . ~ ~ ~ ) * ~ ~ ~ A ~ T ~ * * ~ ~ ~ ~ ~ ~ * T . ( C O N A / ~ ~ ~ F  
RET JRV 

C 
C RcYPIDLDS NUY3E9 GREATER T Y 4 V  1 0 0 0  A Y 3  LESS THAN 2rOOEOS' 

8 0  I ' ( ? E f l T R  ,679  2.00E 5 )  G O  T 3  3 0  
H 1  = o.?ro* ( R E ~ I 9 * * 8 . 6 3 ~ )  * ( P ~ ~ V T L * * O . ~ ~ O )  *TYcON4/O3LF 
RET J3.J 

C 
C R r Y Y 3 i D S  YUV3EQ GPEATER T V 4 N  Z 8 0 0 E 0 5  

9 0  H 3  = ~ . o ~ ~ * ~ ~ E A I ~ * * o . ~ ~ ~ * ~ P ~ ~ V T L P , O I ~ ~ ~ * T H C ~ V ~ / ~ ~ ~ F  
R Z T U Q ~  
EUD 



FTN 4,267~35i IZ/ZO,I~- ' 1 

, SUBQOUT f YE HEADE? ( G P v H D ~ ~ N B R ~ Y c ~ ~ ~ ~ c ~ ~ P M ~ R E ~ * N N *  J ~ D I A V  REDCOST* 
~TEECOST,ELCOST,UPIPCST,VELO,EU~OST,~LGC~ST,DZSVCL \  

C 
TuJS SUBROUTINE DETERMI'JES D E S I G N  4ND COST I G F o R Y A T I O N  FOR1 C 

5 , c T u E  V A I N  cI?cIILATIOV P I a I q S f  r\VD T~IE QUA3RANT P I P I V G .  
C I 
I: D F F I V I T I O ~ !  OF V A R I A B L E S  
C  
C A D I P C S T  ' A 3 0 V E  GR3UND C3ST ( s 1 0 0 0 4 F T )  

1 0  5 RnCHCST - P O Q T I O U F  THE1 t 3 S f  OF A TEE 4 T T q I q U T E D  TO THEt 
C BRANCH ( f 1OOO)  
C I$:H~IA - DIAMETER OF D I S T ? Z ~ U T I O Y  P I P I V G *  ~ I A M E ~ E R  OF' 
C BUXDLE F I T T I V 3 5  ( I ' J t d E S )  
t -  r $  R D c H G ~ Y  - *  FLOW ? A T E  TO c I ? c ~ I L ~ ~  T0"IR 371 T u g [  BUNDLE' ,(GPW) 

I s  C: 1 DFSVEL - P I P I U S  SYSTEY d b T E Q  D E S I S V  VEI.))CITY ( F T / S E c )  
C 0 1 4  - P I O E  cOMPOYEYT ) I q Y f T ~ Q  ( INCi :s )  
C  E j c O S T  - E X P A V S I O Y  J O I V T  C3ST ( ~ 1 0 0 ~ )  

. I  
C COST - 
C ,,;COST - (slOOO) 

2 3 C  GaVYD9 - I V I T I 4 L  FLOW I V T 3 8 Y E 4 D E R  (GPY)  
C  G ~ Y R E V  - FLOW I N  A H E A ~ E ?  S E c T I O V  ( G P Y )  
c I o S E S S  - P I P E  COMPOYEUT 3ESI'J.V P R E S S ~ J ~ ~ I  ( ps i )  
C N F L  - U?PE9 L I S I T  FO? VUY3ER OF TOvlERS OR TUsE l  B U N D ~ E S  
C ?E9 3YAbR4NT  

2 5 C N ~ S  - NJ'IRER OF P O S I T I O V S  I'J U N I T  COST A R R A Y S -  UIJST 
c .  MATCH NUYSER 3 F t  ' O S I T I O Y S  I N  )TAM A R R A Y  
C V V  - I C s O  THEV f i 4 I V  C I ~ C Y L A T I D V  HELDER I S  DES IGNED 
C I F = l  THEN QUA3?4VT  +EPDE? I S  ~ E S I G N E D  
C  P l S C S T  - B2LOd GPOUND " I ) Z I  C3ST f f  1 0 0 O / ~ T )  

30 C R F ~  - ALLONABLE W E D J C T ~ ~ N  I'J ~ ~ A M E T E R  B E ~ M E E N  IDJACENT' 
C  HEACE? s E C ~ I O ' J S  I I ' JcHEs) .  I F   RED=^ THE PROGRAM 
C: 

s C A L c J L A T E S  TYE, ? E b U C T I 3 V  
C RFDCOST - RE3UCER C3ST ( 3 1 0 0 0 )  
C Q,=oUCT - ~ E ~ ~ J c T I o N  I V  ? I A * E T E R  BETNEEV A D J A ~ ~ N T  . ~ ~ A D E R  

35 C SECTIONS ( I N C + E S I  OYLY USED WHEN REO=O 
C  TFEcDST - TEE COST ( s ~ ~ ~ ~ )  
C ! J ~ I D C S T  - U V I T  D I ? c  ~ 3 5 T  ( 3 1 0 0 0 / ~ T )  
C V A C S T  - V A L V E  COST ( ~ 1 0 0 0 )  , V A L V E S  A?E M O j o R  O P k R A i ~ ~  
C BUTTERFLY VALVES 

4 0  C VFLO - TRUE VELOCITY  I'J1 P I P E *  A L W A Y S  L E S S  TH4N 
C DESVEL ( F T I S E C )  
C  

C3MYON /CDTPE. /  A P I P C S T ( E 3 )  . O I 4 ' 4 ( 2 3 ) ,  EJCST. (Z3) .  t ~ c s T ' ( 2 3 j  



S U ~ R O U T I N E '  HE 40ER 7 4 / 7 4  OPT-1 FTN 4 . 2 + 7 6 3 5 i  12/20/!6 ( 

DATA C A L L  I /.TRLJE./ 

Cr,LLt THE A P " R o ~ R I A T E  SU323sJTIVE TO E S T P ~ L I S H  U N I T  COST D A T A  
F q R  TYE PI 'JING SYSTEM C3Y'3VEVTS. 

I F  (CPLL 1 .AND. IP?ESS .EQe 5 3 )  CALL P5O 
i c  (CALL 1 . E N D .  I P ? E S C  .EQ, 7 5 )  CALL 275 
IF (CALL  1 .AND. IPqESS .EQ. 1 2 3 )  CPLL p 1 2 5  
CALL' 1 = .=nLSE, 
03 ? 4  T = ~ , v F L  
RE@:?ST ( i )  '0. 
T ~ ~ : 3 s T  (I =o. 
C ~ ~ ! T T V I I E  
EJCJST;~). 
F~53?r;;=c. 

TI;€ I U I T I A L  COVDITION I S  73,  r14VE THE FLDW REYAINIVB I N  THE1 
H r C 3 E ?  (GPMSEV) EQUAL 7 3  T4E FLOW TqAT ENTERS THE HEADER 
(cDUY3?) .  

IF VV=X THE 3UA3RANT H E 4 3 f a S  A9E REING SPECIFIED. THE CALCo. 
! J t A T I n P J  OF 3RAVCH DIAYETZ? 1 5  ~ Y - P A S S E ~  3ECAuSE TYE BRAVCY, 
1.: T J I S  C P S E  T-IE PIJE c 3 V V E ~ T f v t  THE QSADRAVT H 43ER TO THE 6 3 I ' ' ~ L F  ~ E A D ~ Q *  I S  F I x E O  AT 9 I'CYES DxA'ETER. ~ ~ E P w I S E ,  TqE' 
Py4\ iC-1 SI&PJETE? I S  TPE )IZ\TETE? OF TblF: > T c i T R t ~ l ~ T l 3 M  D t D ! N e .  
741s C A L C I ' L ~ T I D V  I S  USE3 T3 GFT THE I Y J Z X  I 1  TO DTTERMIVE  TIE1 
9 o A V C - i  TEE C q S T  (RqCHCSf) 3EL3M. 



SURROUTINE~ HEADER 74/74 .  O P T = l  'FTN 4.,267'635i 12/20/!6' 

- 
115 . I C v 

C T u E  LOOP I N C L U 9 I N G  STATEYEYTS 22 TO 21  ~ E S I G ~ S ' A Y D I C O S T S  THEI 
C CnYPOYEVTS 3 F  EACH HEADER SECTION. 
C 

, c ' - C-MPUTE THE RECJOIRED P I D = '  3 IAYETER FOR ~ E A O E R  SECTION J SASPD: 
I26 C O ~ I  T ~ E I  FLOW Q E * b I N I V F  (SpqaE" !  4 9 3  THE xSIS:; V E L 3 C I T Y  I 

C I '  ( P E S V E L ) ~  THE 3 I q Y E T E R  ASSIGVED TO HE4)ER S E C T I O V ~  J I S  THE 
C  NFXT L4RGFST D I ~ M E T E R ~  1'4 5 I V C d  I N C Y E Y I N T S *  FROM THE D I A -  
C YcTEQ ,,?RAY* D I A M ~  I N  SUq?3UTIVES ~ 5 0 ,  a v S *  02  ~ 1 % .  

12 CONTINl lE 
130 13 DTA(J)=DIAW(I) 

C  
C TwE V 4 I N  C IRCULATION HEADER HPS AN E X P ~ N S I O N  J O I N T '  AND 
C AoOROPRIATF: FCA'JGES AT THE\ COYDENSER I N ~ E T  AND! OUTLET* 

IP TYE STATY'~E'JTS THR0VS.I STATEYEVT I 7  THE REDUCTION I N  
HrADE? D I P E  S I Z E  I S  SPECIT ' IED*  THE REafJCER COST I 5  DETER*. 
YT'JE!). THE IFJDEXES USE3 T38 DEFINE THE ORRAY POf ITTONS FOR! 
OTHE? 'COMPOLIENT COSTS 4?E1 3ETERY I WED, 

If A REDUCE9 I S  COSTED F0Q1 HEA3ER SECTI~N J i T  I S  INCLUOED! I N  
TdE COS'S F9R IEADER SECTI3 '4  J-1'. ITS L~~RGE"IAYETER WILL!  
3~ T i c T  OF dEA3ER S E C T I 5 U  J-1, THE COST OF q  REDUCER I S  
BhSED ON I T S  LARGER DIAYETER. 

Fr79 J=1 T H I S  ROUTINE I S  ~Y'PASSED BECAUSE THE F I R S T  HEADER' 
W I L L  UOT HAVE 4 REDUCER DqECE3ING I T ,  

THE P Q ~ G R A M  M A Y  HAVE 4  S P E C ~ F I E ~  VALVE 3F RE5 WHICH F I X E S  TqEl 
P r D J C T i O N  I V  P I P E  3 IAMETE95  3ETJEEN HEA)ER SECTIOVS. RED 
'411ST 3E A MULTIPLE OF 5 .  I F  ?EO=g THE ?OUTINE CALCULATES A 
R ~ D U C T I O N .  FOR EXAMPLE* 9E40Ea S E C T I o V  J-1 ~ 4 s  BEEN A S S I O N ~ D I  
A  D I ~ \ ' E T E R  37 96 I ' JCHES* I T  IS 3ETE9MIV5Q THbT HEADER S E C T I ~ V  
J StiOOLD PE 84 INCHES* 1 9 5 1  R E Q U I ~ E D  P E ~ J C T I O N  I S  12 INCHES*  
I F  ? E > = O  ThErI A 9b INC4 rtc7i l i fn iS CO:r:D AN0 H t 4 3 t R  ~ E C i 1 1 ) \ ( 1  
J k I i l  9E ASSIZ ' JED A D I4qZJSR 3F 94  INgdES.  I F  RED=6 IVCYES' 
A 3 5  :NCY qEiruCER I S  COSTED 3JT D I A Y E T E ~ ~ J  WOULD 3E  ~sSIGWE~I 
A  'IALUE OF 9 0  INCHES, Ie' ? E D = l z  INCHES THEU A 96 I N C H  RE- 
0 ~ 1 ~ 5 7  I S  cOSfE3  AND O I A U E T 3  J I S  ASSI~JYED A VALYEI OF 3 4  
IuCHES. I F  QE3=18 IFICdES 3 9  YOQE THEN VO QEnUcER I S  SPECI -  
F T E 3  4'40 DIA'.IETER J I S  4SSISNED A  V4LuE OF INCHES. LARGZI 
V i L J E S  O F  ?E3 ?ESULT I V  PI'E S I Z E S  LARGER TY4V REOUIRED BUT 
FrWE? QEDVCERS 4 R E  R E E Y I ? L 3 *  

IF~?ED,VE.O.) GO TD 1 4  
I f  ( A ~ S ( ~ I G ( J ) - D ! ~ ( J ~ ~ ) I ~ L T * O ~ ~ I  GO* TO 15 .  



SUR~OUTINE. H E A D E ~  ? 4 / 7 4 .  OPT= l  FTN 4. .2+74351 1 2 / 2 0 / ? 6  

c .  CPLCVIATION 3F REDVCTIOq* ?ED NOT SDEEI'UED. 
C 

QEDJCT,DX~(J-1)-DIA ( J )  
= PE?UCT/Sr * -01 

I J  -. I -  
$0 T 3  . l $  

R c D  S?ECXFTED, POSSIBLE QE14SS1GNMENT OFI D I ~ M E T E R  J*  

14 I F  (31; ( J ) - 0 . 1  * G I - Q I A  (J-1)-RED) GO TO 1 7  
I 

3 I A ( J ) z 3 I A ( d - l ) - ? E D  
kt = 9Eq  / 5 .  . 0 1  
I J  = I + ( 5 1 4 ( J )  - 3 I A M ( I ) )  / 5~ + e o l  

c 
C D r T F Q Y f Y E  4E31JCER CnSTe I T  dAS aEEV nSs1lMED FROY YHE RE- 
C S6~CCT;i C D S T  7 A T 4  THAT, FD? EXAYPLE, C 95  I N C H  REDUCER W I L L  
C C-5T  :WE 5 A L ! E  d+ETHE? T4E ~ E ~ J C T I D V  I S  T C  90. 849  09 78 
C I \ l ~ b E S .  I F  THE TCITnL Q f J J C T I 3 V  HETWEEV ~ D J P C E N T  Y E ~ D E R  
r. SeCTT3YS EXCEE3S 10 I V C d E S  T d I V  AV A D o I T I O N ~ I -  REDJCER YUST 3El 
C CnSTE3. I N  THE EXAYPLE* T 4 I S  rJOULD RE 4 78 ~ V C H  7EDUCE9. IF1 
C TAE T?TAL  REDUCTIOV EXCEE?S 3 6  I N C q E S *  S A Y  96 TO 5 4 9  THEN A 
C 9 ~ r  7 9 9  A N D  6 0  I N c ~  REDJcER k'3UL.D BE cDSTEDT 4ND SO ON. 
C 

1 6  K = O  
,JJ=Y 

. I c ( J J  IJ .ST. VFL) J = 2 * N F L  
I F  1 J.Gr.'.lrL) P F T J W  

19 P?O:OST(J-~I = RE!ICOST(J-~) SEDCST~IJ~JJ) 
L < = K + ~  
JJ=Y-3.L( 
I F ( J J * i E v O )  GO 73  1 5  
G? T3 'n 

I 7  D I A  ( J) -31n (J-1) 
1 5  M = (3 tc , (J )  - D I A Y ( I ) ) / ~ *  + w D 1  

:: 
c D-TE?~I*~'E TEE COSTS. r C  T '  E LRST HEAOERI SECTION IS BEIVQ 
C: D F S I S V E ~  THEW USE AN E L 3 0 4  = A T r E R  THAN 8 TEE. THE TEE C O S T  
C I"SSU"E3 TD 3E . 5 7 *  T d E  C O S T  OF A TEE OF THE "RUV" D I P Y ~ ~ T E R  
C, PLUS .33* T i c  c 3 S T  3F 4 TEE Or1 THE l f gDpVtH I1  3 1 4 ~ ~ T ~ R .  T 1 4 ~  91 
C I ' C H  34a"e~ ~ I A ~ E T E ?  C ~ \ ' ~ C C T ! %  TTE Q U 4 ) ~ a N ~ - ~ ~ n 3 E R  TO THE' 
C 8'1N3LE HEADE? IS N 3 r  n,U A a ? R P Y  v4LUE. 3?CHCST I s  ASSIGNED A 
c V A L U E  3; a z n o .  
C 

I F  ( Y  + I .GT. VTL)  J=2C4JFL 
I F  ( J  ,ST. U F i )  ?ETURN 
1' ( ~ q c ( 5 3 " F ? Y - q ? ~  Ht?Y) .LTo0.O1)  5 3  TO 19 
IT(L N  .'JE. i )  BQC-ICST = T E E Z S T ( I 1 )  * . 33  
Ic [UY. ,= i2 . l )  ~ Q C A ~ S T = . ~  
T E E C O S ~  ( J)  = i f E C s ~  ( I * M )  * 0 , 6 7 * B ? C t l C ~ T  

r: 
C Y 4 I ' I  C ! % t L b T I D U  P I P I Y O  I S  J U ~ E ? G ? O U N D *  QUACQANT P I P I N G  1s 
C a r 3 V ~  GsOu'43. F I T T I N G S  c3STS MERE VOT )EPEUDENT 3Y  4BOVE 071 
C 9 r L 3 4  GSU11CJ3 S ' E C I F I C A T I ~ U .  
C 

00 T3 7 "  

19 ELC3ST=E,CST(:*y) 
z 0  I F  ( V N  *uE, 1) U P I ? C S T ( J )  = 9 1 3 Z S T I I * M )  



SURROUTINF HEADER 7 4 / 7 6  O P T Z ~  PTN 4 , 2 + ~ @ 3 s i  1 2 / 2 0 / ? i  

C t 

330 C1 SlleTR4CT OUT T4E F L O ~  3VEt 3RhNCH FROYI THE FLOW I N  THE' 
C H T A ~ E R D  I F  '40 FLOW RE'44IV5 THEV THE1 L A S T  H E ~ D E R  SECTION HAS! 
C BFEY DESIGNE~). TaEQE AqEI =TN4LLY J SECTIONS I N  T4E HEADEQ'. . C 

fF'[VN.,rO.l)  U P I P C S T ( : l ) - 4 D ! D t S ? ! l * V ;  
V E L ~ ( J ' = I O P Y R E M / D I A ( J I * * ~ ) * C ~ V S T ~  
GPM?CMtGPYSEM-@RCHG?q 
I F  (SP'* 'JFUDLE.1.6)  39 TO 21 

' J = J + ~  

I r  (J -GTD'JFL)  RETURN 
GD f O  7 2  

21 C ~ N T ' T Y [ I E  
RETJRY 
EVD 



suisouir VE XvPSgq 7 4 / 7 4   OPT-^ F T N  4.2*7435i 12/20/: 6 

S U ~ ? D U ~ I  UE IVPSUV 
C 
C T q T S  R n J T I V E  P E p 3 R T S  I N 3 U T  ~ ~ ' 4 ~ 4 4 ~  AND CASE ) E s C R ~ P T I O V I  
C 

5 L D G I C A L  F I q S T ,  FXTEYP 
C D Y ' 4 3 Y  

A ' T W ,  A L ~ ~ A  
5 ~ c B P F .  cSSPKW, :r)NF, cONLI c3ffL1, CI\?CHGV c ~ N M ~ T *  C O N Y & ~ ~ ~ ~ F I  

* c ? J *  cSFP,LP* C E L A S T ,  C F S V  CD4yS,  CLUVR. c Y ~ I L S ,  cVM 
R . n :Ep~  9 ) c S V C L ,  ~ ~ Y C - L E  
3 , ? ? F ~  
g ,'??* = I ? S T ,  F I X L ,  FCOS, FXTEY'I 
5 , G 3 f r ~  
5 ..-JK'i?, ~ J c S T  
5 . I i C I 1 T  
" ; r ~ ~ " ~ r r  I S ~ I *  
S qJC3'4: 
5 r K 3 O U  1 9  ( A L E X T  
s , -Ax :x~  
B r W T Y C : L ( ? ) r  PITA 

c C I r 1 ~ 0 V  
nn= 

S ,PSIZc, DE9r PWCOS, PLAUC, J"4CT 
3 r P ? - l d ; r r  DOCIFAM, P ~ P L E C ,  POq:Iq*  POYCYDV P 3 i S T c t  P O H S c L 1  
R ,n=FJ. O?CDUCF 
n , ~ 3 " .  9 ~ 3  it:, ~ ' [ ' Z S E L ,  ~ O E E L I \ ,  Q O ~ ~ L ,  RFIX 
x , s a , ? F *  s I S \ t a q  s 0 n : r l T  ( 2 )  
5 , T I .  T P l ) ( & l r  TEFF,  T L I ' f *  T i B ? ? *  TSEALPI.TEI'I\STV ?HFIYI TFIX 
S , f J 9 A = S ,  TW 
S ,I!C,F, L l rS  
o , V f i f : ~ )  
g , w r t  

c , X 3 Y g 4 ,  X,!, XD 
C3 ' IE3 ' J  / F A Y /  F A V 3 i \ P  t 1 5 3 ,  1 0 )  9 F 4 U '  4 4  ( 1 5 3 9  10) P F Y C P F ,  FBCPFf, 

?ilJEL:CC. AFC,E-E'JrEr4!? 
c C U 9 9 Y  /TTU:2/ cz14 

126 F?q  ' ~ T ! , / / ~ ~ x , " c O E F F ~ C I E \ ~ T S  739 P 3 ~ ~ q 3 ~ ~ 4 ~  CJ?VE FiTlr )  
127 ~ ~ ~ ~ ' ~ ~ ( 7 ( ) ~ ~ " b r l ~ ' ~ ~ ~ ~ l ~ ' 4 1 ~ ~ ~ 1 ~ ~ ~ ~ ~ ~ ~ ' ~ ~ 1 ~ ~ " ~ 3 " r 1 ~ ~ r " 4 ~ " )  
128 F n 2 Y h T ( I 1  HIAT P c T E  F ~ t T 3 9  AS FUUCT;3V 37 BACIPRES~URE ( I N C H E S  O f  Y'  

+ ~ 3 r { ? ~ )  IT,; 7 5 ~ .  :,?a5//? 
179 c:? AT t ? 6 ,  ~*',,PR:'JE ?ATI'~~J @ A C T ' ? E S S ? ~ ~ E ~ I , F ~ . ~ , ~ ~  I'CYES 3~ YE~CLIQY"? 
110 F?Y .'AT r TQ*"S:TE ELEVATIOV",F~, 0 9 "  F E E T  ASOVEI  SEA LEVEL"?  
2'2 F 9 9 ' 4 A T ( l - l l ~ T > ~ ' , l ' T  rrl P U T 5 J '4 '4 A ? Y A 10 0 C A S E 

c 3  E S r 2 I 2 T I 0 ' I t ' / / )  
?04 F ~ R V ! , I T  ( 72 ,  2 ( l f - - - - - - - - - - ~ ~ )  7 1  j ~ r ~ ( l l - - - - - - - - - ~ ~ )  ,lt..ll) 
20G F ~ R v ~ ~ T ( T ~ , ~ ~ ~ ' T I ~ ~ s  SELECTED c32 T Y I S  R U ~ " ~ T ~ C , " S T ~ ~ T I ~ G ~  CONDITIO'Q 

%'I) 

2 0 3  F T R ' ~ ' ~ T ( ~ - I $ )  
210 Fqn 4-11 ( T + , l l E X C ~ J a L G E ?  DEPTH U Y C 3 U S T ? A I V E D O )  
233 F ? . ' ' l q T  (T!-."UoPF1 L I U I T  D V  T J ? q I  VE TEYP11,Fb.l ,o Fct) 
2!5 F o g q a 7  ( t h  t 1 1 ~ ~ C ~ 4 u S ~ 2  C f D T r  CO*ST?AI~ED T O  1*,44,1X,F5.1,0 T u B E s ~ * I  
226 F O R j 4 4 T  ( 1 4 +  ,+3u , f ~ T Z i i ? ! u F  OUTLCT TEMJE?A7:QE, T 1 ~ ~ r F l b , 3 r n  Fn) 
7 7 5  F 3 9 Y A T  I T  , I ~ E X C H L U S E ?  LF ' ISTH J V C 3 V S i ? A : v t ? * l )  
730 F J P ~ ~ ~ I ( T ~ . ~ X ~ ' ~ ~ + ~ Z ~ ?  LiYiTH ri.4E) A T  l ' .F , .~ l~  FEE~II) 
235 F ~ ~ ~ ~ T ~ : + ~ , T ~ ~ , ~ ~ C A ? O C ~ T Y  ~ ~ ~ 1 3 9  C#A?f i1 ' ,F10.3)  
7 4 0  F C S b . 9 1 ' 7 4  v 11SJN A T  TH V E L O C I T Y  ' S ~ S V E ? Y " )  
7 4 5  F O 1 4 A T  (Tb , l lQLJY d I T w 3 U T  V E L D C I T Y  ? E C O V E R Y I ~ I  



250 F ~ R Y A T ~ ~ ~ + + T ~ ~ ~ ~ F R o v T A L  AREA*  A F R O V 1 l r f l l . ~ j  
25' F D R % I T ~ T ~ ~ ~ ~ N T U  C A L C U L A T I O N  I S  9 1  " r 2 4 1 0 )  

* 

.60 250 F 0 R Y 4 f  (~Y+,T~~~"wIDTH T  O  LE'PJT~'  QATIOI W L R A T " ' ~ F ~ O , ~ )  
265 F ~ R ~ ~ A T  ( T 8 9 " T U B E  PRQAVGEYENT " 9 4 1 9 )  
30' F o R Y ' ? T  ( / / T  jl , " U N I T  C O S T S  AND C 3 5 T I V G  F A C T O R S I * / T ~ ~  , 3 0  (,*-a) / / )  
305 F O R M A T  ~ T ~ . ~ ~ F I J F I  11. t7.3.11 ~ F V T ~ / ~ Y ~ T J "  l 

f ~ T ~ O , " D O W E Q  PLANT c O " I T R U C T I ~ ~ " ~ F ~ ~  a 3 9 1 1  ~ / ' ( ~ ~ l  

$ * T I  J Q ~ r ~ F I X E D  CH4RGE ~ ~ f E ' t * F 9 . 3 )  
3 1 0  F O R Y A T ( T z * " L A N D  " r F 7 r 3 , "  B / S Q  f T l t  

R * T ~ ~ , ' ~ = ~ D L ~ C E ~ ~ F V T  P O @ E R " ~ ~ X ~ ~ I I  +3919 V I L ~ S / Y W - / ~ ~  
$ , T ~ o S ~ I I C A ~ A C I T Y  F A C T ' Q I ~ , F ~ . ~ )  

315 F ~ R ~ A T I T ~ ~ I ~ Y O T ~ R S H * F ; ~ . ~ , ~ ~  s / 4 1 ~  
~ ~ T ~ o + ~ c T E P Y  S U P P L Y V r T 5 4 * F 1 1 . 3 , "  S/L(W T U R S ~ N E ;  OUTPI~TI! 
S r T 9 3 ~ " q A s E  T d E 4 M 4 L  E F F I C I E V C Y ~ ~ ~ F ~ . ~ )  

3?0 F O Q ~ ~ T ~ ~ T ~ ~ ~ ~ ~ C A P ~  1 T Y  C ~ ~ 2 ~ ~ " , ~ J 6 r ~ 1 1 s 3 , "  S / Y d t t  5 5 7  ~ 9 3 9  r t ~ O Y ~ ~ ~ ~ ~ ~ ~  COST Y ~ L ~ I  P L I E R " * F ~ , J )  
325 FOR' lA f  T I T  C D S T S  / C A P I T A L !  C ~ S T S I ~ , F ~ . ~ )  

W ? I T 1 ? - l A r z o ~ )  
W?ITE l h r  7 0 4 )  
WQI T E  ( 4 9 2 0 5 )  
~ 9 1 T ~ ( h 9 2 3 4 )  
w 3 I T E  ( A t a n i j )  
~ Q I T E ( ~ ~ Z O ~ )  T L I Y  

C 



w ? I T E ( r . 3 2 0 j  CAPCHGvCCM 
W ? I ~ E ( A ~ ~ ? ~ )  PEQ 
PET J?N 
E V D  

FTN ~ . 2 * 7 ~ 3 5 1  12 /20 /$6  



FTN 4,2*73391 12/20/!6- 

b 

C ' 
I S i r 3 S ; ) u t I N ~  ~ Y O L O S  FOR GIVEN: VALUES OF I u S I D E :  DIAMETER, 

C V F L ~ C I T Y ,  V I S C ~ S I T Y I  AN1 3 E V S I T Y *  DETERYIINES THE F R I C T I O N  
5 C H ~ A D  L ~ S S  ?E9 FEET OF ? 1 \ d \ l .  T l l 3 INL i  ( 1 0 ~ 1 )  r S ~ E E L  2, IPE ( 1 0 ~ 2 )  1 

C Oo c ~ S T  IROV P I P E  ( 1 ~ ~ 3 )  JSlNCJ, M r ? Q s Y  FQTcT13:: F A C T ~ I ?  CHART' J 

C E n l l a T I O Y S  
C REFERENCE, ~ V I J O S E N *  J ~ G .  4 ~ 9  < A T Z (  a * i e   FLUID! DYU~MICS AVO 
C Hcr \T  T94NSFER1@, HCGS~W-dIL(.!r YEd YORK, 1 9 5 9 9  P.175' 

lo C 
D I Y E N q I O V  E * ( 3 )  

C 

t C I ~ ! S 1 3 5  SURFACE P90T!JBE?~XXZES FO? C3MMESCdAL! TUB IN^^ AND PIPE 
C 

. If DATA ~P~9*30006,0*0018,0*0102~~, 
C 
C C ~ L C ~ ~ A T E  R E Y N ~ L D S  NUYBER'4N3 DETERHINEI I F  I N  LAMINAR OR! 
C T~'j?Bill.Ei\(T QEG13N 
C 

R E : ~ ~ ~ ~ ~ R Y O I V E L I D I A / V I S  
I F ( R E - 2 0 0 0 . ) 1 0 0 * 1 0 1 , 1 0 1  

C 
C ~ n L c u i 4 i ' E  L4MIVAR FLOW F R I C T I O N  F ~ C T O R  
C 

1 0 0  F = ~ ~ * / R E  
GO TO 1 0 2 .  

C 
C C ~ L C U ~ A T E  RECIPROCAL: OF ? E L X T I V E  S O U G ~ U ~ S S  CINO' REC\IPROC~\L~ Of I  
C SQUPRE Q 0 0 T  OF F R I C T I O N  F#CTO?; FOR FULLY' TURqULENT' FLOW 

C 
C C H E C ~  TO DETERVINE I F  T393JCEVT FLOU I S  FULL? DEVELOPED 

35 C 
CF=RF;FF / 9E  
I F ( C F - 0 . 0 1 )  104p103r l03  

C 
C D F T E ~ Y I V E  RECIPqOCALi OF' SaUh9E1SOOT OF ~ R I c T ~ O N  FPCTOR 
C FPQ T q A V S I T I O N  FLOW I N I T I 4 L L ; Y  4SsUMING I T  TO BE THE SAME' A S  
C F?R FULLY TURSULENT FLOd 
C 

1 0 3  TRFhFF 
107 TRCC=cF-4 . *4LOG10(1* *4*67*RF*T?F/?E)  

C 
C IF CALCULATED A V O  ASSUYEO VbLJES OF RECIPROC~LI OF SQUARE Q03T 
C c DF TRAUSITI3 '4  FLOW F P I C T I 3 V  FACTOB DO '405 PGREE W I T H I N  
C S D E C I F I E D  L I M I T S *  ASSUYE' VSrJ VALUE E Q U P ~ I  TO C A L C U L ~ T E D  V A ~ U Z I  
r 4'iO ?EDEAT CALCULATION *. 

5 CALCULA T t 0'1 
I 

C 1 

1 F ( ( A ~ S ( T ~ F C ~ T R F ~ / T 9 F ~ ~ 0 * 0 0 1 ~ 1 0 5 ~ 1 0 5 ~ 1 0 6  
106 TRCkT?FC 

GO TO 107 
C 

4 

C CnLCYLATE  FULL^ DEVELOPED f U R ~ U L E V T  FLOJ 05  ?RANSIT ION FLOW 
C 
c F ? I C T I O V  F4CTOR 



S U R R O U T I N E  Y Y D L O S  7 4 / 7 4  O P f a l  

6 D F T E ~ Y I Y E  F R I C T I O N  HEAD La35 
C 



SUP?~U~IVE M O V A Q T ( T V A L 3 r V C S T )  t 

c I 

C  S~'IBQ~UTI:~F VOVART CALCULATZS THE1 PEQFORYnNCE-OF  TYCf POWER 
C  PI.AVT AWD D4Y COOLIVG T3WER UVOER TYE ASSUMPTION THAT Tr lE  

5 a C  A T R  S I D E  HEAT TRAF!SFER C 0 3 r F I C I E N T S  AN3 A I R  V E L O C I T Y  THROIJGII 
c P 

TI35 'IEAT EXCHAUCEZ TU3ES :?C ~ ' . ; ~ : : ~ H G E O  1 

C  
C D e F I V I T I O N  3F V A H I A S L E S  
C  

1 3  C CpPCqG ' G4S T d Q S I V E  C P P I T A L  COST ( 5 , Y d )  
C  C:zCST - COST OF 5 4 s  T J R 3 I V E  (6) 
.- C F P F  - P E ~ C E V T A G E  OF T I Y E  THE PLANT IS PRoDUCIVO POWER 
C (PERCENT 1 
C CcOS - COST OF TYE 3?Y z 3 3 ~ 1 V G  TCdZ9f ( S )  

15 C  C L ~ V : )  - c 3 5 T  OF L A U D  TA<IN d P  3 Y  TYF 3RY c o O L I v 3 1  TOWERS ( $ 7  
C C ? " 3 4 ~  - COST 3 ~  SURFACE ~ o " J 3 E y s E q  ( g )  
C C n S y  COST OF ' 4 A I V T 4 I V I V O  T4E  DRY C O O L I N G  TOWERS ( * I  
C  C J f  7 - C7ST O f  P I P I V 3  4'43 ~ ~ Y P I u G  SYSTEYS ( 5 )  
C C S T C ~  - cZST  OF Y ~ K E - J P  p 3 d ~ R  B Y  ~ 4 s  TUR~I~JES A T  EACH 

2 0 C  A Y d I E N T  A 1 9  TZYpERATU2E ( Y I L L S / K W - u R )  
C  DFLFc  - I Y C ~ E Y E ~ I T ~ L  FJEL ICOST  F O R  S f c h V  SUPPLY SYSTEY 
C ( Y I L L S / K q  H q )  
C EcF - YEqT  E X c l l p N n ~ ? '  ~FFE:TIVENESS 3F OR? cOOLENG TOWERS: 
C  ( ? I Y E N S I O V L E S S )  

25 C  E F F C  - 53VDEVSER E F F E ~ T I V F V E S S  
C  FcOS - F U E L  COST F a ?  T r E t  STEAM SUPPLY SYSYEM ( Y I L L S / B T U )  
C . F ~ R  - F I X E D  cHL~RGE ? & T F 1 3 V  C A P I T A L  >ER YEAR (PERCENT) 
r- FonW - POVFR REEUIPEYEVTS 35 F h V  SYSTEM ( K H )  

C d::Fpcl - F E A T  ? A T E   FACT^? !IF S T E A Y  T u R ~ I N E  A T  S A T E D  BACK - - D?ESSURE ID IYEvS IDNLESS)  
C .  d j F ~ ~ 2  - Y E A T  ? A T E  F q t T O ?  bF S T E A Y  T u R ~ I N E  i T  D E S I G N  
C  C D N O I T I O V S  OF 234EQ P L A V T  ( D I U E N S I O N L E S S t  
C  H D F A C ~  - H E 4 T  Q A T E   FACT^? 3F S T E A ~  Tu?~INE i T  A  P h R T I C U L 4 R  
C  AY31EUT A I R  T.LW3E84TU4E (~ IYZUSION~ESS)  
C  P - 3ACK P R E q S U l E  aEI STE4Y TUQRIVE I  ( I N .  HG. 1 
C PqRC3S - IVCREYE\J:~L P3dEQ P ? O ~ L ' C T I O N  COST TYEI  D R Y  
C C 3 0 L E 3  D34EQ DLA'4T '02 A DARTICULAQ AMBIENT  A I R  
C  TEUDERATUGE f'lI,LS/<N-HR) 
C  Py;E\I - P ~ W E ?  O O T ? ~ J T  3F1 JLAVT AT A  P~?T ICU~&R A ~ B I E N T  A I R  
C  T E ~ P E ? P T U ~ E  ( Ut/) 

C PaOW - P3k 'Eq R E 3 U I a E Y E l T S  3r THE PIPING S V S T E Y  4 K W )  
C  P i S Z 1 3  - PDNE? OUTPUT 3Fl STEAY TUR~ !NE '  A T  RdTED 3 3 C K  
C P?ESSURE 7 0  = ? 3 3 J C E  ?EQJI?ED 3UTPUT OF OLANT 4 1  
C  DESI~V c O V ~ I T I D I S  ( W )  
C  F l u ;  - r ~ w t ~  OC~;.'GT + L A V ' ~  AT  S P E C I F I E D  A M B I E N T  A I R  
C T E ' ~ P E ? A T ~ ~ ? E  ( V d )  

C P*tc!?S - COST 3F F J E L  C O ? ' S 4 3  T U Q ~ ; I N E  (MILLS/KW-HRI 
C Q T N ~  - THE4Yf iL  E V E Q O Y  3JTDCIT CF S T E ~ V ~  SUPPLY SYSTEM A T  
C  RATE3 94CK PQESSJRE 3F TUQBIVE I  (BTII/HR) 
C 7 a E J c T  - H E A T  QEJEcTED 4 7  A S P E C I F I E D  p M q I E ~ T  ~ 1 7  
C  TTVPEQAT JQF: (3T.J /c i? )  
C  9,NC.E - T E Y P E R ~ T ~ ~ E  ? h V 3 E  9:; JATE?  p l \ f S I N G  THRoU$H THE' 
C HEAT EXCrnNGE?  13E6 F )  
C: SPC3 - IvcREYE~ ITAL  C 3 5 T  OF P L A N T  DUE1 TO S C ~ L E  UP OF S T E y J l  
C  SUPPLY SYSTEY 4 '42  T 4 E  SCALE Urn OF THE P L h N T  TO 
C 
\r T L K E  f N T 3  ACC3UVT F 3 4  F A Y  AN? PUYP POWES' 
C REOUIREUEVTS ( 5 )  



* 
C T  A - AU31ENT A I R  TEY3ERATLJQE (DEG 
C T F F F  - T I E s V a L  E F F I C I E ' J C Y  3 F  C ~ N V E N T I O N A L  S T E A Y '  TURBINE1 

6 0 C  / I T  HATED B A C q  P ? E S S J R E  ( D T M E V S I O N L F S S I  
C  T E F F ~  - T ~ E ~ u A L  E r F I C I E U C ~  3F S T E A M  TJRRINF A T  ?&TED 
C 9 4 C K  PRESSU9E ( Y I Y E V S I O V L E S S )  
C T F F F ~  - T l E Q Y f i L  E F F I C I ? 9 C V  9 7  S T t h M  T:PcI;<: A T  POWER 
C ?LAFIT D E S I G U  C 3 V 7 1 T I O U S  ( ~ I M E u S I ~ N L E S S )  

6 5 C: T c F F 4  - T I E R Y A L  E ' F I C I E V C Y  3F S T E & Y  ~JRSIYE A S S ~ C I E A T E D  
C Y I T d  A  P A Q T I C J L n ?  A Y 3 I E Y T  A 1 2  T E V P y R A T U ? E  
C ( ~ 1 ' 1 5 V S 1 0 ' 4 L E 5 S )  
rn T L I Y  - L I M I T  O Y  TI4E T E q > E Q 4 T d R E  E X 1 T I " I  TGE S T E A M  
C TLJARIVE tSEG F )  

7 O C TDER - DEQCE'dT 3F T i Y f  4V A Y ~ ~ E N T  T E H P E R A ~ U R E  OCCURS 
C 9JR I  1F TAE Y E h ?  ( 'E?CENT) 
C T'J0 - c 3 E F ; I C I E V T S  ;3? T d I R D  DR?ER cUQVE F I T  3 F  S T E I Y  
C T J ? ? i V E  ?EAT ? A T E  F 4 t T 0 9  ( D I Y E N S I O Y L E S S )  
C  T ~ 3 0  - T E R M I V A L  TE'-4'ERn:JRE ~ I ; F E R E V C E  bF SURF4CE 

7 5 C 
b C3VDE'JSER F O 2  4 ' a 2 T 1 c U L - f ~  A V 3 l E U T  4 1 R  T E Y P E R A T u R ~ I  
C  T V A L 3  - T A E R Y Q L  C A P A C I T Y  9 4 7 1 3  0 r  THE NITER TO THE A I Q  
C  P I S S I V G  T-iROUSY TAZ YEAT EXCJpNGER ( D I Y E N S I O Y L E S S )  
C T ?  - E X I T  T E Y P E R A T J ~ E I  OF S T E ~ Y  T u 2 3 I N E  ~ D E G  79 
C V r S T  - T O T A L  I N C 2 E q E V T 4 L  C 3 S T  OF Di?Y ~ 0 0 b j u ~  ( Y I L L S / K W - H ? I )  
C  w3 - '"5s FLOS R A T E  3'; d q T E R  THRoLI^JH TYE H E 4 T  EXCH~!. ISE?I  
C. ( L " Y / - i R )  
C  X r D S T  - IVC~EVENTAL C 3 S T  Of 3 2 Y  c C O L I V G  F 0 4  E A C ~ '  A M B I E Y T  
C AT? TEMPESATUqE ( y I L L S / K W - H R )  
r y z a  ' - P L A N T  S C A L I Y G  F h C T O ?  TO T 4 K E  I Y T O  ACCOUVT FOR 

C F 4 V  4VD PUYP 2 3 d Z R  ( D I M E U S I O N L E S S )  
C 

REP;! X r 9 S T  (8) 
cO!4YON / V a ? V a Q /  V T P E Q  ( 1 6 )  , v T A ( ~ ~ )  
L 3 S I c 4 1  F I a S T *  FX'TEYD 
c 3 " q o V  

$ 4 ; i ~ .  A L D ~ ~  
5 , t a 3 F ,  CSSPKW, CONF, C O X ,  COSTL1* CIPCHG, C3NMAT, CONY&Z,CAFI 
5 r C ? J ,  C S E h L S *  CELAST,  C F S t  CDAVG, C L U V R *  C q h I L S ,  CVM 
1 rq5~"' :ES'IELI 1 ) 4 V s L ~  
f *F - -?  
$ 9 F 7 9 9  F I R S T ,  F I X L ,  F c O f r  F X T E W  
S q G ? Z c C  

S ,Y%'JP, Y o t S T  
a * I l c h -  
k , I T \ ! A Y -  IT'-':Y 
R , J Z ~ ' ~ T  

5 r i ( t3 ' .11 ' ,  ( G L E X T  
5 , Y X E X T  



SURROUTIN~; NOIIPRT j l .174 O P T = l  F T N  4,2+7~35i 12/20/!6- 

S r X ) E P b c  X d r  X O  
cOMYON /SUPPLY/   VAL(^)* c9I9lr cCDSI W39 C O S M ~  EfFa 

S r  CLhKlDr Q E A i P *  Z , H ~ F A C ~ ,  1199 U *  PPOh't 
i 20 s i PnW,  DELFC* WIDTH, ELEYCI VAIRI VWATI  ~i HOr ~ 4 9  3 

S q E d ~ T 9  N ~ ~ P ~ 4 ' C 2 ~ P ~ ~ ~ 1 2 ,  ~ ' 3 ~ 9  SW49 S W ~ ,  
S S O C * D T O T A L * P L A V C ~ * S A F ? O V ,  A B I Q *  Y F P *  S P C o ~ P S I Z l 3 ~  W T Z t  
B Y'z, Y W 2 9  T C ~ S I  ~ E L ~ ~ I I E L ? W T ~ D E L P W C , C O N ~ A S ,  X N T S X P  VELDX 

, F;r ~ L F X I  LJCONt FMCST* i A 4 C C -  -EF:CI CH9 ' C 4 9  CS 
7 25 5 9  C L T C *  CFCr  C P C C T  F I T c 3 v  CSCICEPREPI ) E L P I P ,  A S 1  

s , c A ' ~ s ~ *  xVFAN,QLDA\JG, C'LEV* ~ ' F E L ,  W H X *  dTTUB, A D I A r  A a L V  
SI J T H n R *  wTFSM*STRJCC*CFPE?F*~JPE?F* TOTCF*  E F F I N P  AVTU 
5 ,  (19cF9 UIATFF, XUYQl I r  TCT'FI FOCPF, FY'TRC* ACCTTP, AOJTP 
$ 9  ACTR-0, 43JBPD.  hCTVY, A3JV49 4OLPPFv TYDAIPI TcTF,  AFCST 

b 
i?" $ 9  ~ s s 3 ,  WATE2wr wSTRCTI c F 3 U ' J ) r  J U 3 D I & ,  T D ~ L E Y I  CSEI C r F  

B ,c?P, VUYTOW, ~ ~ 3 ~ 3 ,  ATuec ,  c s i ~ v ? ,  C s ~ n s ,  c ~ L P N G *  CFANEL  
CDVd?N / S C A L E R /  - lh 'F4Cl*  S S C 3 *  ' L A V C l *  C h S S S l *  

5 S4IR, F P I Q ,  H P P I R ,  H P d 4 T e  'CAVCTl  

/ - DJY: 'JST~V V L I S T ( 3 )  
1 >5 O a T b  Y r R I ? / O /  

0 4 T a  V L I S T  / " c c o S " ~ " S P C D " ~ " C L ~ \ ~ ~ " ~ " C P I P " ~ " C C ) V B A S " ~  "cof Y" 
g , *c ts~2" ,  ~ ~ P ~ S C Q S ' ~ , ~ ~ V ~ S T ~ /  

C 
C TGE?YAL E F F I C I E S C Y  OF T J 9 3 I V E  AT THE D E 5 I G V  P O I N T  OF. ?HE! 

740 C .  ?LAUT. 
P 

S T A R T  OF LOOP FOR C A L C U L P T I V G  TYE IVCREMENTAL C O S T ' O F  DqY 
Cn3L:VG F 0 9  EACn  T E V P E 3 4 T J i E  RAVGE 

~ b r q I E \ j T  A I R  TEYDERATURE AVO1 PERCEVTASE 3 F  Y E i R  O V E ~  WHICH 
T T Y F E ? ~ T U R E  O C t 3 R S e  

TA=VTc  (I) 
T D E ? = V T P E ~  ( I 

I T E R A T I V E  L 3 0 P  FOR C A L t J L 4 T I V 3  THE E X ~ T  TEMPEQLITURE. OF THE: 
S T E A ~  TL lRBIUE AS A FUNCTISV ;  OFi THE 4 M B I E N T  A I R  TEYPERATURE. 

L 

C C,qLCgLATION OF THE THERYsL!  LFPUCIENCY DF l  S T E ~ Y ' T U R B I N E  FOR 
r 755  C T r E  S P E C I F I E g  E X I T  TEYPE2PTURE 3F THE T J R ~ I Y F  

TFVPE?ATURE ?AUGE 3F WATEQ f L 3 W I N G  THROJGH THE, H E 4 T  EXCHANGER! 



F T N  b , 2 * 7 * 3 5 i  12/2b/f6 

T r 2 Y I V A L  TEY?E?ATU?E DiFFE?ENtE BETWEEV TYE YATER A Y D  THE 
S r E A ' 4  OF THE S U ~ F P C E  C 3 V 3 E U S E 2  

T T D 3 t R n U B E / E r F C - ? A N G E  

C?VVEDGENCE C9:TERION F3Q I X I T  TEVPERbTJRE 06 TUR33VE 
I F ( o V O T .  'X'E'dO aAY3. t T i l * T 1 ) * * 2  oLT.  * o O l )  GOT0 4 
C V T  = , d s (  ( T 1 1 - T : )  / ~ l l )  
Ir (FX-F'" .AND. CVT .LT. 0 , 0 0 0 1 )  SOTO 4 
~ 1 = ~ 1 1  
G 3 T 3  1 

T ~ T ~ L  DOWER OUTPUT OF T U 9 3 , I S E  AT Ti lE PA?TICU<PR AYBIENT 
AT? TLMPEQATLIRE 

P q U T 9  9U:PUT F2;M P L A N T  AT T ~ E I ? A R T I C U L ~ R  AMqIENT A I R  
T F Y P E R A T U R E  

C r S T  3 F  FUEL' F 3 3  0 4 S . T U 9 B I U E :  Y A K E  U F  POtiER 

I ~ C ? E Y E U T A L  COST Cf FUEL''338 S T E A V  s U ? ~ ~ Y  SYSTEM 3 U E  T O  STE4H 
T . l ? 3 I V f  O P E ? A T I V G  4 f  OCf 3 c f I B N  c O N 3 1 ~ 1 3 N S  L R ~ T E D  BPCK 
?-EssJ?E)  

I F  ( T l i  . S T *  T L I " )  VCST = 1 0 0  * T 1 1  
IF ( T l i  .ST. T L i Y )  7ETURV 

C * , ? I T A L  COST OF G A S  T U Q 3 i V E l  USED FO? M ~ < E - U P  PdwESI OF S T E 4 Y  
P:.A'JT 



SU~ROUTINE N O V A Q T  ? 4 / 7 0 .  OPT= l  FTN ~ . . Z 4 7 & 3 5 i  12/20/!6' 

r o CDNT'INLIE ' 
1 

C 
C C?ST 3F PQ03UCING POwE? WITH 2 R Y  COOLED1 PLAN? AT S P E C f F I E 3 !  
C A v g I E U T  A I R  TEY"ERATURE 
C 

PdnCOS = (CCDs 4 SPCo 4 CLAY9 + Co!B C3NR45 * C ~ Q C S T )  * FCR/ 
B ( P S I Z F  * CPPf 9760.) 4 CDSY' DELFC CSTCL 

XCOST ( T 1 =T?ER*PA~?coS 
C O N T I  'JIIE 

c 
Sl:YY4TION OF IUCREYEYTACl " a d € ?  PR~DUCTI~N COSTS r: 

C 
DO 3 2 0  I = l , N T A  
V C S T = V ~ S T + X C O S T  ( I 

320 CONTIY?IE 
C 
C D r a U G  P Q I V T  OUT STATEYEVTS 
C 

NDR J G t ?  
IF(vDal lG.EO.0) QETUQ"J' 
NTR i'=.'T? I ? +  1 
# Q I T E ( 6 , 9 0 2 )  N T R I ?  
b Q I T E ( s * g O O )  C C O S * S * C D , C L ' I \ ~ D ~ C P ~ I P * C O ~ B ~ S , C O S Y ' P ~ P E R ~ P A R C O S ~ V C S T ~  
W Q I T E ( G , ~ O ~ )  VI.IST 

9 0 0  F O R Q T ~ ~ H  , 9 6 1 4 . 5 )  
9 0 1  F O R " a T  ( I + !  , , 9 \4X ,46 ,4X)  ) 

972 FORqQT ("o'IOV4RT C 4 L L  NO."* 1 1 0 )  
RE7 J 9 V  
EuC 



~V??OUTINE NU NO^? 7 4 / 7 4  . S P T = l  F T N  4,,2+?435i 1 2 / 2 0 / ? 6  

S U ~ ? ~ U ~ I N E  VUYOzD(  T i 9  T D '  T T 3 ,  CW9RAv RANGE:, W3* W4* 9 r J f u j  
c 
C T- rTS R O U T I N E  D E T E R Y I N E S  T i f l  VLlV3Eq OF T?ANSFFQ U Y I T S  
C F - 9  A T q l l F  C3Ut!TEP-FLOA d S 4 T  EXCHAUGER, 
C TLE VT iJ -TF"FCTIVE '4ESf  C 3 ? ? C L A T I 5 N  F O R - T ? U E  COUNTE?' FLOW IS 
C U2E3. THERE AQE THQEE ' 0 S S I 3 L E  C O N D I T I ~ N S -  CAPPCITY R A T T O  
C Gr?EATER THAV U V I T Y *  E Q U 4 L t  T3 LINITY, AN3'  L E S S  THAN U N I T Y .  
C 

c D ; F I V I T I O U  OF V 4 R 1 4 3 L E S  
C I 

f Cb11V - Y I V I V J M  CAPACITY (3TJ/H? DEG 71) 

C c ~ . I ~ ? P  - C A P A C I T Y  Q A T I ' I  3 7  i ~ f E 4  ~3 A I ? '  (D I * ;ENE; IONLE?S)  
rn E r r  - Y Z A T  E.Yce4dN3E? ~ F F E C T I ' J E Y E S S  ( D I Y E N S I O V L E S S )  
C 1 7 3  - I V T T A L  TE',1PE?dTJ?E ~ I ~ F F R E N c E *  OF HEAT 
C ExCbr.lVGrr4 ( 3 E S  :I) 
C R r V t E  - TFYPE?PT'J?E C l \ i l " J  EF K A T E 9  i 3 : ~  F )  - 
C T i  - S f E d Y  S A T J R A T I ~ V  TEYPERATLIRE (DEG F )  
C T 7 - 4 ' 7 I E U T  3 Z S i B V  T E Y P E q b T U Q E  (DIG F )  
C f T 3  - C?'!PE';SEQ T E ~ Y I V P L  T E ~ P E ? A T u ~ E I  D I F F E 9 E N C E  (DEG FI) 
C 

REAL1  IT^ 
1 F Q D - ? A i ( ' ' O I V  S.R. V U V 3 2 P  E F F  If GqEATER T H 4 Y  OR EQUAL Tb I."/ 

5 T 2 v " ~ ~ F = ' ~ r l ~ ~ 1 2 . 5 . f ~ o ~ " f ~ p T 3 * f T 3 ~ ~ d ~ R 4 ~ Q 4 ~ G ~ p ' ~ ,  
t l i J 5 ? . 1 ~ . 6 )  

I T 3  = 71  - T T 3  - TD 
I i ( Z w l ' l r A . S E .  1 . 0 )  G3TO 2q0 
E'F = 73'?3? / i T 3  
I F  (?FC.SE.  1 . 0 1  S o T 3  735 
C Y I V  = rJ3 
7:;' = Cd4QA 
G O T 3  3 n 0  

C 
2 0 0  E" = f W A ? A  * Q h V t E  / I T 3  

!= ( E i F . S E .  1 . 0 )  G3TO 700 
C V I V  = d o  * 0.24 
? C A D I  = / C1.JF9A 

C 
IF ( c w y q a  .EQ. 1.01 A Y T U  = E ~ F /  (1.-EFF) 
IF ( C V A - 3 . u ~ .  1 .0 )  ~ N T V  = (-ALD:; (~,-ZFF) / (I,-EcF*zc~P~ ) / ( i , -  

q.zcl:!J s; :T.i-t 

300 & U T J  = ( - n L 3 G (  ! i . - E F F ) / ( l . - E * ' " t C a P ) )  ) / ( i , - t C i O )  
R 'T J?'d 

7 0 0  W J L T E ( 4 r l )  ErF, T 1 p  T3 .  T T 3 1  C d A ? A q  ?AVSE 
S T  331 
EVr! 



+ 
T N I S  ~ f l l J l I ? I F  I I E  TF_,ZMINCj TI+- F:iJ'lr-r ? OF TQAFISFClP UNITS F O Q  A 
Uf4E-PASS C 9 0 S 5 - F  L O U  HEPT EXCY4PlGE3. 
THE TA3ULATl O DATA CF Y I U  J F o S U S  f -FFECTIVENESF AN0 CAPACITY 
P 4 T I O  W45 Tf i l< IN FVOIl  "YF4t l  TFMPtk'4TUKE OIFFE?ENCE I N  COUNTEH- 
CUOSS-FLOvi HcAT T X C H P N G c Y j " .  m'!\ STEVCPIS. M S  THESIS. > 
SOUTHESh WFTHCtflIST UNI ' JF2T I  T Y I  1956 .  THE DATA HEQF: 
Ot-TEpMTNEq AtILlL f T  ICALLY.  

L 

DATA ( V E l  I r I ) ~ I = l r l l l  / 
6 11 c . 5  / 

2 ? DATA ( V E (  2 . I l t I = l ~ l i l  / 
5 eZ21Z9 . 2 1 9 8 r  - 2 1 6 4 9  .Z14Lv - 2 1 1 7 9  . 2 8 9 5 r  * 2 0 7 2 r  - 2 0 5 0 r  . 2 0 2 8 r  
3 vZC07r  .1995 /  

DATA ( V E (  f r I ) v I = l . 1 1 )  / 
i .3935,  - 3 9 6 0 ~  - 3 7 8 7 9  . 3 7 1 6 *  .3h46r  - 3 5 7 8 9  ,35129 - 3 4 4 8 9  * 3 3 8 5 r  

;5 S . 33?39  .3263 /  

OATA ( V E (  4 r I ) . I = l . . l l )  / 
5 ,572s.  e5574. . 5427 r  . 5 2 8 5 *  . 5 1 4 7 *  . 5 0 1 4 r  a4885v  - 4 7 6 0 9  - 4 6 4 0 9  
S .45259 .4410/  

nATA ( V E (  5 r I l . I = l r l i )  / 
I . 6 3 Z l r  .6141. .506a,  . 5 7 4 7 *  -5633 .  - 5 4 7 5 .  . 5 3 2 3 r  .S175r  - 5 0 3 3 9  
F ,4996. - 4 7 6 3 1  

OaTA (VE(  6 r I l r I = l r l l )  / 
T . 7 1 3 4 r  .6916r  - 6 7 0 2 9  . b b 9 b r  a62969 - 5 1 0 3 9  * 5 9 1 7 .  - 5 7 3 7 ,  , 5 5 6 3 1  
k - 5 3 9 6 9  .52C3/ 

9ATA ( J E (  7 . 1 ) r I = 1 . 1 1 )  
? - 7 7 6 9 9  - 7 5 2 2 .  -7ZR1, 
S - 5 7 4 8 9  .5603/ 

ObTA ( V E (  81 I )  r I = l r e l l )  
; .AZ5q, . 8JJC*  -7741 .  
S a h 1 0 4 r  .5849 /  

nAT0 ( V E (  99 I 1  v I = 1 ~ 1 1 1  
b - 9 6 4 7 9  - 8 3 7 8 .  . A 1 0 9 1  
3 . 6 3 6 5 *  .6143 /  

DATA ( V E ( l C r I l . I = l r l l l  
S .3174v sU920. .HF5i'. 
Z .h774, . h S i 6 /  

OATA ( V E ( 1 l r  1 )  r l = l v l l )  

; .wo? ,  .q2709 . s c l n ,  
T .  . 7 0 4 2 *  .6914 /  

OCTA (VE( l . 7911  * 1 = 1 * 1 1 )  
. 9 5 9 * *  . 9 5 J t .  .3:73* 
- 7 3 2 5 9  - 7 1 4 1 /  

OATA (VE(13.11 , I = l r l l l  



$ . 9 4 1 7 r  . Y 6 4 r  .9 ( t5 ' ( r  . C ) Z Z 5 ,  -8971 r  - 4 6 9 9 9  . Y 4 1 * r  . R i Z O r  - 7 8 2 1 ,  
. 7512 ,  . 1 2 Z b /  

(, C DATA ( V E ( 1 4 v I ) ~ I = l r l l l  / 
$ . q q 3 ' ,  . q X 3 @ .  . q f R 3 r  .Y495v  . q Z 7 3 r  . 9 0 1 9 ,  - 8 7 4 2 9  , 8 4 4 7 ,  - 8 1 4 0 .  
5 .7Y76,  . 7 5 1 1 /  

~ A T A  ( v z ( 1 S . r l  . I = I . I I )  
f .'4'17'* . 1'114. . q 7 i  4. . q E 6 L r  .Yb7Ur  . ' ) 239 ,  .R975, . 9685 .  - 8 3 7 5 ~  
t .RbS7. . 7 7 2 3 /  

C 
QATA ( V E ( 1 6 r I ) . L = l r l l I  / 

r . Y 9 q l ,  . 3 7 5 5 v  - 9 8 ' 3 3 ~  - 4 7 6 7 9  . 9 6 5 5 r  . 9 3 9 7 r  - 9 1 4 9 r  . 9 H 6 6 *  . 8 5 5 7 *  
T . 8 Z Z 3 r  . 7 9 H O /  

(. 

C F I N D  COLUMNS WbTCH 8 O U h O  6 .  
c 

YL = 0 
110 4J? K = i , l l  

I F ( C . L T . V C ( Y l  I GOTO 4 1 0  
KL = Y  

9 7r COFITINUE 
(: 

I, 

Y G"4FSATE A i R J Y  PCOL ;Y INTFRoOLATIPIG GFThEEN J E  JALUES I N  
C COLUMNS KL A N 0  Y L b 1  
C 

4 1 i  I F (KL .GT  .G.O .41IO. K L . L T . 1 I )  F A C T C ? = ( C - J C ( K L + l )  ) /  ( U C  ( K L l - V C l U L + l ) )  
03 5 0 0  1 = 1 r 1 6  
IF (KL .F l .G )  P C U L ( I )  = J F ( I * L I  

I F ( K L  . € ( 2 .  ill Pf ;OL( I )  = V E ( I 9 U L )  
I F ( K L . t T . 0  . P N 9 .  KL .LT. ill 

t P C O L I I I  = ( V E ( I , Y L )  - V E ( I , ' < L t 1 )  I ' FfiCTOR t V E ( I * U L + l )  
< J q  COYTI'JUE 

C 
C 
C F I N @  THE P O S I T I O N  OF PCOL VALUCS 3UUNOING E 
1: 

I A  = 1 
I0 6 5 2  1=1 ,16  
If(T .LT. PCOC(1 )  I GOT0 h l j  
I 4  - I 

h L .  C01~TTt4UE 
C 
C 

I. T-fF V! VEL'JE5 ' I ' JN ' I I ~ I ;  Y A;?: J Y (  I A )  BE41 V Y  ( I b t l )  
r; 
C I N T F i P C L a T E  3 r T d F t - N  W Y  VALUES TI) G t T  Y 
r 

r, l C  FACT03 = (E-FC'TL ( T A I  I /  ( P C C L t  I A t l  l -PI ' . IL ( 1 4 1  I 
Y = J Y  (TO)  t fUY l l A + l l - V Y ( l l l l  ' FO{;TO'? 
F -TbJ r l  
; 1 1 r 1  



THIS  ROUTINE DETERMINFS THE NUYPEQ OF TRANSFER UNITS FOP A 
THO-PAS5 COUNTER-CROSS-FLg'A HEAT EXCHPNGFR A I T H  TVE W A T E R  
SIDE MIXEn OETWEEN PAS3ES. 
THE TP9UL4TFO DATA OF NTU VE'iS'JS EFFECTIVCRESS AN0 CAPACITY 
?AT10  WAS TaKEM F?OH " A E 4 Y  TFnPt4ATURF DIFFERENCE I N  COUNTET- 
CQOSS-FLOH * C A T  FX(:PAYCEQS-. ~ a  STEVENS,  ns r r c s r s *  
SOUTHtRN FETHOOIST U N I J E ~ S I T Y T  1955.  THE DATA WERE 
nETEGMINED ANALYTICALLY. 

OT'lEMSIOM V E ( 1 S t l l ) .  V C ( l l ) r  ' Y y ( l 5 l  T P C O L ( 1 5 l  
OPTb ( V E (  1 9 1 )  p T = l . l l l  / 

'11 ' ' 3 . 3  / 
DATA ( J E (  Z r I ) ,  I=l,:ll / 

j .ZZLZr .2199, . 2167 r  e Z 1 4 5 r  . Z i Z Z ,  - 2 1 5 0 ~  .2C79, - 2 0 5 8 9  .2U38r 
5 . 2017 r  . 1996 /  

DATA (UE(  3 . 1 ) .  I = i r l l )  / 
K - 3 9 3 5 ,  .3869, .3WOlr - 3 7 3 6 ,  - 3 6 7 3 ,  . 3 6 l O r  - 3 5 4 9 ,  - 3 4 8 7 .  ,3428, 
Z . 3369 r  .3712/  

DATA ( V E I  4, 11. I=l, 11) / 
T .5034, .4930. .4620, . 4 7 2 8 r  ,4529. - 4 5 3 2 ~  - 4 4 3 7 ,  - 4 3 4 3 ~  . 4 2 5 2 r  
6 - 4 1 5 2 r  . 4074 /  

OPTA ( V E (  5.11 r T = 1 + 1 1 )  / 
.6321,  . 6 1 7 i .  . 6 0 2 4 +  - 5 8 7 7 ,  - 5 7 3 2 ,  - 5 5 9 0 ,  - 5 4 4 9 ,  .5311. ,5176, 

f - 5 5 4 3 .  . 4914 /  
OATA ( V E (  6 , T ) r  I = l t l l )  / 

5 .7275,  . 7 g ¶ s r  - 6 9 1 4 9  a67.34, ,6554, e6375 ,  - 6 1 9 8 9  .6023*  - 5 8 5 2 ,  
t - 5 6 8 3 9  .5518 /  

OATA ( V E (  7111 ,  I = 1 , 1 1 )  / 
E . O l 7 3 ,  .7975. 67772.  . 7564 .  - 7 3 5 3 r  .7141,  a 6 9 2 9 r  . 6 7 1 7 r  - 6 5 0 7 .  
h . 6 3 1 5 r  .6047/  

ObTA ( V E (  R 1 I ) r  I = 1 1 1 L l  / 
F eRb47r  aM4 iA r  .'4239, . R 0 2 2 ,  .7R@!I, - 7 5 7 1 1  -73407 e 7 1 0 H t  . 6 6 7 7 *  
5 .66Cq, . 6421 /  

n A T A  ( V E (  ' 3 r T ) v  I = l r L I I  / 
r( . Y l 7 9 ,  .A995. .R79l+, - 8 5 7 6 .  ,8346, .R l i lGv . 7 5 5 5 *  - 7 6 0 0 r  - 7 3 4 3 ,  
5 .7CA5, .hRZA/ 

IJPTA ( V E ( l C . 1 ) .  I = : ~ 1 1 )  / 
.*5:2, .9344. :316C( .A954, . 9 i 2 R r  . 9 4 9 5 *  . 82271  . 7 9 5 9 r  - 7 6 9 4 ,  

5 . 7 4 0 6 1  .7127 /  
' I A T P  ( V E ( l f , I ) ,  T = l r l l )  / 

T .9699, - 4 5 6 7 ,  - 9 4 6 7 ,  - 9 2 2 5 .  - 3 C 1 5 r  - 9 7 8 0 ~  - 9 5 2 3 ,  a9251.  - 7 9 6 5 ,  
S - 7 6 7 1 ,  .7374/  

PATA (VE(:ZvI)v l = I r l l )  / 

C ,9817,  .9712.  - 4 5 7 5 7  .'3LCh. .92C6r  .H?77*  .R721r  .94&5,  . 6 1 5 2 +  
6 , 73441  .7578 /  



L 

y L = 4: 

70 4 J l j  K = l * l l  
7'1 I F  ( C . L T . V C [ Y ) )  I J O T O  4 1 2  

Y L  = K 
4 #I[: COt.ITI".IJF 

[' 

C 
q 1- r G K t l F P A T E  AWwAY P C O L  5 Y  I N T r l P O L 4 T I N G  B F T W E F N  V F  V P L U E S  I N  

C C O t U M r l S  K L  4 N D  Y L + l  
C 

4111 IF (KL .C.T .O.0  . n h l l l .  K L . L T . 1 1 )  F A C T O R = ( C - V C ( Y L t 1 ) ~ / ( V C I K L ~ - V C ~ K L t i ) ~  
7 0  5 9 0  [=1*15 

H 5 I F ( K L . " I . O )  P G n C l I )  = V E ( I 9 1 )  
I F ( K L  .EQ. 1 1 1  P C O L ( 1 )  = ' / E ( I I K L )  

I F ( K L . G T . 3  .1N3. KC . L T t  li) 
5 P C C L ( 1 )  = I V E ( I . K L )  - V t ( l * < L t l )  I ' F A C T 0 4  t V E ( I * Y L t l )  

K I C  C O M T I I 4 U E  
'C r 

C 
C F I Y O  T H E  P O S I T I O N  OF P C O L  V A L U E S  B O U N O I Y G  F 
r 

1 4  = 1 
qt, 00 b b c  1 = i . i 5  

I F ( F  . L T .  P C O L ( 1 )  ) G O T O  6 1 d  
1 2  = T 

b S C  C O l l T I N U t  
C 

I ' r 
(, T H I  J Y  l J A L U f S  ; . O l l t l P T ~ I G  Y  A k F  J Y I T L I  AN7 V Y  [ I A c i )  
L 
r I F I T F ~ P O L A T ~  Q T T ~ ~ T E N  V Y  VCLIJCS TO G E T  Y 
f -  

i 1lr F P G T O C  = l I - P C ~ I L ( T A ) ) / ( P C O l  ( I 4 + ? ) - P ' ; r i L L I A )  1 
1 = V Y I X A I  + l U V ( l D + 1 J - V t ( I 3 ) )  + F A C T 0 7  
"E TUGN 
FNP 



SURROUTIYE  OUT^ 7 4 / 7 4  OPT-1 FTN c , E + T ~ ~ s ~  i 2 / 2o / ! a :  

S U 9 9 b U T f  YE OUT2 (REP, H R F A C I  ,SSC~ '~CAS~SI  ,PLSNC?~ , ? L ~ N C L )  *: 
C 
C T Y I S  R n U T I w E  REP3RTS STEAM S J D P L ~  COSTS DUE TO I N ~ S E A S E D  H E & T ' ~ A T E '  
C A T  ?UiTlNG SACKPRESSURE. 

5 8 C 
1 FORVfiT ( 1 4 0  ,T3, I I S T E ~ Y  SUPPLY SCALTV!Sc T 9  C3HFEVcATE f3R INCREASE31 I@*, 

z 
5, "H54T  RATE AT Q 4 T I Y G  BACKPRESS QE. R B P n " * F S , . 2 r T 9 7 r W I V i r  HG", 
$ T l l ? , : 1 ~ s ~ ~ ~ l = ~ ~ * : l l . 6 )  

2 F O U ' ~ A T ( ~ ~ O , T S , ~ S T E A ~  S U ~ P L Y  DIFFERE~TIA~! ~ " r T 3 8 ~ F l 2 . 0 ,  
B T ~ ~ ~ * " c T E ~ Y  SUPPLY U U I T  COS T1'p:4 2.09" % / K w " )  

3 F~?VAT(~X,T~, "PLLIUT CCSf I W C L U 3 I V G  STEAM SUPaLY  f i * r ~ j 8 , ~ 1 ~ .  
S T ~ ~ ~ " ~ L A Y T  L 'NTT c ~ S T  T N c L U D I Y Z *  STEAY SUPPLY " ~ T 9 1 f ~ l i ! . 3 ~ "  

w ? T T E ( 6 . 1 1  R 3 P , ~ R ~ ~ ~ ~  

w ~ I T E ( $ * ~ )  P L A N C T ~ ~ P L A N C ~  
R E T ~ ? N  
EUD 



SU?ROUTIWE OUT& 7 6 / 7 4  0PT.l F T N  4,2*?&35 12/20/!6 

S U B ? ~ U T I V E  O U T 4 ( < W H I C H )  
C 
C WclEVL C t L L E D  W I T H  K Y i I C H  = 1 T q I S  R o U T I V E  R p 3 R T S  ~ONOITXONS A F T E ~ I  
C S C 4 L X U 3  P L A V T  A V ) ' S T E ~ Y  SUPPLY BUT 6 %  
C F O ? E 1 S C 4 L I V G  F o Q  F A Y S  AND PUMPS 
P 

t 'dqEV C;LLE3 W I T H  KWHICH UOT 1 f * E  ? O J T I Y E  PE?ORTS C O N D I T I O N S  AFTER 
C 5 t L I Y 5  FO? F A V S  4NC P U q D S  

L ~ G I ~ ? I  FXTL'9G 
L ~ G T C A I -  F I ? S T ?  F X T E Y P  

1 

~ 3 M f l O t J  
$ 4 2 7 4 ,  4:P-IA 
f r c k 3 F .  cSSPKWI c O N F r  COWL* 5 O S T L r  CPPCHGV c ~ N M P T ,  c O N Y h 2  r CAFl  
5 e c 3 . J ~  CSEAL '+  c E L P S T *  C f S r  CD4VG9 C L U V ~ ,  cYIILS* CVM 
s '9:5pl-* 7 F j V E L '  J A V G L E  
F ,E"P 
$ ,FCR*  F I ? S T ~  F I X L t  F C O S r  F X T E V ? ~  
F ,C- iCFF  
R , H Z U ~ ,  IPcST 
5 r I ~ E A ~  
B .IT'AU,  IT'!^ 
4 r J t O V z  
f rYCOU!, T 4 L E X T  
g . ' l X ? X r  
$ r N T Y C i L ( 2 )  1 NTA 
. C O M Y ~ ~  
A 302 
$ r ? S I Z ' r  PE?, PWCOS, P L 4 V C q  PcPCT 
f r P 3 1 3 1 ~ r  " 3 q r p V 9  POHLEC, P O 1 c I ? r  POHCVDI P o 4 S f c 1  PoHStL' 
k *O?:J, ~ ~ E ~ U C E  
5 ? E 3 g C E q  R~ESELI Q O E E L ~ ~  ?OOrL, R F I X  . 
f r 5 4 1 F .  5:8M4* s ? ? Y ~ T ( ~ )  
S , T 3 *  r P 3 ( h ) r  T E F F *  T L I Y *  T L 9 ? 4 r  TSEALP.  T E L L S T *  THFIN, T F I X  
6 v T J Y A ? G *  T s d  
5 rlJz.S* U'15 
5 ,vt,s(=) 
% ,WF'J 
3 r X ? E P q r  X V ~ V  XD 

c 3 M J 3 N  / S b J P P L Y /  V P L ( ~ )  r cPI ' ,  ~ ~ 3 5 9  W3r COSY*  E f F  
k r  2L1y tDe ? E b I q ,  z , H ? F ~ c ? ,  g 4 9  U ?  P P O y r  
k FPfid,  ~ E L F C *  WIDTH, ELE"S9 V A I R r  V W l T q  H I *  HO, ~ 4 ,  
c ? e v t T ,  N!-I,:LAVC~~~SI~!?. S P ~ P I  s w 4 ,  SWS, 
$ S - C , ' T O T A L ~  L A ~ c ~ * S A F " ~ ,  A A I ~ ,  yF"r S ' ~ v r ~ S f ~ 1 3 ~  Wf21 
f B V 4 2 *  T t O S *  3 E L D 4 * 3 E t P U T r D E t ~ W ~ t : : O N 3 A ~ g  X N T S X r  YELOX 
5 .  T L A K r  U C 3 X 9  FMCS7, FP* lCC1 E F F C .  C + *  C 4  r C S 
9 C L T C *  CFc.  c2CC, F ! T c ? *  C S C , C E P 9 E ? q ) E L P ! ~ ,  4 9 T  
~ ~ c A ' c S T ,  X V F A q , g L D A v G *  C R L V r  3'FEL, WdX* dTTUS, A D I A *  A B L V  

d7 '4 ,2 ,  dTFR:4 ,STRUtc lcFPE?F, - I0PE?F~  T O T r F r  EFFINI A V T U  
5 ,  : I R F ~ *  N4TFF.  X'JM03r TtT3 'e  F 3 C P C *  =UTRCr  AcCTTPI A D J T P  
S V  A t T - 3 - 9 .  4DJ3PD. A C f V H *  A 3 d V i r  4 ? J P I F r  T i D f i I R ,  T c T F g  4 F C S T  
S.  C S .  3 .  \ < A T E ~ w *  ,dSTQCT* ~ ~ ~ ~ ' 3 9  * 9 3 D ! A *  T 3 d L ~ Y 9  CSEq C d F  
5 9C34r V J Y T O ' J v  CT3W3, A:JaCr Z S T L Y ? r  C S T r S ,  t Y L 9 ? 4 ~ *  C F I N E L  

C3MV3N / S I V < /  VAi4 (5) r  CPI;; 9 r W3 t COSM-r E r F l  
5 1  cL f i .11 ,  ? E a I l ,  z ~ * + ? c ~ - s *  "1, D p O J f r  
5 r a q d l r  3 E r e l *  d I ) T l *  E L F ' 4 1 r  V 4 1 ? 1 r  v d 4 T 1 ,  ~ I i t  1 1619 
B ~ E W *  1 ,  '4 i1,  Z P L ~ C ~ , Z S I Z ~ ~ *  Z S ~ ~ + .  s w * ~  I 5 ~ 3 1 9  
6 S?:lr ? T 3 T l r ' L N C 3 1 r  a F P 3 1 i  A ~ I ? ~ I Y F P Y I N I  S P C D l *  S P S l 3 r U T 2 M I V ,  



B  B ~ ~ Y ~ W * N ~ E Y I N ~  TCbS1, D E P 4 l r  3PWTlr  D P W C ~ ~ ~ O N B A ~ ,  XNTSl, VEL31 
f, T L r l .  v c O N l r  FMCSl r  F3981 .  I F F c ~ ,  CHI ,  c h i p  C S l  
Be CLT-1, CFCl ,  CPCC1,FIlC 1, C S C ~ , C E P Q E ~ ~ ~ E P I P ~ ,  A S T I  
B ~ C A ~ C S ~ * X V F A ~ ~ * ~ L O A V ~ ~ C ~ L E U ~ * O ? F E W  WHl* d T T U l r  A O I l *  ABL1 
6 1  J T H q l r  dTFRl rSTRUCl ,CFMpc l *  4 D p F 1 r T O T ~ f l r f F F I N i r  ANTUl  
Ec A I ~ F F ~  p : d k f F ~ !  XV"O5: , :L:~F? , f 3 ~ P f  1, F ' - T ~ c ~ ,  2 ~ 7 T 2 I ~  A D J T P ~  
S *  A C T R P ~ .  4DJRp l r  A C T V H ~ ~  A 3 J ~ q l r  4 3 ~ P ' l r  f ' iP'A1lc T C T F ~  r A F C S T ~  
S, C S n l *  P ~ A T E Q ~ ~  WSTPCly C F 3 9 ' J l r  JU3DI1,  T D d L E l *  C S E 1 ,  CHFa 
B ,C3A1. ' J U Y T D : ~ ~ ,  CT3wD1, ATYJCl, C S f L V l r  C S f l S l t  C Y L R N ~ ~  CFAUEl 

COM'f3N  SCALE^/ J Q F A c ~ ~  S S C ~ ;  'LkNCl r  CASSSL, 
a G4TR, FA179 H~IIR* H'vAT, L A ' C T ~  

C n w o r t  / D J B /  DI 7 X ~ S *  SF 
COr4'fON /FCSV/ FXTLUS 

9 0 1  FC)RHAT(" CDN2ITIOVS AFTER SCALIVG PLANT CND STEAM SUPPLY ~BEFOREI 
*SC.ILI\IP. 731 FAtJS AN) 

9 0 6  F ~ Q  ' h ~ ~ 1 ~ * ~ 8 3 r ~ ~ ' ~ I ~ l Z = f l ~ S 1 5 . 7 + ~ ~  4") 
9 1 1  F C C J 4 T r l X r T Y 3 r n P L k ~ C i ) = t ~ , G 1 5 ~ 7 , f f  $/<wII) 
916 F O R Y ~ T ( I X ~ T R S * * ~  SPB?='*, 615.3," 8 " )  
9 1  7 FORMIIT t 1  Xr T @ l  r"aACY JRESSUPE="~  515.7,** I N *  q g n )  
91.8 FO2 'bf f 1 ~ * ~ 7 9 , * * ~ 4 ~  f E M D E R ~ ~ g ? E = ~ * , G 1 5 , 9 , ~ *  DES F*c) 
0 2 1  F 7 R b ' A T ~ 1 X r T 1 1 9 ~ ~ U J A T E ?  FLOJ RATE 11, 515.9, 11 LSi MASS / H?m) 
976 F O Q Y 4 T ( 1 Y . T 1 4 r ' * P I 2  FLOd ?ATE I*. S 1 5 r 9 9  *I L9: MASS / HRI I )  
9 3 1  F ' ~ ? ~ ~ T ( ~ Y ~ T L * * ~ *  Pu'JP P 0 v 1 ~ 4  It, j l > * g ,  19 KILOW~TTSN) 
936 ~ 3 9 " f i i  ( l ~ r f 1 4 r "  f ~ i J  P ' ~ E R  If, 315.9, *f K I L O ~ A ~ T S ~ ~ )  
9 4 1  FOR I A T t l X , T l Q * " H X  SJRFACE A2EA " 9  515.9, I* S S  FT") 
9 4 6  F O W ' I ~ T ~ ~ X , T I ~ , I *  FROYTAL A R E A  " 9  515.9, If S 3 , F T " )  
9 5 1  F O ~ ? Y ~ T  f 1 x 1 ~ 1 1  , I ~ W I O T ~ / L E ~ ~ S T H  ? q T I 3  " 9  G15,gj 
956 F 3 > > q 4 ~ 1 1 ~ ~ ~ 1 5 , * l  ~ I D T ~  " ~ 1 1 1  9 ~ 4 5 , "  T U ~ E S " )  
961 F O Q 4 A T t l X t T l 5 r "  WIDTr I f *G15.9r l *  FEETI*) 
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1 0 0 1  F ~ ~ Y ~ ~ T ~ ~ X * ~ * S C A L I V ~  FDR F4N hVD PUYD POdE2 RE3UIREyENTSIf9 
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1 ~ 1 1  FOY'!GT(lX1TSJr"PTOT4L "9G1519r " Y d " )  
1 0 1 6  F Q R . I A T ~ ~ X * T ~ ~ . ~ ' D L A N C ~  " 9  G l J r 9 9 "  S/qH1') 
1 0 2 1  F ' R ~ ~ T ( ~ x I T A ~ , @ *  s ~ C  Cil5.91" S o )  
1 0 2 6  F O Q ~ & T ( ~ X . T G ~ , I I  SPC3 11,G15*9,1a SII) 
AR8e F O 9 ' 4 A T ( 1 - l ? r l z ( "  * *  * *  * *  " ) / / )  

W R I T E ( A v a q 9 g )  
HL?TP = ~ ! ~ T ~ / E L E V I  
* -  ' i r  l ; n r i t i i . ~ C * i ;  3LTG C!)llO 
. d 3 I T E ( ~ r 3 9 1 )  
k / R I T F ( 6 r ? O t )  Z S I Z ~  
w ? I ~ E ( $ r 9 : 1 )  zPLVc2  
N R Y T E  ( ~ , , 9 1 6 )  Z S P 3 O  
WQITE(L.~ 7) ~ P ~ I Y  i U 9 1 T r ( A r 9  ~ ) v A R ( ~ )  
~ R I T T ( ~ , C ) ~ ~ )  143l 
W Q X T E ( ~ , J ~ S )  ~ 4 1  
 WRITE(^,^^^) ( ~ P o M ~ / ( ~ , + Y F D ' ~ I V ) )  
W R I T E ( A , ~ ~ ~ )  ( F ? ~ w ~ / ( ~ . ~ Y F P ~ I V I  ) 

W ? I T E ( 6 r 9 C 1 )  ( 4 4 ~ ~ 1 / ( 1 , + ~ ~ ~ ~ 1 ' ~ )  ) 

 WRITE(^*^^^) ( A ~ ~ 3 1 / ( l . f l ~ ~ ~ f ~ ) )  
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S U R ~ O U T I N ~  ~ 5 n  7 4 / 7 4   OPT=^ FTN 4 ,2+7 '435 i  12720/$6 " 

T u I S  SURROUTINE S U P P L I E S  U U I T  COST D A T 4  TO SUBROUTIYE 
DTPCST FOR PIPIVG SYSTEY COYPOYENTS DESIGNED FOR 
175  DSI. T d I S  DATA I S -  t P L L E D  3 Y  U S I N G  A, VPLUE OF' 
D P R E S S t  1 2 5  ( ? P R E S S = P I ? I I G  JES IGY  PPESSURE) 3 N  CARD 61  
OF T i 5  ! ? ! ~ i l T .  T - ~ u S *  JVY COST > p T p  CAN 3E S U 9 S T I T I I T E D  YEREi 
FCR STUcY PU?PDSES* 

- PJOVE GROUND J I S E  C 3 S T  ( s ~ O O O / F T )  - C311PqYENT D I A Y E T E 9  ( I Y C Y E S )  - EYPnVSTOY J O I U T  COST ( ~ 1 0 0 0 j  - 9 0  DEGPFE ~ L 3 3 d  ~ 3 S t  ( f 1 0 0 0 )  - 4 5  DEGREE E L 3 3 d  ZOST ( S 1 0 0 0 )  - FLAMBE COST ( ~ 1 0 0 0 )  - BELOH W O U N D  = I J E  C3ST ( $ 1 0 0 0 / F T )  - REDUCER COST ( f  1 0 0 0 )  - TEE COST ( 8 1 0 0 0 1  - V A L V E  COST ( n l U 0 0 1 .  VALVFS A ? ?  MOTnRI OPERdTEpb  
RUTTERFLY VALVES 



FTN 4 .2+7*3si  12/20/!6 

65',0 r 69.0  / 



S?IRROUT~NE '  P 7 5  ?4 /76   OPT=^ FTN 4 ,2 *7 *35 i  ~ E / Z O / ! S  ' 

T * J I  S  SUBPOLJTINE S l l P P L I E S  U V I T  C3ST bATP TO SUSROUTIFIE 
P T ? C ? T  FOR P I P I N G  SYSTEY CO'dPONENTS DESIGNED FOR 

7 5  P S I .  7 4 1 s  DATA I S  CALLED 9Y U S I N G  4 V ~ L ~ I E I  OF 
DD?ESS= 75 (DPPESS=PIa IVG DESIGU 2RESSURE) 3N ~ 4 f t D  Of 
Or THE I N P V T ,  THUS* AVY C5ST 5 A T 4  CAN 3E SUaSTITJTED HERE! 
F-0 STVDY PUQP3SESt 

D F F I V I T I C N  3F VARILBLES 
3 

4 p I J C S T  - A3OVE GROUND lI'EI C3ST (%1000 /FT)  
D T A V  - COVPOQEIIT DIAYE,TZR' t IUCHES) 
E IcST - E%DAVSiOM J O I V T  COST ( 3 1 0 0 0 j  
E L c S T  - 00 DESREE ~ L g 0 d  c3ST (f 1 0 0 0 j  
E ~ 4 5  - 4 5  cEGREE ~ L . 9 3 ~  CDST ( f 1 0 0 0 )  
FI~CCST - FLANGE COST 151000) 
PTPCST - qELOH GROUND = I D E  c 3 S T  ( f 1 0 0 0 / ~ ~ )  
Rr0cST - RE3UC R COST ( 1 1 0 0 0 )  5 T F E C ~ T  - TEE C ST ( 6 1 0 0 0 )  
VACST - V A L V E  CnST (el n n n )  , V A L V E S  ~ 9 q 1  M ~ ) T ~ S ~  a o E i ~ t ~ n  . SJTTERFLY VPLVES 

75 P S I  

DATA. A n I p C S T /  
S 90569 .074r 092 9 . l l Z c  *132 ,  
s 1 + 2  , ,240,  255 , . ,290,  , 322*  ,353,  
B ,&71 9 . 501*  , 5 3 0 ~  . S f 6 9  . 622  
S .  .64%9 ,691,  1 ,  ,9799 -9229 e965 / 

DATA C T A V /  
S 12. 18. r  2 4 ,  t 30. 9 36. , 
S 43. r ' 8 .  , S4. 6 0 ,  , 655, * 7 2 .  * 
s 79.  9 E 4 .  , 90,  9 96.  , 102.  , 108 ,  * 
16114.. 9 120,  125,  r 132,  p 139 ,  p 144. / 
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T t l I S  SUqROUTINE S U P P L I E S  J V I T  COST DATP TO S ~ ~ S R O U T ~ N E  
P r P C Q T  FOR D I P I V G  SYSTEY COYPOVENTS DESIGNED.FOR- 
c o  P S I .  T d I S  DATA I S  C4LLED S Y  USING 4 VALUE1 OF 

D r ? E S f =  5 0  ( 3 P R E S S = P I P I V G  D E S I G N  PRESSURE) ON cPRO G1 
CC T ~ E  INPUT .  T H l l S r  ANY C3Sf  D A T A  CAN 3E SURSTIT ' JTED HERE1 
F P ~  STUDY PURPOSESe 

C P I P C S T  - 4 3 0 V E  GROUND *12f, C3ST ( a l 0 0 0 / F T )  
D ~ A Y  - C3UPOUFYT 0IAYET:R ( I V C Y E S )  
E,ICST - E X P A Y S I O ~  J O I V T  C O S T  ( 5 1 0 0 0 )  
ECCST  - 9 6  OESREE EL~DW COST ( 8 1 0 0 0 )  
€1-45 - 4 5  DESREE ~ ~ 3 3 ~  c3sT  ( 1 1 0 0 0 )  
FLGCST - FLPNGE COST ( 5 1 0 9 0 )  
P T P C S T  - PELOW GROUND PI=' C O S T  ( S ~ ~ O O / P T )  
PFDCST - REDUCER COST ( 5 1 0 0 0 )  
TFECST - TEE COST ( 1 1 0 0 0 )  
VLCST - VALVE COST ( ~ 1 0 0 0 ) ,  VPLVES AQEI MOTcQ1 OPERATED' 

BUTTEQFLY  VALVES 



FTN 9,2+7+35i 



SU2QOUTI VE' p I P C 2 T  i 4 / 7 4  OPTe1 F T N  4-2+7~35i l2/20/46 ' 

. SUP?OUTINE P I P c R T  ( T S *  u3; TT39 TRw TOWE?O. 3ELHX. Q E ~ C O N *  D IST ,  
s DESVELI RE3UCEt* 3REDUcEg ~ u N W I D T ~  TUSDEPI 
k TRANPITI c3STc  VcTOW, POP, €POP, HPWPTr 
% ?HO* COA'JSI POHCIR~ POHLEc, E F F D )  

C 
C TS:E: 3L'z?Z:'7::<: Z E Z i S N S  A':?' CjST; THE P i P i N S  SvSTtG,  T X E  ?i:'r. 
C I h l G  SYSTEM INCLUDES ALL T q f '  P I P E 9  V4LVCSe PUyPS AYD FXTTIVGS '  
C FJET~EEY THE COYDENSER AVO THE HEAT E X C ~ ~ N G E R ,  P I P E  D ! ~ Y E T E ? I  
C I S  )ETE'3MINED FqOM TYE J4T3R FLCW RATE 4YD THE DESIGN 
C V F L ~ C I T Y .  VALVE AUD F I T T I V G  S I Z E S  COR~ISPONQ TO THE P I P E  
C S r i E S  WITH THE SAVE F L O ~  ?ATE,  THE P 4 ~ 3 s  ARE SIZED 
C A:C:QDIVG TO TOTAL FLOW 9 4 T E  4VD TOTAL 3YNAYlC  HEPD. 
C 

C T4E SYPOLy AY9 QET?lilN P I P I V G  :ESISNS ADEI  I ~ E N T I C A L I  ALTHOUOH 
C DTFFF?ENCFS I N  & A T E ?  ??0°E2T13S ARE 4 c c O U N T E j  FOR I Y  THE yE4Dl 
rn L@SS b h 3  2QESSuRE 3?0P.  c35TS FO? SUaSYSTEYS OF THE P I P I U G  

C ATE YULTIPL iC ,@ 3Y A F b C T 0 1 ' O F  TWO TO A C ~ O U Y T  FOR 30TH TYE 
C S\I?PLY AND ?ETURN P I P I V S .  T?lE PUYP STATION I S  PROVIDED I Y  
C T A E  RETURN D I P I N 6  OVLY. T-IE COST AVO ~ ? E S S U R E I  DROP OF THC: 
C RcTUQY P~PIVG ACCOUUTS THE LEYGTH 3 r l T H E  PUMP STATION 
C W Y ~ C Y  I S  ASSUMED TO @E 50 FEET*  
C 

c O F ~ I \ I I T I O Y  OF VARIA3LES 
C 
C BIIUSPY - WATER Fl Oul RAT: Tn E A r H  T ~ B E  ~ ~ " G L E  ;"OM\ 

C 31jVWI3T - T33E BUNDLE S I O T I  (FT) 
C CnST - TOTAL COST OF ~ A T E R  CIRCULATI~N PIPING SYSTEM 
C ( S 1 0 0 0 )  
C 
C ? - P I F I V S  COST 252 T!INE? G?CUP ( E Z O O O ~  
C CFTOW - ? 1 ~ 1 \ 1 5  COST ':R T ~ W E Q  ( $ 1 0 0 0 )  
C C r ? #  - YJYpER OF CIRCiJLf iS TOWERS . . 
C DcLC3bI - 217ESSC'QE DROP I V l  COIjDENSER j a f ~ )  
C C F L F I T  - PQESSURE DROP I V l  3UVSCE ~ I T T I u G S    SF) 
C D:LYX - o?ESSURE 3ROP I V l  YEAT EXCWANGER ( P s F )  
c ~ F ' _ ~ U U P  r PQZSSURE 3ROP 1'4, PUYP S T 4 T I 0 V  P I P I N O *  ( P S F )  
C DELQET - P3ESS1IPF QRO" IV' WtTES C I Q C U L a T I O N  O I P I V b ,  RETUQN 

SYSTEv ( ? S F )  
i)rl ,SilP - '9ESSLIPE DROP 111 HATES cIRCUL~TION PTPIVG* 

SJDPLY SYSTEW ( 'SF)  
D E L S U ~ E  - T!IT,iL PRESSURE1 3?3P  I N  WATER ~ ~ I R c U ~ ~ T I O V I  P I P I N O  

( P S F )  
i ) ~ t T 3  - PQESSUPE 3PCP I V  TOwlER P I P I N O , ( P S F ~  
D = S V E l  - P I S I ' J G  SYSTEY dbTES DESIGV VELDCITY ( F T ~ S E C )  
DTa3  - D I & v E T E ?  3F ~ I ~ T ? X ~ U T I O V  P I P I v G  ( INCHES)  
D T A H  - @I4*1ETEH 3F P I P 3  CUYP3NEVTS FQR 3 A I Y  C I R C U L A T I O V ~  

HEADEQ t 1 VCWESI 
D i  4 3  - C I 9 " E T E R  OF =Is21 :OYPSNEvTS OF1 Q U A ~ ~ S A N T  

HEAOER ( IVCHES) 
C T A T  - D ~ A Y E T E R  OF TOME9 P I P I N G  ( I N C 4 E S l  
OrST - D I S T A Y C E  FPOV C3uOEVSER OUTLET TO 9 0 ~ ~ o ~ R ~  OF' 

T3WEq PPCIIJF ( r T )  
DsGTY - 3 I S T a Y C E  FROY E L E C T S I C  SWZTc4 GEAR TO PUMP MOTOSl 
( F T I  

OGUIE~D - OYNAYIC HEAD SEEN1 3Y BUYPS ~ F T '  Or W4TER) 
EFFP - PUMP E F F I C I E V ~ Y  ( D ~ ~ I Y A L '  F P A t T I O N )  
E,IcST - EXPAYSIOH JO!UT COST ( ~ 1 0 0 ~ )  



E l C S T  - 9 0  DEGREE EL334 COST ( S l o c o j  
E l  4 2  - 45 QEBREE ELQOd c 3 S T  ( $ 1 0 0 0 )  
E X E V  - E ~ U I V A L E ~ T  LE%T+ (FT )  
EhLEU3 - E 7 U I V A L E q T  LEUST4 DF D I S T R I g U T I O N  PIPIN@ ( F T )  
E ~ L E V T  - E?UIVALEYT L E V S : ~  OF TOUER PIDING ( F T )  
E P L F I T  - E ~ U I V P , L E " T  L E \ ' S T d '  F' :?"!'JLE r : I T ! ' ! ~ S  ::?: 
E-LDYuP - E ~ U I V A L E Y T  LEV5T.I O F I P I P E  IN PUMP S T A T I O N  ( F T )  
F l _ C . C S T  - F L ~ ~ J G E  CQST ( $ 1 3 3 0 )  
F"S - FLOW TO C3fJPLFTEl TOdER G?OUPS (LaM/dR) 
SncST - c 9 S T  OF PXP:\JS ;0? ~ A I N  c I R c ~ L ~ T I O N  HEA)ERS ( $ l o o 0 )  
GPGPV - FLOW 2ATE TO :Oq?L€TE TOWER S?OUPS ( G P Y )  
t 7 U C I ? C  - F L O W  RATE TO ZaCI1 CIQCULp? T3dER ( p P M )  
G ~ Y Y A X  - u p X I q U M  FLOW ?GT: 1 4 4 7  CAV @ E  TRAYSPORTED THROUBH 

L4qGEST D I A Y E f E q  P I D E  A V A I L A ~ L E  AT THE StIVEN DE513N 
~ E L G C I T Y  (GPY) 

G@YT?T - T 7 T d L  WqTER ?LO4 SATE (GPu) 
HFA3 - H f 4 D  LOSS ( F T  WbTEQ/100 FT  OF E ~ U I V A L E V :  LENPUTII) 
~ : ~ 3 1 , 2  - H E A D  LO55  FOQ E?,EV3r SUPPLY (1)  AND  RETURN(^^ 9 

( = T / ~ @ o  F T )  
HEAT1,E - HEAD LOSS FOR E ~ L E N T ,  SUPPLY ( 1 )  AND RETURN ( 2 1 ,  

( F T / 1 0 0  F T )  
H c 3 ?  - L E ' ! j T i  O F  Y A I V  ~ I ? C U L ~ T I O N  H ~ ~ D E R  s E C T I 3 N S  ( F T )  - +I3&'5E Pmh'EE VFR 7Ucio ( H P )  
t i :* 'h '~T - ? E ? I J I ? E D  PlJY? 13?SE D O W E R  ( H P )  
I ? " E S S  - P I P I Y S  c C ~ P O V E N T  3 E S I S Y  PPESSJRE ( D S f )  

Nt,U\p9D - T U l E  PL'NDLES 3 E q  O U A ~ ~ A V T  
N r T 3 H  - CTOW 
FIFL - UPPE? L I M I T  F 3 9  VUY3ER OF ToIJfRS OR TUBE/ SUNDLES 

DER 3UADPAYT 
S r  5 - VJb4gE? @F P O S I T I 3 V S  I V  U N I T  C36T A P Q A Y S  
\?>ID - T 3 T 4 i  NUVSER 37 PUV='S 
N- X - N J u a E 4  OF PUY2S SERVIVG E X T R ~  TOWEQ GRoJP 
h r O k S P S  - NJb4REq OF CO'-'DLETE TOWE2 GRoUaS 
N T O ~ ~ ~ S P  - NgP;E9 OF T D d f ? S  SEQ SHOUO 
Y-U?R3U - NgYRE? CF TU3ES P E R  3gN3LE 
? ? i d  - ~ 7 n u f T E R  OF PUuJ STITIDV D I P I V G  C O ~ D O N E Y ~ S  (IVCHESI 
D- 3 - Q ? E S S Y R E  q ~ 0 ~  : V  ~ 1 3 1 1 ~  S Y S T E M  ( D S F )  
P?=C!3fT - C ? S T  3F S T P A I S A T  s i " E  FDP ONE HEADE? SECTION OF 

U A I V  CIRCULPTI ' lV 'I'IVS ( $ 1 0 0 0 )  
GTTcOS - T ? T h L  P I P I N G  S Y S T E M  C2ST ( 5 1 0 0 0 )  
P ~ - ~ L E c  - ?uUD "OT32 E L E C T q I C  C ~ S T  , % )  

P n H C I ?  - Ibd31"ECT CDST ' I t T O ?  FO? Z I P C J L ~ T I ~ V  P I 2 T N G  
PnHLEC - I U 7 1 1 E C T  C O S T  f l t T O ?  =O? E L E C T ~ I C A L  REOUIREMENTS 
P E O I  - ' 4 f i T E G  PQGDEqf IES  49JAv  ,._-. _--  ----  -- - I .  - --. --. 
r , ,  ,.,a, - ~ 4 2 ,  W ,  - v . r  J I  * I  I L J Y  ;c? COt.l?_tTE ~ G ~ E H  GkOJp- 

P T ? I V 3  A N 3  PJJJS ( 5 1 3 0 0 )  
FIIFITS - c 3 S T  OF D I P T V 3  ~ ~ " ~ P O ' J E N T S  IN >UP? s T A T I ~ N  OF 

CDi4PLETE TPWE? Sq0UJ ( 8 1 0 0 0 )  
P l l u r ~ S T  - PU'JP cCSTS F 3 ?  '4FLETE T i l w ~ ?  GROUP ( S 1 0 0 0 )  
O F E L ~ * S , S ~ ?  - PsESsJ1E 2?35 I'J u ~ A 3 2 4 ~ ~  i E A O E q  RETJRN ( R )  9 

SJPPLY (S), SJ?;LY 4 V 3  9 E i U R V  ( s R )  (PSF)  
OFLCST - C D S i  OF ELPOW 3V LbST QUA3RAVT H E A ~ E R  SECTIOV 

! 6 1 0 C 0 )  
QwDCST - T D T A L  COST O F  JJ4)RbUT H E ~ D E Q  P I P I V O  COVPONEVTS 

( 9 1 0 C O )  
0 4 E ~ ' ?  - t ~ h : r : T P  O F  SECTIS \ !  OF ~ L A ~ Q A Y T   HEAD^? ( 7 7 )  
Q P I P C S T  - C3SY OF S T ~ A I S ~ T  P I = E  F32  ONE QUADDPNT qEADER 



SUS~OUTINE. PIPCRT 7 4 / 7 4 .  o P T = i  F T N  4,267$35i 1 2 / 2 0 / F s  

SECTION i t i o o ~ )  n ,, , L 

QcDCST - Q'JAD?ANT SEDUCE?' COST ( S 1 0 0 0 )  
QDEDuCE - V A L U E  OF 4 L L ~ d A 3 ~ ~  QEDUCTIO~ IN PI~E! DIAMETER 

BETWEEN 4 3 J A C E N T  3UADSAVT H E P I E R  S E C T I O U S .  CAN Bfl 
ZERO OR u U L T I a L E 1  OF S I X  ( I N C I E S )  

Q T E C S T  - QUADQANT TEE C O S T  ! S ~ O ~ O :  4 
C T P c S T  - P I P E  COMPONEUTS COST FOR ONE 9UADRAVT 

HEADER ( 5 1 0 0 0 )  
Q\fA)GpY - FLOW R A T E  TO 3 V E t  3U4DSAYT (GP* I I  
2FDCOST - REDUCER COST ( 5 1 ° 0 0 )  
REDUCE - VALUE OF ALLOJA3LE  ? E 5 U c T  I O N  I N  P I ? E '  D:PMETER 

R E T W E E N  A3JACE"T HEA3ER SECTI~~S OF MAIV' C IRCULP-  
T ' I O " \ r I P l V G .  CAV BE, ZERO OR WJLTI~LE Or l  S I X  
( I N C H E S )  

~ 1 - 1 o ~ 1 . t  - D E N S I T Y  OF W ~ T E ? ~  A V E R ~ G E ,  SUPSLY ( T I ,  RETURN ( 2 )  
( L g M / c U  F T )  

T ~ C S T  - c I s T R I R ~ I T I O N  A b 3  TO#€.? P r p l Y G   COST^ t s i o o o )  
T  F - WATES TExPERETU?C,i L E A V I Y G  C O V ~ E N S E Q  ( D E S ~  F )  
T rECOST - TEE COST ( 5 1 0 0 0 )  
TcDCST  - TOTAL COST OF q 4 1 V  CIRCULATIOUI HEADERS ( S 1 0 0 0 )  
 TI!?^ - WATER T E ~ : ~ E R A T ~ ? F !  (3EG F )  
T  T - WATER TE';?ERATU?El EVTERING COVDENSESI (OED F )  
T n Y D l A  - TOWE? D I A q E T E ?  ('7) 
TFcST - TDTAL  COST OF 'UblP STATIONS ( ~ 1 0 0 0 j  
T n 3 C S T  - T O T A L  CCST OF 3UA)RPVT HEPDEQS ( 6 1 0 0 0 )  
I d  - ~t 0 9 ~ ; ~  r ~ 2 E  ii&>h.+El 6Fl WATER ( 3 r G  F )  
T F A V P ~ T  - TRANSVERSE TU9E  PTTCH (IYCHES) 
T~TRMII - TERMS I N  PUMP E L E C T S I C  CHARGES DETERMINED 8 3  
TnLn3, E V P I R I C A L I  COST :OR?EL4TIONS 
Tout 
T c: - STEAY S A I U R A T I 3 Y  T E U P C 3 ~ T ~ R E  (DEG ?I  
T i 3  - C ~ ~ I D E Y S E Q  TE2Y1 '4hL  TEYPERATUOEI D I F F E R E N C E  (DEB FI) 
TTDcST - T 3 T ~ t . l  COST OF T3rJER D I S T R I ~ U ~ I O N  P~PING 4 ~ 1 0 0 0 )  
T l lg r )EP - HEAT EXcqANGE? TJSE  3 O d S  I N . 3 I R E C T I O N  OF1 A I R  FLOW 
U a I J C S T  - U Y I T  COST OF S T ? ~ I G Y T  PIPE ( § / F T )  
V h C S T  - VALVE COST ( f 1 0 0 0 )  
VFLO - ACTUAL wPTER V E L ~ C I T Y  (FTISEC) 
V r L O C I T  - ACTUAL V E L O C I T Y  I N  3U'JDLE F I T T I N G S  OR PUMP sTATIOY~ 

P 1 F r V t  ( F T l S E C )  
V F L ~ D  - Q C T U A L  V E L O C I T Y  I V  3 I S T R I g U T I 3 N  P I D I N G  ( F T / S E C )  
VFLOT - A C T U A L  V E L O C I T Y  I V  T3wE2  P I P I Y G  ( F T / S E c )  
V 1 ~ 1 1 . 2  - WATER V I S C O S I T Y  ~VE~LISEI S U P ~ L ~ ( ~ ~ , ? E T U ? N ( ~ ) ,  

(CRMIFT +R) 
V  u - P U ~ P  UOTOR VOLT43E1  ( V 3 L T S )  
V+ - ?UYP SYS:Ztt  ';zL7i;E ;Y;iTS.) 
W 3 - C I R C U L A T I O N  k'4TZRI FLCW ? A T E  ( L B M / H ~ )  
X i o w  - CTOW 

V A R I A B L E S  n P F L Y i N G  TO EXf?6,  f 3 r E R  GROUP1 W I T H  COUNTERPARTS 
F n P  COvPLETE TOWER GROUPS 

EnELPwP - DELPgYP 
EnELSR - DELS>?E 
EpYYflr) - OYNHEAD 
ECJCST - E J C S T  
EFLGCST - FLGCST 
EgDCST - GPCST 



S U R Q O U T I Y E  P I P C R T  i 4 / 7 4  O P T = l  FTN ~ , . Z + I X ~ S ~  12/20/!6 

C .  E D D I P  - POIb i \ 

C  E ? D P  - PD" 
C EDMDZST - PUYPCST 
C E @ C S T  - P S T a C S T  
C E r U F I T S  - F U F I T S  
c E Y ~ S T  - CDGP 
C E Y F L ~  - F P D  
C E Y G P Y  - GPGPU 
C NcXTOW - MTOkDGP 
c 1 

D I H C ~ l S ~ C V  V E L @ ( E O O ) ,  U F i P C S T ( 2 O O )  
CSKYDhI / C P I F E  / A P I P C S T ( 2 3 ) t  3 1 4 q ( 2 3 ) *  E J C S T ( 2 3 ) t  E L C S T ~ ~ ~ ~  

$, F L G ~ T ! ~ ~ )  
S r ~ ; f * 3 ( ? 3 )  * P I P ~ S T ( ~ ~ )  R E G C S T ( ~ ~ I  r T E E C S T : ( Z ~ ) ,  v ~ c s T ~ Z ~ )  

c W u o N  / P ? E s S /  I~RFSS 
COV M q V  / 2 4 ? 0 /  T H ? ~  ( 1 6 )  r PSOP ( 1 5 1  2 )  
L o G I c n l -  C ~ L L  I 
CD"Lt9V / Y P J T 1 /  

5 PJYGcq  
S q p ' f V H ~ A 3  , Q I A Q  ~ D I A T  * D I A H ( 2 O O )  * 3 I ~ Q ( 2 0 0 j  
$ , F 3 S c c T  ,EG?CST , E P M P ~ S T  ~ E ' U F E T S  ~ E O Y N H O  VEXGPM ~ E J C O S T  ,ELCOST' 
?5 * F L G " n S T  
6 *GPUCTQC rGPGPM t G P C S T  
I r t 1 ' ? R ( 2 0 0 )  
I ,Jfr+v:- 
?: ,LSRVc 
3 rb'T.lil?RLl ,NqIJNPgD ,VTOHGPS t V T J v l P S P  tNEXT0W 
F r F S T 4 r S T  , ? I J F I T S  ,pUMPCST * " 1 3 t O S T ( 2 0 0 )  ~ P I S C O S  
6 , O - t 7 r + T  , Q u [ ~ D G P ~  , Q P 1 P ~ S T  ( Z O O )  r Q d E 3 R t 2 0 0 )  ECST ( 2 0 0 )  
4 ~ Q 4 O C ~ T ( 2 0 0 1 *  OELCST 
4 , P Y ~ c T S T ( ? * ~ ) ,  ? ? T P L  
% ~ T T E c " S T ( ~ @ O )  P T P c S T  Y ~ D C S T  , T f D t S T  * T G P C S T  V T D H ~ I A  ~ T R D c S T  
s ,y,:'w 

C3rti!ON /PME/ ~ ~ ~ E L E c  
D 4 T L  C $ L L  1 /.TRUE./ 
D 4 T 4  3 q G T L I  / 1 0 0 . /  
D b i 4  N=S /23/ 9 V F L  /ZOO/ 

C 
r: 
C C;LL THE 4 P ~ ? @ P Q I f i f E  S U 9 i J J J T I \ E  TO E S T ~ ~ L I S H  U N I T  COST D A T A  
C Fn2 T 4 E  P I D I N G  SYSTEM C3h133VE'4TS. 
C 

I F 1  ( C A L L  1 .AND. I P 9 E S S  .E9. 501  C P L L I  P5O 
I F  ( C A L L  1 .GND. IDQESS .E3* 7 3 )  C P L L '  P75 
I F  ( C A L L  1 *[,?JD. I D R E S S  .E3 .  C ~ I ~ L I P ~ Z ~ ~  
CALL1 1 = . F b L q E ,  
XTO4 = V E T O W  
CTCt l  = 'JCTCW 
T 3 F 3 1 A  = TOWERO 
DO 1 I C ~ ~ V F L  

1 4 ~ ~ ~ 3 5 ;  ( 1) =*. 
T F = T S - T T ~  

c 
C U q E  WATER T E u P E ? b T V S E  T 3  $57 d 4 T E R  P R O P ~ R T I E ~ ,  
c 

T I = T E - T R  
V I S ~ = T C U ( T E , T H ~ O , P R ~ ~ ( ~ ~ ~ )  1153 



S U S R O U T ~ N E  PIPCRT 74/74  OPT=^ 

- 

F T N  C e 2 *  7835i 1ZYZ0/ !6  

R Y O l = T l  U ( T E , T H 2 0 r P R O P * 1 6  
5 3 6  V I S ~ = T L , U ( T I ~ T H ~ O , P R O P ( ~  9 !! ) , 1 b )  

RHO?=T' u t TI ~ T H ~ O ~ P R O P * ~ ~ )  
RHO=(RIJOI +1110?) I:!. 
V I S = ( V T S I * V I S ~ ) / ? ~  
GPMTOT = W ~ P ' ( C I ' ~ * Q H ~ ; ~ ~ ~ G ~ ;  

535 Y T I J ~ P ~ ~ ~ = ~ ~ . * ~ I J F I W ~ ~ T * ~ U B D E P / T ? ~ V ? U T  
COP:ST!= ( 3 .  ~ G ~ G / Q ,  * 7 * 4 e 1 * 6 9 6 * 3 ~ s v ' E ~ 1  
C P r I S T C , ( ~ , / 3 . 1 4 1 5 ) * ~ ~ ~ . ~ ( 6 ~ e * 7 . ~ 9 ~ )  
GDPZt  P - = G ~ \ ~ T O T / C T O W  
G?y.itbX = 1 3 1 1 \ t 9 ( ~ ~ ~ ) * * % / 1 4 4 . )  r ~ 0 ~ ~ 1 1  

j4fl Y T O  J P G ~ = G ~ U ~ ~ A X / G ~ M C I ~ C  
9 

C 
C 1 6  THE F L n H  TO 3ME TOWE?' EXCEEDS THE' FLOW THpT C A W  3E 
C T F : ~ \ N S ~ O ? T E D  THROUGY THE LIP?GEST D I A V E T E R I P I P E  THEVl REJECT 
C T M I S  3ESiGN COVOIT ION.  

545 c 
C A TOWE? GR'3UP t C ) Y S I S T S  3F' I LL  THE ToWESS' SUPGLIED B Y  A SIV"UE! 
C Y n I N  C I R C U L A T I O V  P I P I N G  qEA3€? .  T9E NUYBER OF; TOdERS PER 
C G?OUP (VTONPGP) CANVOT EXCEED TYE YAXIYIJM FLOW A V A I L A B L E  I N  
C T4E LARGEST P I P E  D I A M E T E R '  3 1 V I D E D  B Y  THE1 FLDw PER TOWER 

550 c ( n ? M C I q C ) ,  
C 

I F (  'JTflWPS" .LTe 1) COST 3 1 a E + 4 0  
I F ( V T 3 . 1 5 2  .LT. 1) d R I T E ( 6 ~ 6 7 5 7 )  

6767 F O R * I A T ( ' I O I V  ' I P I V S  ? O U T I V E  VLIY3rR D f '  ~ D W E R S  PER G Q ~ U P  SO WAS 
5 ? E J . E C i E ? " )  

I F (  'JTn\iPGP r L T .  1 )  QETURV 
I F ( V T O * 2 P S P . G T ~ C T 3 W )  VTOWPGP=CT3d * l r E - 4 0  
NTOtiGP~=CTDW/NTOWPGP 

C 
C I =  TAF  'JUY3E9 3 F  c X ~ C U L A ?  T3WERS EXCEEDS T q E  VUMBER OF TOWE?S 
C P r R  SROllP AVO I S  VOT rlyl EVEN Y U L T I P L E  Ocl THE NUMBER OF TOWE?6 
C PFR SROlJP (E.~.-" lTT!4=12r VTOJPGP=S) THEN 4 SEPARATE M A I N  
C c ? Q c U L . ~ T ~ O N  HEADER 4ND 3UY31 S T ~ T I O V  I S  ~ E S I G N E D  F ~ R  THE 
C Yl1v3Ea  OF EXTYA TOWERS ( V Z X T O d r  I V  T H I S  CASE NEXT3Wn2)  AN01 

365 C T y E  TOTAL FLOW TO THGSE E X T ~ A  T3WERS (EXGPY) .  T H I S  SO 
C C4LLE)  "EXTPA TOWER GRO!JP1' WI-L 35 D I F F E R E V T  FROM THE M ~ I V I  
C T r d z Q  GROUPS OVLY W I T H  ?ES"ECT TO THE VJYRER OF TDWERS I N  
C T-rE S70UP A Y D  THE S I Z E  D F I ' . r A I V  C I R C U L A T I O N  PIDING* A L L  THE' 
t P ~ P I V G  ~ S S C C I A T E D  H I T 4  f d ?  T3dER P I P I N S  4ND GVADSANT P I D I N G  

370  C Is U Y b F C E c T E D  3 Y  THE E X T ? b  TOJE? PROBLEY. THE LEVGTH OF' 
C T 4 E  V a I V  C I ? C ~ J L A T I ~ U  HEA3ER SECT IOVS I S  ALSO UNAFFECTED. 
C S T Y C E  TdERE I S  L E S S  TOTPL 'LO4 TO THE EXTRA GROUP THE P I P E !  
C 

- ---- - -  
~ , a  l c  I = -  ur 7nE Zx;Rn 3lGd; M 4 i ~  c f  9 C u L 4 T I O N  t iE4DER I S  

C S Q A L L E 9  AND THE PI!Y9 S T h Y I D V  ? E ~ U I ? E M E V T S  ARF REDJCED, 
r C  

NEXTDW=CTCN'YTOW"GP*VTnUOPS 
E X ( ~ P M = ~ I E  <T3M*GPMCIRC 
G D G ? w = l ! T O d D t P r G P Y ~ I R ~  
Q U ~ ) ~ P ~ ~ = G P Y ~ % R , - / ~ .  
N ~ U V P Q O  = ( ~ 0 ~ 6 1 ~ * 3 ~ 1 4 1 5 ~ ) / . ( & .  DUNJIDT * C ~ ~ N Q )  +i, 
B ~ ~ 3 P M t ~ ~ 4 3 ~ P ~ l / t 4 g ~ ~ D Q ~  

C 
C S ~ Z E  THE D I S T R I B U T I O N  P I ? I V G *  
C 

D I A ~ ~ S ~ R T ( G P Y C I R C / C ~ N S T ~ ) S ~ ~ ,  



S U ~ Q O U T I N E  P I P C R T  7 4 / 1 4  O P T = 1  

D 3  1 0  PIT = l r N F S  
I @  = NT 
1 ~ ( 3 1 ~ ~ ~ 9 1 ~ ~ ( 1 ~ ) ) 1 1 ~ 1 1 ~ ~ ~  

10 C ~ ~ J T J V I ~ E  
C  
c S T ~ E  THE TOWER P I D I U G *  
C  

11 D : A 3 1 D T 4 H ( 1 3 )  
D I A T = S ~ R T ( ~ U : D G P ~ / C O N S T ~ ) * ~ ~ .  
@O 1 2  LIT = 1,NFS 
I T  = WT 
17(7TA~-3Ihv(IT))13~13e12 

l2 c O ' \ ~ T I ' ~ ~ I E  
13 DiAT=DTAv(?T) 

C 
C @ r T E ? Y ! J E  T I E  d E A 3  L O S S  4 V 3  P?ESSUQE ~ 2 3 9  XN THE 5 1 S T R I q U T I 3 N  
C fi.13 T3WE7 PI'IVS. T 4 I S  I N C L U D E S  THE P I P S V O  F R 9 Q  THE M A I V I  
? C T ? C U L ~ T I O N  i E 4 3 E R  TO T 4 E  3 J A l 2 P N T  K E A ~ T R .  
C 

E D L ~ W O ~ . ? ~ ~ ~ ~ ~ ~ ~ I A + Z ~ ~ . ~ D ~ A D / ~ ~ .  
V E L 3 3 = ( S D Y C I ~ C / D I A D f * ~ ~ * C O U S ~ 2  
E O L T U ; = T O W ) I A + ~ O . * ~ I A T / ~ <  
V E L ~ T = ( O U ~ ~ ~ " Y / D T A T * * ~ )  * C O ' I S T ~  
C ~ i l  ~ ; ~ L ~ S ( D I ~ ~ D I V E L O D I V I S ~ * ? I ~ ~ ~ ~ * Y E A ~ ~ )  
CAI-,' Y v > L ? S  ( > I / ~ ~ ~ v E L o D * v I s ~ ~ ? ~ ~ ~ ,  2 * q ~ ~ ~ 2 )  
C A L -  H V ? L J S ( C I G T ~ V E L ~ T * Y I ~ ~ I ~ ~ ~ ~ ~ ~ , ~ E A T ~ )  
C A L L t  Y v ~ ~ 3 F ; ' ( 3 I 4 ~ ~ ~ ~ ~ O ~ , ~ I ~ 1 ; 2 ~ ~ 1 3 2 r 2 ~ ~ i ~ A T 2 )  
~ E L T ~ =  ( E Q L ~ & J ~ *  ( 4 ~ 4 0 ~  * ? t 1 3 ~  + r l ~ 4 3 7 * ~ 4 3 2 )  * ? Q ~ E V T *  ( H E A ~ ~ * R H ~ ~ * H E A T ~ *  

B R Y O ~ )  )/100, 
C - - D c T E ? " I V E  T 4 E  COST DF T 4 E  ) ! S T ? I B U T I O V  AND TQWER P ~ P I N G .  
C  
C T - 5  315:9T3;T?3'-! Av3 TOwE? " I P I ' J G  C 3 S T  ( T D C S T )  I V C L U D E S  T-iE 
? L r u Z T 4  cr =IPE ( .? 'TOdDIh  COV'JECTIVG T i Z  Y A I U  C I 3 C U L A T I O V  
C 
u Y;a?E? T O  i i E  f 3 % ~ ?  D I S T ? : ~ U T I D Y  Y E ~ D E S  AND TYE P I P E  
T C - V ' J E C T I Y G  TUE TOWER D I S T ? I 3 d T I O N  YEADCQI TO p Y E  QJADRANT - ~ F C ~ E ~ S  ( A j S J y E 3  1 3  TOTAL '  3 * 2 5 * T O r D I A ) ,  T I E  TOWE21 D I S T R I ~ U - .  

C, T'OV -iF\DER I S  C O S T E D  4 5  F 3 U X  P I P E  TEES. THE T E E  I S  c b S f ~ D  
,- 4c . 5 7  T I V E S  T d E  C O S T  OF TEE OF ThE "?UNl* D I A M E T E R  P L U S  

? - 7 3  T I Y E S  T d E  COST OF 4  TEE 3F TYF "BRAVEH"  DIAMETER.  
C 

T 3 ~ S T = . ? * T ? - ~ I ~ + 3 I P C S T ~ I 3 ) * ~ ~ * ( ~ B 7 * ~ E ~ C ~ T ( ~ l l + ~ 3 3 - T E E C S T ( I 7 ~ l  
S + ~ . ~ ~ * + ? ~ ~ ~ ~ * P ~ ~ C S T ( I T ~ + ~ ~ ~ * ~ L ~ S ~ ( I T ) + ~ . * E ~ ~ ~ ( I T ) + ~ . * V & ~ S T ( ~ T )  
% A ~ . * ~ L C C S T ( X T I  

TnciT='. ~ 7 ~ ~ 5 7  
C  
C D c S I 3 u  b Y P  CCST T Y E  QJJ3?4'JT ~ I D I ~ I G .  
7 

C A L I 1  ' + - A > E ~  ( ~ ? ~ ~ D S ~ ~ ~ , V S U Y " Q ~ , ~ ! ' J C . ~ M , ~ ? E ~ J C E , ~ ~ L , D I ~ O , Q R ~ C S T , Q T E C S T ' ,  
S C F L C ' ~ T . I J ~ ~ ? ~ S T . V E L O , O E J C E ; T ~ ~ F C ~ C S T ~ J E S V E L )  

L S f i J E  = L  
3Pf , 5 = - .  
'23E-3=", 
O T Q : S T = ~ .  
I F ( - * l j r . ' I r ~ )  C O S T  n 1 . ~ * 4 0  
I F  ( = . S ~ . Y F L )  H F T J R M  
DO ' O  , K = ~ * L  



, I = K K  
I F ( I . G ~ . ~ )  SO TO 21  , 
Q H E I R  ( T 1 = O h  

C 
C  TuE LENGTH 3F STR41GHT t f P E l F 3 R  Q U A D R A U T ~  HEAEER S E C T I O Y  I 
c A ~ ~ P I ~ \ I \ ' T  CcO f-1E L E ~ $ T U  ?:I TEE as ?E:!;~J f.75 y:'!:~ 7~:; 

( I  

D T A Y E T E R  OF THE TEE, NO 4LLDr lAVCE IS Y d D E  FOR[ RE3UCER 
c LF~',TH. 
I: 1 

GO Ti) 22 
C 
C  O r T E ? Y I V E  T4E 4EAD LOSS AVO P?ESSURE D R ~ P  I N  THE QUADRANT 
C PIOIVG. 
C  

2 1  Q H E ~ Q ( ~ )  = SUNWIDT CDAVG - 3 I A D ( I )  + 1.75 1-20 
2 2  € 3 L Z V = n - I E ) R ( I )  * z n . * W ( I ) / I Z .  

! 

C A L L '  H ~ Q L ~ s ( D I ~ Q ( I )  , V E L O ( I )  * v I f  l q R ~ O 1 * 2 * ~ ~ ~ 3 1 )  
C 4 L L I  ~ ~ 7 ~ 3 s  O IA1  ( 1 )  * V E L D  ( 1 )  ~ v I s ~ ~ R ~ o ~ * ~ ; Y E ~ D z )  
Q D E L ~ = ~ D E L s + ~ E A D ~ . R . ? O ~ ~ E ~ L E ~ / ~ O O .  
ODEL9=rDELR*HEA?2*RdD2*EQLEV~ lJO.  
Q P I ~ C S T ( I ) = O H E ~ ~ ( I ) * U P I ~ C S ~ ( I )  
I F  ( I  .LT.L)  ~ T P c S T = ~ T P C S T * ~ P I P ~ S T  ( I )  * Q R D c S T (  1 )  + Q T E C $ T ~  I )  
I F ( I . E ~ . L ~ Q T P C S T = ~ T ~ C S T + Q P I ? ~ S T ~ I ~ * Q R D C S T Q L ~ T  . 

20 CONTIVIIE 
C  
C e THE F I T T I N G S  AVD P I P E  C O N I E C T I N S  THE QUADRAN? HEA3ER TO 
C  T u E  JUV3LF: ~ E A ~ E R  APE G I V Z N l  A  D I A Y E T E q  SF 8 ~ V C H E S  AND 
C E - T I Y 4 T E D  TO C3ST $1.75 X 1 0 * + 3  T O T A L  FOR E A C H  TU3E  BUNDLE', 
C 

Q ~ E L S ~ ; ( ~ ~ E L S + O D E L R ) / ~ .  
Q Y D C S T ~ Q T P C S T * ~ . * ~ . ~ S * N B U N P P ~ ~  

C  
C DcSXGU AND COST THE M A I V  C I R C U L A T I O N  P I P T N G  FOR THE' 
C E Y T S P  TOWE9 GROUP. 
C 
C  V r R I a B L E S  DErTV ING C O N 3 I T I 3 N S  I V  THE EXTRA TnWER GROUP A R ~  
C GcVE~ILLY RESET TO A Z E 2 0  VPLJE E ~ C H  T I M E  P I P C R T  I S  C A L L E D  SO1 
LI 
d T u A T  ST3RED VALUES F R O Y  4 3 a E V I O U S  C A L C J L A T I O Y  W I L L ' N O T  9E, 
C I \ I C ~ R R E C T L Y  INCLUDED. I F 1  TYEQE ARE N q  EXTRA TOWE2S 
C S D E C I F I E D  T I E N  3Y-PASS T Y I S  SET OF CALCJLATIOVS. 
C 
C 

EDELSRZO 
EPDI A = o  . 
EGPtSTaO.  
E E J C ~ T Z O  

L 
C TuE  HEADER SECTION FROM TqE.  C0'43EVSER T 3  THE F I R S T '  TOWER 



SU~ROUTINE PIDCRT + o / 7 4   OPT=^ FTY  4.*2+7&3si 12/20/45  

4 i n 0  C 15 YEADE9 S F C T I O N  1. T ~ E U I  P L L  EVEV N;JYBER HEADEQI S E C T I O V S  
t A": G I V E N  Z E q Q  LENGTH ~ E c A U S E  f O w ~ 2 . S  M ~ T ~ Y E D  ON OPPOSITE1 
C  S t D E S  3F THE M A I N  C I R C U L A T I O V  dE43EQ. 
C 

f ~ ( 1 . E r . l )  ta T O  3 1  
I F ~ Y ~ ~ ~ I I ? ) . E o . O )  HEOR(I)=O, 
IF(~DD(I,~!.LE.O) H E D R ( I ) = ~ ~ ~ ~ T ~ ~ D I ~  

- C 
41 0 ? D F T E P Y I N E  T q E  i E A 3  L n S S  4U3  DG'E4SURE 0 9 3 P  I N  THE Y P I N  C I R C r  

C U L F T I D V  P I P I N G  TO THE E x T J 4  T3w5R GROUP. 

c 
63 T O  22 

3 1  Y E D ? ( I \  = 3 1 S T + . 4 * T 3 Y X A  
1 z15 32 E Q L E V = u E 7 1 ( 1 )  + 2 0 . * ~ 1 4 ~  ( T ) / 1 2 ,  

CaLL1 ~JQLDs(DI~Y(I) ,VELD t I ]  , V ~ S ~ ~ R + O ~ * ? , ~ I E ~ O ~ )  
CALL! H Y D L ~ S  ( 3 i ~ 1 (  I) , V E L D (  I) P V I S ~ * R ~ O ~ *     YE^)?) 
D ~ I . S J ? ~ D E L S U P + H ~ ~ ~ ~ * ~ ~ Y O ~ - E Q L F , N / ~ O ~  . 
I F ( 1 . n r . l )  GO T ?  33 

4 2 3  D ~ L ~ E T - ~ E L ? Z T + H F ~ ~ % * ~ ? Y O ~ * ( E ~ ~ E V - ~ O ~ ) / ~ O G ,  
FD T 1  14 

33 D E I - ? E ~ = I ~ E L ~ E T + H E ~ D ~ * ~ ~ O ~ * E R L ~ V / ~ O O ~  
34  P I P C J F l (  1 )  =IJP:PcST (I) * P E 3 2 ( 1 )  

I C ( i ~ L ~ . J E X ) E G P ~ S T = E O P c S T * ~ I Q : : 3 5 T ( I ~ + R ~ y r ~ O s T ~ X ~ ~ T ~ F ~ O s T ( I ~  
i25 I ~ ( I . E ~ . J E X ) E G P C S T = E S P C S T + P I ~ C ~ S T ( I ) + R E ~ ~ O ~ T ~ I ~ + E ~ ~ ~ ~ T  

3p tnuT;41 lE  
??F_SqzDEL j I j 0 * n E L R E T  

C CI 

C D c F I S U  4:JD COST THE M F I V  C I Q C J L 4 T I O Y  P I S I N G  FOR THE c 0 M P L E T I l  
C  T n d F ?  GROUPS. COMYENTS. I V  T d E  ABOVE S E Z T I O N  DN E X T R I  GROUP - PiJIV5 3 E S I S U  APPLY HE39 1 3 E I T I C A L L Y .  

i 35 C 
CALL H ~ A ~ ~ ? ( G * G ~ ~ , ~ T ~ ~ ~ G P , G ~ ~ ~ I ~ ~ , Q E D U ~ E ~ O , J , D I A H ~ R E D ~ ~ S T ~ T E E C D S ~ ,  

S ~ L C ~ S T ! U P I ' ~ S T I V E L O ~ E J C O S T ~ ~ L G C ~ S T * D E S V E ~ )  
JS4'iC = J 
DELS  JP=O . 

z60 OEL>ET=O. 
r , J C S T =  1. 
!r ( J .~? .vF ; )  C O S T  = 1 . E + Q O  
I F  ( J;GT, U r L  RET JQY - 3 Ppu : ,---,; 

t 45 1 = 13 
I F ( I . E n . 1 )  G O  TO 4 1  
I ~ ( W D ( I , Z )  , E ( J , O )  HEDR(I)S~. , 
1 = ( 4 3 ~ ( 1 * 2 )  ,uE.O) H E ~ R ( I ) = ~ , ~ * T ~ N ~ I ~  
c,5 7 7  L 7  

is0 4 1  H E ~ ? ( I )  = ~ I s T * . ~ = T O ~ ~ I A  
42 F : ~ L I Y = L  E ~ ? ( I ) * ; ! O . - O I ~ ~ ~ ( I ! / ~ ~ .  

c ~ L - 1  H Y ~ L ~ s ( ~ I ~ ~ ( I ) * v E L O ( I ) , V ~ S ~ * R + O ~ * ~ * H E ~ ~ ~ )  
CiL,' H;~LDS ( 3 I q H  ( I ~ , V E L O (  I )  , v I s ~ , R I o ~ , ~ , Y E ~ ~ ? )  
DELSVP=~FLSUP+HE~IP! *?no1 I E Q . z * J / ~ Q O  
1'(1.5~.1) 53 7 3  4 7  
~ E L ¶ E T = D T L ~ E T + H E ~ ~ ~ * ~ H Q ~ *  ( E Q L C \ -  j3,  ! / l o o ,  



SURROUTINE P I P C R T  ; 1 b / 7 4  OPT-1 F T N  ~ ~ 2 * ? P 3 5  i 12/20/!6 ' 

1 ' D c T E Q Y I V E  T I E  YEAD LOSS AV3l P?ESSURE D R ~ P  I N  THE SUNDLE, 
F T T T I v G S  COVNECTIVG THE 3JA324NT HEADEQ TO T ~ E I  TUaE BUNDLEi 
H r 4 3 E Q e  

O t T E 9 H I N E  THE riEAD LOSS AV31 P ~ E S S U R E '  t j W P  I N  THE P I P I N O ,  FOR' 
T Y E  9UMP S T 4 T I 3 N  SERVING, T;iE COMPLETE T ~ W E R ' Q R O U P .  

V E L ~ C I ~ = ( ~ U U G P W / ~ . * ~ Z ) * C ~ N S T ~  
CALL: 'IYDLDS l R . r V E L D C I T r V I S * ? - l O r  2 r t iEAD)  
D E L = ~ T T = H E ~ ~ S R H ~ * E Q L F I T / ~ O O .  
E Q L ' ~ ~ ~ = ~ o o .  
P 5 1 4 = e 7 r 1 J ~ 4 , H  ( 1 )  

S t ' r ~  TYE PQESSUQE DROPS AU3l D Y V A Y I C  H E A ~ ~  TO GET. THE1 PUMP STA-• 
T j 3 Y  C O S T S .  T I E  E O U A T I ~ V S  FO?'PU'4P COSTS AND PUM'I F I T T I N G S  
C n S T S  WERE EXT?APOLATIOUS J F  4 V A I L 4 a L E  COST 6 4 T ~ .  
T:JO P y y P S  SE?VE E A C Y  TOdE9'GROUP. NO A J X I L I ~ R Y  PJMP 
CLPIICITY IS ?ROVID~D. 

T O T A L  c 3 S T  3 F  P I P E ,  F I T T I V ^ J S ,  AND PUMPS PER1 E o M P ~ E ~ ~ E ,  TOWERI 
330UP.  

3 7 S I G Y  AND COST THE PUYD. S T h T I 3 U  S E R V ~ V ~ .  THE EXTRA TOWER 
GcOUP. T r E  YETHOD I S  13ETICALI  TO THAT FOR T ~ E !  C O ~ P L E T E  
TnYEQ GROUP. 



~ U R R O U T I ~ J E  PTPCRT ? 4 / 7 4  OPT=1 FTY 4,,2+7&35i 12/20/!6 

EDS:ST=O. 
7 1 5  EXCST=' .  

I F ( U E X ' f O W r n ~ Q ~ O )  2 0  T3 5 0  
VEL~CI:= (EXG~M/E 'D IA* *~ )  * c O ~ J S T ~  
CALL,  ~ v 0 ~ 0 5  (EPDI ~ ~ ~ V E L O C I T , V I S ~ ~ ? Y O ~ *  ~ , H E * D ~  
E > F , P " ~ = ~ E ~ ~ * R H ~ ~ * E Q L P U C ( ~ / ~ .  
E ~ D J = F ~ E L s ~ + ~ D E L s ~ + ~ E L F ~ T + E o E L P ~ P + ~ E L T D  
E ~ Y \ - ~ ~ ( E ' ~ P * D E L + x + ~ E L c ~ v ) / Q ~ ~  
E 7 * f 3 C S ~ =  ( 2 . 0 1 2 3 * E D ~ ' J ~ G + l . 0 6 ~ )  * C X 5 = Y / 1 0 0 0 m  
E P V ' I T ~ = ( ~ . ~ * E Y G ~ M / ~ ~ O ~ * ) * ~ , / ~ E S V E L :  1 

C  
C 3 c T E S Y I Y E  T3TAL COSTS* 
C  

E ? S 3 T < ? ' 4 o C S T + E ~ U 7 I T 5  
EXC j i = c O T 7 r ; * ' + E X T 3 ! / + E 3 P C j T + E ~ j C f  T  

5'3 C D I \ ; T I ' J  I: 
COST=CrSP*+lTCWG?S +ExEST 
CDSr = C 9 S T  P O i C I ?  
TTn2ST-TDCST*CT!Jd 
T ~ ~ C S T = S ~ C ~ T * N T O ~ G P S * E C , P C S T  
T ? C S T = ~ S T ~ ~ S T ~ ~ ~ T ~ C / ~ ? S + E P S C S T  
Fp; = c?:D'J * ( 5 3 . 0 * 2 d 0 / 7 . 6 8 1 )  * NTOdGPS 
FXF-O =EA53*  * (6C. *4133/7.&91) 
Y ? Y ~ T  = (FP; * ( 2 3 p  + DELHX + ~ E L ~ O V )  * 

'S E X C L @ *  (E33P+ DELdX + DEl - tOY)  / (62,;3600m*550,) 

E .  C ~ ' 4 p l l T E  ?UMD MOTOR E L E f T 2 I C l  C3STS. 
C 

YPX = P 
I F  f b I E w T 3 d  .ST. O )  VPX = 2 
NDY3 = 2 * VTOdG?f + NPX 
HPP3'lP t YPW&T/ VPVP*EFT 'D)  
Ir(d.?nv? . j i .  $ 5 1 . )  i q Y ~  = 1 1 2 ; 0 0 ~ / v p q p  + 7.88 w p p p y p  

S + ( 1 1 6 , - . 1 5 p * l ~ ~ ~ y ~ )  * H P ~ P M P  
IF(IPPOM? .GE. z51. SAND. ~ ~ ~ ~ ' 4 '  .iEm 4006,) TSYA I ~ E ~ O O . / N P Y P  

9 + 7.8$*4"'~~ 4 870 . / s ~ ? T  (ypPpMpl *ypppyP 
I F ( 4 D 0 ~ ' ~ ~  . t T s  2000. )  TQYP = I!Z'SCJOI/YPYD + 7*88 HPPJMP 
V S  = 7700 ,  
I F  (V?aP'-+P .LT, 2000 . )  VS s 1 3 3 0 0 ,  
V Y  = 61"O. 
IF(- i?p>'- !? .LT. ? @ O O m )  VH = 2 3 0 0 .  
I F  ( 4 P - g s ? D  .LT. Z 5 1 )  VY = ~ 8 0 .  
79'43 = ( 3 1 f ~ / ? .  - 1000,)*(37o + . ~ ~ * ~ P F P Y P * V , N P / S O R T ( V S )  

7, + . S  ; v ? v ~ )  / Y 3 Y F  
T4h4- = ( 1 C C .  1.1 * YPPFYD)  7 (2S;T'! - 2 5 S , )  / ~ U U T ~ V M )  
PYFI-EC = ( T ~ ? ' ~ A  * :9"3 + :RYC) ?D-iLEC 
C D S ~  = C ~ S ;  + PMELEC/ICOO. * ~ 3 . 4 ~  
P I S C 3 5  = C 3 S T  
9 2 T 3 i  = PYEiEC/ lnUO.  * 'JPYP 
R T T  J 9 V  
EVQ 



~URROUTINE: ROOT 74 /74 .  o P T = i  FTN 4,247'435i lt/ZO/!b - 

~ I V E V  THE E F F E C T I V E V E S S  T q I S  SOUTIYE C A L C U L A ~ E S  T ~ E  
C i p A C I T Y  R A T I O  L I M I T  FO?i TdE + E A T  EXCHAVGES U S I N G  A 
S7YSLE PASS CQOSSFLOU C O R ? I L A T I O N  

C ' - 4 R 4  - T* iER '44L  C 4 P 4 C I T Y  R A T 1 3  OF WATER 7 0  4 1 R  FLO~ING 
T I 2 O J t H  THE YE'AT EXCHANGER ( ~ I Y E N S ~ O N L E S S )  

E ? F  - E C F ~ ~ T I v E \ I E S S  3F I  H E 4 7  EXCHANGER t D I ' 4 E N S I O N L E S S )  
R F I X  - TE-IPE?ATU~E RAVSEI O r '  JATER F L O W ~ N G  THROJGH THEi 

+EAT E X C I ~ A N G E ?  (?EB F )  
T n  - H E n T  E X c q n N S E ?  4 Y g I E Y T  q I R  D E S I G Y  ~ E % + P E Q ~ T U R E  

(?EG * )  

T F I X  - E X I T  TEYPE9,fTJREI OF TYE T U R B I V E  A T  WHIcrf l  THE 
SYSTEY I S  TO 3E 3 E S I S U E 3  FOR (DEG F )  

TTD - T E ~ M I V A L  TEYDE94 fURE ~ I F F E R E V C E  OF THE SURFACEi 
C3\10EYSER ( D E W 9  

E F F  = $F I x / (TF I x  - T T D  - T D )  
C # A ? ~  = (1 .00  - E F F )  / E F f  

FUNC' = CW4RAaEFF * ( 1  - 0  -. EX?(-CWAQA) ) 
DFDC; = EFF - EXP(-Cu lARA)  
CWA?,G C i (~ i ) b ,  - FUNC/DFDC 
I F ( & B S ( F U V C )  .GT. 0.01) GO 7 0 ,  1 3  
C W A ? C  r C W 4 Q A  
RET JQU 
EUD 



F T N  4.2*7~35i 12/20/!6 

SS~?OUTIYE RPHTI(DESVELI P F )  
C  
C T H I S  Q e U T I Y E  P n I V T S  P I P I V G  C 3 S T  REPORT 
C 

5 C 3 V a l C r J  / P Q 2 T 1 /  
f 9 J V 5 - 1  
3 T D Y V ~ ? ~  r 3 I A D l  , D I 4 T l  + D I A Y l ( ? O O ) r  3 1 ~ 0 1 ( 2 0 0  

' F - C C r l  

b S ~ E ' S C ? ~  , E Q ? C S ~  ~ E ' W ~ C I  ,E'JFII ~ E D Y ~ Y I  ,Ex3 M I  . E L J c O S ~  ,ELCOSZ 

l o \ >  F 'G-"1C71 * 3 q S ? Y I  * G g i S T l  
3 ,H$3Q! ( 2 8 3 )  
9 , J S . ? V ~  

c O Y ' I ~ N  / D ? c ~ S /  1 ' 4 ~ S f  
1 8 0  F O ~ ? " ! A T ' ~ T ~ ~  15 ( " - " ) / / :36*11PI?Ivs11 5 5  P S I  D E S ~ S N  P7ESSURE" 

T / /T31 ,  15(11- " )  1 
2 0 0  = D ~ ~ ~ P T ~ / / ? ~ ; ~ * ~ ~ I S ~ U L A T I O U  P I I I V ~ l  T 3  EACH T3d:R G R ~ U P * ~ / / ~ ~ X , I *  3 S T  1 

E 5 r V  i , ? ~ i n p s  i ~ ~ ~ ~ l n o x . 5 0  111-11) /~~Y.~IWEIDE? DI~*ETEP I E ~ T H  
5 JTPF T E E 5  REDUCERS E X P A V S I D U  FLAVGES" /~~X*"SECTION ( I  
YV?'iCS) t ~ E E T )  ~ ~ , ~ ~ x I ~ ~ J O I G T  ( 1 )  ( 3 )  " / / I  

3 0 3  c o ? f h T ( : q  t l b ~ . 1 ? , 1 ~ , 7 F 1 7 . 3 )  
2 0 4  F ~ ~ . ~ ~ T ~ / / : ? x ~ " c T ~ c I J ~ P ~  ' O W E ~ S ~ ~ * I ~ ~ ~ ~ X , I ~ T ~ W E ~  G R O U ~ S ~ ~ ~ ~ L K , I ~ ~ / ~ O X ,  

3 0  ' " T ~ ) J E Q c  PC9 5 9 0 ~ 1 " *  15' 1 ~ x * " T J ! J ~ ? s  1 q  -1 U C ~ M P L ~ ~ T E  G ~ o u P " '  16) 
1204 F O ? ~ ~ P T ( / / ~ O Y ,  

e f t r o S T  * F  ~ 1 2 ~ U L , l T I ? U  P I P I X 6  '31 E A C H  TOWEP S?oUP Sqf,FS.O,@V * l o * *  
$ 3 1 f / ! ~ ~ , 1 1 C ~ ~ ~  OF c I R c U L ~ T I O V  ' I ? ~ U G  i 3 R  I V  o Y ~ L E T E  GROUP1 ! $ " t ~ 5 . 0 (  
5 "  + ~ ~ * + ~ " / / / ~ I x ~ " T ~ T I L  C ~ S T  3 i  C I R C U L A T I ~ ~  D ~ P ~ N ~  ~ " , F 5 . 0 , l t  * l o * *  

. 35 f 3 I 1 / / / / j  
8 5  F'YR"4T ( / 2 5 X  , " E U A ~ R A Y ~  P I ~ I N G " / / ~ ~ X * " C O S T  I N  1 0 * + 3  DOLLPSS F O R ~ / Q O X  

i, 11--- - - - - - - - - - - - - - - - - - - - - - - - - - - -11/12~ * IIHEAD:~! B i ~ * E T E I  L E N J T d I  
$ 3~~~ T E Z S  P E ~ U C E ~ S " / ~ Z X * ~ ~ S E C T I O ~  ( I  c ~ E S I  (FEET) I1/J 

2 0 9  F 3 R 4 A T  r / / l n X r f 1 T U 3 E S  ? E R  SU'J9,E1'* 1 1 0 9  / ~ o X ~ I ~ S J V D L E S  PER ~ U A D R A V T I ~ ,  1 6  
t . / : n r . l * c o s ~  3C HLAIEGS ~ c a  C I J A I ~ ~ V T  I~~,Fs.$.I~ * l i ) * * 3 1 ~ / / / 4 9 ~ , ~ ~ ~ 3 ~ ~  
sL c 7 S T  3F 3UADRAUT -rE,¶nE?S 111*"3.0,"  * l o * *  I ( / / / / )  

209 F ~ ? Y ~ T  ( / ~ ~ x * ~ I T O * ~ E R  P ~ P ~ q ~ ~ t / / l ~ ~ , ~ ~ ~ k ~ Q  D I A u E ~ E R ~ ~ ~ ~ ~ x , F ~ ~ , O , I ~  F E E T ' ) /  
S 1 0 x *  " 3 I A w E ~ ~ ?  0; P I Q E  FROM C I R C U L A T I 3 N  
tl '/ l ~ X * I * L ~ C P ' ) E R  TO TOdER ~ I S T ~ I B J T I C V  YEADERII, C7.0 ( 1 1  r N C l ~ f ~ f / 1 0 X r 1 1 3 U  
~ P ' I F T F Q  ?F T ~ ~ E R  7 i ~ T ; Z i u J l  . ' I J ~ * f 9 F  f . C r l f  I \ ~ C ~ ~ E S * ~ / / I O X , ~ C O S T  OF )J 
$ C , T C ~ ~ ~ T ~ F V  "!P?'ls P?9 T"+F? 6rr,;j.0 ,I1 * ! O * * ~ ~ I / / / ~ ~ X , ' * T O ~ A L  COST 0 
SF T 3 4 5 :  7!ST21AG:19V P:?I;JG 6 " ? ~ 5 . 0 * "  * 1 0 * * 3 " / / / / )  

2 1 1  F @ ?  tr?T (/25X,"OU:13 S T A T X ~ ' ? ' ( / / ~ U X , " D E S T G U  v E L ~ ~ ? T Y * ' ~ ~ ~ X , F J . I ) ~ ~ ~  F 3 S l l /  
s 1 0 x r 1 ~ ~ , 3 4  FE? ~ J U D L E " * I O X * F B . O * "  P>Y~I/ 
$1 O X ~ * ~ F I - @ , . J  JEq Q I J ~ D Q ~ ~ T * * ,  ~ x ~ F P , ,  O 0 1  2 ? q 1 ~ / l o x r t @ : ~ O d  PER T 3 k ~ ~ ~ ~ ,  11~ .  
B F ~ . c * "  ~ P * " / ~ O X * " C L ~ W  PE?  TDJE? SR3JP " ' : ~ . 0 9 ' 1  GPY"IIOX? 
6 " F L D d  T 'I I U C 3 ' 4 Q L E T E  SRCU2 " v C 9 * 0  9 "  S P X n / / )  

212 F ? R  (IT ( 10X,ll;OR z ~ ~ f i  TO JFR G ? 3 J ~ u ( ? 0 X * 1 1 c 3 9  I VCOYPLETE TOWER GR0U3!* 
~ / 1 2 ~ r " ~ ~ ' ' l r l ~ 1 ~  hEAi!ll,7):.f:,.0,11 ' E E ~ 1 1 ( 9 ~ , 1 1 3 y N 4 Y ~ ~  H ~ n D l l , 9 x ~ F s , o ,  
3" F : E T ~ ' ; ~ ~ x * " P I J M D  C 3 S T " *  l l X ~ " § " * C j ,  O * I f  * l 1 ) * * 3 l ~ r / X , l l p U Y 3  COST", 11x1 
I " ' E f t , f 5 . ? r "  * 1 @ * * 3 " / X 2 X , " 3 U Y P  F I T T I V S S  COST f l l , F 5 , 1 ~ ~ ~ ~  * 1 @ * * 3 1 1 9 7 % 9  
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F I V S  ( 8 )  - C 3 S T  OF F A N  3 L A I Z S  '€4 F A U  ( S / F A V I  - F J E L  COST F O 9  :if' SASE P L A N T  d I T H  ZERo,  COST OVCEl 
T q R 3 U S t i  C 3 0 L I V S  SYSTEY ( Y I L L S / H W  ~ 6 )  - FJEL COST FOR T q 3  S C A L E D  UP P;aNT ( M I L L S '  /KW HR)  - C 3 S T  3F F U E L  F 3 ?  D 3 * E ?  P L P N T  ( C E V T s / B T U )  - F I X E D  C-iq3C.F ? A T E  =32 C4DITp:' PER YEAR (PERCENTIY?~ - T r E  FIXE3 L F V S T i  OF d E A T  E X C ~ P N G E Q  TUBES S P E C I F I E I I  
9 Y  T I E  I V q U T  T b  TYE CODE ( F T )  - F f i V  V O T 0 q  COST >5R F A V  ( B / F N 4 )  - T:lT,l; F A U  Y D T 3 4  c 3 S T  F 0 9  THE :pN S Y S T E Y  A F T E R  
5%~: 1,' ( 8 )  - P O ~ E ?  ~ F ~ L J I R E ' ~ E V T S  3 f  f 4 ~  F A \  SYSTEY ( K d t  . - Y 7 q S E P O d Z ?  ? E 3 J I ? E Y E U T S  OF T~:I F A Y  SYSTEM ( H P )  - H 7 ? 3 I P O d E R  ? E 3 J I ? E Y E N T S  OF T%, WATER P1JYPING 
S V S T E Y  ( 4 ' )  - H E A T  ? % T z  F A C T 3 3  4 I  E O I ~ T  OU ( D I Y E Y S I O N L E S S )  - q E 4 T  f 4 C T 0 ? I  GT D 3 1 ~ T  TW3 ( D I ' ~ E Y S I O V L E S S )  - RctTTO OF i R F 4 C Z  T3 i ? F 4 ~ 1  USE) FO? S C A L I V B  U P  
P L ~ N T  TO 3 E S I V 3  C O V ~ I T I O U S  O X Y E ' J f i D Y L E S S )  - S J 9 i 4 C E  4 s E 4  C 3 v E R E 3  3 Y  H A I L  SCREEvS OR LOUVESS 
( 5 7  ' T I  - YJ?aE?  9 7  C I Q C U l r R  T3MEQS ( D I ~ E N S I O Y L E S S )  - I \ITE?'JAi,  V A ? I ~ I ~ L E  F3? S P E f I c Y I V G  T Y A T  TdE S E T  O f '  
I % d ?  J T  V ? ? I i ? L E S  ,543 TO UVHEASONARLE VALUES 
( 3 1  f E U S T ? V L E S S )  - V Z ~ I J ~ ~ L V ~ R  S ' Z C I F Y I V G  5 4 G E  3F TUqES USED I N  TqE 
C3t !DEVSER ( D I v E U S 1 3 Y L E S S )  

, A".-- " - -- , -  ,- ;WE :;A""-- A' "" - t t . n ~  .-I c c n m  c ? c r l r v r \ t r  l b l  t* " C  It1C 

C3VCZWSE9 T U 3 I V S  ( D I Y E N S I O Y L E S S )  - S T 3 D S  THE P ? 3 8 ? 4 1  I r  TYE S C A L Z D  JP FPOUTAL AREA, 
Y ~ S S  F L q J  OF 4 1 7  A N >  S O E C I F I C  VOLUvE OF A I R  I S  LESS 
~ - l $ t d  2 ~ 7 3  ( ? I Y ~ ' ~ s I O ' ~ ~ ~ S S )  - \JJUOEQ OF C I ? Z J L ~ ~  T34E75  ( D I ~ E N S I D N L E S S )  - N J l q ? ?  O F  t 'E4T  EXCd4'dJEQ TUBES I V  W I D T H  
( ~ I Y E U S I O U L E ~ ~ )  - P E = C E V T ~ G E  OF T 3 T 4 L  C A P I T A L  COSTS 0'' DRY COOLONO* 

T ? i f ?  ALL3WE3 '32 Y f i I U T E Y P N c E  COST ( P E R C E N T )  - q d S E  PLA'JT C 3 S T S  ( 5 / < d )  - ?,A?;: COSTS 4 7  '3Ik!T 3 h l ~  ( S / l < d )  - 7 ~ 3 1 : ;  C O S T  A T  '31'': T ' d 0 - ( $ / ~ d )  

i i o  
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? ~ A N C ~  - P ~ A N T  COSTS AT a O I V T  THREE, . 
PI~ELEC - C O S T  OF ELECTQICPL' lrf ~ I N G  FOR) WATER PUMPTNG SYSTEYI 

( '5)  
PqHcUD - I V 3 I R E C T  COSTS SURFACE' cOVDENSER, AS A P E R c E Y ~ ~ *  

A3E 3 F  YASE C3STS ( 3 E ? c E N T )  
P ? H S C ~ :  - I V D I ~ E C T  C O S T S  =oa ~ H I L  SCREC%!E f q j  LOUVERS . 

AS A DERCENTASE 3 F  3 4 S E  COSTS (PERCENT)  
P q H S T c  - I V I M 3 I R E C T  COSTS FOR THE STRUCTURES AND F O U N D A T ~ O V I  

F D  TqE  C I Q C U L 4 ?  TO*lcR A S  A P E ~ C E V T ~ G E  OF1 BASE 
COSTS ( P E q C E V T )  

PQOH - P3dSR REQUIQEYEYTS OF TME WATrR  P U y P I N G  SYSTEM ( ~ d )  
P F I Z E  - S 3 c c I r 1 E D  PC)rE? 3 U T W T  OF THE' P L A V T  AND MAKE UP 

SYSTEV TO TYE POdE? G ? I O  ( M W )  
P q I Z l P  - POdF? O U T W T  3F i  T U R 3 I V E  A T  T ~ E !  T U R a I N E  S'ATED BACK 

D3ESSJRE FOR 4 33ulE? OUTPUT Oel THE TURBINE  OF I 

P S I Z E  AT 5 E S I S V  COMDIT IOVS ( Y d )  
P s I Z 1 3  - P3WE? OUTPUT Or' T J 4 3 I V E  A T  T H E I T U R R I N E  9 N T E D  BACK 

P7ESSURE FOa  A ' 0dE7  OUTPUT 9'1 THE PLANT  OF P I Z S E '  
b T  OESIOV C O V 3 I T I O N S  (MW) 

P f 0 T 4 L 1  - T 3 T p L  P 3 g E R  3 9 T Y J T  OF T Y E  ~U?~'INE i T  D E S I G N  
C O V O I T I O Y S  ( Y d )  

R!NGE - T E ~ ( P E R A T ' J Q E  D f F F Z Q E V C E  OF THE W A T E ~  ENTERING 
AVO L E A V I V G  T-IE I E 4 T  EXCYANGERt (DEG F )  

RoOFL  - R 3 0 F  L O 4 3  D E S I B V  c O V O I ~ I ~ Y S  FOR S T R U C T U R ~ L ~  COSTS 3P1 
CIRCULAR TONE75 (!.3?4SQ F T )  

S A F * O y  - S C q L E 5  U$ F Q O k T d L l  &?FA OF THE! H E 4 T  EXCHANGER 
Y3RYAL T O  A I R  FL3d (S3 F T )  

Sp;3D - I u c R E Y E V T A L  ? L \ V T  C3ST 5ETWEEYI P L A ~ T  DESIGNED AT '  
R1TE3 C O U O I T I O Y S  ( P O I \ I T  1 )  AV9! AT  D E S I G V I  C O N 3 I f I O Y 6 '  
( P O I V T  2 )  ( S )  

s *C - c 3 S T  OF P L ~ V T  A T  E S I S N  c O N D 1 T I O N S  ( P O I h 7  3 )  3 SPCD - I'JCRE'AEYTAL COST F PLAVT USIVG D R ~  COOL!ING TOWERS! 
4 T  D E S I N G  C O Y 3 I T I O N S  (POIYT 3 )  OVER P L A V t  A T  RATE31 
C~U~IITIONS (PJIVT I t  car 

S t Q U c c  - S T ~ ! J C T U R ~ L '  r 9 S T  3F. T.IE CIQCWLPR TOWERS t S )  
St-aL?4T - SCALE3  UP N I D T i  TO LEVGTH R A T I O  OF THE I E A T  

EXCHA'GE? (OI~E~SIO~LESS) 
Sw3  - SCALE3 !J" MASS CCOd SPTE OF dATES THROUSH THE 

HEAT EXCHANGE? (LR'd/qQ)  
S w 4  - SCALES 1JP MaSS 'LOW R ~ T E  3 F  A I R  THROUGH THE H E A T  

EXCHAVGER ( L 3 Y / I ? )  
TCWFcS - T O T A L  c 3 S T  OF T-IE O I P I N S  SYSTEM ( K s )  
T n  - D E S I ~ V  T E Y P E R ~ T J Q E  3F T ~ E  DRY cOOLJYG TOWER (DESI CI) 
TFFF - R A T E D  d n C <  DSESSJqE E F F I C I E N C Y  OF1 THE STEAM 

T J 9 3 I L E  ( P E ~ C ~ ~ V T )  
t ( 4  - LENGTH OF CON3EVSER T U B I V G  iFrf1 
T i  - E X I T  T E ~ ~ P E R A T J Q E I  OF T 4 E  A I R  FROM THEI HEAT  EXCHANGERI 

( D E G  F) 
v i - S P E C I F I C  V0L;IYE F D  THE P I ?  i c y  FT/LSM)  
WETE?W - WEIGHT OF WATER 1 V  TYE I E q T  EXCHANGER BUNDLES ( ~ ~ ' 4 9  
WY X - T S T A L '  WEQIGHT OF, THE H E A T  EXCIANGER EXCLUDING 

WPTES ( L 9 ' 4 )  
WIDTH - TOTALI  HEAT EXCqAVSE? N I O T H  '(FT) 
W C ~ A T  - R n T I 9  OF THE d I 3 ' T Y  T3 THE LEVSTH OF THE H E A T  

EXCHIVGER ( D I ' + E V S I O V L E S S )  
w>L - WEIGHT OF T F E  PLENUU PE? UNIT A R E A . ( L B F / S Q  FT) 
WsTRlJcT - T 0 T f i i b ' J E I S H T  3Ft THE c30:ING T W E R  STRUCTURES (LbF) 
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- T O T A L  WFIGHT OF! THE HEAT EXcd'ANGER F R A M  I L B G )  - T D T A L  WEIGHT 3Fl TdE  cfEAT EXcc f lNGER Y E A D C R S  (LBF) - TOT,{L ~ E I G ~ T  OFi THE qEAT  E X C ~ A N G E R  TUBES (LBF) - Y 4 S S  FLOW RATZI  DC! f 4 E  WATER T ~ R O U G H  THE HEAT - MASS FLOIJ RATE1 JZ1 T-IE A I R  TH33UGH T q E  HEAT 
EXCHAVGE? ( L 3 4 / 4 ? )  - N J Y ~ E R  3F F a V S  I V '  Tr iE FnN SYSTEM ( ~ I M E N ~ I C N ~ E S ~ ~  - ~ J y r + c Q  37 SHELLS  I M  T Y E  SURFAZE CONDENSER 
( ~ I M E N S I O V L E S S )  - NVYqER Of COV?EUSE'? TUaES PE? S H E L ~  ( D I ~ E N S I O V L E S ~ I  
TRAMSVERS P ITCc f  3ETdEEN ADJACENT TUBES I N  THE S A M E \  
TUgE '70J 3F T-1E I E A T  E X C H A V G E ~ I  FROY C E N T E R L I Y E  TO 
CEUTEQLXVE t I V 1  - PLA:JT S C A L I N G  F ' ~ C T O ? I  1 0  T A K E  I Y T O  4CCOU'JT FOQ PUM'I 
A'JD FAN P a w € ?  

LOGICAL F X T L Y G  
LOGICA l .  UESV 
L ~ G I C A L  F I R S T ?  FXTEMP 
C D M Y O Y  

A 'T? ,  4LDYA 
F t c a 3 F -  cSSJ<W, t O Y C *  COWL, ? 3 S T i ,  CAPCHSI c3NMkT.  C O N ~ ! A E , ~ ~ F '  
3 * C 3 J 9  c S E ~ ~ L ' ,  CELAST*  C f S *  CD4V5, CLUVQ, C ~ ~ I L S I  c V M  . 
B *D:FPI-, ~ E S ' J E L ,  DAVGLE 
5 ,F=F' 

f .FC?* f I R S T *  F I X L *  FCOS, FXTEY? '  
s ? 0 ? C F c  
f ,L{XVP. 4 3 ~ 5 T  
B r : i Z f i ~  
5 pTT'TAy, ITYI~J 
f 7 J C D ~ J C  
s 9 ~ : ~ ~ d v ,  ~ A L E X T  
a . ~ x = x ;  

$ , X 3 C P n ,  X e ,  XD 
COVq3'J /SUPPLY /  '!AL ( 5 )  CPI:, CC3Sr  W3r C D S u r  EFF' 

$ 9  CLA.lO- JEAiW, Z q Y ? F 4 t - 9  d 4 *  U I  PPOyr 
$ ' p n ~ ,  5 6 L ~ c ~  l t l 1 3 f H I  E L E ~ ~ ,  V A X ? ,  VHATI HI, '40, 7 4 ~  

7 -  Tj - c ' l ' - T .  ~ 4 W r ~ L f i U C Z . ~ S I Z l ? ? r  5 ? 3 ? 9  SW4r SW?, 
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8 ,  ~ I R F F T  WATFF, XNMODr ' T C T " F ~  F b C D F I  FYTRC, ACCTTP* ADJTP 1. 

5, aCtT3cD1 ADJBPD, AcTVH, A5JVq ' r  4DJPPFq ~Y~AIR  t T c f F t  AFCST 
s CSFD, JATERW, wSTRCT, CFOUUP, YUSDIA, T O ~ L E N ,  CSE, CHF' 
s 9 ~ 9 ~ 9  NUYTOW*  C T O V D *  A T U B C *  C S T L V R *  CSTHS* C Y L R N G ~  CFPNEL 

COMYDI / S I N K /  VAR15 C P I P L T  CC?I!T U3 ' r  COSMjv  E F F l  
: i , ~ . l 1~  '?t,$II * : ??F6?9 r  I , ui ,  PiJYip L 

B r P O 5 1 ,  9 E F c l r  V I > T l ,  E L E V l r  V A I ~ I *  V W a T l t  H I l t  1 0 1 ,  T 4 1 r  
5 ?Ed!.], ' ' ~ 1  ~ Z P L  ' C Z ~ Z S I Z ~ ~ ~  2 ~ ~ 3 ~ 1  ~ ~ 4 1  r sw3ir 
R SPI--9 o T D T l r D L N C 3 l c  AFRO19 4 4 I ? l , Y F P Y I Y *  S P C D i *  SPS13*WTZMIY*  
$ B D 1 2 M ~ U ~ U W 2 ~ ~ I N ~  T c O S l r  D E P I 1 ,  ) ? d T l r  DPWCi tCONBQiv  X N f S l r  VELD1 
5 ,  T L n l t  U c ~ ? N l r  F M c S l .  F B A ~ ~ *  E F F C l *  ~ H l t  C A I  9 C61 
% C L f c 1  C F C l  CPCCl  * F I T C  1, C S C ~ , C E P R E ~ , ~ E P I ~ ~ ,  P S T l  
$ ~ c A ~ C S ~ * X N F A ~ ~  ~ S L O A V ~  * C P L E N 1 * 3 ? F E L l *  WHl r d T T U 1 1  A D I I *  A 8 L 1  
$ 9  v lTY71r  WTFR1,STHUClrCFMPFl r  + D ° F ' l r T C T ~ F i , I F F I N T ,  A N T U l  
S, *!?FF! 9 W A T F F ~  r XVYOIJ~ T T c T ? ~ ~  r F ~ c ? F I  9 F Y T R c ~ ,  AcTTaO 9 A D J T P ~  
S 9  ACTP71r  ADJI3P1, A C T v k i l r  A ! )JV+l ,  4 2 ~ ~ ~ 1 ,  ~ 9 ' ~ I l r  T C T F l  9 A F C S T ~  
5 ,  C S z l q  dhTEP1 ,  VSTRC1, C F 3 3 V l r  H U 3 D I I r  T O d L E l ,  CSE1, CHFa 
5 , C 3 A l r  VUYTOh1, CT3WD1, ATU3C1, C S T L V l t  C S T l S I v  C Y L R N ~ ,  C F A N E l  

COYYON /SCALER/  Y R F A c I .  SSc39  3 L 9 V ~ 1  r c d S S S 1 r  
3 GPIR,  F A I R ,  H P L I R *  HPwATI ' L 4 v C ~ l  

COMYON /LACALL /  SQN 
COMYON /ESCAL/  SSECF' 
c!):fYON / T I Y E /  X N S ~ T T D ~ T L A , X N T S ~ P S P S  
c D Y ~ O N / T U ~ E / ~ G A * ~ ' G A ( ~ )  ( L D r E S A ( 5 )  v T I D ( 7 , b )  , ~ T r ' l ( 7 + 6 i  
cOMHON /Pl.cOST/ N p L  
C3f-!YON /FLSW/ FXTLNG 
COYYON /PYE/  PMELEc 
~ 3 r 1 4 0 N  /IE~DEA/ C H H ~ C N ~ C Y M ~ C Y W ~ C ~ J ~ C \ J J ~ C S T , C Y O ~ C S R ~ C S M ~ ~ I T ~ H F ~ C P ~ ~  

~ P ~ F S S ~ ~ J E ~ ' ~ ~ T , Y E D T Y P , V P ~ S S ~ W ~ ~  
~ o Y \ i ! 3 N  /Ft,VY F A ~ i ) ~ ~ ( 1 5 3 * 1 0 )  , F A U D ~ H ( ~ ~ ~ , ~ O )  ,FMcPf 9 FBCPFC 

% V E L ? E C , A F C ~ E L E V ~ E H R  
D A T P  ?JFGV/.F~LSE./ 

9 0 1  F ~ Q W A T  ( ~ X , A ! O  S W T ~  r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 4 ~ ~ ~ R o ~ t ~ ~ R ~ ~ ~ ~ , 5 5 ~ 1 4 m 4 i  
N A I I E L I s T  /r)9 J L /  AFROV* V A *  W.49 TOP 7 4 '  CWARAP . R ~ N G E I  
X fOd  = ITOr lV  

C 
c SCALING FACTOR FROM POIVT 1 TO POIVT 2 T O  ACCOUNT FOR CHANGEI 
C I h l  YFAT RATE FACTOR 
C 

H R F ? ~ ~ ; H W F A C ~ / H R ' A C ~  
C 
C PclrlER OUTPUT' OF- TURBINE AT 9ATED BACK ~?ESSU~E~~POIRT i )  Wl41CHl 
C G ~ V E S  ?EQUI?ED POWEQ OUTP'JT P S I Z E  AT TYEIDESIGN 
C ~ G C K  29ESsURE ( P O I N T  2) 

L 

C PCANT COSTS AT DESIGN C 3 N 3 I T I O Y S  i P O I Y T ' - Z )  W G I C H  IMCLUDE~ 
C S T E A Y  SUPPLY 4 1 0  BACK PQESSURE! S C A L I N G  TO P O r Y T  2 
C 

P L A V C ~ - ? L ~ V C ~  r 9 R F 2 2 1  
c. 
b 

C IIJCQEMENTAL COST OF SCALUVPJ' UP; PLANT DUEI TO ~ N C R E ~ S E D  HE&?' 
C 9 i T E  FACTOR 
C 
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Pc9k1E? OrJTOtJT OF TdF: T U 3 3 I V E l  G E N E R A T O R  (\I TYE.RATEDI  
P t  CI< p ? E 5 S V ? E  ( ? C I ' J T  1 !, ~ i I e 4  WEETS THE POWER REQUI9EMENTS 3r' 
T Y E  F t N S  A U ~  Pd*PS ( P 3 r J T  3 )  AV3 T H E  3 O d E R  OLlTPUT OF THE: 
P L A V T  AT  THE, i ) E S I G V  B4C(  3i4ESSil?E (POIVT 2 )  

T r T 4 i  POWEQ OUTPUT 3F T i E  ? L 4 y T  AT P O I Y T . 3  

PTOTAL r JsIZE * ( I * + Y F ? )  

PLANT COST 4 T  P O I V T  3 EXCLUDIYS THE D R Y  C O ~ L ~ N G  T O ~ E R  COST 

I ~ ~ c ~ E Y E U T A L  COST 0' P L A V T  33E 13  3 Q Y  c 3 3 ~ 1 Y G  TOWEQS 

S D C 3 =  ( P L B y C 3 - P L A Y C )  t P S I Z E  r l r E 1 3  

S r i L I M G  UP THE D R Y  COOL IVS  T O i E R  DIMENSIONS 4 ~ 1 3  THE COSTS 
4 c S D C I A T E D  WITd I T  

I \ ' D C 3 E Y 3 E N T  PAP4MFTEi7f  O r '  T Y E  D ? ~  c O O L I V G  TOWER 

s C f i ~ ~  T4E  N u V ~ E Q  OF T U 3 f S  I V  ~ I D ~ w  AND THE W ~ D T H  3 F  THE 
H c l i  EXCHhNGER 

C - r E C Y  OV THE E X I i  T E Y P E ~ A T J ~ E  3 F  T4E A I ? l  L E A V I N G  THE HEAT 
E v C 4 A ~ l S E 7  
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F:N AND PUMP POdER 

TbF: VUMSER OF FANS AND T Y C ? i O T O R ,  BLADE!, AND ELECTRICA~I 
W I R I Y G  COSTS O F ' T H L  FAN SYSTEY' 

FMCST=yNFPN*FNcPF 
FSACC=FRCpF*XNFAY 
CFAVEL = c F ~ Y E L  r Y F P P l  

E ~ E c T ? I [ C A L  U I R I Y G  COST OF1 THC1 P I P ! X G . ~ V S V E M J  

D ~ Y E N S I O N S  b V n  WEIGHT 3FI WE' YEAT' EXCHAVGER' 

PTU3C , (CA A CH CS A CSE) * 3S5Cfl 
AT1!3C ~r ATUSC*YF"Pl 
A A I ? : A b i R  * Y F P P ~  
W H X = Y H ~ * ~ F U D ~  
W T T J ~ = ~ ~ , T T U Q * ~ F P P ~  
WTH)R=:.!T.lr)?*YFPPl 
W T F ? Y = ~ J T F ; ~ Y * Y F P P ~  
WITERN = N A T ~ R W  * Y ~ P P ~  

INICREASED FUEL COST OF' T'iZl PLANT'  

F: IEL COST, FOR THE BASE PL'AVT W I T 4  b ~ ~ V V E Y T ~ O N A ~ !  TURBINE! 
~ P E Q A T I U G  A: RATED 9ACq ??ESSLJREi 

FCRZ= FCOS * 3413.E-5 / TEFF' 

IL~C9E4SED FCIEL COST FQR TdE! SC4LE9, UP PLANT 
F C P ?  = FCOS 3 4 1 3 . E - 5 * ! H H F A C Z / T E F ~ I  (1 ,+y=p )  
DELFCz  F C 3 3 - F C 8 z  

LANO AN0 P I P I N G  COSTS 

C L A W  COSTL*SAFROV 
CPIP! = TCHlFCS Y F P P l  * 1000 .  

C l o d 0  ; CTDWD * Y F P P l  
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STRUCTLIQE AND FCUND4TIDV'  CDSTS 

T r T A i  COST 3F 39Y C 3 O L I V S  T 3 d E R  

CCOS = 73r lCC ATURC + FUCST + :?LEN 4 STRUCCI + C ~ O U N D  
B + :ST!-VS CSTYS + CF3?2EL*XVrAV/YFPP l  6 CYL~NG*XNFAN 

Aa\!NLJ4L I I J t Q E Y E ' 4 T L L  COST 9;lZl T3 YAIYTENAUCE OF D R Y  C O O ~ I N G  
T c H f  ? S  

IVCREYEVTAL COST OF O R Y  COOLIVG TOYER 

OL3CSf= ( C C O S + S P C D + C L A Y D + C P I 3 * C 3 V 9 4 S ) * F ~ ~ / i ~ ~ 1 z E ~ ~ & ~ f ~ 8 ~ b ~ . )  
E + C?S"* 3ELFC 

RET.I='J 
E us 



SUR?OU?INE SERCH 
C  
C THIS R ~ U T I N E  SEEKS MINIMUM B Y  SIYGLE VARIABLEI S E ~ ~ C H  MERHOD. 
t 

LOGICAL F ~ T L N G  
COYYDN*/LACALL/ SRN 
DIMENSION ~ ( 5 )  
COMYDFI /SUPPLY/ V A L ( 5 ) r  CPI?', CC3St W3r COSYI EFF1 

Sv ELA'JD* R E A I R T  Z ~ H R F A C ~ ,  H ~ , ~  U *  PpOwt 
S  FPpW, DELFC, WI?TH, ELEUS* VAIp ,  V W A T ~  HI* Mbc i4 v 
s ~ E W O T ,  ' J y , P ~ ~  1 ~ 2 , P ~ ~ ~ 1  2 ,  s p y P *  S W ~ V  S W ~ ,  
S  SPC YDTOTAL *PLAVC3 *SAFQOVf P A I R *  YFP* SPCD*PSIZ~~* WT29 
A Rn?, NW?, TCOS* ~ E L P A ~ ~ E L P ~ T ~ O E L P W C ~ C O N B A S ~  XNTSX* VELOX 
S t  T L i X *  UCON, FMcST* FB4CC1 EFFC* CH* cnr CS 
% *  c L T c *  C'CC* F I T  3 9  c S C * C E P R E P ~ ) E L P I P ~  AST 
' I ; *CA 'CS~~ x NF%:;LD,IUS, C P L E ~ V  P F E L ' ,  y H ~ ,  d l ~ ~ B I  A D I l c  ABLY! 
a t  dTH7R. H ~ F R ~ , S T R U C C I C F P E R F * - I ~ P E ? F *  TOTCF, EFFINI AVTU 
5 ,  P I R F F *  WATFF* XUMOD, TCTPFC FDCPF, FYTRCt ACCTTP, AOJTP 
8 ,  ACTODDI A D J R P D ~  4cTVH, ~ 3 i l V . l ~ r  ~ D J P P F *  T H 3 k I R t  TCTFI AFCST 
f r  CSJOI WATERWI WSTRcf* cFOUV3e Y U ~ D I A *  T O J L E N ~  CSEI CHF 

(C349 Y ~ Y T O W *  CTOW3r ATUBC* CSTLVq4 CSTYS, CYL~NGI CF4NEL 
COYYON /S IUU/  V A R ( S ) *  C P I P l *  CCOS1, W319 cOSMi*  E F P l  

S t  c L ~ h 1 1 ,  REAII, Z ~ ~ H R F A ~ S ,  d b l ,  U l ,  PPOWir 
6 L I P O ~ J ~ ,  D E F C ~ ,  d ~  T l *  E L E N I T  V A I ? I *  V w ~ T 1 t  I 14019 TQ1c 

- , s  ?Etrs 1 T t ~ ~ l r z ~ L ~ ~ ~ , z S ~ ~ 1 2 ,  Z S P ~ ? ~  rf i* l .  5 ~ 3 1 ,  
g 5PC1, q r D T 1 9 P L N C 3 1 9  AFkOl ,  ~ A I ? ~ , Y F P Y I N ?  S P C D i t  S P S ~ ~ ~ W T ~ Y I N V  
5 BD@YTV,VWEYIN, TCDSl r  DEPAlv 3PYTlv  DPwC1,CONa4i, XNTS1, V E t O l  
5 ,  T L r l ,  UCONX, F M c S ~ *  FBAC1, Z F F c l r  c H 1 t  C d l c  t 6 1  
4 ,  CLTr1 ,  C F C l r  c P c c ! , F I ~ c O l ,  C S C ~ , C E P R E I ~ ~ E P I P ~ ~  A S T l  
~ * c A ~ C S ~ ~ X " I A ~ ~ * B L D A Y ~ * C ~ L E N I ~ D P F E L I ~  ' WHl*  r J T T U l *  AD119 A B L l  
5, g T I i n l *  WTFR1,STi?UClrCFM'F1, ~ P ° F l ~ T O T C F l r P F F I N i ,  ANTUl 
$ 9  ~ 1 2 i r 1 ,  WATFFI, X ' J v 0 ~ 1 ,  TcTDFI ,  FDcPF1, FYTRc l ,  AcTTPI ,  A D J T P ~  
8 ,  A C T R " ~ ~  4DJ3P1, A C T V H ~ ,  A3Jv41, A ~ J P P ~ ~  i-l"~Il, 1 C T F l  , A F C S t l  
$ 9  C S ~ ~ T  W A i E R l *  WSTRCI* CFDU'Jlr d U 3 D I l g  T 3 J L E l v -  CSE1t  C H F l  
f rC3A1.  'JUYTOV1* CTOHDl* A f U B C l *  C f T L v l r  CSTdSle  cYLRN1c CFhNEl  

cOYYOY /SCALER/ H R F A C ~ ~  SSCJ* ' L Z Y C ~ *  C A S S S I ~  
3 ~ 4 7 9 ,  F l i l r  H P ~ I R T  HPNAT* P ~ 4 V ~ ~ l  

LDGICAL FIRST* FXTEYP 
CDh4YOLI 

5 A i r ? .  ALDr4 
B ,cPPF. CSSPKWI CDNFt cONLP COSTLg CPPCHOI c O N Y ~ T ~  CONYh2rCAfI  
f r c q d ,  C S E A L P Y  cELAST*  CFS? CDPVG* CLUVR, c n q I L S t  cVM 
5 ,DFEPL, DESVELI DAVSLE 
5 PFFFP 
b r F c ? r  FIRST* F I X L V  FcOSI FXIEYPI 
t ,G?EFF 
5 *t4XUP. HPcST 
S . 1 4 c A i  
S , I T Y A Y *  XTMIN 
t 9 J*OhtS 
s *KSO~,,,  K A L E X T  
f * M X ~ X ?  
S , V T U C L L ( 2 ) r  NTA 

cOF('43Y 
5 301' 
S V P S I Z F V  O E Q *  PWCOS, PLAVCv "FAC6 
S  (P3dB4F9 ?OHFAN* POHLEC, P O q c I q b  P O H C Y ~ ,  POY6Tce POHScb! 



SUSROUTI'JEI SERCH ?6/75 c ? T = i  FTN 4.,2+7&35i 12/20/ !5  

t * o ? E J .  Q ~ E ~ U C E  
r R 3 9 9  R E ~ L J C E *  93ESEL.p AOEELA* ?DOFL', RFIX 

!S ,SPAF, S15h4A, S D A Y A T ( 2 )  
F ,T), T P O ( ~ ) ~  T E C F *  T L I d *  TLP?PI TSEALPI T E L ~ S T P  THFIN, TFIX 
% ~ T J Y A S S ,  TW 
2. *O;S* U W S  
B , v - > l c )  
'3 r H " V  
$ * Y 7 E P n r  X H r  XD 

C3tlYON /FLS\J /  FXTLNG I 
t ? ' 1 4 ? 3 N  / T I Y E /  X N S Y T T D ~ T L A * X N T S , & R P S .  
c~I : ,~L = 0.0 
1 F(:XT=qP) C ~ L L  ?DOT ~ T F I X , R F I X * T T D ~ T D * C W A R ~ )  
1 F : ' ~ t r ' " P  , A ' ) D ,  v A R ( 3 )  ,ST. o . ~ o * c ~ A R L )  v A R ( 3 1  ~ , ~ O * C I Y A R L '  
C9 30 l V A L = l r 5  

50 VAL I I V q L )  = ' J h ?  ( T V A L )  
s ~ h j = " / q ~ ~ ~ d - l /  $1 

CPLLi c ~ ~ L c ( v ~ L ( ~ )    VAL(^)   VAL(^)  VAL(^) ~ V P L ~ S )  9 1 )  
 CALL^ $ 1 3 3 :  
C ( 1 ) = S .  
c ( 3 ) = 1 .  
c ( 3 ) = 1 .  
C  ( 4 )  =CeF 
C ( 5 )  -5" .  
1 7 = 1  

. IF ( 'XTCVS) 10=2 
D 3  3 1 ~ 1 3 9 5  
P = 6 - 1  
K = 3  
O D  3 1 ~ = 1 , 5  

9 V A L ~ I K ~ = V ~ S ( : K )  
KC=') 

1 j = n  
2 v ~ I ( u : ~ v P ? ( Y ; + c ( v )  

I F ! ' X T c 4 p )  ~ 1 ~ ( 1 )  r T F I X  
I r  ( F F ~ E v ~ )  V , I L ( ~ )  = S F f X  
IF( :XTcY? . A V O .  v n L f 3 )  .ST ,  0 e 9 0 * ~ d ~ 9 ~ )  GO T3 7 
I : (Y .GT ,~ )  SO TO 1 0  
~ i ( v A L ( l )  .ST. T L I M )  GOTO 4 
ti = vAt ( ~ ) * ~ ? I - ( ~ ) / ( V A L ( ~ ) - T T > - T ) )  

16 IF : ' .Sc . l . j  5 0  T3 
I F ( ~ L O T ( ~ . - T ) / V ~ L ( ~ )  * L E * - ~ . )  GO T O  4 

1 0  S ? N = J ~ / C E Q C - ~ - C /  01 

c 4 L b !  C ~ L C ( V ~ L ( ~ )    VAL(^)  VAL(^) ~ V P L ( ~ )  ~ v ~ L , ( s )  9 ~ )  
I ~ ( < c O '  ~ . E 3 . 1 )  GD ~ 3  4 

c I F O F L D A . L T . X D E P A )  SO T o  3 
I F : ~ E L P A . L ; . X P E D ~ )  53  T 3  3 
I F ( T C ~ ~ . S Z . T C O S ~ )  63 T 9  4 
, 1 = 1  
CALL1 STO?E 
SO 7 3  :, I 

3 I F ( < ' . € ? , l )  < c = l  
4 IF(J.E:.~) GO T O  7 
5 V A L ( " )  = V A q ( ' 4 ) - C ( Y )  

I F ( = X T r Y P )  V ~ L (  1) = T F I X  
i F ( ' X T c Y ? )   VAL(^) = ? F I X  
I F ( V 4 L ( Y ) . ? E . g . 0 )  G3 TO 7 



60 TO i 
6 I F ( < ' r E n . l I  K C a l  
7 ? F ( < c . F ~ . ~ )  C A L L  C H N G E ( Y )  

K=K-1 
i30 I F ( ~ ' . E ~ J . ~ )  GO T O  a 

C ( M ) = C f Y ) / 5 .  
GO T" ' I 

8 C O Y T I N l r E  
R E 1  JRN 

735 E V D  



FUPROUTINE ~ E T U D  7 4 / 7 4  CIPT=1 F T N  4.2+7b35i 12/20/r6 

SUB?OUTINE S E T U ? ( T S T A R , T E N D ~ V U C I S E )  
C 
C I N P U T  3 E l S C R I P T I O Y  
C ,. 
C FO? Q U d l  P L A S T I C '  C I R C U L A 5  TOWE91 
I-*-+-+-*-.-~ D E C E M 3 E ' Q  1 0  1 9 7 6 ,  + r + o * m D * + - + r r  

C * * *  * * *  a * *  
C I U  THE DESCPI 'TIO'JS 9ELOr l   THE^ SYYqoLl ( ~ f b  MEANS 

C D E C I Y 4 L  P Q A C T I  3V '  
I: - -  - -  ------ -------- - - - - - - - - - - - - - r , r r ~ r r ~ I ) ~ ~ ~ o ~ ~ r ~ ~ o o o ~ o o ~  

6. - 
C 
b T 
C Y 
C. C A R 3  N4'4E !IF p 
c TYPE C ~ ) ; L I V ~ ~ S  =o?:~AT V d R I A S L E  E D E S C R I D T X O N  A ~ D +  ( U W T S ~  
C ---r r----,- ------ ,-----r- r -r-r-r----,,",,,",r..-..'ICC.*o--....r..L." 

C 
5 A 1  1 - 9 n  ( 9 A 1 0 )  D E S C R ( 1 )  9 COY'CNTS DR CASE O E s C R I P T l b N  TO 3E 
C * 2 1 Y T E 3  A T  TOP OF F ~ R s T  3 U T P u f  PAC?% 
C 4 V Y  VUYSEQ OF TYPE ~1 CA2DS r A Y  3E 
C JSEO 3UT 4 BLAUK 4 1  CARD I S  NOT 
C ALLOrJEi). 
C 
C e...*....* 
C*..*...C. 

r 

A2 1 ZLANy i U  A L L  C?LUYVS*  DVE TYPE1 A2 CARD ONLY 
C 
C......... 
C......... 
t 
C R 1  1-15 (E10.0 ,  TST4R R LONEST D E S I G N  TEMPE~PTUREI  TO  USE' 
C OEG?EES F )  
C 
C li-2n E10.0,  TEUO 9 I S S - r E S T  3ESIGVI T E M P E R A T ~ R E  TO USE' 
L t3EG?EES F )  
r 

C 21-30 E10.0, V a S ( 1 )  2 I ' J I T I A L  VALUE FOR T(~Ql j Ih (€ l  OUTLET 
C TEYPER iTURE (DEGREES F )  - 
C 
L. 3 1 - 4 n  T i C . 0 ,  v E S ( 3 )  2 I U I T I P L '  V4LUE c39  CWAfiA, ~AT IO  OF' 
C YCP d 4 T E 4  / Y C S '   AX^? ( D F 1  
r, - -..---. 
C 41-56 C l ? . C I  V a S ( * i  1 A V L  r * s  VALUE riji; r \ i -?~ i . i ,  i l k  StDE l  
c F R O Y T A L I  A?EA ( sn  FT; 
C 
C 51-6; EiO.0,  V A S ( 5 )  R I V I T I A L  VALUE FOR U L R A T ,  RATIO OF: 
C + E A T  EXCYAUGES YIDTU/LEN~TH (OF) 

, 5" C L, 

C 6 1 - 7 p  E13.0, F I X L  R LEVGTH O r  HEAT E X C H ~ V S E R  I F T ) .  
c IF$ T ~ E  A ~ S O L U T Z ,  VGLUE OF F I X L ~ J ,  
I 
U T d E N  T q E  P 9 0 G 9 4 Y  W I L L I C A L C U L A T E  
C T I E  LEVGTY.  

5 5 C 
c 7 l - q j  510.6) DEEPL 9 L ~ Y I T I U ~  VALUE1 FOR NLJMBE?! OF T U 9 c S  
c ( '4UV3ER CF f U 3 E S )  



I~I  THE ABS~LUTEI  VALUE! OF. o ~ ~ p i 1 . 8 .  010 
TqEN THE P90G?AY WILL! COYPUT€ THE1 
9EPTq dITH No CONSTRAINTS' 

- ~ E E P L '  IMPL~ES , C O N S ? R A ~ N ~ .  OF. LESS, 
THAY, OR EQUAL! TO OEEPL. 

! 

(8F5.0, T A ( 1 )  R' TEMPERATURES-~EPRESENTATI?E OF' 
T a E R ( I )  FSACTI3N 3F YEAR (DEGREES f o  
C, A U T I 0 N - WIGHEST T A  

MUST 9E F I R S T  

~ F 5 . 0 )  T P E R i I )  9' FRACTION OF1 Y E ~ R  OVER! WHICH TEYPERA-• 
TURE T A ( I )  IS T Y P I C P L L  (OF) 

BFS*O) T P E R ~ I )  R COY7 I N U A T I O N  Ocl TPE~(I) 
4 TYPE C2 C4RO I S  2EQUtREDI EVEN I F  JLANK. 

c......... 
C....**... 
C 0 1  ~ ~ 1 5  ( ~ 1 0 . 0 ,  P S I Z E  R 3'4SE PLANT S I Z E I  (MEGAWATTS) 

E1010,  TEFF R JASEI THERMAL EFFICIEVCY (OF) 

E l O o O t  CAPF R CQPACITY F A C T O ~ I  (OF) 

E I O . O r  FCQ R FUXED' CHARGE R I T E  '(DF) 

€10.0, PER R 18TX31 YAINTEN4VCE COST TDt C A ~ I T A ~ I  
COST (DF) 

€1010, CCM R' C~NSTRUCTION COST MULTIPLIER (OF) 

€10.0, €LEV R S I T E  E L E V A T I O V I  A ~ O V E  SEA LEVEL1 (k71 

C 
C......... 
C....**... 
n 

( E l O r O .  FCOf 2 c g k ~ '  COST (CEVTS/MMQTU) 

€10  00, PWCOS R SEPLACEHENT POMER COST ~YI~LSIKWH) 

El0.0, PLANC R POWER' PLANT C O V S T R U ~ T ~ O N  COST ~ S I K ~ ' )  

ElO.0, cOSTC R' COST OF' LAVO '(s/SQ FT)  



SURROUTINE~ SETUP j 4 / 7 4  O ? T = l  F T N  4,2+7435i l2/20/?6 

2 CoST OF STEAM SUPPLT (S/K&) 

R C 4 P A C I T Y  CHARGEI ($/MEGAWATT) 

R COST OF E L E C ~ ~ I C  M O ~ O H S  (s /HP)  

IVOIREC? COST F ~ c T o R S  FOR '. 
R 3JNDCE ASSEMBLE1 A'JD FRAME1 

R Faus 

R E L E C T ~ I C A L  

9 CI?C ' JLPT IOY  PIDINO~ 

2 COYDENSER' 

3 STRUCTYRE 

R SCqEENS AND LO'JVERS 

a T'JRBIVE RATINGS BACK PRESSURE ~INCHIG. 
3cl Y E R C U ? Y )  

R C O E F F ~ I C I E N T S  F 3 R  T H i R D  ORDER POLY-. 
V ~ Y I A L I  F3;7 H E P T ' R P T F  A S  4 FUNCTION 
3Fi T u R ~ I Y E  B A C K ]  PRESSURE', 

r 

c 
c 
C 
C 
C 
c........* 
C......... 
c 
r: H 1  1-16 
C 
C 

R CO;VTl?Otl V A Q I A ~ ~ E .  
"1 FO?, V E L O C I T Y  Q E C O ~ E R Y  
= O  FOR ND v E L ~ C I T Y  R E C O V E R Y  

(E:O*O, VELREC 

R Y I V I ' I ' J Y  A:Q SI3E PRESSUREI DROP TYRJI 
+EAT E X C Y A U G E ~  ( L B  FORCE/SP F T )  

if q A X I ' 4 L I Y  STEAM TEMPERATUREIFOR THFI 
T J Q 3 I V E  (DEGREES F )  . 



SUSROUTINE! SETUP 74/74 .   OPT^^ F T N  4,e2*7635i 1 2 ~ 2 0 / ! k 4  .. 

P A C K I N G  FQCTORI, R Q T  i0 O F  C ~ R C U ~ R R I  
T3d52 QOOFl A R I h  T O  F A N  S d E P T  A R E 4  
( 3 f  1 

P F A C T  R' 

ENTRY I S  I G N O R E D  IF '  BLANK1 OR  ZERO^ 

FIIXED! QANGE iFl) EVTRY I g  I G N O R E D  
I F I  B L A N K  OR ZE?O 

R F I  x R* 

TOWMAX R q l a X I q U H  Q L L O W A 3 L E  NUYBER OF1 TOWERS* 
4SSUYED 9999 1st BLANKI  OR ZERO 

FhNt GEARBOX E F F D C I ~ N C ~ Y  

?I.ENLJM COST '  ( t / L B )  

dEE,GilT OF; PLENUM ~~A?ERI&L~ ~ L E / S Q  PT) 

COST'  OF! ~ D U V E R S '  ( s / S Q  FT) 

c o s y  OFI HAIL SCREENS i s / s ~  ~ i )  

cPM R' 

WPLl R 

CLUVR R 

C H A I L S  Rt 

UCS a 

U r S  Rl 

CVM R! 

WFlL R: 

UNIT COST OF STACK; s / L B  

CO+JT~OLI  VASIASCE FOG SPEC?F~ING~ THE1 
q E T H 3 0  7 0  BE U S E D  T D  C A L C U L A T E ' N T U *  , , 
VXUCPLI MUST BEGQN IN COLUMN 

?ROSS FLOW 
COUNTER FLOW 
T A B L E  



SU~QOUTINE' SETUP 7 4 / 7 6  b P T a 1  FTN 4,,2*7135i 12;/20/f 6,  

C.?OSS FLOV 09' COUNTER F ~ O W  c4UsESZ 
C ~ L C ~ I L ~ T I O N  OFI.NTU BY EQdRTIONS* 
TA3LEI CAUSES TABLE LOOKUP OF YTU'. 

HXNP 

W 3 

NTUS 

S s 

ULJYBER OF PASSES T H ~ U  HEAT EXCHANGER 

q i A 3 E 3  LENGTH (FEET) 

UYM8ER OF TUP,E$ THQU PLATE F I N S  
I 

3ESISk ~ A T E R  V:LCC~?Y Fd?! P I P I V G  
( r T / S E C )  

DESVEL' 

REDUCE' V I U I Y U Y  STEP CWNGE I N  P IPE '  D I A M E E R '  
cD9 TONE9 PIPIVG (IYCHES) 
Y Q Y  3E 6 ,  12, 9R 18 

JISTPVCE FROM TOWER TO CONDENSER 
q30M ( F T )  

TUBE! T~ANSVERSEI PITEH!  NORH HA^' TO Af Rl 
( INCHES) 

XD'  

TL13El ARRA&!GEMENT', MUST BEf.1i-i IN 
COLUYY 1. M A Y '  BE- 

STAGGERED 
I N L I V E '  

t3VT70; V A ? I A ~ L E  TC SELECT HETHOO 
1 3  BE1 USED IN CPLCU[ATINS FRICTION 
F h C 1 0 Q  d y 3  HEPT TRAwSFE2 COEFtICIE'JC 
=0+7 4 1 4  'L3WIUS ACROSS STAGGESED 
T 2 S E S q  Y A Y  351 1 0j 2 
(AssJYED 2 I F  3LPNK) 

+CCA?C=l S O E C I ~ B E S  W C A D A W  RELATIOVL. 
S H I P  COR YFAT TqPR AN0 F071 
FQICTION FnCTOQ 



C......... 
3 2 0  c*.*.*. . . .  

C 
C M 1  1-26 ( 2 ~ 1 0 ,  SPAMAT 
Ca 
C 

325 C 
C 
C 21-36 5 1 0 * 0 ,  CSEALP 
C 
C 31-44 f 1 0 . 0 ,  TSEALP 

3 3 0  C 
n 
c 6 1 5  F i O . 0 ,  cELAST 

340  c e e e q *  . a * .  

C 
c N 1  1 1  ( E ~ o * o ,  CASTC' 

2, 3ASE ANGLE FOR DELTA HEAT' EXCHANOE~I  
(,EG?EES) 

R HX L IVER OUTSII~E' D I ~ Y E T E R I  I ~ ~ ~ H ~ ~ )  

R LENES: Y A T E R I A L ~  MUS? B E G I N  IN COLI 3 i  
R 

YAY 9E' -. 
POL?ETHYLENEI 
P O L ~ P ~ O P Y L E N E  
POLYVINYLCHLDRI D E ~  

R SPACER MATERIP!-!. MGST BEGIN I N  C A ~ D I  
COLUMU 10 M A Y  BE 

PO~YVINY~CHLORIDE 
POLYCAR~UNATE 

R: SEAL1 PLATE COST isli3) 

R SEAL1 PLRTE' THICKNESS ( I N )  

R ELASTOYER COST (s /LR)  

9 ELASTOYER L A ~ I  T H I ~ K N E S S ~  (IN) 

R SEAL! PLATE' D E V S I T ~  iL0/CUI I N )  

R ELPS73YER DENS IT^ (LG/CU I R )  



SUR~OUTIWE~ SETUP 74 /74  OPT-1 

R' END DREPARATIOU~ COSY i S / t k J i 3 ~ j  

R FRaME U N I T  COST ( $ / L 6 )  

EPREPC, 

CFS 

R qEa3E9 T Y P E *  VUST S T A R T  I N  C O ~ U M N  1, 
9 

flay 3E) -. 
WELD s E Y O V ~ B L E  
WELD "UG 
FORM ? E M O V ~ ~ C E  
FCRM PLUG 

dEnDE2 M A T E R ~ G L ~  YUST S T A R T  i~ 
COLUMV 21. MAY BE - 

~,LUM*WM 
STEEL'  

HEDMAT 

3 T41C5NESS OF HEADER YATERSAL, I N C H 5 6  

R C05T CFi ROLLE31 JOIN?, TUBE' TO HEADER' 
(S/T?19E1 

R COST OF WELDED:  JOIN^, TUBE TO HEPDER~ 
( I / T J B E )  

CRJ 

C W J  

R TJSE 4ND PLUG VOLE' P Q E P A ~ ~ T I O N  COST' 
( I / H 3 L E )  

CHH 

R' VOZZEL' AYD A T T P C H I N ~  COST' (S/HOLEO 

CST 

CB J 

XNS 

VELN V3MIVAL 3ESfGV VELOCITY THRU C O Y D E U ~  
SER TUJEs  (FTISEC) 

2 t 3 V 3 E N S E 9  TUSE'WALL GAGE. M A Y  BE1 
i t .  1 4 .  16.  18. 20. 22. 241 



S U R R O U ~ I  N E ~  SETUP 74/74. o ~ T = i  FTN 4r2*7)35i 1 2 ; l t a / ! k  . 

a 0 0 i : .  
C 4 1 - 5 i  E l 0 1 0 1  FC ? CLEANLINESS i d t r o ~ '  iDF) 
L 
C 51-5; E 1 0 0 0 ~  TTD R TERMIYAL TEMPEW~TURE DIFFERENCE! 
C'  (3EGREES 7 )  

i 0 5  C 
C 

t 

1 2 A 1 0 )  CONMAT, 9 '  CONDENSER TUBING Y A ~ E Q C .  
c s CON MA^ R 1 4 L a .  MUST START I N  
C COLUMN 6 1  r R A Y  BE: -* 
e 1 

( I S *  L F B  I LFB 4ND LFE: SPECIF~Y-FQRST'  AN^, i # s t '  
I f  , L F E  I P O S I T I O N  TO @El CONS yDERE31 I N  THE4 

TheLEl  OF FANS. D E F ~ U L T  V ~ L U E S  ARE! 
L F B t l  A ~ D  LFEs i53  

VA~ELIST I V P U T  CARD* VAYELIST VAME IS "RELDINn  
4 T  L E A S T  1 TYPE U 1  C4R31 I S  9EOUIRE9'. 
I N  I T S  SIMPLEST F094 T Y E  U 1  CARD IS 

s R e A D i u !  NIJC&SE=O SEN31 
~ E S I N N I N G  I V  C A S D  COLUMN 2. 

VPRIAaLES I Y  N A Y E L I S T  II~EADINVI ARE-. 

DANGLE, DESVEL* D I S T ,  
L F E  9 NUCASE* 03L! (  
? F I X *  T F I X *  TLaY', TOWYAX..TO~~MIN, VELREc, 
X O  9 X 3 G  1 X d 

47TER T r E  I V I T f A L  C4SEI  I S  DESC?IBED'  WIfH.CPRD TYPES A j - < t  
T Y E U N Y  NUYBER OF TYPE1 U l  CARDS M P Y  BE: USED T b  REDEFINc l  



1 S U ~ ~ O U T I N E ~  SETUP $ 4 / 7 4  O P T = l  F T N  b , 2 * 7 b 3 5 i  l?/i?0/!5 

AwY OF THE V ~ R I A B L E S  I V i  T Y E  NAMELIST' FOR ADDITTONA~I  CASEG 

NUCASE IS A C3NTRDi.I V b R I 4 3 L E  TO S~ECIF? HOW THE D A T 4  
F3R THE UEXT CASE' ARE TO 3 2 1 R E A g .  

VUCASE = 0 S P E C I F I E S  T i l h T  ~ d e l  D A T ~  F O R  THE NEXT 
CPSEl ASEI TO BE'  RE'9D FROM 4 COMPLETE SER' 
i l F  A l  T d R U  U 1  C A Z 3 S  

V U C ~ S E  = i S Y E I F I E S  T H 4 T  DATA FOG THE' NEXT CASE 
ARE TO 3E R E 4 3  F 9 3 M  U P Y E L I S T  CARDS 

REA- I  V j u 3  
D I ' 4 I N S T 3 V  T 3 3 ( 6 )  * T G 4 ( 7 )  
~ 3 t 4 4 9 V / 9 J ? / O I q X ~ 3 , 5 ~  
C?MLl?V / I V ? I S /  3 I S T  

_ C ~ Y * D Y  / ~ E ~ D E X /  C ~ H ~ C N ~ C Y M ~ C Y W ~ C R J ~ C ~ J I C S T ~ C Y O ~ C S R T C S M ~ P I T ~ ~ F ~ ~ ~ P ~ ~  
~ P ~ ~ S S ~ M E ) Y ~ T , ~ ~ E ~ T Y P , U P ~ S S ~ % B  

~ 7 Y q 9 N  / S J ? F E X /  D ) L , S A ~ ~ I Y  c ' JTU3, T U ~ Y A T * ~  I N ? Y = ~ * F I N ~ ~ T * c F ~ ,  A P L A T E ~  
I C T ~ T C * ~ ~ ~ C ~ ~ C A S T C ~ S S ~ E P R E P C * ~ T J ~ ~ A ~ ~ ~ E D T Y * X F ~ N T Y  

~ P M q 3 q / i i S 4 /  7XTL'JG 
CD'4- 'ON / T I \ E /  X N S ~ T T D ~  TLA*XYTSI 4RPS 
c ! ) ' ? ~ o v / T I v E ~ / c c ~ ~  

C O ~ ~ M O * I / T J ~ E / K G A I F G A ( ~ )  , L O * E S A ( S )  * T I 9 ( 7 * 6 )  e F T F ( 7 9 6 )  
: D . ~ M O ~ ~ / ~ ~ : C / F C ,  CU ( 5 )  9 V E L N  

c3US4"J / / S I V Y /  V A Q ( ~ )  9 C P I ~ ~ ,  ~ ~ 3 ~ 1 9  k . 3 1 ~  C O S Y l r  E F F ~  
8 ,  :~.4\'1, c ~ i l ,  Z ~ , ~ ? F A ~ S I  ~ 4 l r  ~ 1 ,  P P O W ~ ~  
g '30.:1. 7 E c C 1 ,  4 1 3 T 1 ,  E L E V 1 ,  V J I ? l ,  V W A T ~ ,  H I T r  Y U l ,  T b l t  
S ?:#A! "J'Jl r Z P ~ V C 2 , Z S l z 1 2 v  Z5D30r  S k 4 l r  SH3ip 
5 SP?l, 3 ~ 3 ~ 1  * P L Y - 3 1 ,   AFRO^ 9 4 4 1 ? 1  * Y F P Y I N V  S P c b l *  S P S ~ ~ T U T Z M I N ~  
f, B'?':T~,V+;~'~IN, ~ ~ 5 5 1 ,  3 ~ ~ 4 1 1  3 ' d ~ l r  D ~ w C ~ ,  t D N 3 ~ i ,  x N T S ~ ~  V E L D 1  
S ?  T L d l *  UCO?J l *  i M C S l *  F R A C I *  EFFtl* CHI* C A T *  C S 1  
5 9  C L T c l t  c ' C ~ ,  C P C C l r F I T C O l r  C S C l r C E P R E l r 3 E P I P i r  ASTI 
% , c A ~ c S : ~ X ' J ~ ~ ' ~ ~ , J L D ~ ~ ~ ~ ~ C ~ L E U ~ * I ) ~ ~ E L ~ *  W+l r  d T T U 1 e  ~ 0 1 1 ,  A B L 1  
s,  r i i q n l ,  I . J T ~ ? I  , s ~ R J c ~ . c F ' ' ~ ~ ~  9 ~ " ' 3 ~ 1 v ~ O ~ t ~ 1 9 ~ f ~ ~ ~  A ~ T U ~  
5 ,  ~ i > = ~ l *  WATFF!, X ' J ' i O D l c  TCTPFU, F D C P F I ,  F Y T R C 1 9  A C T T F l *  A D J T P ~  
5 9  A C T 3 p l r  4 3 J 9 P l r  ACTVH1, A 3 J V 1 1 9  Q~JPPI, T43AIlr T C T F l  r A F C S T l  
$ 9  C S z l *  , 4 ~ T E 9 1 1  JSTRcle C i 3 g U 1 *  q U 3 D I l t  T D d L E 1 ,  S E l ,  6 H F t l  
6 , C 3 d l .  " 3 * 4 ~ ~ ~ l ,  C T ~ N D ~  * ATU3C1,  C S T L V l *  C S T d S l *  e Y L 6 ~ 1 ~  CFA E l  

C D U : ? Y  /SCI,'R/ I R F A C I *  S S C 3 '  P L A ' J t l *  C I I S S S l *  
3 t j i ? ,  Fbizi H?e,I?* ~ P J A T ,  ' L ~ V C T ~  

~ 9 ' " ' t ' d  / i ' i i 3 7 P /  ,r?* L F E  
~ 0 ' 1 ~ 1 3 N  / 'LCJST/  WPL 
L O G I C A ~  F Y T L V G  
C:"-""'̂" "'".. . ". 

l a , " .  dLr.dr(, J ,  

L D G I C ~ L  F X s S T ,  F X T E Y P  
C3uY3'd 

5 4-19, A L 3 1 4  
5 .C3DF. CSSC<W, C 3 N F v  CONL*  C357L1 CAPCHGT CONM4T. C O Y Y # 2 * C A F l  
S 9 c 3 J t  cSEALOI c E L A S T V  C F S *  COAVSI CLUVRI C ~ Q I L S P  CVM 
5 ,TEEPI-,  3 E S V E L v  D A V S L E  
f 9E'FP 
S 9 F 5 9 ,  F I F ' S T *  F I X L ,  F c 3 5 9  FXTEYD' 
S 9 0 3 ' F C  
s , H ~ P P .  V'CST 
f 9 I i F A ?  
B , I T Y A Y 9  I T M I N  



S *JCONF 
f *KcONVI KALEXT 
S * " X E X T  
$ r N f U C h L ( Z ) ,  NTA 

CO'I'IDN 
OD?l 

$ r P S I Z r c  P E R *  PWCOS, PL4YCp PFICT 
S P P ~ H A A F *  POHFAN* POHLEC* POYCI?C POHCND~ P O ~ S T C ?  POHSCLl 
f *Q?EJ*  REDUCE 
S r9 , ID,  SEDUCE, QOESEL* 9 0 ~ ~ L 4 r  ? O ~ F L I  R F I X  
S rSAAFI SIGM4r SPA MAT(^) 
f ,739 7 ? 3 ( 4 ) 9  TEFF* T L I Y *  TL1Q4, fSE4L?, TELaSTr  ~ H F I N ~  T F I X  
B t T J 3 4 ~ 3 ,  T M  
S q U e 5 *  UMS 
s * V R S ( E )  
S * i d F V  
% rX3EPhv X W *  XD  

C0H"CN /SUPPLY/ VAL(S)  9 C P I P *  C C ! ? ~ ,  W 3 9  C O S Y *  EFF' 
CLA4'39 QEAIRv Z*HRFACE* 449 UI PPOW* 

f FPnW, DELFC, WIDTH* ELEYSI V A I R *  VWATI H I P  kt09 ?+* 
s ?EW,,T* N W * ? L A V C ~ * P S I Z I Z ,  SP3Pp ~ W 4 9  SW3r 
B S*C,?TOTAL* 3 ~ ~ V ~ 3 r S ~ ~ R o V ~  &AIR, yFP, S ~ C D * ~ S I Z ~ ~ ,  UT2r  
S 9o2* N W Z *  TCOS* ~ E L P ~ , ~ E L * Y T * O E L ~ W C * ~ O N B A S ~  X%TSX* VELDX 
$ *  T L ~ X ,  UCON* FMCST* FBACC, EFFCI CHI C i r  CS 
$ 9  CLTC* CFC* CPCC, F I T c ~ T  CSC*CEPWE?I >ELPIP* AST 
6,CAWCST* XYFAN,BLDAVG* CPLEV, 3PFELg WHX* WTTUBr A o I A r  ABLY' 
f* dTHnR* ~ T F R M * S ~ R U ~ C I C F P E ~ F * ~ ~ P E ? F *  TOTCF, EFFINI AV?U 
$ *  A I R r F *  WATFF, xhMOD( T C T ' C ~ ~  F D C ~ F ,  _FlVtRC* P C C T T P ~  AOJTP 
5 1  ACTBDDI ADJRPD* ACTVH* A 3 J V 4 t  43JPPFp T q a # I R *  TCTF, AFCST 
S r  CSJD, ~ A T E Q W *  WSTRCfr CF3UVOi, ~ ' J ~ ~ I A I  TOdLEN* CSE* CHF 
S 9C349 NUVTDM* CTOWDT AFUBC, CSTLVR* CSTHS* cYLRNGI CFPNEL' 

COYqON /VARVAR/ TPER (16) r T4 ( 1 5 )  
c ~ ' ~ ~ ~ ~ ' / I ~ L T / T I ~ ~ ( ~ s )  * F T I ~ ( I ~ )  . 
~ 3 V r 4 0 ~ r / P r ~ 3 / T ~ 2 3  ( 1 6 )  *?QDP ( 1 b *  2 )  
C O ' ~ M O V / ~ F Y L / V E L T  (15) *TELT ( 1 5 1  P ~ B L T  (i5.2) 

C9MYON / C 4 V /  F A N ~ A P  (1539 1 0 )  * F A V ~ A ~ (  ( l a 3 ,  1 0 )  *FYCPF* FBCPPC 
$ V E L ? E C , A F C * E L E V . ~ H R  

COYYON / ? Q E S S /  ID2ESS 
N A Y E L I S T / ~ ~ A ~ I Y / V E ~ ~ E C ~ T L I Y ~ ~ F I X ~ ~ F ~ X * T O W M I ~ ' ~ T O U M ~ X ~ D E S V E ~ ~ R E D U C ~ ~  

f ~ R E ~ U C E I ~ I S T ~ X W ~ X O * X O ~ ~ O ~ V G C E * ~ ~ L * D I ~ F I X L ~ ~ L F B ~ L F E ~ N J ~ A S E ~ P F ~ C T  
DAT b SLAN</" '1 / 

SURFACE CONDENSER TUBE 0.3'. AND TUgE GA3E ARUOYS 

OATI i 0 ~ / ~ . 5 ~ ~ ~ ~ ~ 7 5 ~ , u m 5 7 5 ~ i * 3 0 ~ . , i * i t ~ ~ 1 * 2 5 3 /  
DATA ~GA/12**14.rlb*~18v*Z0*t22.*2~*/ 

E ~ T E ~ V A L  SUQFACE AREA (SP CB) OF: cOYDE~SER T(JBE PER LINEA~I 
F3QT AS -2 F'JNCTIO?J OF T'J3F1 3.34 

DATA ~ S A / 0 * 1 ~ 3 6 ~ 0 ~ 1 9 6 3 ~ C * 2 2 3 1 ~ 0 * 2 5 1 8 r 0 ~ 2 9 4 4 ~ ~ ~ * 3 2 ~ 1 /  

TIJBE "ALL GASE C3RRECTIOY. FACTOR. FOR OVERALL: HEAT. TRANSFERI 
C n E F f f C I E N T  FOR AO;4IRALTY qET4Lr  ARSENICAL COPPER OR 
ALUMIYUH TUgES FOR SURFACE! COVDENSERS 



SUQ~OUTINE SETUP 7 6 / 7 4  OPT=1 F T N  ~ ~ 2 * ? * 3 5 i  l t / z 0 / ! 6  

c , 
r: Cn'l9EVf;ER T ~ R E  1.08 AND SPV FPS VELDCITY THROUGH YUBE A S '  
C A F U V ~ T I O N  3F TUBE GAGE A'4.11 TJBEI 0.0. 
C 

OAT4 ~ 1 3 ~ 0 ~ ~ 0 7 , 0 ~ 4 5 9 , @ ~ ~ ~ ~ , 0 ~ 5 ~ 7 , 0 * 5 5 5 , @ * 5 6 3 , 0 w 5 ~ 1 ,  
f 0 e ~ 3 2 t 0 ~ 5 ~ 4 , 9 * ~ % ~ , O e ~ ~ 2 ~ 0 * 6 ~ 0 ~ 0 * 6 9 Q ~ 0 t 7 O 6 ~  - - .- 
B 0 e ~ - " , 0 . ' 0 Y , 0 * ~ " , 0 e ' i ' ~ 0 r ~ O ~ r 0 e 8 1 3 ' ~ 0 t ~ j 1 ~  
S 0 . 7 ~ 2 , 0 . ~ 3 4 , 0 ~ 8 7 0 ~ 0 ~ 9 0 2 ~ 0 ~ 9 ~ 0 ~ 0 ~ 9 4 P ~ C ~ 9 5 6 ~  
B O e 9 0 7 , 3 . Q 5 ' ) l ( ! r 9 ~ S * 1 . 0 2 7 * : . 0 ~ 5 , 1 , 0 5 0 4 , 1 e O s 1 ,  
15 1 . 0 3 2 ~ 1 e ~ 9 ~ , l r 1 2 0 c l e i ~ 2 ~ 1 e 1 ~ ~ 9 1 t 1 9 4 ~ 1 e t ~ 6 /  

9 4 i 4  ~ T F / 9 . 4 0 5 , 0 r ~ ! 5 , 0 ~ 5 0 0 ~ O ~ 5 3 ~ ~ ~ ~ 7 5 1 ( ~ @ , 7 9 3 ~ ~ t 8 ? 6 ~  
f ~ e 5 9 ? ~ 3 ~ P 3 5 r ~ ~ ~ 4 1 ~ l e O Q 1 ~ 1 e 1 3 ? , 1 e 1 7 ~ ~ ~ 1 q 2 7 0 ~  
B I s ~ 5 7 , 1 q 2 ' ~  t i * 3 5 9 , 1 . G f ' , ~ r " 6 , 1  e 6 ' ~ , 1 t ' ~ ~ e  
6 1 . " 9 ; , 1 e 7 0 3 * 1 . ~ 5 ~ ~ 1 * ~ ~ 1 ! ~ i ! e l I 7 ~ 2 e 1 9 ? ~ 2 ~ 1 7 7 ~  
f 
5 2 e 6 0 7 , 2 ~ 8 7 7 ~ 3 r 0 7 1 ~ 3 1 2 ~ 9 * 3 e 4 0 ? ~ 3 t 4 9 O ~ 3 t S ~ O /  

C 
C CnN3EVSE2 I V L E r  TEYPERATJQE' A?RAY I V L E T  TEYPrRATURE 
C CTQQECTIOW FAcT3R FOR OIIESPLL1 4EAT TRAVSFER C O E F F I C I E N T  FOR 
C SgRFACE COi4DEYSERS 
i 

D A Y 4  ~ 1 : 4 / 3 0 * , 3 5 * , 4 0 ~ , 4 5 * , 5 C * , 5 3 ' * , b 0 * , 6 5 * , 7 0 * , 7 5 ~ , 8 0 * , 8 5 * ,  
I 9 0 * r 9 5 . r 1 0 0 e /  

3 A T h  ~ ~ 1 ~ / 0 ~ ~ 4 ~ , 0 ~ ~ 1 ~ , 0 e 6 7 9 1 0 e 7 4 ~ , 0 ~ ~ 0 ~ ~ 0 ~ 8 5 3 ~ 0 ~ ~ ~ 7 ~ ~ t 9 ~ 2 ~  
5 1*000,1*02~,1.0~2~1.0~0,1*0f4,1,093,1.1~0/ 

c .  
%. V ~ L ~ C I T Y  COVSTANT F ? 9  O V E ~ A L L I  HEAT TRIVSFER ~OEFFICIENT AS 9, 
C 
ir F I ' V C T I ~ ~  OF TUSE 01'3. 
C 

DATA E~/25Tw,Z67e.263s,263n~ZS3e,259e/ 
r: 
C :JrTE? TEYFEQATilRE 4 R R P Y  4'431 W4TER DENSITY AND VISCOSITY AS 4, 
C F l lYCTIOU OF TEYPE9ATURE 
C 

D A T A  i ~ 2 0 / 3 2 * , 4 ? ~ r 5 0 * ~ 5 0 * 9 7 0 * t ~ ~ * 9 9 0 * , 1 0 0 t t ~ 1 0 * ~ ~ 2 0 ~ , 1 3 0 * ,  
a : ~ o e , ~ s o , ~ l ~ ? . , : ~ ~ . ~ 1 9 o e /  

D C r 9  3 ~ 3 ? / 5 ~ . ~ 2 r ~ ? , + 2 r ~ 2 . ~ 9 , ~ 2 e 3 ~ , ~ ~ 2 7 , ~ 2 , 1 7 * b 2 . l l , 6 l * 9 9 ~  
B 6 1 ~ 8 4 ~ 6 1 ~ 7 3 ~ 5 1 ~ 5 ~ ~ 5 1 ~ 3 J ~ ~ 1 e 2 0 ~ ~ 1 ~ 0 1 ~ 6 0 , 7 9 ~ 6 0 ~ 5 7 ~  
f ~e3?~3.75r3r17r2e71~2.37,2*08,1.~51,1e65rlr4~i 
B 1 . 3 6 , 1 . 2 4 ~ 1 ~ ~ 4 r ~ * 0 4 * 0 ~ 9 7 * C t ~ O t 0 . 9 ~ /  

C 
C 
C CcN3EUSER T J 3 Z  VELOZZTY A??AY AUD TUBE TND LdSS PEI? PASS P N ~ I  
t W : T Z 9 3 C T  LOSS C Z R  SINGLE 4 q O  TMO P A S S  23NOEYSERS bS A 
C F t l Y C T I Q  J OP VELGCITY 
C 

D A T I  vcLT/I**1e5~2*,2*5~3*~3*5~~*,4*5~5*,5.5,6*~6.5~7t,7~5,8*/ 
DAT4 T ~ L T / . n 5 5 ~ . 0 3 5 ~ . 0 6 0 ~ ~ 1 1 0 ~ ~ ~ ~ 0 ~ ~ 2 ~ ~ ~ ~ 2 9 0 ~ ~ 3 6 o ~ . 4 ~ ~ ~ ~ 5 4 ~ ~  

z . 6 1 3 ,  . 75 t , , 873 , l e0g i ! ,  l e 1 4 6 /  
9 a ~ a  w - ~ i ~ / . 3 2 , . 0 3 3 ~ , ~ 7 C  r ~ l l G ~ * l 7 0 ~ e 2 2 0 , . 3 0 5 , , 3 9 S ~ t 4 ~ 8 ~ . 6 0 5 ~ ~ 7 2 3 ~  

g * 9 3 3 , * Q 9 T , l * i 3 5 , l * t ? 3 ,  
B .74,.n5.*09,.14*.26**2q9*379*~79.59*.7l,e841e 
6 . 9 a 8 , i c l ~ 9 e 1 . 3 1 4 , 1 . 4 R 7 /  

89 F O Q ~ A T ( " O I ? ~ P ~ T  ED209.  TL(E s J Y  9F THE. T P E R j I )  SHO'"LD BE1 1 .00001~)  
6 0 0 0  F31'1qT!1'11// /Ti;r5,"OVd! 3?Y C3OLIVG TONE9 COST 'J, 

S" PL4STIc TCBE, c I R c ~ L A R  TOiER VESS!ONw~l 
I ~ T ~ ~ , * + T J I s  ? U V  uA3E r l , A 1 0 , 3 X ~ A 1 0 )  



FTN 4,. 2*7?3f i 



FTN 4,,2*7*35i 12/20/!6 

605 TCOS = 0.0 
C 

F X T L Y G ~ . F ~ L S E *  
F X T f M P  = .cALSE. 
CALL' 04 TE ( 3 0 y )  

c,gO CAL,; T! V E  ( .r~imrl)  
k l ? ~ T ?  ( a 9 5 0 0 0 1  DOYvHEURE 
I7 ( \4UC:SE.$T*  C )  GO T O  l l c  

C 
CARDS A l  - A >  

30  P E 4 3 { = , 5 0 0 1 )  3ESCP 
0 0  3 5  ~ r 1 , 9  
IF O E c C l  ( i )  *VE.SLdVK)  GOTO 3 7  

35 COhJ7JN I;: 
r ,ni? 4 -  

37 ~ I ~ ? T E ( ~ , ~ O O ~ I  DESCR 
631) 3' 

40 CDNTI~lllE 
C  
C A R D  a 1  

Q E 4 3 ( ? t 5 0 0 2 )  TSTAR, TCu3c V d S ( 1 )  r V A S ( 3 )  9 V 4 S ( 4 ) ,  V A S l 5 )  

CARD 31. 
r i E 4 3 ( c r S O ? % )  P S I Z E r  fEFf'c CapF'r FCqr PER* CCH, E ~ E ' J I  SDOFL 

W ~ I T E ( ( > , ~ O ~ ? )  P S i Z E r  TEFF, cGPCT* FCRI FE?r CCMp E ~ E Y ,  9DOFL 
W 1 I T E  ( ~ , 7 ! 5 0 )  

C 
CARD E l  

? E f i D t = * 5 o ? 2 1  F C ~ S ,  PWCOS. P l n u t ,  f 3 S f ~ ,  C;SOKW, ~ A P C W S ;  HPCST 
w > I T E ( G , ~ o c ~ )  FC3S,  ' VCOS*  P L 4 ' J c r  cOSTL* c S S ~ K W *  C4PCHG'9 HPcST 
! 4 ? 1 7 5 ~ ~ * 7 1 C G )  

C 



C 
C A R D  G I  

RE40(5 ,5002)  EFFP, DPRESS 
w ? I T E ( ~ * ~ o o ~ )  EFFPI DPRESS 
D P ' ? E ~ s  n P R E S S  + 1.E-30 
I?RCGS = DPRESS 
WQXTE(&,7240) 

C 
CARD H1 

Q E 4 L J ( z r 5 0 0 2 )  VELREC* XDEPAT n a y ,  TOWMIN* Q ~ C T ,  TFIX, R F I X  

I F  ( I T I I A X  r L T .  1 )  I T Y A X  =. 9999. 
I F  ( I T f e q X  .LT. ITYIV) STOP(*TOWY14X IS LESS ~ H ' ~ N  T O W M ~ N ~ @  
I F ( T L I "  . L T r l * )  T L I Y  a 180.  
I F (  TFTx.GT.O.O , A Y D ,  RFIx.GT.O.O) FxTEWP' 6- ,TRUE'. 
W l I T E  ( 6 , 7 2 7 0 )  
I F  (VAc  ( 1  eLEe 0.0) V A S ( 1 )  =. TSTAR + (TLIM-TA(II\-~. 

C 
CAPO H2 

? E i 3  ( G t 5 0 0 2 )  GBEFF 
. Y Q I T ~ ( 4 r 6 0 0 ~ )  GBEFF 

~ R I T E ( h * 7 2 8 0 )  
C 
C A Q O  11 

? E 4 9 ( 5 , 5 0 0 2 )  CPY- HDLr  CLUVQ', CHAILS, UCS, 'JWS, EVM, WFV 
W R I T E ( ~ ~ ~ ~ O ? )  CPYI JPL, c L U V Q ' ~  c ~ A I L S ,  UcS,.UWS, CVMt WFV 
W R I T E ( 6 r 7 3 0 0 )  

C 
CARD J1 

S E b D ( 5 r S n O S )  NTUCALg HXVP* U 3 9  VTLJB, S!j 
W ~ I T E ( 6 r b f l 0 5 )  NTUCALt HXNPI Y B *  YTUB, SS 
~ 3 1 T E l f i r 7 3 3 0 )  

C 
CARD J2 

READ ( ~ 9 5 0 0 2 )  DESVELI REOUCE, 3R€DgCE:* OIS? 
W?ITE ( A  , 6 0 0 2 )  DESVEL'? R$r)UcE* ~ ~ E D J c E ~  D I S ~  

C 
785 CARD K 1  

9 E 0 3 ( 5 r 5 0 0 6 )  X H *  X39 ~ 3 8 1  T i l 3 4 i G ,  I-ICCALC. DANGLE 
I F ( T J y , S G  .E3. " ' 1 )  T U B ~ R G  = " S T ~ G ~ E R E D  fi 

I F ( ~ C C E L C  tE3 .  I* " )  Y C C A L ~  = " 2  II 

I ~ ~ T ' J R A ~ G  .EQ.I1ST~tGERED I* rAV3. HCCALC .EQ.l*l a )  I H E A T ~ I  
; 790 I F ( T U q * W  .EQ.*+sTAGGERED I* r4 '43.  HCC4LC ,EQ,tt2 8 )  IHEAt.2 

I F  (T'JPnSG .EO."IVLIVE 'I) I Y E A T  = 3  
W?ITE ( L ,  6 0 3 5 )  XW* X 3 9  X D G *  TU3A?Gt HCCALCI 94NGl.E 
~ ~ 1 ~ ~ ( 6 , 7 3 6 9 )  

C C O ~ ~ V E R ~  '3ES7EEs TO ?ADIA~S 
795  C34VG = C ~ S ( D A N ~ L E  * 3 .14159  1 8 0 r )  

9990 F ~ R ~ 4 T i l ~ o I  l E A T = l l t  1 3 )  
WRITE(*v9993) IHEAT 

C 



S U P ~ J T I U E  SETUD 74/74 @PT=1  FTN 4 , 2 * 7 6 3 5 ~  1E/20/! 6 

C 
c P n 3  21 

?F49(; ,5oo91 XNS, VELY, ODCc 349 FC* TTDI CONMAT. C O N W E  

C 
cnc? s1 

aE4D(q*53OR) LF3q L'E*  YXEXT 
W ? 1 T E ( f \ r 5 9 @ ~ )  L F 7 r  LFEp M X E X T  
W 2 i T 5 ( q 9 7 5 7 { t )  
!F ( X Y X T  c L T .  1) 'XEX: = 1 0  
1' ( L F r  .LT ,  L F y )  ST3P "LFB EXCEEDS LFE' CN I v P U T   CARD^^ 

C 
E U Y  = ; 4 1 $ . 4 3  / TEFF 
I F ( ~ I X L . S T . ~ . O )  rXTLNG=eTRUE* 
@') $ 5  '=1,:5 
I F  ! ' 3 C 2  ( J )  . L T . ~ . E - ~ o )  GOT0 4 5  
Y T A Z J  

45 C ~ ' J : I V ' I E  
4 6  C$' !TTVI IE  

:\ra:3-*. n 

D O  2 0  r = l r 1 6  
?O S U D E ~ X ~ ~ ~ ~ E ?  + T P E a ( 1 )  

I F ( P ~ s ( s " ~ ~ E ? * ~ . O )  r L ~ e 1 e E ~ l O  1 8 3 ~ 0  22 
v > I ~ E ( A , ~ ~ )  

5 T 3 7  
22  C ~ ~ J T X I J I I E  

C  
C 
c DET'~Y: \ IE rOSITIO!J OF TUSE OeDm 4'43 SAGE I U  ?ESPECTIVE A R R A Y S  
C  

D3 39 T = 1 , 5  
LD = T 



FTN 4,2+1&35i lz/20/!6 . 

* I F (  4 3 ? ( 0 3 C - T O D ( L O ) )  eLTe a 0 0 1 )  GOTO 1 0 1 1  
99 CDNTTNI~E 

STOS' ' 1 t t L E " u L  V A i U E  f 0 9  CONOEYSER T U X  OD(( 
C 

9 6 6 1 0 1 1  00 7R i n  lr7 
K G A  T 
I r (  A ~ ~ ( S ~ - T G A ( K ~ A ) )  ~ L T I  ,001)  3 0 1 3  1 0 0  

98 CONTINl lE 
STr)al "ILLEOAL VALUE FOR COYDZYSER TU9E G A O E ~ ~  

~ 6 5  C 
1 0 0  C O N i I Y l l E  . C 

CALL1 CPSTEX (DUMI) 
C 

675 RET J9N 
C 

? i 1 0  CONTrNltE 
? E A l  (S,+?EP3IY) 
fF('JYc;,SE . ~ 3 e  0 )  QETURY 

R75 ~ R I ~ E f 4 , 6 0 0 2 )  TSTARITEND, V A S  (1) T v A s ( ~ )  9 v A s ( 4 ) .  v ~ s i 5 9  
+ rFIXLeDEE'L 

W Q I T E ( q t  7 0 6 0 )  
~ 9 1 ~ ~ ( ~ , 6 0 0 3 )  ( T A  ( 1 )  ,1=lr13) r ( T 3 E R t I )  e I = 1 1 8 )  
W R ~ T E ( ~ ? ~ ! ~ ! J )  

k 3 0  Y Q I T E ( ~ , ~ ! ) F ~ )  P S I Z E t  TE'Fp :4'Fl9 FCqr PEil, CCW, E ~ E V ~  ROOF< 
1? V,:;'; : r7,5u; 

W R T  f E ( 6 1 6 0 d 2 )  F c 3 S r  PWCOST P L a V c l  c O S T L ~  cSSPKWP ~ A P C H S ~  HPcST 
w R I T " ~ , ~ ~ R O )  
WRITE ( r  9 5 0 0 2 )  PO45AF9 POHFhNt D3HLECg POHCI Rtr POHEYDt POHSTC 

+ r POrlSCL' 
w ? ~ T E ( A ~ ' ~ ~ S )  
w ? I T E ( ~ . ~ " ~ )  QgP, (~Po(I)  91=114? 
W ? I T E ( & , ~ ' ~ ~ )  

- W R I T E ( 6 r 5 3 0 2 1  E F = ~ ,  DPREss 
W?ITE ( # . 1 7 2 & 0 )  
W ? I T E ( 6 , S o n 2 )  VELRECt XDEP4r fl.1'4, TOWWINv PP#cT, T F I X t  R F I X  

+ r T O ~ ~ A X  
I T V I V  = T 3 d Y I N  + 1 . ~ - 3 0  
IF ( I T ~ I V  .LT. 1) IT~IN = 1 
ITM4X z TCnJU4X + 1.:-30 
I F  ( I T u & X  .LT. 1) ITWAX = 9999' 
I F  ( I T W A X  .LT. I T Y I V l  STOPftT3HYQX I S  LESS ~ Y ~ Y  fbwMINN 
I F  ( T L I Y  .LT. I )  T L i *  = 180.  
I F  ( T F T X  .ST. C.0 .4"D. R F I X  m37. 0.0) FXTE''~= r 7 9 I ~ E e  
~ ~ I T F ( c . 7 2 7 0 )  
V 9 I T E ( c r 5 0 9 ? )  GEEFF 



~ U R P O U T I Y E  SETUP + 4 / 7 4  O P T = l  FTN 4 ,2+7$35i  12/20/!6 



FTN 4,2rt$35i 12/20/7'6# . 

S U S ~ ~ U ~ I U E  S ~ O T  ( L )  
C 
C T Y I S  Sf lUTIVE ESTAaL ISHES A SfAR71NS PLACE' eb?l THE' W'INIME~ING P@O** 
C CEO J9E BY SAYPLIVS ?OINTS AR39V3; T'.IE STASTI VGI VALUES PROVIDED, 

a C 
LOGXCAI: F X T L Y G  4 

DIYENSIO'J T ( 3 )  (CHAR ( 4 )  r R A N G ( 3 )  , 4 F 9 0 ( 3 )  ~ W ~ H A  ( 4 % )  * V A M ( S )  
L O G I C ~ I '  F I ? S T r  F X T E W  
CCMW'J 

S 4 V H ,  ALP4A 
5 l c p D F 1  cSSPKWQ CO;.IF, cOVLI cOSfLr* CAPCHG, c ~ N M A T ,  C ~ ~ ~ k 2 , C A F ~  
C r c 3 J t  CSE~LPI cELAST, CFSr  COPVGI CLUV?. CY~ILS, CVM j 

'3 ~ o E E P L P  DESVELV OA '~GLE 
6 , F W P  

f ,H%VP* HPcST 
5 ~ I ~ E A T  
S r i T Y A x .  I T Y I N  
a ?J-Dq< 
s c ~ E a ~ ~ r  KALExT 
IF 9YXEXt  
S l N T U C J L ( 2 )  r NTA 

C3Yf10N 
a on:, 
B *?SIZFI PER, PWCOS, PLAVCr PFk3Ct 
5 ~ P ~ Y B A F ~  POHFANI POHLEC, 'OHCI?', POHCNO, P O ~ S T ~ ,  p o H j C t '  
B ~ Q ? E J ,  Q ~ E ~ V C E  
5 ,R3P* QEDUCE, ROESEL, QOEELA, ?00FL'9 RF IX  
9 rSPAF,  S I S Y A r  SPA MAT(^) 
5 9 ~ 3 9  ~ ~ ~ ( 4 )  I TEFF, TLI', T L ' S ~ ,  TsEPLP, T E L ~ S T ,  ~ H F I N *  T P ~ X  
$ l T J 3 A o G r  T d  
A r lJCSr UWS 
a , V P S ( ~ )  
a *M:V 
S ~ X ~ E P T V  XNr X D  

cOP1WN /FLS'r(/ FXTLNG 
cOMV3M / L A C A L L /  SRN 
COMYDU /SgPPLV/   VAL^^) 1 ~ P f p ' r  CC35r  W39 COSY, EFF' 

5 ,  :L&. .O~ P E ? ~ R V  Z , H ~ F A C ~ ,  ~ 4 ,  Uc P P O W ~  
S r P 7 w 1  ~ E L F c .  N I ~ T H ,  5LEV3,  v A i ? ,  V W A T ,  H I ,  do ,  ~ 4 ,  
F 'EWtTr  ' ~ U I ? L A U C ~ I ~ S I Z ~ Z ,  SP3'v SW4r S W l r  
3 S P C I P T ~ ~ ~ L I P L A Y C ~ ~ ~ ~ F ~ O U ~  A4159 YFPI S P C I ) Q P S I Z ~ J ~  WT r 
5 P P Z ,  YW? TcOS 3 E L P & r  J E L P ~ T ~ O E ~ P * C ~  CONBAS* XNTSX* VELD$ 

- a  

S q  I L A X ~  U~q'! l  i..:tj~) i . ~ r i ~ t ~  ~ F i . t ,  CH, c i ,  L S 
s *  C L T C ~  CFC* cDCC*  C I T C 3 *  C S C * C E ~ ~ E ? ~ ~ E L P I P ~  AST 
~ * C ~ ' C S T V  XVFAN*BLDAVSr CPLE'Jv 3PFELg W Y X *  dTTUS* A D I l r  ABLY! 
9 1  JTHn2r  W T F R ~ ~ S T R ~ C C , C ~ P E ~ F * I ' ~ E ? F ~  TOTCF, EFFIN,  A'JTU 
a, f i I ? c ~ ~  WPTFFI XVpODr TCTaFlr F O C ~ F I  FYTRC, ACCTTPr A o J T P  
59  A ~ T Q ~ D *  ~ ! l J d ~ ~ q  ~ c T V 4 r  A ~ J V ~ ,  4 3 J P D ~ r  T Y P h I R v  TcTFI AFCST 
f r  CSrD, M A T E R M ,  wSTRCTr ~ ~ ' ~ 1 " 3 1  1 ~ 3 0 1 A r  T O d ~ ~ Y r  CSEr CHF 
b 9C3Ar Y L J Y T O ~ *  CT3W3' ATURC' CSTLVQv CSTYS* ~ Y L Q N G ~  CFANEL 

COYYOU / S I V K /  V A R ( 5 ) r  C P I p l c  CCOS d 3  9 COSY', E F F l  
t 5.  : L n b l l ,  9 ~ 4 1 1 ,  Z ~ . Y R F A ~ S *  H b 1 :  u!, p p o u  , 

f : p D w l r  ~ C F C ~ I  1JI 71 ,  FLE ' J~?  V p I ? l ,  V W g T l r  HI:* 4 ,  741,  
5 q E ~ * l l  ' 4 l 9 Z p L ' C Z r I ~ ~ Z 1 ~ .  i S P 3 ? 9  5 y 4 I 1  S y 3 i 9  
6 5 P ~ 1 '  P T O T l * P L N C 3 1 *  AFR319 ~ A I ? ~ * Y F P ' ~ ~ N *  S P C D l *  S P S I 3 * W T 2 M I N *  



SURDOUTIhJE SHOT ? 6 / 7 4  OPT=1 FTN 4 . 2 c T P 3 5 i  1 2 / 2 0 / 7 b  

TF:=?T?blJ) T ( 1 )  = T F I X  
IF ( T ( T )  . G T o  loo,) T ( I 1  = l g O .  

2 0  I F  f T ( T )  .LEI 0.0) T ( 1 )  = 1 0 . 0  
PO ?I. ~ = l , r  
C Z f i ? ( ~ i = ~ A ~ ( 3 ) + ( ~ - 2 )  

21  I F  ( t  + A -  ( I  1 .!.E.g, 1 C A A R  ( f  = * S  
I F ( , Y O - .  ~ Y T E ' ~ D I  SO TO 24 
C ~ A ?  ( I )  = C ~ I ~ Q L * ~ . ~ ~  
Cida?(2,  = c d ~ g ~ * ' . q ~  
c d ~ ? ( 3 )  = C W P P L * ~ . ~ ~  
C ~ A ?  (47  = C W O L ' L * ~ . ~ ~  

z4 c3NTI?~l(c '  
03 22 ; = l r 4  
W L R ~ ~ I I  = v G s ( ~ )  + ( T - ~ )  * l q s  

22 IF(,+?. ( I )  . L E . ~ . )  , & ? A ( : ) = s *  
~ ' 9 3  ( 1 )  = V P S  (41 1 2 .  
A F Y 9 ( 2 )  = V 4 S ( 4 )  
Aii?3 (3; = V 4 5  ( 4 i  s 2 ,  
3 ~ 1 ~ 1 .  
DCdA7=l .  
DAF?Z=-  . 
04[.7~=1'. 
LC=& 
L v i=  6 
G3 T 9  :1 

31 D T l = V A o ( l ) - V A M ( 1 )  
DCWA?=VA? (3) - V A Y  (3) 
D A F ~ O = V A ~  ( 4 )  - V & M ( 4 )  

C *+. C H E C K P O I V T  
I ~ ( ~ ~ F ~ O . L E . ~ . O . A N O . ~ D ~ ~ V E . O )  d ? I : T ~ ( 6 t 9 5 0 0 j  V A R ( ~ ) , V A M ( ~ ) * O A F R O  



SUPROUTINE SHOT $6174 OPT- i  FTN 4 .2+7&35 i  ~ i ? ; / z o / t k  . 

D W L ~ ! ~ = V A R ( S ) - V A M ( ~ ~  e 

I F ( ~ T ~ . E O ~ O . , O R . ~ T ~ * E Q . V A R ( ~ ~ )  GO 70  33  
DO 32 1-193 
T ( 1 )  c v A Q ( 1 )  - ( 1 - 1 1  * D T ~ / ~ *  
IF( 'XT?YP)  T ( 1 )  = TFIX 

32 CnNr?N!!F 4 

G O  TO 75 
33 0 0  3 4  T = l t 3  

~ ( 1 ) = v , ~ ( l ) + t 1 - 2 ) * 2 ,  
IF (=XTrMP)  T ( I )  = TCIX I 

34 I F ( T ( I ~  . ~ ~ . 1 7 ~ . )  ~ ( 1 ) = l 7 0 ,  
35 IF( ~ C ~ ~ ~ Q . E ~ . ~ O . ~ R ~ D C ~ A R * E Q * V ~ ? ' ( ~ )  1 GO TO 37' 

DL) 3 5  ! = I * $  
c'dAa ( I,! = v A 2  (3) - (  1-1) 
I ~ ( c W A ~ ( I )  a ~ E . 0 . ~ )  C W A R ( I ) = ~ ~ ~ ~ '  

36 CONTIPJIIE 
GO TL) 99 

. 37 DO 3 5  T'l.3 
C ~ Q ?  (I\ = V A ?  ( 3 )  + (1-2) 
I ~ ( c w ~ I ~ ( I ) . L E . ~ . ~ )  C W A R ( I ) = ~ . ~ ~ ~  

38 C O I ~ T I ~ I I E  
LC-3 

39 If (3nF?O.E3.0 . O  .3R.9AFRO,EQ.V4?'(4.) ) 30 To 41 
DO of' 

4 0  A F R ~ ( I )  = ~ p ~ ( 4 ) - ( 1 - 1 )  * D A F R O / ~ *  
C .  o i r  CHECKPO ~ N T .  

IF( IDR.EO.0)  GOT3 43 



S U ~ Q O U T I N E  S H O T  ?4/74 OPTa1 FTN 4 , . 2 * 7 & 3 5 i  12 /20/76 

R P N 3  ( 3 )  = . 5 * R Q Y G L  
I F ( = X T r Y D )  9 0 \ ~ ( 1 )  = R F I X  
j F ( c K T r Y P )  93! .1G(?)  = 4 F I X  - ' 75 I F ( ' X T : ' J l :  ? 4 N G ( 3 )  = R F I X  
p3 15 ~ ~ = 1 , 3  
D? 1 5  r q = 1 , 3  
G5 1 5  ! . l = ! . L J  
r c c q i t = l  

T O O  I F ( T ? . ? T e l . O R . ~ C I G T e l ~  K C A L C z 2  
!F (T l ! , cT .? )  < C A L C = ~  
I F ( 7 J . c T . L ) .  < C n L C = 5  
SRCd=la/f  i J?T-J  / 11 

- ~ r ~ 1 - L  c - L c ( T ( I ~ )  , ? A N G ( ! ~ )  q c W ~ ? ( I f ?  T A F ? O ( I A )  r N L R A ( 1 W )  t ~ c 4 i c )  
r a5 1 r ( < c 3  1v .c7 ,1 )  G O  T O  15 

c T " ( > E L - 4 r L T . X ? E " 4 )  S D  T Q  1 6  
I F ( ~ E L ? A . ~ ~ : ~ ? E P ~ )  SO T O  I 6  
I F ( ~ c o ~ ~ . E ~ . ' . )  5C TO 14 

- C I ~ ( T C O C . S T ~ T C O ~ ~ )  G 3  T O  16 
197 I F ; r C G ? , 3 E . T $ o S 1 )  GO TO 16 

: F ( T t C c ? . C ? .  I . )  $ 2  T O  l g  
C ( T z S c  1 ,S:,?C(?S~) 83 T 9  1 4  

I ~ ( T C ~ ~ ~ , $ E . T C ~ S ~ )  GO T O  1 4  
18 T C ? < ~ = T C ' I S I  

07 1 3  T I = I * ~  
19 V A Y ( ~ I \ = V A ' ~ ( I I )  
14 T C O S L = ~ C S S  

V A ' : [ I ) = r ( T T )  
V A ~  - 7 4 ~ S ( r Q )  
vt,t j ( ? !  ::",A? ( : c ;  
V C i k ? [ S ) - h F " ? ( : A )  
V&R(s),J~4q(i~!) 
~ 4 F = ~ c ; . 3 ( 1 )  a . 1  
c-n 7 3  15 

3 0 5 16 !F(,.E..?) G; T O  15 
I=(Tc?+'.E~. . )  SO TO 17 
I F ( 7 7 3 : . S i , T C O f ? )  G3 T O  15  

C 
L I F ( T E ~ ? . > T . T C O S ~ )  G O  T O  15 

1 7  T C f l S ' Z = - C 7 S  
512  V a t 4 ( l \ = T ( : T )  

V 4 Y ( 7 ) = C 4 4 Q ( I C )  
V A Y  ( 4 )  = A F ? ~  ( I  1) 
V A t !  ( 5 )  =9!;2& ( : \ I )  

15 c 3 ' ~ T i U  I E  
: F ( I ? 7 , 5 3 . n )  V T g ? Y  
?!TYTE:. ">:?; TCZ~!*Y~?~:; >';L?{Z; ,<42::; . V & R ~ & )  . V A ? ~ S )  

553 F q R Y & T  ( I n  ~ ~ 0 5 1 = * ~ ' 1 ? , 5 , l t  ~ 1 1 = t t r * , i ) , l l  1 ~ ~ ~ 1 = 8 1 ~ 7 , 4 , t l  C W A R ~ ~ V F ~ , ~ ~  
1" l ' ? Q r  =l tE l0 .3 ,11 ~ L f ? P l = a * F 4 . 0 )  

? E T J S \ I  
E VD 



SURROU~INE' SPDES 7 4 / 7 4 ,   OPT=^ F T N  4*.2.7*351 i ~ / 2 0 / ! 6  - 

S U B ? D U ~ I Y E  SPDES (TD,TS,TR,TT~,  XVS,CHLD, VELD, ?HO*A~,PS,TL~,XNTS,HDLD - 
1 S )  

C 
C 

5 C SLIBP3UTINE SPDES D E S I G Y S  4 S I N G L E  PPESSJRE s"FAcEIcONDENSE?I 
C I v  ACCORDANCE V I T Y  YE4T  E X C r 4 U B E  1 t ; S T I T ~ T E  ;"::I STANDARDS -4 
C F q 9  SURFACE COVOEYSEQS FO? S I V E V  O E S I G V  VALUES OF T U R B I N E  
C E r r A l J S T  STEAM SATUAAT IOY ~ E Y P C ~ ~ T U R E *  C I R C U L A T I N G  r 4 T E R  
C TFY"E?I\TIJRE Q I S E  XU THE c ~ V D E V S E R ,  cONDPNSER-TERMINAL 

10 c TcYPEQATURE 0I:FEREN E, CLEAULI IVESS F C T O R *  TUBE S I Z E  d u o  
C 

Y ~ T E R I A L  
5 No*IVAL VELOCITY T L I Q ~ U ~ ~  T ~ E  TUJES, A 4 3  FOR i G I V E N  TUBE' 

C 
C 
C D F F I U I T I O N  DF V A R I A 8 L E S  

1s C 
C ApPS - AQEA PER CONDENSER SHELL,  ( S q  ;IT) 
C ACT - TOTAL AREA OF COUDEVSE? SHELLS'  (SO F;T) 
C C'-!LD - H E A T  TRdVSFERED I V  THE COVDEUSER (gTU/YP4)  
C I C U - A ~ R A Y  OF VELOCITY  c D U S T ~ N T S  F3R  THE O V E ? h L L  HEhT' 

2 0 C TRAYSFER C O E F F I C I E N T  AS A FIJYCCION OF T 4 E  TUBE, 
C O J T S I 3 E  D I A M E T E 4  ( D I Y E N S I D N L E S S )  
C DYLP1dc - P?ESSURE 3ROP 3" fdE8 ~ A T E Q  TL(?OUGH THE CONDENSER1 
C ( L R F / S B  F T )  
C EFFC - E F F E c T I V E V E S S  ~ ' ~ T H E I c O N D E N S E Q ' ( D I M E N S ~ ~ Y L E S S )  

25 C Ec A - A ~ Q A Y  OF E X T E ~ N A L :  SJRFACE AQI~ OF' EONDEVSER TUBE! 
C ~ t r  L I N E A R  F O 3 T  AS 4 F U V C T I o V  OF TUBE O J T S I D E '  
C ' D IAMETER ( ( 5 3  F T / F T )  
C FC - F D U L I N G   FACT^^ F O ?  T q E  O V E R A L L I H E P ~  TRAVSFER 
C C 3 E F F I C I E V T  ( 3 I Y E Y S I 3 V L E S f )  

3 @ C F c A  - A?RAY OF TUBE J4LL1 SASE C ~ R R E C C I O N  r"ACT3RS FOR  THE^ 
C OVERALL H E 4 T  T?QVSFER C O E F F I C I E N T  FOR A ~ M I R A L T Y  
C METALI 4 R S E N I C b L l  C3PPER OR A L ~ J M I N U ~  TUBES FOR 
C S J S F p c E  CONDEVSE?S ( ~ I H E Y S I O N L E S S )  
C F D L  - LEVGTY OF FLOW '4Tr i  PER SL1ELLI ( F T )  

. 35 C F T F  - A ~ R A Y  OF SPY OE? cPS V E L O C I T Y  THRU TUBES AS A 
C F J V C T I O N  OF T J 3 I 1  SAGE AVD T u 3 5 I  O U T S I D E  D IAMETER 
C (GP14/FT/SEC)  
C F T I  - I V L E T  TEhfPEPfiTUSE C ~ ? ~ E C T I O N  ' ~ c T O R  FOR THE 
C OVERALL qEAT  TR4VSFER C~E'FICIENT SOIMEVSIONLESS) 
C F T I V  - A ~ ~ A Y  OF INLET TEMPERATURE cO?RECTTON FACTORS AS 
C A F U Y C T I O U  OF I V L E T  TEYPEaATU?ES ( ~ I M E N S I O N L E S S )  
C Go M - V3L l JYETRIC  FLOH ? 4 T E  THSDUGH THE C ~ V D E N S E R  
C GDU - V B L U V E T R i C  F L 3 d  ? A T E '  3 F  WATE? THROIIGH TqE cONOEVSER~ 

OF TYE COUOE'JSE? ( G ~ L L O N S / M ~ V ~ T E )  
H p L 3 S  - HEAD LOSS 3 F  TqEl  ~ A T E R  THQOIJSII THE CONDENSER ( F T )  
HQLS - HEAD LOSS O r  TdZ l  d 4 T E 2  THROUSCII THE TUBES OF THE - 

c o u ~ ~ i s ~ s  ( F T / ~ O O  F T )  
- 

POOP - A?.?AY OF THE d 4 T 3 8  ~ ~ O P E Q T I E S  D E V S ~ ~ Y  AUD V I S C O S I T Y  
AS A FVtJCTIOV T E ~ P E R A T u R E  ( L S Y / ~ U  F T  L B M / F T  H?I) 

2 4 0  - 9 E N S I T Y  OF T+E. J f i t E ?  (LBM/CU 'T) 
T A V T  - A V E I ? ~ S E  T E N ' E ~ A T ' J ~ E  3 F  THE W4TER GOING THROUGH' THE! 

C3YUEUSEQ (DE38 Fi) 
TmLY - L 3 G  YEAN T E Y D E ? 4 T J ? I ' D I F F ~ R ~ V ~ E  OF TYE CONDENSER8 

( 3 E G  7 )  
T t  1 - E X I T  TEt.!PER4TU?EI OF T Y E  WATER! LEAVIUG THE cONDEVSER' 



SURROUTI~E SPDES 7 6 / 7 4  O P T = l  F T Y  4.2*74351 12/20/!6 

( 3 E S  F) 
T ~ L ~ S  - HE&') L O S S  OF T-IEl 44TE.2 I V  THE; C O ' J D F M S E ~  DUE TO 

C T'.JqE EiqO E F F E C T S  ( F T )  
C T c L T  - 4 ? ? A V  OF HEAD L O S S E S  3 U E  T 0 , T J S E  EYD EFFECTS 4s  A 
C FIJNCTION OF ~ 4 1 ~ 2  V E L ~ C I T Y  ( F T )  
C TUZO - A ? R ~ Y  OF N A T E ?  T ~ Y P E R A T U V E S  O E G  F\ 
C T t - I V L F T  T E Y P E Q a T Y ? Z  OF THE ~ J A T E ? + E V T E R I N G  THE 
C ~ ~ % I ! Z \ I S E ?  ( D E B  ') 

C T j 3 - 4 ' 7 2 ~ Y  C)F I V S I 3 E  TL13E1 ~ I A Y E T E ? ~  A S  6 F U N C T I O N  
C O r  r J 9 E  G A i E  AY) W T S I D E  3 1 4 H E T E Q   IN) 
C 1 j~ - I V L E T  T E q ? E s & T J ? E  4 ? 4 4 Y  YSED I N  COYJUCTIOY W I T H  
C 1 -45  I U L E T  TEv2E?4;J?E C 3 Q c E C T I O N  FACTOQ (9ES F )  
C T L A  - I V T F G E R  V A L U E  3', F L 3 d  P4T- i  c E \ I G T . ~  PER S'IELL (Ff) 
r: T o  .r TEYPE3AT:J?E 9 4 ' 4 5 %  3=  THE WATE?' F L O W I N G  THRO'JGY TH31 
C C3UOEUSE+ ( C E S  '1 
C T c: - r ? Q ? i Y E  Z X H 4 J S T  S T E A Y  S A T J R A T I O N  T F ~ P E R ~ T U R E  
C (?fG ') 
P 
C T T D  - T E " r 4 i V A L  t E ' J P E 7 4 T U S E  3 1 c r E R E V C E  s E T ~ E E Y  THE 
C - S A T U ? b T E D  S T E 4 Y  TEY?EQATURE 4VO EXIT T E W E R A T U R E !  - O r  T i E  MOTE? L E h V I V S  THE C O V ~ I N S E R  fDEG F )  
C UrON - O V E R A L L  H E A T  TQpUSFER C O E F F I C I E N T  o f  THE1 cONDENSE?I 
c ( Q T U / U R - ~ ~  C T - ~ ~ S  = )  
C V r  LO - J ' I L o ~ I T Y  3 F  T"E ~ A T E Q  T Y Q J  T ~ E ' T U P E S  OF THE 
C C O  d O E ' < S Y 9  ( F T / S Z Z )  
C VFLU - I V I T I L L  S J E S S  3: 1 ' 4 5  V E L O C I T Y  OF TGE WATER IN THE 
C .  C3qc)EYStM 1 i J l l i S  ( F T i S F - C )  
C V E L T  - ~ ? t ? q Y  O F  V E L O C I T I E S  IJSEIJ I N  c ~ N J U V ~ T I O V  P I T H  THE1 
C T J 3 E  END L O S S  $ ? R A Y  AVO T Y E  NLTER R O X  L 3 S S  ARRAY 
C ( C ~ / ~ E C )  
C 
i V T S  - V T S c 3 S I T Y  O F  T I C  d a T E ?  (L"M/T-H?)  
C d3L35 - p ; 7 ? ~ Y  0 -  ~ E A )  L3SS IV T . ~ E  WbTzf!  6 3 X E S  O F I T H E  
c C~'JT:YSE? A S  a r l ~ ~ ~ ~ ~ a ~ ~  TIEI VELOCITY OF THE 
C WATE? I Y  TPE C 3 U 3 E N S E 7  TU3ES ( F T )  
C uli L T  - L O S S  3F Y E A D  1'4 TYE ~IITE? B O X  OF T ~ E ' C O V ~ E N S E Q  ( F t )  
C X ~ I P  a N J'4BE2 OF D ~ S S E S  T I E  4 A T F R  M A < E S  T ~ R o U G W  THE 
C CO'JIIEVSF? S ~ I E L L '  ( 3 1  Y E ' J S I ~ V L E S S )  
? X-15 - N j Y q E ?  OF C O \ I 3 E V S E 9  S ~ E L L S  (~ IMEVS~ONLESS)  
C XblTS - vJ.(pZQ OF TL '3ZS 'E? C ~ Y ~ E Y S E ?  SHELL ( D I Y E N S I O N L E S S )  
C 

C?Y 43'4 / 4 3 ? T 2 /  3'JYd , T I  9 TZ ,TDLY xNP 
$ c ~ ~ E L D i r 3 E ~ p d  ~ , A Q Q s ~ v T L A ~ ~ X V T S ~ * X Y S ~ I  7 5 7  

c ~ A ~ ~ " / T v ~ G / Y G A * F s ~ ( ~ )  * L D , I S I ~ ( ~ )  9 ~ 1 3 ( 7 , 6 )  , F T F ( ~ V ~ )  
~ ' ) ~ ' ~ * I / ~ Y T C / F C  9 tJ1.5; r \IELPi 
co 4 4 7 4 ° / ? ~ . ~ / ~ 1 ~ ( 1 2 )  , F T I U ( ~ S )  
c ~ ~ ~ p ~ t / ~ 4 ? ~ / T ~ % ~  ( 1 5 )  ,J?QP ( 1 b 9 Z )  
C ~ ~ ~ Y O . ~ / S T ; ' ' / ' ~ T ' ~  ( 5 1 )  ,?STT4  ( 5 1 )  
g 3 4 Y 3  I t C - + L / V F L T (  1 5 1  *TC,T (13) 1 d 3 L f  (1.5D21 

CO'4J3'J / f J D P , Y /  t 1 & L ( 5 ) .  cD13r CCJSI W3, c O S V ~  EFF 
4,  C L A h ' 3 ,  ? E A I ? ,  2, i ? F 4 C 2 *  .i4 u, p D o y ,  
r F I q J .  ~ E L F C .  k'I3TLI* ELEVS,  V 4 1 Q ,  VbdATc H I *  H O r  1 4 9  
s ? C K \ T ~  Y W ~ ~ L ~ V C Z , ~ S : Z ~ Z *  s ~ ; J ,  s w 4 .  S J ~ *  
a S ~ ~ . ~ T ~ ~ A L I ~ L A V ~ ~ , S ~ F ~ ~ ' J ~  & 4 I ? r  YFP, S P ~ ? I P S I Z I ~ ~  WT2r  
Ti 1-3 9 ' ! d ?  , T C ~ S .  ~ E L " ~ , ~ E L ? A T . D E L ~ W C ~ C O ~ ~ A ~ ,  X ~ T S X I  vELDX 
5 9  T L . X '  JC'3N' F'J"T9 F 3 A C C *  E;rC' C d *  C h '  C s 
t ,  CLTC. C F C ,  C'CCt c I i C 3 r  C S C I C E ~ ~ E P I ~ E L P I D ,  AST 
f , c ~ ' C s ~ r  X L F A Y , ~ L D I V G *  C ~ L E ' ~ ~  3 J F E L 9  W q X *  J T T U q ,  ~ ~ 1 4 r  A B L V  
8, dTH,?, N T ~ ~ ~ ~ s T P J ~ ~ ~ ~ ' P E ? c * . ( ~ ~ E ? F ~  TOTCF, E F F I V ,  A V T U  
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7 1 5  S  I I R F F *  YATFFr  XNMODc TCT3FIc 'bC?Fr FMTRC, ACCTTP'r ADJTP 
f c  A C T ~ ~ O V  bDJaPDr r \CTVYr ADJVI'c ADJPPF*  T H P I ~ I R ~  TcTFI AFCST 4 

$ 9  CSc39 WATEQNT WSTRcf*  C F ~ U V ~ T  Y U 3 0 I A r  T3tiLENw c S E *  C W '  
k rC3A9  N'JYTOd* c T ~ W ~ T  A T Y B C ~  CSTLJq*  CSTHSr cYLRNG, C F A ~ E L  

i20 E O c r E a r c l V E  CoNoENsEQ oI I?CET-  INLET Avo fivrorrC.5 C"e!L!G XCTEP 
C  TCUDEQ~TURESI ~ E u S I T Y  OF1 COOLING lJpTER 3ASED ON AVERAGE 
C  T ~ Y P E Q A ~ ~ J Q E *  TOTAL cO0LIV"U W4TER  LOW, cOOLIYG WATER FLOW PER 
C S L ~ E L L ~  LGG YEAV T F Y P E Q ~ T ? I ? ~ I  ~IFFEQEVCE  AN^ I v L E T  TEYPER~TUREI  
C  c"REcT13N FACTOR 

725 c 
9 0 1  FORq'PT ( 1 1  '40N INTEGE7 TLA V4LUE=1@, l3E13e6j  
11 0 TEzTS-TT9  

T I  =TE,TQ - TAVT= r T I * T E )  12 .  
130 9 ~ 3 - 7 :  ii ( T J . V T ~ T H ? ~ ~ ? Q O P ~ ~ ~ )  

G P ~ = C + L ) / ( ~ . ~ ~ ~ * Q H ~ * T ? )  
C Y R I T ~ ( ~ ~ ~ O ~ )  RH3tGPY 

G P Y S ~ ? P M / X I N S  
T D L Y = T ~ / A L O G ( ( T Q * ; T O ) / T T D )  - 

135 ~ ~ 1 = ~ . l * O , ~ ~ l q ~ 7 a ( ~ f - 1 ~ 0 . ]  
I F ( T I . L T . ~ D O . )  F T I = T L U ( T I ~ T ~ N , F T I V , ~ ~ )  

C 
C  SCT VEL3CITY TC1QOUG-4 TU3ES E9JAL3 TO N O ~ ~ N A L I  ISESIGVI VALUE' A N Y  
C I . \ I X T I ~ L i Z E  I v D E x  USED TJ I U D I C A T E  WFETYER IN~TIAL OR SUB- - 

1 4 0  C Sc7UEVT C A L C ' J L A T I O M O F  SUSFACEI 4REA F o R ' G I V E N  DESIGN 
C C O N O I T ~ O Y S  
C 

VELD=vEL'J 
1 5 4 = 1  - 

145 C  
C  DETE?YIVE DVERALL HEAT f7AVSFER COEFFIC IENT ~ V D  SURFACE AREP, 
C D r q  SYELL 
C 

1 9 4  UC3U=,?U ( ~ 3 )  *SQ?T (VELD) *FTI*FG.~ ( ~ G A )  ~ F C  
i50 ~ Y M ' ~ = U ~ O Y  

bR"5= r CrLQ/XYS) / (UCDV*TDLM) 
N ~ M f L f c i ' / ) 3 3 ? 0 /  

S A ~ ~ ~ * J E L D ~ G ~ ~ S ~ X N ~ * V I L * ~ L ~ ~ * X V ~ * C H L O ~ U C O N ~ T ~ L M ~ I S ~  
I F ( , E G v ~ ~ ( A R ' S )  ,VE.O) ~ ~ I T E ( S T ~ ~ G P D )  

- 7 5 5  I F ( L E G ~ ~ ~ ~ ( A Q ~ s ) , V E . ~ )  STOP 11IV' S D T ) ~ S 1 "  
C  
C FnQ I V I T I 4 L L Y  CALCYLATE3 V4LUE OF S U S ~ A ~ E   ARE^, OEVERMIYE WE' 
C LF'JGT-~ 3F FLOW PATH PEq Si'LL* THE VUMgCR OF BASSES PER SHELL1 
C . . - - < I -  ,, ,I, , ,& \ C T J L I i  :Un? iE ' ; z ;d  :Oj'43Ei] TO r i s  JZir?EST F 3 6 i  - 

160 c 
I F ( I S ~ - 1 ~ 1 0 0 ~ 1 ~ 0 ~ 1 0 1  

1 0 0  F P L = A P P S * V E L D * F T F ( Y ~ + ~ ~ L D ) / ~ S ? Y S * E S ~ ( L ~ ] )  
I F ( ' ? L . L T . ~  .E-23)  ! i 3 I T E ( 6 * 3 ~ 3 ' 0 1  
IF ( r D L . L ~ . i  .E-20)  S T O P ~ ~ I ~ S P ~ E S ~ ~ ~  

65 xv '= I .  
IF(FPl-.ST,SO. 1 KVP=20 
TL!l=41VT(FPL/XYP) 

1 7 1  T L A . L T . ~ . ' ~ )  TLA=FPL/XN? 
I F ( T L A . L T * ~ , ~ )  ~ ? 1 ~ ~ ( 6 r 3 ~ 1 1  TLA 

i7i I F ( ~ L A , L T . ~ . ~ )  COTO 1 ° 3  
C 
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CALCULATE A C T U 4 L ' V E L O C I T Y  TY93UGH TUBES AND f F 1  I T  DOES NOT 
4 ~ 3 5 5  G I T H I V  5 J E C l F I E 3  L I Y I i S  WITH  THE CURqEVT D E S I S N  VALUE* 
C U 4 ' i S F  I U n E K  T 3  I V ~ I C A T S  333SE3JEUT CALCULATION AVD DETERYIVE 
SlrRFACE AREA U S I Y G  CALCUL5TE3 v4LUE OF V E L O C ~ T Y  

D r T E ? Y I \ I E  P IJYSEg OF TU3ES 3C S I V E U  SIZE! PER SHELL' AYD T 3 T A L  
CnY3EvS5!? HEAT TRAYSFER SJSFACE A 1 E 4  

X V T S = r  I U T  !S3 t4S / (VEL3*FTr  ( Y C : A 9 L 2 ) )  +0.5) *xNP 
X Y i S X = r V T S  * X V S  

&ST=AnPS*XVS 

D F T E ? Y I < ?  H E 4 Q  LOSS T H 9 J  T4E1  COVDEUSER, INCLUDING TUBE-END 
A s , ?  h ' lTERH3X L 3 S f  E S  

S:On4SE OF VARIABLES 



S U S ~ O U T ~  NE' SSCALE 7 4 / 7 4   OPT^^ FTN 4 r 2 + 7 6 J 5 1  1 2 / 2 o / f b  

3 5 

'Lo 

SUB?OU?I  NE SSCALE' 

S!!SRr)UTIYE SSCALES SCALES THE STEAM S U P ? L ~  S ~ S T E Y  UP TO 
0:TAIY TrfE S ? E C I F I E 3  P O I J E ~ I  OUTPUT OF TdE: P L A q  (PSTZE)  4 T  , l ' iEi  

R A T E D  BACK PRESSURE OF TdE: STEAY TURBIVf l .  THE1 INCREMENTALI 
CnST 3VE9 TqAT OF TYE SYSTEY USING & cO\IVFNT?QNCI_* TIJRgINC: IS '  
CALCULATED 4T TYE RATE3 3 4 C K  PRESSVRE, 

T r O  

- IVCQEYENTAL CDST 3F STEAM S U P ? L ~  FOR M4gE UP OF 
F3'JE9 OUTPUT 3UE1 T 3  I Y C R E A S E ~ :  HEAT RATE AT R4TED 
BACK "QESSUQE ( $ 1  - COST OF STEAM SJDPLY SYSTEM P E R  K I ~ O W A T ~  (S/KW) - HEAT RATE FAcTO? '  OF STEAY TUR31NE 4 T  RATED B ~ C K  

P ~ E S S U Q E  ( D I ~ E ' J S I ~ " J L E S S )  - C3ST DF POkE? ' L I V T  ?ER K I L o N A T T  (*/KW) - PLANT S I Z C  ( '44) - STEAY TUS?INE ?&TED 94CK PRESSURE  IN H 5 # )  - 1VcRE"EVTpL PL14'4T ~ 3 5 7  DUE TO INCPEASED HEAT RATE' 
AT R ~ T E D  B A C K  ??ZSSJSE OF STEbM TUDSINE 4 s )  - c O E F F I C I ~ V T S  3Fi T H I 9 0  OQDER .I:AT R ~ T E  CURVE F I T  
F39 STEAY TUR3IVEI  (D IYEvSIONLESS)  
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' E m U a T ; O J  F39 HEAT RATE F A C T 3 1  9 s  4 FUNCTIOV ncl TUQBINE 
9,1C< P?FSS!J=E 

I ' ICQEYE"!TAL S T E 4 Y  C , ! J P P L ~  C 9 S T  DYE TO I Y ~ R E A S E ~  HE4T RATE' 
7 f i C T 3 ?  AT Q 4 T E 3  Y A t <  P?'SSJ?E ( 5 )  

I * ~ C P E M E ' J T . ~ L  S T E A M  SUPPLY COST 311E TO IYCFiEAfED H E I T  RATE 
9c TiJG3I:JE ( 9 )  

~ S C 3 = ( ~ L P U C l - ? L A V C ) * 1 0 3 0 . *  D S I Z E l  
R E T  JSM 
EYD 



S U ~ R ~ U T I N E ~  STORE 7 4 / 7 6   OPT=^ FTN 4 ,2+7*35i  ra/zo/!a . 

S U R ~ O U T I ' J E  STORE 
C  
C T Y I S  R n U T I Y E  I S  C A L L E D  E A C H  T I Y E I A  YEW LOW COST IS  FOUVB* 
C I T  S T O a E S  VALUES OF COST, DESIS'J' ,  ETCI FOR T'-IE F I N A L  REP OR^ 
C 

COMYD'J / R P ? T ' /  21 ( 2  3 8 )  
c o u * o N  1 7 0 ~ ~ 2 1  R 2  ( 1  8) 
c o v r n N  / Q P R T ~ /  u 3 ( 4  1 COMLION / N P Q T ~ /  S 2 Q T  ( E 0 3 g )  
c O W 4 3 N  / K P Q T ~ /  S ~ ? T Z  ( 1 2 )  
c ~ Y W Y  / Y ? ? T ~ /  S ~ R T ~  ( 4 )  I 

C 3 Y * O N  / S l V Y /  V S T O ( l l  P' ~ 9 ' 4 U g N  / S Y p P L Y /  VIFI(I 5 )  
L O G I C A L  F I ? S T 9  F X T E Y P  
cOMn lOh l  

5 A 7 T R .  A L ? d A  
5 t c 4 P F .  c 5 S P K W t  cONFI c O N L P  CDSTL ' r  c ~ P c Y G ,  c 3 N M 4 T r  CO~M&2,CA~r  
" 5 c 3 J q  c S E A L P ~  c E L A S T T  C F S r  CDP'JGI c L U V R ,  C Y l q I L S ,  cVM 
S ,DIEPI  r ~ E ~ V E L I  D A V G L E  
5 ~ E ~ F P  
B t F Z 9 9  F I R S T *  F IxL I  F C b S ,  F X T E ~ P '  
B t G 3 E F F  
q ,H%\!P, Y P C S T  
$ t I - ~ E A T  
S t I T Y 4 x r  I T M I N  
3 t J C O V ?  
B .K:ONVI K ~ L E X T  
6 r : I I E X T  

C; t U C S *  UrfS 
B , V 4 S t E )  
5 ,wrv 
g ,X35?f i ,  X W ,  XD 

DO 1 I = l r 1 1 5  
V S T ~ ( T ) = V I N ( I )  

C D N T I Y ! t E  
00 2 Ii1,2039 
S P Q T ~  ( T )  = a 1  ( I )  

2 COYT'I:.II IE 
D3 3 I = 1 , 1 Z  
s ? a : ? ( t ) = 5 2 ( 1 )  

3 C O Y T I Y r l E  
DO O I = 1 , 4  
S P R T ~ ( T ) = R ~ ( I )  

4  C ~ ~ J T I V I I E  
~ C o \ r S = i  
R E T J ? N  
E Y D  



SUR$OUTIWE SIJVCOS - ? 4 / 7 4  O P T = 1  FTN 4*2*7*35i 1 2 ~ 2 0 / ! 5  

S J S R O U T I V E  S U M C O S ~ F C Q ~ P S I Z E P C A P F ~ ~ C O S ~  * C P I P ~  , C O N B ~ ~ ~ A T U F ~ C ~ C P ~ € V ~  
' ~ F ~ A C C ~ ~ Y C S T , ~  T~'UCC, C ~ O U ~ ~ ~ C ~ ~ C S T , S ~ C ~ ~ * S S C ~ ~  ~ R F A C ~  V H R F ~ C ~ P Y F P ~  
5 PL4'4C. C L A N ~ V  cLSUY, F c S U Y ~  ~ 3 S ' f l ~  c S T L V ~ ,  ~ S T H S ~ ,  C F h N E l ,  cYLRVB 
a 

C  
C T H I S  R 7 U T I V E  REPOQTS THE F I N P L  COST S U Y W ~ R ~  
? 

6 0 0 1  F 3 i 7 u f i T ( 1 Y l / / / r T 1 7 , * f C  A I T A  LI C 0 5 T S M M A R Y 11 

F , T 7 2 * " l l  V  I T  E _ Y  E R G  Y C 3 S i S  ,U Y M A R Y1*/ 
4 * ~ 1 5 r ~ 7 ( * 1 - 1 * )  9 ~ 7 1 9 3 2  ( " - " ) / / / I  

6 0 l C  ~ ~ R q 4 S r  
L T ? * ' * c ~ ~ ! . x v G  SYSTEkf C A P ~ T A L " * T ~ ! ~ ~ P ~ ~ . O  
9 r T h ~ - " $ 3 3 L I V G  S Y S T E Y  C A 0 1 T 4 L " q T 1 1 9 r S 1 2 . 6 / )  

6 0 2 0  F09a14T ( 
L  T 4 r " T p i E 4 1 f . T 3 5 , F 1 3 . 0  
? ~ T 7 ? ~ " ~ 3 Y 5 Q " ~ T 1 0 5 , G l Z * h ~  

6 0 3 0  F O Q 4 O T (  
L  T7q1 l4 'AT E X C Y ~ V G E R ~ * ~ T ~ ~ * F ~ ~ . O  
9 . ~ 7 5 ~ ~ H r 4 T  E X C H & ' J S E R * ~ ~ T ~ ~ , G I  2 .5 )  

6 0 4 0  F ~ Q ~ ~ T (  
L  T 7   PI E V Y ' 4 l l r T 2 3 r r l 3  * O  
R t T 7 5 e t ' ~ L E ' J Y Y ~ ' r T Q 3 ~ G 1 . Z . 5 )  

6 0 4 2  F 3 P d P T (  
L T ~ ~ " L ~ ~ v E s s " , T ~ ~ ~ c ~ ~ * o  
Q r T 7 ~ , ~ ~ ~ ~ 0 U V ~ Q S ~ ~ , T 9 3 , 3 1 2 ~ 5 )  

6 n 4 6  c 0 4 " A T (  
L T7." ' i \ IL  s C ? E E U S " ~ T E ~ , F ~ ~ * O  
~ , ~ 7 5 r " ~ f l i ! .  S C R E E V S " ~ T ~ ~ ~ G ~ ~ * ~ )  

6 0 5 0  F O " ' ' ~ T  ( 
i T7,tlFn.N S Y S T E Y N ~ T ~ ~ ~ F ~ ~ * O  
R , T 7 i * " r A V  S V S T E l " r T 9 3 r G 1 2 . 6 )  

6 0 6 0  F O R Y S T (  
L  T ~ * " S T ~ Y C T U ~ E " , T ? ~ ( F ~ ~ . ~  
Q 9 T 7 i c ~ l c T 2 U ~ T U R E t * , T 9 3 ~ F ] . 2 0 6 )  

6 0 7 0  FOR ! S T (  
L T ~ ! " F + U V ) A T I O N * ~ ~ T Z ~ , F ~ ~ . ~  
R I T ~ ' ~ " ~ ~ J V ~ A T I Q U " , T ~ ~ . G ~ ~ ~ ~ / )  

6 0 8 0  F 3 n ' 4 f i ~ (  
L T4.1*PTPI 'JSf*,T35,F13*0 
9 r T 7 ? * " * l I P I ~ G " r T 1 0 6 ~ 3 1 2 . 6 )  

6 0 9 0  FOWL1:T I 

L  T 4 . " ~ 7 V 7 ~ V ~ E 2 ' *  ~ 3 5  , r 1 3 . 0  
2 , ; 7 ? , ~ l * 0 ' ~ 3 E V S E R ~ . T l I 1 5 r 5 ~ Z * 6 )  

6100 FI),?$:S7( 
L T2,11Cr?ACI:Y P E V I ~ T Y ~ ~ , T ~ S , ~ ! ~ ~ C  
R ~ T 6 3 * l * r r \ " r \ t I : Y  ~ ~ V ~ L f ~ l r r ~ l l 9 r 5 1 2 . 5 f )  

f i 1 1 0 ,  ~ 3 ~ ~ 1 4 i ;  
~ 2 . t ~ ~ '  P Y ~  S C ~ L I ~ S ~ I , ~ ~ U ~ F ~ ~ . ~  

? t T h 3 r 1 * " L A V T  S C ~ ~ L I Y C " ~ T ? ~ ~ ~ B ~ ? . S )  
6120 F37 1 4 T (  

L  T % , I I S ~ E A Y  s ! J ? P L Y ' * ~  ~ 3 5 1 F 1 3 . Q  
? , T ~ : , ~ ~ C T E ~ Y  S U P J L Y " * T ~ ~ ~ , G ~ ~ , ~ )  

6110 F ~ R  A T (  
L T ~ * * I Y  * S E  p L 4 Y T l f , T 3 5 . F 1 3 * 0  
l r T 7 2 , " a A S E  P ~ ~ \ ~ l T ~ ' t T 1 0 6 r G 1 2 . 5 / )  

6 1 4 0  ~ 3 7  ! A T (  
L T P , " L F ' ~ ~ " , T ~ Y ~ F ~ ~ . ~ / )  
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6 1 5 0  F O Q Y A T ~  
L T 4 9 * 1 ? ( l * - l * ) / )  

6 0 6 1 6 0  F D ? Y & T (  
L ~ 2 , l ~ ~ n t ~ L  C k P I T ~ L  C ~ S T Y ~ T ~ ~ ~ ~ ~ S ~ ~ , T Q ~ , F ~ ~ , ~  
R I T ~ ~ * ' ~ T D T A L  C A P I T A L  C O S T " Y T ~ I ~ * S ' ~ ~ ~ S / )  

6179  F d Q q 4 7 (  
R T ~ ~ I " ~ ~ I E R G Y  P E V A L T Y " r T 1 1 9 ~ S 1 2 . 5 / )  

55  6 1 8 0  F O Q Y A T ~  
R  T ~ ~ , " > ~ I ~ I T I O ~ A L  3 A S E  P L A N T  F ~ E C ~ 1 , ~ 1 1 9 * 0 1 2 , 6 / )  

6190 F 3 R 4 4 T f  
T ~ ~ I " ~ P E ? A T I O N  AVO Y A X N T E N A V C E ' 1 , T l 1 9 * G 1 2 * 6 / )  

6290 FOQ\IDT ( 

7 0 q ,  T ~ ? * ' ~ ~ ~ T A L ~ ~ , T I  1 9 * ~ 1 2 * b )  
YFDJ!  = Y F ?  ' 1, 
F & C T 3 R =  ~ C ? / ( P S I Z E * C A P F * 9 7 5 0 )  
d ? 1 ? ~ ( h r b 0 0 1 )  
Y ? T T E ( ~ T ~ Q ~ ~ )  ( C ~ ~ S ~ * C P I ~ ~ * C ~ ~ ~ ~ ~ ) ~ ( ( C ~ ~ S ~ + ~ ~ ~ P ~ + ~ O N ~ ~ ~ ? * F ~ ~ T ~ R ~ ~  
w ? ?  T E  ( 6 * 5 0 2 0 )  C C 3 5 1  I C C ~ S ~ * F A C T ~ ~  
w ? I T E ( ~ ~ ~ o ~ o )  ATU3C,ATUBC*F4CT3?1 
W R I T E ! h , 6 q h  C P L E N t C P L E U * F f i C T 3 ?  3 W ? i T E ( 6 1 5 3 4  1 C ~ ~ ~ ~ l r  c S T L V ~ * ~ ~ C T ~ ?  
~ 9 1 : ~ ( 6 , 6 0 4 4 )  c S T ~ S ~ ~  C 5 T ~ S l * c ~ ~ T 3 R  
b , Q I ~ E ( ~ ~ 5 0 5 0 )  t r q A C C  + F Y C S T  + C~LRVI + CF&'J~I) 

P * ( r 3 ~ C C  + rMCST + C Y L R Y l  + C F ~ V E I )  F A C T O R  
W S I ~ E ( ~ V ~ O S O I  S T ? U C C , S i Q U C C * F A C i 3 R  
H 9 1 r E ( 6 9 3 3 7 3 )  c F ? U N ~ , C F O J N ~ * F A : T ~ R  
~ R I T f ( k r 6 0 9 0 )  c O I ? ~ T C P I ' ~ * F A C T ~ ?  
WRI TE ( r , * 6 0 3 0 )  C O h l s A 1  * C @ " l A 1 * ' A t T 3 ?  
W E 1 T E ( c , 6 1 ~ 0 1  C 4 3 C S T t C A ? C S T * ' P C T 3 2  
W 7 1 T t  ( ( . r b l l O )  S " C D ~ * S P C ~ ~ * F ~ C T ~ ~ '  
~ 2 T T E ( 6 , 6 1 2 0 )  S S C 3 ~ l 9 F 4 C 2 / H ? F A C l * ~ r ~ P 1 ~ ~ f C ~ * i ~ ~ ~ ~ P / H ~ ~ 4 ~ l ~ ~ ~ P P ~ *  

g F a C T 9 R  
W ? I T E ( f i , 5 1 3 0 )  P L ~ N C * ( H Q F A C ~ / ~ ~ F A C ~ ~ Y F P P ~ - ~ , ) . ~ * ~ O ~ * ~ ~  ? S I Z E ,  

5 3L4'!:r ( ~ ? F ~ C ~ / Y ? T  n ~ l * ~ ~ ~ ~ l - I e )  * 1 0 * * 3  * P S I f E l . *  Fj,cfOR 
w ? ? T E ( r , 5 1 4 0 ]  C L A U ~  
1 4 7 ~ ~ ~  ( 6 9 b 1 5 0  
~ 4 2 I T E ( 4 , 6 1 5 f ) )  C L ~ V ~ + S P C D ~ + C ~ J C S T + C : O S ~ ~ C P I P ~ + C O V B ~ ~  

s T ( ~ ~ ~ ~ i + S ~ ~ ~ l + ~ ~ c s T + ~ ~ O S ~ + ~ P I P 1 + ~ o ~ a ~ l ) ~ F A ~ ~ o ~  
! 4 ? 1 ~ ~ ( ~ , 5 1 7 0 )  C L S J M  
w Q I T E ( G * ~ ~ H O )  FCSOW 



SURQOUTINE STRUCT 7 4 / 7 6  OPT=I FTN 4.2+74351 12/20/:6 

SI ISROJTI? IE  5 T p J C T  D E T i I 9 Y I V E S  T d E  COST 3" THE STRUCTURES 
Pt.3 T I E  r O U V 3 4 ? I O Y  FO? T.15' C I ? C J L P R  T O ~ E R S  r THE STRUCTUSE 
C?ST 1s 4 4 S C D  3N T 9 E  YE!ST+, AVD D ~ A ~ E T E ~ ~  OF FACH TONER AN31 
T-IE 3ESIGxI  700' LOP?. f d <  F O J U 3 A T I 9 N  Z 3 S T  I S  BASED ON THE 
T n T f i L  J E i q d T  0' TNE Y E A T  EX"Y4VC25 A y 3  THE SURFACE ARE4 
C o V E q E 3  3 Y  T I E  T O W E ~ S .  

- C?ST 3F F O U U 3 4 T I J U  ( 6 )  - C 3 5 T  SF S T ? J Z i J ? I S  ( 8 )  - T?h'$'? D I A Y E T E ?  ( I T )  - NJ+E? O F  CI ?CULaR T O ~ E S S  ( 0 1  YEUSIOVLESS)  - Y l u a E ?  O r  CIqC!JL4?  T3vIE7S ( D I * E Y S I O V L E S S )  - S ! S E t T  1 Y 9  I U 2 1 2 Z C T  CONSTRUCTION COSTS =OR THE 
STSVCTURES (?ECI 44L 'EPCEUT) - D E S I S V  P 3 3 F  L 3 4 1  1 ~ 3 f / f ' J  F T )  - d E I G + T  C' T d E  M a i E R  I V  T Y E  H Z h T  E X C ~ A N D E R  (L9F) - e ~ ? i G d T  OF Y A T E ~ I ~ L  1'4 THE H E A T  E X C H ~ N G E S  (L8F) - C I ~ C J L A ?  T D d E ? S  f T ? d c T U 9 4 ~  WEIGHT ( L B F )  

CST?UC = SLE'JG * - 2 b 5 8  r P I / & *  + D T 3 d r r 2  + ITOWN ; 
5 ( s ~ ~ h P S  ROOFL + , 726 )  

F n d N 3 f i T I O V  COSTS 

S T ~ L I C T J R A L  A ' E I S ~ T  OF C 9 3 L I ' J G e  T O ~ E R S  BASED O Y  so*S3,l.,B 

S T ? U C T L I ~ A L  COST T A K I N G  I V T 3 8  4CCOUNT D I R E C T  AhjD I N D I R E C T  
C ~ U S T Q U C T I O V  c ~ S T S I  

CSTqUC t S T ? U C  P3dSfC 
RET J?N 
EUD 



SURROUTINE~ SURCON 7 4 / 1 4  OPT=]. FTN 4.,2*7435i 12/20/!64 

SUBSOUTINE SURCOV ( ISURI  KGAr L3'r T L A ?  XNTS, ARPS, XNS, CONCST 
f rCONMAT, P3dCVD) 

PDOGRAH SURCON 3ETEgMIVES THE C A P I T A L  C3ST OF A S I N G L E  
PQESSURE OR SESIES-COYNECfED SURFACE: cOVDEVSER'. REFERENCE! 
IlqiJSFACE COVDEVSERS F09 LAVO ! ' J S T A L L A T I ~ N " ~  G ~ R M  pt:3i2: 
Y F S T I V G ~ O U S E  E L E c T R I  c D ~ ~ ~ R A T ' I ~ N v  26 V ~ V E Y B F S  lQ5s 
U D ? ~ T E D  ON F E ~ F U A R Y  Fzr  TO C J R ~ E N T  P R I C E S  

- ACCESSOQY COST CORRECTION FACTOR FOR THElCONDENSE3I - IVCREASES COST 3 F 1 T 9 B I Y G  Y A ~ C ~ ~ A L I  - A ? E A  PER SHELL1 3FI TdE  COVDENSER (SQ FT) - A J X I L I A R Y  c 3 S T  ( f )  

- V4914RLE F09 C3V?E+'4SE3 Y A T E R I ~ L  (DIYENSIONLESS) - QUANTITY DISC3UVT F3Q TUBES OPMEYSIONLESS) - ESEcTION- COST ( % / S 3  F T )  - T'JqIUG LEYGTH P E N ~ L T Y  ( D I ~ E N S I O N L E S S )  - FIEt-9 ERECTI3V  t 3 S T  ( f / S O  F T )  - T91E S I Z E  F A c T D ?  ( ~ I ~ E N S I D N L E S S )  - IVDIRECT COST F ~ I C T O ~  FOR THE TUBE* S H E ~ ~ I ,  AND 
F I E L S  EAECTIOV C 3 S f 9  ( D I u E N S I 3 N L E S S )  - SWELL C O S T  FO? TdE C3YDENSER ( S )  - TOTAL COST C)F T J 3 I N 3  YATERIAL '  (J /F?)  - WEIGHT OF T O T 4 i i  qY0JIJT OF TU3:B I N  THE  CONDENSER^ 
( 1 3 F )  - YUYqE9 OF SHELLS I V  TYE CONDEYSER ~DIMEVSIONLESS) - N Y Y s S R  GF TUaZS PER SHELL! ( D J Y E N S I ~ N L E S S )  

D c F I N I T I O N  OF ARRAYS 

T l j3YA - TUSE YATERIAL  (V4YES)  
c L - TURE f I X E D  COSTS ( 8 )  
C1- '4 - T1J9E HATEq1D.L t 3 S T S  ( f / L B Y I  , 
R ~ E L  - D E N S I T Y  OF i V a 5 '  H p T t S I I L S  ( L 3 8 V 1 / ~ U  i ~ )  
G a B L I  - TU3E $ A G E  (D IYEVSIOVLESS)  
T Y Y L I Y  - TqICI(UESS OF T33E.  (1'4) 
O n L I V E  - C 3 u ~ 3 N  D iaMETE9S OF TUBES (1%) 



SUQQOUTIYE S U ~ C O W  7 4 / 7 4  OPT-1 FTN 4.2+7&35.i 12/20/!6 

S T A V D ~ Q D  TU3E 3 1  AMETE?S, StGE, AND THIC~NESSFS 

f n ?  STEEL 
 OAT^ ( r F i b r J ) r J = 1 , 7 ) /  1enO1 1.33r  1.09, 1 - 1 3 ,  l o l f ,  1.21, 1 - 2 5  / 
3 4 T 4  ( = r ( 7 r J ) , \ ! = l t 7 ) /  1-00, 1,339 1 . 0 9 ~  1 * 1 3 *  1q17, 1.21, 1.25 / 

C 
C CnVST4USS FO? COST E P U 4 T I 3 V  F39 BdSIC COYOEVSER S4ELL AS 4 
C FIIVCTTO'J OF TlJ3E 0.30 ( J 5 3 4 T E 2  FESQUARY 9 1975 )  ,. 

C C S T  OF FlEL3 EqESTIDU 4V3  ?!J31VG DER S5UARE FOOT 3F 
SltRFr, tE AQE4 I S  R b S E 3  U23'4 I Y ~ ' D ? M & T I O N  j U P P L I E O  8Y 
WESTIVS*OVSE C O t 4 P A Y Y  AV3 AVER4SE W A S €  L A 9 0 9  Q 4 T E 5  O ~ T A I N E ~  
F@OH J J U E  !975  COYST9UCTI3V 75VXEW 

DeFIVXVG THE CASE UNDER c ~ V S I ~ E Q A T I ~ N  



F T N  4.247335i 1 2 Y 2 0 / 7 6 ,  * 

IF(LF~~G.UE.OI STOP 
55 c b N r l  I j E  

F I R S T  = .FALSE. 4 
C 
C 
C 3 r T E R q I Y E  T b T b L I  LENGTH 3Fl T'JSING. R E Q U I R E D   AN^ cOR?ESPONOIY I I~  
C Ol l a V T 1 T Y  DISCOUNT 
c ' 

TOTLT;TLA*XVTS.XNS 
C 

I F ( T o ~ L T - s ~ O O O * )  1 0 2 , 1 0 1 9 1 0 1  ' 

1 0 1  D S c T = ~ . i 7 4  
GO T O  1n3 

1 0 2  1 F ( T O ~ L T - 3 0 0 0 0 . ) 1 0 5 ~ 1 0 ~ ~ 1 0 ~  
1 0 4  DSCT=".OZ 

6 0  TO 103 
1 0 5  D S t T = n .  
103 KK =. 7 

00 1 0 6  I = z P  R 
I F ( T L $  .GE. (10.011) ) KK t I -. 2' 

1 0 6  CO~JYI ',,E 
F = FF(ITUBYAPYK) 
ASGE? = IJ.IJQ 1 

I r ( I T U R t 4 A  . i T .  4) ADDER s* F 
I C ( 1 T U s Y A  .LT. 4 )  F = 1.00 

C 
C D F T E Q H I W  T'TTALI COST OF' T U B I N G *  Y A T E R I A L I  
C 

109 wT = I t *  = 3 * i 4 1 5 9  * H O E L 1 ( I t U B Y A )  r ( O D L I N E ( ~ D ) - T ~ K L I N ( K O A ~ )  
3 * T Y K L I N ( ~ F A )  

TCSTDF = C L Y ( I T U 9 Y A )  +WT 4 C L ( I T J B Y 4 )  
T c S T P F  = T c S T P F + F  + 4DDER 

C 
C TIIBE C7ST  A?E F'e0.9. CDSTS*  1.11 ACCOUYTS FOR PURCHASING 
C A l l 9  S H I P P I N G  
C 

TURCST = T 9 T L T  * TCSTPF (1.11-OSCT) 
TUQCST = TUDCST * POHCND 

C 
C 3 r T E q Y I N E  SYELL '  COST  I V C L U D I N S .  LENGTH, WULTIPQESSURE, AND 
C ACCESSORY COST C O R R E C T I ~ N S P  AS A P P R O P R I A T E  
C 

CFAC, = 0.016.TLA * 0.50 
50 ~ 0 ( 1 @ 0 , 1 1 1 * 1 1 2 , 1 1 3 ) * 1 ~ ~ ~  

111 c F ~ C = C F A C + O . O ~  
GO TO 1 0 0  

112 CF4C=cFAC+O.16 
GO TO 1 0 0  

i13 C F ~ C = C F A C + ~ * O ~ + X N S * O . O ~  
C 

1 0 0  F30 = 7.00 
I i ( L D  .LT. 4 )  F 0 3  = 0 5 
Ir(.D .E3. 6 )  F 0 3  = 1:!5 
ACCFI = ( ~ . ~ ~ ~ * A L D G ( x N T S )  - 0.4.959 * F 0 0  



SlJQQOUTI  hj9' SLJRCOV ?4/74 3PTrl FTN ~.2+7635i 12/20 / !6  

AUXCST = O*bS*ARPS*XUS 
3?.1CS? = ( S C C I ( L D ) * X N T S  S C C ? . ( L D ) )  
S Y L C S T = ~ S ~ C S T * ( C F ! , C + A C C ~ ? * X ~ S  AJXCST 

S r L c S T  S SqLCST * P31CU3  
i 

~ E T C S T = E ~ T C S T , A ? P S . %  
FETCST = FETCST * 234CUD 



FTN 4,2+7b35i 12/20/!6 . 

L 

C FuNCTIOY TLU IS A FOUR-?5IVT' LPGRAvGIAH' INTEGPOLAT~ON 
C T i 3 L E  LOOK-UP ROUTIVE 

5 C 
C O E F I V I T I O N  3F VARTAaLES 

C 
C NT - YVMBES OF OAT4 PTONTS 
C 11-4 - OEPEY~ENT V A R I A ~ L E  

1 0  C X - IVOEPENDENT V A ? I 4 3 L E  
C x T - IVDE?ENQEVT V491A3LE1 ~ R Q A Y  
C YT - DEPEVDENT V4RIA3LE AR3Ay 
c 

b I w E N f I O V  XT (NT) . Y T  (NT)  
i 5 c 

C 9 rTESYINE I F  IUDEPENDEVT V4R148LE I S  WI~HIY RANGE! OF, 
C Tn9ULATED DATA 
C 

IF( (X-XT(I~ ) * ( X - X T ( Y T ,  ) ) i o o , i o o , i o l  
2 9 C 

C ~ F T E Q U I Y E  I F '  TABULATED VALUES OF' INDEPENDENT VARIABLE ARE' 
C I y  ASCENOiNO OR DESCEYDIV31093ER 

* 

L 

4 0 C I F  IU3EPENDEVT VARIPBLE I S  EQUAL'TO T A S ' J L A T E ~  VALUE, SET 
C F ~ l V c T l o r J  EQUAL TO C3RREfDq3YDI\Is VALUE ~ T I D E P E V D E N T  VARIABLE' 
C 

i o 4  TL J = Y T  (I ) 

C 
4 5 P F T ' I R ~ T  

c 
C IF INDEPENDCrJT VGRI6BL.i: I5 SETdEEV P I ~ S T ' T W O - O R  C A S T  TWO 
C T ~ B U L A T E D  VCLLIES, ADJUST IVgEX i o  O B T A I V ~  FOUR POIVRS FOR ,. 
\r I ~ T E Q P O L A T I D N  

! 5 6 C 
i o 5  1 ~ ( 1 - t ) 1 0 5 ~ 1 3 6 , 1 0 7  

I 106 I=I+I 

0 0  TO 1 0 9  
1 0 7  I F ( 1 - \ I T )  1 0 8 * 1 0 9 , 1 0 9  

55 1 0 9  I=I-1 
C 
C DETE?YINE FVNCTION VALUE! JSINGa FOUR-PQIvT LAGRANGIAN 



FUYCTIOV TLU ?4/7 /+  OPT=l FTN b32*7&35 i  1 i?/Zo/! s 



S U ~ ~ O U T I I ~ E  VARIT $ 4 1 7 4   OPT=^ F T N  4,2c7035i 12/20/!6 . 

L 

C  * S I J ~ ~ ~ U T I N E  V A R I T  CALCULATES T I E  PERFORYPNCE OF' THE1 POWER, 
C  PI 4'47 4 V 3  D?Y COOLIVG T3VJEQ'YVDER TYE ASSUYPT ION THAT THE - 

5 C  PTR S I D E  HEAT TQANSFER C O E F F I C I E N T S  AN3 A I R  V E L O C I T Y  
' C  TuQOJSH THF 4 F b T  FXCHANSF? TUqES ARE uYCY4NGc3.  T u ? S  1s 

C  DOVE 7 0 2  THE' CASE H I V I V S  T I E '  M I V I Y U y  I V C R E Y E ~ J T A L  COST, - 
- GAS T U R B I Y E  C A P I T A L  COST (S/YW) - COST OF GAS T J ? 3 I V E  ( $ 1  - D E R ~ E N T A G E  OF T I d E ,  THE PLAN? I S  PRODUCIVG POWER 

('ERCENT) - C3ST 3 F  Tr lE  3QY C O O L I V G  TOWE?S ( S )  - c 3 S T  3F L A Y O  Tq(crJ  UP BY THE j R Y  COOLINGI TOWERS ( S S  - C ~ S T  OF SURFACE c O ~ ~ E V S E R  ( $ 1  
COST OF MAIVT4 I ' J :YG  T 4 E  DRY C ~ O L I Y C  TOWER - COST OF P I P I V S  4'43 DUYPIVG S Y S T E Y S - ( S )  - c ~ S T  3 F  ' ~ ~ K E - U P  d 3 d ~ R  BY GAS T U R ~ I N E S  AT  EACH 
P'-'~IE\T A I R  T F Y ~ E R A T U R E  ( Y I L L ' s / K ~ - H R )  - IVCPEYEPJTAL F J E L I C O S T  FOR STEhM SUPPLY SYSTEM 
( " I L L S / K H  YR) - H E A T  E X C H ~ N G E ?  EFFECTIVENESS 3 F  D R ~  C ~ ~ i ~ ~ ~  
TOVJEQS ( 3 1 M E V S I 3 N L E S S )  - COVDEYSER E F f E c T I V E ' J E S S  - F Y E L  COST FO? T IE1  STEAM SUPPLY SYSTEM ( Y ? L L S / B T U )  - F I X E D  cHAQGE QATEI OV C A P I T A L  3ER YEAR (PERCENT)  - POWER R E 9 J I S E Y E V T S  OF SYSTEM ( K W )  - H E A T  R A T E   FACT^? 3 F  S T E A M  T u 2 3 ' 1 ~ E  A T  RATED BACK 
P9ESSURE ( @ I ' - + E Y S I O V L E S S )  - HEAT ? A T E  F A C T 3 2  3 F  S T E A Y  T U Q ~ T N E '  i T  D E S I G N  
C O N D I T I O V S  OF '3dER PLANT  ( D I Y E N S I O N L E S S )  - H E A T  R b T E  FACTO? 3 F  S T E A ~  T u 9 3 1 N E  i T  A  l aRT ICULpR 
A V B I E Y T  A T 9  TEMpERa fU?E  ( D I M ~ N S I O N ~ E S S )  - BACK PPESSURE 3ri STEA'! TURBIVE l  ( I N ,  HG,) - I V C R E Y E N T ~ L  P 3 g f R  ? ? ~ ~ U C ~ I O N  COST OF!  THEI DR? 
COOLED PONER 'L4VT F 0 9  A  PARTICULAR A M a I e N T  A I R  
T E ~ P E Q A T ~ ! Q E  ('I1 LLS /<w-HQ)  - PONE9 OUTPUT 3 F  PLAUT AT 4  PA??ICU~AR A Y B I E N T  AIR 
TEYOESATUQE ( v d )  - POWER Q E ~ U I S E Y E N T S  3 F  TYE P I D I N G  S Y S T E Y  4KW) - POiJE9 @lJ f3UT 3 f 1  5 i E 4 ' 4  TU?B INE '  A T  RATED 3ACK 
PqESSURE TO ? ? O N C E  REQUIQEO 7UTPUT OF PLANT 
3F PLANT ST 3ESI3:; C 3 V D i i  I O N S  (bid) - P3WE2 OUTPUT 3 7 1  " L A V T  A T  S P E C I F I E D  A M B I E N T  AIR, 
T E M P E ~ P T L ' S E  ( Y d )  - COST OF F U E L  '37 G A S  T U Q g I N E  ( M I L L s / K W - A R )  - TYE?'-+aL EVEQGY 3UTPUT OF S T E ~ Y  SUPpLf'f SYSTEM A T  
RLTE3 ~ A C I (  PQESfJr7E 3 F  TUQBIVEI  (BTU /HR)  - H E A T  2 E J E c T E D  A T  4 S P E C I F I E o  p Y e I E ~ T  A I Q I  TEMPER&- 
T J ? E  (RTU/HQ)  - TEMPEF(ATU?E 9 p V S f '  OF NATES P A S S I N G  THROllGH ?HE) 
HEAT E X C Y a N G E ?  O E G  F )  - I V C R E \ I E N T ~ L  C3ST 3 F  ? L A W  DUE1 TO SCALE-UP OF STEAYI 
SUP?Lv SYSTEY 4 V 3  T d E  SCALE U ? l O F .  THE PLANT  TO 
TAKE I N T O  ACC3QVT F 3 2  F ~ N  AND PUMP DOWE?i 



y u a 6 o U ~ I v c  v n a I ~  ;4/74  OPT=^ FTN 4.,2+7635i lt; /20/!6 

~ i -  
V r S T  
W 1 

Q E O U I ~ E Y E Y T S  ( 5 )  - A'JSIENT A I R  T ? Y a I Q A T U Q E  (DEO '0 - T q E R Y f i L  E F F I C I E V t Y  3 f  C O V V E N T I O N A L  S T E q Y l  TURBINE1 
AT R 4 T E D  9 A C K  P q E S S J Q E  ( D I M E V S I Q N L F S S )  - T A E ? v n L  E F F I C I E V C Y  3 F  S T E A M  T J R B I Y E  A T  RATED 
a f l c y  ,?qE'zc?' :?'"z:5::b4;:s53 - T ? E E ~ u L  E F F I C I E V C Y  3F S T E A M  T J D B I ~ I E  A T  POWER 
P L A N T  OESIGY C 3 V 3 1 T 1 3 y S  ( ~ I H E V S I ~ N ~ E S S )  - T ~ E P Y A L  E F F I C I E V C Y  3F S T E A M  T J R B I Y F  A S S ~ C I E A T E D  
Y I T Y  4 P & ? T T C J L A ?  A q 5 1 E u ~  A1s TEYPEQATU?E 
( ~ I Y E V S ~ O ' J L E S S )  - P E ~ C E U T  3 ~  TIYE e v  h q 3 1 E ~ T  T E Y P E S A ~ U R E  DCCURS 
~ J ~ I U S  T+' Y E & ?  ( P E ? C E > I T )  - c O E F ~ I C I E V T S  C3? T H 1 2 2  3R3ER CURVE F I T  3 F  STEAM 
T J Q B I V F  ?EAT ? h T E  F A C T 0 2  ( D I ' + E N S I O V L E S S )  - T E R Y T V A L  TCMPERPTUSE 3 I F F E 9 E U z E  3 F  S U R F A C E  
C?:IDCUSE? FOR 4 ' A ? T I C U L I 1 9  4 Y 3 I E V T  A I R  T E Y P E Q A T u R ~ I  - T E R u i U A L  T E q o Z 3 4 T U R E  3 I F F E R E V t E  OF SURFLCE CONDENS-- 
E q  AT S F S I S U  C 3 U I I T I D V S  ( 3 E G  :I) - F X I T  T E r 4 P E P ~ T J ? E 1  D s  S T E A V  T u ? ~ I N E  ' ( ~ E G  Fq - T 3 T 4 L  IP!C?EblEVT4L' C 3 5 T  3 F  DQY C O ~ L ~ V G  (YILLS/L(W-H?')  - Y 4 S S  FLOW R A T E  3;' r lbTER TdROL13H TYE H E A T  E X C H A N S E ? ~  
( i Q Y / q R )  - I U C R E Y E N T A L  c 3 S T  3 F  0 9 Y  C O O L I V G  FOR E A C ~  A M B I E N T  
A19 TEMPEi7AT JqE ( V J L L S / K W - H Q ~  

Y=D!41u - P L A Y T  SCALING f b c T 3 ?  TO T A K E  I V T O  4 ~ ~ O U V 7  FOR F A N  
A'J3 =UYP PO'JE? ( ~ I : I C N S I ~ Y I , E S S )  



SU~UOUTINE~ VARIT 7 4 / 7 4  OP:=~, FTN ~ . 2 + 7 4 3 ~ i  12/20/!6. I. 

C3MYON /SCALER/ HRFAClr  SSCD* PLA'JC19 CASSSlr  
S GdIU,  F 4 I R e  H P p I R r  H P W A T ~  P L ' A ' J C T ~  

c3MVOY /SgpPLY/   VAL(^)^ c P 1 3 r  CC!IST W3r c O S M ~  EFF 
$9 : L A L * D ~  2 E A I R r  Z , ~ I ~ F A C ~ ~  ~ 4 9  Uc PPOW* 
% F P ~ ~ ~ , ~ E L F c , W I D T H I E L E V S I  V p I R r  VWATr q T r  doc i4, 
$ ?E"T* Y W I P L A N C ~ ~ P S I Z I ? ,  spa*,  5 ~ 4 ,  SUq: 
B S ~ C , P ~ ~ T A L ~ ~ L A ' ~ C ~ ~ S ~ F ~  AAIR*  YFP, s P C ~ ~ P S I Z ~ ~ *  W T ~ ?  

S 3 F 2  r  V TC3Sr D E L P A ~ ~ E L P ~ T ~ D E L P W C ~ ~ O N ~ A ~ ~  XNTSX* VELDX 
5 ,  T L t X ,  u C O Y ~ F M C S T , F B A C C T  E F t C t  CH, Car  C  S  
f r  cLTc,  CFC* C ~ C C *  F I T c 3 9  c S C ~ C E P R E P , ~ E L ? I P ,  bST 
5 V C A J C S T  9 X V F A I ' I ~ ~ L D A V G ,  cPLEV, I ~ F E L ~  WHXI rlTT'J6, A D I A ,  ABLV~ 
ur  jTYnR9 ~ T F R ~ ' ~ S T H J C C , C F ~ E R F ~ I ~ ~ E ~ F ~  TOTCF* EFFIV ,  A ~ T U  
5 .  4 I R c F r  WnTFrr X'lPc9r TCT'FI FCC>F* iVTRC9 4CCTTP9 4DJTP 
$ *  ~:TBr>i l .  ADJSPDt 4CTVYp A 3 J V i ' t  ACJPPF* ; i J # I Q *  TcTFI PFCST 
5, ~?,c?t H!TERYI YSTRcT, cFDJV3r  4U301Ar T ~ ~ I - E Y *  CSEI CL(F 
$ , c ~ P ,  NJUTTW* cTDW3r ATUBCI cSTLVSr CSTHS, :YLQNnq CFANEL 

C ~ Y Y O ' ~  /SIVK/ V A R ( ~ )  , C P I P l r  CCDsl r  ~ 3 1 ,  c O s Y l  r E f F l  
$9 ~ L A V I  * ?E411. r  Zl *H1FA2S, 4 4 1  * U l *  P P O W ~ ~  
g t v r ~ r l *  s E F C ~ ~  WIST1, E L E V l r  V A I ? l ,  VWATir 1 O r  T 4 1 9  
B ? ~ d : l  r Y \ ! l * Z ? ~ \ ~ ~ t z S I z l ~ r  ZSP3Pr f i d41  r  S d 3 1  r 
$ SP,-lr D T O T l r a ~ ~ C 3 1 r  AFRO19 4 A I q l r y F p ~ I ~ r  SPCDi r  SPS13,wT2MINc 
f B 5 ? \ 4 ~ Y r V d 2 ' 4 I N r  TCOSlr  3EDA1r JDWT1* D P W C ~ * C O N S A ~ *  XNTSlc VELD1 
5 ,  T L q *  gCON1, FMCS1, FRAC19 EFFC19 CHiv  CATV CS1 
$9 ~ L T r l r  ~ F c l r  C P C C ~ ~ F I T C Q ~ ~  c S : ~ ~ C E P Q E ~ ~ ) E P I P ~ ~  ~ S f l  
~ , C A ~ C S ~ ~ X V F A N I  , s L D A V ~  t C D L E V l  r 3 P f E ~ l r  wH1, ~ T T U ~ ,  AD11 9 A x 1  , u l T H n 1 .  dTFW!:ST?:IC:rCF':PF1r j l F ' i t : ~ i ~ F l r ~ F F i i \ ( i r  A N T U ~  
$9 A I 9 F F l  r w ~ T F F ~  r  XNY001r TCT?Ft  r FDCPF1, F Y T R C l *  PCTT32* ADJTPl  
XI ~ " T ? m l r  4 D J 8 ~ l r  ACTVHlr  A 3 J V d l r  4 D J P p l r  T H S A I l r  T c T F ~  r  A F C S T ~  
F,  C S m l r  jATER1r ~ f T p C 1 9  C F ~ U V ~ ,  I U S D I l ,  T O ~ L E ~ ~  CsEZr CHFJ 
S * C 3 A l r  NUYTDWl* CTOADlt  ATd3C19 C S f L V l *  CS:i51* C Y L R N ~ ~  CFAVEl  

C3MY3N / T I V E /  X Y S ~ T T O ~ T L A V X V T S ~ ~ Q P S  

T r E ? Y n L  EFFICIEYCY OF TJR3IUE AT TYEl DESIGN POINT O F i l t l ~  
PI-' A Y  T  

HFAT SUPPLIED 3Y THE' STEAYI SUPPLY SYSTEY~ 

ALISIEVT A IR TEVPERATUQE AVO1 PERCENT~GE OF Y E i a l  OVER WHICH 
TruPEQnTURE OCCURS. 

I T E R A T I V E  L 3 0 P  FOR CALCUL'ATIYS THE E X I T  TEYPERATURE OF THE! 
S j ~ l ' r l  TYRrJIVE AS A FUNCTI3V OF1 THE' AMBIENT 41R TEYPERATURE'r 

C ~ L C U L A T I O N  OF HEAT REJECTED 3Y THE. D R Y  C O O L ~ V G  TDWERS 



s [ I ~ ~ P U T I V E  VAQIT 7 4 / 7 1  OPT=I FTN 4.2476351 12/20/!6 

Q S E J = Q T ' ~ I *  ( 1  o-TE'F4) 
C 
C T;~OE"ATURE RAVGE OF' MATES1 F L ~ W I N O  T H ~ O J G H  T ~ E I  H E 4 7  EXCHAVGIR 

775 P ~ N ~ E = - ? E J / ( W ~ ~ * ( I , + Y F P Y I N ) )  
C 
C  T = P Y I v A L  TEYPESATUQE D IFFESENCE B E T ~ E E v  THE WATER AND THE 
P S T E A V  OF T d E  SJRFACE COUDENSE? 

- T T 3 3 '  = c d V F E / E F F Z l -  ? A N ( ~ E  
l p l !  C 

C E v I T  T E N ; P E R A T I ~ ~ E  OF THE S T l A Y  T U R B i Y E  041 PREVIOIJS E X T I H A T E :  
I F ( b 1 4 P ( 3 )  . B T * I . !  GO TO 2 
f!l = ~ A Y ; F / E F F ~  + TA + T i D P  
to T O  ; 

735  2 T I !  = c P h ~ t E * v A 7 ( 3 ) / E F F l  + T 4  + TTDS 
C 
C  CrhJVEaSENCE C R T T E P I P N  F S P  E X I T  TEYDERATJRE OF TURSINE  

3 I F ( . V O r .  F X T t N P  . 4 Y 3 .  ( T l I - T ! ) * * i  r L T .  .C01) GOT0 Q 
C V T  = . S S (  (TII-T?) ~ 1 1 )  

7 3 1' (FY-5'13 .C:JD. CVT .LT. 5 0 0 0 0 1 )  SOTO 4 
~l=~: l  
G O  T 3  

C 
C - T - T f i L  DONE? OL~T=UT O r  TJ73!UEt AT T Y E  P~?TICU<AR A Y B I E N T  

. i s 5  C At? TE'S'ERATUPE 
L 

4 PTGYAL = 3 i ; . i i + ? E 7 F 4 / 3 4 1 3 * E * ~  
C 
C PpJE? OUTPUT F?gM PLAUT  AT T d E  ~ ~ 7 ~ 1 ~ u l . a ~  A Y ~ I E N T  A I R  

?I-0 n 
.a T r u ~ ~ ? l r ~ l J Q E  
C  

O ^ J E \ ' = ~  ~ 3 T a L - P ? 0 ~ J l / l O @ C .  - F ' 3 ~ 1 / 1 0 0 0 0  
T E F ; ~ = T ~ = F L  

C f q S f  OF F U E L  F 0 9  G A S  T U q 3 I V E  YAKE UP P3dER - 
L. 

C S T C C = ~ ~ ~ I ~ E ' ~ G E V ) / ~ ~ I ~ E * ~ ~ ~ C O S  
T Z F ~ ~ = ; E C ~ ~  

3 1 0  F3 T 3  4 

5 C S T Z L = r  
C 
C  I s ~ z s E v E Y T h ~  COST OF FUEL '07 STEAv  SUP3:Y SYSTEM DUE TO STEPM' 
C i 1173 I ' JE  ODEQATIVG AT OFF 3 E S I S V  C O N D I T I 3 V S  
C 

6 pEL=C=rC35 .3L12  .E-5* ( ( 1  L * Y ~ ? M I U !  ,*:zFrC-i . /~ :TF)  .. 
C C r . P I T b L  C0ST OF GAS TU?9! 'JE 'F3? MAKE U p  POMEq 
C. 
c 

I F  ( Y A ~ ' ! . * v E * ~ )  G3 73 1 0  
C A P Z S ; = O . ~  
I' CD^TZE.LE.L'GEV) 213 TO 10 
C4PCST=Cfx1CYS*  ~ D S I Z C - P G E % ~  

1 0  C ~ L . I T I \ I I I E  
C 
C I \ 'CREYE" I f iL  COST OF FUEL1 FO? STEAu  SUPPLY S Y ~ T E M  SUE 
C T n  S T E A M  T?1?3IVE O P E R A T I V S  A T  3 c f  D E S ~ $ U ~ C D V ~ ~ I ~ I O V S  ( R A T E D  



SU~ROUTINEI VARIT 7 4 / 7 4   OPT=^ FTN 4.2*7635.i lz;/zo/!a 

C SACK PQESSU?E)  
C 

TCDS = ( C C ~ S ~ * S P C D ~ + C L A N I + C P I P ~ + C O V B A ~ + C ~ P C S T ' ~ ~ F C ~ ~ ( P S I ~ ~ ~ C A ~ F ~  
$ 976O.j c O S H ~  +DELFC*CSTCL 

PcST=T?ES*TcOS 
CLSJV.:  CLSUY CSTCL * TPEQ 
F C S J U  C 'CSU* + l E L F C  *lTPE: 

FS,eZ 935 F ~ H Y A T ( T Z I = ~ ~ * ~ ~  ~ ~ ' 3 9 ~ 6 .  9 T 3 9  9 ~ 2 ~ 9 ~ 7 . 4 ,  ~ 3 3 . F 7 . 3  
~ 9 ~ 4 ~ 9 ~ ~ . ~ ,  ~ ~ 7 9 ~ 7 . 2 9  ~ 5 ~ 9 F 7 * * 9  1 6 2 , ~ 9 * 3 ,  ~ 7 2 . ~ 7 ~ 5 ,  ~ 8 1 , 0 1 1 , 5 '  
$ ~ 9 3 1 ~ 7 . + 9  ~ 1 0 6 9 ~ 7 . 3 t  ~ 1 1 S , ~ 1 1 0 ~ ' )  

2939 F ~ Q ~ ~ T  ( T ~ v ~ ~ T A I  t T A O ~ T I J I  * ~ i ~ o , ~ 1 1  * ~ A ' G E ~ T T D ~ * * ? S ~ S . ~ )  
ROO C3NT Ih l l lE  

C 
C TEYPERATURES O F ' F L U I D S  ENTEUIVG AND E X I T I N G  +HE HE#T 
C ExCYAUGER 
C 
C TcYPE9ATURE OF A I R  f N T E 7 I U C J ' T I E  HE4 f  E X Y A N G E R ~  

T A I  = T 4  
C 
C T F Y ~ E ~ A T U R E  OF A I R  E X I T I V O  T H E I H E A T  EXC.I~NGER 

T A O  = T A I  + V A R ( 3 )  * RANGE 
C 
c T=uPE?!?URE 3F W4TE? EX1 Tf '4G TYE WEPT EYCHPVGER 

T i ?  z -11 - ?a':;: - T T ?  
C 
C T - Y B E S A T ~ E E  OF WATER E!JfE?I\S THE HEAT EKCAAYGER 

TWI E G A U Z E  T W O  
C 
C T a E  L3G MFAV TEY?ERATURE1 3 I F F E N E N C E  OF THE FCUIDS I N  THE' 
C W'4T EXCHAUSER 
C 

HXLYTD = 1 * E + 3 0  
TEST? = ( T J I - T A O )  / ( T M O - T P I )  
I F ( T E S r 7  .ST. O.O) $ 3 7 0  a2' . 
d 9 ? T E ( t , r 2 9 3 ~ )  T A I I T A O ~ T Y I V T ~ ~ ~ T ~ ~ * ~ A V G E ~ ~ T D  ' 

GOT3 
1320 I; ( T E r T Q  .EO. 1.0) HXLYTD = T d I - 7 4 0  

I F ( T E S 1 R  .VE. 1.0)  YXLYTD 
f ( ( T W I - T A ~ )  - ( T M 3 - T 4 1 1  1 b i D G (  (TWI-TAO) (~WO~TAI)  1 

830 cONT I Y l t E  
C 
C I ~ I I T I A L  TEMPERATURE DTFFEQE'JCEi ~ E T W E E N  THE WI\TER AND A I R  I N  
C T d E  i E I T  EXCYnVBER 

H X I T D  c T d I  - TA! 
C 
C P q I Y T 3 U T  OF HEAT  EXCHAVSE?' P E ~ F O R ~ A U C E  ~ I ~ R A M E T E R S  

WRITE ( 6 , 9 3 5 )  TA 
s t11  
5 r P 
TqdP'ACk 
8 . R A ' J G E  
B t T T 3 P  
SIHXLMT? 
6 * * X   IT^ 
5 1  JGEN 
39  XLFC 
f ~ c S T C L  



FTN 4..2+74351 12/20/!5 



S U S R O U T ~ N E  XTEND ( L )  
c .  6 
C T H I S  R n U T I v E  CHECKS EXTREME VALUES AT Y I V I M ~ ~ I  COS? P O I V R *  
C 

DIMENSTON T T R Y ( ~ )  ,I?TRY ( 2 )  , cTQY ( 2 )  ,47RY (2 )  * w T ? y ( 2 )  
CDMY3N / S I U K /  VAA(S1,  C P I P I ,  CCOS1, U31, COSMZ* EFFI 

$ 9  C ~ A h l i r  R E h I l *  Z ~ ~ H R F A ~ S ,  ~~~t ul ,  PPOW!, 
S =Pr)$, l lc  ) E F c I *  IJ13T1, - L E ' J ~ T  VAI?;, V W P T ~ ~  HI ! ,  0 T6.19 5 s ? E : I P . ~ ,  V!#l,$'~uC2,% 1 2 1 2 ,  2 s P 3  Sw41, f w 3 i r  
5 S p r l *  P T 0 i ! * a L ~ C 3 1 *  A F R O I *  A A I ? l * Y F P Y I % ~  ~ P C O ~ ,  S P S l 3 g W T 2 M I N v  
6 9 ' p Y ~ Y , V d ~ ' 1 I N ,  T C O S l *  D E P A l *  J D W T l *  3 P d C j r C O N 3 A i t  XNTS1, VELD1  
$ 9  TC31, U c O N l  r FMCS1, FOACI  9 E F F c l r  1 C A I  r CS1 
k, C L T r l ,  CFC1. C ~ C C ~ ~ F I T C ~ I ,  C S ~ I , C E ~ ~ E ~ , Y E P I P ~ *  4S1l 
~ , C A ~ C S ~ ~ X U F ~ ~ ~ ~ C L O A ~ ~ T C P L E ~ ~ ~ ~ ~ ~ E L ~ *  Wnl, dTTU1, A D I l r  A B L l  
S, J T H P ~ ,  W T F ~ ~ * S T R U C X , C F ~ P F ~ ,  4 P P ~ l r T O T C F 1 , E F F I I J i ,  A N T U l  
5, A I ? F F I  , W A T F F ~ ,  XNYOp1, T c T P C l ,  F ~ c P F I ,  F Y T R c ~ ,  A c T T 3 1  , A D J T D ~  
B r  4 C ~ 9 ; ' l ~  4 D J B P l r  A C T V H ~ ,  A D J v d l ,  ~DJPPI ,  ~ q ' A 1 1 ,  T C T F ~  * A F C S T I  
8 1  C S r l 9  d A T E R l *  Y S T 2 C l r  CF3U 'J I?  I U 3 D I 1 ,  T O d L E l ,  C S E l r  CHFP 
S 9C3f i1,  VUuTQWl, CT3WD1, 4TU3C1, C S T L V l *  C S T i S 1 ,  C Y L R N ~ ,  CFANE1 

COMYON /SU3PLy /  v ~ L ( ~ )  r cP139  c c 3 S r  
Bv CLAUD* QEAIRq zqHRFAC2r  ,449 
B FDnW? 3ELFCv d I D T H 9  E L E V Z *  V A I R *  VWAT? HOP T4, 
5 ?EigfiT, N!#,'LAVC2,PSIZlZ* SP3'9 SW&c SW?, 
B S n ~ ~ D T O T ~ L , P L ~ u ~ 3 , S 4 F R 0 ~ ?  4 ~ 1 2 ,  YFP, S P c D 9 P S I Z 1 3 r  WT29 
a B O % r  N w ~  r TCOS, 3 E ~ ' d r  ) E L ' ~ T , D E L P w c , c ~ N ~ A s ,  XVTSX, VELOX 
6 9  T L h X *  U t G V *  F!(CSTc F3 i i i L . r  E F i C *  CHI Cq, CS 
Br  :LTC, CFCr C?CC, F I T C 3 ,  CSCICEPQEP,IELPI>, AST 
S , C A ~ C S T ,  XVFANISLDAVSI c P L E V ~  P F E L *  WHX*  JTTUS. ~ 0 1 4 ,  ABLVI I, , ~ T H F R *  W T F R M , S T R U C C ~ C F P E R ~ , ~ ~ ~ E ~ F ,  TOTCF, EFFIYI AVTU 
5, AXPCF, WATFFI X U ~ ~ O D ,  T c T ~ F I ,  FDCPF, FMTRcs ACCTTPI ADJTP 
S ,  A C T S ~ D ,  ADJBPD* ~ C T V H ,  A3JVq. ~ D J P P F ,  T P A I R ,  T C T F r  AFCsT 
S *  C57D9 U/aTER\J, WSTRCT* C F 3 J U 3 *  ~ U ~ D I A T  TOALEY*  CSE, CHF 
B ,C3A, UU"7349 CT0!43r PTYsC, CSTLV?r  CST4S, t y L ? N ~ r  CFANEL 

L 3 G I C A L  F I ? S T ,  F X T E ~ ?  
C3VYbfJ  

f 4'TR. ALPHA 
$ ~ C ~ P F ,  CSSPKW, CONF, c O N L ~  COSTL'r C ~ P C H G ,  CONMAT* CONYhZtCAFt 
S t C 3 J ,  C S E A L P *  c E L A S T *  CFS, CDAVGI CLUVR. c q 9 1 L S c  CVM 
s ,ozFP!, ~ESVELI DANGLE 
5 *F'FP 
B ,F:?~ F I P s T ,  FIXL, FCOS, FXTEY?  
B P G ~ E F F  

,HXVP, HPCST 
f t I i E A r  
k , I T V A r ,  I T M I N  
f 9 J:3!lc: 
S g Y z 3 ' J \ 1 ,  K A L E X T  
Ls ~ M X F X T  
B ,fiJTUC,:L ( 2 )  9 NTA 

COY Y O Y  
B 002' 
s , P S I ~ ? ,  PER, PWCOS* PLAVC, ?FACT 
B 903H91\F1 P9HFAV)  POHLEC? POdCIq ' *  POHCND~ PO+STCv POHSCLr 
6 ,n?cJ, QQEDUCE 
A rR3? ,  9E)lJCE, 9 3 ~ S ~ t . g  Q ~ E E L ~ ~  ~ O O F L ,  R F I X  
S 9SPAF. SISMAv S P A ~ ~ ~ T ( Z )  
S r T ) r  T P O ( ~ )  9 TESF* TL13,  TLDRAr TSEALP* T E L ~ S T ,  ~HFINP T F I X  



C U ~ ~ O U T I M E  XTEND 7 4 / 7 4  OPT=I FTN 4 ,2*7335 i  12/20/!6 

B .TJPA:G, T W  
a , I J C S ~  - I J W S  

6 3 PI . \ / I $ ( " )  

(5 *\k'\l 
q , X l E P 4 ,  XJ, XD 

C3Yq3'4 / L A C 4 L L /  SRN 
C3MY3U / T I Y E /  XNS,TTD,TLA,XVTS,~RPS 
T T ? Y ( ~ \  = v ~ & ! ( l ) - 2 0 ,  
I F  ( T T ~ Y ( ~ )  .LE. 0.0) ~ T ? y ( i ) = l O .  
T T ~ Y  ( 2 ,  = V 4 7  ( 1 )  +?0. 
I ' ( ' X T c M 7 :  T T i ? Y ( ! :  s TtIX 
IF(=X;ru?) T T R Y ( Z )  = T F I X  
C T ~ Y  (1)  = ~ ~ 7 ( 3 ) - 3 .  
r F ( C T n v ( l l  .;E.O.) c ; ~ Y ( ~ I = . s  
C T ~ Y  ( ~ ) = V G R ( ~ )  + 2 .  
& ~ 9 * ( 1 !  = V A ? ( 6 )  + 4 .  
h ' o v  ( 2 )  = ~ f i 3  ( ' )  /&. 
h ' ~ 9 7 ( 1 \ = ~ ~ 2 ( 5 ) + 4 ? .  
W ~ R Y  (71 ='1~?(5)/3. 
g o  3 7,1*2 
R ~ v ? L = ( T T ~ Y ( I I - T T D - ~ ~ ) * ( ~ . - E x ? ( - v & ? ( ~ ) ) ) / v ~ R ( ~ )  

2 ?TQY ( 1  r =. 9 * 3 A S l G L  
Q;?Y ( ? r  = . 7 . ? A Y ~ L  
~ C ( : X T ~ > . ! D )  R J P Y  (1 )  = ? F I X  
I C ( : X T r Y V )  R I H Y ( ? )  = R F I X  
S ? V = " / U  TE'13- 8 / 18 

r)? 3 7 , . = ; , 2  
CfiL-" C ~ L C ( T T ~ Y ( X )  ~ R T ? Y  (IR) r ~ 4 1 ( ? )  V V A R I ~ )  r ~ A 9 ( ~ )  , I \  
1 ~ ( < ~ ? " V . E ' l l . ; )  17 TO 3 

c I F ( 3 E i N 4 , ~ ~ . x n ~ P f i )  39 3 
I F ( ~ E L " A . L E . Y D E J ~ )  SO TO 3 
I'~TC?Y,~T..~~*TCSS:) GD TO 3 
T : ~ S ~ = T C ~ S  
V b S ( ! ) = T T R Y ( i )  
\ / A s ~ ~ ) = v A ? ! ~ )  
V & C ( b ) = J f i 7 ( 4 )  
V A S ( 5 ) = ' J A ?  ( 5 )  
i = l  

3 C 3 V T I ' r ' l l E  
D q  i 7  v-l.P 
Q ~ ' J : ' - =  ( v a ?  ( 1  ) - T T ) - T ~ )  * ( 1  ,-EX? ( - ~ T ? Y  I ) ) / C T ? Y  ( 1 1  

q R T Q Y  r ! = , 9 ~ r : ~ ~ l ~ ~  
R T ? ~  1 2 :  =.7zRnNGL 
I:(=YT-VP) R T H Y  ( 1 )  = R;IX 
~ c ~ c . , ~ - . , " ,  " ? , 3 . ,  . Y .  - - * "  . , 0 , . ,  \ , - ,  - i7..., 
~ R V = ~ ~ / V T C U ~ - ~ / ~ +  

07 1 0  ' ? = l r 2  
C ! i i  C f l L C ( ~ . l ? ( l )  ~ ? T ~ Y ( I ? )  * C ~ ? Y ( ~ ) ~ V P R ( ~ ) * V A Q ( ~ ) ~ I ~  
I = ( ~ C C \ * V . E 3 . 1 )  G3 7 3  1C 

C ; F O ' L ~ A . L T , X S E ~ ~ )  30 T O  1 0  
I F ( ~ E L ~ A . L E . x D E P ~ )  5 3  T O  1 0  
I t ( r C 3 c , " J T . . 9 9 * ~ C 0 d )  G 3  T3 .  1 3  
T C O S ' = T C ? S  
v n s ( 1  ) = v a a ( : )  
V A S ( ~ ) = C : ? Y  ( I )  
VAS ( 0 )  ~ V A ?  ( 4 )  
V4S ( 5 )  = V A 7 ( 5 )  



S Y ~ ~ O U T I Y E '  X ~ E N D  i 4 / 7 4  O P T a i  FTN 4,2+?*3f l ~t/zo/la . 

7 1 5  L = 1 
10 CDMTIVIIE 

D O  11 j = 1 , 2  
C 

r:dLLI C T L C ( V A J ( ~ )  q ~ a a ( 2 )  V V A R ( ~ )  ~ A T R Y  ( 1 )  , v A ~ i f \  r E * I j  
IF (<co~ I ' J .E~ .~ )  6 0  TO l1 l e t  ' c IF()ELDA.LT.XOEPA) GO T O  11 s, 
I F  ()EL?A.LE.XDEPA) GO TO 11 
f F ( T C O + e S T . . 9 9 r ~ ~ ~ ~ 1 )  GO TO 11 
T C O S ~ = T C O S  
V A S ( I ) I V S S ( ~ )  
V A S ( ~ ) ~ V & ? ( ~ )  
V f , S ( 4 ) = 4 t ? Y  (1)  
V 4 S ( 3 1  =VEQ(S) 
~ = 1  

11 COUTINI 'E  
S?N="/v TEVD-4/*1 
QQ 1 2  T = l * ?  

CALel C r , L C ( v a Q ( l )  P V A ? ( ~ )  ( v A R ( 3 )  r v A i ? ( 4 )  , w T ? Y ~ I )  r 3 + 1 j  
I F ( ( C O ~ I V * Z ~ . ~ )  53 TO 12 

c IF(7EL7A,LTIXDZD4) GO To  1 2  
IF(3EL-n.LE.XDEPi !  GO TO 1 2  
I F ( T C ~ C . ~ T . . ~ ~ * T C ~ ~ ~ )  GO TO 
T C O S ~ = T C ~ S  
V A S ( I ) = V A ? [ ~ )  
v ~ S ( 3 )  =VAQ(3)  (, - . . .  
",,a k * I  = * j f l , i  (9) 

v a s c s ~ = d ~ ? Y r I )  
L= 1 

12 C ~ ~ T T N Q ~ E  
I F ( L L E n . 1 )  W R l T E ( 6 r 1 3 )  

1 3  FOP'44T(" XTEVO CALLED* P V D  C4AVCE' VAT)€") 
I F  ( L  .EO. 1) KALEXT = KALEXT 1 
I F  ( < A !  EXT .ST. 'xEXT) STOP "CALLS TO SeQ. EXTEYD EXCEED' MxExTI~ 
RET J7N 
EUD 




