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PREFACE 

T h i s  document has been i ssued  i n  f o u r  volumes t o  f a c i l i t a t e  hand l ing .  

Volume I i s  a  n a r r a t i v e  d e s c r i p t i o n  o f  t h e  code a l g o r i t h m s ,  as w e l l  as 

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 

o f  Volume I, p r o v i d i n g  l i s t i n g s  o f  t h e  BNW-I o p t i m i z a t i o n  code f o r  each o f  

t h r e e  d ry -coo led  hea t  r e j e c t i o n  systems. These a r e :  

Volume I 1  - Meta l  Finned Tube Vers ions o f  t h e  BNW-I Computer Code 

Volume I 1 1  - P l a s t i c  System Vers ions o f  t h e  BNW-I Computer Code 

Volume I V  - Ammonia System Vers ions o f  t h e  BNW-I Computer Code 

Complete d i s t r i b u t i o n  has been g i ven  o n l y  t o  Volume I. Copies o f  one 

o r  more o f  t h e  o t h e r  t h r e e  volumes may be ob ta ined  by w r i t i n g  t h e  N a t i o n a l  

Techn ica l  I n f o r m a t i o n  Serv ice ,  U.S. Department o f  Commerce, 5281 P o r t  

Royal Road, S p r i n g f i e l d ,  VA, 221 51 . 





APPENDIX G 

AMMONIA VERSION OF THE BNW-I COMPUTER CODE 

Figure G-1 is a subroutine linkage chart indicating which subroutines 

may call or may be called by others. This chart should be of assistance in 

using the listing making up the remainder of this appendix. 
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GO T3 11 

34 VAL t I ) = V A 2  (I) 
35 CONTINIIE 
36 33 37 ~ = l t S  
37 m,, a ? .  - R . 8  8 T .  

W "  , - ,  --". , a ,  
K l = < P * l  

G3 T3 (L 

-39 I F  (,'.EP. 1 r4Yi)rID3oNE'eO) 9ETUaN' 
1 0 3  F O R ~ A T ( ~ *  AN3 CHANGES YP3EIl)  

QET JQV 
EU9 



FVNCTIOV CtdARTIN 74/76 bPT=l FTN 4sa2+7435i 12/18/!6a 

PqI ( I M ~ ~ T , J Y ~ R T . < Y A R T I  
I M n T  - CCEFFFI:CE\rS OF CUQVEI F I T S  (1 -. 9 )  

J . ' ~ C R T  - FLOW Q i G i ' 4 E  (1  - 41 
1 -- V I S C O U S  - V I S C O U S  
2 - T U ? @ U L E V T  - VTSCOUS 
3 -- V i S C o U S  - TU?3JLEVT 
4 -- T U ? S ~ J L E N T  - TL'RBULEVT 
HOLDUS C O Q R Z L A T S O N S  ( 5  - 5 )  
5 I- HJ,?T!'JE~LI Pp2pYETiR ( X )  LESS :HAY! GNE' 
6 - Y A ? ~ I u ~ L L I  P ~ ~ A M E T T ?  ( X )  GREATER TYZN 0ijEi 

M A Q l l i \ c E L t l s k U N C T I O N A L  c O E F F I C I E N ~ ~ S  FOR THE LlIQUID 

DATP((?Y:(IMIRT,JYA?T,l)p I Y I ? T  x 1, 91, J M A M  r 6 ) / ,  
V I S C O U S  * V I S C O J S  

0.97995 -0.42351 9 0.09563 9 m0i0~54f t 0*06142 t Oa00011 9 

0.00600 , 0.00300 9 0.00000 , 
TURBYLEYT - ~ l I ~ t ~ ~ ~  

* 1.24907 9 -0.41314 , 0105580 t -0*00521 9 -0.06057 r 0,00012 r 
a 0.00n30 , 0,6~000 t 0.00000 9 

V I S C 3 U S  - T U 3 3 d L E N T  
* 1.23R07 -0.45844 r 0,07!3? 9 -6.00444 9 *0*0i070 9 0.00012 r 
,, 3,00n00 , 3,00000 , 0,OCOOO , 

T J R q U L E V T  - Y U 2 3 J L E V T  
r 1.46n65 9 -0.59445 0 , 0 5 2 1 2 .  * -6.00106 , r0,0~10! , 0.00003 * 

o.oocno , o,ooooo , o.occco , 
PL Y D L D ~ ~  21.:;:-~:10V - VPRTIVELLI P A R A ~ ~ T E R  LESS 
T-lA;\r ONE 

9,04251 r -c.?9lz7 r o . o o o o ~  9 o.oijoao r 0.00000 r 
000 0 0,90000 , 0 * 0 ~ 0 0 0  ( : 1:2z285 * 

9 ;  Y3I.3~7 C5; ;&i .~TiGn * ~ ~ ~ f i < t ~ ~ i  P ~ r 7 ~ v i t E ~  
G S E A T E ~  ?rct, 3'rEl 

* 0.22~15 r 0.11270 t 0.9!113 r *Om00431 t 0.06050 9 0.00039 r 
* ,O,OOfl13 , ,0.0001- , 0,OCOO: / 

D A f 4 ( ( " H I ( I Y A R T , J Y A ? f , 2 ) ,  :YA?T n 1 9  919 J M P 2 T  a i r  6 ) /  
V I S C O U S  - V I S C O J S  

n 1.10310 9 1.47455 9 -0,01132 9 0e00014 0.0~000 r 0.00000 e 
* O.OC?OC 9 fi,O0000 * 0.00300 9 

T ~ R ~ V L E N T  - V I S C ~ U S  



FUYCTICY C M A R T X V  $ 4 1 7 4  O Q T = ~  FTN 4.2r7035i lZ/lB/'fG 



SiJnDOUTINE DPCOU 7 4 / 7 4  O P T = l  FTN 4.2*7%35i 1 2 / l g / ~ 5 ~  

S U 4 ? O U T I * I E  D P C G Y ( ~ O ~ S ~ D T I ~ D L ~ A \ I S ~ G T ~ X ~ ~ X O ~ D E N L ~ D E N V ~ V X S ~ ' ~ V ~ S V ~ D P ~  
1 DP'I,DPG.DDY 1 ~ ~ ~ l ~ ~ ~ ~ , ~ ~ ~ ~ 2 q v ~ ~ ~ = ~ ~ ~ ; ; ~ , ~ v ~  

C 
C S 1 ~ ~ R o ~ T I N ~  3 P c 3 Y  cPLcuLPTES T 4 E  T W O  PHPSE PSESSUREIDROP 
C ShtS13E T W E S  WPIETHE? I T  35; C ~ U ~ E N S A T I O ' J  3R BOILINS' THE1 
c P?ESS!,lDE "RO I!' C?LCUL;TZ3  A C C 2 2 2 Z V G  7; :k!c '4ZTHZt  j i  
C L ? C < H 4 R T  AN3 M ~ R T I I C L L I  
C  
C D G F ! U I T I O Y  3F V Q R I A P L E S  
C 

C A \ I G ( ~ )  - T 4 E  S I N  3F T'i? JVGLEI TYE TUBE1 MAKES FRO*! THE 
C H 'JRIZ3NTPLI  ( 3 I V E l S I O S L E S S ;  
P 0 - V L  - D E N S I T Y  OF T i 5 1  L 1 3 3 I D  P V p S E  OF! 1% TWO PHASE FL3H 
C D r V V  - D E V S I T Y  O F  TYC Y t Q O 3  PFPSE O F I T Y E  TWO PCIRSE FLOCl 
C 3 1- - LEUGTY OF T Y E  T J 3 Z  ( I U )  
C 9 3 - i ? T f i L  PRE?SU"3  3$3" !U THE T J 3 E  ( L a F Y S Q  I N )  
C D r r t  
b - P?ESSJ"': 3?3P 3J51 T 3  F G I c T I ~ Y  (L3F/SQ I V ' )  
C D?G - ? ? E 5 j U G C  !NC?EA 5Z' 3JE T 3  S R A V ! ? ~  f ~ 3 F / S 3 *  I N )  
C ,, D ? H  - r'=ESS?)7E 3 Q O 3  2 2  I V t S E A S E  DUE, TO MoYENTJM L O S S  CR 

2 0 C G31Pd !LZF/SO 11) 
C 
c. 9 r, - D C Y S I T Y  ? a T i O  (LBQUID/VPP~R~ (DIYEYSIONLESS') 
C 0 7 1  - I V S I S E  D I A W E T E ?  3F THE TUBING,  ( I V )  
C FL - L I Q u I I  F A c N I V j  r 9 I C f I O N  F A C T D ~ I B A S E D  ON THE VAP3R 
C Q 3 4 L I T Y  P'dD T'IE I V S I D E  D I A M E T E R  3 N  THE TUBE ( D I Y v -  

7 5  C E ' J S I O U L E S S )  
5 5 T - MCSS CF F L U 1 3  i V  THE T : J ~ Z I  ( L ~ u / H R - S Q  FT) 
C P u I L  - M.I?VTINELLII  F L I V C T I 3 V  ( D I Y E N S I ~ N L E S S )  
C QdIL2  - " 3 R T I U E L L I  F i l U i T I O U  S ? U i R E D  O I I M E N ~ I O N L E S S )  
C: ?L - R E Y V 3 L D S  NUL;3E? ,113JIS ' R A C T I ~ Y  ( D I Y E N S I O Y L E S S )  

2 0 C 9 V - REYNOLDS UUYt3EF7 V A P ~ ~  FQACTI~VI ( D I M E M S I O N L E S S )  
C S  41 - UUYnES OC D I V I S S O Y S  f V  THE L E ~ G T H  OF' THE1 TUBE 
C ( ~ I v E U S S ~ V L E S S )  
C VISL - V I S C O S I T Y  OF T4E1 L I 2 U I D  ICENTIPOSE') 
C 
L, VISV - V I S C O S I T Y  O F  THE1 V A F D R  ( c E N T I D D S E )  

35 c x 1 - c J ' E ~ c G E  V A P ~ "  3 l l f i L I T Y  IV EAC4I SECTION OF1 THE TUBE 
C (31;4EvSf 3 Y L E S f  1 
C X A V  - AVEPAGE V A ~ C ?  3 3 4 L I T Y  IN THE TUBE 
C X D - CqAFJSE I V  V 4 P 3 Q  I U I L Z T Y  FQOM 3NE END' OF1 YHE TUBE' 
C 1 3  TFC N E X T  O?i F3? EACH S E C T I D N  OF TUBE' 
C (? i I4EUSIOS!-ESS! 
C x ?  - ;'<LET V q P 9 2  2:: L I T Y  O I ~ : E X S I D U ~ E S S ~  
" 
V XI-Y - ~ ~ C : < ~ C R ~ - " A Q T I \ E L L I  g ~ 9 ~ ~ E T E 9  ! D I ~ E l . ' S I O V t E S 5 )  
C x r) - E X I T  VADOQ Q U A L I T Y  ( 3 I U E V S I 0 ' J ~ E S S I  
C 

I -- - - . .  
";?IL,*J~u~. i G t 3 )  
C H O V ~ ( Y ) = ~ ~ , ~ - X ) / D E N L + X / D E N V  
3 J G  = a, 9 
DQ:q = 9 .O 

C 
C PaESS'JRE 3Q9P AS A RESULT 3Ft F S I C T i O N  
C 
C S F T ~ P  C.F : / A ? I A B L E S  FOR C ~ L C U L ~ T I O N  c\F P?ESSUREI D R ~ P  
C I u c Q E Y E N T A L L Y  ALONG THE L E I I G T ~  OF T"E TUBE 

DP =. D € V L / 3 F N V  
XD =. b p f  (X!-XO) 
XAV = pj*(XI*XO) 
Y = XC* 0.-.Oi 



S9SRO3TINE OPCON 7 4 / 7 4  OPT=1 FTN 4.5+42C 

N = N + l  
S N  = N 

6 0 XD = XD/SN 
~ i l n  = ~ . i i  
SUG = 2 . O  
X A  = X I  t X O ' a 5  
i F (X I .LT .XO)  XA = X I  - XOe.S 

C 
C PRESSURE DROP INCREMEN7ALLY CALCULATED A L C N f  THE LENGTH 
C O F  THE P I P E  

0 0  10 I = I e N  
IF(XO.LT.XI )  XA = X 1  - X C  
I F ( X I . L T - X C )  X A  = X I  + XD 
. a , ,  - 
A I  - AYkXL(C . IO*XA)  

C b 

" GETEZt1INITION G F  N A R T I N E L L I  FUNCTXSN 
CLLL O P L M K ~ ( U T I , S T ~ X V ~ D R ~ ~ ~ I S L ~ V I S V V ? H I ~ ~ P H I L ~ ~ F L ~ X L ~ , R L ~ R V ~  

b SUS = SUS + 1. /?HIL 

DETERHINATION OF THE SUM GF THE VaRIA3L.E PARTS I N  FRONT 
THE T X O  PHASE PRESSURE DROP EQUATION 

SU3 = SUN 9 (i.2 - X V )  + * Z * F L * P H I L 2  

P!?ESSU4E 3?CF INCURRED 3 Y  T9E 1 6 0  PHASE FLOM I N  THE P I P E  
DUE T O  F X I C T I O N  

9 P F  = - 3 3 3 5 - 1 0  * DL*GT*+Z*SUti /  (DTI*OENL+SNI  

I:4CREASE I N  PRESSURE DUE TO GRAVITY 

VF = 1. - SUS/SN 
DPG = - C N G ( 5 t ' O L *  [3E?JV+VF + OERL*( l . - i 'F )  3 /17ZG. 

INCREASE 0 2  OROP I N  PRESSURE OUE 70 CHANGES I N  XOHENTUM 
THE NOOEL I S  BASED CN A HJflCGENEOUS NOOEL THAT ASSUHES 
THE CHANGE I N  HOHENTUH CPPLIES JUST TO THE VAPOR 

OPE = GT+*2/6.EiCZ(DHOMO ( X O I  -OHOHO(XI1 I 
OPM = D ? H Y X A i 1 * * 2  

TOTAL PRESSURE S2OP 

DP = OPF + OPG + OTH 
RETURN 
END 



~ I J ~ P ~ D T I Y E '  3PFFF 74/74 OPTml FTN 4,2+7&35i 1 2 / l  B Y $  6 

L 

C S I J ~ R O U T I N E  DPFFF DETERYINES TYE! FANNING* FRICTION FRCTOR 
C FDR 5voC1in T u s E S  
C 
C n ~ r ! ~ ~ r r c ~ !  y ;!'!.O!fi3tEJ 
P 

ILT 
I F  

L : . Y I Y 4 9  FLOU qEGIt?E 
Ff =. 1 h,/RE, 
ILT = ! 
GO T3 7 3  

T ~ A u S I T I O N  F L o ~  REGIME 
FF =: 0.010 
I F ~ ? E . ~ T , ~ O ~ ~ . )  ILT = 1 
G O  T O  ,O 

T ~ I ~ Q ~ J L E N T  FLOW REGIVE 
FF =* d.0771/RE**3.t5 
0 3  t 3  7 0  
F f  t 0,0~50iWE**O.Z0 
RET.'=tU 
E r? 



S y 9 ? O u T I N E  DPLVNR DETEQYIVES THE V A R T ~ V ~ L L I  FUNCTION FOR 
E n I L I V G  I N S I S E  3F TUBES 3Y CURVE F I T S  OCi THE LDCKilYLRT- 
Y ~ Q T : ~ E L L I  ZARAMETEQ 

D e, - D E N S : T ~  R A T I O  ( L I 1 U I S / V A P O R )  ( D I Y E N S I O N L E S S j  
D t I  - IUSI3E D I P Y E T E ~  3:' TdE TUBINS,  ( I N )  
F L - L I D 6 1 3  F ~ ' J r i 1  VF r ? I C T I @ U  F&CTO?I ( D I M E N S I ~ ~ I L E S S )  
FI I - V b 0 0 9  F a V V I " r 3  C S I C T I O V   FACT^?^ ( D I M E N S I ~ U L E S S )  
P T - Y p S S  FLLlX OF ' L 'J IS I V  THC T ~ J ~ z :  !Li3u/(Y?-SQ F T ) )  
P3.ilL - YA. * 'T I \ !ELL I  F U V C T I 5 N  (DIYZVSIOVLESS) 
P u I L ?  - ' l L?T I ' lELL I  '!JUCTION S?VAQEO ( 3 f Y E N S I O N L E S f )  
R L  - PKYY39LS Vdq329 ,19913 F Q A C T I 3 N  
R  !I - QEYN3LDS VUq9E9 !!A2;? F Q P t T 1 O y  
VISL - V I S c 3 5 1 T Y  CF T-iE i I 2 J I D  ( c E N T I ? O S E ~  
V T E V  - V I 3 C 3 5 1 T Y  Or 1 4 5  L I l U I L '  VAPO? (CENTIPOSE) 
x A - V f i S 0 Q  QUGLITY O-I T Y E 1  FLU;D (9 IMEVSrONLESS)  
XLY - L ~ C K ~ P R T - Y A R ~ I V ' L L I  P ~ R A ~ E T E Q  (D IMEYSIDYLESS)  

X h  = F * 1 L i Y ( l * E - o , . 9 9 9 9 , X 3 )  

F ? V V ; N G  F R I C T I 3 Y  FACTOQ = O ? ' T + E  VpPOR 
CALL1 OPFFF :Pb4,FY, X L T V )  

VISC3US FLON L I a U I 9  - VISC3US FLOW ~ ~ ~ 3 7 1  
IF(ILTL.E:.~,AYD.ILTV.E~.~) J Y 4 ? T  = 1 

T I I ~ T U ~ F U T  L I Q U I D  - V I 5 C Z V S  FLOIJ VAPOR 
I F ( I L T L ~ E ~ . ~ . A V D . I L T V ~ E R . ~ )  JM49T = 2 

c. L 

C 
L T I I ~ ? ~ L E Y T  FLOW L I Q U I D  -. TJ?FULEUT FLOW VAPOR 

5 0 !F(IL~L.ES.~~AN~.ILTV.EQ.~) J Y 4 2 7  = q 
C 
C W ~ B T I U E L L I  FUNCTIOV . 

P V I L i =  C Y A 9 T I Y J ( X L V , J ~ A R f , l )  
C 

5 5 C Y n , 2 T I u E L L I  FUVCTION S4U4?ZDa 
PHI'? x P-i!L-P+'ILI 
RCT,"Y 

F T N  4,,2*7835i l t / 1 9 / { 6  



I F  AsUUC IS L E S S  T 3 4 N  A Y I V  SET D N L I Y  E39AL TO A H ~ V I  
I F  ( A F ! ~ N t - h t , l l N )  1 0 t 1 0 , 2 0  

Ic b'44X IS LESS TYdU 9 H i U  JUST SET P N ~ I Y I  EQUALIYO AFUNC 
Ic 1 4 * a X - A ' 4 i q )  5 0 r 5 0 r 3 0  

I F  ~ F L ~ Y C  I S  SGEATEQ TH4V 4 Y A X  SET P M L ~ Y '  EQUAL TO P A A X  
I F  ( n F ~ ~ ' i t - A Y ; : X )  5 0 9 5 0 r 4 0  
P Y L I Y = p , Y A X  
R E T ~ R ~  
E'IO 



FUUCTIQV F L U 1 3  7 4 / 7 4  r j P T = l  F T N  4.,2*79351 12/19/!S 

S I I P Q ~ J T I N C  C L U I D  7 E T E Q H I V C S  T q E  T P E Q M C ~ Y N A Y I E  AND PHYSCIALI 
P " O P E 7 T I E 5  7F SATU?ATE3 AYVDVIA AVD A I R .  THE VALUES ARE' 
DFTE?'<I \ !ED 3Y CURVE F I r S  3;: T+E PRCI~ERT IES  VE?SES 'IEt*PERATU?El 
T v E  ~ 1 ( 3 ! j I D  ? ? 3 ? E Q I T I E S  ?=' 4 * 8 O L i A  A?E FOR SATUQATED AY.YQNIAe 
T r E  TnE<dODYVPYIC  ? 9 0 P E ? T I C S  FO? A M Y G N I ?  GAS ARE FOR ATYQS- 
P u E Q I C  FQES5;RE Y Y I L E  T 4 E  J w Y S I Z A i  ~ R o J E R T I E s  ARE FOR 
S o T L l l A i E D  n M Y @ : 4 1 4  G A S *  

= 1 - A'.cF.r!)MIil 
= 2 - A I R  

N?R0P t- PROPERTY I N D E X  

= 1 ,- S P E C I F I C  HEAT ( L 1 3 3 1 3 )  (3TU/LB%DEG F) 
= 7 - TYE?'.+AL C O Y O V C T I V I  TY ( L I Q U I D )  ( ~ T u / Y ? - ~ T - ~ E G  F )  
z j - D F Y S I T Y  ( ~ i C J 1 3 )  ( L a V / C J  F T )  
t u - V i j t 3 S : T Y  ( L I C S 1 3 )  ( L ~ Y / F T - H R )  
= 5 - S ~ E C I F I C  H E p T  (;AS) ( ~ T , ' / L ~ \ ~ - D E S I  F) 
= 5 - Ti-lE9VaL c ~ Y ~ U C T I V ~ T Y  (GAS) ( B T U ' / H R - F ~ - D E G  f )  
= 7 - 3 E Y S I T Y  ( G A S )  ( L 3 u / C U  F T )  
= - V I S C O S I T Y  ( G A S )  ( L ~ Y / = T - H R )  
= g -  EAT O C  V 4 a J r ) R I Z ~ T 1 3 V  ( ~ T U / L B M )  
= I 0  - ?01f;U15 4 S  A F J V C T i O U  OF T E Y P E ? ~ T ~ R E  (PSI9 
= I 1  - T E ~ . ~ " E D ~ : ~ J R E  A S  4 F 3 J V t T I S N  Or P Q j 5 S U G E  ( D E 5  F) 
r i 2  - S V Q ~ R C :  TEVS?OV ( L ~ F / F T I  

F L U I D  1 0  
F L U I D  1 1  
F L U I D  1.2. ' 

C DATA  VALUES FOP AMY3N iA  
C FLUID 55' 

D P T A ( ( c D L L A J ( : ~ J , ~ ) *  J = 1 * 8 ) ~  1 = 11 3 ) /  
r: L 1 3 U I 3  S P E C I F I C  J f 4 T  ( .  t ~ , 1 )  , , 4 e ! 5 1 5 2 ; - ~ 3 ,  ? , 3 h ~ b 9 5 ~ - ~ 6 ,  0.0 i.33Rn 

C 
t 0.c * 



FYYCTIOY FCUiD 74/7&  OPT=^ FTN 4.2c7435i 12/19/78 

* 203.0 9 O*QO * 1*000* 
2 VISCOSITY OF G a s  ( 9 9 ~ 9 1 )  * 2, 37sns8:-n2, 4 .  I ~ S ~ ~ ~ E - O S ~  ~ P ! ~ U ~ E - O ~ ,  0.0 , !:~io, 9 9.0 * :gq,o , '7.00 
C H E 4 1  zr  V A P O R I Z ~ ~ ~ I ~ V  (grJ,i) 

1 5.567!i73~+f12, -5.09783~-019 -2,75342~-03, 0.0 
* 790.0 

6 0.0 
* 0,OO , l.JO/ 

D ~ T ~ ( ( c O ~ L ~ J ( I I J * ~ ) ~  J = 19 9 1 9  I = 10, 1 2 j /  
c F n E s s ~ q E  A S  A F u V C T I O V  OF : E M ~ F D A T ~ I ? ~  i l n ~ ~ r l !  

?.333773C+01* 8.155492E-01, j.Ol9419E-03* 4,990946E-05') 0.0 
* 190.0 r OICG 9 1.000* 

C T E ~ # " E R A T U D E  A S  A F U N  TION or c?ESSURF 1 l 1 t ~ p 1 )  
-1 .jr3075+~1, 7.gZi57g~-Ol, -1 .3S250€-03* 3.885735~-01\ 30.0 

* 7 1 ~ ~ 0  t 0.00 9 1.000, 
C S U Q F A C E  TEVSIO' (12tJ91) 

R ?.0213E-03 9-8e1309E-06 9 0.0 ,010 8 30.0 
+ 2OC,0 9 OeO0 1.300/ 

C 
C 
C  Dr,Tb VPL:JES F O R  412 (PRE5S'J?E Or ONE' ATuOSPHERE) 
C 

S ~ ~ T ~ ( ( C O L L A J ( I , J ~ Z ) *  J n 19 9 1 9 "  i 1 1  8 ) /  
C L13U:D SPECIFIC +EAT ( l r J 9 2 1  

* 0.0 9 0.0 * 0.0 9 0.0 * 0.0 
* 0.0 9 0.0 9 0.0 9 

C L ; ? J : ~  T L ~ E ? H A I  CJ'JDUCTIVITY i 2 ,  ~ 9 2 )  
* 3 . 9  * 0.0 9 0.0 9 0.0 6 0.0 
* 0.3 9 0.0 * 0.0 9 

C L13UID D E N S I T Y  (3.~92) 
* 0.c 9 Q.0 , 0.0 t 0.0 * 0.0 

0.0 9 0.0 7 0.3 r 
C L I 3 ~ 1 9  VISCOSITY (bqJ12) 

* 0.0 * 0.0 * 0.0 t be0 9 0.0 
* C . 5  9 3 . q  * 0.3 9 

t S P ~ C I ~ I C  3F SfiS ( 5 r ~ e Z )  
* E.403933~-01, h.799756BE-71 1 , 5 0 0 5 8 ~ 7 ~ - 8 ~  7.0415jb~-l1, -40.0 
r: 143.0 9 0.6 r 1.3 r 

L 
CI T Y ~ V ~ :  C C D V ~ U T T I V I T ~  DF S A S  i 5 * ~ * 2 )  

* ).30570845-29 7.6570901Z-5, 5.3333357E-3, -4r11082E-109 - 4 0 . 0  
a 149.0 t O e O  9 1.0 4 

T ~E'SITY 9F G45 (7,Jr2) 



FUNCTIOV F L U I D  7 4 / 7 6  C ? T = l  FTN 4.2+73351 12;/18/75 

* b.5357904E-2,  -1 ,870752EC49 3.7316434E-79 - ) . , 6 5 9 ~ 3 ~ - 1 0 *  -40.0 9 

* 143.0 r  0e0  9 1 * 0  * 
5 

VISCOSITY DF G 4 S  ( 0 9 ~ 1 2  h r 3 , 7 3 8 7 7 1 1 5 - 2 ,  6 . 8 7 2 2 4 1 7 ~ - 5 ,  -3 .48339  E-9, 2 , 4 5 2 4 0 9 ~ - 1 1 ,  -Od,0 9 

143,o r "0 9 1.0 / 

DtTA F3R P R I N T I U G  OF E ? Q O ? ' Y E S S P O E S  

172  P 9 0 P E 9 T I E S  NOT AVAILA3LE'  
I r ( V F  .EO, 2 rA'J3. UP * L E O  4 )  33 i 3 . 5 0  
WAR!' .F&L5Z* 

' I J ~ P E Q T I E S  I S X E D  FOR O U T S I I E '  TYE' RANGE or' T E K P E R A T U R E S  
4 ~ ~ 3 d E 3  F09 

I F '  ( T E u P  . i T ;  C O L L A J ( N P ~ ~ ~ N F ) )  ( J P R Y  ,TRUE, 
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D f i T ?  (;AU)SH( '59~) 9 ~ = 1 1 1 0 )  / 



SUnROUtI>!E F A N  i ~ / f " +  O O i = l  F T N  6 * 2 + 7 4 3 5 1  iZYl8/!6 
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? !151.=7 , *5575.57 r 1 4 3 1 2 . 2  , *14463.5 
b 5 0 2 ~ ~ 1 .  - ? b c ~ ~ 0 .  2 . 1 ,  2, / 

3 4 7 5  ( " A v 3 a - i (  R S r J ! r J = l r l O )  / 
% - 2 5 7 . 5 7  * 1 7 2 ? . 7 9  9-2934.3 ~ 2 2 7 4 ~ 1 4  
f 5C109qe  e i l q 0 0 C 9 .  r  2 8 1  1 2 1  r 6 r  / 

D C T 4  (rAu3: l i (  "6,J) ,J=l~l!?: / 
R 97.537 * 2 8 7 , 0 9  90415.77 9341.85 
5 5710'Yt>e * 1 3 4 0 0 0 3 e  9 2 q r  12. t 10. / 

D4T4 ( F 4 N 3 4 q (  R 7 9 J )  r J s l 9 l O )  / 
f 6 5 1 e 9 7  l 5  r 1 7 2 5 e 5 2  r -1108.2 
5 5 n c n 0 n .  . ~ ~ ~ Q Q o c .  29, , 12, * 14, 

7 P 7 4  ( F A ' ~ ~ P Y (  Q 0 9 J )  ~J::g10) 1 
s 553,s: * - 9 2 2 . 4 7  r 1 2 7 1 . 5 4  r -674 ,16  
t 5 < 2 o 9 ~ ,  ~ ! 7 7 9 9 9 3 .  9 25.  9 12.  7 19. / 

3 4 T h  ( F f l L 3 4 1 (  q Q * J ) 9 J = l g l C i  / 
t 71.903 r n i 3 1 . i 4  e t 3 3 . t  r -256 .88  
5 5 0 0 3 3 n .  ,920000 .  9 501 r  9,  r  2 ,  / 

~ 4 7 3  (cAY34L t (  90e . l )  t J r l t 1 0 )  / 
5 .h1323 399.54 r -784 .99  *706 ,5  
5 50300" .  e1220030 .  3 0 r  r 8. T 6. / 

5 \ 7 8  I r A u 3 A H (  9 ! o ~ )  , J = l r l O )  
$ l / r 3 c 3 t  . -217.58 .605.?1 ,*460,68 
s i 9 7 9 0 0 ,  . ! 4 7 ~ 3 9 ~ .  30, , a, , l o , /  

D 4 T 4  (FAVOAV( 9 2 t J ) * J o l $ 1 0 )  / 
5 2 2 3 . 2 1  91353 .83  9529.45 9-270.74 
S 30300n .  r 1 7 7 0 0 0 0 *  9 3 0 r  r 3 ,  9 14. / 

0 4 ~ 3  ( F A V ~ ~ Y (  9 3 9 J ) t J = 1 + 1 0 )  / 
A -459.'4 9195i!.n! r -3176 .9  r 1 1 1 4 * 7 5  
f 1 3 $ 1 0 n 0 .  , 1 7 7 i 9 0 0 0  T 30. 9 9, r  18. / 
3bf4 ( r A V 3 L i :  9 * J ) r J = l * l C )  1 

5 - 2 7 3 7 . 7 9  r 7 3 1 8 . 4 8  r - 7 7 1 9 , 5 3  93355.91 
f 1 4 1 0 3 ~ 0 .  * 1 7 7 0 F 0 0 .  . 30. r 3. 9 22, / 

3 ~ ~ 4  ( r 4 V 3 A u (  9 5 * J ) t J = I * 1 0 )  / 
A -?116.64 *!19A3.3 9-24409,  r 2 1 9 1 8 , t  
S 613003. ,950OGO. 9 30. r 10, 9 2, / 

= ? T I  t r4V ' )AYf  9 f i r ~ ) 9 J = l r l @ l  / 
B -153.37 , 1 0 6 7 .  * - 1 7 6 3 . 3 9  ?1364.18 
3 50COGQa r 1 2 5 0 0 9 3 .  30. r  1 0 1  9 6 ,  / 

DAT4 ( F A V 3 A d (  97.2) r J = 1 r 1 0 )  / 
f 70.016 9 2 7 9 8 3  * - 4 7 9 , 9 5 '  ,404.31 
s %i)003.  t i 5 3 3 0 0 0 . .  . 30. , 10. , l o .  

D A i 4  I ~ A ~ ~ A Y ~  9 a * J ) r J = 1 9 1 0 ;  
5 4 3 . 6 5 6  * 4 2 / * . 5 9  (-556.3 9360.77 
T, 5 9 3 n a 2 7 .  T ~ ~ 7 0 c ~ ~ .  . 2 6 ,  , 10. , 14. / 

D 4 T 4  ( F & , ~ j a l (  9 Y r J )  * J = 1 ~ 1 0 )  / 
s 1839 .a2  , -4735.59 ,5146.5 ,-2386.56 
5 1 1 1 9 0 ~ 0 .  r 1 9 7 n 0 9 0 e  * 30, 19. t 19, / 

E A T $  ( ~ A Y 3 A ~ ( 1 0 0 , J ) * J = l , l O )  / 
S 3q$o,: ~ - e 5 5 3 . n 7  ~ 7 7 1 8 ~ 7 5  r -3055 ,38  
S l k l Q O ~ 0 ,  . 18700q? ,  3 C r  9 1 0 1  , 22, / 

0 4 1 2  t t ~ U ) 4 4 ( 1 1 ? l . J )  , J = ! - l ! J $  / 
S 5 7 3 * @ ~  , - ? 6 7 2 , 7 5  95269.32 r -4489 ,9  
s 5 0 0 0 0 7 .  r 3 5 r ~ 3 0 ,  . s a e  llr 9 z r  I 

D h T C  ( r A V 9 A + ( ! 0 2 , 2 )  * J= l *M)  / 
5 i 0 1 . 3 j  9-77.393 t 150.7 ( -29.572 
S 5 0 7 0 0 ~ .  ,1293000 .  30, r 11. v 6, / 

3 A ~ 4  ( ~ 4 ' ~ ~ 4 ~ : 1 9 3 * ~ )  , J = l m )  
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SURQOUTIYE1 FAN 74/74 OPf=l 

S -760.65 , F 1 5 * 5 6  ro243rtl t30e626 * 
1 i f 's $ 32500~0, ,5700000, 60. t 12. r 14, / 

~ b f 4  t~AVDPH(l42tJ)rJ=l+lO) / 
-1493.86 ri518.16 r*419053 153*4 

s 41500~0, 07000000, 9 60, 9 lze 9 16, / 
rn DATE ( F A U ~ P E ! ! ~ ~ ~ J ) ~ J = ~ ~ ~ C )  

in90 B ?=57,4 p-1224*36 9330.57 ~ - 3 6 r  
5 4530000, ,70000'IO. 60, 9 12, 1 18, / 
OAT4 (~9~lDal(l44tJ)rJtI~lO) / 
-155eoS ?5oar46 (-304619 17Jr677 

B 20000flOe r3700000e r 604 t 160 9 2 .  / 
i.95 DAf4 ( F ~ Y ~ A H ~ ~ ~ ~ ~ J ) P J = I * ~ O )  / 

$ -75.0q ,442,172 (-203.39 ~41.82 
f ?039000, r425C000, 60. r 15, t 4, / 

~ 4 7 4  (F4V3&p:1459J)tJtl,l0) / 
5 7\7,&16 ~ 2 5 ;  . I 5  **@6.013 *1'+r516 

 too $ 20000no. s a ~ = , o ~ O n .  , 50, 9 15, + 6 ,  / 
DAT4 (?4V34Y (147,J) ,J=lplO) / 

5 -94,071 9440.34 ,-147,36 (24.961 
B 27300n0, *5250060, r 60, r 16, 9 8, / 

1:AU3AH1:4PtJ) rJ=l tl0) 
i i 0 5  5 -23.1?2 9 3 9 4 . 2 9  r-107*34* t14e133 

a 200C0qOe *5??0000. 9 60- 9 16. t 10. 
OAT4 ('4Y)~H(14grJ)*J=l410) 

$ 502.50 ta122.89 t102.99 rd13.495 
$ 31700n0, e96370000, , 60, 9 16, r 12, / 

DhT4 (rAYDAH(1SOtJ) rJ=1910) / 
5 393.36 rE4.842 t12e235' 9-3.344 
S 25000n0. t7000000. 9 60. t 15- e 14. / 
DhTG ( ~ 1 " 3 4 ~ ( 1 5 i  tJ) +J=lel0) 

$ - 1 f l q - 4 9  91559.69 9-401.72 148,621 
S 47000n0, ,700n000. r 60, 9 16, t 15, / 
3 ~ f 4  (~AY3AY(lS2tJ)tJ=l,l0) / 

$5655.16 '-3750.3 qlOR0,28. (-133.41 
% 42000n3. r7000000. 60. 9 15. t 18, / 
OAT4 ( ~ 4 ~ ) ~ ~ ( ! 5 3 r ~ ) r J = l t l 0 )  I 

S ! ? 5 1 , ~ 3  (-90,429 q13.143 r0,O 
q 5?5c0?3. .70~0000. 60. , Ibe p 22. / 

D 4 T 4  P T  /3*14153?65/ 
OPT4 TnU9 /.1405/( TAN19/.344/r YB/5,/ 

123 ~ 3 9 q n T ( l x ~ 6 ~ 1 2 , 4 )  
10 ~ ~ a w ~ ~ ( ~ c l n . 4 , ? = 1 0 . j ~ 3 ~ 3 $ )  
15 ~ ~ ~ 4 ~ ~ ( 5 ~ 1 0 , 4 r 2 ~ 1 0 , 1 t 3 ~ 3 . 0 )  

FTN 4.2*7%351 l z / l s / l &  

9-1 c576 r 

qr2.6if' + 

r 1-33 i 

9~8,727 9 

9-3,658 i * 

t*ls2R5' t 

9-1.963 , 
1*,90i6 t 

-1.03 • 

(a0746 + 

9-2.346 * 

96. + 

90.0 t 

C 
C S P C C I F ~ C  VOLUME OF 4 1 9  LE4VINPJ THE HEAT' E%CK&VGER A T  THE, 
C E L E V ~ T I O N  S3ECIFIE3 F99 T i E l  PLAVT 
C i, 

a 4 ~ ~ N = ? r 3 9 9 5 3 - 3 r 9 1 @ 3 5 € - S * ~ ~ E ~  
BAP=EXo (34YLV) 
S " V 3 L = ( T 4 + 4 ; 9 0 6 7 ) / 1 . 3 2 5 / 9 k 9  

C 
" 
\r TnTriL V C L U " E T R I C  FL3W 94TZ1 3F THE FAN SYSTEY 
C 

T3TCcY=d4*SPVOL/60e 
A F C = S e ~ o 9  
4C=3, 
GYP-0, 



4!)14:-, , 
A?i,V= ' 
A 3 L 4 r  
A V F = '  , 
avE,r  , 

I F ( L f  LT.1) LFE = 153 
I c ( L F  LT.1) LFB = 1 - b 

C ; A R T  OF I T ? ? a T i V E  LOOF 709 D ~ T E R Y I N I N S , T H E ~  cPTIMUW FAN 
C S V S T F Y  
C 

D O  100 I = i F ! 3 * L F E  
r 

C I~~ITIAL~ZATION OF FAN O ? T I Y I ~ 4 T I O V  PAR4YETERs 
C 

T3z3.  
G C F ~ P F - O .  
CFM>F=r, 
N O F ~  
HPP'=O 
f 3T4?=P,  
F C S T = ~ .  
C ' ( o i = o ,  
cs '?=Q* 
c'D=?(. 
CEC-2 ,  
CPL=O, 
T C S T ~ F E O  
TCSi;=?. 
vc;-0, 
t i ~ > - $ " 3 f I O ,  
ccy=*O?f l03 ,  
FLOV3=C. 
T ? = ' ) *  
CF=O. 
c I = ~ ,  

r 

P CPOSS-SEC113hlAi.1 FLDW AREA 'OR T-IE FAh( ~ E P E Y D I V G  OV'THE FAU 

c D r  AYETER 
r 

I i ( I 0 L F * ? i )  k"429-09 
i ~ ( I I G ~ . 2 7 . A ' l @ . I . L E . 5 0 )  i i=Q95.?5 
I F  ( I .  t-r,;4.~'JD, 1 .L5.88! A=584.5 
fF(I.G-.qg:Apd3.1.~~*lll) ~ = 6 3 3 r 3 ;  
XF~I.G:.I~L.A~!~.I.L~.I~~) a=1123.;! 
1 r : I . c r . l 3 5 )  : + = 2 5 2 C , 4  

C 
C OcTESvINE T-IE V U Y A E ?  F4US, TdE ~OLUYE??IC FLOW RATE THROUGH 
C E a C V  ' A M *  4\43 THE TOTAL s D f 5 S J a E  DROP 4tROSS EACY FAN 
C 

Y = O  
5 0  C3bliiY:1E 

Y = K + l  
I F ( < ' ~ S T * ~ ~ @ )  GO TO 59 

C 
C TqE ??ESSURE D I ~ F E Q E N T I A L I  4Cn"C)SS E4CH FAN IS-3EPEUOENT UPDN 
C T'nE YETHOD OF AIR DISCW4RSEl F73Y THE F4V'r WITH OR WITHOUT 
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VFLOCXTY RECOVERY STACKS 
VcL?EC=p V O  VELOCITY qEt9VERY 
VFL9EC= i  VELOCITY ?EC3VE?Y 

T r E  VsL0C:TY RECOVERY I S  3 A S E 3 ' 3 N  1 3  F T  HIGH-STACqS WITH 
.8 DEGREE SIDESAYD F3R A 29 FT DIAMETER FNN TuF: FFFECTTVE- 
N=SS OF TYE STPCK HAS 3EEV TAqEV TO BE 90  PEPCENT 

IF(VELZECrEO. 0.1 VEL=CFV/60*/4 
F A ; J ~  = ' A V ) ~ P ( I * ~ )  
iF(VEL7EC.EO.l.) V E L = C F M / ~ ~ , / ( ~ ~ V D * Z ~ * ~ ~ . / ~ B . ~ F A N ~ ) * ~ ~ ~ ~ S ~ ) * * ~ * ~ ~ , / .  

*3.1416 

V!=L3CITY E X I T I V G  THE F A V 1 3 ?  STACK YErl LTNE VELOCITY HEAD 
E x I T I Y G  THE FAV OR STACq 

F L n V p = ~ F * / 1 0 n o  00. 
I i  (YELrEC.Ea. g.) ~ ? = ~ ~ i * * 2 / 1 1 3 Z . g 5 2  
1F:VELD'csEGr 1,) ~ ~ = ~ ~ 2 * ~ t ~ s ~ / 6 0 , / ~ ) * . 2 / 4 4 ~ 2 . ~ 5 2 ~ ~ , * ~ ~ ~ * 0 2 / 4 ~ ~ 2 ~  

5 % )  

T n T f i ~ .  PRESSURE BIFFEQEVTIALI ACROSS THE FBN 
T P ~ ) P T ; N W * , ~ ~ ~ ~ ~ * S P V O L + V V  

CcrECT I F  pHESSU2E DIFFE?EVTIALI  AN0 V O ~ U V E T R I ~ :  FLOH'QATE ARE' 
X T T ~ I N  SPECIFIED L Z Y I T S  

I F ( T E , a T . F 4 N 3 A ? ( I , 7 ) )  G O  TO 5 2  
I F ( : F M . G T . F A I J U A ~ ( I ~ ~ ) )  SO TO 54 
I C ( C F V , L T  ,FA"~~~IH (1 .6 )  1 SO TO 55'  
I F ( ~ ~ . L T . F A Y ~ A P ( T , ~ ) )  GD TO 5 5  
I F ( V P . ~ T . F P ~ ~ ~ A P ( I ~ ~ )  ) GO TO 34 

CILC!,~~ATIOV OF VOLUHET?IC ;LO# RATE THR~UGH ?HE FAN FOR THE 
SDECIFIED P9ESSURE DIFFEQENTIQL'  ACROSS iC(E F A Y  

R C F . ~ P F = F A \ J ~ A V  ( I  11 1 +FAPIDAP (1  9 2 )  *T?+FAUD4P (1.3) *T?**Z~FAVOAP(I 94)  
* T D * * ~ + F ~ Y ~ A ? ( I , ~ ) * T ? * * ~  

SFLECTICN 0 7  A VOLVYETRIC rLOd R4TE TO  CLOSE^ MATCH THE 
R=$U!9ED PRCSSUQE DIFFEqE~VTIAL '  ACROSS T i E  FAhl 

DC=?CFtrac-FLOVF 
I 7 ( 4 ~ S ( ? F ) . i E e ' I . O 1 )  GO TO 57 
~ 1 - 1  ,+?F/FcF'-!PF 
I~(~I.~T.~,.AND.CIICF!~~GT. ( C F Y + C I ' J C ) )  GO T g  j 5  
I F ( c I . L T ,  ~ . . A N D . c T ~ c ~ M . L T . ~ c ~ Y - c ~ ~ c ) )  G3 TO 54 
cFFl tcF\ / *c I  
GD T0 c;O 

55  C ; L # - T C I ~ A ~ I ' ! :  
(;n T:! 70 

5 4  c c h ~ = C F ~ ~ - c I ~ C  
C.9 T3 50 

59 C ~ ~ J T I N I I E  
GC) T O  aoo 

62  CD!JT IN t iE  
S:! 7'3 b O ?  

57 C ~ " ~ = t ~ C F Y P ~ * 1 0 0 3 0 0 0 .  

C d L C U i A i I O N  OF THE NUWSE? SF' F4NS I N  j-l;rl FAN SYSTEM 
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C p L C ~ ~ L i ' I C ) Y  97  THC 3 I A Y E T E 7  OF' THE' TO'dEqS 
GTOJ = Y I 3 T H  * C 3 A N S  / ( P I  * TT3JU)  

FAN E L E C T R I C A L  U I Q I U G  C 3 S f S  

';S = 7 2 0 0 .  
I F  (Hp,F . i 7 e  2 0 3 0 . )  VS = 1 3 3 0 5 .  
V S  = 7 7 0 0 .  
I r ( i a " ~  .L?. 550,) V S  = 1 3 5 0 0 .  
T?k13 = ( C O T T W R + D T T S $ - ~ ~ ~ C ,  ) ( 3 7 .  + .47*HpO=bNSF / SQRTlVS) 

R + a 5  Y O ' )  / N3F 
T D V :  = (Ion. l . l * d ? P F )  ( ' s ^ J T u - ? ~ @ * )  / f Q ? T ( V v )  
C S 9  = r P P ~  * 55. + r p F ~ * *  1 . 5  + 1 0 0 0 .  
FAI\I,EC ' T9Yt I  + T 4 Y 3  + T 2 Y C  

r 
r F r U  '4DTOR COSTS 
C  

F Y C  = 7 6 . 5 2  
I F  ! A F ~ F  . S T .  300 , )  Fb'C = 2 6 . 3 3  
3:3qC = 3.9 
i; ! W r F  .ST, 300 , )  S IGYC = gC00,  
C V O T  = dDPF * FYC + 3 f C Y C  

r: 
C T n T A L  ~ ' ~ Q S E P ~ W E ?  9EQUISEYEYT  OF' THE F A V '  SYSTEM 
C 

7 5  T3T+P=qPnFc'J3F 
#. 

P 
u C;?ITAL COSTS 3 F  THE F4U 
C 

I F ( I ~ ~ ; s ~ ~ ) F C ~ T = ~ ~ Y ~ A P ( I , ~ )  * ( 2 t e ~ * F 4 V ~ ~ 3 ~ I , 9 ! - 6 ~ , i  ~ ~ ~ , ~ ~ F A N D A P ( I ~ B  



w * )  I F ( I ~ G ~ * ~ ~ ) F C S T = F ~ N O A P ( I ~ ~ ) * ( S ~ ~ ~ * ~ A N D A P ( I ~ ~ ~ - ~ S ~ ~ ~  + ~ ~ ~ , ~ ~ * F A N D A P ( I  

s r g )  - c 7 n 0 *  
i q l S  EFCfC = 1.05 

FCST = FCST * EFCSF 
q A A E l  = 1 . l G  

HFR = 73. / 28.  * 
C 

i720 C STACY C3STS M I T H  VELOCITY S E C ~ V E R Y  1 
I F ( V E L : ? E C , E Q ~ ? , )  CF?QS= UCS * J J S  PI ( F A V O * H F ~ * T A N S ?  * HFR 

f * S Q ? T ( ~ ,  + T A V ~ . * ~ )  
S + U c 5  UdS * PI (~#ND*HB*TAYI~) * H3'  
f * S Q ? f ( l .  4 t A U 1 9 * * 2 )  

i 325  c 
c S ~ ~ C K  COSTS ~ I T H  OUT VELOCITY RECOVER? 

1?30 C  
C I :JCGEASING TYE FAN COSTS T 3  T4KE I Y T O  A C C O U N ~  FOR S H I P P I N S *  
C  AVO ASSFYBI-Y r)F F P Y  SYSTEY' C ~ Y P ~ N E N T S  

C i a 3 5  = CFqOS * SAAF * ?3HFAV 
F c S ~  = P O I F A U  * S A A F  * FCST 
CS7 = ? 0 1 F A V  * S 4 ~ f  * CSR 
C w r  = CV?f * P o i F & \  * 5 9 p F  

. F ~ ~ I L E C  t -ANLEC * P W L E C  
C 
C TqTAL  C A P I T A L  C3ST OF T4E  F 4 U  SYSTEY 

T C S f P F  = F t S T  + CYOT + CSR + F P N L E C [ +  t F R O S  
TCSYF r TCSTDF * UOF 

C 
C  4 * b V ? I C ~  COST Of  THE FAN SYSTEY 
C 

~ U F C O S = ( T C S ~ F + T O T ~ P * * ~ ~ ~ ~ ~ ~ P L ~ V C ) ~ F C R + E ' I R ~ F C O S / ~ O * ~ ~ ~ T O T ~ P ~  
8 . 7 4 5 7 * ~ A P F * 8 7 6 0 *  

C  
C CPST 3 C  PLEVUM 
C 

C 3 L  = CDY s wPL + ( I T O W N  + P I / 4 *  r 3T3W*.2 - VOF * P I / ~ * * ( F A N O + ~ ~ S ' )  
5 * * ? I  

c ? L = c P ~  7 9 Y S T c  
C  
C STRUCTU?AL 4ND FOUNDATI3U COSTS OF THE CQRCUCAR T3WER 
C  

STQJCC r r 2 4 5 6  * ( P I * D T S W * * Z / b * )  8 ELENG ITOWY 
S * ( 9 0 0 6 9 5  * ROOFL + . 7 2 5 )  

S T i ? J t C  = ST?JCC POqSTc 
f v c C  = .019 * ( J i X * d q T E A d )  + * 8 2 *  (?1 /4 , )  * o T ~ ~ * * ~ * ~ T o w N  
F?J?> F'J3C 8 POdSTC 
4YS'PC = (:DL t STqJCC + FNDC) * FcR 

C 
C AwVJAL FAN, STRJCTURAL 4V3 FOUUOATION C35TS 
C  

AVs:"F = ~ v S F P C  + A\:CC@S 
1 5 0  IF (&'Jc;P? .GT. 4;C) G O ~ O  4 0 0  

C 
C S r O ? a S E  OF DESIGN PaRAvET59S F3R THE L E h S T  C o s t  FAF3 SYSTEY-  TO* 



~UQQOUTINE F A N  7 4 / 7 4  OPT=l FTN 4.,2*70351 1 2 / 1 6 / 4 6  

C Tr, 3E PRIUTED OUT BY T i 3  S39?0UTiVE RPTrWN 
1'70 f: 

AFC = 4YSFPF 
A F C I 1  = 4s!:CDS 
AC=TCSTF 
AHP=TOTYP 
A D 1  h = F t . V 3 4 ?  ( 1  18)  
A ~ L ~ = ~ ? ~ ? ~ ? ( I I ~ )  
R L D ! ~ v S = F A ~ ~ A ' ( I * ~ C !  
~' I r : , ' != t )Oc 
XTni 'd = T 3 d Y  
Yg"T'lkt = IT3dN 
C ~ 3 4 3  = D T ' l v l  
A \ J E , F V ~ L  
CFPFgF=CF'IDF 
HDDEQF=HDDF 
T ; ? c = r P  
T>T,F=:f)T " ' 4  

F q 5 > C  = F C S T  
FUC'F = C'43T CSR 
CDLSU=rPL 
C Y L ? ~ G  C'93S 
Y ¶ ~ I ~ = T D T - I O  
F"n i=T?T'4" /1 .341 
~ Q F I L =  ( V P /  ( , 0 7 4 9 5 * ~ ~ ~ 0 ~ )  *5m232zr 
p 2 q ~  = D ~ T I \ I ~  * 5 , 2 3 2 1 9  / 144, 

WU93 IA  = SnQT ( A ) I A * * ~  - 4,*&/3,14159) 
T c f > F  = T t S T 3 F  
F9C>F = F C S T  
F Y T ? C  n C'4ST 
ACCTTPx (3DTINW ~ Q / ( . 0 7 4 9 5 * S P V ~ L t )  f .2013/144. 
C ~ A  IEL = '4NLEc 
hS, )T?  = Ta * 5.20Z13/144.  
pCT3FD = D P Y X  
~ 3 ~ 3 7 0  = e .07495*fPVOL 
4cTVH = ) ~ c ~ L / 1 4 4 ,  
A3JVq = V "  * 5,?0219 / I 4 4 9  
ACT'PF = I ??FRF  
A ~ J J P F  = 4PFc SPVDL * .07495 
T r n a i Q  = d ~ a i 2  
TCT: = b c  
AFSC'iT = AFC 
AFCST = ACCY 
~ 5 ~ 3  = c s a  

400 C j t " T i  " l ,Z  
I F (  CTt1I\X . € ? a  0.6) K T Y A X  = 0 
I F  (43': ( C T Y 4 X  XTOWW o L T i  0 O T J b l )  LOOPER Z. #TRUED 
CT'44X r AYaXl  ( CTMAXI XTOHY! 
K T M a X  = YTYAX 4 1 
I F ( < T V ; X  .ST. 1 0 )  LOOPER = rT?UE'. 
I F ( L O O - - E ? )  AFC = 5.E+8 
PETJAY 
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T ~ I ~ L E V  - LENG7-l OF W E A T  I x C e 4 ' J O E R  TUBE1 ( F T ) *  I T  1 9  ASSUYED 

TYAT THE TOhE? + t l I S i T  EOYbLS  TUBLEN 
UPCST - U U I T  ' I P E  COST ( 5 1 0 0 0 / F ~ )  



SUD~OUTINE PTPCLS 7 4 / 7 4  O P T = 1  FTN 4,, 20 7+351 l?/lB/ltj 

V A C S T  - VALVE, COST ( 5 1 0 0 0 ) r  VALVES ARE1 MOTOR'OPERATED 
B V T T E ~ F L Y  V A L V E S  



;uQQOUTINE P I P C L S  7 4 / 7 4  O o T n l  F T N  4,2+7'435i 1 2 / 1 9 / ! 5  

C 
DATP E L 4 5 1  t 

$ 8270 r , 5 5 9 9  . 9 4 7 r  2 .15  r 7.67 r 13.2 r 
7 7 s  6 2 3 . 2  9 z7.2 37.7 9 Q 9 * 1  r  65 .2  9 a 4 * 3  9 . - $ l o ? *  1 ~ 3 ,  9 1 3 9 8  9 1 5 7 9  9 175', 1 9 3 s  

--n f 2::. , L L , .  247. 9 5 .  9 283, 3 3 i r  i 
C 

D C T 4  A o l l C S T /  
i n n  5 .D34 r , 0 7 3  9 8 0 9 6  r r 1 5 5 r  ,3329 r51Qm 

5 -61  + r  , 7 1 9 9  
..) . 9 3 9 (  1.16 . 1.41 , 1.57  , f 1-31 9 1.15  9 2 - 4 1  9 2 .55  2.99 9 3.15 9 

3 3 . 4 I  r 3.65 9 3 . 9 1  9 4.16 9 4,42 9 4.67 I 
C 

TA5 1 0 0  F O ? q 4 f ~ B F l b r Z )  
h530\123~ = 3 . 1 4 1 6  TOWDfA / ( ~ . * S U V ~ I O T * C D A Y ~ )  + i* 
D 3 f ' 4 ~ T = D O T " ~ / C T O d  
~ ? T " A ~ ~ = D ? T Y A T / ~ .  
D O T ' J ~ ~ Z ~ ~ T V A C / Y ~ U N P ~  - 

I 3" TIN='C' iV5VT 
C O W S T 1 = ~ . / ( 3 . l 4 1 5 * 3 5 W . )  
OELSY=r .  
O Y N ~ O S ~ O .  
TC35'=n. 
3 3  1 I z 1 9 V F S  

1 ~ ~ c S T ( T ) = D .  
D 3  :! I=lr 'JF'-  

2 SORCST ( 1) = O  8 

QFLSq=n. 
Q ' ) Y V ~ ~ C = ~ ,  
5PJC39T=@* 
S E L Z S T = ~ .  
j c t 3 C S t = O .  
SEJ:ST=@. 
3?T?Eqq=3OTYA 
JS=1 

C 
C IU T q E  S T A T E Y E Y T S  TYROUSq 1 7  + 1 T Y E  M A I N  CIRCULATION P I P I N 3  
C 1s 3 E S I G N E D  AVC) COSTE3. T j E  3 v ' J A M I C  H f h D  L C S S  AV9I PRESSU2E 
C D?OP 4 9 E  D E T E Q Y I N E D  'OR D'JMOIVG REQUIREYENTS.  
C 
C C A L L  I E P P E ?  TO D E s I S N  A V 3  COST T F E  C O M P ~ N E V T :  OF -tEADER 
r: S r c T I 3 u  JS. 4LL P 5 4 3 E 9  S E C T I O V  COYPOUEU'TS ARE D E T E R M I V E D  
C 3 F T d E E N  ST4TE!-lENrS 13 4'J) 1 2  1. 
C 

1 3  C ~ C , I H ~ ~ D E ? ( ~ J O T ~ E M , D O T ~ I ~ A T , D E ~ V I L V , ~ E ' J S ~ V , R E ~ ; I C S , J S , ~ , D I A J ,  
B D ~ ~ S ~ T C S T I G C S T I ' J D C S T ~ S E L C S T * S ' C S C S T ~ S E J C S T )  

C 
C TLE 7 ! n \ E T E ?  OF PE4DEQ SECTID'J  J S  ( D I 4 R )  I S  ~ E P L A C E D  JY DIAJ. 
C. Ira DS7EQ T 3  CC\fPkf?E THE 314uETE2 OF S E C T I O V  J S  W I T N  S E C T I 3 N  
? J? + 1 70 D E T E R Y i N f  RE?.JCE? ~ E Q J I ? E v E N T S .  S O I A  15 TPE STI)R5D4 
C V n L U E  CF THE O I d Y E T E Q  3; 4 5 A 3 E R  S E C T I O V  JSI 
C  

D I P  J - O r  AS 
S D I a  ( d c )  = 3 I A S  
STCST (JS) =TCST 

4 F S I 5 Y  THE COST OF A R E 3 U Z E 3  TO THE P R E C E D I N G  HEASER SICTIOYI ,  



F T N  4,*2*?*35i l?/l a / ? $  

C T u E  COST 3F 4 REDUCER I S  3 1 S E 3  ON T'iE LIRGES? D I A Y E T E R  OF 
C  TIJE RE3UCEQ. 
C  

I F ( J S . C T ~ ~ ) S Q C S T ( J S ~ ~ ) = ~ C S T  
U D I ~ C S T  ( J S )  =UPCST 

C  
C  D c T E ? Y I V E  LEUGTH OF H E I D E ? I  SECTIOV.  ? H E I F I R s T  HEADER S E C T I 3 N  
C 15 D E S I S N A T E g  4EADEQ S E C T 1 3 V  1. 4 L L I  EVEN VUM3ERE3 HEADER 
C  S c C T I O U S  A R E  E f F E C T i V E L Y  ZERO LENGTY BECAUSE THE C f R C U L A R  
C T q ~ E q S  4QF ' A I ? E D  O'i O J O O S I T E  S I D E S  OF THE M i I N  C I R C U L A T I O N  
C  H ~ A ~ E ? .  i h E ? C  I S  OUE M E A E Q  S E C T I ~ Y  D E S I G N 4 T E D  F3R EACY 
c CiQcu~?? TC)+dERq 
C 

I F ( J S * ~ Q * l ) t O  TO 1 0  
I F ( ~ D D ( J S I ~ ) . E O . O ) ~ E ~ R ( J S ) = O .  
I F ( ~ ~ D ! J S I ~ ) . N F . O ) H ~ D R ( ~ S ) ~ ~ * ~ * T ~ W D I P  
t o  T"!! 

1 0  H E ~ ? ( J c ) = ~ I S T + . S * T ~ ~ D I A  
C 
C O = T E ? Y I U E  T + E  3 U T L E T  TEu0E3ATJRE AYD D Y Y A M I C  YEAD LOSS FOS' 
C H T L 3 5 1  S E C T I 3 Y  JS. THE E 3 J I V a L E N T  L E V S T Y  INELUDES AN LYD OrI 
C: 2' F ? ?  7 4 ~  TEE "RLJY", T d E  OUTLET TEVPEQATURE gEC3MES THE 
C  I h ~ L E T  T E Y F E ? 4 T J D E  F 7 R  T I E  VEXT H E A ~ E R  S:CTION. S p V E  T Y E  
C  V ~ p 3 9  3 E N S I T Y  T 3  c@YDUT5  I Y V A Y I C  YE4D L 3 S S e  YLAMYO P R O V I D E S '  
c A U E d  Vf i r "@Q 3 E V f I T Y  (Tq?DJ3Lc  CDYYOV! F O ? I  T q E  VEX7 HEADER 
C S F C T I O k J r  
C  

11 E Q L ? Y = ' J E ~ ~ ( J S )  + 2 3 . . 3 Z A ~ / l E ,  
C 1 

C S I I S T ~ A C T  CUT T I E  FLOW Tl) 3 V E 1 C 1 9 C U L ~ R  T3WE9 T O  GET THE FLOW 
C IU HEA7ER S E C T 1 0 4  JS 4 1. 
C 

DEV5=5r%S:V 
C b L - I  Sl ~ ~ Y ~ ( T I N ~ ~ O T ~ E ~ ~ D I A S ~ C Q L E ~ * ~ ~ ~ T O U T ~ D E ~ P )  
n E C f 4 = 7 E L S d . o E L P  
D Y U I O S = > Y U I C S * C E L P / ~ E Q S  
T I N  =TrUT 
DOT?Eu=30T?E' f -QOTYAT 

C 
C  I F  TYE R E M A I V I V G  FLOW I S  ZERO THEW THE i # s T  I ~ E A D E ~  SE~TIOV 
C q a S  3EE'J ?ES:CVEC. ,. b 

I F ( 3 O i > E V . L E . O . ) S O  T 3  1 2  
J S = C S + l  !'; JZ .CT. "'" ----"" - . - . -  

,I J ,  I - A ' r J t  - A . C ' + U  

I F (  J S  .ST, Y F C )  R E T J f i N  
53  T3 13 

C  - 3 y T I ; 1 v I V E  T-(E 3IAYETEQ OF1 TYE D I S T a I B u T I O N  P~PINGI 
C 

1 2  R 7 C i 5 I  ~ = 5 0 9 r  ( 3 C T Y A T * C C h ~ S T  1 / ( ~ E ~ S I V ~ S E S V E L V ~  ) * 1 2 *  
IF(32C~31A.iT~OIAY(l))BRC3D14=3IAY(1) 
D:! 1 4  1 = 1 , ? 1  
I I=I 
~ ~ ( ~ P C H D I ~ - ~ I A M ( ! I ) ) ! ~ I ~ ~ T ~ Q  

l4 cONTIU: IE  
15 ~ ? C i O I t = 3 I A u ( I X )  



e u s s 0 U T l n E  P IPCLS i 4 / 7 4  P T = i  FTN 4.2*7935i 1 2 / 1 5 ~ ! 5  

C 
C THE COST OF A TEE I S  ASSJYEB T 3  BE a 6 7  TIMES THE COST OF' 4 
C TEE OF THE IIRUV" DIAMETER 2LUS 033 TIMES THE COST OF A TEE1 
C OF T I E  " ~ ~ A V C H "  OIAYETE?,  THE1 "RUV" P 3 ? 1 I O Y  WAS )ETERMINED 
C I/! fO?R3UTIUE v H E ~ D E R v .  T4E " 9 9 4 V ~ H "  D 9 R T I O ~  1s DETERMINED 
e H e ? E r  

C 
B Q C S T = . 3 3 * T E E C S T ( I I )  
D O  1 6  T=i,JS 
STCST ( 7 =STCST ( 1 )  + q W T  

16 SDCS T ( 1 )  =HE39 ( 1 )  * U P I P C S T (  I )  
STCST ( 15) =C. 
p 3  17 ;=1,;s 
/ F ~ I . L T ~ J S ) S C ~ S T = S C ~ S T * S ~ C S T ( I ) * S R : S T ~ I ) + S T C ~ T ( I )  
I F ( I . S ~ . J S ) S C O S T = S C D S T + ~ T ( I ) * S R C S T ~ I ) + S E L C S ~  

17 cC)W~INI,IE 
S ~ ~ S T = S C O S T * S F L G C S T + S E J C S T  

C 
C IU T ~ E  S T A T E Y E U T S  TYROUSY 2 1  • Q THE DISTRIBUTION PIPING IS 
C DES!SVE3. !NDYXES FOR J V I T  C3ST A?SAyS ARE DEFINED. 
C D?ESSLl?c' LOSS AYD DYNAYIC ~ E A I I L O S S  ARE E V 4 L u 4 T E Q e  
C 

D I A S 3 = 4 0 9 T ~ P O T M 4 T * C O Y 5 T l / ~ D E V S I V * O E S V E L V ~ ) ~ 1 2 a  
DO 2 0  1 ' 1 ~ 2 4  

2 1  D I 4 5 3 = 7 I A Y ( I D )  
E Q L E U = . ~ * T ~ W ~ ! A * ~ @ ~ . * D I A S D / ~ ~ .  

C 
C THE EQUIVALENT LE'JGTH IVZLUDES THE LENGTH OF-PIPE CONNECT IN^( 
C TuE V a i Y  c I ? C U L ~ T I O U  HEaDER' T 3  THE T O W E ? t D I S T Q I B U i I O N  H E A D E ~ L  
C TdIS LE'JGTY I S  PSSUYEO 7 3  35' 9 2  TIYES T4E TOWER DIAMETER* 
I: 

DEYS=DZUS!V 
C4L- I  41  b ~ u Q ( ~ I V , D O T Y A T q D I A S D ~ E I L E V r l r r T O U T , 3 ~ L P ' 3 )  
03Y VqD=3ELJ3/3ENf  

C 
C THE TEPPERATURE OUT OF T ~ Z ' D I S T R I ~ U T I O Y  P I P I N G  I S  THE 
C T F Y P ~ ? ~ T U R E  INTO THE TDdE7  P I P I U G ,  
" 

TIY=TO: lT  
C 
C I\J TdE STATEYEYTS TYPOUSH 2 3  Q THE TOJER P I P I N G  I S  

C D r S i G ~ t 3 .  INOEXES F O H  JY IT '  C 3 S T  ARRAYS ARE DEFINED. 
r: PPESSURE LOSS AYD DYYAYIC +€A3  LOSS A R E ' E V ~ L U A T E D .  
c 

D I A S T = ~ ~ ~ T ~ D O ~ V A ~ ~ C C ' J S T ~ / ~ ~ E ~ S ~ V ~ O E ~ ~ E L V ) ) * ~ ~ .  
0 3  32 I = i r 2 4  
I T = I  
1 F ( 3 1 A ~ ~ - G S A ~ ( I T ) ) 2 3 , 2 3 * 2 2  

22 CONTINi lE 
23 D I ~ i T = ? I & ~ f I T )  

F ~ I - ~ Y = ~ O ~ ~ T A + T U ~ ~ E N + ~ O . * D I A S T / ~ ~  



F T N  4,.2+7035i l Z / l 8 / ? 5  

C  
C  T d E  TCYPERATURE OUT OF THEi TONER P I P I N G '  I S  T ~ E I  T E Y P E R A T U R E ~  

t 

7 4 5  C  I v T O  ;HE 4UADR4NT P I P I Y G *  
C 

T I U = T O I I T  
C 

* 

C  CnYPI ITE THE COST OF THE 3 I S T 9 1 9 U T I O Y  4'491 TC)WER P I P Z N G e  P I P l l  
,. L c V G T d S  I N C L U D E  THE L E U S T i 1 D F  P I P E  CONVECTING THE Y A I N  c I ? C - .  
C U(. \TIC)N HEA3ER TO T+E T 3 d E ? i  D I S T 2 I B U T I O \ 1 1  H E ~ ~ E R  ( .2*TOWDI b )  

C 4 " D  TrtE T O T A L  L E Y G T r  O C  ? I p E  C 3 ' 4 ' 4 E ~ T 1 ~ 3  THE T3WER 
C D I S T ? I ~ U T ? O V  HEADEf? TO T r T I  FOJQ Q U A ~ R A V T  H E A ~ E R S  (3 .25*  
C T n N D I n ) .  TdCSE LEYST- 'S 42:' G E V F i l p L  A ? ~ ? O X I Y ~ T I O N S ~  TL(E 
C 
b T q Y E 2  D I S T F I 3 U T i C q  Y E h 3 f q  I S  ~ S S U Y E ~  TO A P ~ R ~ X I M ~ T E  THE 
C  C q S T  OF FQU? TEES. l U D I X  1113" q E C E 9 S  T 3  TYE D I S T ? I B U T : O N  
C I I P i V S ,  t l I T t 8  T 3  T+E TDWE? J I P I V S .  

C 
S T ~ ~ S T = . ~ * ~ C ~ D I ~ * P I ~ C S T ~ I D ) * Q ~ * ( ~ ~ ~ * ~ E E C S T ~ I ~ ) + ~ ~ ~ * T E E C S T ~ I T ) )  

~ + ! ~ ~ ~ ~ * T O ~ ~ I A ) * P I ~ C ~ T ( I T ) * ~ ~ ~ * ~ L I ~ S T ( I T ) + ~ ~ * E ~ ~ ~ ~ ( I T )  
, + 4 , * V A r S T ( ! )  ~ . * F L S C S T ( I T )  T ~ ~ L E V * A P I P C S T ( I T )  

T S T S C S T = S T ~ C S T * C T ~ Y  
c 
C I\I TYE STATEWE\ ;TS TYR3JS.I 3 3  6 11 T q E  PJADRANT P I P ' I V G  I S  DE-. 
C  S r G V E ?  A u D  COSTED, 'HE D Y V A Y I C  9 E A 3  LOSS 4'40 PRESSURE 9 R 3 P  ,. ,. 1~ T I E  3 U 4 0 1 A N T  HEA3EQ AV3 3 U V 3 L E  F I T T I V G S  ARE DETERMINEDI 
C 

, D 3 T  ?FM=DOTUAQ 
US= 1 

C 
C I u  STATYEUTS 3 1  TO 3 0  - 1 3 E S I S V  AN3 COST I N F ~ R M A ~ I O N  FOR 
C  E i C H  3UAORAVT HEADER S L t T I 3 V  I S  D E T E R Y I v E D .  
C  

31 CALLI  U ~ A ~ E ? ( ~ ~ T R C I Y , ~ ~ ~ Y ~ ~ , D E S V ? C V , ~ E V S I V , Q R E ) U C ~ , K S , O ~ ~ ~ A J ,  
~ D I A S , T ~ S T ~ ? C S T ~ U P C S T ~ O S - C S T ~ S F L G ~ C S T ~ S E J C S T )  

C 
C  Tkr5 )!AYETE? O F  YEA3EQ S E C T I 3 v  YS ( D I A S )  I S  ~ E P L A C E D  BY D I A J .  
C. I N  317Eq TO ~ O U P A ~ E  TdE 3 1 4 H E T E ?  OF SE:TIOY K S  W I T H  US + 1 
C T o  DETERMINE R E ~ U C E ?  ? 5 3 J I ? E Y E U T S ,  S Q ~ I A  I S  THE STORED 
C  V b L U E  OF THE D 1 4 U E T E R  3 F  I E 4 3 E R  S E C T I O V  US, 
C 

D I A J = ~ T A S  
S O D I A ( K S ) = ~ I P S  
S 3 T C S T : K S )  = T C S T  

C 
C  b S S I " u  T h E  COST 3 F  4  R E ? V C - C R  7 0  THE P q E t E D I N 6  HEADER SEcTXOV1* 
r T A E  C O S T  3F 4 SEDUCER I S  ? A : E 2  3 N   HE LLU~GEST O I A S 4 E T E R  35 T I E  
C  9 F 3 J C E 9 .  
C  

I F  (<S.GT*  1 )  S3RCST ( K S - 1 )  =RCST 
U P 1 3 C S ~ t K S ) = ~ P C S T  

T 
C  T u E  F I ? S T  O3ADRANT YEA3E3 IS PSSUwE9 7 3  HAVE 
C ~ 2 ~ 3  ~ 5 1 5 ~ ~ .  T Y E  PIPE L E V S T H  F ~ R  THE Q Z M A I N ~ V G  SECTIONS W I L L '  
C BF S 4 0 3 T E Q  I r  D E L T A  i E 4 T  EXCd4VCE? A ~ ~ ~ N G E Y E N T  I S  USED. 
C  L r V P . T Y  OF TdE TEE H?UV" IS 4SSgYED TO 9I1 1.75 T I M E S  THE P I P E 1  
C DT4HETER AND T Y I S  L F Y G T I  I S  S J J T Q ~ C T E D .  
C  

I F ( < S * E Q * l ; O q E 9 2 ( Y S ) = O *  



F T N  4.*2*7435i 12 /15 / /5  

'* b c 0 I F ( Y S . G T . 1 )  Q H E 3 ? ( Y S )  a 9 U Y d I 3 T  * CDAYG - 1,75 D I A S  / 12, 
C  
rn S F T E Q Y I ' J E  T I E  3 Y N A M I C  YEA) ,  LOSS A V D  PRESSURE 3ROP I N  THE' 

C Q l t A 3 1 4 U f  HEhDE? S E C T i 3 V r  S 4 V E  THE VAP3?1 D E N S I T Y  SECAUSE I T  
C '1llST 3E U S E 3  I V  COYPUTSVG 3YP.14qIC HEAD LOSS qUT I S  R E D E P I U E 3 I  

~ O S  c 1.3 -1L.l'!'O. THE V z Z  ' J l i ; Z  ZF 5 E ' i ; i ~ y  F ; i ; l r i  . i i l \ . ( l . iGc i i , \ i  
C T L ~ E  T ~ ' ~ " E Q f i T ~ R ~ ~  T O U T ?  h 3 * L I E S  TO THE V E X 1  HEAOEQ S E c T I O N s  
C 

D E U S = O F V S I V  
EDISY=,:d53? !if) ~ ~ O , * D I A S / ~ ~ *  
C t . L i i  ~ L A ~ ~ . ~ Y ~ ( T I Y , ~ ~ T ~ E V , ( I ~ S S ( E Q ~ E N P ~ , , ~ O U T , ~ ~ ~ P )  
D E L S Z = n E L S 7 + 3 E L p  
93Y \1+0:=3)Y ' l~ i )S*SEt?/DEVS 
T I N  = T ? Y T  

C 
C  S 1 1 3 T 2 4 C f  OUT T 4 E  FL3W T 3  3YE t U 3 E  SUNDLEI. IF THE' FLOW 
C 
b RF'. :n i \ IVG I S  ZEQO T A E V  T H E I L A S T  Y E A ~ E R  S E C T I O N  H q S  BEEN 
C D;S!BUE3, 
C 

D ! )T?EY=33T?EY-30TV43 - 
62n I=;JOf~EV.jE.O.) SO TD 3 0  

Y ( ; = C S & l  
: F (  < S  ,BT. NFL)  DIWCSTV = l.E+40 
I F (  YS .GT. V F L )  RETURN 
G 3  TO 11 

I 2 5  C 
C . C F P J T E  THE D I A V E T E S  OF T.iE1 3UYDLEl FITTINGS* 
C 

36 3 ? C - i ? J t  = S O 1 1  ( D O T Y A P * C O M S T ~ / ( ~ E S V E L V * ~ E V S I V \  
~t ( ~ = C . J ~ I ~ . L T . O I A , V ( ~ )  )~RCHDI~=IIAM(~) 

i ,3o  DD 32 ~ = l , ? l  
* - l r = I  
1~(3RCu314-7IA~(II))33,33,32 

32 C O N T I N t l E  
23 P ? C  J ~ I ~ = C I A Y ( I I )  

6 5  c 
C T u E  ? ~ ? T I o Y  OF THC TEE C3S: A Y T Q I ~ u T E D  T o  THE IIBRANCHW* SEE1 
C N O T E  P ? E C E D I V G  STATEMEVT 15  + l r  

C 
S ? C S T = . 3 3 * T E E C S T ( ! I )  

l a ?  C 
C S " 9 T o T a L  QU4994\ ;7 COYDI)VEUT C3STS. D E ~ E R M I N F  COST OF BUNOLEI 
C = r T T i V G S .  
C 

03 J *  T = L ~ * S  
S 3 T t S T  ( I1 = ? o T C S T  i I )  e 3 R C S T  

31 S ~ P Z S T  t I =Q+EDR ( I )  * U P I ? C S T  ( I  
S Q T Z S T  ( K S )  =a.  
S g F c S T  2 7. a P I P c S T ( I 1 )  ~ + * ~ L G c S T ( I : )  

C 
C C n Y ? l J T Z  D Y V A Y I C  H E 4 0  L O S S  11 3 U V D L E  F I T T I N G S .  
c 

DEhlS=Dr \ !S IV  
EOLEV 7. 1 Z F .  R ? C H ~ I A / ~ ~ .  
ChL-I Y L A ~ ' ! ~  (TIU.~DTVAY , ~ Q C H D I A * E Q L E N * ~ *  STOUT,DELPGSI 
a s o Y u 4 r = 3 E L p a S / o E ? J s  

C 



E V A L ~ P T C  THE C 3 S T  OF T'lE1 3U4DRANT HEADEgSe 

35 CIDNTIYl!E 
C 
C TOTAL S U P P L ~  O L A D 9 4 U T  " i 3 I U S  COSTS. 

z h 5  C 
T S ~ ~ Z O S T = S ~ C ~ S T , C T O W * ~ .  

t 
C T H E  V A P D R  T E V P E Q A T J 7 S  AT T 4 E  4 E 4 T  E ~ C H ~ U G E R  ~ V L E T  b4AS 8EEU .. 0-TEQui 'dFO 3 V  TdE Y P S I S  3;' TdE1 ~ C C U M U L A T Z V E  P R E S S J Q E  OQOPS 

i7n C !*I T 4 5  SUPPLY DIPIUt. 
c 

T Y X I V  = TOJT 
C 
c D r T E Q U I ' J E  T O T A L  COST, ??E5f;lREt DROP,  A V ~ ~ D Y N ~ M I C  I e A D  LOSS 

i 75 c I ~ I  T ~ E  SUPPLY ~ I P I Y S  SYSTEY.  
C 

P I P C S T V = S C ~ S T * T S T ~ C S T * T S ~ C ~ S T  
P T P Z S T V  = 1 I P C 5 T V  u o O Y C I 9  
~ E L V ' = D F L S ~ * C E L " ~ * ~ E ~ P T + > E L ~ ~ * > E L P ~ S  
D Y N + ~ V ~ ~ Y V Y ~ S + D D Y N Y ) + T D Y Y H D + S ~ Y V H O S + B S D ~ V H ~  

C  
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$ 9  d T H r l *  $ T C Q l r S T ? ~ t l , C F M ? F 1 ~  + J P F l r T 3 T C F i 9  T P ~ I E F F I N ~ ~  A Y T U l  
3. A I ? i ~ l r  d f i T F F 1 r  X l Y 0 0 1 ~  T C T ' F I T  '3CPF1, F Y T R C ~ I  ~ C T T P I ,  A D J T 3 1  
F *  , i C T ? " l r  ~ D J s ~ l r  4 C T V H l r  A3, ' \14!1 I D J ~ ' ~ ~  ~ q ' ~ 1 1 ,  T C T F l  9 A F C S T I  
5 9  C 5 2 q a  W f I T f R 1 ,  h S T C C I *  C F 3 J l l r  q.ja3I1,  T O d L E l ,  N J M T O ~ ~  CTOHD1 
5 ,  S S J J i *  S ? ? J S I -  A i J 3 C l r  C 9 P l t  T T 3 1 1 9  T T 3 2 1 1  D E L P S l r  C S T L V l  
f r c S T Y q 1 ,  c Y ~ 2 Y l r  c F 4 Y ~ l r  ? S i A : l *  S U F i T I *  P Y ' C S ~ P - R P T P L D I  S E P C S ~  

C O Y I O N  / S C A L E Q / W ~ F A C I ~  ATUS, c ? E R A *  S S C ~ ~ P L ~ M C ~ I C P S S S ~ ~  
5 S 4 1 2 r  T A I q l  r i 2 4 I ? *  LIPNAT* ULRTP, P L A u c T ~  

C3!-4'4oY / L A C A L L /  S ? N  
C3'4j8DY / E S C A L /  ?SECF 
~0'1\ !3N /TIuE/ XUS*  TLA. X N T S *  PRaS, TTDZQE, LZNOR, XNPI XQUALY 
c ~ ' ~ V C / T Y ~ E / ~ G A , L ~ ~ T I D ( ~ I ~ )  
coP!4OY /DLCOST/  ~ P L  
~ 3 Y \ 4 2 V  / D Y E /  P u E L E c  
c?'4'4ZhJ /FLSW/  F X T L N G  
~ 0 ~ b f 3 Y  / Y E A D E X /  C H H ~ C N ~ C + ~ I C ~ ~ ~ C ~ J ~ C W J ~ C S T ~ C Y O I C S ~ ~ C S Y * P ~ T C H F P C ~ ~ ~  

~ P ? F ~ S , U E ~ U ~ T I I ~ E D T Y P ~ ~ P ~ ~ S S  r w g  

S C A L I V S  F A C T O R  F R 3 Y  P O X I T  1 T 3  P O I N T  2 TO A C ~ O U N T  FOR CHAYGEI 
I k !  HEAT RATE FACTOR 

Pi.4NT COSTS 4 T  3 E S I 3 N  C 3 N 3 I T I O ' J S  ( > D I N T  2 )  W ~ I C H  I N C L U D E  . 
S T E P Y  SLJPPCY A Y ~  B4CK ??ESSURE S C A L I N G  TO POIYT 2 

I"~?EYEYTAL COST OF S C 4 L l V G  U D ' P L 4 N T  DL'El TO I V C R E A S E D  H E A T  
R n T E  FdCTOR 



FTY L.5+414 

P 1 1 4 t P  OUTF'lJT O F  T P E  T I !@ 3I;JF GEtIEFiITOY AT THE R ~ T E I )  
GBCY P.'tSz'JVE O ' O I F I T  1) Y l r i ( : l c  Y t F T S  T-IC PCWKD I?EQUIREP€NTS O F  
TPE F A N C  4 N I l  PUPPY ( P l ) K h T  3 1  B P I 0  THC POW:? 9UTPUT OF THE 
P L G N T  4T r 1 4 F  D F C I G F !  jB^ , l<  r lcFSsuw ( P u r N T  2 1  

L 

~ ~ 1 2 1  3=( l .+YFf ' I 'PS lZ12 
1: 

TDTCL P'JUf Y JUTPIIT OF Ti iE P L A N T  A f  P O I q T  3 
L 

PTIJTRL = I J S r z c  + : : .+YFPI 

P L I I I ~ T  COST A T  F O I K T  3 EYCLIJDING THE ORY COOLING TONER COST 

Ib ICrEPEHTPL COST OF PLANT OUF TO D S Y  COflLIIIG TOWFRS 

SC4LIPIG UP THE OF). COOLING TOWEI: O I I I F N S I O N S  AN0 THE COSTS 
ASSOCIATFO K l T H  T T  

TYJIFPEY JF.NT PAQRYETt  RS OF T H E  n@Y COULING TOHEP 

311<FACE G ( l l l i ) C P  SFR I)I?lFE1<InU ' AUI) GUSTS 

'j!?l1.Lt T r E  'i!l;ll:i.J ';F 7\Jb3t;5 E b i  u l I 7 T H  b l l ?  THE d l O T H  O F  THE 
t d F  , \T F U ! , t i A Y h ~ l :  



Tc* = 2A'IGF t T'l 
J A - 5 3 .  75* (Tn+c*hS .  ) / l 1 S s * l 4 4 .  
TF I f  LUSS.LT.  2 . : )  MiGV= .TYUt .  
T r ~ l S A f T C N . L T . O . C l  I . I F G U = .  T?UE. 
T.F(VA.1T.b.C) ' 4 C G V = .  T?VE .  
I F ( S d 4 . L l . L . d )  FIfGb=.TPUF. 
I F  I TldITE.LT. U .  1 )  PJFGV=.TPUF. 
T F l N F G J )  WWITFIK r n 3 h L )  
IF ( 1 IEG J )  C T O P  
CONT I I I U f  
IJPISAt'ft=tiPA IS 
'J:J il4F A=ktJFAF! 

THF NUt?3EC! OF F!\N; AN7 IHE MOTOR* '3LA9Er AN0 ELECTQICAL 
H r Y I N G  C O S T ?  OF THE F A Y  SYSTEM 

CLECT1?ICAL W I P l N G  O F  THE P I  lJ ING SYSTEH 

FUEL COYT. FI!; I ' I F  + & S F  i ' ~ J t l T  . i l T i -  n ~ : r ~ r : ~ F b ; r  I o r inL  rUKo INE 
C P E X A T I N G  4 :  c 4 T F ' l  4;PCY 07C57U"t  



FrL,.q = i C ( ' S  7 ' + 1 ~ 7 . F - 5 * l t ! O F : , ! 3 2 / T t F F l  ' ( 1 . t Y F P )  
l l ' - l  . - -  F S ;  FT,_-FC;'7 

1, 

I L , A N : I  , I%!~: 0 L P r h : t .  C O ~ T ?  
r 

T ~ I J I A = T E I I T A  + I t .  4 tl-1') 
(;1_3t<O = COSTL+SAF '?Ct I  
S F f ' C S T  = I b . 3 S 7 1  + I r T / f - , C .  - l i i : !264.  ' I ) /  10.1::. 
SCPCST = TEPCST * F O H C I 2  
TCt IFCS = TCIJFCS t S F C I : S T  6 S P T P L  
c P r p  = T C W F C S  YFPFI * I C ' I O .  

CT17W0 = CTOWD + Y F P F I  

C P L F N  = CPM + WPL ( I T O W N  + 3 . 1 4 1 5 q / 4 .  ' CTOW0*L2  
6 - XNFAN * 3 . 1 G L 5 9 / 4 .  ( A ~ I A t 3 . 5 ) + * 2 )  

C P L E N  = C F L E P  P O h 5 T C  

STSUCTU?E AND FOUNOA T I O h  COSTS 

C A L L  STQUCT(CTOwn,  k H X ,  WATEPh', Q C O F ~ ~  STRUCCI CFOUND, WSTRCT, 
K NUVTOH, ELENG I PUHSTC)  

CFOU!iO = P O t l ? T C  + CFOUND 

L O U V E P  AP'l H A I L  SCi2EEN C n S T S  

H S L V A  CTOWC ' NUMTOW + 3.1%159 ' ELENG 
C S T L V "  = CLUUQ ' HSCVA POHSCL 
CSTHS = C t i A I L S  + H S L V A  + POHSCL 

TOTAL C O S T  O F  n R Y  C O O L I N G  TOi4KY 

C C O S  = FSACC t 4T1!7C t YMCST 4 C P L i N  4 STRVCC t CFOUNO 
s t C S T L ~ J P  t C s r u s  + C F A N E L + X ~ F ~ N / Y F D P ~  t C Y L Q N G * Y N F A N  

~ ~ L : I T E N G ! I ~ : F  (;(i!;l OF TPE :lKY C I I O C I  NC; T O H E Q S  

COSt l  = P F I  " l(:,3'JS t C P I P  t <:OFlJAS) / ( P S I Z E * C A P F r r l 7 6 0 . l  



S U R ~ O U T ~ N E  SERCH 7 4 / 7 4  O F f = l  fTN 4.2+7935i 12/1s / !a  

SU~QOUTIVE SERCH s- 

C 
C T Y I S  a n U T I u E  SEEUS Y I N I Y U M  B Y  SIUGLE VARIABLE'  S E A ~ C H  MEiYHOO 
C 

L O C I C A ( _  FXTLVG 
C344 49h1 / LACALL /  S?N * 
D I M f Y S T O N  C ( 5 )  
COM'fOY /SUPPLY/  V A L (  5 )  r C P L V l  CP IP ,  CCOS* W?, C 3 S Y l  E f F #  

S Q T Y I  ~ L p h g c  R ~ k i f i *  2 9  1 9 ~ ~ ~ ~ 1  w 4 r  UI OELPWV PPOM* 
B F P ? ~ ,  ~ E L F ~ I  WI3TH. ELEvS.  V419 ,  VWAT, H1c  YO1 ~~9 

4 ? E w " T .  '),it 'T*  V ' * 2 ~ ~ L C 2 ~ P ~ ~ ~ 1 2 ~  s P B P ~  S ~ 4 9  Sw3, 
3 S ? C y D T C T t \ L ' > L A V C 3 * S A F R 9 % *  C A I ? *  Y F P V  S ? C ? * D S I Z 1 3 9  WT2 * 
'6 ? I  TC0Sq 3 E ' - ? 4 , ? E L Y d T , D E ~ ? h c ,  CON2Ls. XNTSX* VELDX 
f 9 T L r X *  I J C O ~ ~  ?'~:STI FYcSTc  'BACC, E F F c *  CHI CA* CS 
5 CLTCt  C F C *  c0EC, ' I T C q r  CSC,CEP?EP,~ELPI?I 4 S T 9 0 L ~ t S r  
~ , C A ' C S T ,  X * L ~ ~ R L D A ' J S ,  C'LE" ~ = F F L ,  wrx, ATTUB. & r ) I n l  A ~ L  

~ ' Y T R *  WTFP" *SToUCC*CZFE?=*1JPE?F*  TDTCF? T P c *  E F V V r  ANTU 
5 .  A I R c F ,  rJATFF9 X Y ' J O S *  TCTaD'r ' 3 C 3 C 9  FYTRCc 4CCTTPI ADJTP 
9. ACTS-D, A3J9DD, ACTVHr A I J V ~ I  A3J?PFr  ~ " ~ U I R ,  T C T F l  AFCST 
$ 9  CSqn*  W A T E ~ W *  WSTQCT* C F 3 J V 3 r  H J ~ ~ I P I  Toh',ENl y U Y T O d i  CTOWD 
s 7  S29J. S O ~ J S *  ATUBC* C S A I  T T 9 1 1  TT32,  D E L P S ~  CSTLVR 
S ,CSTC5r C V L 2 N G *  CFAVEL*  PSTPCS* D g F I T C *  P V o t S T *  PPTPLI SEPCST 

t3WqDN / S I L Y /  V G R ( 5 ) r  CPL'd t P I a l ,  CCDS * 3 - i  COSG 9 E F F l t  
R 2 i ~ l .  CL~N I~  REAI~. Z ~ ~ ~ ~ F A E S V  W4f: ~ f ,  DE"Y 1 9 PPOW t 

B :Pn'''l, g E 7 ~ I i  Y I ? i l i  E L E ' . ( l l  V 4 1 ? 1 ~  V W A T ] ~  Y I i r  ' 4011  1 4 1 9  
F + E J n l r  ' U W l .  ' 7 1 9  " ~ ~ , z ' L N c ~ ~ z s I z I ~ ~  z S P Q D i  S J 4 1 r  S W 3 l i  
f S P r l *  ~ T D T I ' C L N C ~ ~ V  P F R O l *  A A ! ? i t Y F ? y I W *  S P C D ~ ~  S P S 1 3 * W T 2 M I N *  
$ Q'TMTVIVWZ~IN, T C O f l q  D E a A i ,  ) D 4 T l *  D?WCl tCONBAic  X N T S l t  VELD1 
9 t T L r l r  U c O N l r  ?YcSA, F M C S L *  ' R A c I *  E F F C l i  CHI ,  CP19 C f l  
% C L T c l *  C F C l ,  c P c c ~ * F I T c O I ~  C S C ~ ~ C E ~ S ~ ~ ~ ~ E P I ~ ~ ~  A S T ~ ~ O L O C S ~  
s ~ c ~ J C S ~ ~ X V ~ A ' J ~ ~ Q ~ D A Y ~ * C P L E V ~ ~ ~ ~ ~ E L ~ ~  WH1e d T T U l r  AD! l r  A B L l  
F 9  dTH-1, H T F R ~ , S T ? U ~ ~ . C = M D F ~ *  -iaPF1,TOTCFll T P i r E F F i N l ,  A N T U l  
% I  A??FFI J G T F F ~  , X L J u O ~ l  I TcTD-1  r F D C ~ : ~ ,  F Y T R c ~ v  4 ~ T T 3 2  1 a b J t a l  
5 1  f i C ~ q ' 1 1  a 3 J B P l r  A C T V H ~ P  A 3 J ~ d l g  4 9 ~ ? ~ 1 *  ~ ' " A 1 l i  T C T F l  9 A F C S T ~  
r r  CSRI  I Y A T E ~ ~ ~  WSTZCl *  S F O J ' d i r  Y U 9 3 1 1 *  T o d ~ 5 1 1  ~ 1 9 H T O l i  CTOWDl 
$9 S 3 Q J y  9 S Q 9 J S l q '  ATU9C1 P C R a l *  fTD11 ,  T T D 2 l r  D E L P s ~  r  c S T L V i  
4 . c S T H C ? *  cYLPN1,  C F A N E I *  PST4: l r  D J F I T ~ ~  PY, tS i ,  RPTPLa, S E P C S I  

c ~ * ~ ' ' O ~  / S C A L E ~ / ~ ? F A C I  ATUBr ~ ' Z g k r  S S C D * P L ~ ~ C ~  ~ C P S S S ;  r 
k G 4 1 2 *  F A I S *  H 'AIR*  HPA'AT*  WLRTg* P L A N C T l  

L ~ G I C A I -  F I ? S T ,  FXTEYP 
C 9 '.A 4 '4 



T o o  

T O 5  



7 IF(<CeF3rl) CALL C H ' J G E ( Y 1  
Y = K - ~  
I F ( < I E n . O )  GO T O  P 
CIMI=C(U)/S. 
G 3  T O  ! 

a CDNTT.WIIE 
HET J?Y 
E V O  

FTY 48,2+7435i l t / lw: s  , 

S 



?U~DOUTINE SETUP 74/74  OPT=^ F T N  4.2+74351 1211 e/!5 

SUR?OUTINE'  S E f U P ( T S T A R * f E N D )  
C 
C THI3 R n U T I v E  REA3S A L L  I U P U T  DATA FOP THE RUU! AVO P R I N T S  EACHe 
r V a L J E  DEAD 

5 C 

C I U P U T  3 E S C 9 I ? T 1 3 k  
C FOR 8 V W l  VETAL '  F ! IV '  Q3UVO DCT AYMOVI I (  
*-*-*-+-*-*-* D E C E M 3 E l 2  1 0  1 9 7 6  * r * - * o * r + r ~ m .  

C 
1 0  c * * *  * * *  * * *  

C I Y  TYE D E S C D I P T I D V S  BELOW THE1 S Y Y s o L l  l ~ f )  MEANS 
C D E c I V A L  F Q A c T I ~ V I  
C 
C ---- ------. ------ -----I-- - -l----------o-m-l-.III----..II----o--.I-. 

! 5 C T 
I: Y 
C C A R 0  N4'4E OF P 
C TYPE COLUM~JS  FORM4T V A R I A B L E  E DESCRIPTI~N AN3 (UYI T S ~  
C ---- --om--- -----0 -------- - ---------- ---------------......-.-.I....-. 
C 
C 41 1 - 8 9  ( 8 4 1 9  D E S C R ( 1 )  R C uVENTS 0 1  C 4 f L  ~E~CRIPTION TO 9E 
C P q I N T E 3  4 T  TO? OF F T ~ S T  OUTPUT PAGEL 
C A'Jy VUYBEQ OF TYPE 4 1  CASDS M A Y  9E 
C J f E D  3UT A BLAVK A 1  CARD I S  NOT 
C PLLONEDI 
C 
t 
~ * * . . * . * * .  

' c  
C A 2  1 BLANK IN A L L  COLUYVS* OVE -TYPE A t  CARD ~ N L ?  
C 
C......*.. 
C . . . . . . . . . 
C 
C 7 1  1 - 1 0  [ E l O * o ,  TSTAH 9 !.adEST DESI~N TEMPE~ATUREI  TO USE 
C O E G S E E S  F )  
c 
C 1 1 - 2 0  E10.0,  TEND 9 I I G q f S T  D E S I G V '  TEYPERATUQE TO USE1 
C (5EG?EES F )  
C 
C 21-30 E1O*OI V A S ( 1 )  Q I l I T I A L  VALUE 'OR T ~ ~ Q R I " ~ !  OUTLET 
I: T Z Y P E R A T U ~ E  ( J T G R E E s  F )  
C 
C 3 1 - 4 0  E l d . 0 ,  V A f ( 3 )  9  I V I T I A L  VALUE =OR T T D ~ ,  TERMINAL '  
C TiMPE94l U2E DIFFERE\ IcE (DEGREES FI) 
C 
L 

C 4 1 - 5 0  E1010,  V A S ( 4 )  R I ' J I f I A L  V4LUE FOR 4 ~ 9 0 ~ ~  A I R  S I D E t  
c F ~ O Y T A L  A ~ E A  (SQ F T )  
C - 51-6n ElfJ.0,  V A f ( 5 )  R I t ( i T I 4 L '  VALUE FOR W ~ R A T ,  Q A T I O  OF! 
C 
b 4 E 4 ~  EXCYAVGER W : D Y ~ / L E V ~ T Y  ( D F )  
C 
C 61-7n  E10.0, F I X L  9 LEYGTY OF  EAT E X C H ~ V G E R  ( F T ) .  
c 1'1 T4E  ASSOLUTE: V ~ L I ~ E '  OF FIXL=~. 
C T4EU TdE  JROG?&Y i l I ~ L l  C A L C U L A T E  
C T-IE LEVGTd. 
C 



WPROUTINE' S E T ~ J ~  7 4 / 7 4  4 P T n l  FTN 4,2+7935i 1 2 / 1 8 / 7 6  I 

%., 

C 
C: 
c 
C 
C: 
C 
C 
r: 
2 
c 
C 
C 
C 
C. 
C 7  5-8r 
C 
C 
C 
C......... - 
b t . C . . * . . .  

C 
C C? 1 -4? 
C 

C 
t 
C 
C 
C......... 
C 
C C2 1-4n 
C 
c 61-84 
C 
C Y 3 T E  
C b 

C . . * . C . * . .  

C....*...* 
C D l  k-1 p 
C 
C 11 "21  
C 
C 2 i - 3 p  

rS*O, oEEPL P L T W I T I U G  VALUE. FOR ~ U W B E ~ I  OF TUBES ' 

I V ,  DEPTH c3R H E I T  ExCHAYrJER, 
* I  

t '4UV3ER OF TUBES) . 1 
I i I  THE ASSOLUTE1 VALUES OF DEEPLl 0.0  # 
T'IEY THE P90G24M W I C C I  CnYPUTE THE1 
7EPT-I WITH N o  CONST~AINTS 

I= POYDPL, IS S ~ A N K  OR Z E ~ O  THEV A 
p 3 5 1 T I V E  VALUE: FOP nEEPL I M P L I E S  A 
COVSTQCINT OF EPUAL 70 OSI GREATER, 
T + 4 V  DEEPL, k + I L E  A YEGATIVE V 4 L z E  
702 3EEpL I M P L I E S  A C C N S ~ R A I N T  OF! 
C S V A L '  T O  39 L E S S  T H ~ N  DEEPL. 

F j r 0 )  P3YD?L R TSLE9A'iCE ON 3EEPL. VOTE THAT A ZE?D 
3? SLANK I f  NOT IgTzRPRETE3 AS 2'231 
T3LE74VCE. (SEE1 D E F I V I T I 3 N  OF DEEPib 

(3F5 .01  T A ( 1 )  9 TIVPERATUQES 9EPREScVTATIVE OF 
T = E R ( I I  FRACT13N OF YEAR (DEGREES Pb 

8 F 5 1 0 )  TPERIX) ? F?ACTION OF Y E ~ R  O V c 9  WHICH TEHPER4r. 
TJRE T 4 ( I )  IS TYPICAL'. O F )  
: ' A  J f f O N  - WIGHEST 1 4  

MUST 3E F I Q S T  

( B F 5 * 0 ,  T 4 ( 1 )  2 c O U T I ~ U A T I O N  O F I T A ( i )  FOR1 X r  9 TD 16 

3 F 5 3 C )  T D E R t I )  9 C ~ V ~ I ' J U A T I C ) V  O F i T P E Q i I )  

4 T ~ P E  C2 t b R D  I S  R E 3 J I 1 E 3  EVEY IF 3LANK- 

L 
C 3 1 - 4 ~  S l 3 * 0 ,  FCR 2 F ' I X E 3  CHARGE 94TE iDF) 

- 
C 51-6q E!O.O, CCq COVST?UCTX3Y COST MULTIPLIER ~ D F )  
C 
L 

C: 61-76 EIO.OI ELEV f I f E  E L E V A T I O V  A B O V E  SEA LEVEL: ( F t )  
r 



FTN 4 , 2 + 7 r ~ s i  12/18/ !6  

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

C 51 i-10 
C ~........* 

FCOS 

P ~ C O S  

PLANC 

CCSTL 

C5SDKI.( 

CADCHS 

F' tST 

cTURa 

P ~ H ~ A F  

P O H F ~ Y  

PCULEC 

POHC 1 Q 

P31CYD 

POHSTC 

PC-lSCL 

R3=  

T + V ( I )  

EFFF 

VELREC 

FUEL COST t  CEVTS/YMQTU) 

?Z?LPCEMENT POJER COST (Y ILLS /KWY? 

''34Eq PLCNT COVST?UCTION COST (f/Kd) 

COST 37 L A N O  ($ /SQ FT)  

C3ST OF STEAM SUPPL? is/<WI 

ChpAC1fY  CYARG:! (s/YEGAWP?T) 

C3ST OF ELECTSIC  MOTORS (s /HP)  

9 3 3 1 T 1 0 N P ~  T u R ~ I N E  COST SECAUSE OF 
VJCLEAR POWER OLAVT tS /KWI  

R  ELECTRICAL^ 

R CP?CJLATI~N PIPSNO 

? COU3ENSER 

? STRUCTURE 

R SCREENS PNO ~ O J V E R S  

2 T'JRBI'4E RATINS.  BACK PRESSURE ( INCHES 
3FI Y C R C U ? Y )  

2 ~ 3 t F i i C 1 E ' d T S  F ~ I ?  T H ~ Q D  OQDER POLY- 
V O Y I A i  F O R  HEAT QPTF A S  4 FUNCTION 
3ci T J R J I  VE RpC.(i PRESSURE 9 
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C......... 

X3EeA 

T L I M  

TOWMIY 

O F  ACT 

T F I X  

TOWMAX 

G3EFF 

cpv  

WPL. 

C i U V R  

C q 4 I L S  

UCS 

UdS 

c v '4 

WFV 

NTUCAL 

2 ' 4 I U I Y U Y  A 1 9  S I > E   PRESSURE^ DROP THRJl 
l E A T  EXCUAVGE? (L9  FORCE/SQ F T )  

d 

R Y 4 X I Y U Y  S T E A M  TEMPER~TURE:  FOR THE1 
T J ? S i ' J E  (OEGQEES F )  , 
& S S ? I ~ . ~ E D  l a c  I f 1  F I Z L D  I S  3LANK OR 

R ~ A t Y I V S  = & c T 0 4 ,  R~TIO OF' C I R C U L A 2 I  
T 3 r i E ?  SOCF A q Z $  TO FAN SdEOT AREA 
I > ; )  

R ' T X E 3  TURSINE  ~ U T L E ?  TEMPERATURE (70 
L V T R Y  I S  ISNOQZD I F  9 L A N q i  OR ZERO 

R T4E  ' 4 4 x 1 ' 4 ~ ~  A L ~ D ~ ~ B ~ E  NLIYBER OF 
T3#E?S PE2 G R O ~ P .  ASSUMED 9999 I F  
U3T S P E C I F I E D .  

PLENJM COST ( s / L B )  
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REDUCE, YTVIYUY STEP C ~ ~ N G E  IN PIPE DIAMETER 
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F3R VAOOR PHASE1 TOWeRl PIPING 
( I V C ? E S l  
Y4Y 9E 6 ,  12, 3R 18 
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R rSiS' ln51 S A A F  
0 ,T>. T P O ( ~ ) *  T E F F ,  T L I Y ,  T q F I V v  TLPQA,  T F I X  
5 t ~ C 3 9  Tk 
S ,'JCS, UWS 
$ * ' d f V  
F 9 V 4 S  (';) 
S ~ X ~ E P : ,  XN9 Xg 

c O ~ * ~ Y  / S g 3 P L Y /  V & L ( ~ )  r c P L V ,  c'I?, CCOSI W7, ~ 3 5 M v  E i f ,  
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5 0 0 ~  FD?V!,T ( 1 6 ~ 5 . 0 )  
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6 g 0 9  F O ? ~ P T ( / ~ X , ~ ~ I ~ . ~ , S X , ~ ~ ~ O )  
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ha3 S ~ T ~ Q * ~ I T F I x " ~ T ~ o S * ' I T ~ \ J M A X I I )  
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7 3 0 0  F 3 w ' l A ~  ( f 5 , " c 2 ~ ~ f * f 2 0  ~ f 1 ~ p ~ 1 1 ~ T 3 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 v ~ 5 ~ v ~ ~ C ~ A I L S ~ ~ ~ ~ 6 5 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 9 ~  

f * " J w s " * T ~ ~ @ " c v M " * T ~  1 3 * " ! 4 ~ ~ " )  
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5 O u r T - q E S  F;  
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FT-DEG F) - I Y S I 3 E  OIAMETER 3 F  T q E  C O V D E V S E R / R E ~ O I L E ~  TUBES 
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T;qES ( H i J / ? 4 - 7 T - a E 5  T )  - c O S 4 ~ E U S E R / R E ~ 3 I L E R  TU3E LENGT4I  (FIT') - T 3 i ~ i '  FLOU 0 a T i  F 0 9  TI.'E &'dMOVfa ( F f )  - T E v P E Q A T J ~ E  OF' T4E  S A T U ~ ~ T E D  S T E A M  (DEG F )  - T E Y P E Q A T ~ D E  DI 'FEREVCE ?ETwEEU T q E  STEAY'  AND 
A V W O V I A  ( D E G  F )  - OVERPLL HEAT 5 ? 4 l S F E R  C O E F F I C I E N T  i~ THE1  CONDENSE?^ 
P F a O I L E R  ( g T U / d ? - S 3  F T - 3 E S  f )  - I V L E T  VELOCITY  3'1 T-IE A Y u O N I p  T O  THE CC'lDENSER/ 
P E 3 q I L E R  TUBES ( f T / S E C )  - I U L ~ Y  VELOCITY  371 T i €  A U Y ~ N I A  TO T;(E COVoENSER/ 
P E ~ o I L E Y  TUcES ( = T / S E C )  - E X I T  VEi.OCITY 3FI T d E  A M Y O V I A  ~ E A V I U G  THE1 C O N D E N S E ~ V  
REROILER TU?ES ( :T /S iC)  - V I S C O S I T Y  OF S A ~ J ~ A T E D  W A T E R  (LBY/FT-HR) - V I S C 3 S I T Y  OF SATJQLTED ~ Y V O N I ~  V 4 3 n 9  ( L ~ M / F T - Y R )  - V I S C 3 S I T Y  OF S ~ T J ' - ? A T E ~  A Y Y O N I ~  L I Q U I D  ( L a H / F T - H S )  - S?EC!FIC VOLUYV 5F S A T U ~ A T E D  JATER (CU F I / L u M )  - S 3 E c I F I t  VOLUYV 3 F  S A T U ~ A T E D  STEAM (CU V/LBM) - E X I T  D U a i I T Y  37 TYF AYYOL1;b L r # V T \ l f i  THE CONDEYSER/. 
REPOILER TU7ES ( 3 1 L 4 E U S 1 3 v ~ E ~ S )  - ?l'JYflE? O F  P A S S E S  OF T Y E  AL ( :~~OVIA  THROUGH THE 
C3vDEVSSR ( 7 I Y E V S I O V L E S S )  - W Y F E Q  o f  SYELLS IV THE C~NDEUSER/~EBOILER . 
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SUPQOUTI~:E. SPDES i 4 1 7 4  O P T = l  

P?OPE?T:ES OF STEAM VERSilS' TEYPERATuRE 

SFTT:VG OF C O N S T A N T S  
A Y f t ( 1 )  = 0.0 
A U C ( ? ) .  = 0.6 
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C .  
C S E T T I V G  OF CONSTANT FOR OUTSIDE  HEAT TRANSFER COE'FTCIENT 

B E T 4  = . ~ ~ B * ( ( G * Q ~ E ' * ~ Q ~ F F ~ R ~ E ~ ~ * Y S ~ * * ~ * ( . I S F G ~ / ~ ~ O ~ C / ~ ~ ~ ~ * V I S S I ~  
la*,t5) / D E D T H Y * * , l 5 6 6 7  

I=(;!IV?Q,?Q.l) BETA = l 6 7 0 0 ~ / 3 Z P T ~ ~ * * r 1 5 6 6 7  
C 
C S F T T I V G  OF CONSTANT FOQ I V S I 9 E  HEAT T 9 4 V S F E 2 - C O E F ~ E C I E N T  

Ha = ( ( C ~ W / ( Y F G * . D ! S * ( O Q W ) * * ~ ~ ~ ) ) * * ~ ) * V I S W * H ~ G / ~ S ~ ~ M A / ( D E N S I W ~  
~ D E N S I V )  ) cr.5 

IF(L~IY~R,E~.~) i i 3  = 5 q 2 r $ z ~ * d 8  1 

JI = 8 
C 
C ' 1 ~ 5 1 U V ; d G  OC I T E R ~ T I ~ U  ~ 0 0 ~ '  F39 VELDC?TY'  OF ~ ' 4 ~ 0 ~ 1 ~  I N S I D E '  
5 T-iE T J ~ E S  07  T I E  COUDENSESI 
C 
C FnRCE3  CONVECTION C O E F F I Z I Z Y T  ON THE I U S I D E 1  cFI THE1 
C Cc)UDEVSE% T JSES 

10 HFC : . ~ ~ ~ * ! V E L D * O D C * O E V S I W * ~ ~ O ~ ~ ~ ~ ~ ~ . * * V I S W ) ) * * ~ ~ * ~ R W * * ~ ~ * ~ ~ ~  
~+TH::o~II,~/TI~ (<GA.LD)  
J I  = 0 

r - 
c I v I T I n ! .  C O E f S  FOR T d E  4 ~ ~ 3 q j 4  S I D E  TEM5zRATURE' DROP 

DELTA = T T 3 / 2 .  
L 
C 9 - S I V Y I N G  OF I T E R A T I O V  LO391 FDR THt? AMY3NIA S I D E  
c .  T r Y D E Q l r U R E  DROP 
i, 

C H - A T  ;LUX fYQOdGH THE X V S I 3 E  TU9E  W A L ~  
20 3130 = ( T i 3 ( Y S k t L 3 ) / 0 5 C ) * ( r l F C * 9 E L T 4  H 9 s ) E ~ T h * * 3 )  

I F ( L ~ N o R , E ~ . ~ )  QbO = ( T I ~ ( K ~ & , L D O / O O C ) * ( H F C * ~ E L T A  + H B + s E L T ~ ~ * Z * ~ ~  
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A\/E?4"J TF1I3ERAT;/9E DQ2J 4 C Q 9 5 S  THE C O V ~ E N S A ~ E ~  LAYER 
D E L T S  I ( 3 4 0 / B E T L ) * * 1 ~ 3 3 3 3  
i ' ( L I N n R . E 3 . 1 )  DELTS  = 1 0 ~ 3 / g E ~ q ) * * 2 . 3 4  

T h T k L  TEF:?E24iURE DaOP 3ETJEEV THE STE4Yl  AYD THE 4C(YONfA 
DELTT  = DELTS + 3ELT< 3 E L T 4  
J I  = J I  * 1 

D F T E Q Y L J A T I 3 Y  OF NEXT GJESS F S R  T ~ E  A M Y 3 R I 4  S I D E  
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I F  ( J I  .LT. 2 )  D E L T A  = DELTA + * z j  
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S L 0 3 E  c ( D E i T 4 1  - D E L T i I 2 ) / ( P E L T T l  - 3 E t T T 2 )  
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r 
L, 
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IF'( 4 3 ~ (  ( V E L D - V E L )  / v E L )  r L T .  9 0 0 i )  G O T 0  bO 
V E L ? '  = VEI. 
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C 
C NI!M?EQ Ti lSES AN3 S U ? F A t < I  A R E A  pEq SYZLL 4 ~ 0 '  TOT&L! SURF4CZI 
C A c E A  
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X V T S  = , A ~ Y T ( A P P ~ / ( ~ . ~ ~ ~ ~ ~ * ( o D c / ~ ~ , ) * T L A )  4 0 , s )  
X V T 3 X  a XV7S'XhIS 
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C 
C O V E S P L L  HEAT T s A N f F E R  C 3 E F F T t I E V T  

ueov = s c o / ; ~ o  
C  
C Ol,!TSIDE H E A T  T Q A N S F E ?  CSE~FIICIEN: 

H 3 C 3 4  r 3 A D / D E L T S  
C  
C I r 0 f 1 3 2  G A T  T94NSFER C D E r ' F Z C I f N T  

H I C 3 X  ( 0 4 O / D E L T A )  O D C / T I ~ ( < S ~ , L D )  
r L 

C E F F E C T I V E  Y i 4 i i  H E A T  T G 4 V S t Z Q  cOEF=I:IEVT' 
H ~ c ~ v  = QA3/DEL:Y 

t 
C E x i T  V E L O C I T Y  Df T d E .  4 Y " 3 . U 1 4  L E A V I V S  THE! C O N ~ E N S E R I  Tusgs, 

VEL33 = VELD*OSNSIW*((l* - X)/SENSId X / O E Y S I V l  
C 
C P"ESSLI7E 0332 TqROUJH Tq.'E : ~ , * ; ~ E U S E ~ / R E ' ~ ~ ~ I L E R  T U B I N G  

F T  =: VcL) *3EYSTvr3600 .  
T L A 4  = T L A + ~ ~ . & X V P  

. C P L L I  C ? C ~ V ( S O ~ J S , T I D  ( ( G p ~ i D l  ~ T L A A ~ A V ~ S I G T , ~ ,  ,XIDEYS~UIDEVSIV, 
~ V I S ~ ' * ~ ~ ~ ~ ~ ~ I ~ I S V * ~ ~ ~ ~ ~ ~ ~ D E ~ ~ ~ ~ ~ F , S P G ~ D P M ~ X ~ Y ~ P H I L , P H I L ~ ~ , V F ~ F ~ ~ ~ R L ~  
b v ,  

DELD' = D E ~ p . 1 4 4 ,  
P 

C S T 0 4 4 C E  OF V A R I A S L E S  
C 

T L A %  I TI-" 

VEL3X  V T L 9  
EFFC, = 1.3 
UCOUY I UCDN 
T T D 7  = T T 3  
V E L 3 7  r V E L ?  
V 5 L ? D 7  r vELDO 
D E L J W 7  = 3ELP 
A Q P S ?  = 4Q35 
T L A 7  = , T L 4  
X V T S 7  5 X V T S  
x u s 7  = ;<us 
X V P T  = X U 9  
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END 
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C  I T  STO?ES V P L U E S  O F  COST, D E S I S V l r  ETCI FOR T i €  FINAL REPORT 
C  

C ? ~ ~ U ~ L I  , r a o r c ~ I D  r voc  I?n?l r 
I - -  , d , L b - . l  

COYYOY / R Q T R E T /  X ? Q ( ~ O ? ~ )  
C D M J O N / R P Q T ~ / R ?  ( 1 5 )  
CO'JYOV / ? 0 > 7 3 /  ~3 ( 4 )  
c 9 ' 4 q O V  / K D T S U P /  d ? ! j ( 2 @ 2 1 )  i 

COVVOFJ / Y P T ? E T /  r?; ( 2 0 ? * )  
C 3 ' 4 q 3 N  / Y ? ? T ? /  S D ? T ? ( ~ ~ )  
C3M1ADU / Y P ? T 3 /  S ~ Q T ~  : 4 )  
COMYO" / S I V Y /  v 5 ~ 0 ( ! 3 2 )  
C 3 Y q 3 V  / S J V O L Y /  ~ 1 ~ ( 1 3 2 )  
L ? ~ ! ~ A L  FI"ST* F X T E Y J  
CO'.'LIOY 

$ 4rJR,  4 L 3 4 A 9  A V G ( 3 )  
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C 

6 0 0 1  F 0 Q ~ A T ( 1 Y l / / / r T l l 9 ~ C  A P I T  A I,,! C 0 S i S u H M 6 R Y I, 
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L T ? , f * C P 3 L I V G  SYSTEM C A P I T A L I ~ ~ T ~ ~ , F ~ ~ * O  
Q r T 6 3 ~ " C 0 3 L I Y C  5 Y S T E Y  C A P 1 T A L t f , T l l 9 g G l 2 * 6 / )  

6 0 2 0  F O Q V p T (  
L  f 0 1 " T q , d F ? ' f r  ~ 3 5 , F ! 3 , 0  
J 1 T 7 ? , l r T 3 w E Q l ~ , T 1 O 5 * G l 2 * h )  

6 0 3 0  F 0 3 ' l A T  ( 
L T 7 z 1 ' d C ~ T  E X t Y a N S E R " ? T 2 3 r F 1 3 . 9  
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L  T 7 r " P I  EN;IYfr9T?39F13.0 
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6 0 4 2  F O R W T (  
L T ? P ~ L ~ U V E ? S ~ ~ * T ~ ~ , F ~ ~ . ~  
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5 0 4 4  F?;";, ( 
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R,T73, ' fFAU S Y S T E V l l , T 3 3 , G 1 2 * 6 )  
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L ~ 7 9  " s T ? u c T u s E I ~ , T ~ ~ ( ; ~ ~ .  0  
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L T 4 * I 1 C r V 3 E U S E q 1 f ,  T 3 - e F 1 3 .  0 
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o r T 6 > a " C A P P C I T Y  P E V A L T Y ' l r T 1 1 9 , S 1 2 . 6 / )  
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L T ~ q * l : ( I ' - l ~ ) / )  

6 0 6 1 5 0  :DR*bT( 
L T ? * " T " T ~ L  c ~ ? I ~ Q L  C O S T V , T ~ ~ , ~ ~ ~ ~ , ~ Q ~ , F ~ ~ . O  
R9Th3,r*TO:4L C A P I T A L  C O ~ T n , T 1 1 3 , S 1 2 . 6 / )  

6 1 7 0  F n a q 4 T 1  
9 T 4 9 r l 1 F U E ? G Y  P E N ~ L T Y ~ * ~ T ~ ~ ~ * G ~ ~ . ~ / )  

5100 F D R ~ A T (  
R T ~ ~ ~ " ~ ~ ! ) ~ I T I ~ ' A L  3 A S E  PLA'T faEL! l , f119,G12.5()  

6 1 9 0  F D R q A T (  
R T 6 3 . t ' ? p E 9 ~ \ T X O N  AND w A I N T E N A U C E ~ ' 9 T 1 1 ? r S ! 2 . 6 / )  

s 2 0 0  F D Q L f & T  ( 
R ~ T ~ ? v ~ ' ~ O T ~ ~ L ' ~ ~ T I ~ ~ , G ~ ~ O ~ )  

y F D 3 , l  = YFP + 1 ,  
FPCTS?;  F C ~ / ( ? S I L E * C A P F * 5 7 5 0 ]  

~ ? T T ' L c , q S 0 3 3 1  A T J ~ c . A T ~ J ~ C * F ~ C T ~ ?  
W ? I T E ( ~ * S O C O I  C 3 t . E Y , C P L E Y * F A t T 3 ?  
w 3 f T E ( r , 6 0 4 ? )  C S T L V 1 ,  C S T L V l * ; Q t T 3 5 '  
W Q I T F ( A r 5 f l 4 4 )  c s i 4 ~ l r  C S T H S ~ ~ F ~ C T ~ ?  
~ ~ i ~ E ( 6 * 6 0 5 0 )  ( T 3 A C C  t ~ L 9 ~ 1  r CFAUEI) 

5 r ( F ~ A C C  TMCST + C Y L e V l  + CFAVEI) F A C T O R  
W Q K 7 E ( r . q 6 3 5 4 )  ST7JCCtSTQ2CC*, 'PCTJR 

, 1 V o I T E ( + t S D 7 J )  c F ~ U N ~ * C F O U N ~ * = ~ C T C R  
k ? I i E ( f t 6 0 7 0 )  C ~ ~ ~ l t ~ ? ~ ~ ! * ~ ~ ~ ~ 3 ?  
~ P ? i E ( r , b 0 9 0 )  C ~ ~ ~ A ~ , C O ~ S A ~ * F A C T ~ R  
YZITE(~,S:OC) C A 3 C S T g C A P C S T * ~ h t T 3 R  
w s l T E ( ~ , 6 l l @ )  S P C C ) l , S P C 9 I * F A C T 3 ?  
w9ITf ( 5 , b l 2 0 )  S S ~ Q * + ? F ~ C ~ / Y R ~ ~ C ~ * Y F P P ~ + S S C ~ ~ ~ R F ~ ~ ~ / H R F & ~ ~ * ? $ P P I *  

SF A C T O R  
d 3 ! T E ( < , S 1 3 @ )  ? L 4 ~ C ~ ~ ~ 9 ~ A C 2 / ~ R c ~ C 1 ~ Y F P ? 1 ~ 1 * ) ~ 1 0 * ~ ~ 3  a-?SIZEo 

5 ~ ~ b ~ C ~ ( l ? F : l t ~ / i i ? F A C l * v F ? P 1 - 1 . ) * 1 0 * * 3  * P S I Z E ;  + F A C T O R  
w ~ I T ~ ( q * S i 4 0 0 )  c L o ' J 1  
~ R i i E ( ~ , 5 1 5 0 )  
~ ' 1 i Y ( 6 * 6 1 5 0 )  C L ~ V ~ * S P C D I * C A ~ C S T * C C O S ~ + C P I ~ ] . + C O N B A ~  

s r i C ~ S N ~ * S ~ C D 1 + C A J C ~ T * C C O S l * C ? I a 1 + C 0 Y a A 1 ~ * F A C T 0 R  
w ? I T E  ( L r 5 1  70) cLSUM 
b 1 ! T F  ( 6 q 5 1 S O )  F C S J ~ ~  
h?1'E(<,5170)  COSY1 
T O T I L  z ( C - k ' J l  S D C D l  + CAPCST C C O S l  ~ ~ 1 ~ 1  C O N B A I )  

5 F A C T 9 2  + CLSlJM r FCSUM + c ~ f u l  
w ? I T E ( ~ , ~ ~ o o )  T O T A L  
E ~ Q  



YVR?OVT!NE STQUCT ?4/74  OPT=^ FTN 8,,2+?6351 i 2 ~ i e / l e  

S1!9Q0UTINE STRUCTUaES D E T I R Y I V E S  THE C ~ S T  3F THE STRUCTURES 
A113 T q E  F ~ ' J V J A T I D N  FOR T ~ E I  C I 3 C U L A Q  T o ~ E R S  THE STRUCTU2E 
C q S T  IS 'J4SED 3'! T$E YE:S7: :';? , " ;~qEic ; :  27 -"" c-b- :C;J~;; ;*:: 
T u E  ~ E S I G Y  ?OOC LOAD. T r l 3  FOLIU94T!ON COST I S  BASED ON THEt 
T n T A L  WEIGHT OF' THE H E 4 7  E X t H P N G E 2 S  THE' SURFPCE ARE4 
CnVE?ED BY THE TOWEQS, 

Rn OFL 
w,TE?W 
WHX 
WcTRC 

- C 3 S T  OF F O U U D P T I 3 Y  ( 8 )  - COST OF ST3UCTUSES ( 5 )  - TCNER D I ~ W E T E ?  - Uj+-f?EQ O r  C I R C U L A ?  T O ~ E R S  ( D I Y E N s I O N L E S S )  - U U Y R E S  OF C I R C U L A 2  TOWERS ( D I Y E N S I O N L E S S ?  - - D T R E C T  A Y D  I V ? I ? E C T  C D N S T ~ U C T I O N  COSTS FOR THE1 
ST?! jCTURES ( D E C i Y A L  ?E?CEYT) - D E 3 1 5 N  QOOF ( L S F / S O  F T )  - Y Z I G ~ T  O F  T Y E  4 a T E R  I V  TYE H Z ~ T  EXCHANGER ( i g F )  - WEICIrlT 0 7  M A T E R I ~ L I  1'4 THE H E A T  E X C H ~ N G E R I  ( L g F ' )  - C I ? C U L A R  TOWE?S S T ~ J C T U R A L I  WETGHT (LBF) 

F g U V 3 A T I O N  COSTS 

C F N I '  = ,019 A (*r lX WATER$) r 182 * P I / 4 .  D T O ~ ; + ~  * ITOWN 

S T ? U C T ~ ? A L  WEISHT OF COOLPVC TOWERS BASED ON B O * S 3 j L B  

S T 9 U C T V Q A L  COST T 4 K f N G  I V T 3  ACCOUNT DIRECT AND' IN31RECT' 
CIVST?UCT?OV COSTS 



SUBQOUTI'.IE S U ~ C O V  ( I S U S *  K G A *  LD,T T L A *  XVTS*  ARPS* XNS, CONCST 
S ,CONMAT, P3HCVD)  

P ~ O G S A Y  SURCON OETE9MTVES T q E  C A P I T A L  C O S T  O F  A S I k G L E  
PTESSURE OR S E ? I E S - C O Y N E C T E S   SURFACE^ ~ O U O E N S ~ R ,  SEFERENCEI 
~ @ ~ ~ R F A C Z  C O V D E U f E Q S  FO? L A W  I V S T 4 ~ ~ P : 1 3 N @ a s  i ? q M  PL13i2, 
W F S T I Y G ~ O U S E  E L E C T R I C  c ~ ~ ~ ~ Q A T I C N *  26 V ~ Y E ' ~ ~ E R  1968 
u p D A T E D  ON rE9RUARY 129  1 3 7 5  l3 CURRENT P R I C E S  

A c c c  - S C C E S S G R ~  COST C O ? R E C T I w  F4eTOR FOR' THE1 CONDENSE?I 
AcDE? - I V C R Z A i E S  C 3 S T  3;; T J 3 ? N G  UA~E?~IAL' 
A 3 F S  - 4 q E A  PER S d E L L !  3'1 TAE CONOENSIR (SQ FT) 
e ! l x c s t  - AJXILIASY C S S T  ( 5 )  
CFAC - LZ'JGTH c O Q R E t T I 3 V  FBCfOR ( D I ' ~ E P J S I O N L E S S I  
CPNCST - C3UOZUSER COST ( f !  
C?NV@,T - V G Q I A 3 L E  FOP COy3EYSES W A T E R I ~ L  (DIMENSIONLESS) 
3 4 C T  - G J p N F I T Y  D I S C 3 2 V T  F 3 Q  TUgES ( 3 1 M E N s I O N L E S S )  
E-TCST - E J E C T I O N  COST ( 6 / S 3  F T )  
i - T ' J 3 f V G  LEUGTY oS ' l tLTY ( D I M E N S I O N L E S S )  
F r T c S T  - F!EL) E R E C T I O U  C3ST ( I / S Q  F T )  
Fr)D - T U 3 E  S i Z E  F A C T 3 1  ( D I Y ~ N s I o N L E s S )  
PoYCVD - I V O I Q E C T  COST F b C T 3 3  FOR THE T U B E , . S H E ~ L ~  AND 

F IEL9  E R E c T I O V  C 3 S f S  ( O I Y E N S I ~ N L E S S )  
3 r L C S T  - S ~ L L L  C o S i  FO? TIC C O U D E V ~ E R  t s  
TCST'; - T ~ T A L ' c ~ S T  3c i J 3 I U S  ~ A ~ E R I ~ L I  ( s / F ~ )  
W T - WEIGHT O F  T O T & i i  A ~ O J Y T  O r  T u 3 ~ 5  IY THE clJNp~NSe3'  

( L R F )  
Xh:S 9 N U V g E 2  OF S H E L L S  I N  T d E  CONDENSER ~ O I M E V G I O N L E S S )  
XIITS - NUYBER 3F T U a E f  3ER S-IELL~ I DI v E N S I O N L E S S ?  

G F F I V I T I O N  3 F  ARRAYS 

T : I B V ~  - TU3E Y A T E S I P L  ( U A Y E S )  
c I- - T 3 3 E  F I x E ?  CDSTS ( $ 1  
cL v - T U ~ E  ~ A T ~ Q I ~ L  ~ 3 5 5 ' 5  (S/LqY) , 
R P E L  - D E Y S I T Y  DF T J ~ E  Y A T E ~ I A L S  ( L ~ Y ~ c U  f.N) 
G A 6 L I  - TJqE  G A G E  ( O I Y E Y S I O N L E S S )  
T u K L I V  - T d I c < ; V E S S  OF TVgE!  ( 1 ' 4 )  
C ~ ~ L T V E -  c C 3 ~ M 3  N I b v E T E ? S  OF T U 9 E 5  ( I U )  



S U ~ ~ O U T I Y ~  SUPCON 7 4 / 7 4  OPT= l  FTN 4*,2+7&3S1 1 2 / 1 8 / 1 6  

STANDARD T1J9E DIAMETERS, SSGE* AND T H ~ C ~ ( N E S S E S  

DAT4 O ~ L I V E  0.625, 0.750, 0 1 8 ' s .  1 , 0 0 0 ~  i e i 2 5 ,  i . 250  1 
DAT4 Gf iGLI  / 12.9 14.9 16.9 l B r r  2 0 r 9  22.9 2 4  / 
D A f 4  TWKLIV / .103r .0939 ,065, .O49r .03Sc ,Ose, .021  /. 

T l ~ ~ ~ ~ ~  LENGTH P E N A L I T I E S  

FnR STEEL 
OAT4 ( F F 1 6 , J ) , J = l , f ) /  I r O O ,  1.00, 1.099 '1;13r 1 . 1 7 9  l . t l r  i , 2 5 ' /  
D A T A  ( F F ( ~ , J I ? J = ~ ~ ~ ) /  1 r 0 0 9  1.009 1,099 1,139 l,lj, 1,219 1.25 / 

FPR STAINLESS STEEL 
DATA (~F(8.j) , J=1 ,7 ) /  1.00, 1.009 1.00.9 1;oQr l e O 8 9  1.129 1 .16 ) /  

FnQ TITANIUW 
DATP.  t F r ' ( 9 ~ J ) , J = l t 7 ) /  0 * 0 0 *  0.009 0.00, 1.0'5'9 1.05, 1a10,  i r 10  
DAT4 ( F F ( ~ O ~ J ) + J = ~ , ~ ) /  0 * 0 0 *  3 * 0 0 ,  0 * 0 0 ,  1.051 1.0Sh l a l o ,  1.10 1. 

C ~ V S T A Y T S  F6Q COST EQUATI94  F3R B A S I C  CJNDENSER S4ELL AS 4 
F!lFICTiO J OF TUSE O e 3 r  (Up3ATE3 F E ~ R U A R Y  , 1 9 7 6 )  

DAT4 SCCl  / f l r 0 0 0 0 9 ,  7 , 6 9 5 8 3 ~  9,e805882,  10.8 ,3636*  1 2 r 9 5 Y 5 4 5 9  
* 15 ,22326  / 

~ 4 ~ 4  S C C ~  / 0 0 0 0 0 , 0 ~ ,  q7125,00p !Oz154.71, 1 0 2 l g l , 8 2 9  103272,739 
1 1 0 2 2 3 7 ~ 2 1  

COST 3F F I F L D  ERECTION 4'43' TU3IVG PER S ~ U P R E - F O O T  OF 
SlJ2FACE A R E A  I f  B4SEO UPOVt ISIFORMATION SUFPLILD 8 1  
WFSTI':EYCUSE COVPAqY AN3 4VE;iilSE dAGE L L B f g  R A r E S  OBTAIVE3 
FDO" JUNE 1 9 7 5  CONSTRUCT'IDV SEVIEW 

D E F I Y I N G  THE' CASE UNDER CO%SfDERATION 



SUR~OVTIUE SURCON ? 4 / 7 4  OPT-1 FTN 4,2+7&351 lt/l B/75 

I F f C O N u A T  ,En*  T U B M A ( 1 ) I  GO TO 55 
1 0  C D ~ . ~ T T N ~ I E  

w Q 1 T E ( ~ , l l )  
L ~ L P G = ~  

1 1  F O R ~ ~ T ( S X I ~ " ~ O  MATCH FOR CONDENSER TUBE Y A T E R ~ A L " ~  
1 i ( i F i ~ G . V f . O )  STDP 

55 CO''TI~~ E 
F I R S T  = .FALSEr  

c 
C D F T E ~ Y I V E  T 3 T A L j  LEVGTH 3Fi TUBING? REQUIRED AND COR~ESPONDIYO 
C Q l r A U T I T Y  O ISCoUNT 
C 

TOTLT=TLA*XNTS*XNS 
C 

XF(~O~LTc50000e)!02~101t1Cl 
101 DSCT=?,S1 

GO TO 1 0 3  
102 1 F ( T O ~ L T - 3 0 0 0 0 . ) 1 0 ~ t 1 O ~ t ~ O ~  
104 3 $ ~ T = n .  3 2  

3 0  7 3  1 0 3  
1 0 5  35C7=*, 
l a 3  I F ( I T U F ' ~ ~ ~ Z E I ~ ~ )  GO TO 1 0 7  

KY = 7 
D'r 1 0 6  1 = 2 9  8 
IF(TL4 . G t .  ( ~ O . O * X ) )  KK = I -. 2 

1 0 6  c O ~ T I ~ ~ , E  
F = ;F(ITVSYAPKK) 

C 
C DFTE?'.(I%E TOTAL COST OF TUBING1 Y A T E R I A L I  
C 

WT = 17. t ? e l 4 1 5 9  * ROELc(1Tc lSYA)  ( O D L T N E ( < D ) - T ~ K L I N ( # G A ~ ~  
S * f U < l l Y ( Y S l )  

T C S T P r  = c i " i  I T U 3 M d )  *WT * CL ( I T U S Y P L  
T C S T ~ F  = T C S T P F ~ F  + 1 1 3 3 ~ 2  

fi C 

C Ti'l3E t D S T  ARE F * 0 . 3 *  COSTS* 1.11 ACCOUVTS FOR PURCHASING 
C A ~ I D  S H I J P I ~ J G  
C 

TURCST = T OTLT 8 TCSTPF * ( 1  11 -. D S  C T )  a j r 0 5  
GO 73 ! l o  

C 
C 

107 GO T 9  ( 1 0 3 , 1 0 ? 9 1 1 4 ~  p I T I J 9 Y A - 1 0  
108 TUBCST = TOTLT*l.S*le05*(lrll-3SCT? 

G O  TO l l J  
109 TURZST = TOTLT*1.6*lr05*(lrll-)SCT) 

53 i 3  1 1 0  
114 TYr32ST = T3TLT*2.5*1.05*(!.ll-lSCT) 
11° TJDZST = TUaCST * POYCN3 



GO T O ~ 1 0 0 v 1 1 1 t l l t , 1 1 3 ) ~ I S U Q  
ill c F ~ C = C F & C * O ~ O B  

GO TO 1 0 0  
i75 ' I 1 2  CF4CscFAC'O&16  

GO T O  1 0 0  
1 1 3  C F A C = c F A C * O . O 3 * X N S * ~  

C - 
1 0 0  FOD = 1 e O O  

Tea  I f ( L 3  .LT ,  4 )  FOD = O r 9 5  
IF( I ! I  .EQ*  f )  FOCI 1e05 
ACCFl 0 (0.1 6 * A L S G ( X N T S )  0 .4e51*~001 
I F ( I T U P Y A  .EQ. 21 ACCF a ( O * ~ ~ ~ * ~ L ~ G ( X N T S )  *- ~ , ~ ~ $ ) * F O D I  

TuE  CON3ENSER SHELL' COSTS dERE' CBTAINED FROM HEST1flGHoUSEltS 
1073 2 R i C E  LISTiNG 1 3 1 2  

D & T E 9 V I N E  COST OF F I E L D  EQECTIOV AND' ~ U ~ P N G *  

F E T C S T ~ E Q T C S T . A S P S ~ X N S  
FETCST r FCTLST  1 . 0 5  
FSTCST  3 FETCST * POHCNO 

D y T E S H i V E  TDTAL' COST OF' COYDENSER ' 

i?ET;IRv 
EN)' 



F I J N C T I W  TLI1 iS A FOUR*POIU(T LPGRANGIAV, I N T E ~ P o L A T ~ o N  
T f 8 L E  LOOK-UP 3 3 U T I V E  

D r T E S Y I N E  IF I'JDEPENDEYT VVP14al.E I S  Y I ~ H I V '  ~ A N G E '  o f '  
TAGULATED DATA 

D F T E Q Y I Y E  P O S I T I O N  OF IVDEPENDEYT V A R I A ~ L E  I N  A S C E ~ ~ D I N O ~  
A R R A Y  

D F T E ~ Y  I N E  P O S I T I O N  37 INDEPENDEN? V A R ~ ~ ~ L E  I N  OESCENOING 
A R R A Y  

IF IhlOEPENOENT V A R I A B L E  IS EQUAL' TO T A S ~ L A T E ~  VALUE, SET 
F!?NCT13Li EQUAL TO CORRES~CYOI\ IG VALUE O f l  DEPEYDENT'VARIPBLE'  

IF INDEPENDENT VARIABLE I S C ~ E T W E E N  f . 16s i .  THO OR L ~ P S T  T W O  
TABULATED V4LUES. AOJUff I W E X  TO 0 8 T A I V l  FOUR P O I V I S  FOR 
S X T E ? ~ O L A T I ~ V  



FIN 4~247)35i 

L. 

i01 w ~ I ~ ~ ~ ~ ~ 1 9 ~ O ~ ~ ~ X ~ ~ l )  ,Y7(l1 
1000 FO?*.~AT ( 1 4 1  TABLE LOC)K-UP': X NOT I N  9AN"jI OF! f 4 8 ~ ~ / /  

f 5 ~ , 3 ~ ~  = , F I ~ . ~ , ~ x , ~ H x T ( ~ )  =.gF15,5,5xt7~y~'(l) a,e15,5:) 



SIJSROUTXNE V A R I T  OETERYIUES THE ? E R F O ~ V ' & N C E  n F l  AN OPTIMUM 
PniJC4 PLANT  FOQ A  S g E C i F I E D  A Y B I E N T  TEY9ERATt lRE THE 
S L ~ U Q O U T I N E  ALS3  DETER,'.(IVES THE; INCREHEVTAL  COST OF1 
OPERATIKG :YE OPT:YG" ?3#E!?; ?i.A!di ~ H G ;  A M ~ ~ E N T  
TEMPE?ATURE 

C f iPCd5  ' CIDACIT~ CH4Q5E ($ /MESAWATT)  
CnPCST - C S D I T A L  COST f D Q  A S X I L P R Y  POWER (5') 
C ? P F  - c ~ P I C I T V  =ACTO? ( 3 1 q E u s 1 3 N L ~ S S )  
C C O S ~  - C ? i T  OF T4E  d E 4 T  EXCHPNGE? A T  O P T I u U H  D E S I G N  C O Y m  

D I T 1 3 ' J S  (3) 
CI-AN31 - CO:fqCC THE LAV3 i  AT 0 3 i I ~ ~ M  5 E S I G N - C O N ~ l T I G N S  ( 3 )  
C I _ S L I ~  - 5 J  d* THE D a 3 3 ~ ~ ~  3ETbiEEV T Y ~ ;  A U X ~ L ~ R Y  ROHER 

COST 4VD TYE F 2 t C T 1 3 Y  OF THE VEAR ?HAT T ~ E  
A V B I E N T  TEq?E?:TJqE E X I S T S  ~ V Z L L S / K W H )  

C ~ Y 9 a 1  - COST OF TdE C ~ ~ ~ E N S E R / R E ~ O I L E R I  A T  OPTIMUM D E S I G N  
C ? U D I T I O N S  ( 5 )  

C n s q l  - M ~ I Y T A I N E V C E  COST AT DPTIYUM j E S I G N  c O N D ~ T I O N S  
( " L L S / K ~ Y )  

C P A  - S?ECI;IC dEAT 3F I  TYEI 4 1 2  ( S ~ U / ~ P Y - ~ ; ~ E G  F )  
C P I P !  - c 3 S T  OF i r i E  ? I ? I l G  AT 0PT:MvY D E S I G N <  C O Y b I T I O N S  ($1 
C+TcL1,  - A U X I L I A R Y  POWER c 3 S T  (HILLS/I<WH) 
D F L F c  - I ' IcREASEI)  F 'JELl  COST FOR THE 3C'qNT ~MIL~S'~K#H) 
O c L P S l  - PqESSU9E 9ROP I V  TYE S U P P L Y - P I P I N G  A T  T q E  OPTIMUM ' 

DESrSN COVDI: I3VS ILBF/SO F T )  
D F L P S ~  - P?ESSlJRE 3RCD 1'41 T*E SUPPLY P I P I N G  A T  THE OFF'  DE- 

S I G N  CON~ITI~US ( L ~ F / S ~  FT )  
D r V S i V  - D E v S I T Y  3 F  T q f l  V4=C)7 L E h V I N S  THE C ~ Y D E N S E R / R E B O I L E R  

A T  oPTI ;dUv C E S I S v  COV31710M5  (LBY /CU F T )  
D ~ Y S ~ V Z  - D E Y S I T Y  OF THE' V 4 P 3 9  L E A V I N G  THE COUDENSER/REBOILZR 

A T  O f F  D E S I G V  C D V 9 I T I O N S  ( L B Y / c U  F ? )  
E F ~  - C F F E t f I V c V E S S  3F: TdE IEAT E x C Y ~ N C E R  (D IYENSIOh lLESS)  
EFF! - E C F E C T I V E U E S S  3:1 THE H E A T  E X C ~ A N G E P  A T  OPTIMUM 

DESIGV c O ' J D I T I O V S  ( 3 I ' + f E U S I O N L 5 S S )  
FCOS - FJEL COST ( B / ~ Y  3 T U )  
Fc" - F I X € ?  CHAPS: ?4TEI  O I ' + ~ E Y S I O N L E S S )  
FcSUV - SU'4 L F  TYE P ~ ~ 3 ~ ~ ~  3ETLvEEw TYT1 F U E ~  COST' INCREASE 

FO? T h E  P L A V T  3 J f l T 3  THE O F F  3 E S I G Y  CON3ZT IONS 
AVD T 7 E  F R A C T I ~ U  OF THE YEA? THAT TVE A W I E N T  
TEYPEqATUGE E X I S T S  ( Y I L L S / K w q )  

F D O ~ !  - F a  J Fb*C? 4 7  J ~ T ~ ~ u Y  V E S I Z U  C 3 N D i f i 0 ~ 3  ( K ~ H ,  
YFGZ - n E & T  DF V C P O ? I Z ~ T I D Y  4 i  OFF 3 E 5 1 B N  C O N D I T I O N S  

( ? T U / L ~ M )  
+GF;LcI  -  EAT ? A T E  F A C T 3 9  A T  R ~ T I Y S  COVDITIOV(DIYEVSIONLES~J 
H;CnC2 - H E A T  R A T E  F A C T O ~ '  aT DZS IGV  c O Y O I T I O Y S  ( 3 6 \ r E N S I O V -  

L E S S )  
H a f ~ C 4  - F E A T  R A T E  F P C T ~ Q I  A T  D F F  D E S I G V  ~ 0 ~ 6 1 ~ 1 0 ~ 5  

( ? I M E U S I O V L E S S )  
Y ? F f i t S  - HEAT  ? A T E  F A C T ~ ? ' A T  ODTIVUM 25515U COONDITIONS(DI*  

~ E Y S I  ~ N L E S S )  
H x I i D  - +CAT EXCt ' lUGEq I T 3  4 1  OFF D E S I G N  CDYDITIOYS ( O E G r ' b  
H % L Y T 3  - H E A T  EXCYIYCE~ i 3 G  MEAY T E ~ P E ~ A T U R E  D IFFEQENCE 

AT OCF D E S I G Y  C 3 V D I T I 3 N S  (DEG F )  



SUaROUTINE'  V A R I T  

D - BACK PRESSURE Off  THEr T U 9 9 I N E  ( I N  HGA) 
PCST - PEi iCENT OF TrfEl Y E A R  AT THE S P E C I F I E D  AH38ENT 

TENPE2ATUQE T I Y E S  T J E  INCREMEVTAL COST AT T H I S  
TEWERATWRE ( Y I L L S / Y W H )  

P n t Y  - DOWE? GENER4T IVS '  BY THE P L A N T  ( M E G i v l ~ t f S )  
ponul  - onup DnlgFD A T  ? D T I u J M  DESIGN CC:!~~TIC:!S (vyu! 
P s I Z E  - P L A Y ?  S I Z E  ( ~ E G ~ W A T T S )  
D T 3 T  - TOTAL PCMER O J T 2 L T  3' PLANT A T ' O F F  CIESISq 

C3N91T?Ob4S (YEGPAATTS)  
p y t 3 s  - vEPI_PCEYEVT Q 3 d E 2 1  COST ( w l L ~ s / K w H )  
P12  - AYMONIP P R E S S U ~ E I A T  THE CONOEVSER/REBOILER ( L ~ F /  

S 3  F T )  
Pp2 - AYMONIA C1ESSJRE1 AT T q E  H E A ~  IXCHANGER (CBF/SQ F T )  
Q I Y ~  - HE4T  I N D U T  I V T 3  THE OPTIYUH P 3 w E 7  DLANT  (BTU/HR)  
O ~ E J C T ~  - H E A T  QEJEcTED A T  THE OPTIMUM ~ E S I G ~ I  c O N 5 8 T I O N S  OF 

T 4 E  P L 4 b T  ( 9 T J I 4 4 )  
Q F E J C T ~  - H F A T  QEJZCTED A T  THE OFF O E S I S N  C O N D I T I ~ N S  OF THE' 

PLAVT  
RbUPJE - TEYPEQATJQE R4Y3E6  OF1 THE* AIR AT OPTIMUM D E S I G V  

COUOIT IGNS (DEG 7 )  
RqNGEZ - TEYDE? lT ' J9E  R A V P J E ' O F ' T H E ~  AIR 4 T  THE OFF UESIGN 

COYOITICIRS (5ES C 9  
S P C D ~  - D I ' F E ? E ' J ~ ~ A L  COST OF' P L A N T  EXCLUDING THE1 cOOL'IN3r 

S Y f T Z Y  4 7  3 D i l Y J 4 '  3 E S I G Y  CObJ317 ib 'L (~  ( S )  
S3513  - T 3 T q L 1  P O W E R  3 J T P U T  3 F  P L A N T  AT OPTIHUP~ DESIGN 

C~~DITIONS (YEGPWATTS)  
T 1: - AMBIEVT  TEYPEQATJQE ( ~ E o  F )  
T  I\ Y '4 - TEMPERATUQE 3Fl T.(E aMYONl r \  ~ E b l v I N ( 3  THE COhtDENSER/ 

REnOILE?  A T  TqE  3 P T I v U M  DESIDY I  c O N D I T I O V S  FOR T I E  
PLANT ( 3 E G  F )  

T r O S  - I u c ? E Y E u T A L  I V C ? E q S E I  I N  COST 3 F  THE POWE& P R O O U C E ~ ~  
9 Y  T"i EpTI ' - fUY 'OdE? D U f l  TO THE C 3 0 L I N G  
S Y S T E ~  ( H I L L s I < ~ ~ )  

Tr\ - D E S I S Y  f i ' 43 IEVT  TEYPERATURE i 3 ~ G  F )  
T F F F  - 3 9 S E  T H F ~ Y A L  E F f ? C l E N C Y  OF T ~ ~ I P L A N T ( D I Y E N S ~ O N L E S S S  
T c F F l  - a b T E D  T H E R Y ~ L  E ' F I C I E V C Y  O F  TqE  P L A Y T  

( 3 1 " E Y S I O V L E S S )  
T F i F 3  - D E S I S Y  T?EgYAL I  E F F I C I E N C Y  OF THE OPTIMUYI P L A N T  

( ' I IYEUSI~ULESS) 
T c c F 4  - O'F D E S I G Y  TYERY4l.I E F F I C I E N C Y  OF TGE PLANT 

( ~ I ! ~ E Y S I O ' J L E S S )  
T i  - TEupEQATJQE OF T i E  AYMOYIA AT THE ~ V L E T  T O  THEi 

PEAT EXC*ANGE?' ( 3EG F )  
TuER - F ? A c T I O N  OF T'IE, YEA? T H A T  THE' CORQFSPON~TYG - 

& ' 4 3 1 f n 4 ~  TEi-!pE?AT;?E E X i s !  f i 3 1 , Y ~ h s i o i u ' i ~ f ~ )  
T r g l  - T E r ? E ? n T J ? E  D I F ~ E ~ E v C E  RETWEEYl THE S A T V ? ~ T E D  

S T E a k f  AN3 AXL!3Vi  A 1'1 T Y E  COV3ENS ER/REBOILER 
A T  D E S I G N  COV3;TIOVS (DES F )  

T ~ 3 1 1  - T E W o E s ~ f d f i E  D IEFEQEVCE BCTWEEVI THE S A T U ? ~ T E D  
STEAY AND Ab4Y3YIA I V  THE CONDENSER/REBOILER 
A T  O P T I q Y Y  D E S I S Y  c O V D I T I O N S  (DEG F )  

~ ~ 3 1 2  - TEMDE2T iJRE  ~ I F F Z ~ E U C E  BETWEEYITHE S A T U ~ ~ T E O  
S T E A Y  AUD A!+" - fOVIP I U  THE CCN3ZNSER/RESOILER 
p T  OFF D E S I G V  t D V D I T I 2 ' J S  (DES F )  

T T D ~  - T E 1 4 P E 3 ~ T J 2 E  3?a9 OF THE AYMOVIA  I N  THE SUPPLY 
P I r 1 V G  ( 9 E G  F )  

T T S ~ ~  - TE:IPEQATIJRE D a 0 3  OF THE AYMOYIA  I N  THE SUPPLY 



p I D I V G  A T  OPTIYLJYI DESIGN C O N O T ~ O Y S  t o t o  ? I  
T T D 2 2  - T E M P E ~ A T ' J R E  3 7 C "  3F TYE AYMOUIA I N  THE S U P P ~ Y '  

P l P I V G  A T  OFF 5 E S I C i \ l  C O Y 3 1 T I O U S  ( D r S f  F )  
T 1 - S a T U 7 A T E 3  STE4'4 TEY5E3ATCRE I V l  THE CONDENSER/ 

2 E g O I L E R  IOE3 F') 
w7 1 - M A S S  FLoM R A T E ;  3 r i  AYMOVTI: A T  ~ P ~ I H ~ J M '  DES'ZGN 

C O N D I T I O Y S  ( L 3 V / I R )  
a 

u32 - '41SS R A T E [  3p1 A Y Y ~ N I A  A T  3 F F  D E S I G N  CONDITIONS' 
(LSb!/"I) 

~6 1 - * . f p S S  FLa;zl R 4 T E t  3 F :  ~ 1 9  T ' i R o U ~ n l  THE'  EAT EKcHANBES 
AT O?TI '4t i6? D E S I S V  C 3 V 3 I T I O N S  (LRM/&Q) 

Y F P Y I N  - 9 5 S I Y U Y  ? L A N T  S C & L I \ J G  F A C T O R  FOR FA! A N D I P U M P  
P3kE7 LOSS ! 3 1 Y E Y S I O Y L E S S )  

L ~ G I C A L  F I ? S T ,  F X T E Y P  
C^JMqDN 

S 4;TRr A L P H A ?  A Y G t 3 )  
3 , C d P F e  CSSPYW, tOW\lF, C ~ V L I  C3STLr r  C~PCIIG* CONMAT, c O N Y I ~ ~ C A F I  
4 * C 3 J *  CTUR3, CD4NOe CL'JVR, C d A l i S *  C V M  
I ,oI\VGCE, ? F I N (  ) E E ~ L I  OESVEL', 3 E S V E L V  

S *T:D* T d  
B r J t 5 1  UWS 
$ , J='4 
n , v ~ f  ( c )  
3 , x ~ F P ? ,  X G r  XD 

C 3 M q O V  / S C A L E R / H ? F A C ~ ,  A T U B *  C?EPA? SSC~,PCINCI , C A S S S ~ *  
5 S i I R ,  F f i I q ,  HPA171 Ha'HATq U L R T P ?  P L A Y C T l  

- p u 7 ~  / C I  IDDLV / V A L !  2) . cPLV'. tP!P. CC"- Y q a  ~ 3 8 M e  EFFT 

S Q T U ,  CLAVO, ? E ? I R *  Z V ~ ? F ? C ~ ,  W4, (11 DELPWT "POW* 
6 FDnw.  ) E L T C ,  J I ~ T H ,  E L E \ ~ *  vAIa*  VWAT,  H T *  H o e  T 4 r  
$ ? E M A T ,  NUl UT, ' J P ~ " L P U C Z * ' S I Z 1 2 r  S P B f ,  S Y Q 9  SW3, 
F S 3 C 1 0 T O T 4 L 1 ~ L A \ C ~ e S d F R O ~ t  A 4 1 9 9  VFP, S P C ~ P P S I Z ~ ~ I  W T ~ Y  
S a=2r  V W ? ,  T t O S *  ~ E L P ~ ? ? Z L P ~ T ~ O E L ? U C I ~ O N ~ ~ S *  XUTSXI V&LOX 
S 1 T L ~ x ,  U ~ a v ,  'MCST. F U C S T *  F a A t C e  ECFC, CH*  C A I  Cs 
S 9 ~ L - c *  CFC, CDCC* F I T C 3 '  C ~ C * C E ? Q E ? ? ~ E L P I P *  A S T ? O ~ D C S ~  
$ , c ~ > C f r ~  XUFAY*BLDA' :C .~  C D L E v t  3 3 F F L 9  NHX, dTTUB. A D I A I  ABLY '  
5 ,  d f q - Q e  dTrRY~ST2g:c*~'PE7'*d'PE?F, TDTCF, TPCv E F F ~ Y I  A N T U  

4 1 ? ~ F ,  d A T F C *  X\"-i30, T  C 3 C 3 7 r  F Y T R C *  A C C T T P V  AoJTP 
8 ,  4 C i 3 r D *  PCJBPDI ACTVV*  d 2 d V 4 ,  43JP'F,  T ~ O A I ~ ~  T TFc  A F C S T  8 B, ~ 5 2 1 ,  ~ A T E Q w ,  ~ s T R C T ,  C F ~ J " ~ ,  1 ~ 2 3 1 ~ ~  T O ~ L E ~ ,  N ~ w ~  J, CTOWO 



5 ,  S3QJr SO?JST ATUSC* C3A1 T T 3 l r  TTD2r  ELP PSI c S T ~ V R  
I ,CSTUYP CYLRidGv CFhYEL, P S T A C S ~  PUFITc,  P y P t S T c  RPTPLI SEPCST 

C O M Y O ~  /SIVY/ V ~ R  (5) 9 C P L V ! ~  ~ ~ 1 3 1 .  c ~ o s i ,  u 3 i *  CDS\!ic EFFS, 
175 f 31"1, c L d N l ,  RE4119 Z l i - I ? F A t S ,  ~ 4 1 1  ~ i r  D E 3 t l *  PPOWI, 

$ r P 0 ~ 1 ,  9EFC1, W I D T l t  E L E V 1 i  V A I ? l ?  V W A T I *  H I ? ?  4 T 4 1 t  
f ' C W P  1, " W l p  VT1, VJ! t ZDL'!C29Z!j;Z!2, Z2F;Er sq4Jr sqllr $ S P r l ,  P T O T ~  ~ P L N C ~ X  I  AFRO^ t 4 4 1 3 1  ,YFPqIy,  SPCDl, SPS1 ~ w T ~ M I N ~  
$ 9 ' ? Y j k l , ~ d 2 Y ~ N ,  T c O S ~  9 DEuA1 )PUT:. DPdC1,CQN3~ i ,  X N T S ~ ,  vEL.91 

T P O  S * T l c l r  uCON19 sMC51r FMCSl?  F B A Z l *  F C F C l t  C C b l 1 ~  CS1 
f r  C ~ T 5 l r  C F C l t  C P C C ~ S F I * C ~ ~ *  C S C l , C E n F ? E l t ) E P i P i r  AST l *OLDCSl  
f , c a s t s ?  * X V r q b J l  , o L ~ A U I , C F L F ~ J ~  , 3 P g E L l *  # d l ,  d T T U l r  A D S & ,  ~ 8 L 1  
S 1 d f971 ,  V T F R I  S T Q  JCI  ICFYPF 1. 13PFl r ;O~~F; ,  T P ~  ,EFFI  1, A ' J T J ~  
S T  A I J F r l r  ' dhTFFI?  XVYODl* TCI?' l ,  FC'CPC1, F Y I R C l t  ACTT31, ADJTPl 
S r  ACTSr l ,  4 3 J R D l r  ACTVHlr  A 3 J V i l r  PDJPPl ,  T H D A f l r  TCTF l  r AFCSTl 
f r  zS9Ir W1TE91r WSTRcl? cFOU'JI* H U ~ 3 1 l r  T c ~ I L E I ,  N U M T O I ~  cTOYOl 
5, ~ ; S J I T  s?IJ?I. A l J g C i ,  CaA l ,  r r D l l ~  r ~ n 2 1 ,  DELPSX, C S T L V ~  
% rCSTdq1r  C I L R V l ,  C r A U E l t  DSThClv " L J f I T l r  ? q ) C S l i  QPTPLa, SEPCSl 

CC!Y$43lJ /TIWE/ XNSI TLAt XNT5t  49'59 TTS2flE, iaN3R,  XN?, XQUALY 
cOYU9N / '73P/ ~ 3 4 9  VYcOUWr 3ENSIWt VISWI HFG* 

* C'VV T H C ~ ~ V ,  ~ E ~ S I V ,  VISV~SIS~A, 
e CPA, THCOVA, DEYSI4r  V I S A  

C 
C DESIGY THERYAL EFFECTIVZNESS 3F THE PoUER P L i Y T  

T E ~ F B = T E ~ F / H R F A ~ S  
C 
C i t 9  I EU T n i i i 3 M q ~  L F F ~ C T I ~ E U E S ~  ~ F I  THE POWERI PLANT 

T E F F B ~ ~ E F F  ~ H Q F P C ~  
C 
C HEAT IYPUT INTO THE POHER PLAUT 

OIY1=36!3.E+3 * S P S l 3 / T E F F I  
r .. 
C Y F ~ T  REJECTED P T  1% 3ESIGY TYERMALI EFFECTIVENESS OF' 
C TdE DOWER oL4N? 

5 ~ 5  QDEJCTT = Q I N l * ( l .  - TEFF3) 
R&?JBE V A = ( ? ;  
TddV = TD + ~ A Y B E / E F F ~  * T T D ? ~  
DEUSYV t F L U I D ( ~ ~ ~ ~ T A M Y ~ E L E V ~ I I C Q L C ~ ~ " )  

C 
510 c I + ! I T I A L  GUESS A T  THE SATU?PTIOY TEYPERQTURE' FOR TYE. ABOVE 

C AbfSIEVT fEYPZ2ATUQE 
11 =' T 4  + 9AP.)GE/EFF + TTO1 t TT32 

C: 
C B a C K  DREfSU2E AT THE SFTU?PTICN TEMPERATURE 

$ 1 5  5 0 r EX~(17.169-9240~/(T1*460.1) 
C 
C 
b H-AT ? A T E  F4CT3R A T  TYE h33YE SACK PRESSURE 

H9F4C+=TPD(;) + T P 3 ( 2 )  * ? + T 1 0 ( 3 )  W 2 + T 3 O ( 4 ) * P * * 3  
C * 

72i? C ThEqYAL EFFZCTIVE>tESS OF' T E PLANT AT T i E  ABOVE B4CK 
C DDESSY?E 

T E ~ = ~ + = T E F F / I ? F A C Q  
C 
c H F A T  ?EJECTED A T  T ~ E  AB3VE' T Y E R ~ A L ~  EFFEC~TIVE~~ESS OFI THE 

?zs r P?*;E? P L A Y T  
SpEJCT7 = 3 I q i * 1 1 .  - TECF4) 

C 
c f ~ y P E s h T i l ? E  DIFFEREVCE SET~JEEV'  TSE SATUPATED S T E A Y I  AND 



~URROUTINE VARIT ? 4 / 7 4  0PT.l F T N  44,2+7035i 12/18/16 

Y t S S  FLOW RATE O F  b M M O Y I 4  THR3VGH THE C ~ O L I N G  S Y S T E Y  
r j z  = ? R E J C 7 2 / 4 F 5 2  

F?ESSI IRE AT THE ENS OF THE! SUDPLY P I P I V O l  
P 2 2  = 312  - D E L P S 2 / 1 4 4 ,  
TI = TI - T T O ~  - T T G ~  
P E L T I  , 0 3 1  

LOO? TO 3 E i f R Y I V E  TYE TEYOERATURE OF' THE1 A H M 9 N I A  A t  THE 
E v 3  3 C  T Y E  SUPPLY P I P I H S  

F T I  = -P22 F L u I J ( ~ I J * ~ ~ T I  * E L E V * l l C A L C  2331) 
F T 1 ) E L  = - 5 2 2  ~ L U I D ( ~ O ~ ~ ~ T I * ~ E L T I , E L E V , ~ ~ ~ ~ ~ ~ :  24;) . 
TIPI = TI - [~ELT!*FTI/(FTIDEL' - :TI 
I F (~~s(T IP~ - TI) . ~ ~ . . n b f l l )  53 T 3  2 0  
T I  =. T I P I  
GO T 3  1 0  

' T F V ~ E Q A T U Q E  CROP I q  THE 4 q Y O N I A  FROM SED~NNINSI TO THE' 
FIID 3F T H E  SUPPLY R I ? I V 3 #  

T T O ? 2  = TI - T T D l 2  - T I  

S . ~ T U ? A T I O N  T E M P E Q A T U R E  OF1 THE S T E A M  IN THE CONDENSER/ 
R F Q O I L E ~  

111 = ? A Y S E 2 / E F F l  + TA + T T D l 2  + T T D 2 2  

CpVVEQGENCE C R I T E R I A  F O ?  S A T U R A T I o U l  TEMPERATURE OF 
TuE STEAM I V  T-lE C 3 Y D E U S E ? / ? E 3 0 I L E ?  

I F (  .NqT. FXTEVD *AVD.  ( T l l m T l ) * * 2  .LE. . 0 0 1 )  GOTO 4 0 .  
IF( F X T E U P  . A X O .  ~ 3 ~ ( ( ~ 1 1 - ~ 1 ) / ~ 1 1 )  .LT. 0,000!) GOTO 4 0  
11 =. ~ l l  
GO T 3  7 

Pp*IEQ 3UTDUT OF THE LOW-OSZSSJSE T Q F ; B ~ V E ~  A T  ?YE sD~CIFIC, 
A d 3 I c V T  TE'I7ERPTURFI 

PTOT = 31'41 * ? E = ' 4 / 3 4 1 3 . E * 3  

P n w E 2  9 U T P U T  OF THE P L A V T  AT THE* S P E C I F I C  A M ~ I E N T  TEM- 
PERATURE 

COST OF THE A U X I L I A R Y  D 3 d E I  R E Q U I R E S  TO-  M A K E  UP LOST 
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3 0 0  

i c s  

'1 (1 

c C A P A C I T Y  ON HOT DAYS 

CSTCL=(PSIZE-PGEV)/?SIZE*PWC35 
T E F F D = T E F F ~  
5 3  T 3  60 

50  C S T C L  = 0.0 
C  
c Ih lCQEASEO FUEL COST OF TYEI PLPNT DUE: i 0 1  OFF* ,~ESIGYI 
C C n V D I T f 5 N S  

60 DEL'C = F C O S * 3 4 1 3 e E - 5  * ( ( ~ . * Y ~ P ~ I v ! / T E F F D - ~ ~ / T E F ~ )  
C  

I C ( < P L C ~ ~ E . ~ )  GO T o  7 0  
c A ~ t s f = O * O  
I F ( ' f I 7 E . L E . J G E ~ J )  G3 TO 7 0  

C  
C C A P I T A L  CH4DSE FOR THE P U X I L f i R Y  POWER 

C A D C S T = C A ~ C H S * ( P S I Z E - P G E V )  
7 0  c O N T I U I I E  

C  
C  i \ : C ? E A S E  I N  COST OF O P 5 9 P T I V C i  TYE P L A N T  AT T q I f  4UBXENT 
C  T = v D ~ ? P T U C ~ E  ~ u E  TO THE 253 OF TYE C O O L I V G  SYSTEM 

TCOS = ( C C ~ S ~ * S P C ~ ~ * C L A U ~ * C P I P ~ * C ~ V ~ A ~ * C A P C S T ) * F C Q / ( P S I Z E * C A P F *  
b n 7 5 3 , )  + C ~ S Y ~ * ~ E L F C * C S T C L  

C  
C F s A C T I 0 " l  OF THE YEAR T d A T  T Y I S  A M B I E N T  T E M P E ~ P T U R E I E X I S T S  
C TIYES THE I V C R E V E Y T A L  COST OF THE cOOLIVG SYSTEM AT 
c Tu;S 1 9 3 1 E N T  TEiI?E?ATUFiE: 

PCfT=;?FQ*TC35 
C  
c S I I ~  3 ~  THE DR~)>UCT B E T ~ Z E U  THE, AUXILARY POMEP COST'  AND . 
C  TuE F S A C T I O V  OF THE YEA? T I A T  THE A Y 8 X E Y r  TEMPERATURE 
C E v I S T S  

C L S J Y  = C L S I J ~  + CSTCL * T P E 3  
C: 
C S.1'4 O r  THE PRO3UCT 3ETr lEEV T H E ' r ' U E L  COST 1 ' 4 ~ 6 ~ ~ s ~  FOR THE 
C  PI-aVT 3:JE TO T I E  OCF 3ESISU C O V D I T 1 3 N 3  \NO THE F R A C T I O N  
C O r  T d E  YEAR THAT Tr iE 4 v 3 I E N T  T E Y P E Q A T U ~ I I  E X I S T S  

FCSJ'A r =CSLJM 3 E L C C  * TPER 
IDR:=~ 
T F ( I D S q . E Q . 0 )  GOT0 9 0 0  

935 F ~ ? ~ ~ T ( T ? , F S . ~ ~  T 1 0 * F 6 . 1 *  T l g r F 5 . 2 0  T 2 6 * F 7 , 4 ,  T33.F7,3 
$ f l Q \ , F 5 , 3 9  ~ ~ 7 . ~ 7 . 2 ,  ~ 5 4 7 ~ 7 . 2 ,  i 5 2 * F 8 * 3 ,  ~ 7 2 ~ ~ 7 . 5 .  70i ,G11,5 '  
5 T3*,?7.4,  i i O S 1 F 7 , 3 +  ~ 1 1 S , ~ l i , j )  

9 3 6  F ? s a 4 4 7  11-40)  
9 3 7  F 7 O ~ 4 T ( l X l ~ ~ ~ ~ F A C 4 = ~ ~ ~ G 1 1 + i , T Z 4 , " ~ ~ F F ~ = " * G l l . 5 ~ T b 6 v ~ ~ R E J ~ ~ 9 G ~ ~ . ~ 9  

ff T L ~ . I l n A \ l ~ C - 1 l . c . .  C . t ~ 5 : I l t ! ? D ! 3 ) - l l , ' r  ,f *T lO9,1*T . .  - . ~ ) i . 4 .  J I  , , , = t ' , C i l , E , '  
5 l u ~ ~ ~ f i ) T ~ ~ = . ~ ~ , a l l .  . ~ * ~ 2 5 , 1 * ~ ~ : G ~ * 3 1 1  . ~ r ~ 4 5 , t * ~ ~ o H = t ~ , ~ 1 : , 2 ' ~  
% T 6 5 ~ " ~ D ~ v l = ~ ~ ~ ~ ~ 1 , ~ ~ ~ ~ ? ~ ' 1 ~ ~ u 1 = " ~ ~ 1 1 , 5 /  
5 l X r 1 9  T E F F 3 = " r G l ~ r 5 r ~ 2 4 t l 1 ~ ~ ~ f 1 = ~ ' ~ ~ 1 1 e ~ * ~ 4 4 ~ ~ ~ ~ ~ ~ ~ 1 ~ ~ ~ ~ ~ ~ l ~ ~ 5 j  
W?!7E(5,9!5) 
N 7 T T E  ( 5 9 9 J 7 )  ~ ~ F A ~ ~ * T E F F ~ * G ~ E J * ~ ~ u c E * ~ ~ R ( ~ ~  9 T l l  , P T ~ T A L ~ P G E N ~  

T D P ~ ~ * F P ~ W * ~ I N ~ ~ ~ ~ F ~ ~ ( T E F F ~ * Y F P Y I V  
w ? I T E ( G , ~ ~ ~ )  H ~ F ~ C ~ ~ T E F ~ , H ~ F ~ C ~ ~ Q F ~ C ~ ~ T E F F ~ ~ C C O S ~ ~ S P C D ~ ~ C L A N ~ ~  

f CPI~I . ~ % ~ l  
938 F O R 4 d T  ( ~ X , " Y ? F A C ~ = " ~ S ~ ~  e 5 * T 2 5 f l T E F F = 8 ' * G l  1 O ~ V ~ ~ ~ ~ ~ ~ H Q F A C ' Y , G ~ ~ . ~ ~  

s T 5 4 r 1 1 H 7 F 6 C ~ = " * 9 1  1 . S , T ~ ~ , " T E = ' ~ = # I  * S 1 1 : S * T 1 0 6 * " C C D S i ~ ~ " ~ G 1 & e ~ /  
f l x q "  S ~ ~ ) ~ = ' ~ ~ G ~ ! ~ ~ ~ T ~ ~ , ~ ' ~ L A V ~ = ~ ' ~ S I I ~  * T ' % I ~ ~ ~ ~ P I = ~ ~ , ~ I ~ ~  ,7'b59 
$ I ~ C ~ S ' ~ ~  = l t * S l l  *s) 
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s v a $ o ~ ~ I u ~  X T E N ~  7 4 / 7 4  C P T = ~  FTN 4,,2+7'4351 I t 7 1 8 / ! 6  

SU~?OUTIVE x f E u D ( ~ )  
C 
C T Y I S  4pUTIUE CHECYS EXTQEME VALUES AT M I V I M A ~ ~  C O S ~  P O I V r *  
C 

DIYIUSTOV T T R ~  ( 2 )  ,aTqY ( 2 )  , c T ? ~ ( ~ )  ,41;zY(z1 * w T ? I ~ ( ~ )  
C3'WYOU / 5 ! V Y /  V A i ? t 5 )  , C P L V l r  C o I 3 l r  fCOSl .  W3iT t0Sh1 F F F l e  

6 n 1 1 l c  c L 4 N l q  9 ~ ~ 1 1 ,  Z ~ , + R ' A ~ S ~  ~ 4 1 9  U l r  D E P W ~ ~  P P O W ~ ~  
B ? 0 3 L  1, 9E;clq W I 3 T l .  E L E V ~ ,  V A I ? ~ ~  VWhTlr  H IT ,  q O l r  T 6 1 r  
5 ? E M ? l ,  ' w l r  V~l, w l ~ ~ ~ i ~ 2 2 r Z s ~ z 1 2 ,  Z S P ~ ? ,  Sd41, SW31r 
s S'cl, P T O r l r P L N C 3 1 ,  AFRO19 b A ~ i l * Y F P Y I N , - S P C D i p  S?St39WT2MIN, 
% ~ J ~ M T Y , V W ~ ~ ~ Y ,  TC3Sl9 3 E P A l t  3?WTl, 3DdCjrCONBAip XNTSl r  VELD1 
Z + T L r l  , J C ~ V I ,  P V : S l r _ F 1 4 ~ S l r  F B A C I  E F F C l r  C ~ I  9 C d l r  c S ~  
S r CLTr l ,  C-'1 t CPCCI . r ! ~ C g l r  CSCI , C E ~ R E ~ ~ ) E P I P ~ ,  A S T ~ , O L D C S ~  
s ~ ~ ~ C S ~ ~ X V F & ~ ~ ~ ~ , ~ A ~ ~ * C ~ L E ~ ~ ~ ~ ~ = E L I ~  W Y I *  d7T91, A D I l *  A B L I  
99 dTHyl, iT 'FQl ,ST9JC1vCfYPFlr  iOPF1vTOTCFlr T P i r E F F I V l ,  ANTVl  
F t  . \ I D F c l r  J4TFc1, X ' G u O ~ l r  TcT3519  F D C ~ F ~ .  F Y T R c ~ ,  L c T T P l r  A0JT31 
2 r  4:~3?1, 43J?P1, A C T v H l r  A D J v i l *  4DJPPls  j l s t l I l r  T C T F ~  9 A F C S r l  
$9 CC91, WtTEQ17 WSTQCl* CFOJVlv HUQ3119 T o H c E ~ ~  ~ U b i T O l r  CTOWDl 
$ 9  S 3 3 J i q  S 3 Q J S l r  ATUBC1, CB41, T T J l l *  T T 0 2 l r  D E L ? S l r  CSTLVl  
5 m ~ S i d c 1  r CYL4'JI c ; A ' ~ E ~  9 P S T A C ~  J u ~ l T l  r  PYDtS1, RPTPLh r S E P C S ~  

~ 2 ~ 4 ~ 3 ' ~  / s U 9 % y /  VAL ( 5 )  9 cPLV,  cP1?,  CCOSI H79 ~ 0 ~ ~ 9  EFFI 
C Q r U r  CLlrdO, R E A I ? r  Z t l ? F A C 2 r  W4r 119 DELPW* PP3Wf 
5 Foqw, 3ELFC, W13TH. ELEYS* VPI?,  VWAT, HI, 
S ?E#,\T, '.I\# 9 V f c  Y D 1 J L d Y ~ 2 9 P S ~ Z 1 ~ *  SPeP, fWQr uO* Sr 3' 9 
S S P C , " O T A L , ' L A ' ~ C ~ ~ S A F R ~ V ,  A A I Q *  vFP, S ~ C D * ~ S I Z S ~ ,  w T ~ ,  
?i 9327 4 9  T C j S r  ; E ~ ; * * ~ E ~ ~ w ~ t k t ~ ~ t i c r c O ~ j ~ g r  ANISXI VEL3X 
3 , TLO*  L I C ~ ~ I *  PMCSTI FYCST, FBACC* EFFc, Cr ,  Ca t  CS 

c L T c *  ~ F c ,  cJcC*  F I T c ~ ,  CSC,CEPQEP,)EL?IDI P S T ~ O L D C S T  
s r c t , ) c S i *  X V F A N ~ B L S A V G *  C P L E b  P F E L ,  WqX, JTTU9. ADIA, A ~ L U  
a, ATH,?, r T F R ' 4 q S T ~ 9 ~ ~ 9 ~ c P E Q F * ~ J P ~ 3 F ~  T3TcFr  TPCr EFFhY, ANTU 
a, ~YJ ;F ,  WATFF,, %'JuuD, TCT'FI, F D C P ~ ,  F ~ ~ R C ,  ACCTTP, ADJTP 
$9 ACT5309 ADJYPD* 4CTVYv A ) J V I *  PDJPPF, THQAIR, TCTFr AFCST 
$ 9  CS27r WATERW, I~STRCT, CF3JU3* d V 8 3 1 h v  ToHLENr uUMTOJ~ CTOWD 
5 .  5:?J. S ~ Q J S ,  ~ T 3 p ~ c  C 3 A r  T T ) l *  T T D ~ ~  ~ E L P S ,  cSTLVR 
$ ,<STHc, C Y L ? ~ ~ ,  C F A ~ E L ,  'STdCS, ? J F I T c ,  PMPZST, Q P T P L ~  SEPCST 

C3YWSY / T : Y Z /  XNS, TLA, XNTS* AQaS* T?D23Er LENOR* XNP* XQUALY 
LOGICRl.. r:?ST, FXTEUP 
c3Y V(9CI 

3 A ' f i ? *  ALPYA* A V t ( 3 )  
5 , C ~ P F .  CSSPKY, CONFr c O ' ~ L Y  COSTL, C ~ P C H G *  C3NMATe CONY42tCAF' 
% 1 ~ 3 J 9  ~ T Y l y r  C D A V G ,  CI-UVQr c ~ ~ I L S *  cVY 
'6 , ? ~ V S ' _ E ,  ')FIM, -)EEPL, DESVEL'. )ESVELV 
5 ,E^FP 
B ' ~ 2 ,  F I ? S T ,  F IXL I  FC~SI FFHX, F X ~ E M P  
6 eG3EFc 
B ,4YVP, qJc5.T 
9 , IT~IAY,  ITMIY 
Fi ( JC3Yq 
* ,<73Y9/ *  KALEXT 
g ,hl(YFX-r 
* , " T ~ ~ ? L ( % ) (  N T ~  

C3'4 \"3rl 
= OD? 
S , P S I Z = ,  PER* PWtOSr PLPVCr D F ~ C T I  'OYDPLI 
S . P 3 q 3 ~ F ,  ~ ~ Y F A N I  POYLEC, P 3 4 ~ I ? *  POYCVDr POY6TCr POHSCL 
B r ?@P, QE3UCEq ~EDUCV,  900FLI  
S 3OEJt 3 2 E r ) U ~ E v  ??EEIJCV 



F T Y  ~ ~ , 2 + 7 6 3 5 i  12/18/?52 

? 3  7 I = l . %  
? ?I R b V 3 L  = T T ? Y  ( I )  - '442 ( 3 )  '- T T 3 2 3 E :  I. T D  

2 p r a y  ( 1  r =. ~ * ? A N F L  
D T ~ Y  (2) = . ~ * R A U G I .  
~ 3 % 1 = l t / y ~ ~ ' ~ p - : /  1 8  

~3 3 In=i.z 
35 CflLL' C ~ L C ( T T ' Y  ( 1 )  r R T R ~ t I ? )  , ~ 4 ? ( 3 )  , v A R ( ~ )  , v A R ( S )  9 , l j  

: r ( t C D a a V . E ? . l )  33 T 3  3 
I r O E L ? ~ , L E . X D E P 4 )  5 3  T O  3 
I F ( T C ~ ~ . ~ T , . ~ ~ * T C C S ~ )  G 3  TO 3 
--r. I ,  ,s' = T C D S  

V ~ S ( ~ ! Z T T Q Y ( I )  
W A S  ( 3 )  : V A ~  ( 3 )  
~ 4 5 ( L ) = v n 3 ( ~ )  
V 3 5  ( 2 :  = v J q ( 5 )  
L=! 

3 C O N T i M ' 1 E  
D O  i n  1=1*? 
Rab,13L = VAP t l )  - :TRY ( I )  0 T T 3 2 3 ~  0.  TD 

9 ~ T Q Y  t i J = . ~ * Q A ~ J G L  
W T R V ( 2 \ = . 7 * ? 9 N G L  
5 7 h l = 4 f / v  TE'13-3/11 
33 1 3  ' ? = : r '  

CALL1  C b L C  ( v 4 ? ( 1 )  ~ Q T R Y  ( I ? )  *CTQY(i) 1 ~ 4 R ( 4 )  t V A P ( 5 )  ,I\ 
I F ( ~ t O ~ ' V . E O . 1 )  GO TO 1 0  
I F ( ? E C ? A . ; E . x n E ? a )  GO T o  l o  
I F ( T C D + . S T . . ~ ~ * T : O S ~ )  G3 TO 1 0  
T C O S ~ = + C J S  
V f i S ( l ) = V Z ~ ( i )  
V A S ( ~ ) = C : " Y  ( 1 )  
~ n s ( o )  = v a ?  ( '4 )  

V A 5 ( 5 ) = V A 7 ( 5 )  
~ = 1  

10 C P r 4 t T V ; : E  
DO 1 1  T=l*Z 
CPL-I  CsiC ! V A ~  (1 )  * v A ? ( ~ )  ~ v A R ( ~ )  , & T R Y  ( I 1  r v d ~ i f )  , 2 *1 j  



FTY 4 .2+7$35 i  ie/ie/!b 

L = 1  
12 C O U ~ I Y I : E  

i F ( L ' . E ? . 1 )  ~ 8 I T E ( 5 , 1 3 )  
13 F0,7"'4T(" . . XTEUD . C A L L E D ,  A " 1  CCYVGE Y'ADE") 

i r  \ L  .t>. I I  ~ A L ~ A T  = 64i&K7 i 
I F  ( Y A L E x T ' . S T .  U ~ E ~ T )  STOP nCPLLS TO 5.R. EXTEND EXCEED MXEXT" 
QFT J9'J 



s U ~ Q ~ U T I Y E '  ERRMSG + 4 / 7 4  OPT=I FTN 4,2+7*3!5i i 2 / l 8 / ! 6  . 
, SUSaQU?IVE E'RMSS ( Y E Y )  

C 
C I F  < E Y  IS 1 INC?EMENT T Y E  C9U'JTES F3R N O . F d V I  F O U ~ D  
C IF <EY I S 2 INC9EMENT TYE L30J1 CO'JNTER 
C I F  < E Y  I S  3 ? R I V T  T i €  CDgYTE?S 
C 

7 ,r - ( < E q  .E3. 1, UFKTR = VFYTQ 1 
1;  KEG .E5 .  P U T ?  = i P X T ?  + 1 
IF ( q 0 n  ( ' - ? K T ? , ~ ~ )  .EQ. *C ' J ' 3 *  L i3 iT9 . 3 T r  0)) w ~ I ~ E ' ( ~ , ~ ~ ~ ) L P K T ~  
I F  (YE? * 5 3 ,  3 )  4 9 1 ~ ~ ( 6 ~ 1 0 0 )  'JFKTQ,LJKTa , 

1 0 0  F O R Y f i T ( / / / / / "  THE V J " $ c R  C)F T I Y E ,  "43 r ~ \ i  WAS ~ O U V D  l t r I Z ~ /  
$ 1 8  TIE ; I i .JY?fi2 OF TI"ES ~ 3 3 P  EsCZ'E d 4 S  SE3lJX?zD n lg ,12Q)  

200 F 3 R ~ d T ( ! X * I s r M  F 4 Y  L O O P  ESCAPES ~ E O U I R E D  S O  ~PRII) 
QET J 9 1  
E V D  




