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@RC#EJl: A TORTRAN CODE FOR THE CALCULATION OF A 
STEAM CONDm?SER OF CIRCULAR CROSS SECTION 

ABSTRACT 

@ R C @ N l  i.s a For t r an  IV program f o r  design or  me t r i c  

s tudy  of  steam condensers whose tubes form a h o r i z o n t a l  

bundle of c i r c u l a r  o r  s e m i c i r c u l a r  c ros s  s e c t i o n  wi th  a 

c e n t r a l  void.  Baffles and a cooler s e c t i o n  may be pro- 

v ided  as opt ions .  The output  shows s team condi t ions  at 

each row. 

gram a r e  included.  

A sample problem and a For t ran  l i s t i n g  of the pro- 

Keywords: 
(computers ) + OSW sponsored + parametric s t u d i e s .  

condensers + design + h e a t  transfer $. programs 





(PRCgN1: A F O R T W  CODE FOR THE CALCULATION OF A 
STEAM CONDENSER OF CIRCULAR CROSS SECTION 

J. A .  Hafford 

IDENTIFICATI OB 

Machine : IBM-360 Language: FORTRAII IV 

Union Carbide Corporation 
Nuclear Divis ion 
O a k  Ridge Gaseous Dif fus ion  P lan t  
Oak Ridge, Tennessee 

PURPOSE 

@RC@N1 was w r i t t e n  for t h e  p a r m e t r i c  s tudy  of gene ra l ly  c i r c u l a r  steam 

condensers ,  wi th  o p t i o n a l  coo le r  s e c t i o n s  having tube  bundles  of rectanq-  

u l a r  cross s e c t i o n .  

The b a s i c  assumptions are: 

a. Coolant f low i s  i n  t h e  tube  and makes a s i n g l e  pass through 

t h e  condenser. 

b .  The condenser proper  i s  a bundle of t ubes  of  cir^cul.ar or 

semic i r cu la r  cross s e c t i o n  w i t h  a c e n t r a l  void.  For pur- 
poses of c a l c u l a t i o n  t h e  bundle i s  d iv ided  i n t o  i d e n t i c a l  

" sec to r s "  of  30° each, as i l l u s t r a t e d  i n  Figure 1. 

c. The c o o l e r  i s  o p t i o n a l  and when inc luded  i s  r ec t angu la r  

i n  c ross -sec t ion  and i s  i n i t i a l l y  equa l  i n  he igh t  t o  t h e  

r a d i a l  l eng th  of a s e c t o r  of t h e  condenser.  Steam flow 

proceeds v e r t i c a l l y  upward through t h e  tube  bank. 

The c o o l e r  c a l c u l a t i o n  i s  independent of t h e  geometry 

of t h e  condenser.  The code takes no r ecogn i t ion  of  t h e  

phys ica l  l o c a t i o n  of t h e  coo le r  tubes.) 

(Note : 

d. The tubes  a r e  spaced on an e q u i l a t e r a l  t r i a n g l e  p a t t e r n ;  

however, for s i m $ l i c i t y  t h e  tubes are f u r t h e r  assumed t o  
be evenly spaced on an a r c  wi th  a r ad ius  trom t h e  c e n t e r ,  
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c. TYPICAL FLOW PATH IN 
CONDENSER SECTION 
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e.  Baff le  op t ions  on t h e  s h e l l  s i d e  c o n s i s t  o f  e i t h e r  no 

b a f f l e s ,  or simple b a f f l e s  a t  2 ,  4, 8 and 10 o 'c lock .  

f .  Steam flow i n  t h e  condenser proper i s  e n t i r e l y  r a d i a l ,  

d i r e c t e d  towar6 t h e  void  a t  c e n t e r .  

g. A t  most,  only s i x  s e c t o r s  a r e  c a l c u l a t e d ,  assuming t h e  

bundle i s  symmetrical  about 8 v e r t i c a l  c e n t e r  l i n e .  

SYSTEM 

The code i s  w r i t t e n  i n  FORTRAN I V  f o r  t h e  IBM-360 computer. No t a p e s ,  

d r ives  o r  s p e c i a l  equipment are needed. No programmed pauses or s tops  

are included.  A l l  input  i s  by punched ca rd  and a11 output  i s  on a 

s t anda rd  p r i n t e r  except  for t h e  opt ion  of  o u t l e t  coolan t  temperatures  on 

punched cards .  

It i s  d e s i r e d  t o  determine t h e  ope ra t ing  c h a r a c t e r i s t i c s  of a condenser 

wi th  a tube  bundle of  c i r c u l a r  ( o r  s e m i c i r c u l a r )  c ros s  s e c t i o n .  The bundle 

i s  d iv ided  i n t o  12 i d e n t i c a l  s e c t o r s ,  bu t  only 6 s e c t o r s ,  at most, a r e  

a c t u a l l y  ca l cu la t ed .  For s p e c i a l  shapes of c ross  s e c t i o n ,  any nimber of 

s e c t o r s ,  of t h e  h a l f  bundle ,  may be c a l c u l a t e d .  

Figure 2 presen t s  t h e  program flow for t h e  main program. MAIN c a l l s  INPUT 

from where all input  d a t a  are r ead  and p r i n t e d .  

The bundle geometry i s  then  c a l c u l a t e d .  The number o f  rows of tubes  and 

tubes  p e r  row f o r  a s e c t o r  a r e  ca l cu la t ed .  I n s i d e  and ou t s ide  diameters  

for t h e  void  and bundle a r e  c a l c u l a t e d .  

Tube f looding  f a c t o r s  are then  found. The number of tubes i n  a v e r t i c a l  

row above a t h e o r e t i c a l  average tube  i n  a row is used f o r  t h e  f lood ing  

f a c t o r .  Figure 3 i l l u s t r a t e s  t h e s e  c a l c u l a t i o n s .  

Cooler dimensions a r e  estimated. These dimensions may be a l t e r e d  i n  t h e  

cooler  sub rou t ine  i f  needed. 

A t  t h i s  p o i n t ,  a l l  remaining i n i t i a l i z a t i o n  of cons t an t s  or unchanged 

parameters f o r  t h e  case  i s  done. 
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CONDITIONS 

FIGURE 2. FLOW CIlART OF MAIN PROGRAM 
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I n i t i a l i z a t i o n  i s  now done f o r  f a c t o r s  t h a t  depend on i n l e t  steam a d  

tube  l e n g t h ,  s i n c e  t h e s e  va lues  may be r e c a l c u l a t e d  i n  success ive  a t tempts  

t o  a r r i v e  at a predetermined e x i t  steam flow. 

'The subrout ine  SECALC i s  c a l l e d  t o  calcul-ate a l l  t h e  parameters f o r  each 

row i n  each sector; i . e . ,  flow ra tes ,  temperatures ,  e t c .  Differences i n  

f looding  f a c t o r  r e q u i r e  t h a t  each s e c t o r  of  one h a l f  of t h e  bundle i s  

c a l c u l a t e d  s e p a r a t e l y .  

A c a l l  t o  C@@LEX fol lows i n  which t h e  cool.er parameters are ca l cu la t ed .  

Af te r  t h e  c o o l e r ,  t h e  e x i t  f r a c t i o n  of steam is c a l c u l a t e d  and a ca1.L 

i s  made t o  subrout ine  ADJUST. This subrout ine  t e s t s  t h e  e x i t  f r a c t i o n  

of steam t o  f i n d  i f  it i s  wi th in  r equ i r ed  t o l e r a n c e  of .the predetermined 

value.  If n o t ,  t hen  a new va lue  of ei-Uier i n l e t  steam o r  tube  l eng th  i s  

set  and t h e  code r e t u r n s  t o  t h e  i n i t i a l . i z a t i o n  s t e p  i n  MAIN t o  repea t  

t h e  c a l c u l a t i o n s .  This cont inues (maximum of  10 t r i a l s )  u n t i l  convergence 

wfth t h e  input  value i s  reached. 

Af te r  achieving convergence, a c a l l  i s  made t o  @TJTPI. 

averages a r e  ca l cu la t ed  i n  t h i s  subrout ine  i n  add i t ion  t o  t h e  primmy 

funct ion of p r i n t i n g  t h e  r e s u l t s .  

A number of 

If' d e s i r e d ,  t h e  o u t l e t  temperatures  of t h e  coo lan t ,  row by TOW, can be 

punched out on cards  s u i t a b l e  t o  be used f o r  input  f o r  a subsequent 

case"  

The program flow then  r e t u r n s  t o  t h e  call- to INPUT f o r  t h e  next case.  

The input  d a t a  cons i s t  o f :  

1. Case i d e n t i f i c a t i o n .  

2 .  Tube f a c t o r s ;  number, spac ing ,  e t c .  

3. Coolant f a c t o r s ;  f low,  temperature ,  concen t r a t ion ,  e t c .  

4 .  steam f a c t o r s ;  f low,  tempera ture ,  e t c .  

5 .  Type of noncondensable. 

6. Ge0metr.y con t ro l  f a c t o r s .  

7. Ex i t  steam f rac t j -on  des i r ed .  

8.  Various c o n t r o l  f l a p s  needed t o  c o n t r o l  flow of  program. 
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DESCRIPTION OF MAIN PROGRAM AHD STBROUTINES 

The fo l lowing  Sec t ions  conta in  commented d e s c r i p t i o n s  of O R C g N l  subrout ines .  

The FD'RTRUN equat ions  which r e q u i r e  explana t ions  are l i s t e d  i n  o rde r  of  

occurrence,  accompanied by a b r i e f  d i scuss ion  o r  comment. A l i s t i n g  of t h e  
enk i r e  program i s  given i n  Appendix B. 
MA I N  
_I 

'Throughout t h e  program v a r i a b l e s  are ad jus t ed  as needed f o r  t h e  model of 

condenser chosen. Since t h e  c a l c u l a t i o n s  of geometry axe based on a f u l l  

c i r c l e ,  t h e  number of tubes i s  inc reased  t o  fill t h e  c i r c l e  and all 

a s s o c i a t e d  parameters  are corsespondingb. ad jus ted .  In  t h e  output  t he  

values are co r rec t ed  t o  f i t  t h e  inpu t  model. 

The number of  rows i s  i n i t i a l l y  e s t ima ted  wi th  t h e  fol lowing equat ion:  

lY@RQIWS = h N @  * 1.1035/2.0 

where 

N@R@WS i s  t h e  number of  c i r c u l a r  rows of  tubes .  

TN@ i s  t h e  t o t a l  t ube  count f o r  a f u l l  c i r c u l a r  condenser 

(does not  inc lude  coo le r  tubes  1. 
This i s  der ived  by assuming t h e  tubes  f i l l  t h e  ent i l -e  tube  shee t  area, 

The number of  tubes is then  c a l c u l a t e d  f o r  each row and summed. If not  

a1.l the t u b e s  aye accounted f o r  when all rows are f i l l e d ,  a r o w  i s  added 

and t h e  summation repea ted .  All s e c t o r s  of t h e  bundle are assumed t o  be 

i d e n t i c a l .  

'I'he code then  proceeds through an a lgor i thm f o r  f i n d i n g  t h e  number of  

tubes i n  a v e r t i c a l  row above t h e  c e n t r a l  t ube  i n  each row. This i s  
done f o r  s i x  s e c t o r s ,  i . e .  , one s i d e  o f  t h e  bundle .  Symmetry i s  assumed 

f o r  t h e  o t h e r  s i d e .  

An i n i t i a l  e s t ima te  is made of t h e  e x i t  coolan t  temperature  f o r  futuure 

r e fe rence .  

WSI * + STBI 
WBI * CPB STB2ES = 
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A func t ion  subrout ine  provides  s p e c i f i c  volume of steam; t h e  s p e c i f i c  

volume of t he  noncondensable gas is  found by using t h e  p e r f e c t  gas l a w ;  

t h e  s p e c i f i c  volume of the mixture i s  then found by: 

I n l e t  steam and noncondensab1.e flows t o  the f irst  row of each s e c t o r  are 

given a non-uniform d i s t r i b u t i o n  i n  an e f f o r t  -to shor ten  running t i m e  i n  

subrout ine  SECALC. This i s  done because t'ne subyout ine sys t ema t i ca l ly  

al ters flow t o  each s e c t o r  u n t i l  a uniform p res su re  drop i s  reached across  

all. s e c i o r s .  

'Entrance and v e l o c i t y  change l o s s e s  we calcu'l-ated i n  order  t o  f i x  t h e  

pressu.1-e of t h e  s t e m  i n  t h e  f i r s t  row of tubes .  

MAIN then  calls SECALC t o  c a l c u l a t e  the  condenser parameters .  Following 

t h i s  c a l l ,  t h e  condi t ions  at t h e  e x i t  from t h e  condenser (en t rance  t o  t h e  

c o o l e r )  al-e found, and t hen  MAIN c a l l s  @@LEX t o  c a l c u l a t e  t h e  cooler  

parameters .  

It should be noted t h a t  t h e  values  f o r  number of t u b e s ,  steam flow,  e t c .  

f o r  t h e  coo le r  a r e  e x a c t ,  whereas f o r  t h e  condnesel- t h i s  would be t r u e  

only f o r  t h e  s i x  s e c t o r  symmetrical model. 

A f t e r  the cooler  parameters a r e  tal-culated , subrout ine  ADJUST i s  c a l l e d .  

This  subrout ine  checks t h e  e x i t  steam f r a c t i o n  agai.nst t h e  i.nput value 

and. a d j u s t s  -ihe i n l e t  s t e m  flow, o r  tu'oe l e n g t h ,  t o  get  a cl.oser agreement 

w i t h  t h e  h p u t  va lue  of EXITFR. 

When agreement i s  reached ( i f  EXITP'R = 0 ,  then  t h e  above i s  bypassed) ,  t h e  

output sub rou t ine ,  @UTP1, i s  c a l l e d  and t h e  Yesul ts  are prin-bed ou t .  

SECALC 

This  subrout ine  f i r ids  a l l  t h e  paramcters of t h ~  s e c t o r s  of t he  condenser. 

A s i i np l i f i ed  flow cha r t  of t h e  program i s  i l l u s t r a t e d  i f l  F'igure 4. Fro111 

an inspec t ion  of t h i s  cha r t  w e  s e e  two major D@ loops with one nes t ed  i n  

t h e  othey.  The ou te r  loop  cyc les  through however many s e c t o r s  a r e  i n  the  

condenser model. 'i'h- i n n e r  loop  cyc les  through t h e  rows i n  t h e  sectol-s.  
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A few v a r i a b l e s  are i n i t i a l i z e d  p r i o r  t o  e n t e r i n g  t h e  f i r s t  loop ,  then  

t h e  loop i s  en te red  and t h e  p r e s s u r e ,  temperature ,  and v e l o c i t y  of t h e  

s t e m  mixture i n  t h e  f i r s t ,  row of tubes  are c a l c u l a t e d .  

‘17ne i n n e r  loop is then  en te red  and immediately subrout ine  KETTFUV i s  

c a l l e d ,  p r imar i ly  t o  determine t h e  o v e r a l l  c o e f f i c i e n t  of hea t  t r a n s f e r  

f o r  t h e  r o w  of tubes  designated by t h e  IlQ loop index.  

An i n i t i a l  value of condensate i s  then  found, 

UN(I,J) * A@ * AINTD(1,J) * TBNPR(1) 
HFG WCND(I,J) = 

where 

UN(1 ,J)  i s  t h e  o v e r a l l  hea t  t r a n s f e r  c o e f f i c i e n t .  

ALMTD(1 ,J)  i s  t h e  l o g  mean temperature  d i f f e rence .  

Both of t h e s e  values  a r e  r e tu rned  by subrout ine  HETTRN. Subroutine PRSDRP 

i s  then  tal-led t o  r e t u r n  a va lue  f o r  p re s su re  drop across  t h e  row of  

tubes indicated.  by t h e  inne r  loop index. 

A t e s t  i s  made t o  check f o r  t h e  p o s s i b i l i t y  of t h e  t o t a l  condensate 

exceeding t h e  steam f l o w .  If t h i s  i s  found to occur ,  t he  code a r b i t r a r i l y  

s e t s  tine condensate t o  h a l f  of  t h e  steam flow and then  back c a l c u l a t e s  t h e  

needed v a r i a b l e s .  

I f  s t e m  flow does not  go nega t ive ,  t hen  t h e  condensate i s  cor rec ted  f o r  

s e n s i b l e  hea t  change, i. e.  , 

* A@ * ALMTD(1,J) * TBNPR(1) - WS(T,J) * CPS 
18.015 

where 

CPS and CPA are t h e  hea t  c a p a c i t i e s  of s t e m  and noncondensables, 

B t  u /lb- O F 

and 18.015 i s  t h e  molecul.ar weight o f  steam. 
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'The i n n e r  loop i.s c losed  out  af ter  c a l c u l a t i n g  t h e  remaining needed 

vari&l.es, and summing a number of  f a c t o r s  needed f o r  merages  i n  @UTPl. 

A t  -the end of  t h e  outer loop t h e  fo l lowing  f a c t o r  i s  c a l c u l a t e d :  

which i s  used i n  t h e  adjustment of steam t o  t h e  s e c t o r s .  'Tfe expression 

i s  der ived  through c a n c e l l a t i o n  o f  i n v a r i a n t s  i n  t h e  dimensionless con- 

stant, 

AP * 288.1 * gc * Sp.Vol. 

VEL2 

The s h o r t e r  express ion  s8,ves computing t i m e  and core volume. 

The average p res su re  drop across  t h e  sectors is then  found and t h e  

i n d i v i d u a l  p re s su re  drops are t e s t e d  a g a h s t  t h e  averages The requirement 

i s  f o r  a plus or minus 1 percent .  I f  t h e  test  f a i l s ,  t h e  i n l e t  steam t o  

each s e c t o r  i s  r ead jus t ed .  

The new steam f l o w  i s  i n i t i a l l y  e s t ima ted  by: 

C ( J )  * JDELPVE * W S I  
WSI + WETCI WSP(J) = 

A f u r t h e r  adjustment i s  made t o  prevent  o s c i l l a t i o n s  o r  overshoot and 

speed up conversion t o  t a r g e t .  The adjustment i s  made by use of t h e  

express ion:  

0.26 WSP(J) = WS(L,J) t ' WS(L,J) - WSP(J)] * (FJS(1,J))  
2. 

The t o t a l  flow of i n l e t  steam i s  kept  p r e c i s e l y  cons tan t  by omi t t i ng  

r e c a l c u l a t i n g  i n l e t  steam t o  t h e  s e c t o r  t h a t  diverged from t h e  average,  

t h e  g r e a t e s t  amount and d i r e c t i n g  remaining imassigned flow t o  t h a t  

s e c t o r .  

Following a d j u s t i n g  of  steam t o  t h e  s e c t o r ,  c o n t r o l  i s  d i r e c t e d  t o  the 

e a r l y  i n i t i a l i z a t i o n  and t h e  e n t i r e  procedure i s  repea ted .  
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CQIQILEX 

This subrout ine  f inds  a l l  t h e  parameters f o r  t he  coo le r ,  i f  one i s  
s p e c i f i e d  i n  t h e  model. 

i s  given i n  Figure 5 .  
A s i m p l i f i e d  flow diagram of t h i s  subrout ine  

The coo le r  i s  assumed t o  b e , o f  r ec t angu la r  c ross  s e c t i o n  wi th  steam en te r -  

i n g  the bottom row of tubes  and proceeding v e r t i c a l l y  through t h e  bundle .  

After i n i t i a l i z i n g  a f e w  v a r i a b l e s ,  t h e  steam v e l o c i t y  a t  minimum cross  

s e c t i o n  i n  t h e  f i r s t  row of tubes  i s  c a l c u l a t e d  and checked t o  a s su re  

i t s  being, less than  a predetermined va lue  i n  VLCMAX. If t h e  steam velo- 

c i t y  exceeds t h i s  l i m i t ,  t hen  t h e  number of tubes  p e r  row i s  r eca l -  

cu la t ed  t o  reduce t h e  v e l o c i t y  t o  wi th in  l i m i t s .  The number of rows of 

tubes i s  correspond?-ngly reduced t o  maintain a cons tan t  Lotal  number of 

tubes  i n  t h e  coo le r .  

The rows of tubes i n  t h e  coo le r  a r e  t r e a t e d  i n  a d i r e c t l y  p a r a l l e l  manner 

t o  t h e  rows i n  a s e c t o r  of t h e  condenser i n  subrout ine  SECALC. 

HETTKH 

The primary purpose of t h i s  subrout ine  i s  t o  supply t h e  l o g  mean tempera-. 

Lure d i f f e r e n c e  and o v e r a l l  heat t r a n s f e r  c o e f f i c i e n t  f o r  a r o ~  of tubes  

t o  t h e  c a l l i n g  program. It i s  c a l l e d  by subrout ine  SRCALC for each row 

i n  each s e c t o r  of condenser 

of  gas coo le r  s ec t ion  tub ing .  The t h e o r e t i c a l  b a s i s  of t h i s  subrout ine  

i s  given i n  Appendix A ,  and a flow cha r t  i s  given i n  Figure 6. 

___1_1 

tubing and by subrout ine  C@$LEX f o r  e w h  row 

On e n t e r i n g  t h i s  sub rou t ine ,  a series of es t imates  and cons tan ts  f o r  t h e  

rows of  tubes  i s  ca l cu la t ed .  Among t h e s e  are t h e  vapor v i s c o s i t y ,  and 

modified mass t ransfer  f a c t o r :  

SMUFN(TSAT) ?c RMWSC + AMUFN(TSAT,SGAS) 3c RMWNC 
RMWSC .b RMWNC AVZS = 

SMUFN and A M U F N  a r e  func t ion  subrout ines  f o r  determinat ion of t h e  v i s c o s i t y  

of steam and noncondensables r e s p e c t i v e l y .  
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ENTERING STEAM 

ROW OF TUBES 

FIGURE 5. FLOW CHART FOR SUBROUTITJE CQOLEX 



FIGURE 6. FLOW CHART FOR SUBROU’TINE HETTRN 
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The mass t r a n s f e r  f a c t o r  3 i s  def ined  by:  m 

CgLM = EXP(0.53883 - 0.544 * AL@G(XI'TRE)) 

A cal l .  t o  subrout ine  DFSVTY follows i n  order  t o  ge t  t h e  d i f f u s i v i t y  of  

t h e  noneondensable gas i n t o  s tem,  a value needed t o  c a l c u l a t e  t h r  

Schmidt Number, which i n  t i n  is needed t o  f i n d  t h e  mass t r a n s f e r  coef- 

f i c i e n t  li 

The Schmidt Number 

XNSCH = 928.8 

where 

(dimensionless  ) Ts : 

3i AVIS * TSAT * l0.'73 
(PSAT + PGR) dc AMWAV 3p DF 

PGB is part ia l  presswe of -the gas.  

DC i s  dir'fusivity returned by DFSVTY. 

&WAV i s  the  mass weighed average molecular weight of the 

steam and noneondensable. 

??le f a c t o r ,  CJ, is  t h e  product of  t h e  mass transfer c o e f f i c i e n t  w i t h  t h e  

p a r t i a l  p ress i re ,  PGB, and is found by, 

which i s  used la.Z;er t o  f i n d  t h e  o v e r a l l  h e a t  t r a n s f e r  c o e f f i c i e n t .  

At, Fortran s ta tement  40 an i t e r a t i v e  simultaneous c a l c u l a t i o n  of t h e  

heat t r a n s f e r  c o e f f i c i e n t ,  t h e  temperature  arop across t h e  condensate 

f i h ,  and t h e  temperature drop sc rnss  t h e  noncondensables film ( i f  any) 

is begun a 

The o u t l e t  coolant  temperature  i s  found by so lv ing  t h e  equation f o r  hea t  

t r a n s f e r r e d  t o  t h e  coo lan t ,  namely 

(TB2 - S T B I )  
STSAT-STRI 

WU * CPFN ( C A I  ,STBATE) * (E32 - STBI ) = VEST * A@ 
In (STSAT - TI32 ) 
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f o r  

STSAT - STBI 
1 UEST * A@ 

(WB * CPFNCCBI ,STBAVE) 

TB2 = S’TSAT - 

where t h e  r ightmost  term i s  t h e  log  mean temperature  d i f f e rence .  

CPFN i s  a func t ion  subrout ine  t o  c a l c u l a t e  t h e  s p e c i f i c  hea t  

of t h e  coo lan t ,  and 

UEST is t h e  es t imated  h e a t  t r a n s f e r  c o e f f i c i e n t .  

The tube  i n t e r n a l  f i l m  c o e f f i c i e n t  i s  found us ing  t h e  Colbum form of t h e  

convect ive f i l m  h e a t  - t r a n s f e r  c o r r e l a t i o n ,  

SHI = 0.023 * XN13EBo.8 * XrJPRB1’3 * - sKB * ENHI S D I  

where 

SDT * BB 
BMU mXEB =1 

is t h e  Reynolds number i.n t h e  coolmt ; ,  and 

SHBI * BMU 
SKB mPRB = 

i s  t h e  P r a n d t l  number f o r  t h e  coo lan t ,  and 

ENHS i s  an enhancement f a c t o r  f o r  h e a t  t r a n s f e r ;  equa l  t o  

1 . 0  f o r  smooth tubes .  

The condensate film c o e f f i c i e n t  i s  found, f i r s t  without  co r rec t ion  f o r  

f looding  (Nusse l t  equati-on) , 

S K B G ~  * R@EFN(O. ,STPQ)~ * HFGFN(STF~) * 
BMUFN(0 ,STF@) * SD@ * DELFLM 

SI-INK = 0.725 

where 

2 gL i s  acce le ra t ion  due t o  g r a v i t y ,  f t l s e c .  



‘Ike f i l m  c o e f f i c i e n t  i s  co r rec t ed  f o r  condensate r a i n  i n  e i t h e r  of two 

waysI, depending on t h e  value of FDAVE provided i n  the  inpu t  da ta .  

11. I f  FDAVE 0 ,  t h e  condensation r a i n  f a c t o r  f o r  a tube  i n  t h e  BNF-th 

row i s  

SHNF = SHMK [BNF * FDAVN - (ANF-1.) * FDAVM] 
where t h e  average f a c t o r  f o r  t h e  tubes  i n  rows 1 through RNF is 

and t h e  average f a c t o r  f o r  tubes  i n  rows 1 through (BNF-1.) i s  

(1. - 0.5647FDA’iPE) 

(NYF - l . ) O a 2  
FDAVXM = 0.6 FDAVE + 

‘l3e f a c t o r ,  RFACT, i s  a sum of t h e  t h e m a 1  r e s i s t a n c e s  , Less t h a t  due 

t o  t h e  gas f i l m ,  and is  used l a t e r  i n  t h e  program. (If no gas i s  
p r e s e n t ,  t h e  r e c i p r o c a l  o f , t h i s  value i s  t h e  c a l c u l a t e d  va lue  of  t h e  

overall h e a t  t r a n s f e r  c o e f f i c i e n t .  ) 

The l o g  mean temperature  d i f f e r e n c e ,  ALMTII, i s  then  found for use i n  t h i s  

subrout ine  and i n  t h e  c a l l i n g  program. 

Separa te  For t r an  statements aye provided f o r  t h e  reat  of t h e  c a l c u l a t i o n  

f o r  cases  wi th  no noncondensables (endine: jus t  be fo re  Fortsar- s ta tement  

110) and for cases  wi th  noncondensables s t a r t i n g  a t  s ta tement  110. For 

noncondensables t h e  procedure i s  as fol lows.  

The f a c t o r ,  DTDP, i s  t h e  d i f f e r e n t i a l  form of  AT/AP acr-oss t h e  gas f ’ i lm .  

It i s  found by d i f f e r e n t i a t i n g  P = f ( T )  and t a k i n g  Yne r e c i p r o c a l .  

PRESS(ABS) = 2.718 ** [14.15012 - 6452.562/T - 837533./T2] 

t h e r e f o r e  DTDP = ~& ‘ 
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The f a c t o r s  BONE and CQINE are t h e  cons tan t  terns i n  a quadra t i c  equat ion  

(Eq.  l l a ,  Appendix A )  for t h e  o v e r a l l  h e a t  t r a n s f e r  c o e f f i c i e n t .  'These 

were used t o  solve f o r  t h e  c o e f f i c i e n t  which i s  t e s t e d  aga ins t  t h e  

previous estimates 

The gas film c o e f f i c i e n t  i s  backed out of  t h e  expressions above, t e e . ,  

HEFF = UTEST/(l. - UTEST RFACT) 

When t h e r e  are no noncondenso,blcs t h i s  last computation i s  of  course 

omit ted.  i n  e i t h e r  case t h e  P i . h  temperature  drops a r e  ca l cu la t ed  a n d  

tested aga ins t  previous es t imates  f o r  convergence I The program cycles  

u n t i l  a l l  estimates coverage before  r e t u r n i n g  t o  t h e  c a l l i n g  program. 

INPUT 

This subrout ine  reads input  d a t a ,  p r i n t s  8.11 image of t h e  input  a r r a y  and 

then  p r i n t s  a desc r ip t ion  of t h e  i n r u t  v a r i a b l e .  Also, i f  t h e  i n l e t  

c o o l m i  temperatiires a r e  read i n  o r  t r a n s f e r r e d  from a preceding s t a g e  

.these are p r i n t e d  out. A flow cha r t  i s  given i n  Figure '7. 

Figure 8 shows the  inpu t  ca rd  l ayou t .  The v a r i a b l e s  are ,  

Card 1, (FORMAT: ii, l g A 4 ,  A 3 )  

I R  I n d i c a t o r  f o r  added number of cards  t o  be r ead  

(columl 1 on ly )  

IR = 0, 4, or  ;5; t hen  all cards  w i l l  be r ead  

i n  proper  order .  

IR = 1. Only card 5 w i l l  be r ead ,  

TR = 2 .  Cards 5 and 4 wj.l.1 be  read  ( ca rds  2 and 3 
w i l l  be sk ipped) .  

TU = 3. Cards 5 ,  4 and 3 w i l l  be r ead  ( ca rd  2 w i l l  be 

sk ipped) .  

INDEXT A l l  the  remaining columns of t'ne first ca re  are 

a v a i l a b l e  f o r  i d e n t i f i c a t i o n  or n o t e s ,  79 columns 



SELECT NON-- 

CONDENS4EIL E. 

FROM PRIOR 
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Card 2 ,  (F@M4T:  7F10.0, 215) 

AN TP 

PXCCLR 

SDD 

SDDPIIN 

OD 

XTd 

SKW 

NRWSP 

NRWSCP 

' fo t a l  number of tubes  i n  t h e  bundle ( inc ludes  c o o l e r ) .  

Percent  of tubes  i n  Yhe cooler .  

Rat io  of  tube spacing t o  t u b e  diemeter of 

condenser s e c t i o n .  

I ia t io  o f  tube  spac ing  t o  tube  diameter f o r  

coo le r  s e c t i  on. 

Outer diameter of a l l  t u b e s ,  i n .  

Wall th ickness  of t u b e s ,  i n .  

Thermal conduct iv i ty  of tube  m a t e r i a l  

Btu/hr-ft'-OF/ft. 

Number of rows of condenser coolant  i n l e t  tempera- 

t u r e s  t o  be read  (use  only t o  read  punched card  

i n l e t  coolant  temperatures  , set  = 0 o therwise) .  

Same as NRWSP except f o r  coo le r .  

Card 3,  (P(2IRTAT: 8F10.3) 

T/JBs: Total  coolant, flow t o  condenser ( c o o l e r  inc luded)  , Ib /h r .  

VELBIP Coolant v e l o c i t y  , f t / s e c  . 
(Note : WBI and VELBI€' a r e  exc lus ive  v a r i a b l e s ,  

one of them should be s e t  t o  zem. If n o t ,  then  

VELBIP w i l l  over r ide  WBI). 

C o 01 ant  c on e cn-tr at i on . C B I  

STBIP Coolant i n l e t  t empera ture ,  O F .  

(Note: STBIP i s  used o n l y  i f  i n l e t  coolant  tempera- 

t u r e s  a r e  not read  i n  or t r a n s f e r r e d . )  

Tube fou l ing  f a c t o r .  

F N H I  Tube inbe rna l  enhancement f a c t o r .  

Card 4, (FORMAT: 5Al, 7F5.2, 415) 
GAS Type of noncondensable pas, must be one of AIR, 

CQI2 , o r  M I X .  

SECFLG Bundle model i n d i c a t o r ,  p;ives number of 30' s e c t o r s  

i n  one-ha1.f of  a symmetrical bundle ,  or t o t a l  

s e c t o r s  i n  a semic i r cu la r  bundle. 



2 1  

EtFCDPL 

RADFLG 

BAFFLE 

FDAVE 

EXI’TFR 

QIUTPTJT 

Symmet ry i n  d i  c a t  or. 

If = 1, model will have symmetry about a v e r t i c a l  

c e n t e r l i n e  a 

If = 0 ,  model w i l l  be a semic i r cu la r  type. 

Fac tor  t o  inc regse  bundle radiiis beyond t h a t  

normally c a l c u l a t e d  by t h e  code (will enlarge  

c e n t e r  voiaj .  
Flag t o  i n d i c a t e  presence of baffles a t  2 and 

4 o’clock.  

Tube spac ing  parameter e IJsed i n  subrout ine  

HETTRN t o  modify e f f e c t  of condensate flooding. 

Target  valise f o r  vented s ixam as a percent  of 

inpist. 

a s ingle  pass and r e t u r n  the results without  

any adjustments .  

Control f l a g  t o  r e s t r i c t  moun t  of  detail p r i n t e d  

out  D 

If FIXITFR = 0 . 0 ,  t hen  proq:ram vi11 make 

$Wr[’PUT = 7 .O gives f u l l  detail ot‘ all s e c t o r s .  

@JTPLJT = 0 . 0  p r i n t s  only summary. 

Flag t o  d i r f c t  program flow when converging on vent 

steam t a r g e t .  

TRSTM = 1, inlet steam a d J m t e d .  

TNSTM = 0, tube  l e n z t h  ad,jusi;ed. 

F l a g  to direct ,  code t o  use ou t l e t  coolant  temr,Prat,ures 

from immediate precedi ria ~ L V I  (used o n l y  wtien rndtip1.e 

s t ages  are run t o g e t h e r )  f o r  i n l e t  temperatures  of 

cur ren t  s tage  a 

ITRAN = I ,  use t r a n s f e r r e d  temperatrrres. 

ITRP!  = 0 do no t  use t r a n s f e r r e d  temperat,uires. 

F lag  t o  ~ i v e  opt ion  of  ‘ciaving detall output  i n  
f l o a t i n g  p o i n t  form; one gives  f7 o a t i n g  point, zero 

gives fixed p o i n t .  

IPFJCH Out l e t  coolant, temperatures  w i l l  be punched for i npu t  

i f  IPNCH + 0. 
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Card 5 ,  (FORMAT: 8 ~ 1 0 . 3 )  

WS I 

W N C I  Noncondensable gas floTJ t o  condenser , Ib  /hr .  

STSATl I n l e t  steam temperature ,  OF 

ALST Tube l e n g t h ,  f t .  

ENH@ Tube o u t e r  enhancement f a c t o r  f o r  hea t  t r a n s f e r .  

mHF F r i c t i o n  f a c t o r  enhancement f a c t o r  f o r  use i n  

Steam f l o w  t o  condenser,  l b / h r .  

c a l c u l a t i o n  of pressure  drop i n  t h e  steam, 

OUTPU'T 

The '@JTPUT subrout ine  handles  t h e  pr incipal .  output  from t h e  run. F i r s t ,  

average i n l e t  and o u t l e t  coolant  temperatures  are c a l c d a t e d  f o r  the  con- 

denser  and t h e  coo le r .  These t h e s e  averages ove ra l l  l o g  mean tempera- 

t u r e  d i f f e rences ,  IYTCND2, DTCOL2 , and DLTOW , a r e  ca l cu la t ed  f o r  -the 

condenser,  coo le r  and o v e r a l l ,  r e s p e c t i v e l y ,  us ing  i n l e t  s t em ternlipera- 

tu res .  From t h i s ,  t h e  o v e r a l l  hea t  t r a n s f e r  c o e f f i c i e n t s  , W C O N D ,  

U P C O O L ,  VPAVG, a r e  found f o r  t h e  condenser,  c o o l e r ,  and e n t i r e  bund-le. 

I n  add i t ion  , a row-by-row average of t h e  hea t  t r a n s f 2 r  c o e f f i c i e n t s  

(UBARW, UBARWC, UAVGW, r e s p e c t i v e l y )  i s  made, and t h e  l o g  mean tempera- 

ture d i f f e rences  (AIITCXTD, ADTCLR , ADTOA, r e s p e c t i v e l y )  a r e  back ca l -  

cu la t ed .  

The opt ion e x i s t s  t o  p r i n t  on1.y t h e  summary of r e s u l - t s ,  o:r t o  have t h e  

sumrnary p lus  -two pages of d e t a i l e d  r e s u l t s  f o r  each s e c t o r .  

I n  event of an e r r o r  condi t ion  e x i s t i n g  when t h e  @UTPUT subrout ine  i s  

en te red ,  t h e  above c a l c u l a t i o n s  w i l l  be omit ted and only the d e t a i l e d  

output w i l l  be p r i  a t ed .  

The opt ion i s  a v a i l a b l e  t o  s p e c i f y  t h e  format, f o r  t h e  d e t a i l e d  output .  

For s i m p l i c i t y  of reading ,  f i x e d  po in t  format i s  recommended. F loa t ing  

poin t  format c a n  be s p e c i f i e d  by s e t t i n g  IFLgAT = i on input  f o r  a run ,  

and t h i s  will r e s u l t  i n  t h e  d e t a i l  be ing  p r i n t e d  t o  f i v e  f i g u r e s  f o r  

a l l  r e s u l t s  p r i n t e d  out .  



2 3  

CARD 1 ( I  1, 19A4, A3) 

CASE IDENTlFlCATlON 

CARD 2 (7F10.0. 2 I 5 )  

CARD 3 (6F 10.3) 

CARD 4 (5A1, 7F5.2, 4 15)  

CARD 5 (6F10.3) 

FIGURE 8. INPUT CARD LAYOWJ 
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ADJUST 

I n  t h e  event an e x i t  Tract ion of steam i s  s p e c i f i e d  i n  t h e  input  l i s t ,  

t h m  this subrout ine  i s  c a l l e d  t o  t e s t  t h e  ca l cu la t ed  e x i t  steam 

f r a c t i o n  aga ins t  t h e  input  value.  

f i v e  percent  of t h e  input  va lue ,  then  a new value of  e i t h e r  i n l e t  steam 

o r  tube  length  i s  c a l c u l a t e d  a i d  r e tu rned  t o  t h e  c a l l i n g  program for 

another loop on t h e  e n t i r e  program. The a c t u a l  c a l c u l a t i o n  of t h e  new 

value i s  done i n  func t ion  subrout ine  X'TR. 

If t h e  ca l cu la t ed  valu? i s  not  wi th in  

A s  t h e  program proceeds through a series of loops i n  an e f f o r t  t o  f i n d  

an acceptab le  Val-ue of  WSI or AT,ST, minimums and maximums a r e  s e t  up s o  

t h a t  ar-y new va lue  r e tu rned  w i l l  alvays be  above a previous minimum and 

below a previous maximum, e . g . ,  

If WSl i s  less than  WSIMIN, then  t h e  code r e c a l c u l a t e s  WSI as 

WSS: = WSIMIN * (J . .O -+ O.Ol/IWS). 

DFSVTY 

Siibrou'cine DESVTY r e t u r n s  t h e  value of  mutual d i f f u s i v i t y  of t h e  steam 

and t h e  noncondensable gas presen t .  The equat ions are drawn d i r e c t l y  

from t h e  Chemical Engineers Handbook, 4 th  Ed i t ion ,  R .  H.  Pe r ry ,  14-20,  

1963. 

XTR 

This i s  a func t ion  subrout ine  t h a t  transforms the ca lcu la t ed  data ,  

rece ived  i n  t h e  argument l i s t  , t o  t h e  l o g  values  and performs a l i n e a r  

regress ion  on two o r  more p o i n t s ,  bu t  no more than  t h e  l a s t  4 po in t s .  

The model chosen f o r  t h e  regress ion  i s ,  

- 

where 

X i s  con t ro l l ed  v a r i a b l e ,  WSI or ALST. 

Y i s  c a l c u l a t e d  e x i t  f r a c t i o n  of steam. 
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Constaqts A m d  B are found through s tandard  least  square procedures.  

Then us ing  t h e  t a r g e t  value for Y, a new value for X i s  ca l cu la t ed .  

A f t e r  checking t o  l i m i t  any change t o  10 pe rcen t ,  t h e  value is  r e tu rned  

t o  the c a l l i n g  program. 

PRSDRP 

This subroutine returns t h e  s h e l l  s i d e  pressure droy across a row of 
tu5es. 

The p res su re  drop is found from 

SI" * GSTAR2 * VMIX 
72. * sr, DELPTP = 

where t h e  f r i c t i o n  f a c t o r  i s  

mHF 52.2 SF = 0.102 -4- - APJRE 

ANRE = Reynolds number i n  t h e  vapor. 

and GST'AH i s  t h e  mass flow rate  a t  t h e  smallest cross sectiofi  of area 

open t o  flow. 

C T  SFN 

This func t ion  subrout ine  c a l c u l a t e s  t h e  h e a t  capac i ty  o f  steam i n  

Btu/lb-mol-"F, given T i n  degrees 3. 

tabid-ated values  i n  a NASA repor t ,  TR-€3-132. 

The equat ion i s  based on 

AKAF'FT 

This  funct ion subrout ine  c a l c u l a t e s  the thermal  conduc t iv i ty  o f  t h e  non- 

condensable gas in Btu/ft-hs-'R. 

CO, o r  a mixture of the two. 

The gas i s  assumed t o  be e i t h e r  a i r ,  

2 7  
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For air: 

-6 2 -9 3 GAS]. = 0.01  (-0.026 -+ O.OO3266T - 0.8271 * 10 T + 0.1.251 * 1 0  T ) .  

For C02: 

GAS2 = -0.00392 + 2,792 * - 2.316 * 1-0-’T2 

For  the mixture an average of  GASl and GAS2 i s  taken .  

AMUFN 

This  func t ion  subrout ine  c a l c u l a t e s  t h e  v i s c o s i t y  o f  t h e  noncondensable 

gas i n  l b l f t - s e c .  

mixture of a i r  and C02. 

Again, d i s t i n c t i o n  i s  made among a i r ,  C02, o r  a 

For a i r  

-6 ? G A S l  = 10-5[0.1h90 + 0.238 x 10-2T - 0.7209 * 10 T-- 

+ 0.1184 * 10e9T3] 

For C02 

GAS2 = 10-~[-0 .046  + 2,282 x loe3, + 6.131. x 10 -7 T 2 

+ 9.699 x l0-”T3] 

and t h e  mixture i s  t h e  average of  t h e  above. 

BMLJFN 

This func t ion  subrout ine  c a l c u l a t e s  t h e  v i s c o s i t y  of a s a l i n e  s o l u t i o n  

i n  -the ranges of 0 - 211 percent  Concentration and 40 - 210°F i n  l b / h - T t .  

BMUFN = EXP [-11.591155 * C + 0.012602329 C * R 

+ 3863.7378 * C/R + 0.004606532 * R 
+ 4759.5941/R - 10.592525661 

where 

C = concent ra t ion  

R I= temperature  i n  degrees Rankine. 
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CPAFB 

This func t ion  subrout ine  r e t u r n s  a va lue  for t h e  h e a t  capac i ty  of t h e  

i n e r t  gas assumed i n  t h e  steam. Given i n  Btu/lb-mol-'F. 

For co2 

CPAFN = 0.209 40.1 

For a i r  

CPAFN = 7.139 - 0.0009884 * T + 0.1393 * lo-? 3c T 2 

- 0.3347 ++ * T~ 

where 

T = temperature i n  degrees Rankine. 

For a mix t i r e ,  t h e  above t w o  values are averaged. 

This func t ion  subrou t ine  c a l c u l a t e s  t'he s p e c i f i c  h e a t  of a s a l i n e  solu- 

t i o n ,  Btu/lb-OF 

For concen t r a t ion  less than  0.005,  

CPFN = 1.0121559 - 0.00021+618473 * T + 0.10282155 * l.0-5 * T I 2  

and f o r  concen t r a t ion  g r e a t e r  t han  0.005 

CPFN = 0.96346859 + 0.0002080992 * T - 0.9119929 * C 
- 0.0012965932 * C * T - 1.555779 * C: 2 

+ 0.01.5444294 * c2 * tr + 6.7981008 Q c 3  

- 0.025220708 * C3 * T 
where 

C = concen t r a t ion  

T = t empera ture  i n  degrees F. 
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HFGFN 

This func t ion  subroutAAie r e t u r n s  a value 1.x t h e  l a t e n t  h e a t  of vaporiza- 

t i o n  of water  i n  Btu / lb .  

KFGE?N = 1093.88 - 0.5703 * T + 0.00012819 * T2 
i= 0.000000882h * T3 

T = temperature  i n  degrees F. 

PSATFN 

This func t ion  subrout ine  c a l c u l a t e s  t h e  p re s su re  of  steam as a func t ion  

of temperature pressure  i n  p s i  absolu te .  

with 

T .-' temperature i n  degrees Rankine. 

R#EFN 

This funct ion subrout ine  c a l c u l a t e s  t h e  dens i ty  of  a s a l i n e  s o l u t i o n  of 

concent ra t ion  range 0 - 24 percent  and t empera t i r e  ranges of  40 - 300°F; 

given i n  lb / cu  f t .  

RQIEFN = 62.7071'72 i- 49.364088 * C - 0.0043955304 * T 
2 - 0.032554667 * c * T - 0.00004607692~. * T 

+ 0.000063240299 * C * T2 
where 

C = coricentrati-on. 

T = temperature  i n  degrees F .  

SKBFN 

This f imct ion subrout ine  c a l c u l a t e s  t h e  thermal  conduct iv i ty  of a s a l i n e  

s o l u t i o n  of concent ra t ion  range o f  0 - 24 percent  and temperature  range 

of 40 - 300 degrees F. 2 Conductivity i s  i n  Btu/hr-f t  -OF-ft. 



SKBm = [-0.1687109 * C + 1.01 * L0.30157913 + 0.000697989 * T 
- 0.12506 * * T2 - 0.2072 * 10-l' * T3] 

' 

wi th  

C = concent ra t ion  

T = temperature  i n  degrees F. 

This  funct ion subrout ine  c a l c u l a t e s  the viscosi-t;y of steam i n  lb/f%-sec.  

SMUFN = 10.122 + 0.0001001 * T + 2.892 * 
- 7.693 * 

* T2 
* T3] * lom5 

wh e re 

T = temperature  i n  degrees Rankine. 

TSATFN 

This func t ion  subrout ine  r e t u r n s  a va lue  for temperature  of steam i n  

degrees Rankine, given an abso lu te  pressure. The equat ion f o r  pressure  

as a func t ion  of temperature  i s  solved for temperature as a func t ion  of  

p re s su re  by use of t h e  quadra t i c  formula. The l a r g e r  of t h e  two solu-  

t i o n s  i s  selected t o  be r e tu rned .  

VGRJ 

'This func t ion  subrou t ine  c a l c u l a t e s  t h e  s p e c i f i c  volume of s t e m  as a 

func t ion  of  temperature  and p res su re  i n  cu f t  per lb. 

_I_ 

2 
VGFTi EX€' [-0.72240 + 1.10267 * X - 0.0177861 * X 

+ 0.00103758 * X3] 
vhere 

X = in (T/P) 

T = temperature  i n  degrees R 

P = pres su re  i n  p s i  absolu te .  
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USAGE 

Ope rat i n  g I n s t r u c t  i on s 

(dKC(dN1 i s  a moderately s i z e d  program which r e q u i r e s  150 K of core volume 

t o  opera te .  This can be  reduced t o  114 K wi th  appropr i a t e  over lay .  

The code c o n s i s t s  o f  a main program, e i g h t  subrout ines  and 14 func t ion  

subrout ines .  No t apes  , d i s c s ,  drums o r  d a t a  c e l l s  are programmed for 

opera t ion .  A l l  input  i s  by punched card  and output  i s  on a s tandard  

p r i n t e r  (except  f o r  o u t l e t  coolant  temperature  punched out  when d e s i r e d ) .  

There are no bui . l t - in  pauses o r  s tops .  

Input  

Example 

To i l l u s t r a t e  t h e  use of @RC@N1, a sample problem i.s included.  

b l e s  used as input  d a t a  a r e  as fo l lows:  

The var ia -  

Card 1 

I R  = 4 
IDENT = 79 Alpha-Numeric cha rac t e r s .  

Card 2 

ANT = 5000 

PRCCLR = 7.0 
SDD = 1.333 

SDDMIN = 1.333 

@u = 0.75 

Card 3 
WBT = 17000000. 

cdl = 0.06 
VET31 = 0.0 

XW = 0.0350 

SKW = 26.0 

NHWS = 0 (Col.. 75) 
NRWSC = 0 (Col .  80) 

STBI = 93.0 

FQUL = 0.0005 

E N H I  = 1.0. 
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Card 4 
GAS = AIR 

SECFLG = 6.0 

HFCDFL = 1.0  

EXITFR = 0.50 

OUTPUT = 1.0 

INSTM = L 

RADFLG = 1 .0  ITRAN = 0 

BAFFLE = 1 . 0  I F L ~ A T  = I 

FDAVE =-1.0 IPNCH = 0 

Card 5 
wsz = 56000 A U T  = 11.33 
WCI = 5.0 EXHO = 1.0 

STSAT1 = 106.0 ENHF = 1.0 

The output  f o r  t h i s  case i s  given i n  F igures  9 and 10. 

Descr ip t ion  of t h e  Computer Output 

I n  Figures 9 a n d l o a r e  shown examples of t h e  output  pages from t h e  con- 

denser  code ORCON. Figure 9 is  t h e  summary t a b u l a t i o n  and l i s t s  t h e  

o v e r a l l  performance information fo r  t h e  condenser s e c t i o n  of t h e  tube  

bundle and f o r  t h e  gas coo le r  s e c t i o n  s e p a r a t e l y  and then  combined o r  

o v e r a l l .  

The area averaged o r  a r e a  weighted h e a t  transfer c o e f f i c i e n t s  f o r  the 

condenser,  t h e  gas coo le r  and t h e  combined o r  o v e r a l l  axe used, t ope the r  

wi th  t h e  amount of  hea t  removed i n  t h e s e  r e spec t ive  po r t ions  of t h e  eon- 
denser  bundles t o  arrive a t  t h e  "back ca l cu la t ed"  l o g  mean At. 

r e f l e c t s  t h e  LOSS i n  thermal  d r i v i n g  fo rce  due t o  t h e  p re s su re  drop 

encountered by t h e  vapor f lowing through t h e  bundle.  Pressure  drops and 

temperature  drops a r e  simply t h e  d i f f e rence  between t h e  values  e n t e r i n g  

t h e  f irst  row and e x i t i n g  t h e  last row as obta ined  from t h e  row-by-row 

c a l c u l a t i o n s .  

This  At m 

The Exi t  Steam, Pe r  Cent of I n p u t ,  shows t h e  amount of steam which passes  

on t o  the vent  system af te r  having passed through a l l  t h e  rows of tubes  

i n  t h e  bundle and r ep resen t s  t h e  va lue  which was a r r i v e d  a t  by varying t h e  

e n t e r i n g  vapor flow. The vapor flow rate  which s a t i s f i e d  t h e  t a r g e t  value 

f o r  t h e  e x i t  o r  vent rate i s  l a b e l e d  "steam t o  t h e  condenser." The 



C I R C U L A R  CONDENSE9 I Y P U T  D A T A  

C 4 R D  I C A S E  I D E Y T I F I T A T I f l Y  A h D  & C I T E S  
C I 9 C U L A 9  CflhIDcVSFR 6 S E C T C R  Y 3 O E L  SAMPLF PROBLEM C O P  REDORT 

C 4 5 3  2 ANT P R C C C P  t e n  s D r M 1 N  00 
5000 .  7.00  1.3330 1.3330 0.7500 

C i R D  3 d B 1  VEL RT C P I  STHI FOUL 
17000000. 0.0 0.06000 03.0003 0.00050 

C A P ?  0 G A S  SECFLG YFCOFC R A D F L G  @ A F F L F  FDAVE 
A I 9  6.00 1.00 1.00 1.00 -1.00 

C A q D  5 i4SI HNC T S T S b Y l  ALST E NHO 
5 6 0 0 0 .  5.00 1 0 6 . 0 0 0  11.330 1 .ooo 

X W  S K d  NRWS NRWSC 
0.0350 26.00 0 0 

EFMI 
1.003 

E X I T E R  3UTPUT f N S T Y  I T R A N  I F L O A T  IPNCH 
0.53 1.00 1 0 I a 

F NHF 
1 .ooo 

C A S t  I O E V T I F I C A T I S Y  A N 0  P$lTFS *+*a C I R C U L A R  LONDENSER b SECTOR EODEL SAMPLE PROBLEM FDR R E 3 0 R T  

G E O Y F T R Y  S P E C I F I C 4 T I D Y  TU8 ! NG SPEC I F I C A T  I O N  FkOd A N D  PROPERTIES SPECfF?C&TIOM 

j T O O .  0 0  
7.00 

11.33 
1.333 
1 . 3 3 3  
1.00 
4 .00  
1.00 
1.00 

rUlSIDE DIAH. 9 INCHES 
W4LL T Y I C K N E S S ?  INCHES 
WALL C O N D . r P T U / H R / S Q . F / D E G . F I  
F C U L I  hS FACTCIS 
T URE ' C 000 F A C T  r) R { F C A V E 3 
'VHAYCF M E K T  E 4 t T O K S  

B V S S I Q E  F l i Y  
O t i T S I D E  F 1 L Y  
f R I  C Y  ION F A C T O R  

0.7530 
0.0350 

26.0000 
0.0005 

-1 .DO00 

1 .0000 
1 .0000 
1 .0000 

S T E A M  FLOW, L R S / H R  56000. 
C O O L A Y T  FL'JLIv C B S / H R .  17000000. 
COOLANT 'JEC3C'I'PYv FT/SEC. 0.0 
S T E A M  TEMP., DEG. F. 106.00 
COOLANT TEMP., OEG. f. 93.0 0 
LIT. FPnC, D f  NACL 1'4 CDOLANT 0.06000 
E x I r  S T E A M  FRACTICI~~PLT. n F  I Y P U Y  0.50 
N?Y-CONDENSIBLE FLOW, LR/HR. 5.00 

FIGURE 9. SAMPLE OUTPUT S;PWIRY TA3ULATION 
Contc.  
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1 
2 
3 
4 
5 
b 
7 
5 
9 

1 3  
LS 
12 
13 
14 
15 
1 5  
17 
18 
19 
23 
21 
22 
2 3  
2 4  
25 
26 
27 
2 5  
29 
30 
31 
32 
33 
34 

S T S A T  
1.0489E 02 
1.3585E 02 
1.3581E 02 
1.3577E 02 
Ls0574E 02 
1.3570E 02 
Ls0567E 02 
1.3564F 02 
1.3561E 02 
1.0558E 02 
1.3555E 02 
1.3552E 02 
1 e 0 5 5 O E  02 
1.3548E 02 
1.0545E 02 
1.3543E 02 
lr0541E 02 
1 .3539E 02 
1.0537E 02 
1.3536E 02 
1.3434E 02 
1r0532E 02 
1.3'531E 02 
1.D530E 02 
1.3528E 02 
1e3527E 02 
1 e 0 5 2 6 E  02 
1.0524E 02 
1.0523E 02 
1.052ZE 02 
1.3521E 02 
1.0520E 02 
1a3519E 02 
1.0518E 02 
1.3517E 02 

P n i  x 
1 .131LF 00 
1.129fF 00 
1.1284E 00 
1.127I':  00 
1.1259F 00 
1.1248E 00 
1,1237E 00 
1 . l Z Z F  00 
1.1217F 00 
1.1207~ 0 0  
1.1199F 00 
1 . L l 9 O E  0 0  
1.1182f 00 
l . l l f 4 E  00 
I. t l S  7F 00 
1.1160E 00 
l.1153E 00 
1.1147F 00 
1,tl4lF 00 
1 . 1 1 3 s  00 
1.1130F 00 
1.1125E O C  
1.1121F 00 
1 * 1 1 1 6 E  00 
1 ,1112F  00 
1.1108C 0 0  
1 .1104F  0 0  
1 . 1 l O l E  00 
1.1038F 00 
1,1094E 00 
I.109If 00 
1,1069F 00 

1.1083c 00 
1.108CE 00 

l . 1 0 8 O E  00 

ws 
4.7064E 03 
4.4754E 0 3  
4.2507~ 03 
4.0381E 03 
3 . 8 3 1 %  03 
3.6330E 03 
3.4453E 03 
3.2547E 03 
3.0748E 03 
2,9014E 03 
2.7336E 03 
2.5721E 03 
2.4159E 03 
2.2658E 03 
2.12tOE 0 3  
1,9820E: 03 
1.8482f 03 
1,720iE 03 
1.5972E 03 
fs4797E 03 
1.3674E 03 
1.260~~ 03 
l.1587E 03 
1.0621E 03 
9.7056E 02 
8r8423E 0 2  
8.0291E 02 
7.267oE 02 
0.5547E 02 
5.8930E 02 
5,2806E 02 
4.7184E 02 
4.2053F 02 
3.741% 02 
3,3272E 02 

VEL 
8 r 6 9 8 4 E  01 
8.5108E 01 
5.296% 01 

?.%929€ 01 
7.69SOE 01 

8e0947E 01 

7r4995E 01 
7e3066E 01 
7.1142E 01 
5.9247E 01 
6,7360E 01 
6.5499E 01 
6 e 3 6 4 8 E  01 
601822E 01 
6.0009E 01 
5.8220f 01 
5.6447E 01 
5*C701E 01 
5.2974E 01 
5.1278E Of 
4,9606E 01 
4.7970E 01 
4.6367E 01 
4sb009E 01 
4.3294E 01 

4.0444E 01 
3.9L31E 01 
3.7908E 01 
3.6804E 01 

4.1639~ 01 

3.5841E 01 
3,5066E 01 
3,4528E 01 
3 e 6 3 i S E  01 

R C  
8.9171E-35 
9.3773E-05 
9.8729E-05 
1 0393E-04 
100953E-0'+ 
1 1551E-04 
I 2 198E-34 
1.2894E-0'+ 
1.3648E-OB 
1 e 4 4 64 E-0 4 
1 s 535 t E-04 
1 w 63 15E-0 4 
1 73 69 E-3 4 
L r  8520E-04 
I r  9 7 B + E - O ( r  
2'1112E-34 
2r2703E-04 
2.4394E-04 
2s627lE-04 
2. R356E-04 
3 06 84E-04 
3.3286E-04 
4s 62 11 E-04 
3.95 OZE-04  
4.3225E-04 
49 7444E-04 
5 22 47 E-94 
5.7722E-3 4 
6.3991E-04 
7.1 I72E-04 
7.9418E-04 
8. e873~-01r 
9.9706E-06 
1.1204E-33 

UN 
4 ,2973E 0 2  
5.2964E 32 
5*f246€ 02 
5.1240E 02 
5,0583E 02 
5o0575E 02 
5.0139E 02 
5'0134E 0.2 
4.9819E 0 2  
4e9809E 02 
4.9549E 02 
4.9538E 02 
4.9324E 02 
4.9315E 32 
4.9131E 02 
409123E 02 
4.89blE 02 
4~8954E 02 
4.8808E 02  
408802E 0 2  
4.8671E 02 
4e0665E 32 
4e8545E 92 
4 . 8 5 3 8 f  02  
4.8428E 92 
4.8422E 32 
4.8319F 32 
4.8314E 02 
4.8217E 02 
4.8211E 02 
4.6LZOE 32 
4~8114E 02  
4 e 0 0 2 0 f  32 
4rBOZ2E 02 

5HM F 
3.L512E 03 
3e1485E 03 
2.6277E 03 
2.6264E 03 
2.4633E 03 
2.4617E 03 
2.3625E 03 
2a3614E 03 
2,2935E 03 
2 e 2 Q L 7 E  03 
2.2361E 03 
2.2360€ 03 
2at934E 03 
2.1917E 03 
2,1561E 03 
2.1547E 03 
2.1242E 03 
2e1229E 03 
2.0962E 03 
2.095fE 03 
2.07196 03 
2=0705E 03 
Zo0492E 03 
2r0484E 03 
200291E 03 
2-0263E 03 
fs0107E 03 
2 ~ 0 1 0 0 E  03 
lo9938E 03 
1.993tE 03 
1.9781E 03 
1e9775E 03 
1.9637E 03 
1.9631E 03 

SH I 
l.15fBE 03 
1.1578E 03 
1.1573E 03 
1.1573E 04 
1.1571E 03 
1 . 1 5 7 2 E  03 
1.1570E 03 
1-1569E 03 
1.1568E 03 
L.l568€ 03 
l.156fE 03 
1e156TE 03 
lr1566f 03 
1.1566E 03 
1.1565E 03 
ist565E 03  
l.1464E 0 3  
1,1564E 03 
1.156QE 03 
le1563E 03 
1,1463E 03 
1.15b3E 03 
l.1562E 03 
l-1562E 03 
1.1462E 03 
1a1552E 03 
1.1561E 0 3  
1o1561E 03 
1.156lf 03 
1.15SlE 03 
I.ISblE 03 
1.156OF 0 3  
L.1560E 03 
1.1560OE 03 

1 P RQUT 
3.1507E 03 
3,168DE 03 
2.4273E 03 
2rbZ59E IR 
2.4629E 03 
2.4612E Q3 
2e3620E 03 
2.3609E 03 
2r2930E 03 
2.291fE 03 
2.2376E 03 
2,2355E 03 
2s19PBE 03 
2o191fE 03 
2o1554E 03 
2.1540E 03 
2*1234E 03 
202221E 03 
2.0953E 03 
2.0941E 03 
2eO704E 03 
2,0693E 03 
200479E 03 
2e0469f 03 
2e0275E 03 
2.0266E 03 

Z - O O Y B E  03 
le99t4E 03 
1.9904E 03 
L*9?51E 03 
1.9141E 03 
1.9598E 03 
1r9588E 03 

2,0087E 03 

w m 



B 
2 
3 
‘t 
5 
6 
7 
8 
9 

1 3  
1 2  
12 
1 3  
1 4  
1 5  
1 5  
1 7  
18  
13  
20 
2 1  
22 
23 
24  
25 
26 
27 
20 
2 3  
33  
31 
32 
33 
3 4  

? E  \ l l S  
2 . 3 9 7 6 F  
2 . 3  363E 
2.2752E 
2 . 2 1 7 6 E  
2 . 9 6 0 3 F  
2.1045E 
2.049l.E 
1.9967E 
1.3407E 
1.8876E 
1 . 3 3 4 8 E  
1.7829E 
1.73B4E 
1.5 807F 
1.6 305E 
1.5510E 
h e  5320E 
1.4839E 
1.$364€ 
1.3898E 
1.3439E 
1.?99PE 
1.2 552E 
3.2126E 
1. k7 l2 f  
1.1315E 
h.3Y34F 
1.0576E 
1.3243E 
9 9 4 Z O E  
9.6795E 
9 .  %677E 
9.32056 
9.2616E 

03 
0 3  
03 
os 
3 3  
03 
03 
0 3  
03 
03 
3 3  
03 
0 3  
03 
03 
03 
03 
03 
03 
0 3  
03 
03 
03 
33 
0 3  
0 3  
03 
03 
03 
02 
02 
02 
02 
02 

H F A T  F L ’ I  

5.6973E 
5.678 I F  
5.509 6E 
5.491 BE 
5-41  76E 
5.402 1E 
5.349 7E 
5.335 RE 
5.294% 
5.262 7E 
5.2474F 
5.2356E 
5.206 bE 
5.19575 
5.170 3F 
5.1607E 
5.P382E 
5 .129% 
5.1094E 
5.101 3E 
5.0832: 
5.0763F 
5.0597’ 
5 .053fC 
5.038 2F 
5.0322E 
5.018 3F 
5.0228E 
4.9998F 
4. 994 7E 
4.902 5F 
4.9774F 
4.9558E 
4.9607E 

‘ X  
0 3  
0 3  
0 3  
03 
0 3  
03 
c 3  
03 
0 3  
03 
03 
3 3  
03 
03 
0 3  
0 3  
03  
03  
03 
03 
3 3  
0 5  
0 3  
03 
0 3  
03 
03 
03 
0 3  
03 
0 3  
03 
03 
03  

SF 
1.2337E-01 
1.24 34E -0 P 
1.2494E-0 1 
1.2554E-01 
1.2616E-09 
1.2 68 OE - 0 P 
1.2747E-OP 

1.2890E-01 
1.2955E-01 
1.3045E -3 1 
i . 3128E-0  4 

L. 281 7E-0 1 

P. 32 1 5E-0 I 
1.3305E-01 
1.34C1E-011 
%.3501E-01 
5.3607E-0 1 
P I  3 7 1 E - 3  B 
1.3834E-0 1 
1.3Y55E-01 
1.4064E-31 
1 - 4 2  1 8E-0 1 
1.4 35 8E -0 1 
1.45 04E -0 1 
8.465bE-01 
1.4812E-0 1 
%.4973€-0%. 
1 5 P 34E -0 P 
1.5294E-08 
1.5448E-0 I 
1.559 1E-0 P 
B e  571LE-01 
1.57S8E-0 Y 
1.5833E-01 

G F C O W  
1 . 0 5 8 9 F  
1.0318E 
1 . 0 0 4 e ~  
9.792SE 
9.5 3 90E 
Q.2921E 
3.0467E 
8.80b3E 
8.5 5i T 4 E  
8.3327E 
8.0995E 
7.5701f 
7.5425E 
7.41 85E 
7. t 964E 
6.97996 
6 2 6 1 6 E  
boS491E 
6.3 3 92E 
6 .  I334E 
5.9338E 
5.3329E 
5.5392f 
5.351 1E 
5. l685f  
4.993 LE 
4.8253E 
4.5674f 
4.52 04E 
4.3% 76E 
4 . 2 7  1 9 E  
4.1786E 
4.1138E 
4.oaBoE 

T 81 
03 9.3000F 01  
0 3  9.3000E 0 1  
03 9.3000E 01 
02 9.3030E 31 
02 9.3000E 3 1  
02 9.3000E 09 
02 9.3000E 01  
02 9.3000E 0 1  
02 9.3000E 01 
02 9.3000E 0 1  
02 9.3000E 0 1  
02 9.3000E 0 1  
0 2  9.3000F 0 1  
02 9.3000E 01 
02 9.3000E 31 
02 9.3000E 01 
0 2  9.30bOE D P  
02 9.3000F 31 
02 9.3003E 01 
02 9.3000E OP 
0 2  9.30OOE 01  
02 9.3000E 0 1  
02 9.3030E 01 
a2 9.30OOE 0 1  
02 9.3000E 01 
02 9.3000E 0% 
02 9o30CDOE 01 
02 9.3000E 31 
0 2  9.30WE OP 
02 9.3000E 5 1  
0 2  9.3000E 01 
0 2  9.3300E 0 1  
Of 9.3000E 01 
02 9.3000E 01 

Ti32 
9.7020E D 1  
9.7007E 54 
916886E OP 
9.6875E 04 
9.682PE 31 
9.6313E 31 
9.67746 0 1  
9.6765E 01 
9.6738E 31 
9.6724E 0 1  
9.6704€ 3 1  
9.6696F 31 
9.6675E 01 
9.66686 31 
9.6649f 01 
9.6642E 0 1  
9.6b25E 011 
906620E 3 1  
9.4605E 3 1  
9.6600E 01 
9.6587E O B  
9.658 2f 0’9 
9.65TOF 01 
9.4566E 3 %  
9.4555E 31 
9.6551E 01 
9.654lE 0 1  
906537E 01 
9.6527E 0 1  
9.6524E 01 
9.6515E 3 1  
9.6512E 01 
9.6503E 01  
9.650OE 01 

H E F G  

2.9706E 07 
P.8359€ 07 
1.7129E 07 
1.5003E 07 
1.42B5E 07  
P.3135E 07  
B.2352E 07 
1.1459E 07 
1.0772E 07 
9.9839E 04  
9.2675E 06 
8.6305E 06 
7.94L7E 06 
7.32fBE 06  
b.7564E 06 
6.2425E 04 
5.14.83E 06 
5.2446E Ob 
4.7609E Ob 
4.3644E 06 
3.9428E 06 
30573bE 06  
3.2358E 06 
2.9073E Ob 
2.6041E 06 
2.3392E 04 
2.0824E 06 
1.8502E 04 
1.6419E 06 
1.4532E 06 
B02802E 04 
1.1307E 06 
9.9960E 05 
8.8724E 05 

TBNPR 
1.8850E 01 

1.3943E 01 
1.8396E 0 1  

P.7489E OP 
l.7036E 01 
1mQ582E 01 
1.4129E 01 
1.5475E 01 
1.5222E 01 
1.4769E 0 %  
1.4315E 0 1  
103862E 01 
P13408E 0 1  
1.2955E 01 
1,2501E OB 
1.20486 01 
P.1595E 01 
P.1141E 01 
P.Ob88E 01 
J10234E 01 
9.7808E 00 
9.3273E 00 
8.87396 00 
8.4204E 00 
T.9570E 00 
7.51356 00 
7.0601E 00 
6.604TE DO 
6.1532E 00 
5.6998E 00 
5.2463E 00 
4.7929E 00 
4.3395E 00  
3-8860E 00 

FiGURE 10. SAWLE OUTPUT - ROW-BY-ROW DATA 
Cont inua:l on 
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1 
2 
3 
4 
5 
6 
T 
8 
9 

13 
11 
1 7  
1 3  
L4 
1 5  
l i  
27 
I S  
1 9  
2 3  
21 
2 2  

2 4  
2 5  
Z b  
2T 
2 8  
2 3  
3 3  
3 1  
3 2  
3 3  
3 4  

1 3  
L >  

S T S 4 T  
1.3559F 02 
1,3585F 0 2  
1.9581F a2 
1.35775 0 2  
1.5574E 0 2  

1.3567F 3 2  
1.0564F 0 2  

1 , 3 5 7 1 5  02 

L.35blF 0 2  
1,9558E 0 2  
L . 3 5 5 6 E  02 
1.5553E 02 
1.3550F 0 2  
1.3548F 0 2  
1.3546’ 0 2  
1,3544’ 02 
1.3542F 02 
1.15405 02 
1.3536F 0 2  
1.0536r 0 2  
1.3534E 0 2  
1 . 3 5 3 3 E  3 2  
:.3531c 3 ;  
1.3530’: 0 2  
Ls3528E 02 
1.0527F 0 2  
L.0526E 0 2  
1.3524E 02 
1 , 3 5 2 3 ‘  0 2  
L.3422E 02 
1.3521E 02  
1.3520E 3 2  
1 .7519f  0 2  
1.17518E 02 
1.0517E 02 

P Y 1  Y 
1.131 1F 0 0  
1.12971- 0 0  
1.1235F G C  
1.1271: 00  
1 . 1 2 6 1 c  0 0  
1.1250F 0 0  
1.123QF 00  
1.1229g 0 0  
1.1219’ 30 
1.1209E 00  
1.120GF 0 0  
1.1192F 0 0  
1.1184F 00 
1.1176F 00 
l . l l 6 8 F  0 0  

1.1155‘ 00 
1.1148E 0 0  
L.1147‘ 0 0  
l.1137E 00  
1,1131E 0 0  
1.112bE oil 
i * i : z l r  c c  
1.1117C 0 0  
1 . 1 1 1 2 F  0 0  
1 . l l O P C  o c  
1.1104r 0 0  
1.1101F 00  
l.1097E 0 0  
a.1094r o 0  
1.1091F 0 0  
1.108RF 00  
1.1085c 00  
1 108 ZF 0 0  
1.108CC 0 0  

1,1161E- 00 

‘-1 5 
4.6306E 0 3  
4.4062E 03  
4.1981E 03  
3,0960C 03  
?.H003f 03 
3.6399E 0 3  
3.4254F 03  
3.2460E 03  
3 .0720c  0 3  
2.F032E 03  
2,7397E 03  
2.581bE 0 3  
2.4285; 03 
2.2901E 0 3  

2,0003E 0 3  
1.8679E 0 3  
1.7404E 03  
1.6180E 0 3  

1.3482€ 03 
L.2810E 0 3  
i.1786E C 3  
1.0913E 0 3  
S.P979E 02  
9.0135E 0 2  
e . l R 9 8 E  0 2  
7.4140E 02  

7 .1379E 03 

I r 5 D 0 6 E  0 3  

6 . 6 4 8 7 E  0 2  
6,OllZE 0 2  
5.3841E 0 2  
4. R048E 3 2  
4.2761’ 0 2  
3.7978E 0 2  
3.3674E 02 

V E L .  
8.5397E 01 
9.3789’ 01 
9.1935F 01  
R e  0096’ 01 
7 . 8 2 T l E  01 
7.5461F 01 

7.2856F 01 
7.1067F 01 
b.9279E 01 

7.4659E 01 

6.7500F 01 
6.57345 01 
6.3971E 01 

6.067RE 01 
6.2221E 01 

5.8150E 01 
5e7040E 01 
5.533% 01 
5.3660E OK 
5.1995E 01 
5sOJ56E 01 
4.5747E 01 
4.3162: 01 
4.5527E 01 
4.4106E 01 
4.2648E 01 
4 . t 2 5 4 F  01 
3.9923E 31 
3.8684E 01 
3.7543E 91 
3r6544E 31 
3.570QC 01 
3.5LlOE 01 
3.4R32= 0 1  

R C  
E .  0 1  71F-95 
9.3509F-35 

I o  0 3  1 lE-04 
1.08 42F-3 4 

1.252RF-04 

1.3411r-04 
1.419 1E-04 
1.503RE-3f i  
1 59 S9E-0 0 
1.6G64f-36 
1.60154E-3’t 
1.92 70 E-’J 4 
2.0596F-04 
2.2055E-04 

9.8 144’-3 5 

1 1 4 13E-3 ‘t 

1.26935-34 

2 I 36 7LE-i)rt 
2,546OF-04 
2.7453E-04 
2.9674E-04 
3 . 2  1 V E - 0 4  
3.4949E-3 4 
3.8093E-00 
4.1656E-04 
4.5694F-3% 

5.5547E-04 
6 ~ 1 5 6 7 E - 3 4 .  
b e  8501E-04 
7.6474E-04 

S . O Z ~ B E - S +  

a , s685=-04  
9 ~ 4 2 7 1 F - 0 4  
1 08 38 E-3 3 

UY 
4.8423F 3 2  
4.83G4E 3 2  
4.8199E 0 2  
6.8101E 92  

4.8006E 32  
4 . 8 0 1 0 ~  c 2  

4 . a i ~ 7 ~  3 2  
4.8114E 3 2  

4 . 8 2 7 2 E  3 2  
4r523bE 0 2  
4.82426 3 2  
4 i 8 3 6 3 E  0 2  
4.8368f  3 2  
4s8495E 3 2  
4.8500E 0 2  
4.9505f 3 2  
4 ,8641E 02 
4.864bE 32  
4.8792F 9 2  
4.6798E 0 2  
4 , 8 8 0 1 E  0 2  
4a896LE 32 
4.8965E 02 
4,9143E 3 2  
4.914QE 3 2  
4.9152E 02  
4.9349E 02 
4.9355E 02 
4.9583E 02  
4.9590E 02  
4.985BE 02  
4.9851E 0 2  
4.9869E 3 2  
5,0209E 02  

J =  4 

SHhic  
2.0247F 0 3  

1.9866E 0 3  
2.0044E 03  

1.9704‘ 0 3  
1*9554€ 03 
1.9549E 0 3  
1.972QE 03 
1-933bE 03  
1 . 3 9 3 1 F  03 
1.9939E 0 3  
1 .9951E 03 
2.0159E 03 
Z ~ O L ~ ~ E  03 
Ze0392E 03 
2.0401F 03 
2.0411E 03 
2sD655E 03 
2,0665E 0 3  
2sQ932E 33 
2,0943E 03 
2.0952E 0 3  
2,1250E 03 
Z a 1 2 6 Z F  F3 
2.1600f 03  
2.16113E 03 
2.1621E 03 
Ze9010E 03 
2.20266 03 
2.2487E 03 
2rS504E 03 
2.3072F 03 
2.3106E 03 
2.31086 03 
2.3R62E 03 

S l i  I 
1.156Bf 03 
1.1567E 03 
1 . 1 5 a 7 ~  0 3  
1.15666 0 3  
1.1566E 0 3  
1.1555E 03 
L-1555E 0 3  
1.1565E 03 
1.1565E 03 
1.1564E 0 3  
1.1564E 0 3  
L.1564E 0 3  
l .1564E 03 
l r 1 5 6 4 E  03 
1.1544E 03 
l e 1 5 0 4 E  03 
1.1564E 03 
l e f 5 6 3 E  0 3  
1.1564E 03 
t r 1 5 6 3 E  03 
L s 1 5 6 3 E  03 
1,1563E 03 
h.1563E 03 
1.1553E 03 
1.1463E 03 
1.1563E 0 3  
1.15646 03 
l.lS63E 0 3  
1.1564E 03 
i.1564E 03 
I 1564E 03 
1.1564E 03 
1.1564E 03 
1.15b5E 03 

L/POUT 
2.0245; 03 
2.OGblE 03 
1.9863E 93 
Le9701E 0 3  
1 e 9 5 5 1 E  03 
1.9545E 03 
1,9726E 03 
1 .9733E 03 
1.9928E 03 
1.9935E 03 
1.9946E 03 
2.0155E 03 
2.0LB3E 03 
2.0387E 03 
2 r 0 3 Y S E  OS 
2.04Q5E 03 

2.06576 03 
2.0924E 03 
2s0934E 03 
2.0942E 03 

2,1249E 03 1 

2.1584E 03 
2.1596E 03 
241602E 03 
2af987E 03 
2e200tE 03 
2.2448E 03 
2,2433E 03 
2,30326 03 
2.3061E 03 
2.3057E 03 
t e 3 8 O O E  03 

2 . 0 6 4 8 ~  03 

2.12386 03 e 



I 
? 
3 
4 
5 
6 
7 
3 
? 

1 7  
1 1  
1 2  
1 3  
I r ,  
1 5  
1 5  
17 
18 
: 3  
7 3  
7 1  
22 
2 3  
24 
7: 
2 5  
2 7  
Z H  
7 9  
31 
71 
37 
33 
34 

* E \  ' 5  
2 . 3 5 3 9 r  G 3  
2 . 3 3 J 2 F  2 3  
' . 2 6 7 1 F  03  
7.1945F 0 3  
? .1425r  0 3  
2 . 3 9 1 1 '  0 3  
3.9401E 3 3  
! . 7 8 9 3 k  3 3  
1.9389E 0 3  
1.9  987= 03 

1.7395E 0 3  
1.7404E 0 3  
1.5914E 3 3  
1 . 5 4 3 4 F  0 3  
1.5956E 0 3  
1 . 5 4 5 3 E  03 
1.5014E 03 
1.4551F 03  
I . 4 0 9 3 E  03 
1.3643p 03 
1.3232E 03 
l.2768E c 3  
?.2345F 03 
i . :Q32E C 3  
' . i534E 03 
3.1153E 0 3  
1 . 3 7 9 0 E  0 3  
1.0452E 03 
2.0141i 0 3  
'J.8690E 02 
9.5413E 3 2  
9.4772E 0 2  
9.6030E 0 2  

1 . ~ 3 8 9 ~  0 3  

H F h S  c i t > X  
5 . 2 9 4 V  71 
5.260 1' 9 3 
5.2348' 0 3  

5 . 1 8 8 2 1  0 3  
5.17351' 0' 
5 . 1 7 1 1 F  01 
5.15&6' 03 
5.P56TC 01 
5.1454' 0 3  
5.1348F 03  
5.1348' 03 
5 . 1 7 4 9 =  07 
5 . 1 2 6 5 6  03 
5.1175F 0 3  
5.1092' 01 
5.1125r  0 3  
5.135GF 0 3  
5.1131' C 3  
5.1037= 03 
5 . 0 9 6 ~  3 3  
5.1040' 0 7  
5.098iE 0 3  
5.8074E- 03  
5 . Z S 2 4 '  0 7  
5.097 IC 0 3  
5.lrJi1qC 0 3  
5.1a4 4= 0 3  
5 .1191F 03 
5.lh5PF 07 

5.12Y2F 0 3  
5.1244F 3 3  
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average b r i n e  temperature l eav ing  t h e  r e s p e c t i v e  s e c t i o n s  is  l i s t e d  

under b r i n e  average temperature  column and r ep resen t s  flow weighted 

averages.  

The values  DTCND?, CTCOI2 and DLTOT2 are l o g  mean A t ' s  c a l c u l a t e d  by 

us ing  t h e  vapor tempera ture ,  t h e  average e n t e r i n g  b r i n e  temperature  and 

t h e  average e x i t  b r i n e  temperatures  f o r  t h e  condenser,  t h e  gas coo le r  

and t h e  combined s e c t i o n s ,  r e spec t ive ly .  Since t h e s e  might be considered 

t h e  s t anda rd  fash ion  of c a l c u l a t i n g  log m e a n  At's, it can be seen t h a t  

t h e  d i f f e r e n c e  between t h e s e  va lues  and t h e  back ca l cu la t ed  l o g  mean 

A t ' s  mentioned above r ep resen t  t h e  average loss i n  thermal  d r i v i n p  fo rce  

due t o  p re s su re  drops wi th in  t h e  bundle.  The va lues  UPCOND, TJPCOOL, and 

IPAVG are t h e  h e a t  t r a n s f e r  c o e f f i c i e n t s  f o r  t h e  condenser,  gas cooler, 

and combined s e c t i o n s ,  r e s p e c t i v e l y ,  corresponding t o  DTCND2, D T C O I 2 ,  

and DL'TOT2. 

I n  F igure10  is shown t h e  row-by-row output  f o r  s e c t i o n  1 of a c i r c u l a r  

bundle as i n d i c a t e d  by t h e  l a b e l  "3 = 1.'' The column t a b l e s  are descr ibed 

b r i e f l y  as follows: 

F i r s t  column i s  

STSAT 

PMIX 

ws 
VEL 

R c 
UN 

SHNF 

SHI 

1/ROUT 

RENOS 

IiEAT FLUX 

SF 

the  row number. 

vapor temperature  e n t e r i n g  t h e  row, OF 

pres su re  of  vapor p lus  noncondensable, psia 

steam flow i n  t h e  s e c t o r ,  l b / h r  

vapor v e l o c i t y  at t h e  minimum c ross  s e c t i o n ,  f t / s e c  

f r a c t i o n  of noncondensables by weight 

o v e r a l l  h e a t  t r a n s f e r  c o e f f i c i e n t  f o r  t h e  " typ ica l "  

t ube  i n  t h e  r o w  

condensing c o e f f i c i e n t ,  Btu/hr-ft2-OF 

tube  s ide  c o e f f i c e i n t  , Btu/hr-tt2-'F 

s h e l l  s ide film c o e f f i c i e n t  composed of gas f i l m  

p lus  condensing f i l m ,  Btu/hr-f t  - O F  

Reynolds number based on m a s s  flow a t  minimum c ross  

s e c t i o n ,  dimenstonless  

h e a t  f l u x  p e r  square foo t  of  t u b e ,  Btu /hr - f t  

f r i c t i o n  f a c t o r ,  dimensionless  

2 

2 



GFLOlJ mass f l o w  r a t e  of vapor a t  minimum cross  s e c t i o n ,  

l b  /h r  

; m i  temperature  of b r i n e  at i n l e t  end of  t u b e ,  O F  

TB2 temperature  of b r i n e  a t  t h e  e x i t  end of  t u b e ,  OF 

HEFF heat  t r a n s  fer c o e f f i c i e n t  for  t h e  noncondensable 
2 f i lm,  Btu/hr-f t  -OF 

‘TBNPR number of  tubes  p e r  row 

CUMDELP t o t a l  p re s su re  drop from ent rance  (row 1) t o  row N ,  

i n .  H20. 

I. Er ro r  Messages 

During t h e  opera t ion  of  t h e  code, a number of  messages may be  p r in t ed .  

These messages i n d i c a t e  var ious  condi t ions  or e r r o r s  encountered. 

1. - TUBE ROWS IN CNDSNR, WHICH EXCEEDS PROGRAM DTMENSIONS. 

PRC)CEEDING TO NEXT CASE. 

From M A I N ,  i n d i c a t e s  an input  error of t o o  many tubes  spec- 

i f i e d  foy condenser s ec t ion .  Maximum al lowable number of  

rows of tubes  i s  98. Code term?-nates t h e  case and proceeds 

t o  next  case .  

2 .  - T U B E  R@WS I N  COQLER,  WHICH .EXCEEDS PROGRAM 1)IMENSIONS.  

CEEDTNG T@ NEXT CASE. 

PH@- 

From M A I N ,  s i m i l a r  t o  above message. 

3. *++*%INPUT ERRQR, I N C O R R E C T  NO OF ROWS I N  CONDETSER,  NRWS = nl 

I H N O  = n2. 

From M A I N ,  t h i s  i n d i c a t e s  t h a t  t h e  inpu t  coolant  temperatures  

were read  i n  and t h e  code c a l c u l a t e d  a d i f f e r e n t  number of r o w s  

of tubes than  s p e c i f i e d  on inpu t .  n i s  number s p e c i f i e d  on 

i n p u t ,  n i s  number ca l cu la t ed .  Codes t e rmina te s  t h e  case and 

proceeds t o  t h e  next case.  

1 

2 
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4. ***SATURATED STEAM PRESSURE 

P M I X  = n WS = n4 "2 3 

HAS G(2INE NEGATIVE, R@W nl SECTQR 

From SECALC t h i s  message i n d i c a t e s  t h a t  t h e  steam pres su re  

a t  t h e  i n d i c a t e d  r o w  of s e c t o r  has been c a l c u l a t e d  as 
negative. The code s t o p s  at t h e  row i n  t h e  s e c t o r  and 

proceeds t o  t h e  next  s e c t o r  for  f u r t h e r  c a l c u l a t i o n s .  

Note: t o t a l  p re s su re  of  s team plus noncondensables may 

not  be nega t ive ,  which i s  t h e  value p r i n t e d  ou t .  

5.  Case I d e n t i f i c a t i o n ,  IDEWT 

n2 J =  1 I = n  

From SECALC no convergence i n  t h e  loop f o r  c o r r e c t t o n  for 

s e n s i b l e  hea t  was achieved i n  50 t r i e s .  Condition occurred 

i n  row nl, s e c t o r  n3. 
L 

6. Case I d e n t i f i c a t i o n ,  N@ C@JYVERGmCE I N  C@ND. DELTA? (IPL@@P) 

From SECALC, t h e  code f a i l e d  i n  20 t r ies  t o  adJus t  steam flow 

t o  t h e  s e c t o r s  so  t h a t  t h e  p re s su re  drop across  t h e  s e c t o r s  

agreed t o  w i t h i n  one pe rcen t .  Note: Message may be repeated 

f o r  each i t e r a t i o n  r equ i r ed  f o r  a d j u s t i n g  t o t a l  in le t ,  steam 

o r  t ube  l e n g t h ;  condi t ion  may not  e x i s t  on f i n a l  pass  

although it could be p r i n t e d  s e v e r a l  times on e a r l y  passes .  

1 
7. STEAM TEMP. FALLEN BELOW BRINE INLET TEMP., STSAT = n 

n3 R@W = n2 SECTOR = 

From SECALC, t h i s  message i n d i c a t e s  t h a t  t h e  steam temperature  

i s  less than  the  i n l e t  coolant  temperature  i n  row n an6 sector.  

n3. 
P loop. When condi t ion  occurs t h e  c a l c u l a t i o n s  are terminated 

f o r  t h e  s e c t o r ,  but f u r t h e r  s e c t o r s  are c a l c u l a t e d ;  and as 

noted above, the  f i n a l  i t e r a t i o n  does not  n e c e s s a r i l y  experience 

t h e  condi t ion .  

2 
P r i n t e d  only once i n  an i t e r a t i o n  on t h e  condenser d e l t a  



a.  

9 .  

10. 

11. 

12. 

****INC@RRECT N@ Q)F R@WS I N  C@@LER, NRWSC = nl IvN@C = n2 

From C@@LEX, as i n  message 3,  t h i s  ind i -ca tes  an input  e r r o r .  

Action i s  t h e  same; n i s  inpu t  va lue ,  n i s  ca l cu la t ed .  1 2 

N@ C@NVERGENCE F@R WCNDC (n,) 

From C@@LEX, same as message 5 ,  only i n  coo le r  c a l c u l a t i o n ,  

n i s  row i n  which condi t ion  occurred.  
1 

*"*.%TEAM VEL@CITY I N  FIRST R@W @F C@@LER TUBES EXCEEDS MAX 

n R@WS @F TUBES n2 TUEES PER R@W 1 2  ALLgWABLE VELC ( 1) = n 

From C@@I,EX, t h i s  message i n d i c a t e s  t h a t  t h e  m a x i m u m  steam 

v e l o c i t y  i n  t h e  coo le r  has  exceeded t h e  b u i l t - i n  l i m i t  of 

150 f e e t  per second. Action as i n d i c a t e d  i n  message 11 is  

only taken for t'ne f i r s t  s t age .  

1. 
C@@LER DIMENS1P)NS ADJUSTED T@ L@wER STEAM VEL@CITY, V E L C ( 1 )  = n 

n R@WS @F TUBES TUBES PER R@W n3  2 

From C@@LEX, f o r  t h e  f i r s t  s t a g e  of  a series (or a. single stape) 

t h e  coo le r  dimensions are ad jus t ed  t o  inc rease  t h e  tubes  p e r  

row and reduce t h e  number of rows i n  order  t h a t  t h e  s t e m  

v e l o c i t y  remains wi th in  t h e  allowed l i m i t .  

*%%*SATURATED STEAM PRESSURE IN C@@LER iIAS G@NE NEGATIVE, 

PMIXC = n R@JJ n2 1 

From C@@LEX, t h i s  message i n d i c a t e s  t h a t  t h e  c a l c u l a t e d  steam 

p res su re  has  become negat ive  i n  t h e  i n d i c a t e d  row i n  t h e  cooler .  

T'ne p r i n t e d  value of p r e s s u r e ,  PMIXC, i s  t h e  pressure  of t h e  

steam plus noncondensable -and. nay not be  nega t ive .  Calcula- 

trims i n  t h e  coo le r  a r e  discont inued and t h e  program cont inues 

normally.  
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13. N@ CflNVERGENCE 

W S I M  = nl 

ON EXITFR I N  10 TRIES 

WSIMIN = a2 EXFR1 = n3 

From ADJUST, t h i s  i n d i c a t e s  t h a t  t h e  code w a s  unable t o  arrive 
a t  a s u i t a b l e  i n l e t  flow of steam t o  g ive  t h e  d e s i r e d  ex i t  
f r a c t i o n .  WSIMAX and WSIMIN are t h e  values  of  steam flow 

t h a t  should bracket  t h e  d e s i r e d  va lue .  EXFRl i s  t h e  last 

e x i t  f r a c t i o n  of steam c a l c u l a t e d ,  8s a percentage of i n l e t  

flow. 

14. NO CflNVERGENCE FOR EXITFR AF'ITR 10 TRIES, ALSTMX = nl 
ALSTMN = n EXIT1  = n4  

3 
ALST = n 2 

From ADJUST, SAME AS MBSSAGE 13, except  for t ube  length. 

1 5 .  ( a )  N@ CgNVERGENCE I N  TJEST, UEST = n IJTEST = n2 
1 

( b )  NO CflNVERGENCE I N  DELFZF.?, DELFLM = n SECT@R = nl, 
3 

5 RQIW = n 

From HE%rRN, t h e s e  messages i n d i c a t e  a f a i l u r e  i n  t h i s  sub- 

r o u t i n e  for convergence between success ive  i t e r a t i o n s  of  

t h e  i n d i c a t e d  v a r i a b l e s .  A l i m i t  of 10 t r ia l s  t o t a l  f o r  
the above v a r i a b l e s  I s  set .  Only one message w i l l  be 

p r i n t e d ,  b u t  a message can be p r i n t e d  for each e n t r y  t o  

HETTRN, which occurs for each row of each s e c t o r ,  plus 

cooler. The run cont inues us ing  t h e  10 th  va lue  es t imated .  

17. EITHER INLET @R @TJTLET DELTA T IS NEG., INLET = nl 

*4 5. @TJTLET = n2 SECT@ = n3 ROW = 

From KETTRN, this message i n d i c a t e s  t h a t  temperature o f  

coolant  i n l e t ,  o u t l e t ,  or both  are higher than t h e  steam 
temperature i n  t h e  i n d i c a t e d  s e c t o r  and row. The log meLm 
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18. 

19. 

20. 

21.. 

d e l t a  T i s  a r b i t r a r i l y  set  t o  0 .001 and c a l c u l a t i o n s  proceed. 

‘This message i s  p r i n t e d  only once pe r  i t e r a t i o n .  

condi t ion  f irst  occurred i n  t h e  condenser s e c t i o n ;  i f  n = 2 ,  

t h e  condi t ion  f i r s t  occurred i n  t h e  coo le r .  

If n5 = 

5 

RUN T E R M I N A T I N G  I N  C@NI)ENSER. SIIMK = nl DELFLM = n2 

4 R@W = n 
3 

SECTQIR = n 

Prom HETl’L’RN , t h i s  message i n d i c a t e s  t ha t  t h e  temperature  drop 

across  the o u t e r  contlensate film has become t o o  s m a l l  t o  

permit s a t i s f a c t o r y  c a l c u l a t i o n  of the  c o e f f i c i e n t s .  Calcula- 

t i o n  of  t h e  rows i n  the  a f f e c t e d  s e c t o r  i s  s topped,  bu t  run 

cont inues wi th  next  s e c t o r .  

3 
DELFLM = n R@W = n 

1 2 
RUN TERMINATING I N  C@$LER. SHI’JK = n 

From H E T T R N ,  s,me as message 18 except f o r  cooler .  If condi t ion  

occurs on s i n g l e  pass c a l c u l a t i o n ,  or f i n a l  pass of i t e r a t i o n  

case ,  on7.y t h e  d e t a i l  w i l l  be p r i n t e d  011 output .  

**NEITHER FORCE CqNS’TRAINTS N g R  M@T.,ECULAR V@LWIES EXIST A S  

ARGUMENTS. CALCUUTT(8NS CANN@T PR@CEED.5* 

From DFSVTY, t h i s  i n d i c a t e s  a probable compiling e r r o r .  An 

unpredic tab le  va lue  f o r  d i f fus iv i -by  w i l l  b e  r e tu rned ,  

S U B R @ U T I N F  TSATE’N F I N D S  CgMPLEX R@$i?S 

From TSA‘I’FN, t h i s  i n d i c a t e s  t h e  s o l u t i o n  of t h e  equat ion f o r  

temperarbure of steam i.s imaginary. The case immediately 

te rmina tes  and t h e  e n t i r e  s e r i e s  i s  r e j e c t e d .  

next  case.  ) 

( W i l l  not  go t o  

11. General Messages 

1.. Once f o r  each e s se  t h a t  s u c c e s s f u l l y  runs, t h e  fol lowing 

message i s  p r i n t e d  from MAIN as t h e  las t  message p r i o r  t o  t h e  

s tandard  output .  
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C@@LER EXIT STEAM FRACTION nl ACTUAL TE3ES I N  C@NDB$SER n,, L. 
ACTUAL TUBES IN Cr)r)LER n3 

n = e x i t  steam as a func t ion  of i n l e t  steam 

n = number of  tubes  i n  condenser 
1 

2 
= number of tubes  i n  the coo le r  n 3  

2 .  In  cases  that i t e r a t e  t o  converge to a given e x t t  steam 

f r a c t i o n ,  one of t h e  two fo l lowing  messages i s  p r i n t e d  

from ADJIJST f o r  each i t e r a t i o n .  

(a) nl ALT@LI.) = n2 XTFRl = ri LUST = n4 3 
O F  

XTFHl = n. WSI = n(;. 
(b) n 1. WSIgLD = n5  3 

ALT@LD i s  previous value of tube  l eng th  

WSr@LD i s  previous va lue  of  i n l e t  steam 
ALST i s  new va lue  of' tube  l eng th  

WSI i s  new value of 

XTFRl i s  exit stem 

n i s  t h e  i t e r a t i o n  1 

3. I n  cases  converging 

i n l e t  s tem. 

f ra c-t i on 

number. 

t o  a s p e c i f i c  e x i t  f r a c t i o n ,  t h e  

fo l lowing  message i s  p r i n t e d  on r each ing  convergence from 

ADJUST. 

4. rf t n e  temperature  d i f f e rence  between steam and coolant  at 

t h e  i n l e t  i s  wi th in  10 percent  of t h e  d i f f e r e n c e  between 

steam and coolant  a t  t h e  o u t l e t ,  - t h e  fo l lowing  message 

is  p r i n t e d  from HETTRN, and t h e  a r i t h m e t i c  mean i s  used 

i n s t e a d  of  the LMI'D. 

LNIET/@UTLET DELTA 'T KarI'I@ IS NEAR 1 . 0 ,  

STSAT = n S'I'OI = n TE2 = n, SECT@R = n1, 1 2 3 

5 n6 R@W = I1 



T h i s  message i s  p r i n t e d  once only f o r  each i t e r a t i o n .  

"6 i s  an i n d i c a t o r  to speciSy whether message i.s 

generated i n  t h e  condensel- or cool.er. 

n6 = 1 from condenser 

n6 = 2 from cooler .  

5. One or both of  t h e  fol lowing messages may be printed from 

HETTRN once only in an i t e r a t i o n ,  i . e . ,  a t  the f i r s t  

occasion t h a t  t h e  Reynolds number on the s h e l l  s i d e  drops 

below 100 i n  t h e  condenser. and i n  the coo le r .  

(a) REYNOLDS NUMBER I N  C@WUENSER @JY SHELL S I D E  HAS FALLEN 

n3  BEL@W 100,  REN@ = l1 SECTgR = n2 ROW = 

( b )  REYNOLDS NUMBER I N  CPPLER @N SHELL SIDE HAS FALLEN BELOW 

100,  HCN@ = n SECTgR = n2 ROW = n 
3' 1. 
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lvlATN 
_c 

Increment by which i n l e t  steam i s  d i s t r i b u t e d  through t h e  

s e c t o r s  f o r  an i n i t i a l  e s t ima te .  

T o t a l  a r e a  open t o  stem flow f o r  a full 12-sector  bundle ,  
' 2  ft " 

I n t e r n a l  surface ai-ea of a t u b e ,  fy; . 
Length of t u b e s ,  ft. 

In te rmedia te  value used c a l c u l a t i n g  tube  f looding  f a c t o r s .  

In te rmedia te  c a l c u l a t i o n s  f o r  f ind ing  tube  f looding  

f a c t o r s .  

T o t a l  mol5 of steam l e a v i n g  condenser bundle ,  i . e . ,  

f eed  steam t o  cooler i n  mols. 

T o t a l  mols of noncondensable gases e n t e r i n g  condenser. 

T o t a l  mols of steam e n t e r i n g  condenser. 

Sum of mols of steam and noncondensables e n t e r i n g  condenser. 

Molecular weight of noneondensable gas.  

Number o f  tubes  a b o w  a given t u b e  from which condensate 

d ra ins  t o  cause f looding .  

T o t a l  number of tubes  i n  condenser;  adjusted for s e c t o r  

model. 

Externa l  su r f ace  area of a t u b e ,  f t  e 

Area open t o  flow i n  a given r o w  of t u b e s ,  one s e c t o r ,  f t  . 
Error condi t ion  f l a g .  

~ o g  mean tube  area, f t 2  

Cross-sec t iona l  area of tube  open t o  coolan t  f l o ~ ,  f t  a I 

2 

2 

2 

2 

A 

A I  

ALST 

ALTB 
AL01-? ,hi- 3 

&SEX 

ANT 

BAFFLE Input  f l a g  t o  i n d i c a t e  presence or absence of b a f f l e s  in 

t h e  bundle. 

BNDFAR 

BNDIAM Overall tube bundle d iameter ,  f t .  

BNDRAD Radius of t ube  bundle ,  f t .  

T o t a l  a r e a  at o u t e r  r a d i u s  of tube bundle ,  f t2 .  



N O W  C IATURE 
Cont d I 

CBI 

CPB 

CPRl 1 
CPR2 

CPRT - 

DELPC 

DELPIPE 

DELP1.2 

D E L E  3 

EXFRI 

EX IT F R 

GB 

GMFCTR 

HFG 

mpic 
rnBCSV 

HTCLR 

INSTM 

IRENQ) 

Concen.tration of coolant  

S p e c i f i c  heat of coolant  

In te rmedia te  values  used i n  c a l c u l a t i n g  number of  
tubes  p e r  row i n  t h e  bimdle 

Pressure  drop across  coo le r ,  p s i  

Average pressure drop acT*oss condenser bundle ,  p s i  

Pressure  loss i n  steam e n t e r i n g  bundle ,  psi 

Pressure  drop due t o  i nc rease  of v e l o c i t y  i n  steam 
e n t e r i n g  bundle ,  p s i  

S t e m  e x i t i n g  from cooler as .a percent  of  i n l e t  steam 

Tal-get val~ue of steam e x i t i n g  from cooler-, percent  
of i n l e t  steam; input  i t e m  

Coolant; flow i n  t u b e s ,  l b / f t 2 - s e c  

Constant f a c t o r  needed i n  c a l c u l a t i o n  of  tubes  p e r  r o w  
i n  a s e c t o r  

Product of s p e c i f i c  volume of  steam m i x t u r e  wi th  cons tan ts  
i n  pt-essure loss c a l c u l a t i o n  

Latent hea t  of  vapor iza t ion  of i n l e t  steam, Btu / lb  

Number of tubes per  row i n  cooler  

Reg i s t e r  t o  save oi-i.gina1 va lue  of  FIN(dC 

Height of coo le r ,  f t  

F lag  -to c o n t r o l  number of times a message i s  p r i n t e d  

Same IBT 

Number of rows of tubes i n  eaxh s e c t o r  

Number of tubes  p e r  TOW i n  coo le r  

Counter f o r  numberr of 3.oops needed f o r  adjustment of 
tube  length  

Flag; t o  cont ro l  p-t-ogram flow t o  adjustment of inlet, steam 
of tube  length  

F lag  t o  c o n t r o l  number of t imes a message i s  p r i n t e d  



NOMENCLATURE 
Con t d . 

Same a s  IREN@ 

Number of s e c t o r s  i n  model of tube bundle 

Reg i s t e r  t o  save 0rigina.l number of  rows of tubes  
i n  coo le r  

Counter f o r  number of loops needed t o  a d j u s t  i n l e t  steam 

IIiEW@C 

I'rn#SV 

ISEC 

IWS 

J R C  

J G A S  

NERR 

N@R(IIWS 

NR#WSV 

NRWS 

NTMS 

PATHAR 

P M I  X 

P M I X l  

PMXEXT 

PSATEX 

PSAT1 

PROCCLB 

F'ADFLG 

RADINS 

RADIUS 

RADSQ 

SDD 

SDDMIN 

S D I  

SD8 

Flag  t o  c o n t r o l  number of t i m e s  a message i s  p r i n t e d  

I n d i c a t o r  f o r  type  of noneondensable assumed 

E r r o r  condi t ion  i n d i c a t o r  

Number of rows o f  t ubes  i n  a s e c t o r  

Retained value of o r i g i n a l  e s t ima te  of NgRgWS 

Input  va lue  of' nimber of rows i n  a s e c t o r  of t h e  condenser 

Counter t o  g ive  t h e  nmber of Loops needed t o  c a l c u l a t e  
t h e  number of rows and tubes  p e r  row i n  n s e c t o r  

Cross-sec t iona l  area i n  tube  bundle open t o  flow of steam 
for one t u b e ,  f t 2  

P res su re  of steam-noncondensable mixture ,  p s i a  

Pressure  of e n t e r i n g  steam - NC mixture,  p i a  
Pressure  of e x i t  s tem - NC mixture as it leaves  t h e  
condenser bundle ,  ps ia  

Sa tu ra t ed  steam pres su re  at e x i t  of condenser bundle,  p s i a  

Sa tu ra t ed  steam pres su re  of e n t e r i n g  stem t o  condenser,  
p i a  

Percent  of tubes  i n  coo le r  

Input  f a c t o r  used t o  modim bundle r ad ius  

Radius of i n s i d e  void  of  bundle ,  ft 

Radius of arc drawn through a TOW of tubes  i n  a s e c t o r ,  f t  

Bundle radius squared,  f t  2 

Ra t io  of c e n t e r  t o  c e n t e r  tube  spac ing  t o  tube  diameter 
i n  condenser 

Same as SDD only i n  coo le r  

Tube i n s i d e  diameter, ft 
Tube o u t s i d e  diameter, f t  
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BOMENCI;ATUT(E 
Cont (3. 

Log mean tube  diameter Et 

Sector  f l a g ,  i n d i c a t i n g  number of  s e c t o r s  i n  t h e  tube  
bundle ,  ha l f  t h e  s e c t o r s  f o r  a symmetrical. bundle 

Gravi t  a t i  ma l  convem i. mi factor 

Inverse  tube  w a l l  h e a t  t r m i s  fer c o e f r i c i e n t  , hr-ft2-OF/Btu 

Thermal conduct iv i ty  of tube  m a t e r i a l ,  Btu/hr-ft2-'F/ft 

V e r t i c a l  spac ing  between t w o  t u b e s ,  one immediately above 
the  o t h e r ,  i .e .  , tw ice  t h e  vertical spac ing  between rows 
of tubes  

Coolant temperature  at tube i n l e t ,  OF 

I n i t i a l  es t imate  of coolant  temperature  at tube  e x i t ,  OF 

Satu-ated steam temperature at  condenser bundle e x i t ,  OF 

Sa tu ra t ed  s t e m  temperature  a t  condenser birndle i n l e t ,  OF 

Regis te r  t o  sum tubes  as numbeaa of rows of tubes  i n  bundle 
i s  detemi-ned 

S p e c i f i c  voltme of e n t e r i n g  stem - N C  mixture ,  cii f t / l b  

S p e c i f i c  volume of noncondensable gas at bundle en t r ance ,  
cu f t / l b  

SDW 

SECFLG 

SG 

SHTdINV 

S KW 

SPFCTR 

SVnIXl 

SWC1 

TBNPR 

TNQI 
TNgC 

TSATEX 

TSAT1 

VEL 

VELEXT 

VEL1 

m L2 
V G 1  

VN- $4 C 

VNPjcsv 
VPSHI 

Number ot tiibrs i n  a row i n  t h e  condenser 

Number of tubes i n  t h e  condenser buniile 

Number of tubes  i n  t h e  coo le r  s e c t i o n  

Sa tu ra t ed  steam absol-ute temperatnre a t  exit of condenser 
bundle ,  OK 

Satuurated s t e m  abs91ute t m p e r a t u r e  at ent rance  t o  
condensel- bundle ~ OK 

Steam plus N C  v e l o c i t y  i n  condenser bundle ,  F/S 

Steam p lus  NC v e l o c i t y  l eav ing  condenser bundle ,  F/S 

Steam p lus  NC v e l o c i t y  imied ia t e ly  be fo re  e n t e r i n g  f i r s t  
row of tubes  i n  condenselo, F/S 

Steam phis NC v e l o c i t y  i n  t h e  f i r s t  row of t u b e s ,  F'/S 

S p e c i f i c  volume of t h e  steam a t  t h e  cn t rance  of the 
condenser,  cu r t / lb 
Number of v e r t i c a l  rows of tubes  

Registei- t o  sQve o r i g i n a l  va lue  of VNgC 

Coolant t e q e r a t u r e  at i n l e t  t o  t u b e ,  OF 
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N O W C L A T U R E  
conta .  

Coolant flow p e r  t u b e ,  l b / h r  

T o t a l  coolan t  flow, 1b /h r  

Noncondensable f l o w  t o  a s e c t o r ,  l b / h r  

Noncondensable flow t o  cooler,  l b /h r  

Noncondensable flow to condenser,  l b / h r  

Steam flow t o  a r o w  of tubes  i n  t he  condenser,  lb /hr  

Steam flow to a row o f  tubes  i n  the c o o l e r ,  l b / h r  

Steam f l o w  l e a v i n g  condenser,  lb/hr 

T o t a l  steam feed t o  condenser,  l b / h r  

Sum of  exit steam f l o w s  f r o m  condenser s e c t o r s ,  lb /hr  

w 3  

W31 

WGAS 

w? c c 
W N C I  

ws 
wsc 
WSEXIT 

ws I 
WSUMX 

XTFR1 

xw 

Steam leaving coo le r  as f r a c t i o n  of i n l e t  stearn t o  
condenser 

Wall th i ckness  of t u b i n g ,  i n .  
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NOMETI C LATURE 
Contd., 

ALMY’DC 

ALST 

AMLS C C 

AMTSEX 

AMLSSC 

AML‘T 

AMWNC 

ANFC 

A@ 

Axgc 
U Q I M  

ASS 

A2 DAI 

CUMDPC 

DE I,P CT’ 

DELPC 

DELTPC 

HFG 

HNQIC 

TI 

IRqWC 

CQWEX 
Log mean temperature  d i f f e rence  i n  coo le r ,  steam t o  
co07.&*lt, OF 

Tube length  , ft 
Mo1.s of  noncondensable gas i n  cooler  

Mols of steam l eav ing  condenser 

Mols of s t e m  i.n f i r s t  row t o  cooler  tube  

T o t a l  mols , steam plus  noncondensables e n t e r i n g  coo le r  

Molecular weight of noncondenaable gas 

Number of tubes causing fl.ooding on a given row of  tubes  

Outer su r face  area o f  a tube  i n  t h e  cooler  

E r ro r  condi t ion f l a g  

I n i t i a l -  area open t o  flow i n  coo le r ,  E t  

Area open t o  Plow based on maximum al1owabl.e steam 
vel-oci ty  , ft;2 

Veloci ty  r a t i o  of s t e m  enkeying cooler  t o  steam leaving  
condense r 

2 

Accumulated pressure drop from t h e  condenser bimdle i n l e t  
t o  a giver1 row of t u b e s ,  i n .  of water .  

Pressure l o s s  due t o  v e l o c i t y  f l u c t u a t i o n s  going from 
condenser t o  cool-er, p s i  

T o t a l  p re s su re  drop a.ci-oos c o o l e ~ ,  p s i  

Pressure drop across one row o f  t u b e s ,  p s i  

Enhmcemeiit f a c t o r  for pressure  drop i n  stem. 

F7.o~ r a t e  of  steam p lus  noncondensables lb/hr-f% 

Product o f  s p e c i f i c  voliinie of steam mixtuye with 
corist.mts i n  pressure  l o s s  c a l c u l a t i o n s  

2 

F i l m  heat t r a n s f e r  c o e f f i c i e n t  due t o  t h e  presence o f  a 
noncondensable gas ,  Btu/hr-ft2-OF 

Latent  h e a t  of vaporizfi t ion of  steam, Rtu / lb  

luoes per  TOW in t h e  cooler  I 1  7 

I n d i c a t o r  t o  s e l e c t  proper  message i n  IIETTRN 

Flag t o  c o n t r o l  f l o w  of program i f  condensintr ra te  gets 
excessive 



JGAS 

3y 

NRWS C 

PAL 

PMPXC 

PMIX1 

PMXEXT 

PRCCLR 

PSATC 

R@JT'C 

RCC 

SDDMIN 

SI)# 

SG 

SEI c 
SMTBL C 

SMTEEl C 

SMWBC 

STRI 

STBIP 

STFg 

ST SAT c 

SuMQC 

SVGEXT 

SVMXEX 

SVNCEX 

I n d i c a t o r  far type of noneondensable is  p resen t  

Counter f o r  s e n s i b l e  h e a t  c o r r e c t i c n  loop 

I n d i c a t o r  used i n  var ious messages i d e n t i f i e s  coo le r  

flmber of rows of  tubes  i n  t h e  coo le r  

Sa tu ra t ed  steam p r e s s u r e ,  psi a 

Pressure of steam - NC m i x t i r e  i n  coo le r ,  p s i a  

Pressure of  steam - N C  mixture e n t e r i n g  t h e  condenser,  psia 

Pressi i re  of s t e m  - NC mixture l eav ing  t h e  condenser,  p i a  

Percent  o f  tubes i n  t h e  coo le r  

Sa tu ra t ed  stecm pressu re  i n  row of tubes  i n  coo le r ,  psia 

Heat flux i n  c o o l e ~  tube  bundle ,  Btu/hr-Tt' 

Ex te rna l  film h e a t  transfer c o e f f i c i e n t ,  Btu/br-ft2-'F 

Ra t io  noncondensables t o  t o t a l  flow i n  a row o f  tubes 
i n  t h e  cooler  

Center t o  c e n t e r  spac ing  t o  tube  diameter  r a t i o  i n  cooler 
Outer diameter of t u b e s ,  rt 

G r a v i t a t i o n a l  convers i on fact or ft- l b  / lb-se c 

I n t e r n a l  f i l m  h e a t  t r a n s f e r  c o e f f i c i e n t  ~ Btu/hr-ft2-"F 

Sum of  product  of  ooolant flow wi th  coolant. i n l e t  tempera- 
tiire, lb/ 'F/hr 

Sum of product of coolan t  f l o w  with coolant  e x i t  t empera ture ,  
1 b-"F/hr 

Sum of coolant  flow t o  t u b e  rows, -t.b/hr 

Coolant temperature  at  tube  i n l e t ,  OF 

Input value  of coolant  i n l e t  t empera ture ,  "F 
Average o u t e r  film temperature on t u b e ,  OF 

Sa tu ra t ed  steam temperature  i n  a row of tubes i n  t h e  cooli-r ,  
OF 

Sum of h e a t  t r a n s f e r r e d  through each row of t u b e s ,  Btu/hr  

S p e c i f i c  volume of' steam a t  en t rance  t o  t h e  coo.l.t7~, c u - f t l l b  

S p e c i f i c  ~ o l w n e  of steam - NC! mixture at ent rance  t o  t h e  
c o o l e r ,  c u - f t / l b  

SFec i f i c  volume of noncondensables et en t rance  t o  t h e  
cooler, cu- fi / l b  

2 
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NOMENCLATURE 
Contd. 

TAL 

T B2 

II.iv@C 

TSATC 

TSATEX 

TSATMN 

UNC 

v i  LC 

vc 

VLCMAX 

VMIX 

VNC 

WQIC 
VNREC 

VPSHC 

VPSHIlC 

VPSHIC 

WE 

WCNDC 

WCNDP 

wn-CC 

IJS c 
WSEXIT 

Sa tu ra t ed  s t e m  temperature  OF 

Coolant temperature  l eav ing  c o o l e r ,  OF 

T o t a l  number of tubes i n  t h e  cooler  

Sa tu ra t ed  steam absolu te  temperature  O R  

Sa tu ra t ed  stem absolu te  temperature  at  en t rance  t o  
c o o l e r ,  OR 

Sa tura ted  steam absolu te  temperature  at t h e  next  row of 
tubes  i n  case of an excess ive  condensing rate i n  a row, 
OR 

Heat t r a n s f e r  c o e f f i c i e n t  f o r  a row of tubes  i n  t h e  
cool-er Rtu/hr-ft2-OF 

Steam-NC m i x t u r e  v e l o c i t y  i n  a TOY of tubes  i n  t h e  coo le r ,  
f t / s e c  

Veloci.ty of stem-NC mixture between the condenser and 
cooler sections, f t / s e c  

S p e c i f i c  volume o f  s t e m  i n  t h e  first row of  tubes i n  t h e  
c o o l e r ,  cu-f t  / I b  

Maximum all.ovable v e l o c i t y  of steam-NC mixture i n  t h e  
coo le r ,  f t  /see 

S p e c i f i c  volume of the stem-NC mixture ,  c u - f t / l b  

S p e c i f i c  volume of  noncondensable gas, cu- f t / Ib  

Nimber of rows of  tubes  i n  t h e  condenser 

Reynolds Nimber on vapor s i d e  of t h e  coo le r  for a row of 
tubes  

F r i c t i o n  f a c t o r  used i n  p re s su re  drop c a l c u l a t i o n  across  a 
row of cooler  tubes  

Coolant temperature  at tube  outle-t;,  OF 

Coolant tempeb-ature tube i n l e t ,  O F  

Coolant flow p e r  t ube ,  l b / h r  

Steam condensed on a row of cooler t ubes ,  lb /hr  

Condensate from a r o w  of' tubes co r rec t ed  f o r  s e n s i b l e  
heat change, l b / h r  

Flow of noncondensable gas through cooler, l b / h r  

Steam flow through a row of cooler  t u b e s ,  l b / h r  

Steam flow l eav ing  condenser, Ib /hr  



NOMENCLATURE 
Cont a.  

A V I S  

BB 

B4I J 

BNF 

BONE 

CBI 

CJ 

DE LFLM 

DELTAU 

DhX@M 

DG 

DGFLM 

DLFLM 

HETTRN 
2 

I n t e r n a l  surface area of one t u b e ,  f t  

Log mean temperature  d i f f e rence  O F  

Mols o f  noncondensable gas present  

Mols of  steam p resen t  

Sum o f  AMgLSS and AM@LSC 

Molecular weight of mixture 

Molecular w e i g h t  of noncondensable gas 

Tube flooding f a c t o r  

Ellxternal swface ares. of one tube ,  rt; 

Error condi t ion  f lag,  DELFT3 i s  t o o  low o r  SHMK is t o o  
high 

Vi scos i ty  of steam-BC m i x t u r e ,  I b / f t - s e c  

A-rea of tube bank open to f l a r  o f  steam per  t t ibe,  fY 

Coolant flow i n  a t ube ,  l b / h r - f t  

2 

2 

2 

C0olM-t v i s c o s i t y ,  lib /f t-hr 

Tube flooding f a c t o r  

Coef f i c i en t  of f i r s t  degree t e r m  i n  quadra t i c  equat ion 
overa1:I hea t  t r a n s f e r  equat ion  

Concentration of coolant; stream 

Factor  needed i n  s o l u t i o n  of equat ion f o r  hea t  transfer 
eoe f f i c i e n t  

Colbinn "J" f a c t o r ,  func t ion  of Reynolds number i n  s t e m  

Constant term i n  quadra t i c  equat ion for overal l  hea t  
t r a n s f e r  c o e f f i c i e n t  

Temperature drop across o u t e r  l i q u i d  f i l m ,  i n i t i a l  e s t ima te ,  
OF 

2 Heat duty on heat, transfer s u r f a c e ,  Btu/hr-f't 

In te rmedia te  f a c t o r  i n  calcuLat ion of gas f i l m  h e a t  
t rans f e r  c o e f f i c i e n t  

2 Diffusivi ty  , cm / see  

Calculated temperature  drop across gas f i l m ,  "F 

Calcula ted  temperature  drop across ou te r  l i q u i d  f i l m ,  OF 
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NOMEN C LATURE 
Contd. 

DLGFLM 

DTDF 

FDAVE 

GR 

e w  

HEF’F 

HTMCQ) 

HgMCi 

CBT 

IDT 

II 

J GAS 

J R C  

IJ 

PATM 

PGB 

PSAT 

RC 

RFACT 

I n i t i a l  estimate of DGFLM, OF 

Inverse  of d e r i v a t i v e  of p re s su re  wi th  r e spec t  t o  ternpera- 
t w e ,  AT/AP 

Enhancement f a c t o r  f o r  i n t e r n a l  f i l m  c o e f f i c i e n t  

Enhancement f a c t o r  f o r  e x t e r n a l  f i l m  c o e f f i c i e n t  

Force constant  f o r  noncoiidensable for  use in DFSVTY 

P r o p o r t i o n a l i t y  f a c t o r  r ep resen t ing  degree of bypassing 
of f looding  condensate 

In te rmedia te  result i n  determinat ion of f looding  e f f e c t  

Sane as FDAVN 

Fouling f ac to r  

Coolant flow i n  tubes, Ib / f t2 - sec  
2 Steam-NC f l o v ,  l .b/ft  -hr 

Noncondensable f i l m  heat t r a n s f e r  c o e f f i c i e n t  , Btu/hr-ft2-’F 

TempePatiu-e d i f f e r e n c e  from steam t o  o u t l e t  coolant  

Temperature di-ffereiice from steam t o  i n l e t  coo lan t ,  OF 

OF 

Flag  t o  c o n t r o l  p r i n t i n g  of  an e m o r  message 

Flag to c o n t r o l  p r i n t i n g  of an e r r o r  message 

I n d i c a t o r  t o  i d e n t i m  loca t ion  of computation i n  condenser 
or coo le r  

F lag  t o  c o n t r o l  p r i n t i n g  of s. message 

F lag  t o  c o n t r o l  p r i n t i n g  of  a message 

I n d i c a t o r  of t ype  of  noncondensable p re sen t  

F lag  t o  c o n t r o l  p r i n t i n g  of a message 

I n d i c a t o r  for s e c t o r  of computation 

Sa tu ra t ed  Steam pres su re  i n  atmosphere 

Product of s a t u r a t e d  stem pres su re  w i t h  r a t i o  of non- 
condensables t o  s t e m  

S a t u r a t e  steam pres su re  p s i a  

Ra t io  of noncondensables t o  total vaFor flow 

Sum of  Lhemal r e s i s t a n c e s ,  less t h a t  due t o  a gas 
f i l m y  1 /Rtu /h~-f t2- -oF 



67 

NOFEN CLATURE 
Contd. 

R I N  

STEAVE 

STBI 

STC@ 

STF(ZI 

STWpr 

STSAT 

'IT32 

TDIF 

TSAT 

T'SATK 

TJTEST 

Resis tance t o  hea t  t r a n s f e r  due t o  t h e  i n t e r n a l  l i q u i d  
f i l m  in t h e  tubes 

Noncondensable weight ing f a c t o r  i n  determinat ion of 
steam-NC mixture viscosity 

S t e m  weight ing f a c t o r  i n  determinat ion 0.f steam-NC 
mixture v i s c o s i t y  

Rat io  of i n l e t  temperature  d i f f e r e n c e  between steam and 
coolant  t o  t h e  o u t l e t  d i f f e r e n c e  

Externa l  hea t  t r a n s f e r  f i l m  c o e f f i c i e n t ,  i n i t i a l l y  cal- 
cu la t ed  as a r e s i s t a n c e  Btulhr-f't2-OF 

I n t e r n a l  t ube  diameter ,  f t  

Outside tube  d iameter ,  f t  

S p e c i f i c  h e a t  of coo lan t ,  But/lb-OF 

I n t e r n a l  f i l m  hea t  t r a n s f e r  c o e f f i c i e n t ,  Btu/hr-Pt2-OF 

External liquid film h e a t  t r a n s f e r  c o e f f i c i e n t ,  Btu/hr-ft2-OF 

SHMK adJus ted  for f looding  by condensate 

Inverse  of t ube  w a l l  h e a t  t r a n s f e r  c o e f f i c i e n t  

Thermal conduct iv i ty  of coo lan t ,  Btu/hr-ft2-oF/f't 

?'hems1 conduct iv i ty  o f  l i q u i d  film on ou t s ide  of t u b e ,  
Btu/hr-ft2-'F/ f't 

Average coolan t  temperature ,  OF 

I n l e t  coolant  tempera ture ,  OF 

Temperature at t h e  su r face  of" t h e  o u t e r  l i q u i d  film, OF 

Average temperature  of o u t e r  l i q u i d  f i l m ,  OF 

Tube o u t e r  w a l l  temperature ,  O F  

Sa tu ra t ed  steam tempera ture ,  OF 

1/Btu/hr-ft-OF 

Out le t  coolant  temperature ,  OF 

Temperatme d i f f e rence  between s a t u r a t e d  steam a n d  
average coolant, O F  

Sa tu ra t ed  steam absolu te  temperature OF 

Sa tu ra t ed  steam absolu te  tempera ture ,  O K  

E s t i m a t e d  overall .  h e a t  t r a n s f e r  c o e f f i c i e n t ,  B tu /h r - f t2 -OF 

Retained value of es t imated  o v e r a l l  h e a t  t r a n s f e r  
c oe f f i c i en t  

Recalculated value of o v e r a l l  hea t  t r a n s f e r  coef f j -c ien t  ~ 

B t  u/hr- f ' t2 -OF 

. , . . . . . . . . . 
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NOMENCLATURE 
Contd. 

VNF 

VPSHH 

WB 

WNC 

W N C I  

ws 

XNPRB 

XNREB 

XNS CH 

XNU 

Overa l l  hea t  traxsfer c o e f f i c i e n t ,  Btu/hr-ft2-OF 

Outlet  coolant  tempera ture ,  O F  

Coolant f l o w  pe r  t u b e ,  l.b/hr 

Noncondensable f l o w  t o  a s e c t o r ,  l b / h r  

T o t a l  flow of noncondensables t o  t h e  condenser,  lb/i?r 

Steam f l o w  to t h e  row of tubes  be ing  c a l c u l a t e d ,  l b / h r  

Noncondensable f i l m  h e a t  t r a n s  f'er c o e f f i c i e n t ,  
Btu/hr-ft2-OF 

P r a n d t l  number f o r  cool-ant 

Reynolds number f o r  coolant  

Sc hmi d t  number 

Nussel t  number 



N OMXN C: LATUBE 
Contd. 

INPUT 

ALST 

ANT 

ReJTP 

RAFFLE 

CBI 

mJRF 

FrdUL 

1-15 C DF L 

IPNCH 

TSEC 

ITRAN 

Length of condenser t ub ing ,  f t  

T o t a l  number of tiibes i n  bundle 

Retained va lue  of ANT 

Flag t o  c o n t r o l  program flow depending on t h e  presence 
of b a f f l e s  

ConcentratFon of  coolant  

Enhancement f a c t o r  f o r  f r i c t i o n  f a c t o r  in  steam pres su re  
drop L: al-cul a t  i ons 

Enhancement f a c t o r  f o r  i n s i d e  tube  film cop€ficient,  

Enhancement f a c t o r  for ou t s ide  film c o e f f i c i e n t  

Target  value for percentage of i n l e t  st,n:mi t o  be vented 

Tube foul.ing f a c t o r  

Type of noncondensahle presen t  

Variable  t o  a i d  i n  s e l e c t i o n  of noncondensahle f l a g  

Same as GASA 

Same as CIP-SA 

Flag  i o  s e l e c t  symmetrical  or non-symmetrical buridle 

I d e n t i f i - c a t i o n  and eoment?s  f o r  a case 

Flag t o  s p e c i f y  formmt used i n  p r i n t i n g  of de ta i led .  
output  

Number of r o w  of tubes  3.n t h e  condenser 

Flag  t o  i n d i c a t e  method. used t o  ad,just  venl;eil steam t o  
EXITFR 

Flag t o  have o u t l e t  coolant  temperatures  punched out  on 
cards  f o r  input  t o  a success ive  stage 

Number o f  s e c t o r s  i n  t h e  tube bundle (only  h a l f  f o r  
symmetrical. ca se )  

Fl.ag t o  i n d i c a t e  t r a n s f e r  of out , le t  coolant  temperatures  
from preceding case  t o  i n l e t  temperature  f o r  p re sen t  
case 

Number of rows of tubes  in t h e  coo le r  

I n d i c a t o r  f o r  type  of noncondensablc 



NOMENC LATURF: 
Cont d. 

NRWS 

NRWSC 

NRWSCP 

NHWSP 

W C  CLR 

RADFLG 

SDD 

STIDMIN 

SECFLG 

SKW 

STBI 

S'YBTP 

STSAT I. 

VELBI 

VELBIF 

V P S H I  

VPSHI c 

W R I  

W N C l  

WST 

XW 

Number of  rows of tubes  i n  t h e  condenser bundle 

Number o f  m w s  of tubes  i n  t h e  coo le r  

Retained va lue  of NRWSC, 

Retained value of  NRWS 

Outside diameter of t ubes ,  i n .  

F lag  t o  d i r e c t  p r i n t i n g  o r  omission of  d e t a i l e d  output  

Percent  of tubes loca t ed  i n  t h e  cooler  

Fac tor  t o  a i d  i n  c o n t r o l l i n g  void size at  t h e  center  of 
t h e  bundle 

Spacing t o  diameter r a t i o  of condenser model 

Spacing t o  diameter r a t i o  of cooler  tube 

Number of  s e c t o r s  i n  condenser model 

Thermal condu-ctivity of t ub ing  ma te r i a l  ~ Btu/hr-ft'-'F'/ft 

Temperature of coolant  a t  i n l e t  t o  t u b e ,  'E' 

Retained val-ue o f  STBI 

Inl .et  s a t u r a t e d  s tem tempera ture ,  O F  

Coolant v e l o d t y  i n  tubes  f t / s e c  

Retained value of VET.,RI 

Temperature of coolant  a t  i n l e t  t o  tubes i n  condenser 
row-by-row, OF 

Tenperatuye of coolant  at i.nl.et of tube8 i n  cooler, 
row-by-row 'E' 

'Total coolant  flow t o  tube  bundle ,  J.b/hr 

T o t a l  noncondensables t o  t h e  condenser,  l b / h r  

To ta l  steam flow t o  t h e  condenser,  l b / h r  

Wall th ickness  o f  t u b e ,  i n .  



NONENC LATURE 
Contd. 

ADT C LR 

Am CD D 

A t T B I C  

AVTBl  T 

AVT B? 

CUMDP C 

Back ca.lculated l o g  m e a n  temperature d i f f e rence  f o r  
coo le r  on ly ,  OF 

Back c a l c u l a t e d  l o g  m e a n  temperature  d i f f e rence  for 
condenser on ly ,  "F 

Rack c a l c u l a t e d  log mean temperature  d i f f e rence  f o r  
o v e r a l l  condenser,  "F 

Length of t ubes  in bundle ,  f t  

T o t a l  number of tubes  i n  bundle 
2 Outside area of  a t u b e ,  f t  

T'ube su r face  area o r  condenser s e c t i o n ,  f t  

'Tube su r face  a r e a  of coo le r  s e c t i o n ,  f't 

2 

2 

2 Total tube  su r face  a r e a ,  ft, 

Average i n l e t  coolant  temperature  f o r  condenser s e c t i o n s ,  
O F  

Average i n l e t  coolant  temperature  for c o o l ~ r  s e c t i o n ,  OF 

Average i n l e t  coolant  temperature  f o r  P u l l  bundle ,  OF 

Average o u t l e t  coolan t  temperature  for condenser 
s e c t i o n s ,  OF 

Average o u t l e t  coolant  t e rne ra t i i r e  f o r  cooler  s e c t i o n ,  H 

Average o u t l e t  coolant  temperature  for f u l l  bundle 

1? r> 

"F 

Overa l l  bundle d iameter ,  ft 

Concentration of  coolant 

Accumulated pressure drop from t h e  in le t ,  t o  a given row 
of tubes, i n .  of water 

Acclmulated p res su re  drop from the condenser bun41e 
i n l e t  t o  a given row of tubes  .) i n .  of water  

To ta l  p re s su re  drop across t h e  c o o l e r ,  psi 

Total pressure  drop across  condenser a n d  coo le r ,  psi 

Average pressure  drop across condenser alone, p s i  

LGK mean temperature  d i f f e r e n c e  c a l c u l a t e d  from coolant 
temperature  average and i n l e t  steam temperature OF 
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NOMFNCLATYJRE 
Cont d.  

DT CND2 

EXNCP'H 

EXSTFH 

GFLOWC 

H.P,N D C 

HEFF 

HEFFC 

1 DENT 

IFL@AT 

mv@ 
IPNCH 

ISEC 

I V N @ C  

NFRR 

P W  x 

PMI XC 

PMIXl 

PMXEXT 

PRCCTJH 

Log mean temperature d i f fe rence  c a l c u l a t e d  from condenser 
coolant  temperature averages and i n l e t  steam, OF 

Tjog mean temperature d i f fe rence  c a l c u l a t e d  us ing  cooler  
coolant  aveyage temperature and cooler  i n l e t  steam tempera- 
t u r e ,  OF 

Noncondensable vent ra te  as a percent  of e x i t  flow 

Steam vent r a t e  as a percent  of i n l e t  steam f l o w  

Mass flow raLe of s t e a m - N C  mixture i n  condenser s e c t i o n ,  
Ib /hr - f t?  

Mass flow rate of steam-NC mixture i n  c o o l e r ,  l b / h r - f t  2 

Height of cooler  s e c t i o n ,  fl; 

Gas f i l m  h e a t  t r a n s f e r  c o e f f i c i e n t  i n  condenser s e c t i o n ,  
B t  u/h r- f l;2 - F 

Gas f i l m  hea t  t r a n s f e r  c o e f f i c i e n t  i n  c o o l e r  s e c t i o n ,  
B t  u /hr-  f t  2- O F  

Number o f  rows of t ubes  i n  a s e c t o r  o f  t h e  condenser 

I d e n t i f i c a t i o n  and comments for a case 

Flag t o  s p e c i f y  format used i n  p r i n t i n p  o f  d e t a i l e d  outout 

Number of rows of  tubes  i n  a s e c t o r  of t h e  condenser 

Flag t o  have o u t l e t  coolant  temperatures punched ou t  on 
cards  t o r  i npu t  t o  successive s t a g e s  

Number o f  s e c t o r s  i n  the condenser model 

Number of rows o f  tubes i n  t h e  cooler  

Er ror  condi t ion i n d i c a t o r  

Control f l a g  t o  d i r e c t  o r  omit p r i n t i n g  of d e t a i l e d  output 

Pressure  of s team-NC mixture i n  t h e  condenser f o r  a given 
row and s e c t o r ,  p s i a  

Pressure of steam-NC mixture i n  t h e  cooler  i n  a given row, 
p s i a  

Pressure  of steam-BC mixture a t  entrance o f  condenser, p s i a  

Pressure  of steam-NC mixture at e x i t  from condenspr 
s e c t i o n ,  ps i  a 

Percent  of t ubes  i n  t h e  c o o l e r  
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NOMEN C LAT1JF.E 
Contd. 

RADINS 

I3 c 

i?C c 

3DD 

SDDMIN 

SD# 

SECFLG 

SKI 

s31c 

s Iip? 
SHNFC 

SP4TBI 

SF%CBI C 

SMTB2 

SMTE2 c 

Heat f l u x  across  tube  w a l l  i n  condenser s e c t i o n ,  Pit,,u/'nr-ft2 

Heat, f l u x  across  t h e  tube wall i n  coo le r  s e c t i o n ,  Bl,-dhr-ft,;S 

condenser s e c t i o n  t o t a l  h e a t  du ty ,  Rtu/l-ir 

Coolcr s e c t i  on t o t  a1 hea t  du ty ,  Btu/kr  

Swn of QTC@ND and QTC@#L 

Radius of void a t  c e n t e r  of condenser bundle ,  ft 

Rat io  of noneondensable gas t o  t o t a l  flow i n  a row of tubes 
i n  t h e  condenser s e c t i o n  

Rat io  of noneondensable gas t o  t o t a l  flow j n  a row of tubes  
i n  t h e  coo le r  

External h e a t  transfer f i l m  c o e f f i c i e n t ,  Rtu/hr-ft2-"~4'  

Same as RrbU'T f o r  eool.er 

Spacing-to-diameter r a t i o  of  condenser tubes  

Spacing-to-diameter r a t i o  of  coo le r  tubes 

Tube d i cme te r ,  f t  

Nimber of  s e c t o r s  i n  condenser model 

I n t e r n a l  f i l m  c o e f f i c i e n t  i n  condenser t ubes ,  Btu/hr-ft'-'F 

I n t e r n a l  f i l m  c o e f f i c i e n t  i n  coo le r  t u b e s ,  Rtu/hr-tt2-"F 

Ex te rna l  f i l m  c o e f f i c i e n t  of condenser t u b e s ,  Btu/hr-ft;'-'F 

External f i l m  c o e f f i c i e n t  of coo le r  t u b e s ,  Rtu/hr-fT2-"F 

Sim of product of condenser coolant  i n l e t  temperature With 
coolant, f l o w ,  lb-OF/hr 

Sm of product  of coo le r  coolan t  i n l e t  temperature  w i t h  
coolan t  f l o w  , lb-*F/hr 

Sum of products  of condenser coolant  flow with coolant ex i t ,  
t empera ture ,  Ib-OF/hr 

Sum of  products  of cooler coolant  flow with  coolant exit 
t empera ture ,  lb-OF/hr 

Row-by-row summation of coolant  f l o w  in condenser s e c t i o n ,  
l b  /hr 

Same as SMWB b u t  for c o o l e r ,  l b / h r  

Sa tu ra t ed  steam temperatiure at condenser s e c t i o n  e x i t ,  

S a t u r a t e d  steam temperature  i n  coo le r  r o w s ,  OF 

S a t u r a t e d  steam tempera ture  i n  condenser rows, OF 

S a t u r a t e d  steam temperature  of i n l e t  s t e m ,  OF 



74 

N OMICNCLATTSRE 
Cont d. 

SUMQ 

SUPIQC 

UAVGW 

UBARW 

URARWC 

UN 

UNC 

UPAVG 

U P C ~ N D  

VEL 

VELC 

VEL2 

VEL3 

Summation of hea t  duty on condenser t ubes ,  by rows, Htu/hr 

Summation of h e a t  duty on coo le r  t u b e s ,  by rows, Btulnr  

Number of tubes i n  a row of tubes  i n  a s e c t o r  

Temperature drop across  t h e  condenser bundle ,  OF' 

Temperature drop across  t h e  coo le r ,  OF 

Overall. temperature  drop,  OF 

Percent of tubes  i n  t h e  condenser s e c t i o n s  

Number of tubes  i n  t h e  condenser 

Number of tubes  i n  t h e  coo le r  

Average overa l l  h e a t  t r a n s  f e r  c o e f f i c i e n t  for e n t i r e  birni l lp  , 
B t  u/h r - f t - F 

Average overa3 1 heat  t r a n s f e r  c o e f f i c i e n t  f o r  t h e  condpnser 
s e c t i o n s ,  Rtu/hr-ft2-OF 

Average o v e r a l l  hea t  t r a n s f e r  c o e f f i c i e n t  f o r  t h e  coo le r ,  
B t  u/hr- f t7-O F 

Overa l l  hea t  t r a n s f o r  c o e f f i c i e n t  f o r  a I'OW o f  tubes i n  a 
condenser s e c t o r ,  Btu/hr-ft2-OF 

Overa l l  h e a t  t r a n s f p r  c o e f f i c i e n t  for a row o f  tubes i n  
the cooller , Btu/hr-ft2-OF 

Hack ca l cu la t ed  o v e r a l l  hea t  t r a n s f e r  c o e f f i c i e n t  using 
i n l e t  steam temperature ,  Rtu/hr-ftZ-'F 

Back ca l cu la t ed  o v e r a l l  hea t  t r a n s f e r  c o e f f i c i e n t  f o r  
condenser s e c t i  on u s i n ?  in1 e t  s t e m  

Rack c a l c u l a t e d  o v e r a l l  hea t  t r a n s f e r  c o e f f i c i e n t  f o r  
cooler  using cooler  en t rance  steam tpmperature ,  
R t  u/hr- f t  2- OF 

Steam-NC v e l o c i t y  i n  r o w s  of tubes  i n  t h e  condenser,  ? I S  

Steam-NC v e l o c i t y  i n  rows o f  tubes  i n  t h e  coo le r ,  F /S  

Steam-NC v e l o c i t y  i n  t h e  f i r s t  row of tubes i n  t h e  con- 
denser s e c t i o n ,  F /S  

Steam-NC v e l o c i t y  i n  t h e  l a s t  row of tubes  i n  t h e  condenser 
s e c t i o n ,  F/S 

Number of rows of tubes  i n  t h e  coo le r  

Reynolds niiniber of steam-NC mixture i n  t h e  condenser 

Reynolds number of steam-NC mixture i n  t h e  cooler  
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NOMENCLATURE 
Contd. 

VQIDID 

VPSH 

VPSHC 

’JPSHH 

VPSHHC 

YPSHI 

WSHIC 

WBI 

WNMUC 

WCNDCT 

WCNIIT 

WNCI 

WS 

ws I: 
WSEXIT 

ws 1 

Diameter of void at cen te r  of condenser bundle ,  f t  

F r i c t i o n  f a c t o r  f o r  p re s su re  drop c a l c u l a t i o n  i n  condenser 

F r i c t i o n  factor f o r  p re s su re  drop c a l c u l a t i o n  i n  coo le r  

Out le t  coolant  temperature  of condenser rows, “F  

Ou t l e t  coolant  temperature ,  O F  

I n l e t  coolant  temperature  o f  condenser rows, OF 

I n l e t  coolant  temperature of c o o l e r ,  OF 

Total coolant f low,  l.b/hr 

Wifith of cooler s e c t i o n ,  ft 

T o t a l  condensate from c o o l e r ,  l b / h r  

Total condensete f r o m  condenser s e c t i o n s ,  lb/’nr 

I n l e t  flow o f  noncondensables,  Ib /h r  

Flow of s t e m  t o  a row of tubes i n  a condenser s e c t t o n ,  
lb /hr 

Flow of steam t o  a row of tubes  i n  the c o o l e r ,  I.b//hr 

Steam flow l e a v i n g  condenser s ec t ions  , l b / h r  

Total steam t o  condenser,  l b / h r  



NOMENCLATURE 
Cont d I 

AFAC 

ALMTD 

AMQIT,NC 

P,MgiLS 

AMQILSC 

AMOLSS 

AMQILST 

AMWNC 

ANY 

A@ 

A@TFT,W 

AS s 
Ax0 

BAFFLE 

C 

C B I  

CIIGSC 

C @N SM 

CUMUP 

DE LP 

DELPTP 

DELPVE 

DELPl2 

DELP2 3 

DH@T,II 

SECALC 

D i f f e r e n t i a l  flow of stem t o  s e c t o r  i n  p ressure  ba lanc ing  
loop 

Log mean temperakure d i f f e r e n c e  from steam Lo coo lan t ,  OF 

Mols of noncondensable gas t o  t h e  condenser 

Mols of steam t o  a row of tubes  i n  a s e c t o r  

Mols of noncondensable gas t o  a s e c t o r  

Mols of steam t o  condenser 

To ta l  m o l s  of ste,zm and NC t o  condenser 

Molecular we i gh t of n on c on dens ab L e  gas 
Tubes above a given tube row c r e a t i n g  condensate con- 
t r i b u t  i ng t o  f looding  

Outer su r face  area. of  a t u b e ,  ft2 

Area open t o  steam flow i n  a row of t u b e s ,  f t 2  

Error condi t ion  f l a g  

Area open t o  flow i n  a row of tubes, ft’  

Flag t o  d i r e c t  program f l o w  t o  proper  f looding  f a c t o r  
determinat ion depending on presence or absencp of 
b a f f l e s  

P ropor t iona l i t y  f a c t o r  used t o  adjust flow t o  s e c t o r s  i n  
order t o  balance presslire drops 

Concentration of  cool ant  

Ad,justirig f a c t o r  i n  pressure  drop adJustment loop 

Sum of C ,  used t o  co r rec t  average pressure  dron across  
s e c t o r s  

Acciimu3.ated pressure  drop from t h e  i n l e t  t o  a piven row of 
t u b e s ,  i n .  of water 

Pressure  drop across  a s e c t o r ,  p s i  

Presslire drop across  a row of t u b e s ,  p s i  

Average pressure  drop across  t h e  s e c t o r s ,  psi  

Entrance pressure  loss  i n  condensel., ps i  

P r e s s i r e  l o s s  a t  bundle face  due t o  v e l c c i t y  change, p s i  

In t e r jm  r e g i s t e r  t o  hold value of dev ia t ion  of pressure  
drop from average t o  t e s t  f o r  a m a x i m u m  
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NOMENCLATURE 
Contd. 

DLPVE:S 

[)MAX 

m HF 

FAC 

GFLgW 

HEF'F 

HFG 

IDENT 

I1 

I J X  

IPL#@P 

1 ROW 

lSEC 

IST 

J GAS 

L 

PJERF, 

PMIX 

PMIX1. 

PMXEXT' 

PSAT 

O,@A 

Reg i s t e r  t o  r e t a i n  average p res su re  drop across  a s e c t o r  
pending co r rec t ion  

Maximum dev ia t ion  of pressure  drop i n  a s e c t o r  from th- 
average 

Enhancement f a c t o r  for pres su re  drop f r i c t i o n  f a c t o r  on 
s t ream s i d e  of tube  

Change i n  steam Slow t o  a s e c t o r  pending f i n e  tune  
r ead  j u s t  ment 

Mass f low rate of  mixture I n  tube  bundle ,  lb/hr-ft' 

Film h e a t  t r a n s f e r  c o e f f i c i e n t  due t o  t h e  presence of 
a noncondensable gas, Btu/hr-ft2-OF 

Latent  h e a t  of  vapor i za t ion  of steam, Btu/ lb  

I d e n t i f i c a t i o n  and comment input  

Number of r o w s  of tubes  i n  a sector 

I n d i c a t o r  to d i r e c t  proper  message s e l e c t i o n  i n  IIET'TIIN as 
needed 

Counter i n  loop t o  c o r r e c t  f o r  low steam temperature  

Loor, counter  f o r  p re s su re  drop co r rec t ion  

F l a g  t o  cont ro l  program flow i f  condensing r a t e  becomes 
excess ive .  

number of s e c t o r s  i n  assumed model 

Flag  t o  c o n t r o l  number of times a message i s  p r i n t e d  

F l a g  t o  i n d i c a t e  type  of noncondensable present  

Sec to r  c u r r e n t l y  be ing  c a l c u l a t e d  for use i n  messages 
from HETTKN 

Error condi t ion  f l a g  

Pressure  of steam-NC mixture ,  p s i a  

Pressure  OS e n t e r i n g  steam-NC mixture ,  g s i a  

Pressure  of steam-NC m i x t u r e  as it leaves  the condenser ,  
p r i o r  t o  cooler, p i a  

Sa tu ra t ed  steam p r e s s u r e ,  p s i a  

Heat flux across  tube  wall, Btu/hr-f%* 



NOMENCLATURE 
Cont d. 

RC 

R@U'I' 

snpi 
SECFLG 

S H I  

SHN 

sm I31 

SJvYJlH? 

SMWB 

SSAVE 

STBI 

STBIP 

ST E2 ES 

STF@ 

STSAT 

SUrY'IQ 

SV?.IIXl 

STdTCH 

TAL 

TBlVPR 

TB2 

TNQI 

TN@ C 

TNgFR 

TSAT 

YE L 

Vc- 

Rat io  of noncondensable gas t o  t o t a l  flow i n  a row of tubes 

External. hea t  t r a n s f e r  f i l m  c o e f f i c i e n t ,  Btu/hr-ft*-'F 

Outer diameter of t ubes ,  f t  

Number of s e c t o r s  i n  assumed condenser model 

Tnterna l  f i l m  coe -€ f i c i en t  i.n condenser t u b e s ,  Rtu/hr-ft*-OF 

Externa l  f i l m  c o e f f i c i e n t  of condenser t ubes ,  Btu/hr-ft2-OF 

Sum o f  product of coolant  i n l e t  temperature with cool.ant 
f low, row by row, Ib-OF/hr 

Sum of product; o f  coolant o u t l e t  temperature  with coolant  
f low, row by row, lb-OF/hr 

Sum of  cool.ant f low, row by row, lb/hz. 

Average steam flow t o  a s e c t o r ,  l b / h r  

I n l e t  temperature  o f  coolant,,  OF 

Input  value of in l -e t  temperature  of coo lan t ,  O F  

I n i t i a l  es t imate  of o u t l e t  temperature  of coo lan t ,  OF 

Average temperature  of ou te r  f i l m  on t u b e s ,  O F  

Sa tu ra t ed  steam tempera ture ,  O F  

Sum of hea t  duty on t h e  rows of t u b e s ,  Btu/hr 

S p e c i f i c  volume of stem-NC mixture e n t e r i n g  condenser,  

Holing r eg i . s t e r  for s t e m  t o  t h e  s e c t o r s  when ba lanc ing  
pressure  drop i n  a b a f f l e d  model 

CU-ft/lb 

Sa tu ra t ed  steam tempera ture ,  OF 

Number of tubes i n  a given row i n  a s e c t o r  

Coolant o u t l e t  temperature ,  OF 

To ta l  number of tubes i n  t h e  condenser 

'Total number o f  tubes i n  t h e  cooler  

Percent of t o t a l  tubes  i n  t h e  cooler  

Absolute s a t u r a t e d  steam temperature ,  OR 

Overa l l  heat, t ransf ' e r  c o e f f i c i e n t  for a row of tubes  in 
a s e c t o r ,  Btu/hr-ft2--OF 

Steam-NC mixture ve loc i ty  i n  row of t u b e s ,  f t / s e c  

Spec i f i c  volume of steam, cu - f t / l b  
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NOMENCLATURE 
Contd. 

VPSH 

WH 

WCND 

WCNDP 

Spec i f i c  volume of steam-NC mixture, cu- f t / l b  

S p e c i f i c  volume of  noncondensable gas ,  ci-f%/lb 

Reynol.ds number on vapor s i d e  of  condenser for a given 
r o w  and s e c t o r  

F r i c t i o n  f a c t o r  used i n  p re s su re  drop c a l c u l a t i o n  across  
a row of tubes  i n  t h e  condenser 

Coolant temperature  a t  condenser tube  outl-et  , OF 
Coolant temperature  a t  condenser tube  i n l e t ,  "F 

Coolant f l o w  t o  one tube  i n  condenser,  l b h r  

Condensate from one sow of tubes  i n  a s e c t o r ,  lb /hr  

Condensate from one row of tubes  co r rec t ed  for s e n s i b l e  
heat change, l b / h r  

Flotr of noncondensable gas t o  a s e c t o r ,  I b / h r  

Same as WGAS 

T o t a l  noncondensable gas i n  condenser feed , l b / h r  

F rac t ion  of t o t a l  noncondensables i n  i n l e t  stream 

I n i t i a l  ad jus t ed  t o t a l  f l o w  t o  a s e c t o r  i n  loop  t o  c o r r e c t  
flow f o r  mressure drop,  l b / h r  

Summation of WP 

Steam flow t o  a row of tubes  i n  a s e c t o r ,  lb/hr 

Average t o t a l  flow t o  a s e c t o r ,  l b / h r  

'Total. steam flow t o  condenser,  l b / h r  

Adjusted flow of steam t o  t h e  s e c t o r s ,  l b / h r  

Summation of WS?, lb/hr 
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APPENDIX A 

Heat Transfer  and Pressure  Drop Corre la t ions  Used i n  Subroutine HETTRN 

Corre la t ions  upon which subrout ine  WETTRN i s  based a r e  as follows: 

1. Condensate F i l m  Coef f i c i en t :  

'I'he mean condensate f i lm  c o e f f i c i e n t  for a v e r t i c a l  c o l m -  of 
n h o r i z o n t a l  tubes  i n  filmwise condensation i s  ca l cu la t ed  by 
multiplying: t h e  s i n g l e  tube  c o e f f i c i e n t  hl  by t h e  condensate 
r a i n  f a c t o r  F(n ) . 

h = h F  n I n  

'['he s i n g l e  tube  condensate f i l m  c o e f f i c i e n t  i s  given by th? 
Nus s e l t  q u a t  ion  : 

k3 p, A 

The condensate r a i n  f a c t o r ,  for t h e  mean of n tubes  i n  6 v e r t i c a l  
column, i s  

(3) 
-0.20 F ( n )  = 0.6 Fd -+ (I - 0.7647 Fa)  n 

where F i s  an input i t e m  w i t h  a value between 0 and 1 r e l a t e d  
t o  t h e  eube spac ing  and o r i e n t a t i o n ;  r e fe rence  (1) recommends 
t h e s e  t e n t a t i v e  values  : 

'Tube L a t t i c e  a F 

In line 

Staggered,  spacing/diameter  
spnci  ngldiameter  
spa c i n  R / ?i met e r 

For one tube i n  t h e  n t h  row 
c o e f f i c i e n t  i s  : 

0 

>1.40 0 
= 1.33 1 . 5  
<1.%5 1 . 0  

from t h e  t o D  t h e  condensate film 

h = [ n  F(n) - (n-1) F ( n - l ) ]  hl 
n (4) 

ID. M. Eissenberg and H. M .  Nor i t ake ,  Computer Model a n d  
f o r  P red ic t ion  of  Hor izonta l  Tube Condenser Per fomance  
D i s t i l l a t i o n  P l a n t s ,  E X E C  Report GRNL-TM-2972, October 

Corre la t  ions 
i n  Seawater 
1370. 
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2 .  E f f e c t i v e  Heat Transfer  Coeff ic ien- t  Due t o  Noncondensable Gas: 

The temperature  drop across  t h e  noncondensable qas f i l m  def ines  
a gas f i l m  hea t  t r a n s f e r  c o e f f i c i e n t  

= u A T ~ / C T  
h e f f  ,q R 

which in t u r n  r e l a t e s  t h e  o v e r a l l  c o e f f i c i e n t s  1J , with  t h e  
presence of g a s ,  and U wi th  no g a s ,  by t h e  equatfon 

l / l J  = 1 / U  + l / h e f f  
g 

The gas f i l m  c o e f f i c i e n t  w a s  expressed by Colburn as an 
equiva len t  m a s s  t ~ a n s  f e r  c o e f f i c i e n t  f o r  t u rbu len t  d i f fus ion  
o f  t h e  vapor through a s tagnant  vapor-gas mixture 

(5) 

Eissenberg and Bogue(2) have def ined  a dimensionless mass t r a n s f e r  
f a c t o r  

k P  2 / 3  
= ( s c )  

V 
j M G 

and shown t h a t  experimental ly  it c o r r e l a t e d  w e l l  i n  t h e i r  
experiments with 

.53883 - .54b In Re 
J~ = e 

The p a r t i a l  Dresslire of t h e  noncondensables a t  the condensing 
su r face  d i f f e r s  from t h a t  i n  t h e  gas st ream by 

and AT a r e  e l iminated When t h e  va r i ab le s  Pgc,  kG, heff 

from Fq. ( 5 )  - ( 8 )  and ( I O ) ,  t h e r e  r e s u l t s  
f 

Li 
L). bl. Eissenberg and D. Hogue, Tes ts  of an Enhanced Horizontal  'l'ube 
Condenser imder Conditions of  Hor izonta l  Steam Cross Flow ," Heat 
Transfer  1970 Conference Proceedings ( E l s e v i e r  Publ i sh ing  Co. ) , 1'01. I 
Paper HE?. 1. 
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or 

r e l a t i n g  t h e  h e a t  t r a n s f e r  c o e f f i c i e n t s  wi th  and without  p r e s m c e  
of  gas. 

3. Convective Film Coef f i c i en t  (he) : 

( 1.2 ) 

where E is an. input  i t em g iv ing  t h e  convective f i l m  enhancement. i 

4. S h e l l s i d e  T o t a l  Pressure Drop: 

$2.2 f = 0.1.02 + - 
N R e  

where 

2 2 G N 
f =  

The o r i g i n s  and/or confirming experimental  data f o r  t h e s e  cor- 
r e l a t i n g  equat ions  are descr ibed  i n  Reference (1). 

(1.3) 

( 3.4 ) 

I n  add i t ion  t h e  program requires as as1 input  i tem a ( c o n s t a n t )  
va lue  of  a fouling r e s i s t a n c e  t o  apply to each tube i n  computing 
i t s  o v e r a l l  hea t  transfer c o e f f i c i e n t .  
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NOMENCLATURE FOR APPENDIX 

b 

C 

QC 

G 

- he f f  

n h 

1 
h 

JM 

kG 

k 

L 

n 

N 

N R e  
S 

P @ 

P 
Q c 

n €' 

Apf 
s c  

AT 

ATf 

AT m 

c o e f f i c i e n t  i n  Equation (1 l a )  

c o e f f i c i e n t  i n  Equation ( l l a )  

i n s i d e  diameter of tube  

outs ide  diameter of tube 

enhancement f a c t o r ,  Equation ( 1 2 )  

f r i c t i o n  f a c t o r ,  Equation (14) 
tube spac ing  parameter 

condensate r a i n  f a c t o r  

conversion constant  

steam m a s s  v e l o c i t y  

con ve c t  i ve he a t  t r an s fe r  c oe f f i c i en t 

noncondensable gas f i l m  c o e f f i c i e n t  

mean condensate f i l m  c o e f f i c i e n t  foy n tiibes 

condensate film c o e f f i c i e n t  f o r  t o p  tube  

condensate film c o e f f i c i e n t  f o r  tube i n  n t h  TOW 

modified. mass t r a n s f e r  f a c t o r ,  Equations (8,9) 
t ubesi de l i q u i d  thermal  conduct i v i  tiy 

mass t ransfer  coe f f i c i en - t  

l ength  o f  tube  

number of t u b e s  i n  v e r t i c a l  colwnn 

number o f  tiibes i n  steam flow pa th  t o  vent  

Reynolds number 

tube  spacing ( c e n t e r  t o  c e n t e r )  

p a r t i a l  p ressure  of noncondensable gas i n  flowing stream 
at plane of t e s t  t u b e s  

p a r t i a l  p ressure  of noncondensable gas a'i condensat,e 
f i lm sur fac  e 

pressure  drop i n  tube  

p a r t i a l  p ressure  drop of  steam ac ross  noncondensable gas f i l m  

S chmi d t  number 

temper a t  ure d i  f f erence a c r  os s c on dens ate f i l m  

t empe r a t  ure  ac  r os s n on c on den s ab l e  f i Im 

l o g  mean temperature d i f f e r e n c e  (bu lk  l i q u i d  t o  bulk  steam) 



NOMENCLIITUFtE FOR APPEXDIX 
Contd. 

t ubes ide  liquid v e l o c i t y  

l a t e n t  heat 

v i s c o s i t y  

dens i ty  
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C W A I N  
CCt 
c 

M A I N  0 
M A X M  5 
WAIN 10 
M A I N  1 5  
M A I N  20 
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M A I N  300 
SWMTUP, = 0.0 M A I N  305 
00 70 I = I r N O R Q W S  M A I N  710 

SUMTUR = TBNPR ( i l  +12.0 + SUMTbB M A I N  315 
M A I N  320 I H N O  = f 

IF fSUWTUB-TNOO 6 0 r 4 0 r 4 0  M A I N  325 
40 CONTINUE M A I N  330 

CPRT = l e  - PRCCLR/100. M A I N  3 3 5  
C P R 1  = f SUMTUB-TBNPR(I 1*12.) /ANT M A I N  340 
CPR2 = SUMTUBIANT M A I N  345 
I F  (485 (CPRT-CPR1) .GT. A8St  CPRT-CPR2 1 b GO T O  50 M A I N  352) 
IHNO = I - I M A I N  3 5 5  
s u M r u B  = SLIMTUB - TBNPR ( I J  * 12.0 M A I N  360 
RRO;NS RASXUS ( I  - 1) - SDD * S D O  1 2.0 M A I N  365 
GO TO a o  M A I M  370 

50 CONTINUE M A I N  375 
RADBNS = R A D I U S  ( 1 )  - SOD * SDO / 2.0 M A I N  380 
GO TO 8 0  M A I N  385  

60 R A D I U S  ( 1  .) 1) RADIUS (1 )  - 0.866 * SDD * SDO M A l N  390 
7 0  T B N P S ( I + l )  = GMFCTR * R A D I U S I I + 1 1  M A I N  395 

CCCCC M A I N  400 
C AT T H I S  POINT *DO 70* HAS BEEN S A T I S F I E D  & SUMTUB 1 TNO. M A I N  405 

CCCCC M A I N  415 
NOROWS = NOROWS + 1 M A I N  420 
IF f .RADIUS(IHNO+L) .GT.O.O) GO T O  30 M A I N  4 2 5  

CCCCC M A I N  430 
C I F  R A D I U S t I H N O  + L t  1 0.0. A B IGGER D I A M .  BUNDLE IS REQUIRED TO M A I N  435 
C bCCOMODATE THE REQUIRED NO. OF TUBES. WAIN 440 
CCCCC M A I N  445 

NOROWS = NROWSV + NTMS M A I N  4 5 0  
NTMS = NTMS + 1 M A I N  4 5 5  
GO TO 20 M A I N  460 

8 0  CONTINUE M A I N  465 
TNOC = ( ANT - SUf lTUB I I ADJF * SECFLG M A I N  470 
IF IPRCCLP.EQ.O.01 TNOC 0.0 MAIM 475 
TNO = SUMTUB M A I N  480 

t W R I T E I 6 9 9 1 2 7 )  TNUI TNOCI SUMTUB M A X Y  485 
C9127 FORMAT( 'Oe 9 4x1 3E20.4) M A I N  490 

HNO = FLOAT1IHNO) M A I N  495  
CCCCCC M A I N  500 

M A I N  505 C I F  NO, OF CONDENSER TUBE ROWS(IHNO1 .GT. 999 GO T O  NEXT CASE 
CCCCCC M A I N  510 

I F  (IHNO.LT.991 GO TO 98 M A I N  5 1 5  
WRI TE 161 1 0 0 0 0 1  I H N O  M A I N  5 2 0  
GO TO 10 M A I N  5 2 5  

90 I F  (NRWS.EQ,O..OR.NRWS.EQ.IHNO) GO YO 100 M A I N  5 3 0  
WP I TE I 6  9 10 100) NRW S q I HNO M A I Y  535 
GO T(3 10 M A I N  5 4 0  

16@ CONTINUE M A I N  5 4 5  
C R E V I S E D  EST. OF NO. O F  TUBES ABOVE R O W L I )  FOR T H E  6 SECTOR GEOMETRY M A I N  550  

C O P T I O N  OF BAFFLES A T  2 & 4 O'CLOCK P O S I T I O N S .  5 / 3 0 / 6 8  M A I N  560 
C NO BAFFLES I F  B A F F L E  00 M A I N  565 
(3 BAFFLES I F  B A F F l E  1. MATN 570 

C A L L  Z E R O ( b N F v 2 4 0 0 )  MA'IN 5 7 5  

Ai01 = 0.96593 * R A D I U S ( I 1  MATN 5 8 5  
AL83 = 8.25882 * R A O I U S ( 1 )  M A I N  590 
AL02 = { R A D S Q  - AL03**2)**0.5 M A I N  595 

3 0  CONTINUE 

C AN A D D I T I O N A L  ROW WILL BE ADDED IF ROOM REMAINS- IE - -RADIUS(  I H N O + l )  r O e M A I N  410 

C CONCEPT. ADJUSTED FOR VACANT S P A C E I V O I O )  I N  BUNDLE CENTER WITH M A I N  555 

M A ~ N  580 DO 130 I = L , I H N O  
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H A I N  609 
M A I N  605 
M A I N  618 
M A I N  4 1 5  
?4&9N 620 
M A I N  625 
M A I N  630  
R A I N  6 3 5  
M A I N  660 
M A I N  6 4 5  
R A I N  5 5 0  
M A P N  655 
M A I N  650 
M A I N  665 

M A I N  675 
M A I N  680 
M A I N  585 
M A I N  690 
M & ? N  695 
MLaIN 698 
M A I N  700 
M A I N  7 0 5  
M A I N  710 
M A I N  712 
WAIN 7 1 5  
M A I N  720 
M A I N  722 
V A I N  725 
M Q T N  730 
M A I N  3 4 5  
V A I N  7 4 0  
M A I N  7 4 5  
M A H K  7 5 0  
M A I V  7 5 5  
t 4 A T N  760 
MAIF- !  765 
N W H N  7 7 0  
M A I N  775 
M A I N  780 
P I A I N  785 
M A I N  790 
V A I N  795 
M A I N  800 
W A I N  8 0 5  
M A I N  8 1 0  
M A I M  815 
M A I M  82Q 
M A I N  8 2 5  
M A I N  8 3 0  
Y h l U  8 3 5  
M A I N  840 
M A I M  845 
M A I N  8 5 0  
M A I M  855 
M A I V  860 
M A I Y  8 6 5  
M A I N  8 7 0  

M A I N  8 8 0  

N n i N  670 

vaipi 8 7 5  
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CCCCCC M A I N  885 
160 CONTINUE MAIM 890 

IWS = @ M A I N  895 
I L N G  = 0 M A I N  900 
WNCC = WNCI  M A I N  9 0 5  
WNCI = WNCI * A D J F  / SECFLG M A I N  910 
W S I  = WSI  *Al?3F I S E t F i G  Y A l N  9 1 5  
UBI = WBll * ACIJF ! SECFLG M A I N  920 
T SA T 1 = ST S A  T 1 *45  9.6 9 M A I N  925 
P SA T l = P  SA T FN t TS A T  1 I M A I N  930 
AHOLMC=WNC I /AMWNC M A I N  9 3 5  
I F  (VELBI*EQ.8.8 GO T O  178) N A I Y  940 
I F  I S T B I e L E . 1 . I  ST61  V P S H I ( 1 . L )  M A I M  945 
WBI = 3600.0 * A N T  * A X 1  * ROEFN ( CBII 57611 * V E L B I  M A I N  950 

170 CONTINUE M A I N  955 
WB = WBT / ANT M A I N  960 
G8= WB I I 3 60 0 e #*A X I  b M A I N  965 
H F G = H F G F N (  S T S A T 1  I M A I N  970 
C A L L  ZERO{ blHTD*24004 M A I N  975 
CALL Z E R O (  GFLOW*432001 Y A f N  980 
CALL ZERO( ALMTOCr76QO) M A I N  985 

180 AMOLSS=WSI /18.015 MAXN 9 9 Q  
AM0 L 5 T=A MOL S S+A MOL NC M A I N  995 
PHI X 1 zP S A T  14 4 A M O l  ST I A MOLS S 8 H A I N l Q O O  
V t l = V G F N ( T S A T l  vPM? X 1  I M A 1  N 1005 
C P R = C P F N t C B I  V S T B I  B MA IN 10 10 
STB 2ES=( WS I*HFG) / C  W8 I*CPB)+STBI H A l N l O l S  
SVNC 1.1 l 0 .?29*TSATL / ( AMWFBC *PM I X 1  @ M A I N 1 0 2 0  
S V M f X l  = 1.01 (AHOt.SS I (AMOLST 4 V G l l  + AMOLNC/ ( S V N C 1  * A M O L S T ) I M A I N 1 0 2 5  
G2=288 .@*SG*SVMI  X 1  M A I N 1 0 3 0  
A = 1. + .02*(SECFLG-l .01 M A  IN 103 5 
DO 190 J = l r I S E C  M A I N 1 0 4 0  

WGAS ( J I  = UNCI / 12.0 * A M A  I N 1045 
WS I l p J )  = WSI / 12.0 * A H A I V 1 0 5 0  

190 A A - 0.04 M A I N  1055 
208 CONTINUE M A I N 1 0 6 0  

MA I N 1065 ASS=O 
JRC = Q MA IN 1070 

M A  I N  1075 IRENO = 0 
TRENOC = 0 MAX N 1080 
I Q T  = 0 M A I N 1 0 8 5  
I A f  = @ M A I N  1090  
A I = P I  *SDI * AI- ST M A I  N 1095 

V A I N  1 LOO AO=PI*SDO*ACST 
M A I N 1 1 0 5  A W= P I *SOW* A L  ST 

SHWI NU=t AU+XW) It  12  O* SKW*AW) H A I h J l l f O  
C CALC. BUNDCE FACE AREA M A I N 1 1 1 5  

RNDFAR 2oO*PI*(BMDRAO + SDO/Z .OI *ALST M A l N l l t O  
c CALC.  FOR E A C H  R O W ~ I ) ,  THE A R E A  OPEN r o  FLOH M A I N 1 1 2 5  

PATHAR E ISDO-1.03 *SDO*ALST M A f N 1 2 3 0  
DO 21e  I = I . I H N Q  M A I N 1 1 3 5  

210 AOTFLWf I )  = PATHAR * TBNPRIII M A I N  1140 
A O T F L U I I H N O * l )  -Z A L S T  * R A O I N S  * P I  / 6.0 M AXN 11 45 
VEL 1=( I WSI  +WNCI ) * S V M I  X 1  I /  (3600. @*BMDFAR) M A I N l l S O  
AENT =LZ.O * AOTFLWIlI M A I N 1 1  55 
A R A T I  C=AENT/BNDFAR M A P  N 1 160 
VEl.Z=VELI / A R A T I O  M A I N 1 1 6 5  
I F  I A R A T I O - 0 . 7 1 5 I  220r2209230 M A P N l l 7 0  

2 2 0  DEL P12=0.4*( 1.2 5-ARATH 01 * V E L 2  **2/  G 2  N A I N i . 1 7 5  
GO TO 240 M A I N 1 1 8 0  
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2 3 0 DEL P 1 2 - 0  e 7 5* 1 Q- AR AT IO I * VEL2 ** 2/ t2 M A I N 1 1 8 5  
240 D E I  P23- t  VEL2*+2-VEL1**21  /G2 M A I U l 1 9 0  

C A L L  SECALCt  AMOCSS AMDLST * D E L P l 2 * D l ' L P 2 3 ,  SVMIX  1qNERR)  Y A I N 1 1 9 5  
I F  (NERRmEQ.0) GO TO 2 5 0  M A I N 1 7 0 0  
GO TO 2&B M A 1  N 12 0 5  

C AVEP4GE C O N D I T I O N  AFTER CONDENSER S E C T I O N  AND BEFORE COOLFR M A 7  M 17 10 
C SECTION. M A I N 1 2 1  5 

2 5 8  PMXEXT=PHI X ( 1 9 1  I -DELPVE M A I N  1220 
M A I N  I? 7 5 
H A I Y  1230 

260 WSUMX=WSUMX 4 W S ( I H N D + l * J I  M A I M 1 2 3 5  
M A I N  1240 WSEXHT = GdShlMX f (1.0 + HFtDFLl  

AML SE X=WSE X I  T /  18.01 5 Y A I N 1 2 4 5  
PSATEX=PMXEXT* 4MLSEX 1 ( AMLSEX + WNCC/AHINC! V A I N 1 2 5 0  
YSATEX=%SATFN(PSATEXj  M A Y  N 1255 
STS 4 f X=TSA TE X-459.6 9 M A I M 1 2 6 0  

M A T N 1 2 6 5  
DO 2 7 0  Jz1 ( I S E C  M A I M  1270 

2 70 V E L E X T = V E L E X Y + V E L ( I H N @  + 1 ,  J) M A 1  N 1 2 7 5  
VEL E XT=VELEXT/SECFLG M A I V L 2 8 0  

C CALCULATION THROUGH CCOLER M4Pu11285 
HNOCSV = HNOC Y A I N  1290 
VNOCSV = VNQC M A I N 1 2 9 5  
IVl'dOSV = I VNOC M A  I N  1300 
CALL CBOLE % [DELPC I M A  I N I30 5 
W S I  = W S I  / ADJF * SECFLG M A I N 1 3 1 0  
I F  ( E X I T F R . E Q + O e )  GO TO 2 8 0  M A T Y  1 3 1 5  
EXFRP W S C ( I V N O t + l l  / W S I  * 100. M A I N 1 3 2 0  

w Y N * U S I H A X p W S I M I N , A b S T M X w  ALSTNNIMB W A I N 1 3 3 0  
nNot = HNOCSV M A I N 1 3 3 5  
VNQC = VNOCSV V A I N  1340 
IVNOC = IVNOSV vi A I '1 13 4 5 
W S I  = W S I  * AQJF 1 SECFLC M A  H N 13 50 
I F  ( INSTM.EQ.1)  GO TU 196 M A  4 N 13 5 5 
GO TO 900 M A I N 1 3 6 0  

280 C e N n N u F  M A T  N 136 5 
TNO = TYO / A 0 4 F  * SECFLG OUTP 2 5 5  
X T F R l  = W S C ( I V N O C * 1 I  / W51 b9APY1370 
WRITE(br10400) XTFRZ, TNOs TNQC M A l l V L 3 7 5  
WNCI = W N t t  M A I N 1 3 8 0  
CALL UUTPL (OELPCq V E L 2  9 h E R R l  M A I N 1 3 0 5  
TND = TNO * 4OJF / SECFLC W A l N 1 3 9 0  
GO TO 10 MAIN1395 

2 9 0  RFTUKN M A l N L 4 0 0  

VENSIONS. P R O C E E D I N G  T O  NEXT CASE.' 1 Mb 1410 

M A I N  1420 

*ENSICINS. PROCEEDING T O  NEXT CASE.' 1 M8IN 1430 
10400 F @ R M A T ( * O '  t i 3 1  'COOLER E X I T  S T E A M  CRAC. ' F7.49 T 4 0 9  M A  IN1445 

9 F8.1 ) M A 1  N 1 4 5  5 
t ND M A ?  N14SO 

WSUMX=O. 0 
DO 260 J = l * I S E t  

CALL ADJUST ( E X F R l w F X I T F R * W S I  , W S v A L S T v  IUS, t L N G v I N S T M * E Z B O t  X l N v  MAIN1325  

10000 FORM4T(rOq 1 5 r T 7 1  TUBE ROWS I N  ChlDNSRt WHICH EKCEEGS PROGRAM O I M M A I V 1 4 - 0 5  

10100 F O R ~ A T ( l W O I * ~ * ~ * I N P U T  E R R Q R t  INCORFECT NO. OF ROWS I N  CONDENSER* M b I N 1 4 1 5  
NRbl5=' 9 I 1  01 ' IMNO=" 9 I10 I 

1 0 2 0 0  FCIRMATI 'O' /  1 5 , Y 7 t p  T U B E  ROWS I N  COOLERt d H I C H  EXCEEDS P R n G R A M  D P f l M A I N 1 4 2 5  

9 '4CTUAI. TUBES I N  CONDENSER'*FB. I*  T V 5 v '  A C T U A L  TUBES I N  COQLER'w M A I V J . 4 5 0  



53 

SU5 ROUTr NE ZERO ( A 9 N 1 
DIMENSION A t 1 1  
N 4 = N / 4  
DO I J=l ,N4  

1 A ( J I = O .  
RFTVRN 
E NO 
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SUBROUTINE AOJlJST ( E X F R l r  E X I T F R I W S I I  W S , A ~ S l *  I W S I  ILNGI INSTMI*( AOJU 8, 

XZNI YNr WS I MAXIWSI M I  NIALSTMX~ ACSTMNt Ml AOJU 5 
@*+e**+ AOJU 10 
C SUBROUTINE ADJUST CORRECTS EITHER I N P U T  STEAM OR TUBE LENGTH A D J U  1 5  
C TO G I V E  A PREDETERMINED E X I T  S T E A M  F R A C T I O N  [FROM THE COOLER) 4 D J U  20 
C A S  A DEWCENT OF STEAM I N P U T *  J A H  4/70 AOJU 2 5  
C # **** ADJU 30  

D I M E N S I O N  X l N ( 1 1 1  r Y N ( P 1 )  ADJU 35 
I F  { A B S I  ( E X I T F R - E X F R 1 ) / E X I T F R ~ . L ~ = e O 5 )  GO TO 120 AOJU 40 
IF ~ 1 ~ N t . N E . O . O R . I W S . N E . ~ ~  GO TO l$ ADJU 45 
W S I M A X  = 0. A D J U  50  
WSIMlN = 0. A D J U  5 5  
4LSTMX = 0. ADJU 6Q 
ALSTMN = a. ADJII 65 

10 CONTINUE ADJU 7 0  
EXTFR = E X I T F R  f 100. AOJU 7 5  
X T F R t  = EXFRL f 100. ADJU 8 0  
I F  BEXFR1.LT.EXITFR) 60 TO 2 0  A D J U  8 5  
ALSTWN = A L S T  ADJIJ 98 
WSIMAX = W S I  ADJW 9 5  
GO TO 30 A D J U  100 

20 WSIP I lN  = kJS1 A O J U  1 0 5  
ALSTMX = A L S T  ADJU 110 

30 CONTINUE AD419 1 1 5  
I F  (INS?'N.EP=OI GO TO 70 ADSU 120 
I F  ( I W S a L E e P O I  GO T O  40 4DJU 1 2 5  
WRI fE(611020OB WSII MAXqWSIHXNeEXFR1 A D J U  130 
GO TO 130 4DJU 1 3 5  

41) CONTINUE ADJU 140 
C****** ADJU 1 4 5  
C ADJUSTMENT FOR I N L E T  STEAM ADJU 150 
c*+ * *** AQJU 1 5 5  

DFLWP = A B S ( H S I M A X - W S I M I N )  AOJU 160 
W S I O L D  = W S I  AOJU 1 6 5  
W S I  XTR( WSI VXTFR'I , I  W S l f K T F R * - l . O * X l N I Y N t M )  4DJIJ 170  
I F  IWSIsGT.WSIMIN8  GO TO 50 A D J V  1 7 5  
DELW = W S I M I N  * 0.01 / IWS AD2U 1 8 0  
I F  (DEC#.GT.DELWP) DELW = DELWP f Z e D  ADJU 1 8 5  
HSP = W S I M I N  4 DELW A Q J U  190 
GD TO 60 AOJU 1 9 5  

DELW = H S I M A X  * 0.01 / I N S  ADJU 2 8 5  
I F  (0ELM.GT.DELWPB DELUl = DELWP / 2 -  A D J U  210 
W S I  = S b S I M A X  - DELW A D J U  2 1 5  

ADJU 2 2 0  
H R I T E ( 4 ~ 1 0 1 0 0 1  I W S ~ W S I O L D , X T F R l , W S I  A D J U  2 2 5  
IWS = IWS 4. 1 AOJU 230 
GO TO 110 AOJU 2 3 5  

70 CONTINUE AOJU 240 
IF I ILNG.LE.109 GO TO 80 A W L J  245 

GO TO 130 A D J U  2 5 5  
80  CONTINUE ADJU 260 

C**** AOJU 2 6 5  
C ADJUSTMENT F O R  TUBE LENGTH ADJU 2 7 0  
c+*+++* 4QJU 7 7 5  

n E l P P  = ABS(A1STMX-ALSTMNB ADJtJ 7 8 0  
ALTOLD = AL5T A D J U  2 8 5  
A L S T  XTR ( A L 5 T q  XTFRP r I L N G I E X T F R , l . O * X l N I Y ~ * M ~  A D J l t  290 
I F  (ALST.GV.ALSIHNI GO TO 90 AOJU 295 

5 0  I F  ~ H S X Y A X . E Q ~ O . . O R . W S I . L T . W S I M A ~ 1  GO TO hO ADJU zoo 

60 CONTINUE 

WRI K E  (6s 10300) 4 C  STMX t ALSTMNI AL ST I EXFR 1 ADJU 250 
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DELA = ALSlFMlad * 0.09 / ILNG AQJU 300 
I F  (DELAmGTeDELAP) D E l A  = OELAP / 2.0 ADJU 3 0 5  
BLST = ALSTMN t DELA AOJU 310 
GO TO 100 ADJU 315 

90 I F  (ALSr.g~.ALSTNX.DR.ALST~X.FP.O.)  GO T O  1QQ ADJU 320 
DELA = ALSTMX * 0.01 / fLNG ADJU 3 2 5  
I F  IDELAaGTsDELAP)  DELA = DELAP I 2.0 ADJU 330 
ALST = ALSTMX - DELA AOJU 335 

1 0 0  CONTlNUE AQJU 3 4 0  

I h N G  = lLN6 + 1 AOJU 350 
110 RETURN ADJU 355 
820 W R I T E f b v 1 0 4 0 8 ~  ADJU 360 

AOJU 365 1 3 0  RETURN1 

W R I  TE ( 6 0  1 @ O M ) t  ILNG 9 ALTOLD r XT FR L e ALS T a m u  345 

LOO00 FORMAT[1W0~I5ra ALTOLD E' r F l O . 3 ~ r '  XTFRL = ' ,F7 .41 '  ALST = "VF 10.39ADJU 370 
10100 F O R M A T ( L H O * I 5 ~ '  WSfOLD =' rF10.39' X T F R l  ='9F7.49 ' W S ?  @ rF10.31 A O J U  3 7 5  
10200 FOqMATI'ONO CONVERGENCE ON E X I T F R  I N  10 T R I E S ,  W S I M A X  = '*EfSe?r4DJU 380 

ADJU 385 t ' H S I M I N  'rF15.79 ' E X F R l  = ' r F L 0 . 5 1  

9 a NO CONVERGEMCf FOR E X I T F R  AFTER 13 T R I E S ,  ALSTMX ~ ' r E 1 2 . 5 ,  AQJU 3 9 5  
L B 3 0 Q  FORMAT fIHO ADJU 390 

t ' ALSrMN z 'rE12 .5 , '  ALST ='9&12.59' EXFRl ='1E12.51 ADJU 400 
1 0 4 0 0  FORMAT('0' eiOXe'CONVERGENCE C R I T E R I A  WET F O R  EXIT STEAM'  i AOJU 405 

E AID ADJU 410 
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* 

120 
130 

140 

t 
1 5 0  

160 

170 

* 
180 

190 
200 

210 

* 

220 
230 

Q G C = ( W S C ( I ) * = P S F N I T W I l  /18.015+WNCC*CPAFN17AL* J G A S l  I AMWNCI * COOL 600 
( T A L  - TSATMN) C O O L  505 

QTC=QGC+UCNDC I I 1 *HFG COOL 61% 
IF I STSATC ( I  ) -TplZ)  120 t 120 9 130 COOL 6 2 5  
TB2 STS4TCII) - 0.1 COOL 5 1 0  
C O N T I  N U €  COOL 625 
I C  (STSAVC(I+l).GT.TTBIt GO TO 140 COOL 630 
ACMGDC ( I t  =. AkMTDC I I - 11  C O O L  535 
GO TO 1 5 3  COOL 640 
CONTINUE C U O i  645 
RLMTDC( It=((STSATC(i+lI-STBI ) - I S T S A V G I I ) - T 8 2 9 ) / A L O G I ( S T S A V t (  I +  COOL 650 
1)- S T R P I / ( S T S A T C ( I ) - T B 2 D  I r O O 4  6 5 5  

CONTINUE COOL 660 
UNC(1 )=QPC/(AOoHNOC*AhMTDCI I  1 )  COOL 665 
AMLSST.  -0 w s c ( I + i ) / i a .  COOL 670 
PW 1 X C  ( I 61 ) =PMI XC ( I 1 -CELT% COOL 675 
P S A T C ( I + I ) = I P # H X C ( % + 1 ~ ~ ~ ~ ~ 5 S ~ ~  / (AMLSSC + ANLSCC) COOL 680 
TSATC I: TSATMN C O O L  6 8 5  
G O  TO 210 COOL 490 
AMLSSC = W S C ~ I  e ~ i / i a . o a s  COOL 6 9 5  
PYIXC(I+l1=PMXXC(I ) -DELTPC COOL 7 0 0  
P S A T C ( I + 1 ) = ( P M I X t ( X + f ~ ~ A ~ ~ ~ S C 9  I ( R M L S S C  4- AMLSCC) COOL 7 0 5  
pa L=P 5~ TC i I +i ) COOL 710 
I F  I P A L e G T . 0 . )  G O  TO 190 COOL 715  
W R I T E  I 6  11030OP PMH X C t  1 1. I COOL 720 
GO TO 2 5 0  COOL 725  
CONTI NU€ COOL 730 
TSATC = TSATFNtPAL! COOL 7 3 5  
STSATC(I+l) = TSATC - 459.69 COOL 7.40 
IF B B B S ( T S A T C - T A L I  . L T . O . O O l )  TS4TC T A L  - B.001 COOL 745 

U M C t * C P A F N g r S A T C t J G A S I  / A M W N C I  * (TAL - T S A T C ) !  / HFG :OOL 7 5 5  
I F  45 5 W t  NJ B/WC NDC I I 1-1 -0 1 -e005 1 20 0 5 180 t 189 COOL 750 
WCNDC ( 1  I =WCNDP COOL 765 
J Y  = JY 4 1 COOL 770  
I F  ( J Y - 5 0 )  90r90t190 COOL 775 
W R I T E ( 6 9 1 0 1 0 0 1 I  COOL 980 
CONTINUE COOL 7 8 5  
WCNDC( I ) = WCNDP COOL 790 
WSC( I+b!  = W S C ( 1 )  - WCNOC(1)  COOL 795 
AMLSSC =WSC I I  + I  I 1 i a . 0 ~ 5  COOL 8QO 
P S A T C t  I *l I=( P M I  X C  f T + l l  *AMLSSC) I ( AMLSSC + AMLSCCl COOL 8 0 5  
P A L = P S A T C I  I + 1  I CCO4 8 1 0  
TSATC = TSATFNlPf ib I  COOL 815 
S T S A T C ( I + L )  = TSWTC - 459.69 COOL 8 2 0  
VG =VG F N dI T S ATC COOL 9 2 5  
VNC=10.729*TSATC /(AlalWMC * P M I X C ( I + 1 1  1 C O O L  830  
V M I  X z  1.0/ ( ( A M L S S C  / ( V G * f  ANLSSC +AHLSCCB 1 1 +(  AMLSCC/ 1 VNC* COOL 8 3 5  

( AMLSSC 4 A M L S C C  1 ) 1 )  COOL 840 
VELCt I + f l  =qWSC I I + l ) + W N C C I * V M I X /  [PXOC *3600 . O )  COOL 8 4 5  

SMWBC = SMWBC + WB * H w e  C O O L  8 5 5  
S N T 8 2 C  = SMTB2C + WB 8 HNOC * TD2 CnUL 860 
SUHOC = suwc t UNC(I) * A D  * ALMTDCI I 1 * w o e  COOL 865  
Q O A C ( I 1  = U Y C ( 1 )  * A L M T O C f I )  COOL 8 7 0  
CUMDPCI I )  = (PMIX1*27.79  - ( P N I X C ( I ) * 2 7 . 7 )  C O O L  8 7 5  

= T S A T C  COOL 8 8 0  
IF (MDE~I12)I 230,2201230 COOL 8 8 5  
ANFC = ANFC - 1.0 COOL 890 
CONTI  NUE COOL 895 

wcNDP=~uNciI)+~O~Noc*ahMTDcII)-tHst(r t*cPswirsATc) I ~ ~ . o ~ ~ + c o o c  750 

, P Pi 1 XC t I + 1 1 1 

SMTB!C = SMUBIC * WB 4 HNOC * S I B 1  COOL a 5 0  



DFLPC-PMI XCC 11-PHI XCI: IVNUC+11 CDOL 900 
240 CONTINUE COOL 985 

I F  4ASS.NEmQ.B WSCfPVNOC+P) WSGlf! COOL 910 
IF: (PRCCtR.EQ.O.1 WSC(IVNOC+l t  = HSEKfT CQOL 9 1 5  
RFTURN COOL 920 

250 DO 260 IFXtlslVNOC c a m  925 
U N C I I F K )  p UNCt I fX -11  COOL 930 

260 W S C ( l F X !  z W S C I I F X - 1 )  COOL 9 3 5  
WSC(IVNDC+LI = WSCtfWNM33 COOL 940 
RETURN COOL 945 

10000 FORMAT(IHO~***** I M O R R E C T  NO. OF ROWS I N  COOLER, NRWSC = . , I io .cooL 9 5 0  
9 ' I V # O C  =",110) COOL 9 5 5  

10100 FORHATfIHOv ZSHNO CONVERGENCE FCR MCNDCtr 12r ZH!. 1 C001 950 
10200 F@RMAT(~HOI*+***  STEAM V E L O C I T Y  I N  F I R S ?  ROW OF COOLER T U B E S  EXCEECOOL 965 

,OS M A X  AtLOWAf9CEt  V E L C ( 1 I  = * , E 1 5 . 5 / 1 5 X ~ 1 1 0 9 1  ROUS OF TUBES'.F10.3COOL 970  
~ 9 '  TUBES PER R O W ' )  COOL 975 

1 0 3 0 0  FO?MAT(ZHQt*** * *  SATURATED S T E A M  PRESSURE I N  COOLER H1S GONE NEGkTCOOL 9 8 0  
e I VF r P N I  XC 1' *El 5 a 5  9 ' ROW' f 5 )  COOL 9 8 5  

io400 FmsrlaT(*o COOLER DIMENSIONS ~ O J U S T E D  TO LOWER STEAM VELOCITY, COOL. 990 
t V E L C (  P) rE12 .5 / '  'rX9e'ROWS 0): TIJBES' rF IOs3~ 'TUBES PER ROW')  COOL 995  
END C O Q t  1000 



SWROUTTNE XETTRNt S T S A T t A N F  ,WS t W N C r V N F t A h N T D t  SHIV SHNFe RCtROUT HETT 0 
1 A X O t X N R f r  XNUt V P S H H I X W E F F I L J I I I ~ I R I  HETT 5 

C** DEC 69 REV. C q L B J t F D A V E  HETT 1 0  
COMMON/INPT/ ALST *ANT *BAFFLE rWFCOFLr C B I  1EXSTFR *FOUL r G A 5  t HETT 15 

t OD 9 OUTPUT tPRCCLR rRAOFLG r S D D  t S D D M I N  t SECFLG r S K M  V S T B I  t HETT 20  
t STSATl r V E L B 1  9 V S F L G  tWNCI t W S I  t X W  r V P S H I ( 1 0 0 , 6 ) *  V P S H I C ( 1 0 0 I  V M E f T  2 5  
t FDAVE r E N H I  tENHO r E N H F  r W B I  ~ S T ~ I P ~ A N T P I V E L B ? P ~ A D J ~ ~ I ~ ~ N T ( ~ O ) ~  HETT 30 

COHHON/ INTEG/ IHNU r I H N O C  ( I L N G  t I S € C  t I V ’ J O  r I V N O C  t J  t J G A S  VJRC WHET? 40 
9 I N S T N  tIFLQdT t I T R A N  r I P N t H  tNRWSP tNRWSCP rNRWS rNRWSC H E T T  3 5  

9 IRENO ( I R E N O C  t I D T  V I R ?  HETT 45 
COMMON AI .AMLSEX ,AMOLNC .ANWNC ,a0  A S S  . A W  $ A X 1  .BNDIRM .CDOR HETT 50  

( 3 1 1  OELPVE r G B  t H F G  t H N 0  tWNOC t P M I X l  tPMXEXT r P S A T E X  r R A D I N S  VHETT 5 5  
t S O 1  t SDD t S F  r S G  tSHWINV r S T 8 A V E  t STBZES tSTFO 9STSAEX 9YB2 9 HETT 60 
t YNO 1 TNOC VTNOFR t T S A T E X  t V E L E X T  t V G  9 VLCMAX t V N O  rVNOC cWB 9 HETT 6 5  
t WNCC t W S E X I T  tXNC t SMTBIr S M T 3 2 t  SMWB, SUHQr S H T B I C t  S M T B Z C ,  H E T l  70 
t SMWBC, SUMQC HETT J 5  

I-IETV 8 5  INTEGER G A S 4 5 1  
DATA HEFF t lSESTt D;FLMv OkFCM12100 .  t ?OO. t 0.05t2.0/ HETT 90 
D A T A  R2rEZOK I 3.b17r3.996r3.838r97.0t190.Qt 140.75/ HETT 9 5  
K = O  HETG 100 
R C= UN C d I W S -s- W NC 9 HEVT 1 0 5  
TSA T= STSATt459.69  H E T T  110 
GMAX =BWS+kNCB / A X 0  HEPT 1 1 5  

AMOLSS = lpdS / 1 8 . 0 1 5  HEYT 1 2 5  
AMOLSC = WNC / AMWNC HFTY 1 3 0  
AiusOLT = AMOLSS AMOLSC H E T T  135  
AMWAV = (WS+WNC) / A W h T  HETT I40 

HETT 145 
RMWSC = 4.24446 * AH01 5 s  / AMOLT M E B T  1 5 0  
A V I S  I S M U F N f T S A T 1  * RMWSC + AMUFN(TSAYvJGAS)  * RMSINCl  / (RMWSC +HETT 1 5 5  

NETT 160 
HST@ = WFCFN(STS4T) H F T T  1 5 5  
BB=GB+3600.0 HETT 170 
STBAVE=t S T B I +  ? B 2  I / 2.8 HEYT 175 
DELFLH = D L F L N  HFTT 180 

HFTT 190 STWQ = STSAT - DELFLM - DLGFLM 
S T F O = f  S T S A  T+STWOI/2.0 HETT 1 9 5  
XNRE = SD0 * ( W S + W N C ) / ( A X O  * 3600. * 4 V I S I  HETG 7 0 0  
I F  (XNREmtE.1QO.I GO %C 38 HETT 2 0 5  
G O  TO (10,201rII HETT 2 1 0  

10 I F  ZIRENOaEQ.0) W R I T E ( 6 t 1 0 6 0 0 )  X N R E t L J t I R  HEBT 2 1 5  
IRENO = 1 I i F T T  2 7 0  
GO TO 30 H F T T  2 2 5  

2 0  I F  ( IRENOC.EQs01 W R I T E ( 6 r 1 0 7 0 0 1  X N R E t t J t I R  HEBT 230 
IRENOC = 1 H E Y T  2 3 5  

30 CONTINUE HETT 240 
COCRJ = E X P ( 0 . 5 3 8 8 3  1 0.544 * A L O G ( X N R E ) I  HETP 245 
I F  fWNCI.EQs0. I  GO TO 40 HETT 2 5 0  
PATW = PSbT 1 16.7 HETT 255 
PGB = P s a T  * IAMOLSC/~MOLSSI HETT 2 6 0  

HETT 2 6 5  TSATK = TSAT / 1.8 

9 E 2 0 K (  J G A S  1 *O. 1 0 .  rDG,DGGl I IETT 2 7 5  
C**** *  HETT 2 8 0  
C 0.258 CONVERTS C M Z / S  TO F T 2 I H R  AND 3600. CONVERTS VISCOSITY T O  HETT 2 8 5  
C CB/F-HR FRON L B / F - S .  0.258 * 3 6 0 0 .  = 9 2 8 , 8  WETT 290 
C******+ HETT 2 9 5  

DIMENSION R2(39 pE20K(31 HETT 80 

PSAT = PSATFNaTSATB HETT 1 2 0  

RMWNC = S Q R T ( A Y W N C )  * a m L s C  AMOLT 

1 RMUNC) 

DLGFLM = DGFLY HEPT 1 8 5  

C A L l  D F S V T Y (  TS4TKt  P ATP 918 a 0 1 5  9 AWdrlNCt 2.5551 R 2 I  JGAS 19363.9 HETT 2 7 0  
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I F  (K.GT.4.) UEST 8 . 5  * { U T E S T  + UESY’SVB 
STHO STSAT - (STSAT-STBAVEI  * UTEST / SHNF 
STCO = STSAT 
STFO = 6ST60  +STWOI  / 2. 
OGFLM = 0. 
D L c L M  = STCQ - STWO 
DELFLM = D L F L M  
K = K * l  
I F  (K.I.T.101 GO TO 40 
WPI TE (6i101809 UE S T S V ,  UTE ST 
GO TO 170 

110 CON’PBNUE 
S T C O  = S T S A T  - DLGFLM 

DTDP = 1 . / ( ( ( 6 6 5 2 . 5 6 2  + 2 r * 8 3 7 5 3 3 . 2  / T I  / T * * 2 )  4 E X P ( 1 4 . 1 5 0 1 2  - T = ( T S A T  4 STCO 4 459 .691  / 2.0 

t (6452 .562  837533.2 I T )  / T i )  
BONE = -1 . * fCJ  * HSTO / ALHTD + (PGB * DTDP/ALMTD + 1.1 / R F A C T I  
CONE = C J  * HSTO / ( A L H T D  * RFACT)  
UTEST ( - S Q R T I B O M E * * 2  ... 4e*CONE) - BONE! / 2. 
DENOM 1. - UTEST * RFACT 
If (DEN3H.GT.l.E-7) GO TO 120 
HEFF = 1 e O E 8  
GO TO 130 

120 HEFT = UTEST / DENOM 
13@ CONTINUE 

ROUT = 1. / HEFF 4 1. / SHNF 
T D I F  = S T S A T  - STBAVE 
I F  (TDIF.GTeO.1 GO TO 14@ 
I F  ( I BT. EQ.01  WRITE ( 6  t 10300) ST SATqSTBAVfr  LJq IR 
I B T  = 1 
T D I F  = .I 

OECTAU = T O l F  * U T E S T  
DGFLM = DELT4U / HEFF 
OLFLM = DELTAU / SHNF 
STCO STSAT - DGFLM 
STWO = S I C 0  - D L F L M  
STFCJ = ( S T C O  + STWOD / 2. 
XNU = SDO / (SKBO * ROUT) 

DELFLM -2 DLFCN 
DLGFLM = DGFLY 
UES’ISV = UFST 
UFST = U T E S T  
K = K + L  
I F  I K . G T . 4 l  UEST = 0 . 5  * (UTEST + UESTSV)  
I F  (K.LT.101 GO TO 40 
WRI TE ( 6.10 100 I 

140 CONTINUE 

I F  ( A B S (  UTEST-UESTI /UTESJ .LT .  . O I L )  GO TO 1 5 8  

UE ST S V v  UTE ST 
GO TO 178 

DELFLM = DLFL‘S 
OLGFLW = DGFLM 
K = K + L  

150 I F  ( A B S ( D E L F L M - 3 L F L H I  .LTs .O l I  GO TO 1 6 0  

I F  ( K m L T e 1 0 1  GO TO 40 
W Q I T E ( 6 ~ 1 0 2 0 9 )  D f L F L M t L J t  I R  

160 I F  (ABSI DLGFLU-PSFLMI .LTe e001 1 GO TI3 170 
DLGFLW = D G F L q  
K = K + 1  
I F  (K.LT.10)  G O  TO 40 
W R I T E ( b ~ 1 0 0 0 0 )  D L G F L ” i U E S T r U T E S T , L J r I R  

HETT 5 9 5  
H E T T  600 
H E T T  6 0 5  
HETT 610 
H E T T  615 
METT 620 
H E T T  6 2 5  
H E T T  630 
H E T T  635 

HETT 6 4 5  
HETT 650 
HETT 6 5 5  
H E T T  660 
HETV 6 6 5  
HFTT 5 7 @  
HETT 575 
HETT 680 
H E T T  685 
HETT 690 
H E T T  695 
METT 400 
HETT 705 
HETY 710 
H E T T  715 
H E T T  720 
H E T T  725 
H E T T  730 
HETT 7 3 5  
WEPT 740 
HETT 745 
H E Y T  750 
HETP 755 
HETT 760 
HETT 7 6 5  
HETT 770 

HETT 780 

WETT 790 
H E T T  795 
HETT 000 
WETT 805 
WETT 9 1 0  

METT 8 2 0  
HETT 8 2 5  
HETT 830 
HETT 835 
HETP 840 
WETT 845 
HETT 850 
HETT 8 5 5  
I-IETT 860 
HETT 865 
H E T T  870 
H E T T  5 7 5  
WETT 8 8 0  
HETT 805 
HETT 890 

HETr 640 

n n T  775 

H E n  7 8 5  

H E T r  81.5 
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170 VNF = U T E S T  HETT a 9 5  
VPSHH = 662 H E T T  900 
XHEFF = H E W  HETT 905 
ROUT 1. l ROUT HETT 9 1 0  

180 RETLRN HETT 9 1 5  
1ODOO FORMATILHBy8 NO CONVERGENCE E N  F I L M  TEMPERATURES'"  ' D L G F L M + ' t  HETT 5920 

9 E 1 2 . 5 ~ ~  UEST = ' r E 1 2 * 5 p R  UTEST ='tE12.56* SECTOR = ' 9  159 HETT 925 
HETT 930 o * ROW a m  9151 

HETT 940 u E12.5! 
lOP00 F O R M A T ~ I H O I ~  NO CONVERGENCE I N  OELFLM, DELfLMS'q €12.59 HETT 9 4 5  

r SECTOR=" r P S r *  RQW='115) HETT 950 
10300 F D I M A V I  PM0 H E T T  9 5 5  

, q s n a w  = * p ~ 1 2 . 5 r ~  SECTL)R* p ~ 3 r a  R O W ~ ~ X ~ I  H E T T  965 

10100 F O R M A T ( l H t 3 r '  NO CONVERGENCE I N  UESY,  UEST * 'eF12.5,' UTEST = '(r HETT 935 

q e S A T  STEAM TEMP L E S S  THAN AVG 0HIiUE TEMPI STSAT = ' r E 1 2 . 5 9  HETT 960 

10400 FORMAViBH0o"EEBTHER XNLET OR OUTLET DELTA T IS N E G o ,  INLET = ' *  HFTT 970 
T EP3.br'  O l l T L f T  = " 9 E P 3 0 b r 4  S f C T U R ' r 1 3 9 '  R D W ' r 2 1 3 1  HETT 9 7 5  

10500 FWIYATf1H6ve  INLET/DUTLET DELTA T R A f l O  IS NEAR 1.0. STSAT= ' *  HETT 980 
q F P 3 * 6 v 8  S T B 1 ~ ' 9 , E 1 3 , 6 * '  T B t = ' t E 1 3 . 6 9 '  SECTOR@,I3, ' R O W " ~ r P I 5 )  H E T T  9 8 5  

10400 FORMAT1lHO~aRREYYOLDS NUHBFR I N  CONDENSER ON SHELL SIDE HAS FALLEN H E T T  990 
sBELOW PO@* RFNC) = * , E P 5 e 6 r a  SECTOR'rl5r' ROW ' $ 1 5 )  HFTT 995 

10700 F0QMAT(1HO,*REYNOlDS NUMBER I N  C ( 3 0 L E R  ON SHELL SIDE HAS F A L L E N  H E T T l O O O  
tRELDW lOQe RFYQ = ' r E 1 5 . 6 $ *  SEtTOR'v r l5 , '  ROH '*I51 HETT 1005 

18800 FQRMAT(PH0,'  RUN T E R M I N A T I N G  I N  CONDENSER. SHMK =',E'L3.69 HETT 1010 
9 'DELF1.Y = ' r E 1 3 e b r '  SECTOR '9I5r' ROW " , , I S )  I-I E T I  10 I 5 

10900 F O R H A T ( 1 i i O ~ '  R U N  T E R M I N A T I N G  I N  COOLER SHMK =' 9 E b 3 e t r  HETT1020  
9 'DELFLM = ' * E 1 3 s 6 t q  ROW 2 " s 1 5 1  H ET? 102 5 

END HETT1030  
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l e 9 0 8  F O R M A T f B F %  9.31 I N P U  5 9 5  
11000 F U R M A T t l H P  ,&ax,  2 9 H t l R C U L A R  CONDENSER I N P U T  DATA 1 I N P U  600 
11100 F O R M A T k L t 4 O t '  CARD 2 ANT P R C C L R  SDD SDDMIN OD I N P U  605 

,F8.21218 3 I N P U  6 1 5  
1 1 2 0 0  FORMAT(1WOT' C A R D  4 G A S  SECFLG HFCOFC RADFLG BAFFLE F D A I N P U  620 

,VE E X I T F R  OUTPUT 'INSTM I V R A N  I F L O A T  I Q N C H ' /  I N P U  625 
t l H  , 11x1 S A  1, 1F8.2 41 8 1 I N P U  630 

113900 FORHATI lWO, '  CARD 3 WB1 V E L R I  C B I  S T B I  FOIJINPU 635 
,L ENH 1'IJ.H v 7 X  * F l @ e O i F L 0 . 3  tF18.5 F10.49 F 10.51 F16.3) I N P U  640 

11600 FOWMATIlMOv' CARD 5 GBSI WlYCI S T S A T l  ALST ENHINPU 6 4 5  
r O  E N H F ' I l H  c 6 X  qFPQ.0,FLO.Z qF10.3, F l O . 3 r F  10.31 F l O . 3 )  I N P U  650  

11600 FORMAT(BH1*  35HCASE XDENTIFHCATIUN AND NOTES *e** l 9 A 4 v  A 3 1  I N P U  440 
11700 F @ 2 M A T f l H O t  22HGEOMETRY S P E C I F I C A T I O N  9 9 x 1  I N P U  465 

9 2OHTUB1NG S P E C I F I C A T I O N  125x1 I N P U  6 7 0  
9 33WFLOH AND PROPERTIES S C E C l F P C A T I O N  1 I N P U  6 7 5  

1 F19.49 TBOv'STEAM FLOW, hBS/HRP*F2PmOb 1 X t T 3  * I N P U  685 

* XW SKU NRWS NRW§CP/PH r F l b . O , F P B . 2 r 4 F 1 0 . 4 e  I N P U  610 

11500 F O R M ~ T ~ ~ H B ~ T ~ L I ' I N E R ~  GAS NOT S P E C I F I E D  -- PROGRAM ASSUMES AIR') I N P U  655 

1 1 8 0 0  F D R H A T ! " O ' , ? 3 ~ @ N O *  OF TURES' ,F17*2a T 3 6 1 ' 0 U V S I D E  DHAHes IMCHES', I N P U  6 8 0  

v 'PCT.  TUBES I N  C0011ERa.F9.2s T36 , ' dACL THICKNESS, INCHE$',FL8.4q I N P U  690 
1 T B O ,  'COOLANT FL3W9 LBS/HR.',F19.0! l X q T 3  $ 'LENGTH OF TUBES, F T m ' t I N P U  695 
t F 9 . 2 ,  T 3 5 r  'WALL COND.rBTUIHP/SQ.F/DEG.F."F11.4,  T B O t  I N P U  700 

' C 0 0 1 4 N T  VELOCITY , FT/SEC.'TFPS.LJ 1 x 9  T 3  * ' S / D *  CONDENSER ' r F 1 5 . 3 . I N P V  7 0 5  
T 3 6 r ' F B U l I N G  F A C T O R s 9 F 2 6 m 4 e  T 8 O , * S T E A M  TEMP. ,  DES. F. ' rF20.2 /  I N P U  710 

1 X v Y 3  t'S/D CDOLER'*F19.3 ,  T36,'TIBBE FLOOD FBCTOR(FDAVE9°,F16.4, I N P U  715  
9 T809 'CDOLANT TEMP. DEGo f.' , F l R m 2 )  I N P U  720 

11900 FOTMAT(  * ' r T 3  * 'BUNDLE R A Q I U S  F A C T I ) R R r F 9 . 2 r  T36, I N P U  725 
9 'ENHANCEMENT FACYORS'r Y % B v a W T .  FItAC. OF NAfL  I N  C00LANT ' ,F12 .5 /  I N P U  730 
9 1 X q T 3  , 'SECTOR HODFL'rF17.2, T ~ ~ T * I N S I D E  FILM'rF27.4, T80r I N P U  735 
9 * E X I T  STEAM FRA~TYONIQCT. OF I N P U T s v F 7 . 2 /  l X q T 3  * 'BAFFLE FLAG' ,  I N P U  74-0 

F18.2, T38 , 'OUVSIDE F I L M q * F 2 6 . 4 9  Y 9 D q  I N P U  745 
9 'NOM-CDMDENSIBLE FLOW, L R / H R . *  ,F1%*2 /  l X 1 T 3 1  * S Y M .  F L A G ' r F 2 0 . 2 ,  I N P U  9 5 0  
9 T 3 8 r  ' F Q I t T I O N  FACTDR'1f23.41 I N P U  7 5 5  

END I N P U  760 



107 



108 

30 CONTINUE 
OTCNPlzl = ( A V T B Z  - A W T B I )  / A L O G ( ( S T S A T 1  - A V J B I l  / ( S T S A T L  - 
UPCON0 = QTCOND / (ARCCND * DTCNDZ) 

A V T R I C  = SMTBTC / SMWBC 
AVTBZC = SNTB2C / SMWBC 
AREC)OL=4 O*TNOC 
WCNOCT=WSC ( l ) - l b S C (  I V N U C + l I  
QTC001. = SUMQC 
O T C O L 2  = (AVTBZC - A V T E I C )  / ALOG((STSAEX - A V T B I C )  / ( S T S A F X  - 

* A V T B T 9 )  

IF (PRCCLR.EQ.O,O) GO Ta 40 

i h V T B 2 C l l  
UPCOOL =. PTCOOL / IARCOOL * DTCOLZ I 
DLTOT'2 = ( A V T B Z T  - h V T B I T I /  A L O G ( ( S l " S A T L  - A V T B I T )  / ( S T S A T 1  - 

9 A V T R 2 T I I  
UPAVG = (PTCOND 4 QTCOOL) / ( A 0  4 ANT * D L T O T Z )  

VNOC = F L B A T ( I V N 0 C )  
UDARW = 0.0 
UB4RWC O s 0  
VPSHW = 0.0 
VPSHWC = 0.0 
V F L 3  = 0 . 0  
DO 60 J-liISEC 

40 CONTINUE 

DO 50 I = l * I H N U  

V E L 3  = V E L 3  * V E L ( 1 H N O o J )  
5 0  URAWW UBARW + UN(1.J )  * T B N P R ( 1 )  * (1.8 4 N F C D F L )  

60 CONTINUE 
UBARU = UBARW/TNO 
V F L 3  = VEL3 / S E C F L G  
I F  (PRCCLR.EQ.O.0) GO TO 80 

7 0  UEARWC = UBARWC 4 UNC( I )  
D@ 70 I = L * I V N O C  

UPAR'AC = UB4RWC/VNOC 
ADTCLR = QTCOOL/ (UBARWC*ARCOOL 1 

UAVG!J - [UBARWWNO + UBARWC*TNOC)/ ANT 
ADTCNO = QTCONI?/( URARW*AO*TNQ1 
ADTlJA = (QTCOOL+QTCONDI / (UAVGW*bNT*AO) 

80 CONTINUE 

C REGULAR OUTPUT PKS 
T N D W  TNQC/(TNOC+TNO)*100.  
T O R O P l  = S T S b l ( L i 1 )  - STSAEX 
TtiOFW x TNO?(TND + TNOC) *100.0 
V O T D I D  = 2 .0*PPDINS 
HN9 = FLOAT(IWNO9 
I F  IPRCCLR.EQeO.01 GO TO 90 
TnROPZ = S TSATC ( 1  I - STSATC( I V N O C + l l  
D E h P 0 4  = P M I X L  - P M I X C ( I V N O C + l )  
TDRflP3 = S T S A T I  - S T S A T C ( I V N U C + I )  
HBNDC = 0. 866*VU@C*SDDMIN*SOO + SDO 
WBYQC = HNOC*SDDHIN*SDO * S O 0  
EXSTFR W S C ( I V N O C + l I / W S I  * 100.0 
FXhJCFKz WNC I / ( WNC I +WSC ( I VNOC+ 1 *LOO. 0 

90 C O N l I N U E  
IF fPRCCLR.GT.O.0) GO TO 100 
E X S T F R  = W S E X I T  / !-IS1 * 100. 
DFLPOA PMIX1 - PMXEXT 
TDROP3 = S T S A T I  - S T S A E X  

EXNSFR = WNCI / ( W N C I  + W S E X I T )  * 100. 

100 CONTINUE 

OUTP 3 0 5  
OUTP 310 
DUTP 315 
OUTP 3 2 0  
DUTP 3 2 5  
OUTP 3 3 0  
DUTP 3 3 5  
OUTP 340 
OUTP 3 4 5  
OUTP 3 5 0  
OUTP 3 5 5  
OUTP 360 
OWTP 3 6 5  
OUTP 370 
OUTP 3 7 5  
OUTP 380 
OUTP 3 8 5  
DUTP 390 
OUTP 395  
OUTP 400 
OUTP 4 0 5  
DUTP 410 

OUTP 4 2 0  
OUTP 4 2 5  
9 U T P  430 
3 U T P  4 3 5  
OUTP 4 4 0  
DUTP 4 4 5  
OCPTP 4 5 0  
DUTP 455 
3UTP 460 
OUTP 465 
OUTP 4 7 0  
DUY? 4 7 5  
OUTP 4 0 0  
OUTP 4 8 5  
ClUTP 490 
UUTP 495 
DUTP 5 0 0  
OUPP 5 0 5  
OUTP 5 1 0  
OUTP 5 1 5  
OUT" 520 
OUTP 5 2 5  
DUTP 530  
ClUTP 5 3 5  
DlJTP 540  
DUTP 545 
3UTP 550  
OUTP 5 5 5  
OUTP 560 
OUTP 5 5 5  
OUTP 5 7 0  
OUTP 5 7 5  
OUT? 5 8 0  
OUTP 5 8 5  
3 U T P  5 9 0  
OUTP 5 9 5  
OUTP 600 

n u T P  4 1 5  
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1 IO 

DO 170 J = l r I S f C  OUTP 9 0 5  
D@ 160 I=L , IMNO DUTP 910 

160 V P S H I ( I r J 1  VPSHH(1 ,J )  OUTP 9 1 5  
170 CONTINUE DUTP 920 

DO 1 8 0  I - l v I V N O C  DUTP 9 2 5  
1 8 0  V P S H I C ( 1 )  = WPSHHCtIO OUPP 930 

I F  (IPNZH.EQ.0) GO TO 2 0 0  OUTP 9 3 5  
00 190 J = l * I S E C  DUTP 940 

190 U R I T E  f 7 9 119w) ( VPSWM ( I 9 J) 1 ~ 1 9  I H N O )  OUTP 945 
WRITE (7,11900) (VPSHWC [ I  I v I=1v  IVNISC) OUTP 9 5 0  

2 0 0  CONTINUE OUTP 9 5 5  
RETURN OUTP 960 

10100 FORMAT( '  1'  r 1 9 A 4 o A 3 )  OUTP 970 
1 0 2 0 0  FORMWT(LHO*52X, 18HSUIWl#,ARY OF RESULTS /1H r l l X q  74HAREA AVERAGE BDUTP 975 

VACK CALL,  768x1 lBHHEAT HEAT TWF. / 1 H  9 1 6 x 1  2 w u T 8 x 1  8HLOG MEANOUTP 980 
9 4 x 9  33HPRESSURE TEMP. STEAM V E L O C I T Y  9 47H TWBE BWTP 9 8 5  

r SPACI  NG TUBE F R S C T I O N  REMOVED, SURFACE, OUTP 990 
* / 1 2 X ,  56HBTU/HR/SQmFT. D E L T A  TEMP, DROP DUTP 9 9 5  
9 DROP F T / § E C  9 8 x 1  6HRATIO,  20x1 7HM!LL!ON / 1 4 X *  5 8 H / D E G O U T P 1 0 0 0  
*. f .  Dt5G.F. L B S / S Q e I N .  0EG.F. INLET JUTLET 9 BUTP 1005 
t 6 x 9  4 1 H S / D  PERCENT RTU/HR S Q z F T .  1 OUTP 1 0 1  8 

10300 FORMQ.T( LHO, l lWCONDENSER 9 F8.216X9F8.4q 5 K 9  F7.693Xq F7.49 ~ X , F ~ . ~ I D U T P ~ O L  5 
t 5 X  9 F8 29 SX 3 JUTP 1 0 2 0  

DUTP 107 5 
0 UTP 1030 

2 X 7 F 6 2  2 * 7 X 9 F 5 3 9 6 X  9 F 6 s  2 q SX 9 F9.4, F 9  2 
F 8.49 5 x 1  F7.493X 9 F 7.4 9 1 X  9 Fhe  2 t 2 x 9  F 6 e  2 9 

/ 1x1 
7x1  FS 3 r  6X , F6.2q7X t F8 .41  

6HCOOL ER 
7 , F9 2/ 1 X  9 7HOVF W AL h 9 4 X  9 F 8 2 9 6 X 9 F8 4 p 5 X  9 F 7  s 4 9 3X v F 7 G 9 45X F 9 4 9 

t F9.2 I G UTP 103 5 
10400 FQRMAT(1HOp 25MOUTSIDE BUNDLE D I A M .  , FT. , F 6 . 2 9 4 X v  OUTP 1Q4Q 

9 2 2 H I N S f D E  VOID D1WM.r FTe 9 F 4 . 2 r 4 X 9  O U V 1 0 4 5  
t 26HNUM3ER OF R A D I A L  TUBE WOWS 9 F4.0 1 DUTP 1050 

10500 FORMWTI lHO, 18HLBOLER HEIGHT, FT. ,F6.2,5X, l7HCODLER WIDTH, FT. T 3 U T P 1 0 5 5  
FB.2,5X, 18NBUNDLE LENGTH9 FT. ?F7.3/1H0, OUTP 1 0 6 Q  
2 R H E X i T  S T E A M 9  PERCENT OF I N P U T  95X9F6 .219Xq  DUTP 106 5 , 4 9 ~ ~ x 1 ~  NON-CONDENSIBLES, PERCENT OF TOTAL EXIT F e w  r 5 ~ ,  ~6.2 O U T P ~ O ~ O  

10600 F O R M A T (  '0' 1T16, 'AVC. B R I N E  TEfr lPS' rY70,  'FLOWSg / '  ' T 1 5 ,  O U T P 1 0 7 5  
t 'E NTRBNCF E X I T '  9 T 7 Q 9 ' L R S / H R n )  O U T P  1 0 8 0  

10700 FPRMWT( '0 '  ,T2,'COND€NSER' 2F12.4,752, 'STEAM TO CONDENSER', F17.O / 3UTP1085 , ' ' ,T2,'COOhFR ' 2F12 .4 rT52 , 'COOLANT T O  RUNDLE',FP8.0 / ' ' 9 OUTP1090 , T 2 9 ' 0 V E R A L L  ' 2 F P 2 ~ 4 ~ T 5 2 , ' C O O L A N T  V E L O C I T V ' T F ~ ~ . . ~ ~ '  F/S' /' ' t  O U T P 1 0 9 5  
9 T 5 2 ,  'C3NDENSATE FROM tONDENSERe*F IO.O / *  ' ,T52s  OUTP 11 00 , 'CONDENSATE mow COOLER' , F L ~ . O I  0 UTP 11 0 5 

9 ' O L T O T Z  ' 1 '  UPAVG ' 9  / '  ' 9  6 F 1 8 . 4 )  O U T P 1 1 1 5  
10900 F t X N A T ( l H l *  7 X p  6H RENOS, 5 X r 9 H H E A T  F L U X t b X c  6H SF 9 7x1 OUTP 11 2 0 

T 6XtBHCUM DELP) DWTP 11 3 0  
1 1 0 0 0  F O R M A T I l H  r I 3 , 1 P 9 E 1 3 . 4 )  OVTP 11 3 5 
l l 1 0 0  FORMAT(iHO1 8x9 6HRENOSC. 5X99HMEAT FLUXv6X,  SH S f C  t 7x1  BUVP 1141) 

9 6HGFCOWC 9 7Xv6Y T B 1  t 7 X 9 6 H  T B 2  9 7Xp6HHEFFC t 7X,5HTBNPRs O U T P 1 1 4 5  
9 6X98HCUN DELP)  O U V P 1 1 5 0  

1 1 2 0 0  FORMAT(1H , 1 3 , 1 P 9 f 1 3 . 4 )  3UTP 1155 

1 0 8 0 0  FORHATIPHO, ' DTCND2 ' 9 '  UPCDND 'I' DTCCLZ ' q '  UPCOOL ' t  O U T P l l l O  

, 6 M  GFLON p 7X 9 6 4  T B 1  , 7X961-1 TB2  9 7 X q 6 H  H E F F  9 7Xv5HTBNP4,  O U T P 1 1 2 5  

11300 FORWAT(1H 
11400 F O R M A T (  PH 

I 3  , F 1 1  0,F 12.0 9 F  l G e 4 , F 1 3 s 3 , 2 F L 3 . 2 1 1 P E 1 5  5 r O P F 3 . 2 ,  F 13 -4)OUTP 1160 
OUTP 1165 9 I 3 9 F 1 0 . 2  * ?  12.4 * F  13.1 , F L 2 . 1 ,  F 1 4 . 4 ~  612.09 F 1 5  -01 F12.01 

, FB4.O) DUTP1170  
1 1 5 0 0  F O R W A T ( ~ H L I ~ ~ A ~ * A ~ , L ~ H  COOLER SECTION 1 OUTP 11 7 5 

9 1 O X  134UNC q 1 O X  r5HSHNFCv 8 X  ,4HSHTC* 5 x 9  7 H l / R O l J T C  1 O U T 0 1 1 8 5  

9 O U T P 1 1 9 5  
1 1 8 0 0  F O R M A T ~ P H L I ~ ~ A ~ ~ A ~ ~ '  J = '912) DUTP 1200 
1 13 00 FOR MAT i 8 F 1 0 6 1 OUTP 1 2 0 5  
12000 FORMAT( 1 H  , 3 X ,  l P 3 E  13.4) OUVP 12 'I 0 
12100 FORMATI 1 H  p3X,Fl0.2 r F 1 2 . 4 9 F  1 3 . 1 1  U U T P 1 2 1 5  

END C(UTP1220 

1 1600 FOR M A  T I 1 4 0 98 X 9 6.1 S T SATC 9 7 X I 5HP M H X C  8 X 3 HAS C t 1OX 9 4HV EL C 9 9 X 9 3HR CC 9 3 UTP 11 80 

11700 F O R H A T f l n Q i B X , 5 H S T S A T ,  8 X 9 4 W P M I  X ,  9K,2HMS, L L X r 3 H U E L v l O X ~ 2 H R C ~  11x1 O U T P 1 1 9 0  
?HUN v 11 X I  4HSHhF 9 9 x 1  3HSW I 9 9 X  9 6 r ( l / R O U T  1 



1 1 1  

StBWROUTI NE SECALC I AMOLSS AMOCST r D E C P 1 2 t D E L P 2 3 r S V Y  I X  1qNERR SECA 0 
C O M M O N / I N P f /  A L S T  ,ANT ,BAFFLE rHFtDFLt C B I  t E X I T F R  ,FOUL ,GAS v SECA 5 

9 OD t OUTPUT r P R t C L R  r R A O F L G  r S D D  VSDDMIN i SECFLG ,SKU , S T B I  v SECA 10 
I STSATL V V E L B I  t V S F L G  *UNCI VUSI  rXW r V P S H I ( X 0 0 , 6 ) ,  V P S H I C I 1 0 0 )  sSECA 1 5  
9 FDAVE r E N W I  (ENHO qENHF tWB1 r S T R I P 1 A N T P r V E L B I P , A O J F t  I D E N T t  2Ofr SECA 20  

COMMON/INTEG/IHNO q I H N O C  r I L N G  , ISEI;  t I V N O  t I V M O C  *J  r J G A S  t J R C  vSECA 30 
T I R E N O  r I R E N O C  r I D T  r I B T  SECA 75 

COMMON A I  rAMLSEX ,AMOLNC iAHWNC * A 0  9 A S S  ,AW 1 4 x 1  t B N D f A M  rCOOR SECA 40 
t ( 3 ) 7  D E L P V E  v G 8  ,HfG rHNO rHNOC 9 P M I X L  9PMXEXT t P S A T E X  r R A D I N S  r S E C 4  45 
t S D I  F S O 0  tSF r S G  rSHWINV 9 5 T B A V t  * S f B 2 E S  P S T F O  (STSAEX 9 T B 2  t SECA SO 
t TNO t TNOC (TNUFR VTSATEX t V E L E X T  ,VC t VLCMAX (VNO i V N O C  i W B  9 SECA 55  
t WNCC ,WSEXIT nXNC Q SMTBIv SHfi32, SHWB, SUMP, SMTBIC. SMTf32C. SECA 60 
9 SMWBC, SUMQC SECA 6 5  
CQHMON/DIM6/  C f 6 l r D E L P  ( 6 ) r W G A S  (t.)vWP ( 6 1  g W S P ( 6 1  SECA 70 

, I N S T M  , I F L O A T  . I T R A N  i l P N C H  VNRWSP rNRWSCP VNRWS YNPWSC SECA 2 5  

C O M M O N / D I # 1 / A L M T D C ~ l O ~ )  q GFLOWC(1001,PMIXC f I O O l r P S A T C  ( 1 0 0 1 r R C C  SECA 7 5  
9 e l O O ) ,  S H I C  (100) tSHNFC IlOO),STSATC(lGOlr UFK ( 1 0 0 1 v V E L C  (1001r SECA 8 0  
e VNREC (100leVPSHC (lbOlr V P S H H C ( l O 0 t r H C N D C  ( 1 0 0 8 r W S C  (1001, SECA 8 5  
9 H E F F C ( 1 0 0 B  ~ R O U T C ~ 1 0 0 1  t P O A C 1 l O O $  t CLJMDPt(1001 SECA 90 

C C M M O N / D I M l b /  A L Y T D  ( 1 % O i 6 )  T ANF (lDQ*6)r GFLOW 1 1 Q 0 , 6 1 v P M I X  SECA 95 

P 1 1 0 0 ~ 6 )  rWN (100t61r VEL I lO0,6! ,VNRE 110016) r V P S H  ( 1 0 0 * 6 ) i  SECA 1 8 5  
t (1OOe6)r PSAT 1 1 0 0 ~ 6 ) t  RC (100,61qSHf (100t61, SHN ( 1 O O t 6 # , S T S A T  SECh 100  

9 VPSHH ( 1 0 0 ~ 6 l r W C N D  (1(3@,63, WS (18016) 1 H E F f ( l B 0 ~ 6 )  T R U U T ( 1 0 0 e  SECA 110 
i 6 )  , 4 0 A ( l 0 0 ~ 6 )  r C U M O P ~ 1 0 0 ~ 6 1  ,AOfFLW (100Jr R A D I U S  llOOlr TBNPR SECA 1 1 5  
9 ( L O O )  SECA 120 

INTEGER G A S t C j l  SECA 1 2 5  

SSAVE = WSI/12.0 SECA 135 
I S T  = 0 SECA 140 

C FOR THE F I R S T  PASS THROUGH THE CONDENSER 9 t J = l l  SECA 1 4 5  

ccccrc  SECA 1 5 5  
r I---TUBE ROWS, 1 TO INN0 S E C A  160 

PASS NO 1 1 TQ 6 S E C A  I65 t J-.- 

I P L  OOP =D S€CA 170 
I 1  = 1 SECA 1 7 5  

10  CDNTINUE SECA 1 8 0  
SMTRI = 0.0 SECb 185 
5nw13 = 0.0 SEC& 190 
SWTB2 = 0.0 SECA 195 
SUMQ = 0.0 SECA 200 
DO 230 J = l * I S E C  SECA 2 0 5  

t !€LPtJ I  = 0. SECA 210 
I ’MIXlIeJ)  = P M I X l  - D E L P l 2  - OECP23 SECA 215 
P SAT(  1 J 1 =PMI X i 1 J I *(: AMULS S / AMOLST 1 SECA 220 
P A L  =P S A f I 1 9 J 1 SECA 2 2 s  
TAL = T S A T F N t P A L I  SECA 230 

SECA 2 3 5  S T S A T f l r J )  = T A L  - 459.69 
VG=VGFN ?TALI  P M I  X {  1 i J) I SECA 2 4 0  

SECA 2 4 5  
VMIXs.1 O / I  ( &MOL S S / {  VG*AMOLST 1 I + (  AMOLNC/ .( YNC*AMOLST 1 ! SECA 250 
V E L  f l r  J 1  = f WS 4 l . J )  + WGAS I J )  t * V M I X  / ( 3 6 0 0 - 0 *  S E C A  2 5 5  

q A O T F L W I l l l  SECA 2 6 0  
IF ( W N C I )  20920r30 SECA 2 6 %  

20 W G A S ( J I  = 0.0 SECb 270 
30 WNC = W G A S t J )  SECA 275  

AMOtSC=WNC/bMUNC SECA 280 
T B 2  = Sf0ZfS SECA 2 8 5  
TROW = 0 SECA 290 
A S S  = 0.0 SECA 2 9 5  

WSAVE = ( H N C I  +- WSl1 /12 .O S E C A  130 

C SET UP F’JR C A L C U L A T I O N  THRU CONOENSER USE DOUBLE S U B S C R I P T S ?  ( I r J l S E C A  1150 

VMC=(10.729 * T A L )  / fAMWNC * P M I X ( 1 r J t )  



"* c 

DO 2 1  01 L = l  p IHNO SECA 300  
I = I L  SECA 305 

SECA 318 I J X  = 0 
LQ=O SECA 315 
A X 0  = A O T F L W t I I  SECA 320 
L = J  SECA 325 
S T B I  = VPSHI 4 I rJ)  SECA 330 
I' (STBI .LT.STBIPI  S T B I  = S T B I P  SECA 3 3 5  

t JI SHX(IrJ1,SHN(ItJ)~RC(Ir.l)tROUT(ItJI , A X 0 9  V N R E ( 1 t J ) r  SECA 345 
t I U M M V  t V P S H H I I t J I r W E F F ( I t J ) , L t I I I )  SECA 350 

IF (ASS.NE.0.) GO T O  190 SECA 3 5 5  
HFG=HFGFNISTSAT t i  T J I  1 SECA 360 
WENO (1 r J I  r U N (  I[ J)*AO*ALMTD( I ,  J I / H F G  * TBNPR I I )  SECA 365  
CALL PRSDRP(TAL n V M I X t W S ( I , J ) , H N C t A X O I S D O 1 V P S H (  I t J I t  DELPTP SECA 3 7 0  

t r E N H F )  SECB 375 
JX=O SECA 380 

40 W S f  I + l r J ) =  WS t I 9 JI-WCNDt I t J )  SECA 3 8 5  
SECA 390 G F L O W ( I t J I  = f W S ( I t J ) + W N C ) /  AUO 

I F  (I .GT.11 G O  TO 5 0  SECA 395 
SECA 400 I F  ( W S ( I + l , J ) )  60,60990 

C IF I R O W . E Q . 1  PRGRM IS FORCING A DECREASING COND. RATE SECA 4 0 5  
5 0  I F  ( IROW.EQ.1) GO TO 60 SECA 410 

C I F  PREVIOUS CONP. RATE PREDICTS STEAM FLDW WILL GO NEG. AFTER THE SECA 4 1 5  
C YEXT ROW, SET CONDENSATE TO ONE-HALF OF STEAM FL3We SECA 420 

I F  ( WS ( 1-1 t J1-2eO*WCND( 1 - 1 9  J)  1 609 60.90 SECA 425 

14ow = 1 SFCA 435 
70 CONT I NUF SECA 440 

WS ( I + 1 9 J ) =  H S 4 I T J I-WCND ( I t J 1 SECA 4 4 5  
AHOLS = W S ( I + l t J )  / 1 8 . 0 1 5  SECA 4 5 0  
P Y I X  I + I ,  J ! = P M I  X (  I t  J I - D E L P T P  SECA 455 
P S A V l l + l r J ) = P M I X ( I + l e J ) * A M O e S  t (AHOLS + W V C  / AMWNC) S E C 4  460 
TSAT = TSATFN(PSAT(  I + l r J 1  1 S E C A  465 
S T S A T ( I + L t J I  = TSAT - 459.69 S E f A  470 
I F  ( S T S A T ( I * 1 , J I " L E " S T B I )  GO T O  80 SECA 435 
A L Y T D ( I , J )  = W C N D ( 1 t J I  + H F G / ( I J N [ I t J I * A O  * TBNPR ( 1 1  1 S E C A  
G3 T O  1 8 0  sECa 4 8 5  

CALL HETT'IN( STSAT( I t  J)  9 A N F f I  9 I )  .US ( I  r J  I tWNCtUN( I t  J )  9 ALirlTD( I tSECA 340 

6 0  W C N D ~ I I J I  W S ( I r J 1  / 1.  sEra 430 

SECA 490 
I J X  = I J X  + 1 SECA 4 9 5  
IF I I J X . L T . 3 )  GO fQ 70 SECA 500 
IF ( I S T . F Q . 0 )  U R I T E ~ b r 1 0 3 0 0 1  S T S A T ( I + l r  JI t1L.J  SECA 505 
I S T  = 1 SECA 5 1 0  
GO T O  190 S E C A  5 1 5  

90 AMOLS = W S I I + l r J I  / 18.015 SECA 5 2 0  
P M I  X t 1 4 1  9 J) = P H I  X (I 9 JI-OECPTP SECA 525 
P S A T ( I + h , J ) = P M I X ( I + 1 , J ) + A M O L S  / (AMOLS + WVC / AHWNC) S E C A  530 
P A C = P S R T ( I + l ,  J I  SECA 5 3 5  
I F  ( P A L )  1 O O ~ l O O ~ l l O  SECA 540 

100 WRI T E ( 6 9 1 0 0 O O  I I T J ~  P H I X l  I +I t J )  t W S (  I + l r  J 1 S E C B  545 
GO TO 190 SECA 550 

110 TSAT = TSATFN(PAL)  SECA 555 
S T S A T ( I + l t J )  = TSAT - 459.69 s m  540 
I F  ( S T S A T f I * l r J I - S T F O I  1 2 0 t 1 2 I ) , 1 3 0  SECB 565 

1 2 0  S T S h T L I + l t J )  = STFO SECA 570 
TSAT = S T S A T ( S + P t J I  + 459.59 SECA 5 7 5  

130 CONTINUE SECA 580 
W : N D P = I U N I I t J I * Q C * A e M T D ( I 1 J I  * TBNPR ( 1 )  - ( W S ( I 9 J )  * SECA 3 8 5  

t T P S F N ( T S A T )  / 18.015 * WNC 4 CPAFN(TSATtJGAS!  / AMWNC I 8 SECA 590 
t ( T 4 C  - T S A T ) %  / HFG SECA 5 9 5  

80 W C N D ( 1 t J )  = 0.0 
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114 

DELPVE = (WSAVE*SECFLG)**E / CONSN*+Z 
DELPVE = (DELPVF 9. DLPYESI  / 2.Q 
DNAX ABS(DELQVE - DELP(J.1) 
J M A X  = 1 
DO 290 5 = 2  c f  SEC 

DHOLD = ABSIDELPVE - D E L P I J I )  
I F  (DH0LD.LE.DMb.X) GO YO 2 9 0  

J M A X  = J 
290 CONTINUE 

WSPT = 0.0 
WPT=O.O 

D H L ~ X  = D w L o  

DO 310 J = L , I S E C  
WPtJI = C ( J I  * SQRTIDELPVEI  
W S P ( J I = W P ( J ) * W S I  /(WNCI+WSI t 
I F  (J.EQ.JMAX9 G O  TO 310 
F A C  = W S P ( J )  - M S ( 1 1 J )  
AFAC = ABS(FAC) 
I F  (AFAC.LT.1.E-31 GO TO 300 
CHGSC = 0.5 * W S ( l q J ) * * 0 . 2 6  
I F  (IPLOOP.GT.3! CHGSC = CHGSC/ fPLJOP * 2.0 
W S P ( J I  = W S ( l 1 t J J  4 FAC/AFAC * S Q R T t A F A C I  + CWGSC 

WSPT = WSPT 4 WSPl IJ l  
W G A S I I J I  = W S P ( J I  * WNCFR 
WPtJB = W S P t J I  4 WGAS(J) 
WPT = WPT * W P I I S I  

300 CONTINUE 

310 CONTINUE 
WSP t JMAXI = SSbVE*SECFLG - WSPT 
WSPT = # S ? T  4 W S P ( J M A # )  
WGASfJMAX) = WSP(JMAX1 * WNCFR 
WPIJMAXI  = W S P t J H A X I  + WGAS(JMAXI 
WPT = WPT * WPfJMAX)  
IPLOOP=SPLflOP 4. 1 
KK = 1 
DO 340  J=1 e 1  SEC 

I F  (RAFFLE.EQ.O.0) GO TO 340 
C T H I S  PACKAGE T R I E S  T O  KEEP ORDERED FLnA Q U A N T I T I E S  T O  SECTORS. 
C I F  THE RUNDLE IS BAFFLED THE ODD-NUYB5RED SECTORS SHOULD H A V E  
C MORE FLOW BECAUSE THERE ARE FEWER TUBES ABOVE THE AVERAGE FLOW 
C PATH AND THEREFORE LESS CCNOENSATE R A I N  TO OBSTRUCT FLOW. 

I F  ( K K . E Q . 2 I  G O  TO 320 
KK = KK + 1 
I F  I W S P ( J ) . G 5 . W S P ( J + l ) l  GO T O  330 
SWTC.4 = W S P ( J + 1 )  
WSP(J+-PI  = W S P ( . J I  
W S P I J I  = SWTC-1 
SWTC-1 = WGAS(J+11 
WGASBJ+PI = W G A S ( J I  
WGASfJI) = SWTCH 
GO TO 3 3 8  

320 KK = 1 
330 CONTINUE 
3 4 0  WSS: 1,J I = W S P f  J )  

3 5 0  W R I T E f 4 ~ 1 0 2 0 0 1 I D E N T  
I F  ( I P L Q O P - 2 0 )  1 0 , 1 0 * 3 5 0  

360 NERR = 1 
370 RETURN 

10000 F O R M A T (  PHO ,"+**SATURATED STEAM PRESSURE H A S  GONE NEGATIVE, 
v 15, '  S E C T O R ' * I 5 , '  C H I X  = ' r f 1 5 . 5 r e  H S  ' ,E15.51 

10100 FOP M A T (  1NL e 19A'br A 3 J  1 H 0 1 5 X  v 2 H I  t I2 r 5 X  9 2 H J z r  I 1 / 1 H 9 1  

SEC.4 900 
S E C A  9 8 5  
SEC4 910 
SECA 9115 
SECA 920 
SECW 9 2 5  
SECA 9 3 0  
SECA 9 3 5  
S E C A  940 
SECA 9 4 5  
SECA 9 5 0  
SEC4 9 5 5  
SECA 960 
SECA 9 6 5  
SECA 970 
SECA 9 7 5  
SECA 9 8 0  
S E C A  3 8 5  
SECA 99Q 
SECA 3 9 5  

S E C A 1 0 0 5  
S ECA 101 0 

S E t A  1 0 2 0  
S ECA 102 5 
S E C C 1 0 3 0  
S ECA 1 0 3 5  
S ECA 1040 
S E C A 1 0 4 5  
S ECb. 10 5 0  
S E C A 1 0 5 5  
S ECA 1060 
SECW1065 
SECA 1070 
SFCA 1 0 7 5  
s ECA 1 0 8 0  
S E C A 1 0 8 5  
S E C A  1090 
S E C A 1 0 9 5  
SECA 11 0 0  

S E C h 1 1 1 0  

S EC A 11 2 0  
S E T A  11 2 5 
S ECP, 11 3 0 
S EFA 11 3 5 
S EC 4 11 40 
S E C 4 1 1 4 5  

S EC A 11 5 5 
S EC4 11 60 
S f C W 1 1 6 5  
S f C b . 1 1 7 0  
S E t 4  11 7 5  
S ECb 11 8 0  
S E&W 1 1 8 5  

S ECA 119 5 
S E C A 1 2 0 0  

s E c a i o o o  

S E C A ~ O L ~  

s w a  11 05 

s E c a  1 L 1 5 

s r x a  11 5 0  

RDWe s S E C 4 1 1 9 0  

9 24HNO ZONVERGENCE FOR W C N D ( I 2 ~ 1 H i l l r l H I !  SEC4 1 2 0 5  
10200 F @ R M A T S P H 1  vL9A49A3940HNO CDNVERGENGE I N  C?ND. DELTA P ( IPLOOP) I S E t A 1 2 1 0  

'STEAM TEMP. F A L L E N  BELOW R R I M E  I N L E T  TEMP., STSAT = ' * E P 3 . B c  P E C P 1 2 2 0  
10300 F O R M 4 T ( I H Q  9 S ECh12 15 

9 ' ROW ' 9 1 3 , '  SECTOR ' 9 1 3 1  SECh 1 2 2 5  
E MD s ECa 1230 



1 1 5  

SUBROUTI NE QFSVTY ( TKo PATM $ A M 1  v AM2 q R 1 9  R2 v E l O K  v E20Kv V1, V2rDG 9 DGG) DFSV 0 
C DG = G A S  D I F F U S I V I f Y I  SQ.CM./SFC - CHEM.ENGRS.HANDB~UKI 4 T H  ED., DFSV 5 
r R.H.PERRY* i 4 - 2 a l  1 9 6 3 .  MC GRAW-HILL ~WILKE-LEE HOD. t OFSV 10 
C CID = VALUES OF C9LLISION INTEGRAL. FUNCTION F I T T E D  B Y  R.W.BRQWELL DFSV 1 5  
C GROM TABLE 14-65 OF ABOVE REF. 4 / 1 1 / 6 8  DFSV 20  
C TK = ABS. TEMP., DEG. K E L V I N  DFSV 25  
C PATM= A B S .  PRESSmr ATMOSPHERES OFSV 30 
t R12 = C O L L I  SI ON D I A .  ANGSTROMS DFSV 35 
C R 1  5 COMPONENT 1 C O L L I S I O N  D I A . 1  dNGSTROMS DFSV 40 
C R2 = COMPClNENT Z C O L L I S I O N  DIA., PNGSTROMS DFSV 45 
C E 1 2 0 K Z  C O M B I N E C  FORCE CONSTANT FOR COMPONENTS 1 E 2.3 DEG. K E L V I N  OFSV 50  
C E l O K =  FORCE CONSTANT FOR CQHPONENT Ir  DEG. K E L V I N  DFSV 5 5  
C. E20U= FORCE CONSTANT FOR COMPONENT 2, DEG. K E L V I N  DFSV 60 

IF (E1OK.EP.Q.O.AND.Vl.EQIO.O) GO TO 30 DFSV 70  
I F  (E1OK.EQ.OmO) G O  TO 2Q DFSV 7 5  
I F  ( R 1 e G T e O . O )  GO T O  10 DFSV 80 
R1. = 1.18 * Vl**.333 DFSV 85 
R 2  = 1.18 * V2** .333 DFSV 90 

LO CONTINUE DFSV 9 5  
R 1 Z  = (RL + R2) /2 .0  DFSV 100 
E 1 2 0 K  = ( E l O K  * EZOK1**8.5 DFSV 1 0 5  
TKOE = TK /E120K DFSV 110 
CID s 0.1685 /TKSE**1 .2063 + 0.5328 /TKOE**O. 1 5 7 9  DFSV 1 1 5  
RTSH = ( l . / A M I I  + l. /AM2)**@.5 D F S V  120 
B = (10.7 -2.46*RTSM) +l .E-4 DFSV 1 2 5  
DG = 0 * TK**L.S * RTSM /PATM /R12**2 / C I Q  DFSV 130 
1 F  (V1.EQsO.O) GO TO 40 OFSV 1 3 5  

2 0  CONTINUE O F S V  I 4 0  
DGG = 0.0043 * TK**1.5 * RTSH /PATM / ( V 1 * * . 3 3 3 + V 2 * * . 3 3 3 ) s s 2  OFSV 145 
GO TO 40 DFSV 150 

30 CnNTINUE DFSV 155  
W R I T E ( 6 r  100001 CFSV 160 

40 CONTINUE OFSV 165 
RETURN DFSV 170 

10000 F Q R N A T ( ' 0  ** NEITHER FORCE CONSTANTS NOR MOLECULAR VOLUMES E X I S T  DFSV 1 7 5  
, A S  ARGUMENTS. CALCULATIONS CANNOT PROCEED. * 4 @  1 D F S V  180 

E NO D F S V  1 8 5  

C DGG = G A S  3 I F F U S f V I T Y  - G I L L I L A N D ' S  CRUDE APPROX. METHOD.PP.14-21 REFOFSV 65 
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FUNCTION X TR ( X t Y v N v T v SW 9 X 1  No YN t M I  X T R  
C*+**** X TR 
C FUhCTlON X T R  A S S U M E S  A LOG-LOG MDDEL, I E  LOG Y = A + 8 1  8 L O G  X T R  
C P N O  PERFORMS A L I N E A R  LEAST SQUhRE REGRESSION ON YHE X T R  
C TRANSFORMED P O I N T S *  ALL POINTS /\RE USED FOR EACH R E G R E S S I O N  X T R  
C EXCEPT FOR THE FIRST 9 WHICH IS NOT USED A?' ALL X T R  
C ** **e*** 

DIMENSION X l N ( 1 1 1  v Y N ( 1 1 )  

I F  (N.EQ.0) GO TO 30 
I F  ( Y . L E . O , I  Y = . O Q Q B P  

X L N l N l  = A L O G ( X 1  
Y N I N )  = ALOG(Y) 
I F  ( N * L T a 2 I  G@ TO 40 
S X l N  = 0.0 
SYN = 0.0 
I F  (t4.LT.N-3) M = N-3  
00 10 I = H , N  

SX lN  = S X l N  + X l N ( 1 )  
SYN = SYN 4 Y N I I  I 

10 CONTINUE 
X l O A R  = S X l N  / ( N - W l )  
YRAP = 5 Y N  J ( N - # + l l  
s x 1 2  = 0.0 
S X l Y  0-0 
DC' 20 I = P l v N  

S X 1 2  = 2x12 + ( X 1 N ( I )  - X l R 4 R I  ** 2 
S X l Y  = S X l Y  + ( X l N t I I  - X l R A R I  * (YNBII 

20 CONTINUE 
8 1  = S X l Y  / S X l 2  

YN = A L O G l Y l  

GO TO 5 0  

A = Y B A X  - Bl 8 X l B A R  

XYR E X P ( ( T N - A )  / 51) 

3 0 # = ' 2  
40 x m  = x * (1. 4 ( Y - T )  * 5 .  * S W I  

C*+**** 
C CHAISE O F  V A R I A B L E  1 5  L I M I T E D  T C  io PERCENT 
C****** 

5 0  IF ( ~ B S ( X T R - X ) / X . L T . O . l )  GO TO 60 

60 R E T U R N  
XTR = X * (1. + 0.1 9: A R S I Y - T $ / ( Y - T )  * S W )  

Y S A R )  

X T R  
X T R  
X TR 
X TR 
X T R  
X TR 
X TR 
x TR 
X T R  
X TR 
X TR 
X TR 
X TR 
X TF! 
X TR 
X TP 
X T R  
X TP 
X TR 
x TR 
X T R  
X T R  
X TR 
X T R  
X T R  
X TR 
X T R  
X TR 
X TR 
X TR 
X IK 
X TR 
X TR 
X TR 
X T R  

0 
5 

10 
15 
20 
25 
30 
3 5  
40 
45 
50 
5 5  
60 
65 
70 
7 5  
8 0  
8 5  
9 0  
95  

LOO 
1 0 5  
1 1 0  
1 1 5  
120 
125  
130 
1 3 5  
14Q 
1't5 
1 5 0  
1 5 5  
160 
1 6 5  
1 7 0  
1 7 5  
160 
1 8 5  
190 
1 9 5  
2 0 0  

END X T R  2 0 5  
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FUNCTIOhB A PUFNd Tp JGAS 1 a n U F  0 
AMUF 5 l N I X  = 0 

GO TO f 3 0 , 2 0 r l O b r  4 G A 5  AMUF LO 
10  P M I X  = 1 AMUF 1 5  
20  CONTINUE AMUF 2 0  

C TNFRT GAS IS C02 AMUF 2 5  
C*+ V I S C O S I T Y  F O R  CARBON D I O X I D E  LB/FT-SEC AMUF 3 0  

9 +T8 4 T t  AMUF 40 
AMUFN = G A S 2  AMUF 4 5  
I F  ( I M I X a E Q e O I  RETURN AMUF 50 

30 CONTINUE bHUF 5 5  
C I N E R T  GAS IS A I R  b M U F  60 

AMUFN = GAS1 AMUF 7 0  
I F  (1MIX.EQ.O) RETURN AMUF 75 

C INERT GAS IS MIXTURE OF A I R  & C02 PMUF 60 
G A S 3  = (GASP + G A S 2 ) / 2 . 0  AMUF 8 5  
AMUFN = G A S 1  AHUF 90 
R'TURN AMUF 9 5  
END AMUF 100 

G A S 2  = 1.0 E-5 * (-0.046 * (2.282E-3 + (-6.131 E-'? + 9.699E-11 *TJAMUF 3 5  

GAS1 =1,OE-5*(  0.1490+ (0.238E-21 +T-( 7 2 0 9 E - 6 ) * T + * 2 + (  *1184E-9)*T**3)AMUF 65 

FlJNCTI ON B MUFN ( C  I 1 1  BHUF 
c V I S C O S I T Y  OF SPLINE SOLUTION. RANGE OF DATA WAS 0 - 24 PERCENT BMUF 
C CONCENTRATION AND 40 - 2 1 0  DEGREES FARENHEIT. BMVF 

R = T + 459.69 BMUF 
B MU FN DE XP ( -0.1 I 5 91 1 5 5 0  +2*C + 0 .12602329D-  1 *C*R + 0.38 63 73780 +4*8 MUF 

9 C /R + 0 * + 6 0 6 5 3 2 0 - 2 * R  + 0 .47595941D+4/R - 0 . 1 0 5 9 2 5 2 5 6 6 D + 2 1  B HUF 
RETURN BMUF 
F ND R MUF 

0 
5 

LO 
15 
2 0  
2 5  
30  
3 5  

FUNC TIW CPAFNf TI J G A S I  
l M I X  = 0 
GO TO t 3 0 q . 2 0 ~ 1 0 1 ~  JGAS 

10 I M l X  = 1 
20 CONTZNUE 

C I N E R T  GAS IS C02 
C** HEAT C A P A C I T Y  FOR M W  = 40.1 BTU/LB-HOL - DEG R 

GAS2 = Q.209 * 40.1 
CPAFN = GAS2 
I F  ( I H I X s E Q e O I  RETURN 

30 CONTINUE 
C INERT GAS IS A I R  
C P I R  CP, RTU / L 6  MOLE-DEGREE R A N K I N  

GAS I ~7.1 '4 9- 0.98 0 fiE-3* 7 + 0 e 1393 E"-S*T ** 2 -0  3 3 67 E-9*1**3 
CPAFN = G A S P  
I F  ( I M I X . E R . 0 )  RETURN 

C I N E R T  GAS IS MIXTWQE OF A I R  h CO2 
GAS3 f: ( G A S 1  + G A S 2 1 / 2 . 0  
CPAFN = GAS3 
RFTURN 
FND 

CPAF 0 
CPAF 5 
CPAF 20 
C P A F  3.5 
CPAF 2 0  
CPAF 2 5  
CPAF 30 
CPAF 3 5  
CPAF 40 
CPAF 45 
CPAF 5 0  
CPAF 55  
CPAF 60 
C P A F  6 5  
CPAF 70 
CPAF 75  
C P A F  80 
CPAF 8 5  
CPAF 90 
C P A F  9 5  
CPAF 100 



FUNCTION CPFN(CqT1 
10 1F ?c-0 .0053 20 ,28130  

C%****EQUATIQY SPECIFIC HEAT FOR PURE MAI'ER 
20 CP= 1.0121559 + ( -0 .24618483€-4  + Oa,10282155E-5*TI*T 

GO TO 40 
C*****EQUATXON SPECIF IC  HEAT FOR BRINE 

30 C P = . 9 6 9 4 6 8 5 9 ~ ~ 2 2 . * 4 O . ~ O 8 1 0 4 0 4 9 6 5  )*P)-(. 9 1 1 9 9 2 9 4 * 6 )  +( 2 . * (  - 
9 .00064829659)*C*T B * ( -1 .5557?9*tC**2)  ) 4 2.*1 . 0 8 7 4 ? 2 1 4 6 9 1 * ~  C*+2 I +  
* T 9 + (6. $98 moa* t c - 3 )  1 + ( 2. *( -. 012er10354 B * t  c-3 B *T a 

40 CPFN=CP 
RETURN 
EN@ 

FUNCT I ON C PSFN t T D 
C*** 
C CPSFN C A I C I J L A T E S  THE HEAT CAP OF SSEAM I N  BTU/LB-MOL-W G I V E N  T 
C DEG R. E Q V I T I O N S  FROM H. N O R I T A K E ,  BASED OY FABULhTED VALUES I N  
C N4SA TR-R-132 '*** 

CPSFN = (7.838 - (.2531E-3 - t .2892E-6 - 27693E-10sT l * T  ) * T  9 
RETURN 
E m  

S USROUT1 N E  PRSDRP I T SAT, YM I X rWS 9 WNC y A X  09 SDO, S FIDEL PTPe E N t l F  1 
C C C  
C PKSDRP R E B U I L T  ON 9-16-40 TO USE E O U A V I O N  FOR SF 
C C C  

SG 32.144 
G S T A R  = (!.ISoWNCI / (AXW3600.1 
ANRF = ( S D O  * GSTAR) / SWUFN(TSAT) 

DECPTP = SF * GSTAR**2  * YMHX / ( 7 2 . 0  * S E I  
RETURN 
END 

SF = (0 .102 +- 52.2 / ANREB * ENH' 

FUNCTION PSATFNIT I  
P Sb. TFN=2 
RETURN 
E NP 

7 18** (1 6.1501 19- (6452.562 l / T  0 -( 837533 e21  / T**2 1 I 

CPFN 
CPFN 
e PFN 
CPFN 
CPFN 
e PFN 
CPFV 
CPF'J 
CPFV 
CPFN 
CPFN 
CPFN 

CPSF 
C P S F  

I N  C P S F  
CPSF 
CPSF 
CPSF 
CPSF 
CPSF 
CPSF 

0 
5 

10 
1 5  
2 0  
2 5  
30 
35 
4 0 
45 
5Q 
5 5  

0 
5 
10 
15 
20 
2 5  
30 
35 
1t0 

HFGf 0 
H F G C  5 
WFGF 10 
HFCF 1 5  

PRSD 0 
PRSD 5 
PRSO LO 
PRSD 1 5  
PRSD 20 
PRSD 2 5  
PRSD 30 
P R S D  3 5  
PRSD 40 
PRSD 4 5  
PRSD 50 

P S A T  0 
P S A T  5 
P S b T  1 0  
PSWT 1s 
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FUNCTION ROEFN(C9 T I  POEF 
C DENSITY OF SALINE SOLUTION. RANGE OF DATA UAS 0 - 2 6  PERCENT R O E f  
c CONCENTRATION 1\ND 40 - 300 DEGREES FARENHEIT. ROEF 

ROEFN r. 0.62707172E2 + 0.49364088E2 * C - 40.43955304E-2 + ROEF 
9 0.32554667E-1 * t + 10.46076921E-4 8.63240299E-4 * C l * T I * T  ROEF 
RETURN ROEF 
E NO R OEF 

FUNt T I ON SKBFN C q T I SKBF 
c THERMAL CONDUCTIVITY OF SALINE SOtUfl@N. RANGE OF DATA S K B F  
C (P - 2 4  PERCENT CONCENTRATION AND 40 - 300 DECREES FARENHEITSKBF 

t .1687109*C+le 1 SKBF 
RETURN SKBF 
END SKBF 

SKBFN=( e 30 i57c)13+. 697989E-3W-e 12506E-5*T**2 -.2072E-lO*T**3) *(- SKBF 

0 
5 

10 
1 5  
2 0  
25  
30 

0 
5 

10 
1 5  
20  
2 5  
30 

FUNCTION SMUFN(TI SHUF 0 

RETURN SMUF IQ 
E NO SMUF 1 5  

SMUFNZl OE-5*( 0*122+ l  E a OOLE-3 ! *T+ (2.892E-7 *T *2-( 7.693E-11 I *T* *3  l SMUF 5 

FUNC T I ON T SA T f  N ( P 3 
AA=(ALOG( P )-14.150119O 
DETz6452 e 5 6Z1*+2- I 4 * 0 * A A * 8 3 7 5 3 3  -21 1 
I F  ( D E T I  1 0 9 2 0 r 2 0  

10 W R I T E  ( 6 9  10000) 

2 0  
CALL E X I T  
X = t  -6452.562 l + S P R  T l DET I 1 / ( Z * O * A A )  
Y=(-64%?.5621-SQRTIOET) )/(Z.D*AA) 
IF I X - Y )  3 0 9 4 0 ~ 4 0  

3 0  TSATcN=Y 
GO TlSl 50 

40 TSAIFN=X 
50 CONTINUE 

RETURN 

F ND 
10000 FORMAT( id1~37HSUBROUTI NE TSATFN FINDS COMPL€X ROOTS) 

TSAT 
TSAT 
T SAT 
TSAT 
TSAT 
TSAT 
T SAT 
TSAT 
TSAT 
T SAT 
T SAT 
T S A T  
T SAT 
T S A T  
TSAT 
T SAT 

0 
5 

10 
1 5  
2 0  
2 5  
30 
3 5  
40 
45 
so 
5 5  
60 
65 
70 
7 5  

FUNCTION VGFN(T1PI VGFN 0 
X=AltOG(T/P I VGFN 5 
VGF N= EXP ( I ( 1 0 3 7 5  8E-2*X-e017 7 8 6 1  t *X+ l .  10267 1 W-.7 2 2 4 0  1 VGFN 10 
RFTURN VGFN 15 
END VGFN 2 0  





1.21. 

INTEBiTAI, DISTRIBUTION 

1. 
2 .  
3.  
4. 
5. 
6. 
7 
8. 

9.-3..1. 
12. 
13 * 
14. 
3.5. 
16. 
l'i . 
1.8. 
:19 . 
20. 
2 1. . 
22. 
2 3 .  
214. 

25. -26. 
27. -2 8. 
29 .-31. 

3c. . .. ,, 

'T. D. Anderson 
S. J. Bull 
S. E. Beall 
W. B. Cottrell 
E'. L. Culler 
D. M. Eissenberg 
A ,  P .  Fraas 
R. P .  Hammond 
J. A .  Hafford 
H .  W. Hoffman 
5. S .  Johnson 

R. E. MacPherson 
H. C .  M c C m d y  
A.  J .  Miller 
A. 14. P e r r y  
Ma J .  Skinner  

D. A. Sundberg 
I). B. 'Crauger 
G .  D. W h i t m a n  
J .  V.  Wilson 
Cent ra l  Res. Library 
Doc. Hef. Section 
Laboratory Records Dept. 
Laboratory Records (RC) 

R. M .  TAYOII 

I. S-piew83.k 

3 3 ,  J .  W .  01P4ear;3,, OSW, Washington, D. C .  
3h. W. S. Gillam, OSW, Washington, D.  C .  

40. J. J .  S t r o b e l ,  OSW,  Washington, D. C.  
35.-39.  H .  H. Evans,  OSW, Washingtori, i3. C. 

41.-&. W. A. W i l l i a m s ,  AEC, Washington, I). C .  
L+3.-)14. J, P i d k m i c z ,  MC, OR0 
45 ,  -46. T e c h n i c a l  Informatttion Center, O a k  Ridge 

147. Research and T e c h n i c a l  Support Diva,  


