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. ABSTRACT 

OPTIMIZATIONS OF GEOTHERMA~ CYCLE SHELL AND TUBE EXCHANGERS OF VARIOUS CONFIGURATIONS 
WITH VARIABLE FLUID PROPERTIES AND SITE SPECIFIC FO~JLING 

W.L. Pope. H.S. Pines, L.F. Silvester, P. A. Doyle, R. L. Fulton 6 M. A. Green 

Lawrence Berkeley Laboratory 
University of California 
Berkeley, California 94720 

A new heat exchanger design program, SIZEHX, is 
described. 
tiparameter cost optimizations on single phase 
or supercritical exchanger arrays with variable 
properties and arbitrary fouling for a multitude 
of matrix configurations and fluids. SIZEHX 
uses a simplified form of Tinker's method for 
characterizatibn of shell side performance; the 
Starling modified BWR equation for thermodynamic 
properties of hydrocarbons; and transport prop- 
erties developed by NBS. The report will in- 
clude results of four parameter cost optimiza- 
tions on exchangers for specific geothermal ap- 
plications. The relative mix of capital cost, 
pumping cost, and brine cost ($/Btu) are deter- 
mined for geothermal exchangers illustrating 
the invariant nature of the optimal cost distri- 
bution for fixed unit costs. 

This program allows single step mul- 

INTRODUCTION 

Little information exists concerning general 
strategies for the optimization of heat exchang- 
ers. A few simple cases have which 
have one or more of the following drawbacks: 
(1) solutions are based on constant properties, 
( 2 )  wall and fouling resistances are ignored or 
treated as constant, and ( 3 )  shell side pressure 
drop is based on ideal, pure cross-flow, fric- 
tion data. Leakage (or bypass) factors must be 
assumed apriori. 
In geothermal applications, specificadijr super- 
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critical binary power plants using light hydro- 
carbons as secondary fluids 1n.a Ranklne cycle, 
the forgoing exchanger optimization schemes are 
seriously limited. -For example, on even the most 
easily exploited, moderate temperature, low%,sal- , 
inity (<20,000 ppm TDS) resources (1) brine scal- 

, 

tions of linear-:y in these properties betweenter- 
minal conditions csn lead to significant errors. 
In addition, more complex fluids; i.e., mixtures 
of light hydrocarbons are being seriously consid- 
ered4 as "solutions" to problems of reservoir tem- 
perature decline for binary cycle power plants. 

On Heber brine, the fouling resistance dominates 
at the exchanger cold end, and thus can have a de- 
cis ive  influence 011 the brine injection tempera- 
ture and therefore the cycle design energy cost 
and resource utilization efficiency. Increasing 
the "design fouling factor" increases the optimum 
injection temperature. and therefore it must be 
prudently "selected" to ensure economically feas- 
ible designs. Obviously, one needs site specific 
scaling data to make good system design decisions. 
In addition, because exchangers are traditionally 
purchased based on m s t m e r  specified terminaltem- 
peraturesand fouling factors, the geothermal custom- 
er needs efficient heat exchanger design aids. A 
problem in many cases is that suitable codes are 
proprietary. Another problem is which code touse. 
A third problem is that the optimum injection tem- 
perature depends also on exchanger cost and these 
costs are not very well known, 

A common dilemma arises when the customer goes out 
for preliminary exchanger quotes. It is the rule 
rather than the exception to not only receive 
quotes at a variety of unit costs, but also a var- 
iety of configurations all for the same specified 
service, duty, terminal temperatures, and fouling 
factors! On detailed comparison of the various 
proposals, it is also not uncommon to find that 
the design velocities and pressure drops are all 
quite different leading to differences in subse- 
quent operating costs. 
made? How significant are the differences? Un- 

How is the choice to be 

-if the significance of the diff- 

ing rates can change 
ty over the temperat 
economic interest, Ir 
specific heat, density, the 
viscosity ran change by fac 
more in the primary heat ex 
ii a aarkedly nonlinear obe 
efficient dfsiribution. Be 
id in most supercritical Ra 
just slightly above the cri 

c> as a factor ,of thir; 
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t h e y  be b u i l t  w i t h  a minimum of over -des ign  i n b o t h  
c a p i t a l  c o s t  ( a r e a )  and o p e r a t i n g  c o s t  ( p r e s s u r e  
drop)  w h i l e  maximizing b r i n e  u t i l i z a t i o n  e f f i c i e n -  
cy. The problem then becomes a complex mix of 
t r a d e - o f f s  between s e v e r a l  competing i n f l u e n c e s .  
S e v e r a l  o p t i m i z a b l e  parameters  can be i n v e s t i g a t e d  
t o  de te rmine  t h e i r  s e n s i t i v i t y  on t h e  d e s i g n  ob- 
j e c t i v e .  The purpose of t h i s  s t u d y  i s  t o  e x p l o r e  
some of t h e  t r a d e - o f f s  i n  h e a t  exchanger  s e l e c t i o n  
f o r  geothermal  b i n a r y  c y c l e  power p l a n t s .  

THE GEOTHM/SIZEHX PROGRAM 

We have developed a new h e a t  exchanger  d e s i g n  rou- 
t i n e ,  SIZEHX (Ref. 5, Sec. 5) which can be used 
f o r  exchanger  conceptua l  d e s i g n  and o p t i m i z a t i o n  
a t  an enhanced l e v e l  of u n d e r s t a n d i n g .  
code was developed t o  complement t h e  GEOTHM' h e a t  
and mass b a l a n c e  r o u t i n e s  and t a k e  advantage  of  
GEOTHM' s powerful  m u l t i p a r a m e t e r  o p t i m i z a t  i o n 6  ca- 
p a b i l i t i e s .  

The SIZEHX 

We d e f i n e  a s  "optimum" an  exchanger  f o r  which t h e  
f o l l o w i n g  f u n c t i q n  h a s  been mintmized; 

XTOT = XA + :{pi + Xpo + XUF ($ /Btu)  (1)  

where XA i s  t h e  h e a t  exchanger  

t o t a l  c a p i t a l  inves tment  ($ /Btu)  

Xpi is t h e  cost of t u b e  s i d e  

Xpo i s  t h e  c o s t  o f  s h e l l  

XUF is  t h e  u t i l i t y  f l u i d  

pumping power ($ /Btu)  

s i d e  pumping power ($ /Btu)  

( b r i n e )  c o s t  ($ /Btu)  

I t  is  impor tan t  t o  n o t e  h e r e  t h a t  we do n o t  f i x  
t u b e  l e n g t h ,  number of  t u b e s , o r  v e l o c i t i e s  with 
SIZEHX. We s p e c i f y  t u b e d i a m e t e r  andmass  r a t e ,  and 
the former a re  de te rmined  by zone h e a t  b a l a n c e s  and 
momentum b a l a n c e s  over  t h e  exchanger  l e n g t h  t o  
s a t i s f y  t h e  s p e c i f i e d  p r e s s u r e  drops .  These then  
are s u b s e q u e n t l y  opt imized  a l o n g  w i t h  t h e  p inch  

t o t a l  c o s t  o b j e c t i v e ,  Equat ion  (1). 

The SIZEHX code u s e s  r e l a t i v e l y  complex computa- 
t i o n a l  a l g o r i t h m s  w i t h  none of t h e  p r e v i o u s l y  men- 

s t a n c y  of p r o p e r t i e s  and s c a l i n g .  
t i o n e d  s i m p l i f y i n g  assumpt ions  w i t h  r e g a r d  t o  con- point in with the 'pecified minimum 

We have devel -  

ASSUMPTIONS FOR THIS STUDY oped a p r a c t i c a l  c o s t  o p t i m i z a t i o n  s t r a t e g y  which 
can  be a p p l i e d  t o  geothermal  exchangers  t o  d e t e r -  
mine optimum t e r m i n a l  c o n d i t i o n s ,  v e l o c i t i e s ,  and For  t h e  purposes  of  t h i s  s t u d y ,  w e  have assumed 
d e s i g n  c o e f f i c i e n t s  a t  t h e  c o n c e p t u a l  l e v e l  p r i o r  
t o  r e q u e s t i n g  exchanger  q u o t e s .  Space d o e s  n o t  (360°F),  t h e  i s o b u t a n e  mass f low rate  is known, 
permi t  a d e s c r i p t i o n  of t h e  SIZEHX code h e r e ;  how- and t h e  i n l e t  t e m p e r a t u r e  and p r e s s u r e  and e x i t  I 

e v e r  
a b l e .  Ben H ~ l t . ~  These are: 

t h e  r e s o u r c e  tempera ture  i s  f i x e d  a t  455.37'K 

r e l a t i v e l y  complete  documenta t ion5  i s  a v a i l -  t e m p e r a t u r e  are f i x e d  a t  v a l u e s  e s t a b l i s h e d  b y  

COMPLETE CYCLE CH~RACTERIZATION 

P r e v i o u s  s t u d i e s  have shown' t h a t  t o  de te rmine  t h e  
o v e r a l l  optimum, or  minimum energy  c o s t ,  d e s i g n  
f o r  an  assumed,convers ion  p r o c e s s  on an  assumed 
r e s o u r c e ,  t h e  complete  geothermal  p l a n t  and f i e l d  
must b e  c h a r a c t e r i z e d  and opt imized .  However, t o  
perform t h e s e  complete  c y c l e  o p t i m i z a t i o n s ,  one 
needs  subsystem c o s t s  and o v e r a l l  d e s i g n  h e a t  
t r a n s f e r  c o e f f i c i e n t s  as i n p u t ,  The d e s i g n  pro- 
c e s s ,  t h e n ,  is  i t e r a t i v e  i n  n a t u r e ,  and a t  v a r i o u s  
p o i n t s  i n  t i m e ,  t h e  p r o c e s s  d e s i g n e r  must g e t  up- 
d a t e d  h e a t  exchanger  and o t h e r  subsystem q u o t e s  t o  
be sure he i s  c u r r e n t l y  assuming rea l i s t ic  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 s  and u n i t  c o s t s .  

- ISOLATING THE HEAT EXCHANGER FOR SUBSYSTEM 
OPTIMIZATION 

For t h e  purposes  of t h i s  h e a t  exchanger  s t u d y ,  
t h e n ,  assume t h a t  p r e l i m i n a r y  o v e r a l l  p r o c e s s  eco- 
nomic c a l c u l a t i o n s  have been done and t h a t  we can  
s imply s i n g l e  o u t  t h e  pr imary  h e a t e r  of a t s u p e r -  
c r i t i c a l  i s o b u t a n e  b i n a r y  c y c l e  by f i x i n g  t h e  re- 
source  temper-ature and working f l u i d  states.  We 
want t o  i n v e s t i g a t e  i n  d e t a i l  t h e  e f f e c t s  of ex- 
changer  geometry,  c o s t  p e r  u n i t  a r e a ,  and d e s i g n  
f o u l i n g  f a c t o r  on t o t a l  annual  exchanger  o p e r a t i n g  
c o s t s  t o  e s t a b l i s h  d e s i g n  U ' s  and optimum e x i t  
b r  1 ne t emG7-a Cuyey. 

S p e c i f i c a l l y ,  we s u g g e s t  t h a t  i n v e s t i g a t i n g  t h e  
above e f f e c t s  on s i n g l e  t u b e  p a s s  exchangers  assu-  
ming s i n g l e  seginental  b a f f l e s  w i l l  p r o v i d e  t y p i c a l  
g e n e r a l  performance f o r  any w e l l  des igned  c o m e r -  
c i a 1  exchanger .  

T in  = 319.26'K (USOF) 

P i n  = 45.83 Bars (650 p s i g )  (2)  

Tout = 422.04'K (300'F) 

In t h i s  s t u d y ,  a l l  cases have assumed a 4 /2  series/ 
p a r a l l e l  exchanger  a r r a y  w i t h  e x t e r n a l  plumbing 
c o s t  and e x t e r n a l  plumbing p r e s s u r e  d r o p  i g n o r e d .  
We have normal ized  t h e  b r i n e  c o s t  ($/Btu)  t o  v a l -  
ues r e c e n t l y  e s t a b l i s h e d  by Holt '  f o r  t h e  same 
b r i n e  f low rate and exchanger  d u t y .  We a l s o  as-- 
sume t h e  same t u b e  s i d e  d e s i g n  f o u l i n g  f a c t o r s  
e s t a b l i s h e d  by Hol t  from tes ts  conducted by San 
Diego Gas and Elec t r ic ,  SDGE,' on b r i n e  a t  t h e  
Heber Resource.  For  carbon steel  t u b e s ,  H o l t ' s  
d e s i g n  f o u l i n g  f a c t o r  was c h a r a c t e r i z e d  by (Ref .  4 ,  
P.  29): 
Rf = .0001 O F / B t u / h r f t *  f o r  27O0F<Tg<36o0F 

Rf = .0011 'I " 176OF<Tg<27O0F (3)  

Rf = .0033 I' " 148°F<T~<1760F 

Any dependence of b r i n e  v e l w i t y  on t h e  d e s i g n  
f o u l i n g  f a c t o r  was ignored  h e r e i n ,  bu t  SIZEM 
could e a s i l y d e a l  J i t h t h i s  i f  i t w e r e  f q c t o r e d  in, 
A l l  cases assume 1 .77  and 1 . 7 1  f o r  t h e  exchanger  
d i r e c t  and i n d i r e c t  c o s t  f a c t o r s ,  and a f i x e d  
c h a r g e  r a t e  of 20% t o  e s t a b l i s h  t h e  exchanger  
annual  c a p i t a l  c o s t ,  For pumping power, w e  have 
assumed p l a n t  power a t  3 5 . 2  mills /kwh'  w i t h  pump 
a d i a b a t i c  e f f i c i e n c i e s  of  80% and motor e f f i c i e n -  
c ies  of  95%. I n  o r d e r  t o  i n v e s t i g a t e  exchanger  
geometry w i t h  a minimum of c o n s t r a i n t s ,  we assume 
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t u b e  and s h e l l  s i d e  p r e s s u r e  d rops  and b r i n e  f low 
r a t e  "are material" and e x p l o r e  a v a r i e t y  of con- 
f i g u r a t i o n s  and c o s t s  w i t h  t h e  fo l lowing  as o p t i -  
mizab le  pa rame te r s :  

1. The h e a t  exchanger  p inch  p o i n t  d e l t a  T (If) - 
2 .  The tube  s i d e  p r e s s u r e  d rop  (BARS) 
3. The s h e l l  s i d e  p r e s s u r e  d rop  (BARS) 
4 .  T h e  t u b e  o u t s i d e  d i ame te r  (m) 

A l l  c a s e s  assume b a r e  16 gauge carbon s t ee l  t u b e s  
(no e x t e r n a l  s u r f a c e ) .  A l l  cases assume an  equi -  
l a t e r a l  t r i a n g u l a r  t u b e  m a t r i x  wi th  a t u b e  p i t c h  
t o  d i ame te r  r a t i o ,  s ld , ,  e q u a l  t o  1.25. The s h e l l  
d i ame te r  t o  b a f f l e  s p a c i n g  r a t i o ,  Dslll,  is  v a r i e d  
between: 

(4)  

1 . 0  5 Ds/k 5 5 .0  

and f o r  r e a s o n a b l e  co r re spond ing  b a f f l e  c u t  t o  d i a -  
meter r a t i o s ,  H / D s ,  w e  adop t  v a l u e s  sugges t ed  by 
A.P. F r a a s  (Ref.  8,  p. 154) .  

RESULTS OF SIZEHX HEAT EXCHANGER OPTIMIZATIONS 

Tab le  1 and F i g u r e s  1 and 2 are t h e  r e s u l t s  of o u r  
p r e l i m i n a r y  o p t i m i z a t i o n s  o f  pr imary  h e a t  exchan- 
g e r s  f o r  a s u p e r c r i t i c a l  i s o b u t a n e  b i n a r y  c y c l e  on 
a Heber l ike  r e s o u r c e .  

Inpu t  v a l u e s  i n  Table  1 were s e l e c t e d  t o  e x p l o r e  
t h e  e f f e c t s  of (1) s h e l l  s i d e  geometry and t u b e  
s i z e ,  (2)  exchanger  c o s t  p e r  u n i t  a r e a  and ( 3 ) t u b e  
s i d e  c l e a n l i n e s s .  A l l  cases excep t  Case 6 assume 
H o l t ' s  des ign  f o u l i n g  f a c t o r .  Cases 1, 2 ,  and 3 
cover  a broad range  of b a f f l e  c u t s  and s p a c i n g s  a l l  
a t  a f i x e d  $6 .00  pe r  s q u a r e  f o o t  and .75  i n  O.D.  
t ube  d i ame te r .  Cases 2 ,  4 ,  and 5 e x p l o r e  a range  
of t ube  @.D.'s from t h e  c a l c u l a t e d  optimum, 0.438 
inch  O . D . ,  t o  1 . 0  i n c h  O.D.  a l l  f o r  t h e  same b a f f l e  
c u t  and spac ing  r a t i o s  and c o s t  p e r  s q u a r e  f o o t .  
Cases  2 ,  7 ,  and 8 i l l u s t r a t e  t h e  e f f e c t  o f  i n c r e a 4  
ing  exchanger  c o s t  pe r  s q u a r e  f o o t  f o r  f i x e d  b a f f l e  
c u t  and s p a c i n g  r a t i o  and t u b e  O.D.  F i n a l l y ,  cases 
2 and 6 i l l u s t r a t e  t h e  i n f l u e n c e  of t u b e  s i d e  foul- 
i n g  f o r  t h e  same f i x e d  b a f f l e  c u t  and s p a c i n g  r a t i o ,  
t ube  d i a m e t e r ,  and c o s t .  

Table  1 shows t h a t  m a t r i x  geometry and tube  O . D .  
have uirtuaZly no effect on t h e  optimum b r i n e  e x i t  
t empera tu re .  T h i s  is  de termined  by (1)  b r i n e  c o s t ,  
(2)  c a p i t a l  c o s t ,  and (3)  f o u l i n g  f a c t o r  a l o n e  f o r  
t h e  assumed working f l u i d  states.  Another i n t e r -  
e s t i n g  p o i n t  i s  t h a t  t h e  optimum tube  s i d e  and s h e l l  
s i d e  p r e s s u r e  droDs are v i r t u a l l y  t h e  same (cases 
1 , 2 , 3 )  f o r  t h e  same tube  d i ame te r  and c o s t  p e r  
s q u a r e  f o o t  ivqardZess of b a f f l e  s p a c i n g  r a t i o s  
( f o r  t h e  D s / k  and H / D s  p a i r s  assumed h e r e ) .  
The l a r g e r  b a f f l e  s p a c i n g s  and c u t s a c h i e v e  h i g h e r  
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 s  and fewer t u b e s  
through h i g h e r  optimum b r i n e  v e l o c i t i e s  and s i m -  
p l y  r e s u l t  i n  s h o r t e r ,  more p r a c t i c a l ,  s h e l l s .  
The t o t a l  c o s t  p e r  Btu ,  XTOT,. d e c r e a s e s  w i t h  in -  
c r e a s i n g  b a f f l e  spac ing  p r l m a r i l y - b y  r educ ing  t h e  
exchanger  c a p i t a l  c o s t  f r a c t i o n ,  X A / X T O T . ~  

I n  a d d i t i o n ,  a s  t h e  c o s t  pe r  squa re  f o o t  i n c r e a s e s  
( c a s e s  2 ,  7 ,  and 8 ) ,  t h e  optimum p inch  p o i n t  (mean 
d e l t a  T) arrd t h e  tube  s i d e  and s h e l l  s!d 
d rop  i n c r e a s e  o b t a i n i n g  h i g h e r  economica 
f i e d  d e s i g n  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  
even fewer tubes  through i n c r e a s e d  v e l o r i t i e s ,  

r e s u l t i n g  i n  even s h o r t e r  s h e l l s .  A s  t h e  c o s t  p e r  
s q u a r e  f o o t  i n c r e a s e s ,  t h e  c a p i t a l  c o s t  f r a c t i o n  
XAIXTOT i n c r e a s e s ,  of c o u r s e ,  b u t  t h e  opt imumbr ine  
c o s t  f r a c t i o n  X"F/XTOT d e c r e a s e s .  

It should  b e  po in ted  o u t ,  however, t h a t  a l though  
Case 1 ( a t  D s / L  = 1.0)  i s  shown a s  t h e  lowes t  t o t a l  
( f o u l e d )  c o s t ,  t h i s  "design" might have t o  be  
thrown o u t  f o r  s t r u c t u r a l  r e a s o n s  - t h e  s h e l l  i n -  
s i d e  d i ame te r  is  about  45 i n c h e s  h e r e  making t h e  
unsuppor ted  tube  l e n g t h  t o  d i ame te r  r a t i o  about  
90 /0 .75  = 120. (The SIZEHX code c u r r e n t l y  p e r f o m s  
no t u b e  n a t u r a l  f r equency  c a l c u l a t i o n s  o r  o t h e r  
obv ious ly  impor t an t  s t r u c t u r a l  checks ) .  

It should  a l s o  b e  po in ted  o u t  t h a t  ou r  s i m p l i s t i c  
f i x e d  u n i t  c o s t  assumpt ion ,  d o l l a r s  pe r  s q u a r e  f o o t  
of m a t r i x  surface, can  b e  m i s l e a d i n g  f o r  s i g n i f i -  
c a n t l y  d i f f e r e n t  numbers of t u b e s  ( d r i l l i n g  and 
r o l l i n g  c o s t s ) ,  s i g n i f i c a n t l y  d i f f e r e n t  l e n g t h s  
( b a f f l e  c o s t ) ,  and f o r  s i g n i f i c a n t l y  d i f f e r e n t  
s h e l l  d i a m e t e r s  ( s h e l l  c o s t ) .  

For a l l  t h e  .75 i n c h  O.D. t u b e ,  d e s i g n  f o u l i n g f a c -  
t o r  cases shown h e r e ,  t h e  number o f  t u b e s  i s  be- 
tween 1523 and 1674 and t h e  s h e l l  d i a m e t e r s  range  
from 45.7 i n .  d i ame te r  t o  47.8 i n .  d i a m e t e r  (bo th  
r e l a t i v e l y  small r a n g e s ) .  For t h e  .438 i n .  O . D .  
"optimum tube  d iameter"  c a s e ,  Case 4 ,  however, t h e  
number of t u b e s  is  6687 and t h e  s h e l l  i s  about  
55 .5  i n .  O.D.  For t h e  1 . 0  i n .  t u b e  case, t h e  num- 
b e r  of t u b e s  i s  837 and t h e  s h e l l  i s  45.5 i n .  i n  
d i ame te r .  

From t h e  f o r g o i n g ,  t h e n ,  t h e  case w i t h  t h e  most 
" o p t i m i s t i c "  c a p i t a l  c o s t  h e r e  is c l e a r l y  Case 4 
which i s  o n l y  of academic i n t e r e s t  any way from 
t h e  p o i n t  of view of scale removal.  

CONCLUSIONS 

A new s h e l l  and t k b e  h e a t  exchanger  d e s i g n  rou t ine  
SIZEHX5 h a s  been Lsed w i t h  s imple  c o s t  assumpt ions  
t o  demons t r a t e  t h e  i n f l u e n c e  of m a t r i x  geometry,  
t u b e  d i ame te r ,  f o u l i n g ,  and c o s t  p e r  s q u a r e  f o o t  
on t h e  optimum t o t a l  annua l  c o s t ,  i n j e c t i o n  temp- 
e r a t u r e ,  and b r i n e  v e l o c i t i e s  on s u p e r c r i t i c a l g e o -  
the rma l  exchangers  opt imized  a t  a f i x e d  b r i n e  c o s t  

The b r i n e  c o s t  i s  found t o  dominate a l l  o t h e r  con- 
s i d e r a t i o n s  i n  geothermal  h e a t  exchangers .  A 27 
r e d u c t i o n  in X T ~ T  can  a c h i e v e  a $ 4 M  
t h e  l i f e  of each  5OMWe ( n e t )  geothermal  b i n a n  
power p l a n t  a t  1976 b r i n e  c o s t s  i n  t h e  p r i m a r v  
e x c h a n g e r l f i e l d  subsystem a l o n e .  

The SIZEHX/GEOTHM5 program h a s  performed complex 
mul t ipa rame te r  o p t i m i z a t i o n s  b e l i e v e d  t o  b e  i m -  
p r a c t i c a l  w i t h  p r k v i o u s l y  documented codes .  
specified d e s i g n \ f o u l i n g  f a c t o r r w a s  used i n  t h i s  
work; -however,. SIZEHX is 'capable  of de t e rmin inc  
t h e  o p t h u m  design fou l ing  factor, or optimum 
c l e a n i n g  f r equency ,  g iven  t h e  c l e a n i n g  c o s t s  and 
t h e  c o s t  of plant-dowri t i m e , '  assuming c o n s t a n t  
s c a l i n g  rates.' 
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: L U T E D  OPTLHLRl 

,& uol 

(CO) (R/hrft''F) 

11.02 271.1 

17.05 218.6 

17.03 202.1 

17.18 247.5 

17.01 223.5 

13.12 315.2 

17.68 261.0 

20.04 273.6 

TABLE 1 S I Z E H X  Opt im ized S u p e r c r i t i c a l  ( 1 / 1 )  Exchanger Designs (4 /2  s e r i e s / p a r a l l e l  a r r a y s )  
I 1 RESULTS - 

"brine 
(max) 

(ft/SPc 

4.891 

4.795 

4.637 

4.676 

4.745 

5.052 

5.156 

5.379 

I I I I 

rube side and z e ~ o  fouling 

S/d, = I .25, do 0 75" 

XBL 783-7866 

Corbon Steel $ 12 OO/ft' 
I 4 0- 

450 - 

400 - (Atpp)OpT 49 C" 

- 

Y Specified T and P 
A Specified T 

I I I I 
300 100 I50 200 50 

Total Heat  Transfer (Per Parallel Stream) 
LB, El 7Bt '  

FIGURE 1 Typical T/Q plot (Case 2)  illustrating 

shift in SIZE-HX optimization. 
change of brine temperature profile and pinch point o/o Change in Opiimizoble Parameter 

FIGURE 2 Typical sensitivity plot from 3 parameter 
optimization (Case 7), Note the strong influence of 
pinch point (brine cost) on the total cost, XTOT 
(S/Btu). 
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