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LEGAL NOTICE 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the Depart- 
ment of Energy, nor any of their employees, nor any of their con- 
tractors, subcontractors, or their employees, makes any warranty, 
express or implied, or assumes any legal liability or responsibility for 
the accuracy, completeness or usefulness of any information, appa- 
ratus, product or process disclosed, or represents that its use would 
not infringe privately owned rights. 
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HEAT EXCHANGER MODULE TEST 

(RP1094-1) 

R. L. F u l t o n  
Lawrence Berkeley Laboratory  

1 Cyc lo t ron  Road 
Berkeley, C a l i f o r n i a  94720 

L- 

The heat exchanger module t e s t  i s  an EPRI/DOE 
cooperat ive f i e l d  t e s t  o f  shel l -and- tube heat ex- 
changers t o  be performed w i t h  b r i n e  from Chevron 
Resources Company's Heber, C a l i f o r n i a ,  f i e l d .  
Overa l l  heat t r a n s f e r  c o e f f i c i e n t s  w i l l  be meas- 
ured w i t h  isobutane and a m i x t u r e  o f  isobutane- 
isopentane as the  working f l u i d  i n  a s imulated 
power cyc le .  

The o b j e c t i v e s  o f  t he  p r o j e c t  are: 

- V e r i f y  the performance o f  s t a t e - o f - t h e - a r t  
heat  exchangers i n  geothermal serv ice;  

V e r i f y  t he  heat  exchangers' performance 
hea t ing  e i t h e r  se lec ted  pure l i g h t  hydro- 
carbons o r  se lec ted  mixtures o f  l i g h t  hy- 
drocarbons i n  the  v i c i n i t y  o f  t h e i r  respect -  
i v e  c r i t i c a l  pressures and temperatures; 

- E s t a b l i s h  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 s  
t h a t  might be used f o r  design o f  commercial- 
s i z e  geothermal power p l a n t s  us ing the  same 
geothermal b r i n e  and l i g h t  hydrocarbon work- 
i n g  f l u i d s ;  

Def ine the e f f e c t s  o f  heat exchanger clean- 
i n g  techniques on subsequent heat exchanger 
performance; 

t h a t  might be used f o r  design o f  c o m e r c i a l -  
s i z e  geothermal power p l a n t s  us ing the same 
l i g h t  hydrocarbon working f l u i d s ;  

- To perform and i n v e s t i g a t e  the  above under 
rep resen ta t i ve  f i e l d  ope ra t i ng  cond i t i ons  
d u r i n g  which the product ion w e l l  w i l l  be 
pumped. 

The Lawrence Berkeley Laboratory has been assign- 
ed management r e s p o n s i b i l i t y  f o r  D O E ' S  p o r t i o n  o f  
t he  p r o j e c t ,  The mechanism f o r  cooperat ion b e t -  
ween LBL and E P R I  on t h i s  p r o j e c t  i s  t he  P r o j e c t  
Group, c o n s i s t i n g  o f  one rep resen ta t i ve  from 
E P R I  and one from LBL. A p r o j e c t  manager, re -  
p o r t i n g  t o  the P r o j e c t  Group, prov ides the day- 
to-day contact  w i t h  the con t rac to r  i n c l u d i n g  
techn ica l  d i r e c t i o n ,  schedule c o n t r o l ,  and i n -  
vo ice review and approval. 

Because i t  i s  a cooperat ive p r o j e c t  and n o t  
j o i n t l y  funded, the two sponsoring o rgan iza t i ons  
have each assumed c e r t a i n  r e s p o n s i b i l i t i e s .  LBL 
i s  responsib le  f o r  t he  system design, procurement 
o f  the hardware and ana lys i s  o f  t he  data from 
the t e s t s .  E P R I  i s  responsib le  f o r  t he  const ruc-  
t i o n  and operat ion o f  the t e s t  apparatus and d i s -  
t r i b u t i o n  o f  the f i n a l  r e p o r t .  The p r o j e c t  man- 
ager i s  responsiS:e f o r  w r i t i n g  the  f i n a l  r e p o r t .  

- 

- E s t a b l i s h  o v e r a l l  condensing c o e f f i c i e n t s  

The main emphasis w i l l  be on the  pr imary b r i n e /  
hydrocarbon heat  exchangers. 
t r a i n  cons is t s  of s i x  exchangers i n  se r ies ;  the 
b r i n e  i n  the  tubes and the hydrocarbon i n  the  
s h e l l ,  Table I l i s t s  the main fea tu res  of  t he  
pr imary heat exchangers. 

Table I 
PRIMARY HEAT EXCHANGER DETAILS 

Th is  heat exchanger 

No. o f  tubes: 62 
Tube length:  24 ft. 
Tube s i ze :  3/4 i n .  OD, 16 ga. 
Tube m a t e r i a l  : carbon s t e e l  
Tube p i t c h :  15/16 i n . ,  t r i a n g u l a r  
She l l  I D :  8 3/4 i n .  
B a f f l e  spacing: 12 i n .  
Area pe r  exchanger: 292 ft2 

The heat exchanger module t e s t  cons i s t s  o f  t h ree  
f l u i d  loops: 
water. The th ree  loops a re  in terconnected 
through the pr imary brine/hydrocarbon heat  ex- 
changer t r a i n  and the desuperheater-condenser- 
subcooler t r a i n .  The heat  l oad  i s  then r e j e c t e d  
t o  the  atmosphere i n  a wet c o o l i n g  tower. The 
h i g h  pressure (hea te r )  p o r t i o n  o f  the hydro- 
carbon 1000 i s  separated from the  low pressure 
(condenser) p o r t i o n  by a pressure-reducing va l ve  
s imu la t i ng  a tu rb ine .  

The working f l u i d s  w i l l  be heated a t  s u p e r c r i t -  
i c a l  pressures (600 p s i a )  and the  t e s t  i s  de- 
signed t o  ga in i n s i g h t  i n t o  t h e  behavior and 
heat t r a n s f e r  r a t e s  o f  t he  working f l u i d s  near 
the  c r i t i c a l  p o i n t .  I n  p a r t i c u l a r ,  the working 
f l u i d  m ix tu re  o f  isobutane and isopentane w i l l  be 
s tud ied  t o  observe any " f r a c t i o n a t i o n ' '  o r  un- 
s t a b l e  f l ow  behavior  t h a t  might  occur due t o  
vapor i za t i on  o f  t he  m ix tu re  components a t  d i f -  
f e r e n t  l o c a t i o n s  i n  the heat  exchangers. 

Data from the  t e s t  w i l l  be compared w i t h  pre-  
d i c t e d  values us ing  var ious models, such as the 
f i l m  c o e f f i c i e n t s  p r e d i c t e d  by the  LBL SIZEHX 
code. The heat  exchanger manufacturer w i l l  be 
asked t o  p r e d i c t  t h e  performance o f  h i s  u n i t s  
under the  t e s t  cond i t i ons  and these p r e d i c t i o n s  
w i l l  be compared t o  the t e s t  data. The t e s t  
data w i l l  a l s o  be compared w i t h  p r e d i c t i o n s  made 
us ing  a v a i l a b l e  c o r r e l a t i o n s  and f i l m  c o e f f i -  
c i e n t s  be ing measured i n  LBL's Binary F l u i d  
Experiment. 

I n  o rde r  t o  reduce the head requ i red  from the 
c i r c u l a t i n g  pump, the  hydrocarbon w i l l  be con- 
densed a t  250 p s i a  (ZOOOF) d u r i n g  pr imary heat 
exchanger runs. The subcooler w i l l  reduce the  
l i q u i d  hydrocarbon temperature t o  120°F e n t e r i n g  

b r ine ,  hydrocarbon and c o o l i n g  
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the pr imary heat  exchangers. 

To look a t  condensing c o e f f i c i e n t s ,  the hydro- 
carbon f low w i l l  be reduced and the  system 
pressure dropped t o  95 p s i a  (120'F). Tests w i l l  
then be r u n  t o  o b t a i n  data on t h e  condensing co- 
e f f i c i e n t  versus condensate loading. 

An i n i t i a l  s e r i e s - o f  t e s t s  wi th  isobutane w i l l  be 
run. t o  be fo l lowed w i t h  an 80/20 m i x t u r e  of 
isobutane and isopentane. Several 200 hour runs 

separated by tubeside c leanings w i l l  be made t o  
look a t  t h e  e f fec t i veness  o f  the. c lean ing  method. 

The schedule c a l l s  f o r  t e s t  ope ra t i on  t o  begin 
i n  mid-September, 1978. Three months of t e s t i n g  
has been planned. A l l  the heat  exchangers, de- 
superheater, condenser, subcooler, c o o l i n g  tower, 
and hydrocarbon c i r c u l a t i n g  pump a re  on hand. 
The con t rac to r ,  Co l l ey  Engineers and Construc- 
t o rs ,  Gardena, Cal i f o r n i a ,  who w i  11 design, 
f a b r i c a t e  and operate the  loop, i s  p r e s e n t l y  
working on the  system design. 
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This report was done with support from the Department of Energy. 
Any conclusions or opinions expressed in this report represent solely 
those of the author(s) and not necessarily those of The Regents of the 
University of California, the Lawrence Berkeley Laboratory or the 
Department of Energy . 
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