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ABSTRACT 

An e x p e r i m e n t a l  s t u d y  on p l a t e  h e a t  exchangers ,  which 
c o n s i s t  of d i f f e r e n t  p l a t e  m a t e r i a l s  and a r e  used f o r  
h e a t i n g  of b u i l d i n g s  w i t h  geo thermal  w a t e r ,  i s  be ing  
c a r r i e d  o u t  a t  t h e  s i t e  of No.  2 geo thermal  w a t e r  
w e l l  l o c a t e d  on t h e  campus of T i a n j i n  U n i v e r s i t y .  
The aim of t h e  s t u d y  i s  t o  s e a r c h  f o r  t h o s e  h e a t  
exchangers  which c a n  be adap ted  t o  geo thermal  a p p l i-  
c a t i o n ,  have good c o r r o s i o n  r e s i s t a n c e ,  and a r e  
economic? 

The r e s u l t s  and comparison of t h e  two p l a t e  h e a t  
exchangers  (one  t i t a n i u m ,  a n o t h e r  s t e e l  w i t h  a 
s p e c i a l  p l a t i n g )  a r e  r e p o r t e d ,  emphasizing t h e i r  
c o r r o s i v e  and t h e r m a l  performances.  A t  t h e  same 
t i m e ,  c o r r o s i o n  exposure  t e s t i n g  w i t h  f o u r  types  of 
specimens was done,  and r e l e v a n t  r e s u l t s  a r e  a l s o  
p r e s e n t e d  i n  t h i s  paper .  

C A I  Y I H A N  

B r i e f  d e s c r i p t i o n  of t e s t i n g  f a c i l i t i e s  

I n  o r d e r  t o  i n v e s t i g a t e  i n  d e t a i l  h e a t  exchangers  f o r  
geothermal  u t i l i z a t i o n ,  e x p e r i m e n t a l  f a c i l i t i e s  were 
e s t a b l i s h e d  a t  t h e  s i t e  of a deep  geo thermal  w e l l  on 
t h e  campus of T i a n j i n  U n i v e r s i t y .  The schemat ic  dia-  
gram of t h e  f a c i l i t i e s  i s  shown i n  F ig .  l. Ana lys i s  
of chemical  compos i t ion  f o r  t h e  geo thermal  w a t e r  from 
No. 2 w e l l  i n d i c a t e s  t h a t  t h e  c o n t e n t  of harmful  
i o n s ,  such a s  F-, C1-, SO4, e t c . ,  i s  q u i t e  h igh .  
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I n t r o d u c t i o n  

S i n c e  t h e  Energy Cris is  i n  t h e  1 9 7 0 ' ~ ~  much a t t e n t i o n  
has been p a i d  t o  energy  c o n s e r v a t i o n  and e x p l o i t a t i o n  
of s o- c a l l e d  "new energy" s o u r c e s  c e n t r e d  on s o l a r ,  
geothermal ,  b i o l o g i c a l  and wind e n e r g i e s  a l l  o v e r  t h e  
world.  Some encourag ing  p r o g r e s s  h a s  been ach ieved  
s i n c e  then .  Geothermal  energy ,  a s  a n  a l t e r n a t i v e  
energy ,  h a s  i t s  s p e c i a l  a t t r a c t i o n .  There  a r e  huge 
geo thermal  r e s o u r c e s  s p r e a d  wide ly  th roughout  t h e  
world.  

S p e c i a l  r e s e a r c h  i n s t i t u t e s  have been e s t a b l i s h e d ,  
and development p l a n s  f o r  long- term r e s e a r c h  have 
been adopted  by many c o u n t r i e s .  Among them, t h e  
Uni ted  S t a t e s ,  I t a l y ,  New Zealand and Japan  a r e  
l e a d i n g  i n  t h i s  f i e l d .  

Geothermal energy  can  be used  i n  many ways such  a s  
g e n e r a t i n g  e l e c t r i c i t y ,  h e a t i n g  of b u i l d i n g s ,  u t i l i -  
z a t i o n  i n  greenhouses , a g r i c u l t u r e  and medica l  
t r e a t m e n t ,  e t c .  Because of t h e  s t r o n g  c o r r o s i o n  of 
s o m e  geo thermal  f l u i d s  , h e a t  exchangers  w i t h  h i g h  
c o r r o s i o n  r e s i s t a n c e  and good the rmal  c h a r a c t e r  a r e  - 
u s u a l l y  n e c e s s a r y  f o r  many g e o t h e r m d  a p p l i c a t i o n s .  

To deve lop  and make h e a t  exchangers  of good perform- 
ance and low c o s t  f o r  geo thermal  use i s  a n  i m p o r t a n t  
a s p e c t  f o r  speed ing  up e x p l o i t a t i o n  and u t i l i z a t i o n  
of geo thermal  r e s o u r c e s  , t h e r e b y  g r a d u a l l y  reduc ing  
costs. 

There  a r e  abundant  geo thermal  r e s o u r c e s  d i s t r i b u t e d . . ,  
o v e r  e v e r y  p r o v i n c e  of China,  but  most of t h o s e  which 
have a l r e a d y  been d i s c o v e r e d  a r e  a t  low, o r  i n t e r -  
m e d i a t e ,  t e m p e r a t u r e s .  The c i t y  of T i a n j i n  l i e s  
over a sed imenta ry  b a s i n  w i t h  numerous a q u i f e r s  which 
produce w a r m  and h o t  wa te r .  The aim of o u r  s t u d y  was 
t o  i n v e s t i g a t e  a p p r o p r i a t e  h e a t  exchange f o c i l i t i c s  
f o r  s p a c e  h e a t i n g  i n  w i n t e r ,  w i t h  low tempera tu re  
(abou t  50°C) geothermal  w a t e r  ) 0- h i g h  c o r r o s i o n  
r e s i s t a n c e ,  good the rmal  performance,  long  s e r v i c e  
l i f e  and l o w  c o g t s .  

F ig .  1: Diagram of t es t  f a c i l i t i e s .  

One of t h e  p l a t e  h e a t  exchangers  (4M2) i s  l o c a l l y  
a v a i l a b l e  and has  4 1  p l a t e s ,  each  w i t h  a n  e f f e c t i v e  
a r e a  of 0.1 n2,  and c o n s i s t s  of he r r ingbone  corru-  
g a t e d  shaped p l a t e s .  Counte r  f l o w  was a r r a n g e d  € o r  
two s i d e s  of t h e  passages ;  each  s i d e  of t h e  f l u i d s  
h a s  twenty p l a t e s  i n  p a r a l l e l .  The p l a t e s  of t h i s  
exchanger  were made of o r d i n a r y  s t e e l ,  w i t h  a l a y e r  
of s p e c i a l  p l a t i n g  on each  s i d e  of t h e  p l a t e .  The 
o v e r a l l  t h i c k n e s s  of t h e  p l a t e ,  i n c l u d i n g  t h e  o u t e r  
ones ,  i s  0.5mm. I n l e t  and o u t l e t  t empera tu res  and 
p r e s s u r e s  were measured w i t h  g l a s s  thermometers 
(L/lO"C g r a d u a t i o n )  and s t a n d a r d  gauges (0.025 
kgf /cn2  g r a d u a t i o n ) .  For  measuring t h e  mass f low of 
geo thermal  and c o l d  w a t e r ,  a s i m p l e  and e x a c t  method 
was used: t iming  and weigh t ing .  

I n  p a r a l l e l  w i t h  t h e  f i r s t  h e a t  exchanger ,  a n o t h e r  
p l a t e  h e a t  exchanger  w i t h  20m2 h e a t  t r a n s f e r  a r e a  was 
t e s t e d .  The second exchanger  c o n s i s t s  of 100 t i t a n i u m  
p l a t e s  and was t e s t e d  t o  compare t h e  c o r r o s i o n  r e s i s t -  
a n c e  of t h e  two under  e x a c t l y  t h e  same c o n d i t i o n s .  
The u s u a l  range of o p e r a t i n g  paramete rs  d u r i n g  t h e  
whole e x p e r i m e n t a l  p e r i o d  i s  l i s t e d  below: 

Temperature of f l u i d  a t  e n t r a n c e :  

geothermal  wa te r :  
c o o l i n g  wate r  : 

49 t o  51°C 
20 t o  27°C 

P r e s s u r e  of f l u i d  a t  e n t r a n c e :  

geothermal  s i d e :  u s u a l  1.5 kgf / c a 2  
t o p  3 . 0  kgf/cm2 

c o o l i n g  s i d e :  

mass f low r a t e s :  

geo thermal  s i d e :  
c o o l i n g  s i d e  : 

u s u a l  1 .O kgf /cm2 
top  2.0 kgf/cm2 

8 t o  19.5 t o n / h r  
5.7 t o  14 t o n / h r .  
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WANG e t  a l .  

thermal  r e s i s t a n c e  of a h e a t  exchanger  c o n s i s t s  of 
t h e  fo l lowing  terms: Cor ros ion  exposure  t e s t i n g  of s p e c i n e n s  

I n  o r d e r  t o  a c q u i r e  e x a c t ,  d e t a i l e d  c o r r o s i o n  d a t a  
f o r  v a r i o u s  m a t e r i a l s ,  c o r r o s i o n  exposure  t e s t i n g  was 
done u s i n g  f o u r  d i f f e r e n t  m a t e r i a l s ,  i .e .  carbon 
s t e e l ,  s t a i n l e s s  s t e e l ,  t i t a n i u m ,  and o r d i n a r y  s t e e l  
w i th  a s p e c i a l  p l a t i n g  mentioned above. The t e s t i n g  
was done i n  t h e  f l owing  g e o t h e r n a l  water a t  t h e  s i t e  
of t h e  geothermal  w e l l  under  two d i f f e r e n t  condi-  
t i o n s :  ( a )  specimens  were comple t e ly  immersed wi thou t  
any i n t e r r u p t i o n  d u r i n g  t h e  whole p e r i o d ;  ( b )  s p e c i-  
mens were i n t e r m i t t e n t l y  immersed. , For ( b ) ,  t h e  
specimens were immersed i n  t h e  f l owing  geothermal  
w a t e r  f o r  one day,  t h e n  p a r t l y  withdrawn, t h u s  
expos ing  t h e  uppe r  h a l f  t o  a mixed environment of 
geothermal  vapour and a i r ,  w h i l e  t h e  lower  h a l f  of 
t h e  specimen was s t i l l  i n  t h e  wa te r .  Fo r  t h e  
f o l l o w i n g  day, t h i s  was r e p e a t e d  d u r i n g  t h e  whole 
t e s t i n g  p e r i o d .  

It is  w e l l  known t h a t  c o r r o s i o n  r a t e s  f o r  t h e  same 
material d i f f e r  i f  t h e y  are p a r t l y  o r  comple t e ly  
immersed i n  c o r r o s i v e  f l u i d s .  P l a t e s  of h e a t  
exchangers  i n  o p e r a t i o n  i n e v i t a b l y  come i n t o  c o n t a c t  
w i t h  a i r .  T h e r e f o r e  i t  seems t h a t  t h e  second 
programme of exposure  t e s t i n g s  t e l l s  u s  more about  
t h e  c o r r o s i o n  r e s i s t a n c e  t h a n  t h e  f i r s t  programme. 

The r e s u l t s  of t h e  c o r r o s i o n  exposure  t e s t s  w i th  f o u r  
d i f f e r e n t  m a t e r i a l s  are  a s  f o l l o w s :  

Table .  1 R e s u l t s  of c o r r o s i o n  exDosure t e s t s  

Mat e r i a  1 P e n e t r a t i o n  r a t e  mmlyear 

A B 

ca rbon  s t e e l  0.3833 0.5643 

s t a i n l e s s  s t e e l  0.00125 0.00327 

s p e c i a l  p l a t i n g  0.0113 

t i t a n i u m  0 .oooo 
0.02026 

0.0000 

The v a l u e s  i n  column A a r e  f o r  s u c c e s s i v e l y  immersed 
specimens ,  and t h o s e  i n  column B f o r  i n t e r m i t t e n t l y  
immersed specimens. I t  shou ld  be noted t h a t  each 
v a l u e  l i s t e d  h e r e  is a n  ave rage  of s e v e r a l  specimens 
of t h e  same k ind .  It can  be s e e n  t h a t  t h e  p e n e t r a t i o n  
rate  measured by t h e  second exposure  t e s t i n g  method 
is rough ly  tw ice  a s  l a r g e  a s  t h o s e  ob ta ined  by t h e  
f i r s t  method. W e  c an  a l s o  s e e  from t h e  v a l u e s  i n  
Tab le  1 t h a t  t h e  c o r r o s i o n  r e s i s t a n c e  of p l a t e s  w i t h  
s p e c i a l  p l a t i n g  i s  good. According t o  G.B. N a t i o n a l  
S t anda rd  of China f o r  c o r r o s i o n ,  i t  belongs  t o  t h e  
g rade  of "good" or " q u i t e  good". I n  a d d i t i o n ,  expo- 
s u r e  t e s t i n g  w i t h  o t h e r  specimens of t h i s  s p e c i a l  
p l a t i n g  i n  f l u i d s  c o n t a i n i n g  HC1, HNO3, H2SO4 and 
NaOH also showed good c o r r o s i o n  r e s i s t a n c e .  

Disassembl ing and checking 

I n  August 1985,  t h e  two t e s t  h e a t  exchangers  were 
t aken  a p a r t  a f t e r  o p e r a t i n g  con t inuous ly  f o r  about  
t h r e e  months. Appearance o f '  t h e  p l a t e s  of t h e  two 
exchangers  showed t h a t  no obvious  c o r r o s i v e  t r a c e  
could  be seen .  We n o t i c e d  t h a t  t h e  s i d e  i n  c o n t a c t  
w i t h  geothermal  wa te r  was covered by a t h i n  l a y e r  of 
a b l a c k ,  w e l l - d i s t r i b u t e d  s u b s t a n c e  whose c o n t e n t s  
have n o t  y e t  been analyzed.  I t  i s  thought  t o  be 
mainly s u l p h i d e .  I n  a d d i t i o n ,  i t  was observed t h a t  
t h e  t h i n  l a y e r  of b l a c k  s u b s t a n c e  a d h e r i n g  t o  t h e  
t i t a n i u m  p l a t e  was t h i n n e r  and e a s i e r  t o  remove than '  
t h a t  on p l a t e s  of t h e  o t h e r  h e a t  exchanger .  

Performance Ana lys i s  

Var ious  measurements were made t o  assess t h e  thermal  
performance of t h e  two h e a t  exchangers  d u r i n g  t h e  
t h r e e  months of o p e r a t i o n ;  more t h a n  one hundred 
t e s t i n g  d a t a  were acqu i r ed  and analyzed.  The o v e r a l l  

R = 1 / K  = l / h c  -t R p  4- Rd + '/hH (1 1 

where: a ,  R p ,  Rd r e p r e s e n t  t h e  o v e r a l l  r e s i s t a n c e ,  
conduc t ive  r e s i s t a n c e  of t h e  p l a t e  (which is  known t o  
be about  0.1 x m2.0C/W) and f o u l i n g  r e s i s t a n c e  
of both  s i d e s  of t h e  p l a t e ,  r e s p e c t i v e l y  ( u n i t  m2 
"C/W); K i s  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  of 
t h e  exchanger  (W/m2.'C); hc ,hg a r e  t h e  convec t ive  
c o e f f i c i e n t s  a t  t h e  c o o l i n g  and h e a t i n g  s i d e  
r e s p e c t i v e l y  (!~/n2. O C  1. 

Because of t h e  two f l u i d  media a t  both s i d e s  of t he  
exchanger ,  t h e  r e g u l a r i t i e s  and r e l a t i o n s  of convec- 
t i v e  hea t  t r a n s f e r  f o r  two s i d e s  of t h e  p l a t e s  a r e  of 
t h e  same p a t t e r n ,  a s  l ong  as a t u r b u l e n t  s t a t e  i s  
ma in t a ined .  T h i s  means t h a t  t h e  Reynolds Number of 
t h e  two f lows  must be l a r g e r  t h a n  a c e r t a i n  c r , t i c a l  
v a l u e ,  which i s  quoted i n  g e n e r a l  a s  200. Reynolds 
Numbers i n  o u r  t e s t s  were a l l  g r e a t e r  t h a n  2,000. 
The r e l a t i o n  f o r  convec t ive  h e a t  t r a n s f e r  i n  passage  
between h e a t  exchanger  p l a t e s  i s  g i v e n  by: 

Nuf = C.Re; . Pr; 

where,  m i s  0 .3  when t h e  f l u i d  i s  cooled and 0.4 when 
hea t ed .  

We have f o r  t h e  co ld  s i d e :  

h c = C  . A . W: 

and f o r  t h e  h o t  s i d e :  

wH" h H = C  . B . 

( 3  

where Wc , \Jh are average  f l u i d  speeds  f o r  t h e  two 
pas sages  r e s p e c t i v e l y .  A and B s t a n d  f o r  a l l  o t h e r  
terms i n  e q u a t i o n  ( 2 )  excep t  f o r  t h e  c o e f f i c i e n t  C 
and t h e  term of f l u i d  speed.  Equa t ion  ( 1 )  can  be 
re- arranged i n  t h e  form: 

(l/K-Rp-Rd) = l/(C.A.W:) + l/(C.B.Wz ). 

Mul t ip ly ing  by A.Wn w e  have 

When t h e  h e a t  exchanger  i s  new o r  has  been c l eaned  
r e c e n t l y ,  t h e  f o u l i n g  r e s i s t a n c e  Rd can be assumed t o  
be ze ro .  Equa t ion  ( 6 )  i s  a l i n e a r  e q u a t i o n  of t h e  
type: 

Y = a + b X  

The l i n e a r  r e g r e s s i o n  method was used t o  s o l v e  f o r  
t h e  c o n s t a n t  a ,  b ,  and t h e  power n by means of 
i t e r a t i v e  c a l c u l a t i o n .  Fo r  t h e  4M2 s p e c i a l  p l a t i n g  
exchanger  we ob ta ined :  n =I 0.771, a = 14.339 and b = 
14.408; t h e  r e l a t i v e  e r r o r  of c o n s t a n t s  a and b i s  
o n l y  0.48 p e r  c e n t  and t h e r e f o r e  c = 0.0695. The 
r e l a t i o n  f o r  convec t ive  h e a t  t r a n s f e r  i n  t h e  p l a t e  
h e a t  exchanger  is g iven  by: 

Nuf = 0.0695Ref0'771 Pr; 

where m i s  0.3 when t h e  f l u i d  i s  cooled and 0.4 when 
hea t ed .  The r e f e r e n c e  t empera tu re  is t aken  a s  mean 
t empera tu re  of t h e  f l u i d  a t  t h e  e n t r a n c e  and e x i t  of 
t h e  exchanger ;  t h e  c h a r a c t e r i s t i c  dimension i s  token 
a s  tw ice  the  gap of t h e  f l u i d  passage  between 
a d j a c e n t  p l a t e s .  

The c a l c u l a t e d  v a l u e s  of 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  K were compared w i t h  t h e  measured ones; 
i t  can  be seen  from Tab le  2 t h a t  t h e  two v a l u e s  a r e  
v e r y  s i m i l a r .  

The b a s i c  r e l a t i o n  between t h e  convec t ive  c o e f f i c i e n t  
h and t h e  m a i n  v a r i a b l e  f l u i d  speed W i s  shown i n  
Fig. 2. 



209 

Other  measurements were made t o  a s s e s s  t h e  f o u l i n g  
r e s i s t a n c e  of t h e  h e a t  exchangers .  Th i s  h a s  proved 
t o  be a d i f f i c u l t  s u b j e c t  i n  t h e  s t u d y  of thermal  
performance of h e a t  exchangers .  It  can  be expec t ed  
t h a t  t h e  r a t e  of f o u l i n g  i s  r e l a t e d  t o  many f a c t o r s  
such  a s  t ype  of f l u i d ,  speed ,  t empera tu re ,  m a t e r i a l  
and shape of p l a t e  ( o r  t u b e ) ,  i t s  roughness ,  e t c .  

Table  2 :  Comparison of c a l c u l a t e d  and observed 
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  K.  

K c a l c u l a t e d  K measured R e l a t i v e  e r r o r  
(W/m2 'C 1 (W/m2 O C )  ( 2 )  

1 4478.8 
2 4511.2 
3 4322.3 
4 4367.2 
5 4125.0 
6 4151.3 
7 3939.5 
8 3824.3 

4558.5 
4534.9 
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Fig.  2 :  R e l a t i o n  between t h e  c o n v e c t i v e  c o e f f i c i e n t  h 
and speed of f l u i d  W. 

T h e r e f o r e ,  i t  is  a d i f f i c u l t  problem f o r  t h e o r e t i c a l  
t r ea tmen t  , and i n f o r m a t i o n  about  f o u l i n g  r e s i s t a n c e  
i s  o b t a i n e d  from expe r imen t s .  W e  took a s e t  of 
measurements eve ry  month ( t h e  f i r s t  measurement f o r  
t h e  new exchange r ) .  The f o u l i n g  r e s i s t a n c e  was 
ob ta ined  a s :  Rd = 0.204h x m2 "C/W and i s  shown 
i n  F i g  3 .  

Fig .  3: Diagram of f o u l i n g  r e s i s t a n c e .  

DISCUSSION 

W N G  e t  al. 

1. A f t e r  a con t inuous  exper iment  l a s t i n g  t h r e e  
months,  p r e l i m i n a r y  c o n c l u s i o n s  c a n  be drawn. 
The c o r r o s i o n  r e s i s t a n c e  c h a r a c t e r  of t he  h e a t  
exchanger  w i t h  a s p e c i a l  p l a t i n g  i s  good and can 
be used t o  o p e r a t e  w i t h  l o c a l  g e o t h e r n a l  wa te r  
f o r  l o n g  p e r i o d s  t o  s a t i s f y  space  h e a t i n g  l o a d s  
i n  t h e  w in t e r .  There  i s  no doubt  t h a t  t h e  
t i t a n i u m  p l a t e  h e a t  exchanger  i s  e x c e l l e n t  i n  i t s  
c o r r o s i o n  r e s i s t a n c e ,  and f o r  t h i s  reason i t  i s  
used abroad.  I n  China a t  p r e s e n t ,  however, 
because  of t h e  h igh  c o s t s  of t i t a n i u m ,  i t  i s  
d i f f i c u l t  t o  u s e  t i t a n i u m  h e a t  exchangers  f o r  
low- temperature h e a t i n g  w i t h  g e o t h e r n a l  water.  We 
p l a c e  o u r  hopes on t h e  l o c a l l y  produced s p e c i a l  
p l a t i n g  h e a t  exchanger  which h a s  good c o r r o s i o n  
r e s i s t a n c e .  Based on p r e l i m i n a r y  e s t i m a t e s  and 
c o n s i d e r i n g  t h e  p r e s e n t  l i m i t e d  p roduc t ion ,  t h i s  
t ype  of p l a t e  exchanger  i s  no t  o n l y  l e s s  expen- 
s i v e  than  t h e  t i t a n i u m  p l a t e  u n i t ,  but a l s o  
cheape r  t h a n  a s t a i n l e s s  s t e e l  u n i t .  I f  f u r t h e r  
improvement i n  t h e  p r o c e s s i n g  t echn ique  of t h e  
p l a t i n g  can  be  made, i t s  p r i c e  cou ld  be reduced 
f o r  l a r g e r  s c a l e  i n d u s t r i a l  p roduc t ion .  

2 .  The exchanger  w i t h  he r r ingbone  c o r r u g a t e d  p l a t e s  
i s  good i n  t h e m a l  performance. The 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  K is  abou t  4 , 5 0 0  W / m 2  "C 
when t h e  ave rage  speed  of f l u i d  i n  t h e  passage of 
exchanger  r eaches  abou t  0.7 Q / S .  

3 .  It appea r s  t h a t  f o u l i n g  is a s e r i o u s  problem 
which can  be found from t h e  observed r a p i d  
r e d u c t i o n  of K v a l u e s ,  even though t h e  i n p u t  
t empera tu re  was no t  h igh .  These  f a c t o r s :  t h e  
narrower  pas sage  f o r  f l u i d s ,  t h e  comparat ively  
lower  speed of f l u i d s  used i n  ou r  t e s t i n g ,  and 
t h e  f a c t  t h a t  none of t h e  p r o v i s i o n s  were t a k e n  
d u r i n g  t h e  expe r imen t ,  etc.,  caused and acce l-  
e r a t e d  t h e  p r o d u c t i o n  of f o u l i n g .  So i t  i s  
neces sa ry  t o  t a k e  e f f e c t i v e  measures f o r  
p r e v e n t i n g  f o u l i n g  by c l e a n i n g  t h e  fou led  u n i t  
p e r i o d i c a l l y  . 

4 .  I n  view of t h e  g r e a t  impor tance  of h e a t  exchanger 
equipment f o r  t h e  e x p l o i t a t i o n  of low temperature  
geothermal  r e s o u r c e s ,  development and t e s t i n g  of 
o t h e r  t y p e s  of h e a t  exchanger  i s  also r equ i r ed .  
These should  be f i r s t l y  of good c o r r o s i o n  r e s i s t -  
ance  and have a long  l i f e ,  and second ly  have a 
good thermal  performance and be inexpensive .  We 
p l a n  t o  t e s t  o t h e r  m a t e r i a l s ,  m e t a l l i c  and non- 
m e t a l l i c ,  i n  t h e  nea r  f u t u r e ,  t o  f i n d  those  which 
are most s u i t a b l e ,  t e c h n i c a l l y  and economical ly .  
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It was found t h a t  t h e  f o u l i n g  r e s i s t a n c e  i s  about  
twenty t imes  t h e  thermal  r e s i s t a n c e  of t h e  p l a t e  
i t s e l f .  ( I n  o r d e r  t o  a c q u i r e  a r e a l  v a l u e  of f o u l i n g  
r e s i s t a n c e ,  none of t h e  p r o v i s i o n s  was t a k e n  a t  t h e  
i n l e t  p i p e s  d u r i n g  t h e  whole t e s t i n g  pe r iod .  ) 




