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ABSTRACT 

Heat exchanger fouling tes ts  were conducted 
a t  Raft River to  establish the geothermal fluid 
side fouling factors t o  be used i n  the Raft River 
thermal loop design. The tes t s  were f i r s t  con- 
ducted w i t h  materials tha t  k u l d  not corrode se- 
verely t o  determine the effect  of potential min- 
eral deposition. 
repeated us ing  carbon steel  and Monel 400. 

These t e s t s  are currently being 

T h i s  report describes the t e s t  system and 
t e s t  results. 

INTRCDUCTI ON 

The moderate temperature resources, such as  
Raft River, which have relatively low amounts of 
dissolved carbon.dioxide are expected t o  have a 
low mineral scaling potential. T h i s  of course is  
very important w i t h  respect to the selection of 
heat exchanger fouling factors and thus heat ex- 
changer cost. 
River fac i l i ty  assumed tha t  carbon steel heat ex- 
changer tubes would be used and that  the fouling 
due to  corrosion and mineral deposition would be 
about 0.003 hr-OF-f t * / B t u  . 

Preliminary design of the Raft 

Concurrent w i t h  the preliminary design work 
for  the thermal loop, a t e s t  system was designed 
us ing  double pipe type heat exchangers in which 
four - twenty foot lengths of heat exchanger tub-  
i n g  could be installed. 
could be operated in e i ther  series or parallel .  

The heat exchangers 

A closed cooling water system, f i l l e d  w i t h  
treated demi neral i zed water , was used t o  remove 
heat from the geothermal fluid.  This heat was in 
t u r n  rejected i n  a small fin-fan radiator. A 
schematic of the system is shown i n  Figure 1. 
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TEST PROGRAM AND TEST RESULTS 

The in i t ia l  phase of the t e s t  program con- 
sisted o f  a long term t e s t  w i t h  tubes made of 
titanium and type 304 stainless  steel .  
i a l s  were selected because they were not expected 
to  form a heavy corrosion scale which would re- 
tard the transfer of heat ( t h e  use of titanium 
o r  304 SS d i d  not  imply a tentative material se- 
lection).  Thus any significant fouling tha t  
migh t  occur could be primarily attr ibuted t o  min- 
eral deposition and not a corrosion process. 

This in i t ia l  t es t  was r u n  with a l l  four 
tubes,in series so that  a temperature drop 
approximately corresponding to  that  in the Raft 
River thermal loop could be achieved. The geo- 
thermal f luid inlet  temperature was limited t o  
the 275°F provided by the RRGE 7 well under arte- 
sian flow of about 200 gpm. Geothermal f luid 
pressure was maintained a t  about 150 psig a t  a l l  
times. T h i s  pressure was suff ic ient  t o  ensure 
that  the dissolved gases remained in solution. 
The goethermal fluid velocity was established a t  
5 fps 
mal loop). 

The mater- 

(preliminary design velocity for  the ther- 



Following an inadver ten t  shutdown caused by 
a s i t e  power outage, the  heat  exchanger tubes were 
removed f o r  inspec t ion  f o r  p o s s i b l e  sca le bui ld-up 
due t o  b o i l i n g  on the  ou ter  tube surface. It was 
discovered that ,  i n  s p i t e  o f  extens ive pre- tes t  
c leaning o f  the  coo l ing  water system and chromate 
treatment o f  the  coo l ing  water, a f i l m  ex is ted  on 
the outs ide o f  the  heat exchanger tubes. This  
f i l m  was no t  tenacious and cou ld  be e a s i l y  wiped 
o f f .  Th is  wip ing o f  the o u t e r  tube surface re-  
su l ted  i n  the over  a l l  heat t r a n s f e r  c o e f f i c i e n t  
re tu rn ing  t o  e s s e n t i a l l y  i n i t i a l  condi t ions.  The 
i n i t i a l  bu i ld-up o f  f o u l i n g  res is tance and the  
return, a f t e r  wip ing the  o u t e r  surface, t o  near 
i n i t i a l  condi t ions are  shown i n  F igure  2. Since 
extremely low ( o r  no) f o u l i n g  was apparent ly  oc- 
curing, i t  was decjded t o  wipe t h e  ou ter  tube sur- 
face a t  i n t e r v a l s  t o  o b a t i n  i n s i d e  f o u l i n g  fac to rs  
which would be otherwise i n d i s t i n g u i s h a b l e  from 
t h e  t o t a l  o f  t h e  i n s i d e  and ou ts ide  f o u l i n g  fac-  
tors .  
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The 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  was 
obtained by d i v i d i n g  the  t o t a l  q u a n t i t y  o f  heat 
transfered by t h e  t o t a l  ou ts ide  tube surface area 
and the l o g  mean temperature d i f fe rence.  The 
t o t a l  heat t rans fered  was determined from t h e  t e s t  
data as the product o f  mass f l o w  r a t e  and temper- 
a tu re  drop f o r  t h e  geothermal f l u i d .  I n  order  t o  
compensate f o r  the  temperature and v e l o c i t y  var- 
i a t i o n s  on both t h e  coo l ing  water and geothermal 
f l u i d  s ide  of t h e  heat exchanger tube, a tech- 
nique was developed t o  c o r r e c t  t h e  i n i t i a l  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  t o  f l u i d  cond i t ions  a t  
any data reading. This  technique involved the  
d e r i v a t i o n  of "weight fac to rs" ,  which r e f l e c t e d  
the c o n t r i b u t i o n  o f  the i n s i d e  and outs ide f i l m  
c o e f f i c i e n t s  t o  t h e  i n i t i a l  heat  t r a n s f e r  c o e f f i -  
c ient .  These weight f a c t o r s  were app l ied  t o  
r a t i o s  o f  f l u i d  p roper t ies  and v e l o c i t i e s  which 
provided a c o r r e c t i o n  f a c t o r  t o  be app l ied  t o  the 
i n i t i a l  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 .  The 
d i f fe rence i n  t h e  t o t a l  thermal res is tance ( l / U ) a t  
each data reading and the  cor rec ted  i n i t i a l  res is -  
tance was the f o u l i n g  res is tance a t  t h e  t ime of 
t h a t  data reading. 

F igure 2 shows the t o t a l  f o u l i n g  res is tance 
f o r  a l l  f o u r  tubes over a p e r i o d  o f  108 days. The 
data obtalned immediately f o l l o w i n g  the  wip ing o f  
the outs ide tube sur face i s  shown as a "square" i n  
each case. Also shown f o r  re ference are  po in ts  
which represent various values o f  f o u l i n g  r e s i s -  
tance per year  (assuming f o u l i n g  res is tance i s  
l i n e a r  w i t h  t ime). From t h i s  data i t  appears t h a t  
f o u l i n g  res is tance i s  cons iderably  l e s s  than the 
i n i t i a l  design value o f  Rf=0.003 hr-ftZ-"F/Btu, 
probably c loser  t o  Rf=0.001 hr-ftZ-OF/Btu. 

The next phase o f  t e s t s  c o n s i s t  o f  i n s t a l l i n g  
tub ing t h a t  would e x h i b i t  two d i f f e r e n t  degrees of 
corrosion. Carbon Steel and Monel 400 tub ing  were 
selected f o r  p a r a l l e l  operation. These t e s t s  are 
c u r r e n t l y  under way, however, 45 days o f  data have 
been obtained. Th is  data i s  shown i n  F igure 3 
(Carbon Stee l )  and F igure 4 (Monel). I t  i s  i n t e r -  
es t ing  t o  note t h a t  t h e  carbon s t e e l  tub ing shows 

very l i t t l e  f o u l i n g  a f t e r  w ip ing  (RfgO.OOl/yr 
hr-ftZ-'F/Btu) a t  t h i s  t ime a1 though carbon s t e e l  
cor ros ion  coupons being evaluated i n  a cor ros ion  
t e s t  have shown severe corros ion.  The Monel 400 
tube seems t o  i n d i c a t e  a f o u l i n g  r a t e  s l i g h t l y  
more than carbon s tee l  (Rf between 0.001/yr and 
0.0015/yr hr-ft2-OF/Btu), a1 though t h e  Monel 
cor ros ion  coupons d i d  no t  appear t o  have as 
severe cor ros ion  a t tack  as t h e  carbon s tee l  cou- 
pons. 

TEST NUMBER 1 
OVERALL TOTAL FOULING R E S I S T A X E  FOR 

FOUR HEAT EXCWIGtR TUBES IN SERIES 
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TEST NUMBER TWO 
TOTAL FOULIllG RESISTANCE FOR 

CARBON STEEL TUBE - PARELLEL FLOW 
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TEST IIUWBER TWO 
TOTAL FOULING RESISTANCE FOR 

MONEL 400 TUOE - PARALLEL FLOW 
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FIGURE 4 

FUTURE TEST PLANS 

Materials for use as tubing in the Raft River 
heat exchangers are being evaluated by exposure to 
the geothermal fluid as corrosion coupons and as 
simmulated tube-tube sheet connections. Results 
of these t e s t s  presently indicate t h a t  admiralty 
brass or a similiar copper alloy i s  the best sel- 
ection for  the tube material. Therefore, subse- 
quent heat transfer t e s t s  will be conducted using 
admiral ty metal. 

CONCLUSIONS 

As a result o f  this  t e s t  program the design 
fouling factor has been reduced by 50% which will 
result in a reduction of approximately 20% in the 
total geothermal fluid heat exchanger area. 
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