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ABSTRACT

Heat transfer from geothermal f luids
involves problems of condensing steam containing
non-condensibl e gas, scal i n g due to si 1i ca
deposition and two-phase flow systems. A current
chemi engi neeri ng project i nvol ves studyi ng
these problems i n relation to advancing geo-
thermal heat exchanger design and operating
procedures.

Work ted incl udes the performance
testing of two production geothermal heat ex-
changers a t Kawerau and Rotorua and experimental
measurements on a pi lo t plant a t this
work is described i n the second paper). Modern
computer programs employi ng the 1atest s 1-and

-tube heat exchanger technology have assisted the
evaluation of the results.

The future challenges for geothermal eng-
ineers in heat exchanger plant design are exam-
ined for four applications; process steam
generation, hot water heating, hot a i r heating
and total flow (two-phase) units.

INTRODUCTION

All new industrial geothermal projects will
involve the design, fabrication, operation and
maintenance of heat exchanger plants. In direct

end-use heating applications the primary geothermal
heat exchanger will be one of the important i
of equipment i n process steam generation, hot
water heating or a i r heating. Reliable operation
of an ef f ic ien t geothermal heat exchanger leads to
sound economics, overdesign is wasteful in both
capital and operating expenditure.

Use of geothermal f luids i n surface heat
exchangers poses a number of problems, sol uti ons
to must be incorporated into design and operating
procedures :

* Separated steam - The presence of non-
condensibl e gas requires
use of partial condenser
design methods and pro-
vision must be made for
safe venting.

* Separated water - The s i l i c a supersatura-
tion is responsible for
hard scaling of the heat
exchanger surfaces which
must be cleaned.

Total flow - The two-phase flow
system uses more complex
design methods. Currently
these are imprecise.

In 1980 DSIR (Department of Scient i f ic and Indust-
r ia l Research] Ministry of Works and Develop-
ment ) engineers recognised the need to develop a
base of performance data on geothermal heat
exchangers i n order to improve the design of new
plants. Figure 1 shows the 'state-of-the-art' of
the heat exchanger design capability i n New
Zealand prior t o commencing the geothermal heat
transfer project when the process design of any
large heat exchanger was normally done overseas.
No design fouling factors were available nor had
effective cleaning procedures been demonstrated.
"Can we use standard l-and-tube heat exchangers
for geothermal duties or do we have to develop
novel exchangers similar to the liquid fluidised
bed and direct-contact types being f ie ld tested
overseas?" Questions l ike this could not be
answered.

A engineering project team has been
working i n three main areas:

1 ) Plant work

2) Field tes t s

- The performance of two
geothermal heat
exchangers. in service
has been measured.

- A heat exchanger t e s t
rig has been opera-
ti onal a t ands .

Computer programs- R membership i n
Heat Transfer Research,
Inc (HTRI) has given
access t o modern
methods for the perfor-
mance analysis of

l-and-tube heat
exchangers.

This paper reviews the main implications of
the plant work w i t h use of the computer programs
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et

and examines the challenges i n four f u tu re
f i e l d

tes ts are the

PLANT WORK

A.

P1an t Desc r ip t ion

Two k e t t l e (Nos. and geothermal
heat exchangers) were i n s t a l l e d a t Tasman Pulp and
Paper Co. , Limi ted i n the ea r l y seventies t o
enerate clean process steam a t 4.7
50 psig) from geothermal steam a t 7.8 bar,

ps ig)  conta in ing 3% (1.2% mole f rac t i on )
non-condensible gas, predominantly CO . Each

a heat toad and a
r a t e o f 27.3

steam condenses i n the tubes. The tube
bundle consists o f 1700, 19.05 od carbon s tee l
tubes on a 25.4 mm, p i t c h w i t h two tube-passes.
The tubes are 6.1 m and the heat t rans fe r
surface area i s 619 (outs ide) .
b o i l e r s have given a sa t i s f ac to r y performance once
the p rec ip i t a t i on  f ou l i ng  on the process steam
side had been resolved by cor rec t water treatment. 
Scale i s removed from outside the tubes by high
pressure water b l as t i ng a t the annual maintenance 
per iod b u t there i s no cleaning o f the ins i de o f
the tubes where corros ion products have slowly
accumulated.

These k e t t l e

Performance Testing

The standard prac t i ce f o r performance
tes t i ng o f any production heat exchanger i s t o
measure the terminal temperatures, the flowrates
and the pressure drops.
considered r e l i a b l e i f heat balances b e t t e r than
a 10% er ro r can be achieved.

Data are normally 

Attempts t o achieve t h i s ta rge t have n o t
been cons is ten t l y successful due t o the 1imi ta t ions
i n p lan t instrumentation and a f l uc tua t i ng load.
However performance data taken a t star t- up a f t e r
a p l a n t maintenance per iod are ava i lab le as an
ind i ca t i on of the observed performance o f these
heat exchangers.

Results

The process condit ions were as shown i n
Figure 2 .
been used t o check the performance o f t h i s  p a r t i a l  
condenser. The geothermal steam f 1 was
regarded as being the more r e l i a b l e so the treated
water f lowra te was relaxed t o complete the heat 
balance.

The HTRI condenser ra t i ng program has

Heat load
Process steam
Ef fec t i ve AT
Observed U
Calculated clean U =

22.5
35.6 t / h

4000

Thermal resistances from overa l l observed
performance:

B o i l i n g i n
1

1 Condensing
i n Tubes

8% 20%

Tot a l
Fouling

50%

Temperature and condensing coe f f i c i en t
profiles are shown 3 4.

Calculated tubeside = 8

Temperature p r o f 1e

The bulk temperature p r o fi1e o f the geothe-
rmal steam i n the tubes i s as expected f o r a
p a r t i condenser (a condensing
s i b l e gas mixture) showing the decl ine i n
sa tura t ion temperature as the non-condensib l e gas
composition increases and the pressure decreases.
With a b o i l i n g coolant, the AT d r i v i ng fo rce w i l l
a l so decrease through the heat exchanger and i n
t h i s case the AT goes from t o

Condensing coe f f i c i en t p r o f i l e

The condensing heat t rans fe r c o e f f i c i e n t i s
a lso expected t o decl ine ( t h i s corresponds t o an
increasing res is tance t o heat t rans fe r ) as the
gas composition i s increased and the
ve loc i t y i s reduced so changing the con t ro l l i ng
regime from shear t o grav i ty . Condensation takes
place i n the g rav i t y cont ro l led regime towards the
e x i t o f the second and operation i n t h i s
regime should be minimised where possible.

Vented steam w i t h the non-condensible aas

A l l the gas must be vented continuously o r
e lse the performance would rap id l y f a l l due t o the
accumulation o f non-condensi b l e gas. I n t h i s case
94% o f the steam f r a c t i o n has been condensed so 6%
o f the enter ing steam i s exhausted w i t h the gas
stream.

Heat duty

The observed performance i s be t t e r than
design which o f course should be the case a f t e r a
shutdown f o r cleaning.

Thermal resistances

Half o f the t o t a l thermal resistance i s due
t o fou l ing . Therefore t h i s heat exchanger can be
said t o be fou l ing contro l led.
thermal resistance due t o fou l i ng from the accum-
u l a t i o n o f corrosion products now contr ibutes a
s i g n i f i c a n t thermal resistance ( the outside o f the
tubes was cleaned by water b l as t i ng a t the shut-
down). Visual analysis of the i r o n sulphide scale 
removed from the tubes a t the condensate e x i t shows
a layered e f f e c t corresponding t o a bui ldup
i n g each start-up. The mechanism appears t o be
due t o the changed environment a t shutdown when
the scale could dry and crack and so has t o reform

The tubeside
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a pro tec t i ve f i l m on contact again w i t h the
Steam.

de pressure drop 

B. - Tubular Hot Water Heaters

ant Description

ers i n operate a t the Research
I n s t i t u t e t o ra i se a water heating c i r c u i t
temperature by from t o by using a

t o t a l geothermal supply a t 7.4 bar
(90
essen t i a l l y water but up t o 1%

flows through the tubes. A bank i s s ized
f o r a heat load 0.6 and 50 t / h ho t water
c i r c u l a t i o n on the shel ls ide.

Banks o f three 1-and-tube heat exchang-

The geothermal two-phase supply

The tube bundle consists o f 26, 31.75
od carbon s tee l on a 46.0 p i t c h
w i t h two tube-passes . The f i x e d bundle i s 2.5 m
long w i t h a t o t a l 19 (outside) surface area
fo r the three un i t s . A long i tud ina l b a f f l e i s
used on the she l l s ide with no segmental ba f f l es .

The un i t s are easy t o fabr icate, robust
and r e l i a b l e . A t annual shutdown i n the
any loose pumice i s taken ou t by a wi re brush
pushed through the tubes. The t h i n hard s i l i c a /
corrosion product scale ins ide the tubes i s no t
removed.

Performance Testing

D i f f i c u l t i e s have again been experienced
i n achieving the heat balance due t o
l i m i t a t i o n s i n instrumentation and problems
i n measuring i n l e t geothermal enthalpy and gas
conten t .

Typical summer performance data are avai 1able
from a f t e r a shutdown and these are given as
ind i ca t i ve o f the actual performance o f these heat
exchangers.

Results

The process condit ions shown i n Figure 5
have been used t o check the performance on the
HTRI computer program f o r s ing le phase heat trans-
fe r .

Heat load
Hot water
E f f ec t i ve AT
Observed U

0.21
14.4 t / h

630

1) Calculated U based on water only i n the
tubes = 500 (clean U = 610

2) Calculated U based on water and gas i n the
tubes = 630 (c lean U = 770

Therma

45%

resistances f o r case (2)

i n Tubes

Resul t s Anal s

5%

1
Foul i n g

Heat load

During the the design heat duty i s
no t required and the heat exchanger i s operated
i n a turn-down si tua t ion .

Enhancement due t o gas f low

Comparison of the actual overa l l heat trans-
f e r c o e f f i c i e n t w i t h the c o e f f i c i e n t based on
water on ly i n the tubes indicates a conservative
design. (Calculated clean U Observed.) The f low
o f gas w i t h the geothermal water w i l l improve the
heat t r ans fe r c o e f f i c i e n t by r a i s i n g the turbulence
i n the bulk and reducing the 1i q u i d f i l m . Enhance-
ment o f the s ing le phase coe f f i c i en t by 1.5 t o 2
times by the gas f low i s supported by the f i e l d
t e s t work and a cor re la t ion i n Shah. An increase
i n the tubeside f i l m heat t rans fe r c o e f f i c i e n t by
1.7 times from 1600 t o 2700 gives a more-
accurate comparison o f the observed and culated
overa l l heat t rans fe r  coe f f i c ien ts .  (Calculated
clean U Observed.)

Thermal resistances

t o the low ve loc i ty , long i tud ina l flow.
v e r t i c a l segmental ba f f l es w i l l increase the velo-
c i t y and promote cross f low which i s the desired
f low pat te rn on the shel ls ide. The she l l s ide
c o e f f i c i e n t a t 3000 = could be
increased t o 8500 = ) using
segmental b a f f l e s i n place o f the s ing le longi tud-
i n a l b a f f l e f o r the design flowrate, w i t h a lso a
saving i n pressure drop.

The main resistance i s on the she l l s ide due
Use o f

FUTURE CHALLENGES I N GEOTHERMAL HEAT EXCHANGER
PLANT DESIGN

1) Process Steam Generation

d r i v i n g force from the current Maybe an
e f f ec t i ve AT o f should be the targe t even
though la rge heat exchangers w i l l be required.

One challenge i s t o design f o r a lower AT

Ver t i ca l un i t s o f f e r the prospect o f more
e f f i c i e n t operation a t a lower AT and be t t e r over-

1 heat t rans fe r coe f f i c i en t s (reduced fou l i ng
a t higher ve loc i t i es )  bu t  these un i t s would be
more expensive than k e t t l e bo i l e r s .

Preheating the water feed t o a b o i l e r i s
essent ia l f o r economy reasons. Use o f the
re jec ted t o t a l f low ( s i n a
preheater should lead t o 99% o f the geothermal
steam f r a c t i o n being condensed.
f o r the No. 5 geothermal heat exchanger u n i t a t
Tasman w i l l confirm t h i s design philosophy. 

New p lan t planned
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Carbon steel is the primary material of
there probably scope t o s h u t-

down t o the
bui 1d-up o f corrosion products.

2) Hot Water Heating

All the f ie ld tes t s and plant performance
data (Wairakei ,Broadlands and Rotorua) confirm
that a surface heat exchanger using the separated
water direct ly (no ponding or atmospheric contact) ,
does not cause a significant fouling problem.
The geothermal side fouling factor due to s i l i c a
deposition is likely to be lower than the process-
side fouling.
tha t s i l i c a deposition would contribute only 15%

the design surface area of a heat
exchanger which is quite acceptable. The Broad-
landspilot plant cleaning t r i a l s demonstrated
t h a t the si1i product scale could
probably be removed u s i n g cold strong acid t rea t-
ment.

The Broadlands resul ts indicate

Another challenge is to use the separated geo-
thermal water which i s currently wasted, in a
surface heat exchanger application. ans are
being prepared to use separated water from
Wairakei flash plant 6 to heat a closed hot
water system for the Wairakei buildings. The
design heat load will be 1.5

Both carbon steel shell-and-tube or stain-
less steel plate heat exchangers can be used for
this water application. Similar
sized u n i ts would have comparable capital costs.
Any benefits would be i n operating costs and
until some data are available on cleaning effect-
iveness and frequency for the different types i t
is impossible to say which is the bet ter u n i t
fo r this duty. The direct-contact type o f heat
exchanger should not be neglected for clean hot
water generation as large units may have cost
advantages. Six 10 units are currently operat-
ed i n Iceland.

3 . Air Heating

A well designed bank of finned tubes for
a i r heating must present good heat transfer a t
low air-side pressure drop t o minimise fan r u n n i n g
costs. Cheap tension-wound carbon steel finned
tubing i s available. However i t has many dis-
advantages including low f in thermal conductivity,
a fin-to-tube bond resistance and often a limited
1i fe .
ween the geothermal i n l e t temperature and hot a i r
e x i t temperature) is h i g h . An existing geothermal
a i r heater uses a temperature approach of in
heating a i r to

The temperature approach (difference bet-

Bimetallic finned tubes will have advantages.
An aluminium on carbon steel tube could improve
the temperature approach to for the same
pressure drop. Will geothermal process engineers
accept the challenge and demonstrate heating a i r
to aver using geothermal fluids?

4. Total Flow Exchangers

A t some locations,--use o f total flow may
have over the conventipnal separa-
ted flow plant. Field tes t s and plant performance
data have demonstrated h i g h rates o f transfer.
Fouling ra te data is not available but i s
not expected to be higher than for the single
phases. The total flow concept appears to be
technically viable. However design methods for the
thermal and hydraulic performance of a heat ex-
changer are s t i l l uncertain. There may be
problems caused by flow ins tab i l i t i es which have
not been studied properly and a design procedure
w i t h a minimum AT (pinch condition) needs more
attention.

DISCUSSION

T h i s preliminary study has contributed to
advancing the subject of geothermal heat transfer
b u t there are s t i l l problems to resolve. A major
step forward came w i t h membership i n HTRI
which enables the performance of l-and-tube
exchangers and banks of finned t u b i n g to be analy
sed us ing computer programs for geothermal duties
i n New Zealand. There are many benefits, one of
the most important is the direct interaction poss-
ibl e now between the process engineer, geothermal
engineer, heat exchanger design special is t , and
services engineer which should lead to well-
designed heat exchangers being fabricated, instal-
led and eff icient ly operated. Figure 6 summarises
the current avai labi l i ty of design information
for geothermal heat exchangers.

Future projects should continue to examine
the fouling, cleaning and total flow aspects of
geothermal heat transfer where only basic work has
so f a r been completed.
of the geothermal side fouling is likely to be
1ess than the process side, there is s t i l l the
need to learn more about the possible accumulation
of fouling deposits , the effectiveness of cleaning
methods and the optimisation of shutdown procedures.
There is also the need to monitor production heat
exchangers through

cycles especially for geothermal
water i n case the s i l i c a deposition rate changes
appreciably a f t e r a particular cleaning method o r
shutdown. Field testing a total flow exchanger
would help to verify design procedures i n order to
reduce the risk of excessive overdesign i n a

sized u n i t .

easier , more accurate and rel iable performance
testing of the geothermal heat exchanger. Only
basic instrumentation and f i t t ings are required
for temperature, pressure and flowrate measurement.
W i t h today's technology i t is possible to log the
performance regularly and cheaply. So w i t h some
thought a t the design stage and an understanding
of the need for iable performance measurements,
production geothermal heat exchangers could provide
us with invaluable operating data.

Even though the magnitude

When new plant is installed i t should allow 
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Separa ted Steam

Separa ted Water

T o t a l Flow.

Drew e t

Fi lm Bea t T r a n s f e r Fou l ing F a c t o r P r a s s u r e Drop Clean ing Procedure
C o e f f i c i e n t

Time-consunling , N o d a t a f o r Methods N o test d a t a
u n r e l i a b l e manual r e l i a b l e
methods
Tubeside o n l y

Re l i ab le Manual Limited f i e l d Accura te manual N o tes t d a t a
methods, eg t e s t data only methods
i n f o r m a t i o n etc
Tubesidc o n l y

Very approximate No data
manual methods
o n l y

tes t d a t a

The challenges for the geothermal engineer
also lower temperature

new larger units , new
cleaning methods, better shutdowns etc . Guess-
work could be eliminated from design procedures
by the use computer and a sound
performance data base. I f development work
proceeds, the new generation of geothermal plants
will have heat exchanger systems operating a t
h i gher thermal effi c iencies .
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Overall heat transfer coefficient,  

.
Temperature difference d r i

Pressure drop,
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KETTLE GENERATOR

Geothermal steam 

Process steam 

bar,

treated w a t e r

hermal condensate
in vapour phase

bar,

no

relaxed and calculated
to heal balance

F i g u r e 1 : STATE-OF-TBE-ART OF DESIGN HEAT I N NEW IN
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Fou l ing F a c t o r

e t

P r e s s u r e Drop

--Figure 3.

STEAM

TEMPERATURE PROFILE

Some d a t a . Computer program
Planned f i e l d
tests t o
examine e f f e c t

Planned p l a n t and
f i e l d tes t t r ia ls

+-+-+-

TUBE- PASS165

Computer program Some f i e l d tes t
f o r c l e a n perform- d a t a

162

, , ,

0 1.0

HEAT LOAD

Figure 4.--
STEAM GENERATOR

TRANSFER

COEFFICIENT

+---+-

TUBE-PASS 1

5.

TUBULAR HOT WATER HEATER.

TOTAL GEOTHERMAL FLOW

(wafer and gas) 0 8

1

I

return hot water

flowrate relaxed and caiculated t o complete hsat balance.

LOAD

Figure 6 : STATUS OF HEAT EXCHANGER DESIGN I N NEW ZEALAND

Geothermal F l u i d

Sepa ra t ed Steam

Sepa ra t ed Water

T o t a l Flow

Film Heat T r a n s f e r
C o e f f i c i e n t

Computer program f o r
both t u b e s i d e and

performance.
Suppor t ing p l a n t and
f i e l d tes t d a t a .

Cleaning Procedure

Computer program f o r
both t u b e s i d e and
s h e l l s i d e performance

B a s i c p l a n t and f i e l d
d a t a .
P re l imina ry computer
methods

Some d a t a from
p l a n t and f i e l d
tests

Planned f i e l d
tests, 1982

I
Planned f i e l d tests,

f i e l d d a t a . e a r l y 1983
Pre l imina ry
computer methods




