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SUMMARY ONLY - F u l l text t o be c i r c u l a t e d

INTRODUCTION

Although m o s t of t h e a c t i v i t y to d a t e i n u s e
o f geo the rma l r e s o u r c e s has been related to

e l e c t r i c i t y t h e i r d i r e c t u s e p r o c e s s h e a t i n g
w i l l assume more importance i n f u t u r e .
i n v o l v e t h e l a r g e- s c a l e u s e of geothermal f l u i d s
i n h e a t exchangers .

T h i s w i l l

A j o i n t project team has been set up
to i n v e s t i g a t e  t h e  problems of h e a t t r a n s f e r  f r a n  
geo the rma l f l u i d s i n su r f  a ce  h e a t exchanges.
Thermal and h y d r a u l i c des ign d a t a is a v a i l a b l e for
s ing l e- phase f l u i d s . I t w a s cons ide red  neces sa ry  
t o supplement t h i s wi th  expe r imen ta l  d a t a

p a r t i c u l a r l y  i n  three areas:

The u s e  o f  two-phase geothermal f l u i d s ;
d e t e r m i n a t i o n o f h e a t t r a n s f e r  c o e f f i c i e n t s  

u s i n g f l u i d s i n a c l e a n tube . T h i s
i n v o l v e s t h e e f f e c t s of gas a s w e l l as

e nt h a .

2. The f l o w c h a r a c t e r i s t i c s and p r e s s u r e  d r o p  i n
a two-phase exchanger.

3. The ra te of m i n e r a l d e p o s i t i o n ( p r i n c i p a l l y
s i l i c a ) on s u r f a c e s and i ts e f f e c t on h e a t
t r a n s f e r .

T h i s d a t a i s being ob ta ined  u s ing  a p i lo t s ize
(350 h e a t exchanger a t Broadlands, i n which
s e p a r a t e d steam and sepa ra t ed water f r a n t h e w e l l

and supplementary g a s from ano the r w e l l , are
combined as r e q u i r e d and passed  through a water-
c o o l e d tuba .

C o n c u r r e n t l y wi th t h i s exper iment work,
per formance d a t a is be ing  ob t a ined  from e x i s t i n g
i n d u s t r i a l h e a t exchangers us ing bore f l u i d w i t h a
steam f r a c t i o n of abou t 5% (Rotorua) and s e p a r a t e d
s t e a m w i t h a b o u t 3%g a s (Kawerau).

DESIGN OF PILOT PLANT

S e p a r a t e d steam and water are metered u s i n g
o r i f i c e plates and recombined b e f o r e  p a s s i n g  
t h rough e i g h t tube s e c t i o n s i n series. Each

s e c t i o n is 3 m i n l e n g t h wi th a n O.D. of 25.4

Tempera ture and p r e s s u r e prof i les are t h u s

o b t a i n e d i n e i g h t steps. Cor ros ion- inh ib i t ed
c o o l i n g water f lows through a n annu la r s h e l l

su r round ing  each  tube .
c o n d i t i o n s are he ld c o n s t a n t by au toma t i c c o n t r o l .
S i n c e t h e c o o l i n g water must be p r e s s u r i s e d ,
secondary  exchangers  are used to d i s s i p a t e t h e  h e a t .  

The cooling-water i n l e t

EXPERIMENTAL PROGRAMME

1. S h o r t term work.

The o b j e c t i v e o f t h i s work i s t o e s t i m a t e t h e
film c o e f f i c i e n t s , i n c l e a n tubes , which can be  
o b t a i n e d under real is t ic i n d u s t r i a l cond i t i ons .
The i s i n two-phase w e l l f l u i d , b u t
t h e whole r a n g e is be ing covered , i n c l u d i n g
separated water and also steam wi th a va ry ing gas
c o n t e n t .

S i n c e  o n l y  t h e geothermal ( t u b e
c o e f f i c i e n t i s r e q u i r e d ,  t h e  o t h e r  r e s i s t a n c e s  to
h e a t  t r a n s f e r  must be predictable. T h i s means
t h a t c a l i b r a t i o n work has been r e q u i r e d t o

de t e rmine t h e c o o l i n g water ( s h e l l s i d e )
c o e f f i c i e n t over a r a n g e o f f lows and tempera tures .
A l a r g e number o f d a t a p o i n t s is r e q u i r e d t o f i t
t h i s c o e f f i c i e n t to a curve .

2 . . Long t e r m t e s t i n g .

A f t e r t h e comple t ion of t h e s h o r t term tests
(December) t h e p l a n t w i l l be used f o r long term
o p e r a t i o n to de t e rmine t h e rate of f o u l i n g .

S i n c e t h e  r e s u l t s  must be e x t r a p o l a t e d t o one yea r
f o r a n i n d u s t r i a l p l a n t , t h e experiment must be
r u n for a t least t h r e e t o f o u r months a t s t eady
c o n d i t i o n s .
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