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ABSTRACT

A ha l f l i n e a r scale  surface  model of a downhole

separator was tes t ed , using geothermal water, t o
inves t iga te e f f e c t s which might prevent attainment
of equilibrium i n the f lashing f lu id .

The device has moderate turndown but shows
sharply reduced eff ic iency a t very high vapour

fract ions . A reasonable estimate of t h e
performance of a f u l l s ized separator  is near 80%

phase separat ion efficiency. The f lashing process
is r a t h e r slow, and r e s u l t s i n a steam separat ion t h a t

is lower than might be expected from pressure drop
calcula t ions .
phases a t near the published equilibrium values.

is d i s t r ibu ted between t h e two

INTRODUCTION

As a geothermal f lu id f lashes , gases t r a n s f e r
from t h e l iqu id solvent i n t o the newly formed vapour
phase. Most of the non condensible gas is re leased
i n t o t h e vapour phase near the region of "first f l a sh" ,
f o r i n p a r t i c u l a r 502 of the is removed from

i n the f i r s t 0.5% of flashed, while removal of 75%

of the gas requires a f lash f rac t ion of 1.42.

For a process such as t h i s , the f i n a l outcome
depends on the t w o d i f fe ren t types of equilibrium,
the physical equilibrium between two phases, and the

chemical equilibrium of a so lu te
d i s t r i b u t e d between these t w o phases. E i the r (or
both) of these processes might be so slow as t o
prevent complete equilibrium being achieved during

t h e residence time of a f lashing f l u i d i n a device
used to separate them.

EXPERIMENTAL

The downhole separator is a s described previously,
(Braithwaite and Brown, The vortex generators
a r e a s described i n pa r t of t h i s s e r i e s (Kanyua and
Grant-Taylor , 1984).

A dimensioned cross  sect ion of the i n t e r n a l
s t r u c t u r e of the model downhole separator is given
i n f igure 1.

The pipework for model separator was
es tab l i shed a t Steam and water from the

primary wellhead separator a r e regulated and mixed
before being passed t o the test separator.
small v e r t i c a l un i t is instrumented to monitor flow 

r a t e s and pressure drops, w i t h sampling and pressure
tappings on each l ine .
given i n f igure 2.

o r i f i c e p l a t e , while t h e l iquid flow from the
secondary separator is measured by "bucket and
stopwatch" technique. A l l remaining f l o w r a t e s  a r e  

calcula ted from a chloride ion balance, using 
measured concentrations i n samples drawn from each
l i n e .
the contr ibut ion of flash induced over the i n l e t

t r a c t of the DHS to the t o t a l steam separated

This

general arrangement is

In le t streams a r e metered by

Using t h i s method also permits estimation of

Figure 1 Internal of
hole

up to 2%. Extra f l a s h
t h e ranged up to

The flash is to of i n l e t

Table I

Run 33 4 1 42 43 44
flow 643 800 914 391 391 399

Measured f l a s h 0.16 0.20 0 .27 0 . 5 3 1.50

Calculated 0 . 3 7 0 .46 0.46
time 0.9 0 . 8 1.8 1.8

case is measured at the discharge
ed from the
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Fig.2. Oownhole separator site omitted).

r equ i r ed to f u l l y e s t a b l i s h t w o phase flow cond i t i ons
is greater than t h e res idence t i m e of around 1 second.

PHASE SEPARATION

Charac t e r i za t i on of t h e phys i ca l e f f i c i e n c y of
t h e separator requires d e f i n i t i o n of two e f f i c i e n c i e s .
The l i q u i d sepa ra t i on  e f f i c i ency  is given as t h e
e f f i c i e n c y o f removal of l i q u i d water to t h e liquid
l i n e ; because t h e philosophy o f ope ra t i on requires
a small l i q u i d discharge from t h e secondary separator,
t h i s va lue is always high, about 0.995 or better. The
steam s e p a r a t i o n  e f f i c i e n c y  ( e f f i c i ency o f removal of
steam to t h e steam o f f t a k e ) is v a r i a b l e , ranging from
0 to close to 1001, b u t i n a predictable fashion (see
p a r t As expected, t h e sepa ra t i on a t l o w vapour
volume f r a c t i o n s is high decreas ing  wi th  i nc rea s ing
vapour f r a c t i o n . Figure 3 shows three pairs of
a t d i f f e r e n t to t a l flow rates, t h e p a i r s of
a r e for t h e two d i f f e r e n t vor tex  genera tors .  

I t is ev iden t that a t cons tant t o t a l flow t h e r e
a c r i t i ca l value  of  vapour f r a c t i o n beyond which

e f f i c i e n c y f a l l s o f f very rap id ly .
f r a c t i o n is around 0 .5% corresponding to a vapour
phase volume f r a c t i o n of It is probable t h a t
t h i s l i m i t i n g vapour f r a c t i o n could be increased
cons ide rab ly , s i n c e a minor change i n t h e vor tex
gene ra to r and i ts hub produces such g r e a t l y d i f f e r e n t
e f f i c i e n c y curves a t t h e same flow r a t e .

This vapour

GAS DISTRIBUTION EQUILIBRIUM

The d i s t r i b u t i o n of a gas between t h e l i q u i d
and vapour phase of a solvent is commonly described

t h e d i s t r i b u t i o n c o e f f i c i e n t A , where

3

3 Efficiency as a function of
mass fraction
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with n being t h e number of moles, subsc r ip t c s t ands

f o r carbon dioxide , and supe r sc r ip t s and v s t and

f o r  l i q u i d  and vapour respect ive ly . The c o e f f i c i e n t
A (measured empir ica l ly by E l l i s and (1960))
inc rea se s wi th  increas ing  temperature (making a high

temperature sepa ra t i on less a t t r a c t i v e ) . The
d i s t r i b u t i o n c o e f f i c i e n t applies only t o t h e Henry’s

component of the gas
d i s so lv ing t h i s component hydra tes and undergoes
f u r t h e r hydrolys is reactions.

of geothermal waters the overwhelming
to d i s so lved carbonate species is from so t h a t
conversion of t h i s species t o carbonic followed
by dehydra t ion might be expected to exert some c o n t r o l
ove r t h e es tabl i shment  of  equilibrium between t h e

carbonate species, and gas i n t h e vapour.

On

A t t h e near n e u t r a l

For tunate ly t h e proton t r a n s f e r  s t e p  

+

occurs i n t h e mill isecond t i m e range (But ler , 19641,

it is c h a r a c t e r i s t i c of high rates of proton
t r a n s f e r .

For t h e dehydration s t e p ,

+

Bo
o f 12 a t (a re l axa t i on time of 80

t h e re l axa t i on t i m e may be estimated as around
0.1 m s i f t h e r e is no change i n t h e dehydration
mechanism.

and Atkinson 1973 r e p o r t a r a t e cons t an t
a t

Ne i the r of these s t e p s could be expected t o
s i g n i f i c a n t l y c o n t r o l t h e es tabl i shment  of  chemical

equilibrium between t h e l i q u i d and vapour phases i n a
sepa ra to r .

As t h e water f l a shes and CO t r a n s f e r s t o t h e

vapour phase the changes, r i s i n g  s l i g h t l y  i n

response to t h e reduced d i s s o c i a t i o n con t r i bu t ion .

The o f t h e l i q u i d discharged from t h e separator is
c a l c u l a t e d back from t h e discharges from t h e
atmospheric sepa ra to r using t h e charge balance method
of Glover, 1982.

The l i q u i d flowing i n l i n e 6 is ca l cu l a t ed to be

mild ly a l k a l i n e , with near 7. ( A t t h i s temperature
t h e  n e u t r a l  p o i n t of water is 5.7). The water
conta ined i n t h e discharge b u f f e r s t h e gas d i scha rge
aga ins t wide v a r i a t i o n s , and t h e very a c i d
condensate t h a t would form i n t h e event  of  a
completely d ry vapour l i n e discharge .

APPROACH CHEMICAL EQUILIBRIUM

By manipulation of t h e  d i s s o c i a t i o n  equa t ions ,
and gas d i s t r i b u t i o n c o e f f i c i e n t  d e f i n i t i o n s ,  we can
show t h a t for complete mass balance

where symbols have the usual meanings, w i t h

average  concent ra t ion  of t o t a l carbon conta in ing
s p e c i e s , and

is propor t ion of t o t a l d isso lved carbon conta in ing
spec i e s  p r e sen t  i n a l i qu id as d i s so lved CO

t h i s i s t r u e for the t o t a l f l o w i n l i n e s

then

and f o r equi l ibr ium separa t ion ,  

Table lists values  of  and of t h e r a t i o

f o r 9 runs wi th t h e second vor tex

generator.

Table

62 64 65 66 67 68 69 70 72
6.9 8.8 7.0 7.4 8.5 7.1 7.1 7.0 7.1

1.27 0.4 .88 1.05 .83 1.82 

It is clear t h a t t h e discharge from t h e

sepa ra to r is not a t equi l ibr ium, but shows pre fe r-

e n t i a l t r a n s f e r of to one or o t h e r of t h e l i n e s

i n somewhat random fashion. There is no c o r r e l a t i o n
wi th f l o w rate, or wi th equilibrium f l a s h form-
a t i on .

For t h e 72 runs t h e mean value of t h e quo t i en t

is 1.8; i n view of t h e lack of c o r r e l a t i o n

wi th any parameter, it is probable t h a t t h e non

equi l ibr ium gas  s t r i p p i n g is due to t h e flow p a t t e r n
i n t h e separator.

equi l ibr ium gas s t r i p p i n g has also been

observed i n a “pressure-jump” separa tor developed

by BHRA ( S i l v e s t e r , 1982).

CONCLUSIONS

While the experiments have demonstrated t h a t
the downhole separator works i n very much t h e

fashion  predic ted ,  it s t i l l requires c a r e f u l
before it could be emplaced. Lack of

understanding of t h e processes involved i n f l a sh ing

are underlined by t h e f a c t t h a t the separator w i l l
no t s t r ip f l a s h produced nea r t h e i n l e t , where
presumably the t w o phase flow has not f u l l y

e s t ab l i shed . As w e l l as t h i s , t h e r e appear to be
p r e f e r e n t i a l flow p a t t e r n s  i n s i d e  t h e separator,
g iv ing variable, bu t near equilibrium, gas

As a working model however, t h e downhole

sepa ra to r could be descr ibed as having a phase
sepa ra t i on e f f i c i e n c y of better than wi th
equi l ibr ium gas  d i s t r i b u t i o n .
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