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ABSTRACT

The Biphase tu rb ine provides an  innovat ive method of
improving performance i n single and double f l a s h
systems.
and accomplishes the following:

The Biphase tu rb ine  accep t s  b r ine  and steam

1. Extracts power from t h e  l i q u i d  energy.

2. Separa tes and d e l i v e r s c l ean steam to
a steam turbine.

3. Repressurizes l i q u i d f o r r e i n j e c t i o n
or pumping.

The improvement i n energy conversion r e s u l t s i n more
power production from given geothermal f l u i d suppl ies ,
thereby improving t h e power p l an t economies.
r e s u l t is low o v e r a l l  p r o j e c t  costs r e f l e c t e d i n
reduced costs of e l e c t r i c i t y .
Rotary Separa tor Turbine is a simple and rugged
machine which has demonstrated high r e l i a b i l i t y i n t h e
geothermal environment. In t he wellhead system, a
geothermal steam tu rb ine is used i n tandem.
equipment is fac to ry pre- fabricated and skid-mounted,
t o provide f l e x i b i l i t y and p o r t a b i l i t y . Operating and
maintenance o o s t s are low because of small, rugged
machinery and high a v a i l a b i l i t y .

The

The Biphase

The

THERMODYNAMICS

The Biphase tu rb ine was developed to inc rea se t h e
energy conversion e f f i c i e n c y for geothermal power
p l a n t s by inc rea s ing t h e energy produced from a given
flow of brine. The c a p i t a l cost, b r ine cos t ,
o p e r a t i n g and cost can be deareased
( r e l a t i v e to t h e power output ) .

S u b s t i t u t i o n of a t u rb ine for a t y p i c a l f l a s h
stage is i l l u s t r a t e d i n Figure 1. The t y p i c a l f l a s h
stage consists o f a throt t l ing valve, a sepa ra t i on
v e s s e l and a pump f o r r e in j ec t i on .
produced f o r t h e b r ine cond i t i ons f o r t h i s f l a s h s t a g e
is 6632 A Biphase stage performs the same

as a f l a s h s tage .
provided to a steam turb ine and repressur ized b r i n e
flows from t h e Biphase turbine . However, t h e ne t
power produced for t he same br ine condi t ions is 7808
HI. Thus, use of a Bipbase s t a g e in s t ead of a f l a s h
s t a g e for these t y p i c a l cond i t i ons can produce
more power w h i l e e l imina t ing seve ra l components.

The ne t power

Separated steam is

FLASH STAGE. POWER NET COWER KW

F i g u r e 1. Compar i son of B i p h a s e T u r b i n e w i t h Flash
Stage for T y p i c a l G e o t h e r m a l Conditions.

The first element of t h e turbine is t h e
two-phase nozzle.
is to u s e thermal energy of b r ine and
steam to k i n e t i c energy to t h e b r ine d r o p l e t s
and to t h e steam.

di f f e r ence between a
f l a s h stage and a two-phase nozzle expansion.

The purpose of t h e two-phase nozzle

This is i l l u s t r a t e d i n Figure 2

2. Comparison of Two-Phase Nozzle Expansion
with Flash Expansion.

I n the f l a s h process, t he high pressure 
through an o r i f i c e or valve, lowering

the pressure and causing more steam t o f l a sh .

i t is a n i sen tha lp i c process a l l the k i n e t i c energy a t
t h e orif ice is d i s s ipa t ed as heat.
only usab l e energy is the thermal energy o f the steam.
For the example shown, t b e total ava i l ab l e energy is
5871 i f the steam were expanded i n a steam tu rb ine
with e f f i c i ency o f Th i s process corresponds 
t o path 0-1 i n Figure 3 which shows the d i f f e r e n c e s on
a diagram.

Since

As a r e s u l t the

Figure 3. T e m p e r a t u r e  E n t r o p y  Diagram for Rotary
S e p a r a t o r T u r b i n e Sys t em.



142

Studha l t e r et al.

I n the two-phase nozzle, t h e p re s su re is lowered
g radua l l y by changing t h e cross sec t i on .
which is formed pushes on t h e  b r i n e  d r o p l e t s  as i t
flows t o t h e nozzle e x i t . Thus, t h e steam does work

on t h e b r ine d r o p l e t s (much i n t h e same manner as i t
would on tu rb ine blades) k i n e t i c energy. A t
t h e e x i t of t h e nozzle t h e r e are three forms of usab l e
energy; t h e steam k i n e t i c energy, t h e  b r i n e  k i n e t i c
energy, and t h e steam thermal energy. As i n t h e
example of Figure 2, t h e se t h r e e energy sources are

1963 5645 g i v i n g a total a v a i l a b l e
energy of 8172

The steam

Referring to F igu re 3, t h e flow through t h e two-phase
nozzle fo l l ows t h e path The exit po in t is a t a
lower entha lpy than t h e i s en t rop i c , pa th The
d i f f e r e n c e i n enthalpy, is converted to steam
and b r i n e k i n e t i c energy. e amount of steam f la shed
is somewhat less i n path 0-2 t h an path 0-1.
example of Figu re 2 t h i s accounts for t h e l a r g e r steam
thermal energy versus 5645

In t h e

Re fe r r i ng to Figure 2, t h e total a v a i l a b l e energy at
t h e nozzle e x i t is 8172 t o a total of 5871

for t h e  f l a s h  orifice. The d i f f e r e n c e , 2301
greater than t h e energy a v a i l a b l e f r o m t h e  f l a s h  

process.

The a d d i t i o n a l k i n e t i c energy i n t h e b r i n e could be
p a r t i a l l y converted t o s h a f t power by impinging t h e
two-phase d i r e c t l y on t u r b i n e blading. However,
large losses of l i q u i d energy due to f r i c t i o n would be
encountered as t h e b r ine flowed a t high v e l o c i t y
a c r o s s extended blade  sur faces .  
been proposed t h a t depend upon t h e b r i n e d r o p l e t s
f lowing wi th  t h e vapor stream l i n e s to avoid t h i s
f r i c t i o n . However, because t h e size of d r o p l e t s

i n an expansion is r e l a t i v e l y l a r g e they w i l l
impinge on any so l id su r f ace s i n t e r c e p t i n g t h e i r
i n i t i a l t r a j e c t o r y .

Hany concepts have

Because o f t h i s and o the r d isadvantages r e s u l t i n g from
d i r e c t impingement, t h e  r o t a r y  s e p a r a t o r  was developed
to e x t r a c t t h e  b r i n e  energy. Figure i l l u s t r a t e s t h e
r o t a r y  s e p a r a t o r  u t i l i z e d by t h e Biphase turb ine . The
r o t a r y s e p a r a t o r  c o n s i s t s  o f a r i m welded t o a d i s k

which is f i t t ed t o a sha f t . The two-phase J e t
impinges a t a nea r ly t a n g e n t i a l angle on t he i n s i d e
area of t h e
component o f the j e t d r i v e s t h e rotor a t a pe r iphe ra l
speed near t o t h e t angen t i a l component of t h e nozzle
e x i t ve loc i t y . The high g r a v i t a t i o n a l f i e l d created
by t h e  r o t a t i o n  c l ean ly separates t h e vapor from t h e
l i q u i d .
on t h e  i n n e r  surface of t h e p r o t e c t i n g  t h e  
material of cons t ruc t i on  o f  t h e from

of the impinging d rop l e t s .
l i q u i d  l a y e r  on t h e rim is pure l i q u i d and has high
k i n e t i c energy. The separa ted steam flows r a d i a l l y
inward and is ducted t o a convent iona l steam tu rb ine
where t h e thermal energy (cf. F igu re is converted
t o shaft power.

The drag genera ted by t h e  l i q u i d  

The l i q u i d  d i s t r i b u t e s  itself as a t h i n l a y e r

The

F i g u r e 4. Rotary Separa tor

The k i n e t i c energy of t h e l i q u i d on t h e  r o t a r y  
s e p a r a t o r can be converted t o add i t i ona l  sha f t  power
by a l i q u i d tu rb ine or it may be converted to pressure
by a d i f fu se r .
has been succes s fu l l y u t i l i z e d is shown i n Figure 5.
The b r i n e and sepa ra to r r i m are t r a v e l i n g a t
v e l o c i t y V .
t h e flow cons t ra ined by a load t o rotate a t a
v e l o c i t y V 1/2 V The absolu te v e l o c i t y (and
energy) leaving t h e scoop is V 1/2 V
1/2 V 0.

is g r e a t e r than 1/2 of the r i m speed
k i n e t i c energy remains i n t h e l i q u i d e x i t i n g t h e
scoop.
second r o t a t i n g separa tor and d i f fu se r .

A simple l i q u i d impulse tu rb ine which

A t maximum power a scoop is immersed i n

If t h e scoop is allowed to a t

Th i s k i n e t i c energy may be recovered by a

ROTARY SEPARATOR.

(RELATIVETO

W A F T

Figu re 5. Liquid Impulse Turbine

Another means o f conver t ing t h e  l i q u i d  energy on t h e
r i m t o s h a f t power is the l i q u i d  r e a c t i o n  turb ine .
Th i s  t ype  of conversion method is i l l u s t r a t e d i n
F igu re 6.
passage t o t h e o u t e r radius.
r o t a t i n g a high g r a v i t a t i o n a l  f o r c e  field r e s u l t s
i n a very  h igh  pressure  a t t h e ou t e r rad ius .
p r e s su re l i q u i d expanded through a s imple l i q u i d
nozzle to produce a high v e l o c i t y which creates a
to rque on t h e sepa ra to r  s t r uc tu r e .  The remaining
k i n e t i c energy i n t h i s j e t may a l s o be converted t o
p re s su re by a second r o t a t i n g sepa ra to r and d i f fu se r .

The l i q u i d flows r a d i a l l y outward through a
The l i q u i d column

The high

REACTION

ROTARY SEPARATOR

V

POWER OUTPUT

Figu re 6. Liquid Reaction Turbine 

The assembly of the se components i n t o a complete
r o t a r y s e p a r a t o r impulse tu rb ine i s shown i n Figure 7.
The b r i n e steam mixture flows through two-phase
nozzles and is d i r ec t ed  t angen t i a l l y  on the f r e e l y
r o t a t i n g drum. The steam is separa ted by c e n t r i f u g a l
f o r c e s and flows r a d i a l l y inward and out t h e por t t o a
steam tu rb ine . T h e b r ine l a y e r o n t h e p r imary r o t a r y
s e p a r a t o r flows through holes t o the o t h e r s i d e of the

. . 



s u p p o r t  d i s k .  
t u r b i n e immersed i n t h e flow. The l i q u i d t u r b i n e

is c o n n e c t e d to a generator.
t h e s c o o p of t h e  l i q u i d  t u r b i n e is c o l l e c t e d o n a
s e c o n d f r e e w h e e l i n g s e p a r a t o r drum. A s t a t i o n a r y
d i f f u s e r , t h e flow collects and
r e p r e s s u r i z e d t h e b r i n e for r e i n j e c t i o n .

The b r i n e l a y e r  d r i v e s  a l i q u i d i m p u l s e

The b r i n e  l e a v i n g  

S t u d h a l t e r e t al.

I n e x p l o i t i n g t h e a d v a n t a g e s of t h e
D e l a v a l Biphase h a s been o n e t h e

p i o n e e r s i n d e v e l o p i n g power p l a n t s . The
w e l l h e a d p l a n t s i z e d t o o p e r a t e w i t h o n e or two
p r o d u c t i o n wells, and b e s i t e d nearby.

p l a n t is small enough t o b e p o r t a b l e , t h u s is
f a c t o r y p r e f a b r i c a t e d . Geothermal r e s o u r c e

The wel lhead

F i g u r e 7. B i p h a s e  R o t a r y  S e p a r a t o r Impul se T u r b i n e Model

THE BIPHASE GEOTHERMAL SYSTEM

The B i p h a s e Geo the rmal t u r b i n e  c a n  b e u s e d by itself
for a h i g h l y p o r t a b l e s y s t e m  u s e d  f o r well p rov ing .
The is also u s e f u l as a wel lhead s t e a m
s e p a r a t o r , s u p p l y i n g power, s e p a r a t e d s t e a m and l i q u i d
u n d e r p r e s s u r e for i n j e c t i o n . A sys tem w i t h a
b a c k- p r e s s u r e non- condensing) stem t u r b i n e is a l s o
p o r t a b l e and f l e x i b l e . However, for u t i l i t y
e l e c t r i c i t y p r o d u c t i o n , t h e s y s t e m i n c l u d e s a

c o n d e n s i n g steam t u r b i n e .

The B i p h a s e  s y s t e m  a r rangement p r o d u c e s more power by
r e p l a c i n g a f l a s h t a n k i n a c o n v e n t i o n a l system. I n a
s i n g l e - f l a s h g e o t h e r m a l sys tem, F i g u r e 8 , t h e B i p h a s e
RST r e p l a c e s  t h e  f l a s h tank . T h i s r e s u l t s i n a
d e l i v e r e d power i n c r e a s e d e m o n s t r a t e d a t R o o s e v e l t Hot
Springs, Utah, of p e r c e n t . When t h e RST is used
t o improve a d o u b l e- f l a s h sys tem, i t r e p l a c e s t h e

l o w- p r e s s u r e f l a s h t a n k , as shown i n 8, f o r a n
i n c r e m e n t of a d d i t i o n a l power. I n e i t h e r t h e
or d o u b l e- f l a s h s y s t e m , t h e o v e r a l l r e l i a b i l i t y be
improved by a r r a n g i n g t h e RST i n p a r a l l e l w i t h t h e

f l a s h t a n k , or by a r r a n g i n g t o b y p a s s t h e RST i f
needed t o a l l o w f o r main tenance . These p i p i n g
a r r a n g e m e n t s are i n c o r p o r a t e d i n Biphase  sys t ems  under  
c o n s t r u c t i o n i n t h e f o r R o o s e v e l t Hot S p r i n g s ,

U t a h and Desert Peak , Nevada.

B i p h a s e Improvement of S i n g l e- F l a s h Sys tem

Biphase Improvement of Double- Flash System 

F i g u r e 8. System Improvement by R e p l a c i n g F l a s h Tank
w i t h Biphase RST.
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development by means of t h e modular wellhead p l a n t
leads t o s i g n i f i c a n t  p r o j e c t  s a v i n g s i n cost and r i s k .

A deve loper of p o t e n t i a l l y large geothermal r e s o u r c e s
faces t h e d e c i s i o n to d e s i g n and b u i l d ei ther one
large c e n t r a l power g e n e r a t i o n p l a n t s e v e r a l
moderately s i z e d modular power p l a n t s . Because of
many economic and s c h e d u l i n g f a c t o r s , s i g n i f i c a n t
advantages c a n be ga ined by o p t i n g t h e modular
approach.

used i n m u l t i p l e ; for example, a t Roosevelt Hot
S p r i n g s , seven of t h e 14.5 p l a n t s w i l l d e l i v e r

T h i s f i e l d is pred ic ted to e v e n t u a l l y produce
i n manner.

Table 1. Biphase P r o j e c t s

Total

The a b i l i t y t o produce revenue d u r i n g t h e  v e r i f i c a t i o n  
of t h e geophys ica l and characteristics of
t h e r e s o u r c e is a paramount advantage of t h e modular
approach. Typica l ly , t h e first p l a n t w i l l be on- l ine
and b e producing revenue w i t h i n f i f t e e n months of t h e
original order. Thus, v e r i f i c a t i o n of t h e r e s o u r c e
produc t ion c a p a b i l i t i e s and i d e n t i f i c a t i o n of site
s p e c i f i c problems w i l l proceed w h i l e r e a l i z i n g cash
r e t u r n o n t h e genera ted power.
r e s o u r c e c h a r a c t e r i s t i c s w i t h t h i s first system, t h e
j u s t i f i c a t i o n for f u r t h e r development of t h e r e s o u r c e
c a n b e determined. t h i s approach i n
5 to megawatt incrementa r e p r e s e n t s  t h e  
inves tment route towards to ta l commercial development
of t h e r e s o u r c e and p r o v i d e s a method for a v o i d i n g a
major commitment to a large c e n t r a l p l a n t .

By

The modular p l a n t s w i l l be l o c a t e d n e a r t h e wellheads.
If problems deve lop w i t h a r e s o u r c e well, the modular
p l a n t c a n be r e l o c a t e d i n a r e l a t i v e l y s h o r t time t o a,
new wellhead.
module prov ides a s i g n i f i c a n t advantage o v e r t h e
c e n t r a l power p l a n t concept .

T h i s f l e x i b i l i t y for r e l o c a t i o n of a

Once the r e s o u r c e  h a s  been confirmed w i t h one or more
of t h e wellhead power p l a n t s for a s u f f i c i e n t l y long
time p e r i o d ,  s a y  s i x t o twenty- four months, v i a b i l i t y
of t h e concept t o deve lop t h e total r e s o u r c e c a n be
e s t a b l i s h e d . Based on f a v o r a b l e r e s u l t s from t h e
first t h e r e s o u r c e development t h e n may
proceed w i t h a r e a s o n a b l e  a s s u r a n c e  of long- term
success .

The d e c i s i o n to proceed w i t h t h e f u l l development of
t h e r e s o u r c e would e s t a b l i s h  t h e  t o t a l number of
subsequent u n i t s r e q u i r e d . With t h i s number
e s t a b l i s h e d , a schedule of f a b r i c a t i o n . i n s t a l l a t i o n .
and s t a r t - u p of t h e remain ing u n i t s could be

de te rmined t h a t would n o t o n l y o p t i m i z e vendor volume
d i s c o u n t and o t h e r advantages b u t also minimize
i n s t a l l a t i o n and s t a r t - u p  c o s t s .  For i n s t a n c e , t h e
manufac ture r c a n employ produc t ion- l ine o p e r a t i o n
u s i n g s t a n d a r d i z e d components to minimize f a b r i c a t i o n
c o s t s . In the f i e l d , c o n s t r u c t i o n s p e c i a l t y
groups c a n move from one p l a n t s i t e t o t h e n e x t to
r e d u c e f i e l d c o s t s .

The t o t a l f a b r i c a t i o n and i n s t a l l a t i o n c y c l e c a n be
a d j u s t e d by t h e u t i l i t y to match demands as t h e y
develop.
realized i n a s t a n d a r d i z e d and r e l a t i v e l y inexpens iv
stock of s p a r e p a r t s , and i n reduced maintenance 
s c h e d u l e and manpower because of small mechanical
elements . Pre l iminary a n a l y s e s p r e d i c t h igher
a v a i l a b i l i t y and reduced costs of the m u l t i p l e
wel lhead u n i t s as compared t o large c e n t r a l p l a n t s .
I n a development i n Utah, OW costs t o operate one
14.5 Biphase p l a n t e q u a l approximate ly p e r c e n t
t h e c a p i t a l cost per  year .  When seven u n i t s are
i n s t a l l e d , for 100 costs are reduced t o
approximate ly 1 p e r c e n t p e r year .

A d d i t i o n a l s i g n i f i c a n t  c o s t  s a v i n g s are

of

To reiterate, t h e basic advantage o f t h e modular
wellhead power p l a n t approach is mani fes ted by revenue
p r o d u c t i o n which begins midway i n the development of
t h e t o t a l complex and i n c r e a s e s each month thereafter.
This advantage  reduces  t h e t i m e r e q u i r e d for t h e
t r a n s i t i o n Prom a n e g a t i v e t o a p o s i t i v e cash  f low 
occur .

1,125,000

332

1,160,000
694
694 1,185,000

,000

The RST has opera ted r e l i a b l y for a 4000-hour
d e m o n s t r a t i o n a t t h e c o n d i t i o n s shown. P l a n t s for
Rooseve l t Hot S p r i n g s and Peak are c u r r e n t l y
under c o n s t r u c t i o n . The resource , w i t h a
s p e c i f i c e n t h a l p y of is inc luded t o
i l l u s t r a t e t h e approximate lowest energy l e v e l t h a t
Biphase c o n s i d e r s economical ly f e a s i b l e for electric
power g e n e r a t i o n.
The three New Zealand r e s o u r c e s are t a k e n from Biphase
data s u p p l i e d t o t h e H i n i s t r y of Energy.
a l s o i n c l u d e d Mokai and

The data

The power p l a n t  s t u d i e s  a t t h e high- enthalpy r e s o u r c e
a t Indones ia , were t h e r e s u l t of Biphase
c o o p e r a t i o n  w i t h  M i t s u i  Engineering S h i p b u i l d i n g
Company, w i t h Biphase o f f e r i n g the Rotary S e p a r a t o r
Turb ine and M i t s u i t h e ba lance of t h e p l a n t .

The example of wellhead s e p a r a t o r r e s u l t s from
c o n s i d e r a t i o n of t h e E l e c t r i c i t y Div is ion , of
Energy, t o commence r e i n j e c t i o n a t Wairakei, t o
c o u n t e r ground subs idence problems.
s e p a r a t o r c o n s i s t s simply o f t h e Biphase RST and a
g e n e r a t o r .
wellhead f o r a t t h e e x i s t i n g steam mains t o t h e power
p l a n t ,  g e n e r a t e s  s u r p l u s  electric power, and
for t h e pumping of t h e l i q u i d .
s e p a r a t o r s are c u r r e n t l y b e i n g d i s c u s s e d  w i t h  t h e
E l e c t r i c i t y D i v i s i o n and New Zealand E l e c t r i c i t y .

The wellhead

T h i s u n i t d e l i v e r s c l e a n steam from t h e

These wellhead

BIPHASE SYSTEM APPLICATIONS

summary of geothermal studied for
a p p l i c a t i o n of t h e B i p h a s e sys tems i n shown i n Table

The w e l l h e a d power p l a n t s are a l l designed be




