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ABSTRACT

The des ign of t h e vo r t ex  gene ra to r ,  which is t h e major
c o n t r i b u t o r t o t h e p re s su re drop ac ros s t h e downhole
s e p a r a t o r (DHS), i s presented. Pressure  drop  d a t a f o r
t h e two types of vor tex gene ra to r s used i n t h e model

a t w e l l number BR-22, Broadlands, New Zealand,
a r e  a l s o  presented.

INTRODUCTION

I n p a r t I, t h e problems as soc i a t ed wi th occurrence of
i n geothermal f l u i d s and t h e conceptual des ign and

performance of t h e downhole sepa ra to r (DHS) were
discussed . P a r t covers t h e des ign of two types of
v o r t e x gene ra to r s used i n t h e model DHS t e s t e d a t w e l l
number BR-22 i n Broadlands, N e w Zealand. The r e s u l t s
of p r e s su re measurements i n var ious p a r t s of t h e
DHS are presented as a comparison between t h e

of t h e t w o vo r t ex genera tors .

Design of t h e vo r t ex  gene ra to r  

The vo r t ex genera tor  has  been i d e n t i f i e d a s t h e major
c o n t r i b u t o r t o the o v e r a l l pressure drop a c r o s s the
DHS and has the r e fo r e rece ived t h e warranted a t t e n t i o n
i n i t s design. Flash ing i n t h e DHS is undes i r ab l e
because i t inc r ea se s  t he  mass of steam sepa ra t ed with
t h e non-condensable gase s and a l s o because t h e
a d d i t i o n a l f l a s h i n g is de t r imen t a l t o the s e p a r a t i o n
e f f i c i e n c y of t h e DHS.

I d e a l l y , t h e vo r t ex  gene ra to r  blades should a c t a s
guide b l ades which a l ter t h e  d i r e c t i o n  of f low without 
expanding the f l u i d s . This r equ i r e s a des ign i n which
t h e b l ade passage a rea remains cons tan t throughout the
l eng th of the vor tex gene ra to r . The blade cu rva tu r e
should be very gradual t o avoid sudden changes i n flow
d i r e c t i o n and v e l o c i t y and a l s o t o avoid c i r c u l a t i o n
around t h e blades , s t agnan t zones and excess ive
p re s su re drop. The blade i n l e t angle , measured from
t h e plane of the r a d i a l  a x i s , should be 9 0 " . The
l ead ing edges should be s t reaml ined t o avoid flow
s e p a r a t i o n a t t he i n l e t . This may be accomplished by
us ing leading edges o r  a l t e r n a t i v e l y  by
us ing t h i n uniform blades. The l a t t e r is p re f e r r ed
due t o t h e ease of f a b r i c a t i o n and economy of mater-
i a l s , and has been used in t h e present work. The a rea
taken up by the hub on which the blades a r e anchored
becomes unavai lab le f o r f l u i d flow and c o n t r i b u t e s t o
flow a c c e l e r a t i o n . The hub diameter should the r e fo r e
be r e l a t i v e l y sma l l , wi th t h e leading  face  of t h e hub
rounded.

The g radua l blade cu rva tu r e c a l l s f o r a vor tex genera-
t o r of long span. While a s l ende r hub p re sen t s no
major p r o b l e m long as i t s diameter is s u f f i c i e n t t o
accommodate a l l t h e b l ades , t h e long span is undesir-
a b l e because i t i nc r ea se s t h e o v e r a l l height the

DHS and f r i c t i o n a l losses, and may a l s o present
f a b r i c a t i o n problems i n r e l a t i o n t o t h e hub diameter.
A compromise between h igh performance and ove ra l l
he igh t of the DHS is t h e r e f o r e required. The blade
e x i t angle and number of b lades used a r e determined by
the vo r t ex s t r e n g t h r equ i r ed t o segregate t h e phases
wi th in a reasonable he igh t of t h e sepa ra t i on chamber.
Large exit ang l e s , measured from the plane of the
r a d i a l a x i s , g ive high mass throughput but are l i k e l y
t o r e s u l t in uns t ab l e ope ra t i on due t o l o w cen t r i f uga l
fo r ce t o g r a v i t y f o r c e ratios. On the o the r hand,
sma l l ex i t ang l e s g i v e high vor tex s t r e n g t h s and
s t a b i l i t y whi le reducing t h e mass throughput because
of t h e g r e a t e r r e s t r i c t i o n on flow area. Small e x i t
angles reduce t h e he igh t of t h e sepa ra t i on chamber
r equ i t ed bu t may i n c r e a s e t h e dropwise l i q u i d carry-
over mentioned i n P a r t I. I n t h e absence of b e t t e r
knowledge t h e f l o w of two-phase mixtures i n vortex
gene ra to r s , t h e des ign of t h e vor tex genera tor r e l i ed
on p a s t exper ience i n t h e des ign of pump and turb ine
blading.

The t w o vor tex gene ra to r s used i n the experimental
a t BR-22 are shown on F igu re s and 2. The f i r s t
vo r t ex genera tor ( S e r i e s A) was cons t ruc ted using a
hub t a p e r ang l e of a l a r g e end diameter of
and o v e r a l l l eng th of with t h e leading face
s p h e r i c a l l y rounded as shown on Figure The s i x
blades on t h i s vo r t ex gene ra to r are twis ted so t h a t a
h o r i z o n t a l c ross- sec t ion a t any height of t h e hub
revea l s r a d i a l l y ar ranged blade leading edges. In
t h i s fash ion , t h e o u t e r edge of a t r a i l i n g edge
a t t h e shroud) has a discharge angle of wi th the
d i s cha rge ang l e i n c r e a s i n g towards t h e hub. This
vo r t ex gene ra to r geometry is d i f f i c u l t t o make. The
second vo r t ex gene ra to r ( S e r i e s B) was cons t ruc ted to

and mass throughput, and t o s impl i fy
t h e cons t ruc t i on d i f f i c u l t i e s encountered i n the
des ign of the S e r i e s A vo r t ex generator. The leading
edges are arranged r a d i a l l y whi le the t r a i l i n g edges
a r e t a n g e n t i a l to the hub t r a i l i n g face with a
cons t an t d ischarge ang l e of The blade su r f ace is
an a r c of a circle as shown on Figure 2. The hub is
not tapered , and i t s l ead ing face i s sphe r i ca l l y
rounded. Series B g ive s a gradual and uniform change
i n flow d i r e c t i o n , provides a higher i n i t i a l r ad i a l
v e l o c i t y a t t he t r a i l i n g edge and a l s o a l a r g e r flow
area . F igure 2b was used t o design t h e blade fo r
vor tex genera tor The hub diameter was f ixed a t

which is approximately equal t o the mean diameter
of S e r i e s A. The d i s cha rge ang l e , , was chosen to
match t h e minimum di scha rge angle of S e r i e s A , which
is and a l s o i n o rde r t h a t the t a n g e n t i a l and
a x i a l v e l o c i t y components should be equal o r of the
same orde r of magnitude. For the blade t o be an a rc
of a circle of r a d i u s the dimension "a" must be
equa l t o the r ad iu s of t h e hub, a The
r e s u l t i n g height of the hub and the radius of the
blade su r f ace a r e then es t imated t o be approximately

and re spec t i ve ly . These dimensions produce
a blade w i t h g e n t l e cu rva tu r e and a vor tex generator
w i t h view as shown on Figure
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supe r io r t o vor tex generator A. Figure 5 shows
- a s a funct ion of the vapour mass f r a c t i o n f o r
f i xed t o t a l mass flow ra tes . - is seen t o
be f a i r l y l i n e a r with e s p e c i a l l y f o r vor tex
gene ra to r B, as indica ted by t h e l i n e a r regress ion
c o e f f i c i e n t s which a r e given i n t h i s f i gu re .
Once again , S e r i e s A gives lower vor tex c e n t r e
p re s su re s than S e r i e s B f o r the same flow condi t ions .
The s l o p e s of t h e  l i n e a r  r eg r e s s ion l i n e s decrease
wi th  dec r ea s ing  t o t a l mass flow rate for both vor tex

A : blade detail

Pre s su re measurements

F igu re 3 shows t h e loca t i on and i d e n t i f i c a t i o n of t h e
p re s su re tappings used and t h e ins t rumenta t ion .
is t h e DHS i n l e t pressure measured by a pres-
s u r e gauge. A l l t he  o the r  p r e s su re s  on t h e DHS
measured us ing t h e above pressure as a re f e r ence ,
t h e readings taken i n d i c a t e  t h e  d i f f e r e n c e  between

and the l o c a l pressure. is t h e vo r t ex c e n t r e
p re s su re measured from a tapping a t t h e c e n t r e of t h e
t r a i l i n g face of t h e hub. and are p re s su re s i n
t h e sepa ra t i on chamber, one above t h e o the r . These two
tappings are provided wi th r a d i a l t r a v e r s e probes so
t h a t t h e  r a d i a l  pressure p r o f i l e s between t h e chamber
w a l l and the DHS v e r t i c a l a x i s may be recorded. The
two r a d i a l t r a v e r s e s were done a t i n t e r v a l s start-
ing a t t h e wall going t o t h e a x i s and back. P4 is t h e
DHS e x i t p r e s su re measured i n t h e sepa ra t ed l i q u i d
annulus above t h e d i f f u s e r of t h e DHS. The f u l l
exper imenta l procedure is given i n P a r t and
Grant-Taylor and Kanyua (1984). The mean was
approximately 10.2 bar abso lu t e  wh i l e  t he  d i f f e r e n t i a l
p r e s su re s have a pos s ib l e e r r o r of about 0.8
p s i ) . Higher p rec i s i on was made impossible by t h e
l e v e l of v i b r a t i o n in the r i g and s lugging .

Resu l t s and Discussion

The pressure  drops  a r e p lo t t ed a s func t i ons of t o t a l
mass flow r a t e and vapour mass f r a c t i o n on Figures
t o Figure 4 shows the  vo r t ex  c e n t r e r e l a t i v e
p re s su re , - as a f u n c t i o n of t o t a l mass
flow r a t e f o r f i xed vapour mass f r a c t i o n s  f o r  both
S e r i e s A and S e r i e s B vor tex gene ra to r s . The vo r t ex
c e n t r e pressure  decreases  very r a p i d l y , -

i n c r ea se s  r ap id ly  w i t h i nc r ea s ing t o t a l mass flow
r a t e . The r a t e a t which - i n c r ea se s is seen
t o inc r ea se wi th  increas ing  vapour mass f r a c t i o n . A t

a given t o t a l mass r a t e and vapour mass

S e r i e s A gives a much lower vor tex c e n t r e pressure
than Series values r e s u l t

I n t h e DHS and the r e fo r e the vapour

Figure 6 shovs t h e t o t a l pressure drop as a funct ion
of t o t a l mass flow r a t e f o r f i x e d vapour mass
f r a c t i o n s for both vor tex generators.
i n c r e a s e s  r a p i d l y  wi th inc r ea s ing t o t a l mass flow
rate. aga in , t h e supe r io r i t y of vo r t ex genera tor
B Figure and -

aga in s t f o r f ixed t o t a l flow
r a t e S e r i e s vor tex  genera tor .  Here
r e f e r s t o measured a t the sepa ra t i on chamber w a l l .
Both curves are seen t o be f a i r l y Linear, and a l s o t h e
d i f f e r e n c e between and
seen to be small e spec i a l l y a t low values of but
i nc r ea s ing at higher values of The s i m i l a r i t y
between F igu re 4 and Figure 6, and Figure and Figure
7 , is to be expected because the vo r t ex genera tor is
t h e major c o n t r i b u t o r t o the t o t a l p r e s su re drop, and
axial p re s su re drops i n the sepa ra t i on chamber have
been shown t o be neg l i g ib l e (see Grant-Taylor and 
Kanyua, 1984). A between - and

- for Se r i e s A has been omitted but  is
similar t o t h e S e r i e s B p l o t s shown on Figure
S e r i e s A d a t a show much l a r g e r va lues of -
and - and a l s o l a r g e r d i f f e r ences
between the se two pressure drops. The g rad i en t s f o r
S e r i e s A d a t a are a l s o much s t eepe r .

-
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The r a d i a l pressure profiles have been omitted f o r
b r ev i t y . However, i t was observed t h a t t he pressure
remains cons tan t  wi th  r ad iu s a s one moves from t h e
v e r t i c a l a x i s of t h e DHS towards t h e wall . Close t o
t h e w a l l t he p r o f i l e was observed t o a t t a i n a
maximum a t t h e wall by one of two modes. I n t h e
f i r s t mode t h e approach t o t h e wa l l pressure is
monotonic, while i n t h e second mode the pressure
drops t o a minimum and then inc r ea se s t o t h e wall
pressure . The occurrence of t h i s minimum may
i n d i c a t e t h e po in t of changeover from bounded f r e e
v o r t e x motion near t h e t o s o l i d body r o t a t i o n
or l o w vo r t ex s t r e n g t h flow assoc i a t ed wi th bulk of
t h e vapour where t h e flow d i r e c t i o n is predominantly
axial.

Conclusions and recommendations

The importance of a proper ly designed vor tex
gene ra to r has been demonstrated. The s u p e r i o r i t y of
v o r t e x gene ra to r B over vo r t ex  gene ra to r  A has been
demonstrated. The vo r t ex  gene ra to r  has been shown
to c o n t r i b u t e p r a c t i c a l l y a l l t h e p re sen t drop
a c r o s s  t h e  DHS. It is a l s o concluded t h a t t h e
d i f f u s e r does not accomplish a n app rec i ab l e  p r e s su re  
recovery and may t h e r e f o r e be omit ted in t h e des ign
of a DXS. The o v e r a l l p r e s su re drop has been shown
t o i n c r e a s e very rap id ly wi th inc r ea s ing to ta l mass
f low rate for a given vapour mass f r a c t i on . The
o v e r a l l p r e s su re drop has a l s o been shown t o be a
f a i r l y l i n e a r func t i on of vapour mass f r a c t i on . The
need to l o c a t e  t h e  DHS a t a po in t where t h e vapour
mass f r a c t i o n is low, c l o s e  t o  t h e poin t of
f i r s t f l a s h i n g , has been demonstrated i n s o f a r as

p r e s s u r e drop is concerned.

Fu r the r improvement i n t h e performance of t h e  v o r t e x  
gene ra to r may be accomplished by opt imis ing t h e
geometry of the vo r t ex genera tor .
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