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"Hybrid Staging of Geothermal Energy Conversion Process" 

Dear Mr. Crawford: 

This l e t t e r  report  i s  submitted, in l i eu  of a f i n a l  technical report, for 
the contract  period June 1, 1980 t h r o u g h  May 31, 1982. 

T h e  or iginal  and accepted proposal was f o r  t h i r t y  months for $151,769, b u t  
only $78,000 was awarded; $55,000 f o r  the f i r s t  year,  from June 1, 1980 t h r o u g h  
May 31, 1980, and $23,000 f o r  the second year June 1, 1981, through May 31, 
1982. 

You have on f i l e  the progress reports f o r  the contract period, except f o r  
the l a s t  two months, April and May, 1982. A t  t h a t  time, the project had been 
o u t  of funds f o r  a number o f  months, and no progress had been made. Copies of 
the progress reports are appended. 

Eight Master's degree projects were completed during the contract period, 
and two ASME papers were prepared, which are a l so  appended. 
withdrawal of f u n d s ,  h y b r i d  staging was not accomplished, except i n  a most 
rudimentary form. 

Because of the 

THE PROJECT OBJECTIVE 

The primary purpose of t h i s  research was t o  demonstrate the f e a s i b i l t y  or 
infeasibi  1 i t y  of hybrid staging ' in  geothermal energy conversion, par t icu lar ly  
processes involving the Lysholm engine. 
demonstrated a capabi l i ty  of u t i l i z i n g  two-phase flow, b u t  w i t h  some performance 
1 imitations regarding i n l e t  and exhaust pressures, speed, etc. A secondary pur -  
pose was t o  determine and understand the performance l imi ta t ions  of the Lysholm 
engine. 

The Lysholm engine had already 
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Staging increases the  system performance o f  t he  thermodynamic processes o f  
energy conversion. I n  the  conversion o f  geothermal energy, s tag ing can be par-  
t i c u l a r l y  c r i t i c a l  , since many geothermal resources e x i s t  as a mix tu re  o f  l i q u i d  
and vapor, w i t h  the  vapor f r a c t i o n  cons iderab ly  l e s s  than 40%. This  means t h a t  
much a v a i l a b l e  energy i s  l o s t  i n  the  process o f  f l a s h i n g  and separat ing usable 
steam f rom ho t  water. The h y b r i d  s tag ing  o f  energy conversion machines i s  one 
means o f  ob ta in ing  the  advantages o f  s tag ing wh i l e  min imiz ing  the disadvantages 
of f l ash ing .  Our demonstration p r o j e c t  was t o  show the  power generat ing capabi- 
l i t i e s  o f  a two-stage, s i n g l e  f l a s h  h y b r i d  system, w i t h  a Lysholm engine as the  
f i r s t  stage, and a separator and convent ional  t u r b i n e  as t h e  second stage, and 
us ing  two-phase water and steam as a source. 

t u rb ine ,  the  s p e c i f i c  power, which i s  t he  power produced pe r  u n i t  of mass f low,  
kW.hr/lb, should be near l y  10% h igher  than a comparable two-stage, double f l a s h  
system, and w i t h  fewer p ieces o f  equipment. 

TEST PROGRAM 

With h y b r i d  s tag ing c o n s i s t i n g  o f  t he  Lysholm engine and a convent ional  

I n  o rder  t o  t e s t  the concept o f  h y b r i d  s tag ing  exper imenta l l y  the  
U n i v e r s i t y  o f  C a l i f o r n i a ,  Berkeley, borrowed the  Lysholm engine which had been 
t e s t e d  a t  the  Lawrence Livermore Nat iona l  Laboratory.  
a mod i f i ed  5.12 i nch  diameter r o t o r  Gardner-Denver SC-71 a i r  engine, i t s e l f  an 
exper imental  adaptat ion o f  t h e i r  commercial l i n e  o f  Lysholm a i r  compressors. 
The geometric volume expansion r a t i o  was 1:5.3, determined by t h e  i n l e t  p o r t  
contour.  The nominal r a t i n g  o f  the  engine i s  25 kW. Th is  engine had been 
t e s t e d  a t  L ivermore several  hundred times, and opera t ion  was rou t i ne .  We tes ted  
i t  a t  n e a r l y  seven hundred more po in ts .  

Th is  p a r t i c u l a r  engine i s  

Two Westinghouse type E impulse tu rb ines  were i n  p lace  as the  second o r  
lower stage o f  the  system. These t u r b i n e s  o r i g i n a l l y  had fou r ,  o r  s i x  nozzles, 
a p a r t i a l  admission C u r t i s  wheel design, and operate w i t h  a nominal b lade ve lo-  
c i t y  o f  320 f e e t  per  second. E igh t  a d d i t i o n a l  nozz les were added t o  one o f  t he  
tu rb ines ,  and f i v e  more have s ince been added t o  a second, t o  p rov ide  the  
necessary f l o w  area f o r  condensing mode operat ion.  These t u r b i n e s  are no t  o p t i -  
mal f o r  t h i s  app l i ca t i on ,  b u t  they do prov ide  the  rep resen ta t i ve  c h a r a c t e r i s t i c s  
needed f o r  system evaluat ion.  
a n x i e t i e s  i n  a system where l a r g e  q u a n t i t i e s  o f  water may a c c i d e n t a l l y  i n t r o -  
duced, b u t  do n o t  y i e l d  maximum e f f i c i e n c i e s .  

The r e l a t i v e l y  low b lade v e l o c i t y  lessen the  

The thermal resource f o r  t he  system i s  the  campus heat ing  system, steam a t  
The steam i s  a l so  used i n  a seven pass s h e l l  a pressure o f  875 kPa (125 ps ia ) .  

and tube heat exchanger t o  heat the  water phase supply t o  t h e  s a t u r a t i o n  tem- 
pera ture  o f  174OC (345OF). Mix ing  o f  t he  sa tura ted  steam and water i s  regu la ted  
b y  c losed loop P I  f l o w  c o n t r o l  systems, one i n  each phase. Th is  system prov ides  
c l o s e l y  c o n t r o l l e d  i n l e t  cond i t i ons  ranging f rom 450 Btu/ lb .  t o  1180 Btu/ lb,  o r  
vapor q u a l i t i e s  f rom 20% t o  100%. 

Zealand type separator was i n s t a l l e d  between t h e  Lysholm and the  two 
Westinghouse tu rb ines  t o  remove as much o f  t he  water f r a c t i o n  as poss ib le  be fore  
the  medium enters  the  impulse turb ines.  The New Zealand separator design was 
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selected because of i t s  known performance i n  geothermal environments. 
of separator uses centrifuging action t o  separate steam and water phases. The 
separator was operated w i t h  a minimum water level and (inlet  steam veloci t ies  
were kept below 60 m/s (200 f t /s)  t o  minimize water reentrainmen-t problems. 
separator i s  operated a t  a minimal superatmospheric pressure to  avoid the need 
of a pump fo r  the water phase, which is  discharged a t  this point. 
tor consistently provided steam t o  the turbines .at qualities greater than 98%, 
over the range of operating conditions. 

e jec tor ,  w i t h  closed loop P I  control, provides accurate subatmospheric turbine 
exhaust pressures. A controlled condensate punp ra ises  the condensate t o  
atmospheric pressure f o r  discharge. Real time system data was obtained w i t h  a 
microprocessor based multichannel datalogger. System control and data output 
were a l l  via remote central console, t o  demonstrate unattended.operation. 

Exhaust pressures were limited by choking of the flow i n  the exhaust 
p i p i n g .  The m i n i m u m  exhaust pressure varied w i t h  mass flow ra te ,  and thus w i t h  
engine speed and i n l e t  quality. The capacity of the conensate punp was the 
ultimate l i m i t  on the flow rate.  
q u a l i t y  was made d i f f i c u l t  by flooding of the condenser. The maximum flow ra te  
was 1 kg/s (2 .2  lbm/sec). 

PROJECT RESULTS ' .  ' - ,  I 

this  research project. 

This type 

The 

This separa- 

Turbine exhaust i s  piped to  a shell and tube condenser. A steam driven a i r  

Engine tes t ing a t  h i g h  speeds and low vapor , 

I 

A number of resu l t s  and conclusions were established i n  the brief l i f e  of 

1. 

2. 

The Lysholm engine was established as a rugged, re l iab le ,  easi ly  
controlled and safe energy conversion machine. 

The performance character is t ics  of the engine were 
Engine efficiency does depend on exhaust pressure 
r a t io ,  b u t  i s  much less  dependent on rotor speed. 

The capabili ty of the Lysholm engine w i t h i n  a hybrid system 
remains t o  be demonstrated. 

3. 

The Lysholm engine showed great promise i n  these tests. 

The engine showed tha t  i t  could work very well 

As a rotary posi- 
t ive  displacement machine, there should be no d i f f icu l ty  i n  r u n n i n g  a t  any 
q u a l i t y ,  and there was none. 
under geothermal conditions, and the design i s  such tha t  i t 'should be res i s tan t  
t o  corrosion and scaling. With i t s  short response time, i t  oved t o  be a very 
f l ex ib l e  and controllable machine. 4 I' 

One of the most dramatic tests i s  t o  compare two phase and single phase 
performance by simply t u r n i n g  off the hot water, simulating single f lash  opera- 
t ion.  The power drops by 50% or more. Th 
the flashing of the hot water moving acros 
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In general, engine efficiency increased as qual i ty  decreased. This was 
at t r ibuted t o  decreasing leakage r a t e s  a t  lower qua l i t i es .  
eff ic iency was 43.3% a t  a quali ty o f  0.24, an i n l e t  pressure o f  113 psia,  a 
speed of 8400 rpm and pressure r a t i o  of 6. 
d a t a  i s  given in the project report of Karl Brown or the 1983 IECEC paper. 

The maximum observed 

The best evaluation of performance 
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Sincerely , 

R.F. Steidel ,  J r .  
Professor of Mechanical Engineering 
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PROJECT REPORTS 

1. 

2. 

3.  

4. 

5. 

6. 

7. 

8. 

ANALYSIS AND TESTING THE PERFORMANCE OF A CENTRIFUGAL TWO PHASE FLOW 
SEPARATOR, Alexander Vicson Mirza-Moghadam 

DESIGN, CONSTRUCTION AND EVALUATION OF A SIMULATED GEOTHERMAL FLOW SYSTEM, 
James C. Mackanic 

PERFORMANCE CHARACTERISTICS OF THE LYSHOLM ENGINE, Ralph Edward Berger 

OPEN LOOP PNEUMATIC CONTROL OF A LYSHOLM ENGINE OR TURBINE EXHAUST 
PRESSURE, Barbara A. P lonsk i  

EMPIRICAL MODELING OF A LYSHOLM HELICAL SCREW EXPANDER, K a r l  A. Brown 

WESTINGHOUSE TWO STAGE IMPULSE CURTIS TURBINES, Donald Alan Parker 

ALTERING THE VOLUMETRIC EXPANSION RATIO OF A LYSHOLM HELICAL SCREW EXPANDER, 
Michael K.  Dunbar 

A COMPARISON BETWEEN TWO LYSHOLM ENGINES, Bernard0 A. Frau 

ON THE'HYBRID STAGING OF A LYSHOLM POSITIVE DISPLACEMENT ENGINE WITH TWO 

TECHNICAL PAPERS 

"Performance C h a r a c t e r i s t i c s  o f  t he  Lysholm Engine as Tested f o r  Geothermal 
Power App l i ca t i ons "  w i t h  D. Pankow and R. Berger, Proceedings, 16 th  I n t e r s o c i e t y  
Engery Conversion Engineer ing Conference, August 1981, pp. 1334-1340. 

"The Empi r i ca l  Modeling o f  a Lysholm Screw Expander" w i t h  D. Pankow and 
K a r l  A. Brown, Proceedin s 16 th  I n t e r s o c i e t y  o f  Energy Conversion Engineer ing 
Conference, August 9 3, pp. 286-293. > . ,  + .I, 
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