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ABSTRACT 

Program GEOTHM, a thermodynamic process program under dev- 
elopment a t  the Lawrence Berkeley Laboratory, can be used to calculate 
the thermodynamic characterist ics of geothermal power plant cycles. 
The computer program has been used to model some of the major geo- 
thermal power plant cycles. These include: (1) flashed steam cycles, 
(2) two-phase expander cycles, and (3) bi-fluid o r  binary cycles. The 
program will design the power plant thermodynamically (for example, it 
calculates pump and turbine ratings and heat exchanger area) ,  and it can 
be used to model off sign operation of the plant. The paper includes 
three examples of program GEOTHM's capabilities: (1) A study of the 
electrical  energy yield per unit well flow in bi-fluid cycles using ammonia, 
R-22, isobutane, and R-113 a s  a function of turbine inlet temperature and 
pressure is 
cycles using ammonia and isobutane a s  the brine heat exchanger U factor 
changes is shown; and (3) The effect of non-condensible gases on the opti- 
mum performance of flashe d two-phase expander power plants 
is calculated. 

sented; (2) The change in power plant yield in bi-fluid 

ch and 
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Program GEOTHM has been under development since December of 

1973. 

October of 1974. 

before October 1974. 

This paper will report the development.of the program since 

Reference 1 describes the program and its  development 

This paper discusses recent developments in fluid 

property calculations and describes some problems which have been 

solved using GEOTHM. The program has been designed so that power 

plant cost optimization can be ultimately achieved. 

Fluid Property Calculations 

The routines for calculating working fluid properties have evolved 

continuously since the inception of program CEOTHM. 

stages of program development, the selection of the appropriate equation 

During the early 

of state to represent a particular class of working fluids was dictated by 

practical considerations. 

typical working fluid and the various regions where different state equa- 

tions a r e  most applicable. 

represent the refrigerants because coefficients had already been developed 

by Downing3 and Milora4. The Starling-BWR 

light hydrocarbons, and the ideal gas equation of state is used for near 

room temperature low density a i r  gases. 

1 Figure 1 depicts the phase diagram for a 

The Martin equation of state' was used to 

is used for the 

The Martin equation is well-behaved in the superheated gas and 

supercritical fluid regime (Region 3). However, this equation is not reli- 

able for calculating fluid properties in the dense fluid regime at  reduced 

temperatures of 0.9 and below. 

pressible f luid state equation. 

Region 1 has been modeled by an incom- 

This equation is valid for describing the 
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, but it leads to inaccuracie 

tude at  higher pressures  in  Regi The inaccuracies associ- 

ssumption of incompressibility lead to inconsistent fluid 

property calc oundary between Regions lb  and 3. Any 

thermodynamic proce s ing through this boundary experiences a step- 

ng from the region 

ssible fluid equation gion described by 

r Starling equatio Region 3. This discontinuity, f i r s t  

lopment d f  the off-design heat exchanger routine, 

ergence routin 

This line of discontinuity was eliminated by a routine which was - 

de sig olutions to both the 

n n for any state point incompre s sidle f l u i  

tine provides consistent 

a. The extension 

e Region 3 state 



L! 
for the entire li 

BWR equation successfully predicts fluid properties along the liq 

dome and in a l l  regions outside the dome, the incompressible fluid equation 

d regime dawn to the triple point. Since the Starling- 

and the merge routine a re  not required for calculations involving the light 

hydrocarbon fluids. (The Starling equation for isobut 

P - V  diagram in Fig. 2.) Due to the computational ease and accuracy 

is  plotted on a 

he Starling-BWR equation, it becomes highly desirable to f i t  

7 Starling believes a l l  of the potential working fluids to this equation. 

his equation may be applied to the representation of many other fluids and 

i 

fluid mixtures including water, ammonia, the refrigerants, and the a i r  

gases. 

Program GEOTHM currently employs the Starling -BWR equation, 

two forms of the Martin equation, and the ideal gas equation to generate 

thermodynamic properties for a wide variety of working fluids. 

hydrocarbon fluids including isobutane and propane a re  calculated by the 

The light 

Starling equation; ammonia and refrigerant properties a r e  calculated 

using the Martin equation. 

vapor dome for their respective working fluids. 

Both state equations will generate a liquid- 

Once the dome is speci- 

fied, a "search" routine locates the particular region of Fig. 1 where the 

state point to be calculated resides. This routine then directs the-appro- 
, -  

priate equation-of-state routine to solve for the thermodynamic 

a t  this point. Fo r  example, in the case of the Starling fluids, any fl 

point lying outside the two-phase dome is computed directly by t L 
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Fig. 1. Regions  where various thermodynamic 
state equations are applicable. 
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any point within the two-phase is calculated by 

a linear interp f the fluid quality. 

e r  to  avoid the ccuracies associated with Martin fluid cal- 

erge Region Ib, an attempt is now being made to curve culations in the 

f i t  Starling coefficients for the refrigerants, amm 

multi-prope r non-linear regression analysis. which include 

fluid mixtures will also be programmed into GEO 

Starling equation. The procedure for curve fitting Starling Coefficients 

a nontrivial task. Ultimately 11 fluid property cal- 

xcept inside the two-phase dome, will be handled culations in 

by the Starling-BWR equation. GEOTHM will contin to use the gas 

equation to  represent a t  o r  near room temperature. 

Thermodynamic Cycle and Process  Calculations 

An e ssential featu 

a ranging complexity of p 

of elemental thermodyna 

f porn combinations 

e rma l  program has 

culations a r e  numerous in the repertoire of GEOTHM. 

responsible for a thermodynamic process. 

Each routine is u 
These processes include 
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isenthalpic expansion, phase separation, contact condensation, desuper- 

heatin iple s t ream t s  of heat and fr ic t  

in pipes. These routines a r e  used to calculate the thermodynami 

ponents s u  turbine s, pumps sh tanks, heat exchangers, cooling 

towers, and so forth. The prog uns with a dry-type cooling 

tower; a wet ype tower routine is currently being written. 

I .  

r am models four ty of counter flow heat exchangers. 

se heat exchangers, including a regenerator, operate i 

e. If the initial conditions specify'two o r  three of the end-point 

temperatures, the mass  flow in one or both streams, the average U factor, 

and the pinch point AT, the routine will compute the unknown end-point 

conditions, the mass  flow, and the heat exchanger area which satisfies the 

pinch point constraint. The remaining two heat exchangers a r e  run under 

off-design conditions. An example of off-design operation is presented in 

a la ter  section of this paper. 

The Design of Power Plants with 
Complicated Thermodynamic Cycles 

In the previous section, we showed that program GEOTHM calculates 

simple thermodynamic processes and that these processes can be combined 

to calculate simple thermodynamic cycles. Program GEOTHM can be used 

on cycles which a r e  very complicated. 

thermodynamics of the plant, but i t  also sizes the components so that the 

plant cost can be estimated. This section illustrates the calculation of a 

GEOTHM not only calculates the 

complicated thermodynamic power cycle. 

i 
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Table 1 , :  Cycle parameters for the power cycle shown in Fig.  3. 

. Poker plant parameters 

ELL. FLOW RATE 164.88 KG/SEC 
INLET HATE4 TEMPERATURE 
INLET k A f E R  ENTHALPY 851.66 J/C 
COOLING FLU10 INLET TECPFRATURE 298.00 CEG K 

473.14 OEG K 

AMBIENT TEMPERATURE 2C3,OC DEG K 
__ -__ .- _. 

POWER - PLANT lENERGY BALANCE 

A V A I  CABLE HEAT I hFUT 126.752 PW 

HEAT REJECTEC 94,129 HW 
1.752 NU 

NET HEAT OUrPUT 95.081 Pk 
AVACCABLE HEAT OUTPUT 116.414 MU 

TURBINE POWER 13.552 Yk’ 

NET HEAT INPUT 106.219 Irk 

HEAT LEAKS 

LC-337 Mk 
13,281 MU 
3,281 M U  

1C-COC M k  

POWER PLANT ES AN0 Y I E L D  

NET CYCLE EFFICIEhCY 
AVAILABLE HE 
CAKNOT E F F I C  

HEAT 

Id 

* 
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4 
The plant cycle is illbstrated in Fig.  3. Program GEOTHM divides 

the plant up into 13 fluid streams. 

These include: two 2-phase turbines, two flash tanks, one condensing 

Th yc le ha s many components . 

ger,> two a i r  cooled condensers, one Ro-22 turb 

pump, one v uum pump and some condensate pumps. Th 

calculation a r e  shown in Tables la  and lb. 

plant pa r am 

Table l a  presents basic power 

and Table lb  shows the basic pa 

exchang 
\ 

The cycle shown in Fig.  3 is relatively insensitive to the effects of 

non-condensibles. 

cycle shoyvn 

by the Lawrence Livermore Labor’atory9, has a final condensation temper- 

ature of 324OK (the same a s  the complicated cycle second stage two-phase 

turbine exit temperature). 

that a fair  comparison can be made between the two cycles. 

the two phase turbines a re  assumed to be 70% efficient. 

This cycle is compared with a simple two-phase turbine 

Fig.  4. This cycle, which-is similar to the cycle proposed 
* -  

The condenser is an a i r  cooled condenser so 

In both cycles, 

Table 2. Power output per unit well flow v s  percent , 
non-condensible s for two thermodynamic cycles . 

Yield per unit well flow 
Percent (kWh per metric ton) 

non-condensible s Simple LLL cycle 
(see Fig. 4) 

0 18.844 
0.5 18.555 
1.0 18.267 
3.0 17.112 
5 . 0  15.959 16.736 

* 7.0 14.866 16.736 

I 

I 
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Lid 
Table 2 shows that non-condensibles can affect the performance of 

Most of the non-condensibles a r e  removed at  two-phase turbine cycles. 

a pressure above 1 atm in the cycle shown in Fig.  3. 

condensibles amount to about 0.2 percent of the original mass  flow of the 

well. The simple total flow cycle shown in Fig.  4 requires that a l l  of the 

non-condensibles be pumped out of the condensor; this results in reduced 

yield per unit well flow. 

The remaining non- 

Program GEOTHM may be used to model the 

a geothermal power plant cycle. A s  an example let us look a t  a simple 

* bi-fluid cycle which has a brine exchanger and a i r  cooled condenser (see 

Fig.  5). This cycle has no desuperheater o r  regenerator. Program 

GEOTHM can, a s  illustrated in the previous section, design the power 

plant. 

be changed and the plant performance can be modeled by the computer. 

Once the plant has been designed, the operational parameters  can 

An example of an operational parameter which changes with time 

is the U factor of the brine heat exchanger. 

tu rer  might suggest a design U factor of 568 W m-2 k" (100 Btu h- l  f to2 

The heat exchanger manufac- 

F' 1 ). Experimental measurement tells us that the U factor for  a clean 

heat exchanger may s tar t  out a s  high a s  3000 W m -2 kW1 (530 Btu h- l  f t  -2 

-1 
F ). As the heat exchanger 

exchanger U factor drops until i t  is so low the heat exchanger must be 

cleaned. 
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Modified ' 
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\Vacuum & noncondensable 
gas pumping system 

Barometric legs 7 
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fluid 

Condensate 

re inject ion 
we1 I 

SIMPLE ;BINARY GEOTHERMAL POWER PLANT 

C Y C L E  
X B  L 7 4  I O  -4450 

Fig. 5. A simple bi-fluid cycle with an air-cooled condenser. 
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simple bi-fluid cycle using ammonia a s  a secondary working fluid. The 

; the design brine heat exchanger area -2 k-1 design U-factor is 568 W m 

is 6440 m2; the plant net power is 10 MW; the inlet water temperature is 

200°C; the design water mass  flow is 163.4 kg s-l and power yield per 

unit well flow at design condition is 17.342 kWh per metr ic  ton. 

The geothermal power plant cycle is designed so that the turbine 

inlet temperature is maintained by regulating the flow from the wells. 

When the well flow reaches 120 percent of the design well flow, no addi- 

tional fluid can be extracted from the wells so the turbine inlet tempera- 

ture is allowed to  drop. The result is a power plant which will maintain 

i t s  net power rating the we11 flow reaches 120 

The U factor of the brine heat exchanger 6tarted out at  400 percent of the 

design U factor (1870 W rn-2 k-'). The U factor of the brine heat 

exchanger dropp d until it became zero- 

f design flow. 

The results of the fouling simulation calculations on the ammonia 

in Figs .  6a and 6b. Figure 6a plots net plant 

power output a 

U factor. The rable latitude 

k" (the 400 percent case) don't increase yield very much. On the other "L/ 



Fig. 6, Off-design operation of a simple bi-fluid cycle 
using ammonia a s  a working flu 

, 1 9 0 . 0  U O I K I I I C  f L U I O - - A M M O N l A ( I I l ¶ l  
u c i c n  I N L L T  T C ~ C  O L G  K - 173.10 
T U R B I I I L  1 Y L f T  TEMP O L C  K I 4 5 0 . 0 0  
T U R I I N E  I N L E T  P R E S S U P L ( n A R I  * 1 1 0  0 0  
O L S l b I I  N f A T  L I C I I A N C E R  U f A C T O R ( U l M O ~ 2  K I .  S S 1 . 1 0  , 1 2 0 . 0  
O E S I C N  N E T  L L L C T R I C A L  P O Y E R l t l L G A U A T T S l  - 1 0 . 0 0  

l l 0 . 0  

W 
z 

0 80. 0 1 6 0 . 0  2 4 0 . 0  3 2 0 . 0  4 0 0 . 0  
P E R C E N T  O F  O E S I G N  B R I N E  H E A T  E X C H A N G E R  U F A C T O R  

a. Net plant power and well mass  flow 
v s  brine heat exchanger U factor. 

O F F - O E S I G N  O P E R A T I O N  O F  G E O T H E R M A L  P O W E R  P L A N T  

z z *o l  
2 0 . 0 .  

2 
0 
r- 

V 

m 

1 8 . 0 .  - 
1 6 . 0 .  

w 

f 
3 1 1 . 0 '  I 

Y - 
2 A 1 2 . 0 1  

LL I 

Y O R K I N C  I L U I D - - A ~ ~ O I I I A I N ~ I I  
Y A T f R  I N L E T  TEMP D C C  K I 1 1 3 . 1 6  
T U R I I M L  I N L f T  T f W P  D L C  K - 4 5 0 . 0 0  
T U R I I N C  I N L E T  P R E S S U R L ( B A R 1  - 1 4 0 . 0 0  
O L S I C M  M E A T  L IC I IAMCCR u i ~ c ~ o n ( u i n . * z  1 1 -  s e ? . ) o  
O L S I G N  Y l C t O  ? C I  U N I T  U L L L f L O Y ~ K U H l t l L T R I C  T O N 1  I 1 6 . 2 2  

~ ~ ~ " ~ ' " ' ~ . . . ~ ~ ~ . .  
0 80.0 1 6 0 . 0  2 t o . o  320. 0 4 0 0 . 0  

P E R C E N T  O F  D E S I G N  B R I N E  H E A T  E X C H A N G E R  U F A C T O R  i 
XBI. 753-799 

b. Plant yield per unit well flow v s  
brine heat exchanger U factor. - _  - 
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L d  
1 hand cutting the r to 50 percent of design value (233 W m-2 k' 

cuts power pro o 87 percent of the design o 

Similar studies were made using isobutane a s  a wo 

ut of the plant. 

g fluid; the results 

Program GEOTHM has been used to study the performance of various 

working fluids in-various bi-fluid cycles. The performance of simple bi- 

regenerator o r  desuperheater), such a s  shown in 

ulated using a .number of seco 

rking fluids is shown here. 

~ 

10 ry  working fluids. 

These fluids a r e  ( 1 )  

ammonia (R-717), (2) isobutane (R-600a), (3) Refrigerant 22 (R-22  is also 

any trade names such as Fr 221, and (4) refrig- 

The four working us trade na 

ures  of 17OoC, 



Properties 

ASHRAE de signation 

Chemical formula 

ture (OK) 

Heat of vaporization (J g- l )  
at normal boiling point 

Type of liquid vapor dome 

Toxicity (Underwriters 

Table 3. Properties of five working fluids used in bi-fluid 
geothermal power plant cycle 8. 

- ~~~ 

Working Fluids 
Water 

R -7 18 

*P 
18.0 

647.3 

221.1 

3.139 

0.232 

I 373.2 

2259.5 

ion- re tr og r ade 

Group 6 t  
(non-toxic ) 

ion-flammable 

Ammonia 

R-717 

"3 

17.0 

405.4 

112.7 

4.243 

0.242 

239.8 

1371.1 

non-retrograde 

Isobutane 

R -600a 

c H, (C H3 13 

58. 1 

408.1 

36. 5 

4.518 

0.282 

261.4 

364.6 

Group 5b 
(non -toxic ) 

V -flammable 

Group 2 
(toxic ) 

M-flammable 

Refrigerant 22 . 

R -22 

CHCL F2 

86.5 

369.2 

49.8 

1.905 

0.267 

233.2 

233.4 

non- retrograde 

Group 5a 
(non-toxic) 

non-flammable 

Refrigerant 11 3 

R-113 

187.4 

487.3 

34.1 

I 1.735 
I 

00 0.274 I 

147.0 

between Groups I 
4 81 5 (M-toxic) 

non- flammable 
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non-retrograde; R -22 is slightly non-re 

grade fluid expands 

w 

an isentrope. ) 

The parameter study presents the electrical  p 

wdll flow (in kilowatt 

passed through t 

urs  of electridity pep me 

t e r  inlet tem- 

perature and wor he turbine inlet temperat pres  sure  was 

condition for the -cooled condense 

a i r  inlet tempe 

and 5OC for the 

air-cooled conde ave the thermo- 

11 flow for the 

hard pressed to  elimi 

power yield per unit well flow. 



Working 
fluid 

R -7 17 
(ammonia 1 
I 

R -600a 
(is0 butane ) 

R -22 

R-113 
(2 oooc ) 450 (177OC) 19.7 

450 (177OC) 24.4 
480 (207OC) 27.6 

503.16 
(23OOC) 

40 

*R-22 may be too unstable for use at this temperature. 
P 

It is clear  f rom Table 4 that more investigation is needed in order  

to clearly sho a definite preference for one working fluid over 

Plots of yield per unit well flow vs turbine inlet temperature and pres  

such a s  those shown in Fig. 7a through Fig. 7d for 200°C inlet water, 
L d  
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&W 
will yield more information on the behavior of the fluids. 

cycles which ave turbine inlet temperatures below the fluid critical 

temperature should have turbine inlet pressures which a re  subcritical. 

For  example, 

Supercritical cycles a r e  best when the turbine inlet temperature is above 

the fluid cri t ical  temperature. 

fluid so that the turbine inlet temperature and pressure a re  above the 

fluid critical temperature and pressure,  

In general, one should choose the working 

Table 5 presents more information on the 2OOOC inlet water cycles 

owing additional information; 

r,  condenser fan power, net 

ture, area of the brine and 

shown in Table 4. 

cycle efficiency, turbine power, pump 

electrical power, brine r 

condenser heat exchangers (the conden r area is bare tube area) ,  and 

a raw capital cost factor. 

complex including the wells is alm double the raw capital cost factor, 

which is a basic component cost. ) A close look a t  Table 5 shows the two 

freon plants (R 

equipment, hence their capital cost is 

Table 5 includes the f 

(The act  

d R-113) require more heat exchanger area and 

ven more information on the c 

e 6 shows the seconda 

e. The exit area of t . 
determine s th the turbine, is a 

function of the product of secondary fluid mass  flow and turbine exit speci- 

fic volume. Similar arguments can be applied to plant piping. 



I 

Fig. 7. Power plant yield per unit well flow for a simple bi-fluid 
cycle vs turbine inlet temperature and pressure. 

Inlet water temperature 2 0 0 ~ ~  
Inlet air temperature 2 5OC 

perature 38OC 

W O R K I N G  F L U I D - - A M M O N I A C N H 3 1  

W A T E R  I N L E T  T E M P :  D E G  K = 4 7 3 , . 1 6  
T U R B I N E  I N L E T  P R E S S U R E  

A B A R  = 4 0 . 0  
0 B A R  = ‘ 6 0 . 0  

CI 

z 

8 . 0  
4 1 0 . 0  4 2 0 . 0  4 3 0 .  0 4 4 0 . 0  4 5 0 . 0  4 6 0 . 0  

T U R B I N E  I N L E T  T E M P E R A T U R E C D E G  K I  

XBL 755-1227 

- ._ - - - - 
7a. An ammonia (NH3) cycle. 

! 
j 

Li 
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W O R K I N G  F L U I D - - 1 S O B U T A N E  

W A T E R  I N L E T  T E M P :  D E G  K = 4 7 3 . 1 6  
T U R B I N E  I N L E T  P R E S S U R E  

t - 2 4 . 0  
z 
0 

A B A R  - 2 0 . 0  
0 B A R  - 3 0 . 0  
0 B A R  - 4 0 . 0  
v B A R  - 5 0 . 0  
0 B A R  = 6 0 . 0  
0 B A R  = 7 0 . 0  
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24.C 

0 

2 22.c 

I- 
0 

u - 2 o . c  
I- 

E 

E 

w 

18.C 
3 
Y 
u 

3 
o 16.0 

-t 

W 
J 14.0 
3 

t- 
2 12.0 
3 

e 
W 

10.0 

0 
-I 
W - 8 . 0  
> 

W O R K I N G  F L U I O - - R J L e W  2 2  

WATER INLET T E M P :  D E C  K = 473.k9 
T U R B I N E  I N L E T  P R E S S U R E  

c\ E A R  - 3 0 . 0  
0 B A R  - 1 0 . 0  
0 B A R  = 5 0 . 0  
v E A R  = 6 0 . 0  
0 B A R  = 7 0 . 0  
0 B A R  - 8 0 . 0  

6.0 I 

460.0 410.0 420.0 430.0 440.0 450.0 
T U R B I N E  INLET T E M P E R A T U R E C D E G  K l  

SBL 755-1 228 

7c. A refrigerant 22 (CH C1 Fz) cycle. 

I 
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T8bh 5. Detailed cycle par8meter r  for eight cyc ler  uring four 8ccondary working fluid#. 
W e l l  temperature 2OO0C, Ambient a i r  temperature 25OC. 

Pump inlet t empera ture  (OK) 

Pump inlet p r e r r u r e  (bar )  14.85 

Cycle efficiency (J) 

Turbine power output ( M W )  13.857** 13.289'. 

Pump power input (MW) 

.* Watt hourr per kilogram ir  the rame aa  kilowatt h o w s  per met r ic  ton. 

Refrigerant I13 
473.16 

311.00 

0.76 
2 0 . 0  

420. 450. 

8.348 11.053 
14.931 19.739 

322.90 323.14 

b N 
14.772*+ 13.234,>* 0- 1 

1.173 1.121 

2.614 1.889 

10.0 10.0 

996 82 1 

** Wet turbine, working fluid leave. the turbine b i th  liquid droplets. 

\ 



Table 6. Turbine exit parameters for the 10 MW net power cycles  

101.42 0.537 

14.213 397.9 21.45 0.284 

13.234 610.7 148.63* 3.02 



While it is too ear ly  to select the best bi-fluid geothermal power 

plant working fluid, one can make some general statements about desir-  

able working fluid properties, 

fluid which can be used in a supercritical cycle. 

Fo r  example, (1) one should select a 

(2) Low molecular 

weight fluids result in less  mass  flow in the circuit hence less  pump 

work, smaller piping, and smaller turbines. 

require less  desuperheating. 

in the condenser, i f  the turbine can tolerate it. 

flammability, cost and compatibility with lubricants will a l l  enter into the 

(3) Nan-retrograde fluids 

(4) Expansion of the f luid wet has advantages 

The effect of fluid toxicity, 

selection of a secondary working fluid for bi-fluid cycles. It is very likely 

that the selection of the best working fluid will not come until af ter  the 

plant cycle is cost optimized for minimum cost power. 

Cost Optimization - The Next Developmental Phase 

Program GEOTHM can be used to do power plant parameter studies 

of various kinds, a s  was illustrated in the previous section. 

study the effect of various plant parameters on power plant capital cost 

and the cost of power to be generated by that plant. 

studies may yield useful information, one must eventually optimize the 

power plant cycle to produce minimum cost power. 

One may also 

While cost parameter 

Since there 

parameters to  juggle, the computer is well suited for the task. 

Let us look a t  the simple bi-fluid cycle shown in Fig. 5. This cycle 

is extremely simple, yet there a r e  six major parameters which must be - 

considered whi c optimizing the cost of that plant. They are:  ( 

emperature, (2) the turbine inlet pressure,  (3) the feed p 
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L d  
4)'the-feed pump inlet pressure (the feed pump must 

pinch point temperature drop in the brine heat 

e xc 

heat exchanger. 

the air temperature a r e  given. 

e r ,  and'(6) tlie pinch point temperature drop in the condenser 

The initial well bottom enthalpy (or temperature) and 

A six-dimensional parameter study is 

computer. As a resul  t optimization 

should proceed 

uations a r e  highly non-linear, one must calculate 

the o a rameters  Using an iterative One s ta r t s  
t 

out with a first guess power plant. One calculates the electrical  energy 

cost f he first'and sec v e s  of that cost 

ch  e optimizabl arameters.  Using iterative tech- 

nverge on an  

optimum pow nt'deiign' in 

nt and the 

veloping power 

u applied to  a host of thermodynamic systems which use a variety of working 
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mechanical power, refri 

energy fromone place to another. Program GEOTHM is growing: i t s  

development is not ,complete.. This report represe s program GEOTHM 

as a photograph represents a growing child. 
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