




























































































































































A. Timetable

December 31, 1973

April 30, 1974

December 31, 1975

TASK 3.6.2

Optimal Hot Brine Plant Design

1. Compilation of a list of characteristics of the major
components of power plants, thermal properties of
fluids

2. Completion of heat balances

1. Completion of the study of well design and the
characteristics of the major compoenets of plants

1. Completion of the conceptual design of 2 prototype
research plant and assisting a mechanical engineering
contractor to complete the final design
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TASK 3:6.2

B. Progress to Date

1. Heat Balance

The work in heat balance has been continued, and a few interesting

findings are outlined as follows:

a. The design of a geothermal power plant is ultimately dictated

by the available geothermal fluid. It is almost impossible to optimize

the plant design without information on such data as production rate,

pressure, temperature, and chemical composition. Recently, the vapor-turbine

cycle using isobutane as a working fluid (known as the binary cycle) has

been suggested for obtaining electrical energy from hot brine in the

Niland area of the Imperial Valley in California. The advantages~ general

arrangement and economics of this cycle have been discussed in detail by

Holt, et a1,1 and Anderson. 2 In the basic cycle described in the

literature, isobutane vapor expands through a turbine and is then condensed

in a water-cooled condenser. From there liquid isobutane is pumped back

through shell-and-tube heat exchangers to complete the Rankine cycle. Since

isobutane is in superheated condition when it leaves the turbine, it is

apparent that an additional heat exchanger as shown in Fiq. 3.6.2-1 should greatly

improve the thermal efficiencies of the cycle.

Figure 3.6.2-2 contains a comparison of the thermal efficiencies,

defined as the ratio of net work (turbine work minus pump work) to the

heat input to the system. One set of curves in Fig. 3.6.2-2 is based on a
o

condensing temperature of 50 F, assuming the use of deep ocean water for

cooling. There is no technical problem in the construction of a regenerative

heat exchange; however, the pumping of cooling water from the ocean at a

depth of 1~500 feet is indeed challenging. Often the availability of

cooling water is a constraint on the geothermal plant since lack of cooling
-71-
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Terminal temperature differences of heat exchangers = 10°F, throttle

temperature = 380°F, turbine efficiency = 8~%, pump efficiency = 85%.
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water necessitates the use of a cooling tower or ponds. Heat rejection

eqoipment can be a major cost factor in the geothermal plant. The

contribution of the regenerative heat exchanger to heat rejection for

various throttle pressures, 380°F throttle temperature and 100°F condensing

temperature is given in Fig. 3.6.2-3.

b. Many factors must be evaluated in selecting a working fluid for

the power cycle. The thermodynamic and physical factors which influence the

choice are: enthalpy change, latent heat of vaporization, vapor pressure at

condensing temperature, specific volume of vapor, viscosity, thermal

conductivity, reaction with materials of construction~ toxicity, fire safety

and cost.

Enthalpy\ drop of the fluid in a turbine contributes to the

work output and large isentropic change of enthalpy is desirable. A lower

value of latent heat of vaporization at the condensing temperature implies

a lower rate of heat rejection and thus a higher thermal efficiency. Vapor

pressure at condensing temperature should preferably be above atmospheric

pressure to prevent air from entering the system; however, it should not be

excessively high. To decrease the size of the turbine, the specific volume

of vapor at turbine exhaust conditions should be low. As a rule, the

sizes of turbines with refrigerant as working fluid can be much smaller

than the size of a steam turbine at the same rating. Figs. 3.6.2-4 and 3.6.2-5

show the latent heat of vaporization, vapor pressure, and a specific volume of

vapor of isobutane, Refrigerants 11 and 21.

High viscosity of fluid causes a large pressure urop through

pipes. Thermal conductivity should be high for good heat transfer.

Reaction of the fluid with construction matel'ials may not

influence the selection of the fluid, but the fluid used governs the materials
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employed for the construction of the plant. In using halogenated hjdrocarbons,

leakage of water' into the system 'liouid result in the formation of acid, which

would corrode most materials. However, internal corrosion of the halogenated­

hydrocarbon system seldom occurs since drieY's with visible indicators can

easily be installed in the liquid lines. Toxicity will not be hazardous to

the operators if proper sealing pr'ecautions can be taken. Flammability and

explosiveness have a direct 'influence on tril:? selection of a working fluid

since some hydrocarbons like propane and ethane are highly flammable and explosive

while isobutane is obviously susceptible to explosion. The cost of a working

fluid is expected to be a minor fraction of the total capital cost of the

plant, but leakage and contamination can be serious problems since the

amount of fluid circulating in the system is on the order of several

thousar.d pounds.

Refri gerant 11 appeal'S superi or to other cornmerci a1 r'efri gere,nts

for a 1m'! temperature vapor eye 1e. Ref"'] gerants i 3 and 14 have vety low

critical temperatures and require large pumps. Refrigerants 22 and l42b are

a1so inferi 0'(' to Refri gerant 1"1 in rega rds to therrnodynami c properti es. A

comparison of thermal efficiencies with isobutane 1 Refrigerants 11 and 21 as

working fluids is illustrated in Fig. 3.6.2-6 for a simple cycle at 100° F

condensing temperature, 340°F throttle temperature, and various throttle pressures.

Although the cost of isobutane is much lowfr than Refrigerant 11, the latter

could be a better working fluid when the ~nit cost of power production is

included.

c. Applyinq Fossil Energy to Geothermal Plants

Investigation of the effect 06 plant efficiency of heating the

geothennal fh:ids with fossil fuel has been terminated because of tbe

inflexible proportion of fossil power to geothermal power. To upgrade the
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plant efficiency to a significant degree, a larg2 portion of the power output

must be derived from the fossil energy. and the geothermal fluid will be

primarily used for prehe2ting the working fluid in a high-pressw'e closed c.ycle.

In vapor-dominated fields where the steam from the wells is

nearly sat.urated, "clJr'bine perforrnc1nce and p"!ant effic:ie1~cy Cdn be much improved

by superheating the steam VJith a conven:ional foss"il-fuel superheater as

discussed in the last quarterly report. However. it is definitely ~ot

advantageous to apply fossil energy for superheating the worKing fuel in a

binary cyc"/e.

2. Well Fl ow

Geothermal reservohs are cc;nmonly classified as confined, leaky

and geopressur-l zf:lL The method of dtawi ng fl ui d from a producing vle'l1 has

to be determined by the depth of the well, temperature. pressure and composition

of the fluid. Fer liquid-dominated reservoirs such as those in Wairakei~

New Zealand and Cerro Prieto, Mexico. the wells could be self-producing, and

the mixtures of liquid and vapor flowed to the surface by natural forces.

A study has been started to determi ne the parameter'S and thei y' functi cna1

relations which control the production of a self··producing well.

If the pressure in the reSE; rvai r is P at zero product'j on a.nd
r

the pressure is lm\!ered at a certain rate of product'ion by 6P ~ called
d

dra\vdO\'I'n pressure, the liquid level in the lI!elf should be at a distance Zl

above the top of the reservoir~

Zl = p

where P
v

is the vapor pressure, n
f

is the friction loss of the liquid through

the well and P is the average density. Above this levels vapor begins to

flash out from the liquid and the flow becomes two-phased. Equations are

-80--



avail~b1e in ~ooks on h}~raliiics3 for the calculations of drawdown pressure

relating to the permeabil-;-;,y iyF the ground 9 rate of flow~ and configuration of

the reservo; r. The dens-j ty and vaper pressul~e depend 1argely on the tempera-

ture of the liquid. The magnitude of friction loss is insignificant in this

equation. Under the usuel conditions~ the level at which flashing starts

is always below the ground level. Some calculations have been made to

detennine the relationsh-ip among the distance between the ground level and

the flashing level, the flow rQte~ and the werlhead pressure for a given

reservoir condition. The results as shown in Fig. 3.6.2-7 are based on a set of

assumed data, and the tr-end of the curve does fi t the observati ons of wen

testing by others. 2 There is a crit-jcal value of wellhead pressure,

below which the rate of the well does not increase. Investigation in

flashing the fluid from liquid-dominated reservoirs will continue.

In some reservoirs, the high mineral content of liquids may necessitate

the pressurized operation of the well to prevent scaling, which could plug a

well in a relatively short period of time, Under such circumstances, a pump

is used to move the liquid out, and the well is sealed to provide the net

positive suction head required by the pump, Inquiries have been sent to the

leading pump manufacturers in England and America for information on submersible

pumps for handling geothermal fluid in deep wells. To date, no manufacturer

has been found who produces pumping equipment capable of handling hot ground

water at about 400°F from boreholes for 500 feet or more in depth, although one

of the large manufacturers has definitely shown interest in the design and

development of a special pump for this special application. The cost of

such a pump is expected to be very high. Unless the development of geothermal

power in Hawaii requires pressurized operation of wells in the future,
,

investigation in pumping equipment for handling hot fluids from wells will
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not continue.

3. Thermal Prope!ties of Wcrkin~ids

Thennodynamic properties and transport properties of seawater and

refri gerants, useful for the desi Sln of a geotherma 1 power plant, have beE:i1

collected but have not yet Deen compiled.
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The objective of this task is to study major design factors involved in

geothermal p'l ants for harress i ng power from 1i qu i cl-domi nated reservoi rs with

particular interest in the type which might be encountered in Hawaii. Two 1/4­

time graduate students ara working on this task under the supervision of the

task leader. Their current assignments ccnsist of studying the characteristics

of heat rejection equipment~ vapor turbines, fluid handling devices and

liquid-vapor separators. Two M. S. theses will be written on the topics of

conceptual designs of two different types of plants: multi-stage vapor

flashing, and closed system with a suitable refrigerant as the working

fluid. The results of this study will be applied to the design of a prototype

research plant.
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