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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the Depart-
ment of Energy, nor any of their employees, nor any of their con-
tractors, subcontractors, or their employees, makes any warranty,
express or implied, or assumes any legal liability or responsibility for
the accuracy, completeness or usefulness of any information, appa-
ratus, product or process disclosed, or represents that its use would
not infringe privately owned rights.
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This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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The heat exchanger module test is an EPRI/DOE
cooperative field test of shell-and-tube heat ex-
changers to be performed with, brine from Chevron
Resources Company's Heber, California, field.
Overall heat transfer coefficients will be meas-
ured with isobutane and a mixture of isobutane-
isopentane as the working fluid in a simulated
power cycle.

"The objectives of the project are:

« Verify the performance of state-of-the-art
heat exchangers in geothermal service;

+ Verify the heat exchangers' performance
heating either selected pure light hydro-
carbons or selected mixtures of light hy-
drocarbons in the vicinity of their respect-
ive critical pressures and temperatures;

Establish overall heat transfer coefficients
that might be used for design of commercial-
size geothermal power plants using the same
geothermal brine and 1ight hydrocarbon work-
ing fluids;

Define the effects of heat exchanger clean-
ing techniques on subsequent heat exchanger
performance;

+ Establish overall condensing coefficients
that might be used for design of commercial-
size geothermal power plants using the same
light hydrocarbon working fluids;

To perform and investigate the above under
representative field operating conditions
during which the production well will be
pumped.

The Lawrence Berkeley Laboratory has been assign-
ed management responsibility for DOE's portion of
the project. The mechanism for cooperation bet-
ween LBL and EPRI on this project is the Project
Group, consisting of one representative from

EPRI and one from LBL. A project manager, re-
porting to the Project Group, provides the day-
to-day contact with the contractor including
technical direction, schedule control, and in-
voice review and approval.

Because it is a cooperative project and not
jointly funded, the two sponsoring organizations
have each assumed certain responsibilities. LBL
is responsible for the system design, procurement
of the hardware and analysis of the data from

the tests. EPRI is responsible for the construc-
tion and operation of the test apparatus and dis-
tribution of the final report. The project man-
ager is responsible for writing the final report.

DISTRIGUTIC

The main emphasis will be on the primary brine/
hydrocarbon heat exchangers. This heat exchanger
train consists of six exchangers in series; the
brine in the tubes and the hydrocarbon in the
shell, Table I lists the main features of the
primary heat exchangers.

Table 1
PRIMARY HEAT EXCHANGER DETAILS

No. of tubes: 62

Tube length: 24 ft.

Tube size: 3/4 in. 0D, 16 ga.
Tube material: carbon steel

Tube pitch: 15/16 in., triangular
Shell ID: 8 3/4 in.

Baffle spacing: 12 in.

Area per exchanger: 292 ft?2

The heat exchanger module test consists of three
fluid loops: brine, hydrocarbon and cooling
water. The three loops are interconnected
through the primary brine/hydrocarbon heat ex-
changer train and the desuperheater-condenser-
subcooler train. The heat load is then rejected
to the atmosphere in a wet cooling tower. The
high pressure {heater) portion of the hydro-
carbon loop is separated from the low pressure
(condenser) portion by a pressure-reducing valve
simulating a turbine.

The working fluids will be heated at supercrit-
ical pressures (600 psia) and the test is de-
signed to gain insight into the behavior and

heat transfer rates of the working fluids near
the critical point. In particular, the working
fluid mixture of isobutane and isopentane will be
studied to observe any “fractionation” or un-
stable flow behavior that might occur due to
vaporization of the mixture components at dif-
ferent locations in the heat exchangers.

Data from the test will be compared with pre-
dicted values using various models, such as the
film coefficients predicted by the LBL SIZEHX
code. The heat exchanger manufacturer will be
asked to predict the performance of his units
under the test conditions and these predictions
will be compared to the test data. The test
data will also be compared with predictions made
using available correlations and film coeffi-
cients being measured in LBL's Binary Fluid
Experiment.

In order to reduce the head required from the
circulating pump, the hydrocarbon will be con-
densed at 250 psia (200°F) during primary heat
exchanger runs. The subcooler will reduce the
1iquid hydrocarbon temperature to 120°F entering
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the primary heat exchangers.

To look at condensing coefficients, the hydro-
carbon flow will be reduced and the system .
pressure dropped to 95 psia (120°F). Tests will
then be run to obtain data on the condensing co-
efficient versus condensate loading.

An initia) series-of tests with isobutane will be
run, to be followed with an 80/20 mixture of
isobutane and isopentane. Several 200 hour runs

separated by tubeside cleanings will be made to
look at the effectiveness of the. cleaning method.

The schedule calls for test operation to begin

in mid-September, 1978. Three months of testing
has been planned. All the heat exchangers, de-
superheater, condenser, subcooler, cooling tower,
and hydrocarbon circulating pump are on hand.

The contractor, Colley Engineers and Construc-
tors, Gardena, California, who will design,
fabricate and operate the loop, is presently
working on the system design.
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This report was done with support ffom'the-Department of Energy.

Any conclusions or opinions expressed in this report represent solely

-those of the author(s) and not necessarily those of The Regents of the

University of California, the Lawrence Berkeley Laboratory or the

~ Department of Energy.
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