LIQUID-METAL SOLAR POWER

Without moving mechanical parts, this system cogenerates
heat and electricity with an efficiency surpassing steam turbines

Israeli researchers claim to have found
the key to making solar-generated elec-
tricity cost effective. It’s liquid-metal mag-
netohydrodynamics (LMMHD). The sys-
tem under design at Ben Gurion University
of the Negev in Beersheba would tap rela-
tively low-temperature —200°F to 600°F —
heat sources with solar concentrators,
flat-plate collectors or geothermal reser-
voirs. But any low-temperature source will
do. In fact, its developers anticipate the
first commercially marketed systems will
derive their power from industrial waste
heat.

The basic concept for this energy-con-
version system was developed during the
1960s by Michael Petrick at Argonne Na-
tional Laboratory, near Chicago. But Yir-
miyahu (Herman) Branover, a Russian
LMMHD specialist, refined and patented a
low-temperature Rankine cycle in 1979,
seven years after emigrating to Israel.

Solar Collectors

BY JANET RALOFF

Recently, the Dutch-based investment firm
Solmecs Corp., has acquired worldwide
patent rights. Under its financial backing,
Branover this year built and demonstrated
a bench-scale working model. Now prepa-
rations are underway for the design and
testing of a 10-kilowatt device — a truly
international endeavor. Again with Sol-
mecs support, research teams from Ar-
gonne and Ben Gurion will collaborate on
the $2.5 million project, which should
yield a commercial prototype within two
and a half years.

In the device Branover demonstrated
this year, mercury circulates through a
solar collector, acting as its heat-transfer
fluid. Upon entering a mixer (see dia-
gram), a volatile liquid—in this case, freon
—is injected as droplets. Heat transferred
directly to the freon causes the droplets to
boil, creating a two-phase liquid-metal
and vapor-bubble flow. The continuing ex-

change of heat between the metal and
vapor expands the bubbles. This swelling
action mimics miniature pistons and im-
parts a mechanical energy to the circulat-
ing mixture. It actually drives the liquid
through a converging nozzle and into the
MHD channel. Here the high-velocity flow
of metal through a magnetic field gen-
erates an electric current; electrodes tap
the current. As the dual-phase mixture
exits the channel, the metal and vapor are
separated. The vapor is routed through a
heat exchanger —where it condenses, re-
leasing heat to warm air or water — and
then on to the mixer. Mercury circulates
from the separator back to the solar col-
lector.

Branover claims a 13 to 15 percent sys-
tem efficiency for his two-phase low-
temperature LMMHD scheme. That is
roughly two percent higher than would be
expected from a steam-turbine system of
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For much of the past 20 years, LUMHD research has focused on coupling the
energy-conversion cycle to liquid-metal fast-breeder reactors, existing light-water

nuclear reactors and fossil-fueled combustors. But the Rankine scheme shown

above can efficiently tap lower temperatures with flat-plate solar collectors, solar
ponds of geothermal heat sources (160°F to 220°F) and with industrial waste heat or
low-concentration solar collectors (260°F to 600°F). It is expected that small LMMHD
systems will cost less than comparable power Rankine-cycle turbine systems because

the turbine generator is replaced by simple MHD channels and permanent magnets.

AUGUST 15, 198l

%5

o
Science Service, Inc. is collaborating with JSTOR to digitize, preserve, and extend access to [P
Science News. RINGIS

Electrodes <z

From Mixer

Separator

To Separator

High Intensity
Permanent Magnet

109

Branover/Solmecs Corp.

o

®
www.jstor.org



comparable power, notes Edward Pierson,
manager of LMMHD programs at Argonne.
Pierson credits the higher efficiency to
several factors: Since MHD interaction is a
volume effect, efficiency and cost are al-
most independent of the size of the sys-
tem. Second, by using liquid metal — a
good heat-transfer medium —in the solar
collector, temperatures delivered to the
system may be as much as 25 percent
higher than in those using the standard air,
water or oil. This translates to a higher
overall system efficiency. Finally, direct
contact between the liquid metal and vol-
atile vapor leads to only a small tempera-
ture drop within the circulating system.

The solar collectors account for more
than half the cost of a solar LMMHD system
(or any solar-electric system), yet most of
the thermal energy captured is ultimately
rejected as waste heat, write Pierson,
Branover and colleagues in the October
1980 MECHANICAL ENGINEERING. “Accord-
ingly,” they say, one “logical approach is to
build a system that supplies both low-
grade heat and electrical power ... where
the electricity is essentially a by-product
of the heating system.” They anticipate an
LMMHD system could convert a small per-
cent of the solar energy collected into
electricity, making the rest available for
heating — with no temperature penalty.
The cost of the electrical system, they fig-
ure, “would be low because the solar col-
lectors are paid for by their primary func-
tion, heating.”

System-cost projections —while admit-
tedly “guesstimates” — are encouraging.
Assuming the energy-conversion units are
mass produced, Branover estimates a
10-kw unit would cost $10,000, a 100-kw
model only $70,000. And requiring “virtu-
ally no repair or maintenance,” Branover
brags that these systems should last 30
years.

What’s more, generated electricity
could be sold for 5.5 cents per kilowatt-
hour, Branover’s analyses suggest. That al-
ready compares favorably with the 10
cents per kwh charged Israeli electric con-
sumers. And the rate is roughly a tenth the
cost of photovoltaic-generated electricity.
Cost studies conducted by the Argonne
team — and looking at a broader range of
temperature systems than the Solmecs
developers now plan — show LMMHD far
surpasses photovoltaics (for existing and
anticipated mature technologies) in cost
savings — particularly in the more favor-
able (in terms of efficiency) high-tempera-
ture ranges.

Although Branover’s bench-scale de-
vice “demonstrates that the whole cycle
will work,” Pierson told SCIENCE NEws, “its
use for any practical measurements is lim-
ited.” Hence, stronger efficiency and cost
projections must await testing of the
planned 10-kw prototype. And what it will
look like remains a mystery. To date, not
even the liquid metal has been selected,
although both mercury and a sodium-
potassium alloy are candidates. O
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What sort of people need to learn a
foreign language as quickly and effec-
tively as possible? Foreign Service per-
sonnel, that's who. Members of
America’s diplomatic corps are assign-
ed to U.S. embassies abroad, where
they must be able to converse fluently
in every situation.

Now you can learn to speak Spanish
just as these diplomatic personnel do-
with the Foreign Service Insti-
tute's Programmatic Spanish Course.

The U.S. Department of State has
spent tens of thousands of dollars de-
veloping this course. It's by far the
most effective way to learn Spanish at
your own convenience and at your own
pace.

The Pro?rammatic Spanish Course
consists of a series of tape cassettes
and an accompanying textbook. You
simply follow the spoken and written
instructions, listening and repeating.
By the end of the course, you'll find
yourself learning and speaking entirely
in Spanish!

This course turns your cassette
player into a “teaching machine.” With
its unique ‘“‘programmatic” learning
method, you set your own pace—
testing yourself, correcting errors, rein-
forcing accurate responses.
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Speak Spanish
like a diplomat!

The FSI's Programmatic Spanish
Course comes in two volumes. You
may order one or both courses:

O Volume I, Basic.
(11 cassettes, 16 hours), instructor’s
manual and 464-page text, $115
O Volume II, Advanced.
(8 cassettes, 11%2 hours), instruc-
tor's manual and 614 page text, $98
(New York residents add sales tax.)
Your cassettes are shipped to you in
handsome library binders.

TO ORDER, JUST CLIP THIS AD and
mail with your name and address, and a
check or money order. Or, charge to
your credit card (American Express,
VISA, Master Charge, Diners Club) by
enclosing card number, expiration
date, and your signature.

The Foreign Service Institute’s
Spanish course is unconditionally
guaranteed. Try it for three weeks. If
you're not convinced it's the fastest,
easiest, most painless way to learn
Spanish, return it and we'll refund
every penny you paid! Order today!

Many other FSI language courses
also available. Write us

Audio Forum

Dept. K-25

145 East 49th St.
New York, N.Y. 10017
(212) 753-1783
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The Amazing
Stirling Cycle

74" x 4"
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Air Engine
Heat is the only fuel
This miniature Stirling Cycle Engine meas-
ures 7" x 44" and comes complete with built-
in alcohol burner. Red flywheels and chassis
mounted on a green base, these all-metal
beauties silently running at speeds in excess
of 1,000 RPM attract attention and create awe
,  wherever displayed. The model comes com-
pletely assembled and ready to run, accom-
panied by our “Stirling Cycle Engines” book.
This is one of a series of four model hot air
engines now available.
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Experimenters e Hobbyists’ Power Source
Students e Collectors ® Model Engineers

An easily read, lavishly illustrated, 128-
page book accompanies each engine or may
be purchased separately. This publication,
the first of its kind, takes the reader on a
160-year tour through the world of Stirling

ALL METAL Cycle Engines.
SPEEDS TO 1000 RPM
BUILT-IN ALCOHOL BURNER

— Engine and Book @ $5350...%
Book (separately) @ $5.50. . .$
nts Price of Engine

includes shipping via United
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