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HIGH EFFICIENCY
MAGNETOHYDRODYNAMIC POWER
GENERATION USING ULTRA-HIGH
MAGNETIC FIELDS AND NOVEL COOLING
BACKGROUND OF THE INVENTION

[0001] This invention relates to magnetohydrodynamic
(MHD) energy conversion devices, i.e., energy conversion
devices capable of converting heat directly into electrical
energy.

[0002]

As is knoWn in the art, electricity can be produced in

systems is separated from the cooling chamber of a respective
microchannel Water cooling chamber by another deWar
vacuum container. Each microchannel Water cooling cham

ber absorbs heat from a contacting radiation shield proximate
the conductive ?uid conduit. The foregoing arrangement
enables the permanent magnets to operate at cryogenic tem
peratures in the presence of an electrically conductive Work

ing ?uid having temperatures as high as 3,000 degrees centi
grade for reaching magnetic ?ux densities of up to 17 tesla
substantially increasing the ef?ciency of the MHD energy
conversion device. Cryogenic temperatures beloW 4.2
degrees Kelvin are possible.

a MHD (magnetohydrodynamic) energy conversion device
Wherein a Working ?uid in the nature of a plasma, i.e., an

DESCRIPTIONS OF THE DRAWINGS

electrically-conductive ioniZed gas ?oWs through a magnetic
?eldperpendicular to the direction of plasma ?oW. This action

[0007]

generates an electric current in the ioniZed gas Which can be

art magnetohydrodynamic (MHD) energy device.

tapped by electrodes located in the magnetic ?eld and in
contact With the moving plasma. The stronger the magnetic
?eld and the higher the temperature and velocity of the ion
iZed gas, the greater is the relative amount of electricity that
can be extracted from the MHD energy conversion device.
Examples of MHD devices used to convert solar and laser
energy into electricity are illustrated and described in US.

Pat. Nos. 4,191,901 and 4,275,318.
[0003] Electromagnets have proven impractical for use in
MHD energy conversion devices because they require elec
tricity to stay cool in order to sustain high magnetic ?ux
densities necessary for e?icient production of electrical
energy. Prior art MHD energy conversion devices have been
limited to the use of magnets having magnetic ?ux densities
of no greater then 1-2 tesla Which has made such energy
conversion devices unsuitable for use in electric poWer gen

eration for residential, remote, portable, commercial and

industrial applications.
SUMMARY OF THE INVENTION

[0004]

The present invention provides for a high e?iciency

MHD energy conversion device Which utiliZes ?ux trapped in

superconductors as permanent magnets having magnetic ?ux
densities of up to 17 tesla, and multistage cooling systems

Which employ coolants, including liquids With cryogenic

[0008]

FIG. 1 is a perspective schematic vieW a basic prior

FIG. 2A is a fragmented schematic diagram of an

upper portion of an MHD energy conversion device in accor

dance With the invention.
[0009] FIG. 2B is a fragmented schematic diagram of a
loWer portion of the MHD energy conversion device of FIG.
2A.
DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0010] Referring noW to FIG. 1 of the draWings, there is
shoWn a basic MHD Energy conversion device knoWn in the
prior art. A Working ?uid in the nature of a plasma or gas is

propelled through a noZZle (not shoWn) to accelerate the ?uid,
and then into a conduit situated Within a magnetic ?eld pro

vided by magnets (not shoWn) above and beloW the conduit.
[0011]

A current transverse to the magnetic ?eld and the

direction of ?oW of the Working ?uid is tapped by electrodes
mounted on opposite sides of the conduit in a plane transverse
to the magnetic ?eld. A load can be connected across the
electrodes for receiving an electric output current from the
MHD.
[0012] Referring noW to FIGS. 2A and 2B of the draWings
there is shoWn an MHD energy conversion device Which
includes a conduit 1 for an electrically-conductive ioniZed gas

properties such as liquid helium and liquid nitrogen. An elec

(not shoWn) Which is heated, e. g., by solar energy, and ?oWs

trically conductive ?uid, in the form of an ioniZed gas or

through a magnetic ?eld provided by permanent magnets 3, 3'

plasma, ?oWs through an electrically conductive ?uid conduit
in a magnetic ?eld produced by the pole pieces of tWo per
manent magnets aligned for maximum ?eld density for
inducing an electric current in the ?uid by separating the

disposed on opposite sides of the MHD energy conversion
device in a direction parallel to a longitudinal axis of the

positive charges from the negative charges. As used herein,
the reference to “permanent magnets” includes superconduc
tors having trapped ?ux as opposed to electromagnets in
Which a current is passed through a coil surrounding a ferro
magnetic core.

[0005] Each permanent magnet is disposed in a chamber
containing a cryogenic liquid, e.g., helium, Which has been
circulated from the chamber through a heat exchanger, releas
ing the heat absorbed Within the chamber before being
pumped back into the chamber.
[0006] The chamber containing each permanent magnet is
sandWiched betWeen tWo deWar vacuum containers in contact

With the cooling chambers of tWo respective liquid nitrogen
cooling systems. Other cryogenic liquids having similar cool
ing properties may be substituted for nitrogen. Each cooling
chamber of one of a pair of inner liquid nitrogen cooling

conduit 1. In the preferred embodiment of the invention, the
magnets 3, 3' form an ellipse With the MHD energy conver

sion device passing through the center of the ellipse.
[0013] For simplicity the invention has been illustrated in
FIGS. 2 and 2B With one magnet 3, 3' on each side of the

MHD conduit 1 to provide a magnetic ?eld intersecting the
electrically conductive ?uid conduit axis for inducing an elec
tric current in said ?uid. HoWever, it is to be appreciated that
multiple magnets may be provided on either side of the MHD

energy conversion device. A pair of electrodes (not shoWn)
are arranged on opposite sides of the electrically conductive
?uid conduit 1 in a plane transverse to a plane of the magnetic
?eld and adapted to be connected for applying a voltage to a
load.
[0014] The magnets 3, 3' should be placed as close as pos

sible to the high temperature MHD Working ?uid (plasma)
conduit in order to provide the strongest possible magnetic
?eld and, therefore, the greatest electrical output.
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[0015] The magnets 3, 3' can be formed from specially
treated rare earth superconductors like those developed by a

company named Magnifye in Cambridge, England. In order
to produce magnetic ?ux densities of as much as 17 tesla,
these magnets can be cooled to cryogenic temperatures. The
MHD energy conversion device Which is operated in the

magnetic ?eld produced by these magnets employs a plasma
Working ?uid With operating temperatures of about 3,000
degrees centi grade. The present invention solves the problem
of employing magnets operating at cryogenic temperatures,

heat absorbed in the chambers of the housings 25, 25' by the
liquid nitrogen is expelled to the ambient environment. The
liquid nitrogen continuously reenters the pumps 21, 21' and is
circulated through the chambers of the housings 25, 25' to the
heat exchangers 23, 23' to remove heat transferred from the
MHD energy conversion device through the conduit Walls
and radiation shields 5, 5'. The liquid nitrogen can reduce the
temperatures of the components into Which it comes in con
tact to approximately 77 degrees Kelvin.

[0022] Cryogenic liquid nitrogen cooling systems 27, 27'

e.g., beloW 4.2 degree Kelvin, and an MHD energy conver
sion device With a Working ?uid at about 3,000 degrees cen

similar to the ones betWeen the deWar vacuum containers 19,

tigrade in close proximity, in the same apparatus, for achiev
ing the e?iciencies that can be obtained With magnets having

19' and 17, 17' including pumps 21, 21', conduit 25, 25' and
cryogenic heat exchanger 23, 23' are provided betWeen the

?ux densities as high as 17 tesla.

magnets 3, 3' and the ambient environment in order to dissi
pate the heat transferred from the ambient environment into
the magnets 3, 3' and sustain the loW temperatures at Which
the magnets 3, 3' must be maintained to provide high mag

[0016] Due to the high levels of heat convection and radia
tion from the MHD plasma and the very loW thermal capacity

of the permanent magnets at operating temperatures (magnet
performance deteriorates at elevated temperatures) staged

radiation shielding incorporating multiple cooling systems is

netic ?ux densities of as much as 17 tesla. These liquid

nitrogen cooling systems are disposedbetWeen containers 29,

provided betWeen the MHD energy conversion device and

29' for inner deWar vacuums and containers 31, 31' for outer

magnets.

deWar vacuums.

[0017] Radiation shields 5, 5' are provided betWeen the
MHD conduit 1 and each of the magnets 3, 3'. Each radiation

[0023] SandWiched betWeen adjacent Walls of the contain
ers 29, 29' and 31, 31' are housings 33, 33' having chambers

shield 2, 2' has an outer re?ective surface and a black body
inside. The radiation shields 5, 5' are preferably fabricated

through Which liquid nitrogen is pumped from pumps 35, 35'

from a highly re?ective material that is transparent to a mag

to cryogenic heat exchangers 37, 37' Which transfer heat
absorbed by the liquid nitrogen to the ambient environment

netic ?eld, for example, an electropolished nonmagnetic

through a cryogenic refrigerator. The liquid nitrogen continu

metal.
[0018]

ously reenters the pumps 35, 35' and is cycled back into the
heat exchangers 37, 37' to minimize the heat transfer from the
ambient environment to the magnets.

The conduit Walls and the radiation shields 5, 5' are

cooled by microchannel Water cooling systems 7, 7' in Which
cooling Water, a liquid at ambient temperature and pres sure, is

circulated through a channel 9, 9' in housings having cham
bers disposed betWeen the radiation shields 5, 5' and magnets
8, 8' to provide local cooling. Other coolants may be substi

[0024] Primary cooling of the magnets 3, 3' from the
approximately 77 degrees Kelvin achievable by the liquid
nitrogen cooling systems to the desired magnet operating

conduit Walls at temperatures loW enough to preserve the

temperature of less than 4.2 degrees Kelvin is achieved by
liquid helium cooling systems 38, 38' in Which liquid helium
is circulated by pumps 43, 43' around the magnets 3, 3'. For
this purpose the magnets 3, 3' are disposed in respective
chambers 39, 39' in housings 41, 41' having inlets and outlets
connected to pumps 43, 43' and cryogenic heat exchangers

structural integrity of the system.
[0019] The microchannel cooling Water is circulated by
pumps 11, 11' through heat exchangers 13, 13' for dissipating

45, 45' into the chambers 39, 39' and back into the pumps 43,
43' thereby maintaining the permanent magnets 3, 3' at cryo

tuted for Water as Will be knoWn to those skilled in the art.

Heat transfer coef?cient is inversely proportional to the diam
eters of the cooling channels. Hence, microchannels having
diameters as small as possible are employed to maintain the

the heat absorbed from the conduit’s Walls and the residual
heat absorbed from the radiation shields 5, 5' into the ambient
environment. The microchannel Water cooling systems can

reduce the heat transfer from the MHD plasma chamber,

Which operates at approximately 2,000 degrees centigrade,
into the rest of the magnet packaging 19, 25, 17, 39, 41, 29,
33, 31, 19', 25', 17', 39', 41', 29', 33', 31' and maintain a
temperatures of less than 100 degrees centigrade.
[0020]

Although Water is used for microchannel cooling

due to its desirable thermal properties, other liquids can be

used for microchannel cooling adjacent the radiation shields
5, 5'.
[0021] Disposed betWeen each permanent magnet 3, 3' and
the microchannel cooling systems is a cryogenic liquid nitro
gen cooling system 15, 15' formed betWeen deWar vacuum
containers 17, 17' for inner deWar vacuums and deWar
vacuum containers 19, 19' for outer deWar vacuums. Dis

posed betWeen, and in contact With adjacent Walls of the
containers 17, 17' and 19, 19' are housings 25, 25' having
chambers through Which liquid nitrogen is circulated from
pumps 21, 21' to cryogenic heat exchangers 23, 23' Where

45, 45'. Liquid helium is pumped through the heat exchangers
genic operating temperatures, eg 4.2 degrees Kelvin and
beloW.
[0025] The MHD energy conversion device of the invention
provides an effective solution to the problem of converting

heat and, in particular, solar energy to electricity. Moreover,
the MHD energy conversion device of the invention is scal
able and can be constructed in various siZes depending on
energy and space requirements. For example, a micro version
of the MHD energy conversion device of the invention it
could be placed at the focal point of a parabolic solar collector
or any type of concentrating solar collector.

[0026]

It is to be appreciated that the foregoing is a descrip

tion of a preferred embodiment of the invention to Which

alterations and modi?cations may be made Without departing
from the spirit and scope of the invention. For example, each
ofthe cryogenic heat exchangers 23, 23', 37, 37'. 45.450 can
be provided With a cryogenic refrigerator 47, 47' to enhance
the removal of heat from the respective cooling systems or
cryogenic refrigerators can be substituted for one or more

respective cryogenic cooling systems to cool the respective
magnets.
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What is claimed is:

1. A high e?iciency magnetohydrodynamic energy conver
sion device comprising
an electrically conductive ?uid,
an electrically conductive ?uid conduit having an axis, said

electrically conductive ?uid ?oWing through said elec
trically conductive ?uid conduit under pressure in a

direction parallel to said axis,
?rst and second permanent magnets aligned for forming a

magnetic ?eld intersecting said electrically conductive
?uid conduit axis for inducing an electric current in said

?uid, the magnitude of said current increasing in
response to an increase in the temperature of said ?uid,
and

?rst and second cooling means for respectively cooling
said ?rst and second permanent magnets.
2. A magnetohydrodynamic energy conversion device
according to claim 1 Wherein said ?rst cooling means com

prises a plurality of cooling systems disposed betWeen said
electrically conductive ?uid conduit and said ?rst permanent
magnet, and each of said cooling systems comprises a hous
ing With a cooling chamber, a heat exchanger, and a pump for
circulating a coolant betWeen said cooling chamber and said
heat exchanger Whereby said coolant absorbs heat Within said

cooling chamber and expels heat through said heat exchanger.
3. A magnetohydrodynamic energy conversion device
according to claim 2 Wherein said ?rst permanent magnet is
disposed Within the housing of a ?rst one of said cooling
systems for enabling the coolant in said ?rst one of said
cooling systems to be circulated about said ?rst permanent

magnet.

second staged cooling means comprises a radiation shield

disposed betWeen said electrically conductive ?uid conduit
and said ?rst permanent magnet.
12. A magnetohydrodynamic energy conversion device
according to claim 1 Wherein said one of said permanent

magnets is maintained at temperatures beloW 4.2 degrees
Kelvin.
13. In a magnetohydrodynamic energy conversion device

having an electrically conductive ?uid ?oWing through an
electrically conductive ?uid conduit, ?rst and second perma
nent magnets aligned for forming a magnetic ?eld intersect
ing said electrically conductive ?uid conduit axis for inducing
an electric current in said ?uid, the improvement Wherein
each of said ?rst and second magnets is a permanent magnet

and, for cryogenically cooling each of said magnets said
magnetohydrodynamic energy conversion device comprises,
a housing having a chamber in Which one of said perma

nent magnets is disposed, said chamber containing a

cryogenic liquid surrounding and cooling said one of
said permanent magnets, a heat exchanger external to
said chamber for alloWing heat absorbed by said cryo
genic liquid to escape to the ambient atmosphere, and a
pump for circulating betWeen said chamber and said

heat exchanger said cryogenic liquid.
14. An improved magnetohydrodynamic energy conver
sion device according to claim 13 further comprising a con
tainer having a vacuum and a ?rst Wall mounted adjacent said

housing for insulating said chamber from heat.
15. An improved magnetohydrodynamic energy conver
sion device according to claim 14 further comprising a nitro
gen cooling system for further cooling said one of said per
manent magnets comprising, connected in series, a liquid
nitrogen chamber in a housing mounted adjacent a second
Wall of said container having a vacuum opposite said ?rst

4. A magnetohydrodynamic energy conversion device

Wall, a liquid nitrogen heat exchanger, and a liquid nitrogen

according to claim 3 Wherein the coolant in said ?rst one of

pump for pumping liquid nitrogen through said liquid nitro
gen chamber and said liquid nitrogen heat exchanger

said cooling systems comprises helium.
5. A magnetohydrodynamic energy conversion device
according to claim 3 Wherein the coolant in said ?rst one of

said cooling systems has a composition different from the
coolant in a second one of said cooling systems.

6. A magnetohydrodynamic energy conversion device
according to claim 5 Wherein the coolant in said second one of

said cooling systems comprises Water.
7. A magnetohydrodynamic energy conversion device
according to claim 5 Wherein the coolant in a third one of said

cooling systems has a composition different from the cool
ants in said ?rst one of said cooling systems and said second
one of said cooling systems.
8. A magnetohydrodynamic energy conversion device
according to claim 7 Wherein said third one of said cooling
systems is disposed betWeen said ?rst one of said cooling
systems and said second one of said cooling systems.
9. A magnetohydrodynamic energy conversion device
according to claim 7 Wherein the coolant in said third one of

said cooling systems comprises nitrogen.

Whereby heat absorbed by said liquid nitrogen can be released
to the ambient atmosphere.
16. An improved magnetohydrodynamic energy conver
sion device according to claim 15 further comprising a Water

cooling system for further cooling said one of said permanent
magnets comprising, connected in series, a microchannel
Water cooling chamber in a housing disposed adjacent said
liquid nitrogen chamber, a Water heat exchanger, and a Water
pump for pumping said Water through said microchannel
Water cooling chamber and said Water heat exchanger
Whereby heat absorbed by said Water can be released to the

ambient atmosphere.
17. An improved magnetohydrodynamic energy conver
sion device according to claim 16 further comprising a
vacuum container disposed betWeen said microchannel Water

cooling chamber and said liquid nitrogen chamber.
18. An improved magnetohydrodynamic energy conver
sion device according to claim 16 further comprising a radia
tion shield mounted adjacent said microchannel Water cool

ing chamber.

10. A magnetohydrodynamic energy conversion device
according to claim 2 further comprising at least one container

19. An improved magnetohydrodynamic energy conver
sion device according to claim 1 Wherein said cooling means

of a vacuum disposed betWeen a cooling chamber of one of

comprises a cryogenic refrigerator.

said cooling systems and a cooling chamber of another of said

20. A method of maximiZing electrical output from a mag
netohydrodynamic energy conversion device having an elec
trically conductive ?uid ?oWing through a conduit under
pressure and ?rst and second permanent magnets aligned for

cooling systems.
11. A magnetohydrodynamic energy conversion device
according to claim 1 Wherein at least one of said ?rst and
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forming a magnetic ?eld intersecting said conduit for induc
ing an electric current in said ?uid comprising,
cooling said conduit by providing a microchannel Water
chamber adjacent thereto to remove heat from said con

duit, and
cooling at least one of said magnets by circulating a cryo
genic liquid betWeen a chamber in Which said magnet is
disposed and a heat exchanger external to said chamber

for alloWing heat absorbed by said cryogenic liquid to
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escape to the ambient atmosphere, said cryogenic liquid
surrounding and cooling said magnet in said chamber.
21. A method of maximiZing electrical output from a mag

netohydrodynamic energy conversion device according to
claim 20 further comprising providing said heat exchanger
With a cryogenic refrigerator for cooling the air surrounding
said heat exchanger.

