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57 ABSTRACT

A cryogenic container includes an inner vessel for contain-
ing a cryogenic fluid, and an outer vessel for insulating the
cryogenic fluid from the environment. The inner vessel
includes a superconductive layer formed of a material hav-
ing superconducting properties at the temperature of the
cryogenic fluid. The superconductive layer forms a magnetic
field around the cryogenic container, that repels electromag-
netic energy, including thermal energy from the environ-
ment, keeping the cryogenic fluid at low temperatures. The
cryogenic container has a portability and a volume that
permits its’ use in applications from handheld electronics to
vehicles such as alternative fueled vehicles (AFVs). A
SMES storage system includes the cryogenic container, and
a SMES magnet suspended within the cryogenic fluid. The
SMES storage system can also include a recharger and a
cryocooler configured to recharge the cryogenic container
with the cryogenic fluid.

10 Claims, 3 Drawing Sheets
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FIGURE 3

PROVIDING THE CRYOGENIC CONTAINER 10 ADAPTED TO
CONTAIN THE CRYOGENIC FLUID 16 AT A SELECTED
TEMPERATURE RANGE

PROVIDING THE SUPERCONDUCTING LAYER 22 ON THE
CRYOGENIC CONTAINER 10 HAVING SUPERCONDUCTIVE
PROPERTIES AT THE SELECTED TEMPERATURE RANGE

SHIELDING THE CRYOGENIC FLUID 16 FROM
ELECTROMAGNETIC ENERGY USING THE SUPERCONDUCTING
LAYER 22

FIGURE 4
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CRYOGENIC CONTAINER AND
SUPERCONDUCTIVITY MAGNETIC
ENERGY STORAGE (SMES) SYSTEM

FIELD OF THE INVENTION

This invention relates generally to cryogenic containers
for storing cryogenic fluids. This invention also relates to
superconductivity magnetic energy storage (SMES) using
cryogenic containers. This invention also relates to methods
for shielding cryogenic fluids from thermal energy.

BACKGROUND OF THE INVENTION

Cryogenic containers, such as dewar type containers and
cryogenic tanks, are used to store cryogenic fluids such as
liquid nitrogen, oxygen, hydrogen and neon. A conventional
cryogenic container includes an inner tank configured to
contain the cryogenic fluid, and an outer tank configured to
provide a thermal barrier between the cryogenic fluid and
the environment. In addition, the outer tank forms an annu-
lus around the inner tank in which insulation, and in some
systems a vacuum, is contained. The outer tank and the
annulus are constructed to minimize the conduction of
thermal energy from the environment to the cryogenic fluid.

Cryogenic containers are commonly used by hospitals and
in industrial applications where portability and compactness
are not primary considerations. Cryogenic containers are
also used in the transportation industry on ships and vehicles
such as tank trucks and rail cars. In the transportation
industry, portability and compactness are more of an issue,
but in view of the scale of the vehicles, are not primary
considerations.

Cryogenic containers are also used in alternative fueled
vehicles (AFVs), such as cars and trucks, to store a cryo-
genic fluid for use as a combustion fuel for the vehicles. In
this case, the cryogenic fluid can be in the form of liquid
natural gas (LNG), compressed natural gas (CNG) or lig-
uefied petroleum gas (LPG). The development of alternative
fueled vehicles (AFVs) has been spurred by the Clean Air
Act (1990) and the Energy Policy Act (1992). In addition,
developing economies, such as China, have opted for polices
which favor alternative fueled vehicles (AFVs) over con-
ventional gas and diesel vehicles. With alternative fueled
vehicles (AFVs), the portability and compactness of a cryo-
genic container can be a primary consideration. In addition,
because the cryogenic liquids must be stored for periods of
days or longer, these cryogenic containers must have a high
thermal resistance from the environment to the cryogenic
fluid.

Another technology that employs cryogenic containers is
low temperature superconductivity. Superconductive mate-
rials have the ability to conduct electrical currents with no
energy losses or resistive heating. In addition, superconduc-
tive materials exhibit magnetic properties that allow mag-
netic fields in excess of 20 tesla to be produced. Low
temperature superconducting magnets are used in magnetic
resonance imaging systems for medical applications, and in
laboratories for experimental applications. In these applica-
tions, cryogenic containers are employed to maintain the
low temperatures necessary for superconductivity.

Recently, superconductors, such as magnesium diboride
(MgB,), have been discovered which exhibit superconduc-
tivity at temperatures approaching 40 K. Although this is a
low temperature, it can be achieved using technologies that
are less expensive than those used to achieve superconduc-
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tivity in conventional superconductors, such as niobium
alloys, which require temperatures of about 23° K.

In addition to their use in magnetic resonance imaging
systems, superconducting magnets can be used for storing
electrical energy. This technology is known as supercon-
ducting magnetic energy storage (SMES). For example, U.S.
Pat. No. 5,146,383 to Logan entitled “Modular Supercon-
ducting Magnetic Energy Storage Inductor”, discloses a
SMES system. U.S. Pat. No. 6,222,434 B1 to Nick entitled
“Superconducting Toroidal Magnet System” also discloses a
SMES system. In general, these prior art SMES systems are
large non-portable, devices which are hundreds of feet in
diameter. This technology, could be adapted to transporta-
tion and AFV industries, and to other applications as well, if
the scale of the SMES system could be reduced.

The present invention is directed to all sizes of cryogenic
containers, but particularly to a cryogenic container that is
portable, yet has a low thermal conductivity, and a high
thermal shielding capability. Further, the present invention is
directed to a portable SMES system constructed using the
cryogenic container. Still further, the present invention is
directed to improved methods for shielding a cryogenic fluid
from thermal energy.

SUMMARY OF THE INVENTION

In accordance with the present invention, an improved
cryogenic container, a SMES system, and an improved
method for shielding a cryogenic fluid are provided.

The cryogenic container includes an inner vessel config-
ured to contain the cryogenic fluid at a selected temperature
range. The cryogenic container also includes an outer vessel
surrounding the inner vessel, and an annulus between the
inner vessel and the outer vessel configured to contain an
insulating material and/or a vacuum. The inner vessel
includes a superconducting layer formed of a material
having superconductive properties at the selected tempera-
ture range.

In the illustrative embodiment the inner vessel comprises
ametal cylinder, and the superconducting layer covers either
an inner surface (ID), or an outer surface (OD) of the inner
vessel. Preferably, the superconducting layer comprises a
low temperature superconductor material, such as magne-
sium diboride, a niobium alloy, a copper oxide or a BCS
superconductor. The superconducting layer creates a mag-
netic field, which shields the cryogenic fluid from electro-
magnetic energy, reducing heat transfer from the environ-

ment, and maintaining the cryogenic fluid at low
temperatures.
Heat transfer in the cryogenic container is affected by a

number of factors, including, but not limited to, the infrared
heating of the cold surfaces, conductive heat transfer by gas
molecules from warm surfaces to cold surfaces, and con-
ductive heat transfer through the support structure for the
inner vessel. The magnetic field created by the supercon-
ducting layer reduces heat transfer due to infrared heating of
the cold surfaces. The insulation in the annulus also reduces
heat transfer from the environment to the cryogenic fluid.

The SMES system includes the cryogenic container and a
SMES magnet in the inner vessel configured to store elec-
trical energy. The SMES system also includes an electrical
connector on the outer vessel configured for connection to
an energy source for transferring electrical energy into the
SMES magnet, or to a load for extracting stored electrical
energy from the SMES magnet. The SMES system can also
include a recharger and a cryocooler configured to recharge
the cryogenic container with the cryogenic fluid.
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The method includes the steps of: providing the cryogenic
container adapted to contain the cryogenic fluid at the
selected temperature range, providing the layer on the cryo-
genic container having superconductive properties at the
selected temperature range, and shielding the cryogenic fluid
from electromagnetic energy using the layer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A1is a schematic cross sectional view of a cryogenic
container constructed in accordance with the invention;

FIG. 1B is a schematic cross sectional view of the
cryogenic container taken along section line 1B-1B of FIG.
1A;

FIG. 1C is an enlarged schematic cross sectional view
taken along section line 1C-1C of FIG. 1B illustrating a
superconductor layer on an inner wall of the cryogenic
container;

FIG. 1D is an enlarged schematic cross sectional view
taken along section line 1D-1D of FIG. 1B illustrating a
superconductor layer on an outer wall of the cryogenic
container;

FIG. 2A is a schematic cross sectional view of a SMES
system constructed in accordance with the invention using
the cryogenic container;

FIG. 2B is a schematic cross sectional view of the SMES
system taken along section line 2B-2B of FIG. 2A;

FIG. 2C is an enlarged schematic cross sectional view
taken along section line 2C-2C of FIG. 2B illustrating a
superconductor layer on the SMES system;

FIG. 2D is an enlarged schematic cross sectional view
taken along section line 2D-2D of FIG. 2B illustrating the
superconductor layer on the SMES system

FIG. 3 is an electrical schematic of a SMES magnet of the
SMES system; and

FIG. 4 is a block diagram illustrating steps in the method
of the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring to FIGS. 1A-1D, a cryogenic container 10
constructed in accordance with the invention is illustrated.
The cryogenic container 10 includes an outer vessel 12, and
an inner vessel 14 suspended within the outer vessel 12. The
outer vessel 12 and the inner vessel 14 and are generally
cylindrically shaped, fluid tight tanks having internal vol-
umes selected as required. Rather than being cylindrical, the
outer vessel 12 and the inner vessel 14 can have other
shapes, such as cylindrical.

Both the outer vessel 12 and the inner vessel 14 can
comprise any material commonly used in the construction of
Dewar-type cryogenic tanks, such as steel, stainless steel, or
non magnetic stainless steel. In addition, the inner vessel 14
can be suspended within the outer vessel 12 using any
conventional structure, such as support rods or rings (not
shown).

Since size of the cryogenic container 10 is a key to
portability, it is preferred that for portable applications, the
cryogenic container 10 be from 1 centimeter to 1 meter in
diameter, and 5 centimeter to 2 meters in length. However,
these dimensions are not fixed and for non portable appli-
cation can be increased to hundreds of feet. In addition, for
portable applications, the cryogenic container 10 can be
adapted to contain a volume of from 10 cc (cubic centime-
ters) to 1 m> (cubic meters) of a cryogenic fluid 16. In
general, container sizes larger than this range adversely
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affect the portability of the cryogenic container 10, and its’
use in transportation systems, particularly alternative fueled
vehicles (AFVs). However, for non portable applications the
contained volume can be greatly increased as the dimensions
of the cryogenic container 10 are increased.

As shown in FIGS. 1A and 1B, the cryogenic fluid 16 is
contained within the inner vessel 14. As used herein “cryo-
genic fluid” refers to fluid having a temperature of between
0.001 K and 200 K. Depending on the application, the
cryogenic fluid 16 can comprise any fluid at cryogenic
temperatures. By way of example, and not limitation, rep-
resentative cryogenic fluids include nitrogen, oxygen,
hydrogen, neon and compounds of these elements. In the
illustrative embodiment, the cryogenic container 10 is ori-
ented in a horizontal direction (i.e., parallel to the ground),
such that the cryogenic fluid 16 has a fluid level 20 which is
generally horizontal, and parallel to a longitudinal axis 15 of
the cryogenic container 10. Alternately, the cryogenic con-
tainer 10 can be vertically oriented, in which case the fluid
level 20 would be generally orthogonal to the longitudinal
axis 15.

The cryogenic container 10 also includes an annulus 18
between the outer vessel 12 and the inner vessel 14. The
annulus 18 is adapted to contain a vacuum, and a multilayer
thermal insulation 17, such as an Al/mylar and Dacron
netting. The cryogenic container 10 also includes an inter-
face tube 23, extending along the longitudinal axis 15 across
nearly the entire length thereof. The interface tube 23 can
include control devices, such as sensors, and a shut off valve,
and safety devices, such as a pressure relief valve. The
interface tube 23 can comprise a material having a high
strength to thermal conductivity ratio, such as a fiberglass/
epoxy composite. In addition, the interface tube 23 can
include an external vacuum jacket (not shown).

The cryogenic container 10 also includes a superconduct-
ing layer 22, which comprises a material having supercon-
ductive properties at a temperature range corresponding to
that of the cryogenic fluid 16. Preferably, the superconduct-
ing layer 22 comprises a low temperature superconductor
where low temperature is defined as from 0.1 K to 150 K.
Suitable low temperature superconductors include magne-
sium diboride, niobium alloys, and copper oxide alloys, such
as rare earth copper oxide (RECuOx). Other suitable super-
conductors include carbon materials, ceramic materials and
doped materials, such as magnesium diboride doped with
silicon carbide (e.g., MgB,Si,). In general, the supercon-
ductive layer 22 can comprise any BCS superconductor,
where BCS represents the initials of superconductor pio-
neers John Bardeen, Leon Cooper, and Robert Schrieffer.
Further, the superconductive layer 22 can comprise multiple
layers of material, such as different superconductors having
different magnetic or electrical characteristics.

As shown in FIG. 1C, the superconducting layer 22 can
cover an outside surface 19 (i.e., outside diameter—OD), of
the inner vessel 14. Alternately, as shown in FIG. 1D, the
superconducting layer 22 can cover an inside surface 21
(i.e., inside diameter—ID) of the inner vessel 14. As another
alternative, the superconducting layer 22 can cover both the
outside surface 19 and the inside surface 21 of the inner
vessel 14.

The superconducting layer 22 can be formed on the inner
vessel 14 using a suitable coating, deposition or laminating
process such as chemical vapor deposition (CVD), mechani-
cal alloying, or sintering. In addition, as previously stated,
the superconducting layer 22 can comprise a single layer of
material, or multiple stacked layers of material. A thickness
T of the superconducting layer 22 can be selected as












