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(54) COOLING SYSTEM FOR SUPERCONDUCTING POWER APPARATUS

(57) The present invention relates to a cooling sys-
tem for a superconducting power apparatus comprising
a reservoir tank for reserving a liquefied gas, a circulating
pump, a heat exchanger for cooling the liquefied gas,
and a circulation loop through which the liquefied gas is
circulated, in which the superconducting power appara-
tus is cooled by circulating the liquefied gas in a sub-
cooled state using the circulating pump.

And the cooling system further comprises pressuriz-

ing means for pressurizing the liquefied gas in the res-
ervoir tank with the same type of gas as the liquefied gas,
wherein a liquid level in the reservoir tank for reserving
the liquefied gas in a pressurized state is located above
an outlet of a return piping of a circulating liquefied gas
at least by a dissolving depth of the pressurizing gas +
(plus) a liquid level movement correction amount.
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Description

Field of the invention

�[0001] The present invention relates to a cooling sys-
tem for cooling a superconducting cable, a supercon-
ducting bus line, SMES, a superconducting transducer,
etc. which can be used in an industry in a superconduct-
ing state by cooling with a liquefied gas such as a liquid
nitrogen or the like and particularly to a cooling system
for the cooling a superconducting power apparatus driv-
en in a high voltage state.

Background of the invention

�[0002] As one of the superconducting power appara-
tuses, a prior art will be described referring to Fig. 6 using
a superconducting cable as an example, which uses a
liquefied gas such as a liquid nitrogen for cooling. A cool-
ing system for a superconducting cable described in Jap-
anese patent Laid- �Open No. 08-148044 is known.�
As shown in Fig. 6, in a conventional cooling system, a
circulation cycle is repeated that a liquefied gas in a sub-
cooled state (a state where the liquefied gas is cooled at
a temperature lower than a saturation temperature of the
liquefied gas) from a reservoir tank 101 is pressurized
by a pump 105 and supplied to a cable 11 1 after being
cooled by a heat exchanger 107 of a refrigerating ma-
chine 108 and returned to the reservoir tank 101 again.
�[0003] In cooling of the superconducting cable, when
the circulated liquefied gas is brought into a gas-�liquid
mixed state, a pressure loss is increased and a required
amount of the liquefied gas can not be stably circulated,
which requires a large- �sized circulating pump with a large
capacity. �
Moreover, since a superconducting cable employs an
extremely low-�temperature electric insulating method for
maintaining a high electric insulating performance by im-
pregnating the liquefied gas with an insulator, if a gas or
an air bubble is mixed in a liquefied gas, there is a problem
that an electric insulating performance is remarkably low-
ered.
�[0004] Therefore, in order to maintain the liquefied gas
in the subcooled state all the time for circulation in a non-
evaporated state in the conventional cooling system, the
liquefied gas is kept not boiling during the circulation (that
is, the liquefied gas is not brought into a gas-�liquid mixed
state).�
That is, when a liquid nitrogen is used as the liquefied
gas, for example, an inside of the reservoir tank 101 is
brought into a pressurized state by supplying a gas such
as hydrogen (H2) or helium (He) with sufficiently lower
triple point than the liquefied gas from a cylinder 123 so
as to raise the boiling point of the liquefied gas.�
�[Patent Document 1] Japanese Patent Laid-�Open No.
08-148044

Summary of the Invention

�[0005] When a gas with a sufficiently low triple point
than the liquefied gas, for example a liquid nitrogen as
the liquefied gas, is pressurized by helium (He) gas in a
reservoir tank as in the prior art, such a phenomenon
was found to occur that a slight amount of He gas is
dissolved in the liquid nitrogen.�
That is, helium (He) is widely known as an inactive gas
and was recognized as non-�soluble in a liquid nitrogen,
but actually, it is found out that a slight amount of He gas
is dissolved in the liquid nitrogen.
�[0006] The amount dissolved into the liquid nitrogen is
extremely slight but if the liquefied gas in which He gas
is dissolved is circulated, the state where He gas is dis-
solved in the liquefied gas can’t be maintained and it gen-
erates air bubbles.�
And the air bubbles are generated, for example, at a por-
tion where a flow velocity of the liquefied gas is relatively
lowered in a widened piping or at a portion where a pres-
sure of the liquefied gas is rapidly lowered rather than
that in the reservoir tank after being throttled by a valve
or the like. The air bubbles are mixed in the liquid nitrogen
which bring about a gas-�liquid mixed state.
�[0007] Also, if there is a portion where a superconduct-
ing cable or a superconducting power apparatus is locat-
ed higher than a cooling system due to its installation
layout, it is found out that the generated air bubbles are
collected and remain at an upper part of the equipment
at such a portion and filled in a cooling piping of the liquid
nitrogen in the end, which prevents circulation of the liquid
nitrogen.
�[0008] It was made clear by inventors’ experiment that
the above-�mentioned phenomenon occurs over an ex-
tremely long time of several months.�
If a He gas is contained in the liquid nitrogen and filled
in a gas- �liquid mixed state in a piping or filled in a gas
phase in a cooling piping, circulation of the liquid nitrogen
can not be conducted smoothly.�
Moreover, since a He gas has an extremely small voltage
resistant characteristic as compared with other liquefied
gases, though a liquid nitrogen originally has a high in-
sulating characteristic, the insulating characteristic is
lowered by the contained He gas, and it might cause a
defective insulation or an insulation breakdown of a su-
perconducting power apparatus.
�[0009] Taking measures against it, a pressurization of
a liquefied gas in a reservoir tank with the same type of
gas as a liquefied gas was come up with.�
But since the liquid nitrogen reserved in the reservoir tank
is with a temperature below a boiling point, when a nitro-
gen gas used for the pressurization contacts the liquid
nitrogen below the boiling point in the reservoir tank, the
nitrogen gas is cooled and liquefied. �
Therefore, the pressurized pressure is lowered, and it
has a problem that the pressure can not be kept constant
unless the nitrogen gas is continuously supplied from a
gas cylinder all the time, and as a result, a large quantity
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of a nitrogen gas is consumed and a large capacity of
liquefaction heat is brought into the cooling system, which
increases a heat load.
�[0010] Therefore, an object of the present invention is
to provide a cooling system for a superconducting power
apparatus which can circulate a liquefied gas smoothly
for a long time in a subcooled state.�
And in the present invention, the liquefied gas is circu-
lated without dissolution of a gas, which is used for pres-
surization with a boiling point lower than that of the liq-
uefied gas, into the liquefied gas, so as to cause an un-
stable factor for circulation of the liquefied gas or troubles
relating to insulation of electric apparatuses.
�[0011] The inventors have conducted committed re-
searches in order to solve the problems of the above-
mentioned prior art. �
As a result, it was found out that by a pressurization with
the same type of gas as a liquefied gas in a reservoir
tank, not a helium (He) gas which has been used as a
pressurizing gas, a dissolution of a slight amount of He
gas in the liquid nitrogen can be prevented.�
By the pressurization with the same type of gas as the
liquefied gas in the reservoir tank, following problems
can be solved. �
That is, the He gas becomes air bubbles at a portion
where a pressure of the liquefied gas is rapidly lowered,
and a mixing thereof into a liquid nitrogen brings about
a gas- �liquid mixed state, which causes problems of ina-
bility of a smooth circulation of the liquid nitrogen and a
deterioration of an insulating characteristic. �
Similarly, it was also found out that such a problem is
solved that generated air bubbles are reserved at an up-
per part of the apparatus, and moreover, filled in a cooling
loop to prevent a circulation of the liquid nitrogen, if a
difference in height of a superconducting power appara-
tus due to arrangement exceeds a predetermined value.
�[0012] Moreover, it was found out that following prob-
lem is solved. �
That is, a liquid level in a reservoir tank for reserving a
liquefied gas in a pressurized state is located above an
outlet of a return piping of a circulating liquefied nitrogen
gas, at least by a dissolving depth of a pressurizing gas
+ (plus) a liquid-�level movement correction amount. �
Then the problem is solved, of which a nitrogen gas used
for the pressurization is liquefied and a pressurized pres-
sure is decreased and the pressure can’t be kept constant
unless the nitrogen gas is continuously supplied from a
cylinder all the time. �
Therefore, such a problem is solved that a large quantity
of the nitrogen gas is consumed and a large capacity of
liquefaction heat is brought into a cooling system at that
time, which increases a heat load.
�[0013] The present invention was made based on the
above research results. �
And a first aspect of a cooling system for a supercon-
ducting power apparatus of the present invention is a
cooling system for the superconducting power apparatus
comprising a reservoir tank for reserving a liquefied gas,

a circulating pump, a heat exchanger for cooling the liq-
uefied gas, a circulation loop through which the liquefied
gas is circulated, in which the superconducting power
apparatus is cooled by circulating the liquefied gas in a
subcooled state using the circulating pump, and further
comprising pressurizing means for pressurizing the liq-
uefied gas in the reservoir tank with the same type of gas
as the liquefied gas, wherein a liquid level in the reservoir
tank for reserving the liquefied gas in a pressurized state
is located above an outlet of a return piping of a circulating
liquefied gas at least by a dissolving depth of the pres-
surizing gas + (plus) a liquid-�level movement correction
amount.
�[0014] A second aspect of the cooling system for the
superconducting power apparatus of the present inven-
tion is a cooling system for the superconducting power
apparatus characterized in that pressurizing means for
pressurizing the liquefied gas in the reservoir tank with
the same type of gas as the liquefied gas performs pres-
surization at a predetermined pressure through a pres-
sure regulating valve from a gas cylinder reserving the
same type of gas as the liquefied gas at a high pressure.
�[0015] A third aspect of the cooling system for the su-
perconducting power apparatus of the present invention
is a cooling system for the superconducting power ap-
paratus characterized in that pressurizing means for
pressurizing the liquefied gas in the reservoir tank with
the same type of gas as the liquefied gas pressurizes the
liquefied gas in the reservoir tank using a piping, which
is branched from a piping from an outlet of the circulating
pump to the superconducting power apparatus, and re-
turns to the reservoir tank; and therefore using a dis-
charge pressure of the circulating pump which pumps
out the liquefied gas in the subcooled state from the res-
ervoir tank.
�[0016] A fourth aspect of the cooling system for the
superconducting power apparatus of the present inven-
tion is a cooling system for the superconducting power
apparatus characterized in that pressurizing means for
pressurizing the liquefied gas in the reservoir tank with
the same type of gas as the liquefied gas comprises an
evaporator for evaporating the liquefied gas, and a pres-
sure regulating valve for regulating the pressure of the
gas, wherein the evaporator and the pressure regulating
valve are provided at the piping which is branched from
a piping from an outlet of the circulating pump pumping
out the liquefied gas in the subcooled state from the res-
ervoir tank to the superconducting power apparatus, and
returns to the reservoir tank.
�[0017] A fifth aspect of the cooling system for the su-
perconducting power apparatus of the present invention
is a cooling system for the superconducting power ap-
paratus characterized in that auxiliary means for the pres-
surizing is further provided so that the same type of gas
as the liquefied gas is supplied from a gas cylinder for
the pressurization.
�[0018] A sixth aspect of the cooling system for the su-
perconducting power apparatus of the present invention
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is a cooling system for the superconducting power ap-
paratus characterized in that auxiliary means for the pres-
surizing is further provided and the auxiliary means has
a heating device arranged at a gas phase portion of the
reservoir tank so as to heat and expand a volume of the
gas at the phase portion in the reservoir tank.

Effect of the Invention

�[0019] According to the present invention, a reservoir
tank is pressurized by the same type of a gas as a lique-
fied gas, air bubbles are not mixed in a liquid nitrogen.�
And a cooling system for a superconducting power ap-
paratus in which the liquid nitrogen is smoothly circulated
and is excellent in an insulation characteristic, can be
provided.�
Moreover, according to the present invention, since a
liquid level of a reservoir tank reserving a liquefied gas
in a pressurized state is located above an outlet of a
return piping of a circulating liquefied gas at least by a
dissolving depth of pressurizing gas + (plus) a liquid- �level
movement correction amount, the gas used for the pres-
surizing the reservoir tank is not liquefied. �
And the cooling system for the superconducting power
apparatus without dropping a pressurized pressure can
be provided.

Brief Description of the Drawings

�[0020]

Fig. 1 is a graph explaining a method for pressurizing
a reservoir tank by an outlet pressure of a circulating
pump of the present invention.
Fig. 2 is a block diagram of a cooling system explain-
ing an embodiment 1 of the present invention.
Fig. 3 is a block diagram in the vicinity of the reservoir
tank explaining an embodiment 2 of the present in-
vention.
Fig. 4 is a block diagram in the vicinity of the reservoir
tank explaining an embodiment 3 of the present in-
vention.
Fig. 5 is a graph showing a relation between a dis-
solving depth [m] of pressurizing gas and a pressure
decrease rate [%].
Fig. 6 is a diagram explaining a cooling system for
a conventional superconducting cable.

Description of Reference Numerals

�[0021]

1 Reservoir tank
1b Inner container of a reservoir tank
2 Liquid level of liquid nitrogen in a reservoir tank
3 Outlet of liquid nitrogen from a reservoir tank
4, 6, 9 Piping on a feeding side of a liquid nitrogen
circulation

5 Circulating pump
5a Motor of a circulating pump
5b Extended shaft of a circulating pump
5c Fin
5e Vacuum container
7 Heat exchanger of a refrigerating machine
8 Refrigerating machine
10 Entrance of a superconducting power apparatus
11 Superconducting cable
12 Exit of a superconducting cable
13 Piping on a return side of a liquid nitrogen circu-
lation
14 Piping for nitrogen return in a reservoir tank
15 Outlet of a return piping of a liquefied nitrogen gas
16, 18, 20 Branch piping for a pressurization
17 Evaporator
19 Valve
21 External piping for pressurization
22 High-�pressure nitrogen cylinder
23 Heater inside a reservoir tank

Detailed Description of the Preferred Embodiments

�[0022] A cooling system for a superconducting power
apparatus of the present invention will be described be-
low in detail referring to attached drawings.�
The cooling system for the superconducting power ap-
paratus of the present invention comprises a reservoir
tank for reserving a liquid gas, a circulating pump, a heat
exchanger for cooling the liquid gas, and a circulating
loop through which the liquefied gas circulates, for cool-
ing the superconducting power apparatus by circulating
the liquefied gas in a subcooled state using the circulating
pump, further comprising a pressurizing means for pres-
surizing the reservoir tank with the same type of gas as
the liquid gas, characterized in that a liquid level of the
reservoir tank reserving the liquefied gas in a pressurized
state is located above an outlet of a return piping of a
liquefied nitrogen gas at least by a dissolving depth of
pressurizing gas + (plus) a liquid-�level movement correc-
tion amount.
�[0023] A reason why it is necessary that the liquid level
of the reservoir tank reserving the liquefied gas in the
pressurized state is located above the outlet of a return
piping of a liquefied nitrogen gas at least by a dissolving
depth of the pressurizing gas + (plus) a liquid-�level move-
ment correction amount is described below.�
A relation between a dissolving depth of a pressurizing
gas and a pressure decrease rate was examined by ex-
periments. Fig. 5 shows the relation between the pres-
surizing gas dissolving depth [m] and the pressure de-
crease rate [%].
�[0024] In Fig. 5, the dissolving depth of the pressurizing
gas from a liquid level of a reservoir tank (that is, a pres-
surizing gas dissolving depth) is shown on a lateral axis
and a decrease rate per hour of the pressure in the res-
ervoir tank by liquefaction on a longitudinal axis, respec-
tively. �
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As an experiment condition, an inner volume of the res-
ervoir tank has a pressure of 0.3 MPa using a container
with a diameter of 1 m and a height of 1 m. �
As a result, as is clear from Fig. 5, a pressure decrease
rate is remarkably large up to a dissolving depth of 10
cm, and the decrease of the pressurized pressure is still
fast up to a dissolving depth of approximately 20 cm since
a nitrogen gas in a gas phase used for pressurization is
condensed into a liquid. �
On the other hand, it is found out that if the dissolving
depth is kept at 20 cm or more, a pressure decrease
amount can be maintained at a small value of 1% or less. �
Actually, since the liquid level is changed by influences
of temperature, pressure and the like of liquid nitrogen
besides the dissolving depth of the pressurizing gas, a
liquid- �level movement correction amount should be con-
sidered.
�[0025] Therefore, it is necessary that the liquid level of
the reservoir tank reserving the liquefied gas in the pres-
surized state is located above the outlet of a return piping
of the liquefied nitrogen gas at least by the dissolving
depth of the pressurizing gas + (plus) the liquid-�level
movement correction amount.�
Specifically, an amount of 50 cm or more as the dissolving
depth of the pressurizing gas (20 cm) + (plus) a liquid-
level movement correction amount (30 cm) is preferable.
The above hardly depends on a container shape of a
reservoir tank, and a required depth is substantially this
value even if a size of the reservoir tank is different. �
Therefore, in a system of the present application, a height
which can ensure the above-�mentioned required depth
(50 cm or more is preferable) is required as a container
height of the reservoir tank.
�[0026] As mentioned above, the present invention is
to provide a system for cooling a superconducting power
apparatus by a liquefied gas which can circulate liquefied
gas in a subcooled state for a long time without a problem
that a gas with a boiling point lower than the liquefied gas
used for a pressurization is dissolved in the liquefied gas
to cause an unstable factor for a circulation of the lique-
fied gas or trouble relating to an insulation of the power
apparatus.
�[0027] The pressurizing means in the above- �men-
tioned state comprises a pressurization of the liquefied
gas in the reservoir tank to a predetermined pressure
with the same type of gas as the liquefied gas reserved
in the reservoir tank. �
In order to prevent a liquefaction of a pressurizing gas
from being cooled by a liquefied gas, a liquid level of a
reservoir tank is located at a position higher than an outlet
of a return piping to a circulating pump in the reservoir
tank, at least by 20 cm or more, preferably by 50 cm or
more.
�[0028] Moreover, as pressurizing means in addition to
the means for pressurizing with a high-�pressure gas cyl-
inder, there is another means for the pressurization by
returning an output pressure of a circulating- �pump, which
is higher than the pressure in the reservoir tank.�

As specific means using the pressure of the circulating
pump outlet, there is means for branching an outlet piping
of the circulating pump for pumping out a liquid from a
reservoir tank and pressurizing and feeding it to a super-
conducting power apparatus. �
By the branching piping, a part of the liquefied gas is
taken out from an outlet of the circulating pump and is
gasified by an evaporator and the gasified gas is returned
to the reservoir tank through a pressure regulating valve
which is opened or closed according to a pressure to
maintain a pressure in the reservoir tank at a predeter-
mined value.
�[0029] In order to explain function of the present inven-
tion, a case where liquid nitrogen is used as a liquefied
gas is described. �
A boiling point of liquid nitrogen at an atmospheric pres-
sure (1.013 MPa) is 77K. If this liquid nitrogen is pressu-
rized to 0.3 MPa, the boiling point of the liquid nitrogen
becomes 90K or above. Therefore, if the liquid nitrogen
at 77K is pressurized to 0.3 MPa, the liquid nitrogen is
brought into a subcooled state without generating any air
bubbles.�
The liquid outlet portion of a circulating pump is located
at a bottom of a reservoir tank and connected to the cir-
culating pump by a piping.
�[0030] On the other hand, a return piping of a circula-
tion is connected to the reservoir tank, and an outlet of
the return piping of the circulation is located lower than
a liquid level. �
The liquefied gas sent out of the circulating pump cools
a superconducting power apparatus and returns to the
reservoir tank. At that time, since the outlet of the return
piping is located at a position lower than a liquid level,
the returning liquefied gas does not contact a pressuriz-
ing gas phase of the reservoir tank and moves to an outlet
of the reservoir tank and further moves to the circulating
pump and recirculates.
�[0031] In the present invention, the liquid level is set
higher than a predetermined height (20 cm) or more, from
an outlet of a return piping of a liquefied nitrogen gas and
an outlet of liquid nitrogen to a circulating pump (that is,
a predetermined liquefied gas layer is provided).�
And a temperature of the liquid nitrogen, located above
the cool liquid nitrogen in a subcooled state at the re-
spective outlets, gradually rises toward a surface of the
liquid nitrogen in a reservoir tank and the temperature of
the liquid nitrogen at the surface is substantially the same
as a boiling temperature of a liquefied gas of 0.3 MPa.�
In a prior art, there was a problem that if inside of a res-
ervoir tank is pressurized by the same type of gas, the
gas is liquefied and consumed and if the gas can’t be
supplied in time, then it may cause a drop of a pressure
in the reservoir tank. �
But in the present invention, by providing the liquefied
gas layer in the reservoir tank, it is found out that the gas
is hardly liquefied.
�[0032] In the present invention, a pressurizing method
other than a pressurizing by the high-�pressure gas cyl-
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inder was examined. The method for pressurizing by its
own piping pressure in the present invention will be de-
scribed referring to Fig. 1.
Firstly, liquid nitrogen is pumped out from an inside of a
reservoir tank in an atmospheric pressure state ("a" point
in Fig. 1) and is fed by a circulating pump. At an outlet of
the circulating pump, the liquid nitrogen flows at a rate
of 50 L/min and is pressurized by 0.2 MPa ("b" point) with
respect to the pressure at an inlet of the circulating pump. �
In using a pressure of the outlet portion of the circulating
pump, the liquid nitrogen branched from the outlet piping
of the circulating pump is gasified by an evaporator at
the middle point of the piping and returned to the reservoir
tank so as to raise the pressure of the reservoir tank
(arrow "c" in Fig. 1).
�[0033] In response to that, an outlet pressure of the
circulating pump is raised (arrow "d" in Fig. 1) and is ca-
pable of pressurizing a liquid gas in the reservoir tank all
the time.�
When a pressure in the reservoir tank exceeds ("e" point)
an upper- �limit set pressure (P2), a valve provided at the
piping is closed, and a gas supply to the reservoir tank
is stopped.�
After that, in the reservoir tank, the nitrogen gas in a gas
phase is cooled by the liquid nitrogen which temperature
is below a triple point of the nitrogen gas, and the nitrogen
gas in the gas phase is liquefied into a liquid nitrogen.
And therefore, a pressure in the reservoir tank is de-
creased (arrow "f") because a gas volume is decreased
by the liquefaction.�
When the pressure reaches a lower-�limit set pressure
(P1) ("g" point), then the valve is opened, and a nitrogen
gas is supplied into the reservoir tank by a pressure at a
circulating pump outlet again, and a pressure in the res-
ervoir tank is pressurized.
�[0034] Flow of a low-�temperature nitrogen gas through
a piping might freeze the piping or valves. Therefore, an
evaporator works to prevent it by gasifying the liquid ni-
trogen and raising the temperature to a room tempera-
ture.�
As the evaporator, there are methods as winding a heater
around the piping, passing the piping through water or
the like, mounting a fin to the piping so as to raise a
temperature by heat exchange with an outside air and
the like.�
As for the role of a valve, if the gas is continuously sup-
plied merely by a branched piping from the outlet of the
circulating pump, a pressure in a reservoir tank keeps on
rising and there is a possibility to exceed a designed pres-
sure of the reservoir tank.�
Thus, the valve is closed to stop the pressurization by
the gas when the pressure in the reservoir tank exceeds
a predetermined pressure, while it is opened when the
pressure falls under the predetermined pressure and
resumes the pressurization so as to maintain a constant
pressure in the reservoir tank automatically.
�[0035] When a capacity of a reservoir tank is large, a
large quantity of nitrogen gas is required for pressuriza-

tion to a predetermined pressure. Thus, another nitrogen
cylinder may be prepared to pressurize the pressure in
the reservoir tank to a predetermined pressure.�
Also, a method may be used that a heating device such
as a heater is arranged at a gas phase portion inside the
reservoir tank so as to pressurize and expand a gas in
the reservoir tank. �
The present invention will be described below in detail
by means of embodiments.

Embodiments

Embodiment 1

�[0036] Fig. 2 is a view showing an embodiment of a
cooling system for a superconducting power apparatus
of the present invention. �
Liquid nitrogen is used as a liquefied gas. The liquid ni-
trogen is reserved in a reservoir tank 1.
The reservoir tank 1 is in a double- �container structure,
in which an insulating material is constructed between a
double-�container surrounding an inner container 1b and
maintained in a vacuum state so as to reduce a heat
intrusion. Moreover, the reservoir tank is a sealed con-
tainer so that an inside of the reservoir tank can be pres-
surized.
�[0037] At a bottom of the reservoir tank, an outlet 3 of
liquid from the reservoir tank connected to a circulating
pump is provided, leading to an inlet of the circulating
pump 5 by a piping 4 with a diameter of 3 cm.�
The circulating pump 5 is a swirl rotary pump. A motor
5a for rotating a fin 5c and the fin are connected to each
other by an extended shaft 5b of about 50 cm so as to
restrict an inflow of heat by a transmission.
�[0038] Moreover, the fin itself is arranged inside a vac-
uum container 5e so as to restrict a heat intrusion from
an outside.�
The rotary pump in the embodiment of the present inven-
tion has a rotation frequency of 50 Hz and is capable of
a flow rate of 30 L/min as a liquid nitrogen flow rate and
discharge a pressure of 0.2 MPa as a pressure difference
between an inlet and an outlet of the circulating pump.
The pump outlet is connected to a heat exchanger 7 of
a refrigerating machine ahead by a piping 6 with a diam-
eter of 3 cm.
�[0039] The refrigerating machine 8 comprises a GM
refrigerating machine or a Sterling refrigerating machine
and has a heat exchanger connected to a low-�tempera-
ture head creating frigidness for cooling a circulating liq-
uid nitrogen to a low temperature. �
In the present invention, the Sterling refrigerating ma-
chine having a refrigerating capacity of 1 kW is used, and
when a liquid nitrogen of 30 L/min passes through the
heat exchanger cooled by the refrigerating machine, 77K
at an inlet of the refrigerating machine can be cooled to
74K.
�[0040] The liquid nitrogen cooled by a refrigerating ma-
chine is connected to an inlet 10 of a superconducting
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power apparatus by a piping 9 with a diameter of 3 cm
in a water-�tight manner.�
In the cooling system for cooling the superconducting
cable 11 of this embodiment, the superconducting cable
is cooled by passage of liquid nitrogen, which is cooled
by the refrigerating machine, in the superconducting ca-
ble. �
The temperature of the liquid nitrogen having cooled the
superconducting cable is raised but since the raised tem-
perature is below a boiling point, a subcooled state with-
out generation of air bubbles in the liquid nitrogen is main-
tained.�
Therefore, a pressure loss is 0.1 MPa or less, which is
sufficiently small even in a superconducting cable of 500
m, and the liquid nitrogen can be made to flow stably.
�[0041] Also, since the liquid nitrogen without generat-
ing air bubbles soaks into an electric insulating layer of
a superconducting cable, favorable electric insulation
can be maintained. �
The liquid nitrogen going out of an outlet 12 of the super-
conducting cable returns to a reservoir tank 1 by a piping
13 so as to form a circulation loop. �
The reservoir tank 1, the circulating pump 2, the heat
exchanger 3 of the refrigerating machine, the supercon-
ducting cable 4 and the nitrogen piping connecting these
devices to each other are all in a double-�container struc-
ture using vacuum heat insulation so as to reduce intrud-
ing heat from an outside.
�[0042] The piping 13 returning to a reservoir tank is a
piping 14 from an upper part of the reservoir tank to a
bottom thereof for returning the liquid to the reservoir tank
from an outlet 15 of a return piping at a bottom portion
of the tank. An outlet 3 of liquid nitrogen connected to
the circulating pump is also located at a bottom of the
reservoir tank. �
During circulation, liquid nitrogen of the reservoir tank is
reserved so that a liquid level 2 is located at a position
higher than a position of the outlet 15 at least by 20 cm.
�[0043] By a method for pressurizing a reservoir tank
by an outlet pressure of a circulating pump of the present
invention, a stainless piping 16 with a diameter of 6 mm
is branched from a piping 6 of the pump outlet and the
pressure of the liquid nitrogen there is taken out. �
The liquid nitrogen flowing inside the piping 16 passes
through an evaporator 17 after going out of a vacuum
container of a circulating pump and all the liquid nitrogen
is changed to a room temperature nitrogen gas.
�[0044] As an evaporator, a 6 mm piping made of cop-
per is wound in a 6 m coil configuration inside of a hot
water container, is used in this embodiment. And the
evaporator is soaked in hot water to raise a temperature
of liquid nitrogen inside. �
Any evaporators may be used only if liquid nitrogen inside
can be made into a room-�temperature gas, including a
method in which a heater is wound around an outside of
a coil, for example, to raise a temperature of the liquid
nitrogen by heat generated by a heater or a method in
which a fin is mounted on a piping for warming the liquid

nitrogen by a heat exchange with an outside air. �
A piping 18 coming out of the evaporator 17 is provided
with a valve 19 having a pressure control function to flow
a gas when an outlet pressure falls below a predeter-
mined pressure and to stop the gas at a predetermined
pressure or above. A piping 20 coming out of the valve
19 is mounted at an upper part of a reservoir tank so as
to pressurize the reservoir tank.
�[0045] Since the pipings 18, 20 after passage through
the evaporator 17 are at a room temperature, it is not
necessary to make them into an insulating structure, but
it is preferable on appearance that the piping 16 from the
circulating pump outlet to the evaporator is surrounded
by an insulating material such as a foaming urethane or
the like to prevent a frost on the piping 16.
If a valve operating at a low temperature is used for the
valve 19, a positions of the valve 19 and the evaporator
17 can be switched, but a valve which is used in a low
temperature is more expensive than that for a normal
temperature and that is not an economical arrangement.�
In this embodiment, the piping 16 for taking out pressure
of the outlet of the circulating pump, branches from the
piping 6 at the pump outlet, but branching from a piping
anywhere higher in the pressure than in the reservoir
tank can achieve an object of the present invention,
whether it branches from the piping 9 at an outlet of a
heat exchanger of a refrigerating machine or from an inlet
portion 10 of a superconducting apparatus.�
Thus, the pump outlet collectively refers to all portions of
the piping which is downstream of the circulating pump
outlet, not only to an immediate vicinity of the pump outlet.

Embodiment 2

�[0046] In the embodiment 1, a case where a circulating
pump is located outside a reservoir tank is described, but
the present invention can be also applied to a case where
the circulating pump is located inside the reservoir tank. �
Fig. 3 shows a view of a part of another mode of a cooling
system for a superconducting power apparatus of the
present invention. That is, Fig. 3 shows an extraction
view of a reservoir tank portion of the cooling system to
explain this embodiment. �
In a circulating pump 5, a fin portion 5c for feeding liquid
nitrogen is provided in a liquid of a reservoir tank, and a
rotation of a motor 5a is transmitted by an extended shaft
5b.�
The liquid nitrogen is pumped out from the reservoir tank,
passes through a piping 6, goes out of the reservoir tank
and is connected to a refrigerating machine for cooling
the liquid nitrogen.�
In this case, a piping for pressurization is mounted at a
portion of the piping 6, coming out of the reservoir tank,
and returns to the reservoir tank through an evaporator
17 and a valve 19 as in the embodiment 1.
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Embodiment 3

�[0047] In the embodiment 1, a pressurizing means for
the reservoir tank is only by a gas from a circulating pump
outlet. In this case, since the piping is as thin as 6 mm
and has only a discharge pressure of the circulating
pump, the gas supply is small and it takes an extremely
long time to reach a predetermined pressure in the res-
ervoir tank. �
Particularly, if the reservoir tank is large, it takes several
tens of hours. Then, as shown in Fig. 4, an external piping
21 is mounted to the reservoir tank as auxiliary means
for supplying gas from a high- �pressure nitrogen cylinder
22 or nitrogen curdle. �
Moreover, since liquefaction is promoted when a gas
phase portion inside the reservoir tank is cooled to a low
temperature, a heater 23 may be arranged in a gas phase
portion to restrain from the liquefaction.

Industrial Applicability

�[0048] According to the present invention, a cooling
system for a superconducting power apparatus can be
provided.�
In the cooling system, a liquefied gas in a subcooled state
is circulated for a long time, without an unstable factor of
a circulation of the liquefied gas by dissolution of a gas
with a boiling point lower than the liquefied gas used for
pressurization, and without a trouble relating to an insu-
lation of an electric apparatus.

Claims

1. A cooling system for a superconducting power ap-
paratus comprising: a reservoir tank for reserving a
liquefied gas; a circulating pump; a heat exchanger
for cooling the liquefied gas; a circulation loop
through which the liquefied gas is circulated, in which
the superconducting power apparatus is cooled by
circulating the liquefied gas in a subcooled state us-
ing the circulating pump; and
further comprising pressurizing means for pressuriz-
ing the liquefied gas in the reservoir tank with the
same type of gas as the liquefied gas, wherein a
liquid level in the reservoir tank for reserving the liq-
uefied gas in a pressurized state is located above
an outlet of a return piping of a circulating liquefied
nitrogen gas at least by a dissolving depth of the
pressurizing gas + (plus) a liquid level movement
correction amount.

2. The cooling system for the superconducting power
apparatus according to claim 1, wherein the pressu-
rizing means for pressurizing the liquefied gas in the
reservoir tank with the same type of gas as the liq-
uefied gas performs pressurization at a predeter-
mined pressure through a pressure regulating valve

from a gas cylinder reserving the same type of gas
as the liquefied gas at a high pressure.

3. The cooling system for the superconducting power
apparatus according to claim 1, wherein the pressu-
rizing means for pressurizing the liquefied gas in the
reservoir tank with the same type of gas as the liq-
uefied gas comprising:�

a piping, which is branched from a piping from
an outlet of the circulating pump to the super-
conducting power apparatus, and returns to the
reservoir tank; and
therefore using a discharge pressure of the cir-
culating pump which pumps out the liquefied gas
in the subcooled state from the reservoir tank.

4. The cooling system for the superconducting power
apparatus according to claim 3, wherein the pressu-
rizing means for pressurizing the liquefied gas in the
reservoir tank with the same type of gas as the liq-
uefied gas comprising:�

an evaporator for evaporating the liquefied gas;
and
a pressure regulating valve for regulating the
pressure of the gas, wherein the evaporator and
the pressure regulating valve are provided at the
piping which is branched from a piping from an
outlet of the circulating pump pumping out the
liquefied gas in the subcooled state from the res-
ervoir tank to the superconducting power appa-
ratus, and returns to the reservoir tank.

5. The cooling system for the superconducting power
apparatus according to claim 3 or 4, wherein auxiliary
means for the pressurizing means is further provided
so that the same type of gas as the liquefied gas is
supplied from a gas cylinder for the pressurization.

6. The cooling system for the superconducting power
apparatus according to any one of claims 1 to 5,
wherein the auxiliary means for the pressurizing is
further provided and the auxiliary means has a heat-
ing device arranged at a gas phase portion of the
reservoir tank so as to heat and expand a volume of
the gas at the phase portion in the reservoir tank.
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