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(54) Cryogenic cooling apparatus

(57) The present invention provides a cryogenic
cooling apparatus (1; 10; 30) that is suitable for cooling
a rotating cryogenic component such as a HTS winding
or a LTS winding. The apparatus (1; 10; 30) comprises:
a sealable vessel (2; 12) containing a cryogenic fluid (3;
13) within which the cryogenic component may be locat-
ed; a conduction element (4; 14) having a first end and
a second end, the conduction element (4; 14) located
through a wall of the vessel (2; 12) such that the first end
is located within the vessel (2; 12) for immersion in the
cryogenic fluid (3; 13) and the second end is outside the
vessel (2; 12) ; and a cooling machine (7; 17), such as a
cold head, located external to the vessel (2; 12) and con-

nected to the second end of the conduction element (4;
14). The apparatus (1; 10; 30) is advantageous as it al-
lows the cooling of a rotating cryogenic component by
immersion in a cryogenic fluid (3; 13) wherein the cryo-
genic fluid (3; 13) may be completely contained in the
sealable vessel (2; 12). The present invention also pro-
vides a method of cooling a cryogenic fluid in a sealable
vessel (2; 12) using the apparatus (1; 10; 30) of the
present invention. The method comprises the steps of
immersing the first end of the conduction element (4; 14)
in the cryogenic fluid (3; 13); and operating the cooling
machine (7; 17) to cool the second end of the conduction
element (4; 14) to cool the conduction element (4; 14).
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Description

Background

[0001] The most thermally efficient method of cryogen-
ically cooling a component that needs to be operated at
a cryogenic temperature is by totally immersing the com-
ponent within a cryogenic cooling medium. The cryogenic
cooling medium may be any suitable gaseous or liquid
cryogen. Examples of components that need to be op-
erated at a cryogenic temperature include low tempera-
ture superconducting components and high temperature
superconducting components.
[0002] In order to immerse a component within a cry-
ogenic cooling medium, many cryogenic cooling appa-
ratus generally comprise a sealable vessel for containing
a cryogenic fluid and within which the component may
be located. The shape and size of any specific sealable
vessel is dependent upon the shape and size of the com-
ponent that is cooled within the vessel.
[0003] The sealable vessels are generally thermally
shielded in order to minimise heating of the cryogenic
fluid and the component located therein. The composition
of the thermal shielding is dependent upon the size and
shape of the vessel and the temperature of the cryogenic
fluid contained within the vessel. The thermal shielding
may comprise several layers and may include the follow-
ing components: a layer of multi-layer insulation wrapped
around the outer surface of the vessel; a thermal screen
surrounding the vessel; an intermediate vessel spaced
from and enclosing the sealable vessel wherein the in-
termediate vessel contains a further volume of cryogenic
fluid; an outer vacuum vessel enclosure containing the
vessel and any thermal screen or intermediate vessel.
In this manner heating of the sealable vessel containing
the cryogenic component can be minimised. This mini-
mises the amount of cooling that is required to maintain
the cryogenic fluid at the appropriate temperature.
[0004] Despite thermal shielding of a sealable vessel,
some cooling is required to maintain a cryogenic fluid at
the appropriate temperature. This is normally done by
circulating the cryogenic fluid about a cooling circuit. A
normal cooling circuit will include a cold head that is lo-
cated remotely to the vessel and that is used to remove
heat from the cryogenic fluid. Unfortunately, the circula-
tion of cryogenic fluid can be technically difficult. For ex-
ample, if the sealable vessel and cryogenic component
located therein is rotated during use the circulation sys-
tem would also be required to have a rotating portion and
a stationary portion. The rotating portion will have to ro-
tate with the sealable vessel and the stationary portion
will have to remain stationary with the cold head. This
situation often occurs in superconducting rotating ma-
chines such as motors or generators wherein the cryo-
genic component is one or more HTS or LTS windings.
As a results, the cooling of such components can be very
difficult to adequately engineer.
[0005] In light of the above, there is a need for an im-

proved cooling apparatus for cooling cryogenic compo-
nent by immersion in cryogenic fluid. Preferably, the im-
proved cooling apparatus should be suitable for use in
rotating machines wherein the cryogenic component is
one or more HTS or LTS windings.

Summary of Invention

[0006] The present invention provides a cryogenic
cooling apparatus comprising:

a sealable vessel for containing a cryogenic fluid
within which a cryogenic component may be located
and immersed in the fluid;
a conduction element having a first end and a second
end, the conduction element located through a wall
of the vessel such that the first end is located within
the vessel for immersion in the cryogenic fluid and
the second end is outside the vessel; and
a cooling machine located external to the vessel and
connected to the second end of the conduction ele-
ment.

[0007] The apparatus of the present invention is ad-
vantageous in that it allows the cooling of a cryogenic
fluid within a sealable vessel without the need to circulate
that fluid. Instead, when in use the conduction element
has a first end located within the cryogenic fluid and acts
to conduct heat away from the cryogenic fluid to the sec-
ond end, which is located outside of the sealable vessel
and is not immersed in the cryogenic fluid. The cooling
machine acts to take heat away from the second end of
the conduction element and ensure that heat is conduct-
ed through the conduction element away from the cryo-
genic fluid. In this manner complicated fluid circulation
can be avoided. The present invention is particularly suit-
able for rotating machines where the circulation of cryo-
genic fluid is technically very difficult or impossible.
[0008] The apparatus of the invention may operate with
any cryogenic fluid. However, in many embodiments of
the invention it may be preferable that the cryogenic fluid
is helium.
[0009] In some embodiments of the present invention
it may be preferable that the conduction element is sub-
stantially solid. Having a solid conduction element can
be advantageous as it can maximise the thermal con-
ductivity of the element compared to a hollow conduction
element or a conduction element formed in any other
way.
[0010] As will be readily appreciated, the shape of a
solid conduction element can be engineered to optimise
the thermal conduction of heat from the cryogenic fluid.
For example, it may be preferable to maximise the sur-
face area of the conduction element that is contact with
the cryogenic fluid with respect to the volume of the con-
duction element. One way of doing this is to give the at
least the first end of the conduction element a finned
shape. One example of a finned shape is a substantially
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cylindrical element that has radially extending fins that
are evenly circumferentially spaced around a central ax-
is. The number and size of the fins may be optimised by
the skilled person on the basis of the relevant design
concerns including, but not limited to, the size of the ap-
paratus. A second example of a finned shape is a sub-
stantially cylindrical element that has radially extending
fins that are spaced along a central axis of the conduction
element. Again, the number, size and spacing of the fins
may be optimised by the skilled person on the basis of
the relevant design concerns including, but not limited
to, the size of the apparatus and the first end of the con-
duction element.
[0011] A solid conduction element may be formed of
any suitable material. A material will be suitable if it can
withstand the mechanical stresses upon it at the cryo-
genic temperatures at which it will operate and if it has a
thermal conductivity that is high enough to conduct suf-
ficient heat from the cryogenic fluid. An example of a
material that will be generally suitable for most applica-
tions of the present invention is copper. Other similar
materials and any alternatives to copper that the skilled
person would be aware of may also be used. It is antic-
ipated that in most embodiments of the present invention
the skilled person will be readily able to select a material
suitable for forming a conduction element.
[0012] As an alternative to a solid conduction element,
the conduction element may be conduit, such as a pipe,
and it may carry a cooling medium in order to facilitate
the transfer of heat from the cryogenic fluid to the cooling
machine. This conduit may be formed to circulate a cool-
ing medium in order to cool the cryogenic fluid. This may
be done in any manner that is apparent to a person skilled
in the art. For example, the cooling medium may be cir-
culated around a loop that includes the cryogenic fluid
and the cooling machine. Circulation can be done in a
single stage or in two or more stages. In particular, a
cooling medium may be circulated in a single uninterrupt-
ed loop around an apparatus according to the present
invention. Alternatively, a cooling medium may be circu-
lated about two or more distinct loops. Two or more dis-
tinct loops may be preferred when the sealable vessel is
rotated during use. In these situations one or more loops
may be substantially located in the sealable vessel such
that they are rotated with the sealable vessel and a one
or more loops may be located externally, in a non-rotating
part of the apparatus. The rotating and non-rotating loops
may be in thermal contact with one another by means of
a rotating coupling.
[0013] The cooling medium may be any suitable cryo-
genic fluid that can be used for cooling. For example, the
cooling medium may be helium, in liquid and/or gas form.
Other suitable cooling mediums will be readily apparent
to a person skilled in the art. The cooling medium in any
loop may operate either in a single phase (i.e. gas or
liquid) or may operate as a dual phase (i.e. gas and liquid)
cooling medium.
[0014] If the conduction element is a conduit that cir-

culates a cooling medium the conduction element may
be any suitable shape. The length and shape of the con-
duction element may be optimised to maximise thermal
transfer at the first end and/or the second end of the con-
duction element. For example, either the first end or the
second end of the conduit may be coiled or otherwise
similarly shaped in order to increase the length of conduit
that is at the first end or the second end. Alternatively or
additionally, either the first end or the second end of the
conduit may be a relatively straight conduit in order to
reduce the length of conduit relative to the other of the
first end or the second end. It is to be understood that
the skilled person would be able to optimise the length
and design of the first end and the second end of a conduit
for any specific apparatus according to the present in-
vention. In particular, the relative length of the first end
of the conduit and the second end of the conduit may be
able to be determined based on the thermal requirements
of the apparatus.
[0015] If the conduction element does circulate a cool-
ing medium it may circulate the cooling medium around
a closed loop or an open loop. That is, the conduction
element may form a closed loop about which a cooling
medium is circulated and within which the cooling medi-
um is contained. This may be generally preferred for sin-
gle phase operation because in such situations the cool-
ing medium will remain at a substantially constant volume
and/or pressure. If the conduction element does form a
closed loop it may be preferable that the second end of
the conduction element is in contact with the cooling ma-
chine via a suitable heat exchanger that is formed sub-
stantially at the second end of the conduction element.
[0016] Alternatively, the conduction element may be
open at the second end and be in fluid communication
with a suitable fluid reservoir. This may be generally pre-
ferred for dual phase operation where the phase, volume
and pressure of the cooling medium will vary as it is cir-
culated around the conduction element. If the conduction
element is open at the second end and in fluid commu-
nication with a fluid reservoir then the conduction element
need not be in direct thermal contact with the cooling
machine but may be in thermal contact with it via the fluid
reservoir. For example, there may be a condensing plate
of the cooling machine located in the fluid reservoir for
cooling the cooling medium. Such a condensing plate
need not be in direct contact with the conduction element.
[0017] A cooling medium may be circulated around a
suitable conduction element in any manner that is appar-
ent to the person skilled in the art. An example of a suit-
able means for circulating helium around a suitable con-
duction element is a helium fan.
[0018] The cooling machine of the present invention
may be any machine that is suitable for cooling either a
solid conduction element or a cooling medium circulated
within a conduction element, as discussed above. For
example, a cooling machine of the present invention may
comprise one or more cold heads or any other suitable
cooling device.
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[0019] If the cooling machine of the present invention
does comprise one or more cold heads or other cooling
devices then one or more of those cold heads or other
cooling devices may be located within a vacuum cham-
ber. One or more cold heads or other cooling devices
can be located within a single vacuum chamber. There
may be a plurality of vacuum chambers, each containing
one or more cold heads or other cooling devices. Alter-
natively, there may be only a single vacuum chamber,
containing all of the cold heads or other cooling devices.
[0020] The apparatus of the present invention may
form part of a rotating machine. That is, a rotating ma-
chine may comprise the apparatus of the present inven-
tion. In such apparatus it is generally preferable that a
rotating cryogenic component of the machine will be con-
tained within the sealable vessel and cooled by the cry-
ogenic fluid contained therein. The sealable vessel will
preferably be rotated with, and at the same speed as,
the rotating component. The cooling machine will be held
stationary relative to the sealable vessel and the rotating
component. The conduction element may be rotated at
the same speed as the sealable vessel or it may be held
stationary relative to the sealable vessel or it may be
rotated at a different speed to the sealable vessel. Ex-
amples of cryogenic components include, but are not lim-
ited to, HTS and LTS windings.
[0021] If the sealable vessel is rotated in use it may be
preferable that the conduction element is mounted along
the rotational axis of the sealable vessel. This is advan-
tageous as it allows the simplest mounting of the con-
duction vessel through a wall of the sealable vessel. If
the conduction element is not rotated at the same speed
as the sealable vessel it may be mounted through the
wall of the sealable vessel by means of a suitable rotating
coupling formed in the wall of the sealable vessel. Holding
the conduction element stationary relative to the sealable
vessel may be preferred as it may allow a better thermal
link between the second end of the conduction element
and the cooling machine. Generally, if the conduction
element is rotated, either at the same speed as the seal-
able vessel or at any other speed, the thermal link be-
tween the second end of the conduction element and the
(stationary) cooling machine will not be as efficient.
[0022] Nevertheless, it may be advantageous to rotate
the conduction element as this can promote better mixing
of the cryogenic fluid within the sealable vessel and there-
by provide better cooling of the cryogenic fluid. That is,
by rotating the conduction element relative to the seala-
ble vessel, the first end of the conduction element may
agitate and stir the cryogenic fluid within the sealable
vessel. If the conduction element is intended to do this,
the first end of the conduction element may be designed
appropriately. For example, the first end of the conduc-
tion element may be specifically shaped or have fins to
allow it to better mix the cryogenic fluid. The conduction
element may be mounted to rotate using a suitable gear-
ing mechanism or any other suitable mechanism.
[0023] In particularly advantageous embodiments of

the present invention the conduction element may be
mounted to be able to be rotated and to be able to held
stationary. This may be advantageous as the conduction
element may be rotated to mix the cryogenic fluid within
the sealable vessel during initial cooling of the cryogenic
fluid when the apparatus is being started, prior to use of
the cryogenic component, or when warming the cryogen-
ic fluid, after use of the cryogenic component. During
operation and use of the cryogenic component the con-
duction element may be held stationary in order to im-
prove thermal linkage between the conduction element
and the cooling machine. One way of achieving this is to
mount the conduction element within a rotating coupling
that is controlled by a suitable gearing mechanism. The
gearing mechanism may be locked off when it is desired
to keep the conduction element stationary and can be
suitably controlled when it is desired to rotate the con-
duction element.
[0024] Any or all cryogenic vessels and/or vaccum ves-
sels that form a part of an apparatus according to the
present invention may include pressure relief devices.
[0025] The present invention also provides a method
of cooling a cryogenic fluid in a sealed vessel using an
apparatus according to the present invention. The appa-
ratus may have any of the features discussed above or
as discussed in the description of the specific embodi-
ments of the apparatus shown in the Figures. It is to be
understood that the skilled person will be able to readily
appreciate which of the features are suitable for use with
any particular method feature of the present invention
and which of the features are essential for any particular
method step to function satisfactorily. Furthermore, the
method of the present invention may comprise the step
of operating any of the features discussed above in any
manner that is discussed above or below or that would
otherwise be apparent to the person skilled in the art.
[0026] The method comprises the steps of: immersing
the first end of the conduction element in the cryogenic
fluid; and operating the cooling machine to cool the sec-
ond end of the conduction element to cool the conduction
element. The conduction element will generally be
mounted in the apparatus such that the first end of the
conduction element is immersed in the cryogenic fluid
when the sealable vessel is filled with the cryogenic fluid.
By operating the cooling machine to cool the second end
of the conduction element the cryogenic fluid in the seal-
able vessel will be indirectly cooled by the cooling ma-
chine via thermal conduction along the conduction ele-
ment.
[0027] As discussed above, the conduction element
may either be stationary or may be rotated relative to the
sealable vessel when the method of the present invention
is being operated. This may be achieved in any of the
manners discussed elsewhere in this application.
[0028] As well as maintaining a cryogenic component,
such as a HTS or LTS winding, within the sealable vessel
at a suitable operating temperature, the method of the
present invention may also be used to lower the temper-
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ature of the cryogenic component when an apparatus of
the present invention is initially used and/or to raise the
temperature of the cryogenic component after it has been
used. Generally, this can be done in any way apparent
to a person skilled in the art. However, in some circum-
stances additional method steps may be advantageous
or even necessary. For example, as the conduction ele-
ment is used to cool the cryogenic fluid within the sealable
vessel the cryogenic fluid will contract lowering the pres-
sure within the vessel. In order to maintain the pressure
of the cryogenic fluid it may be necessary for the method
of the present invention to further comprise the step of
backfilling the sealable vessel with cryogenic fluid in or-
der to maintain the pressure within the sealable vessel.
Any backfilling may be done on demand due to the meas-
ured pressure within the sealable vessel and may not be
necessary when the cryogenic component is being op-
erated at a constant temperature and pressure.
[0029] Further additional steps may be used to speed
up the initial cooling of the cryogenic fluid with the seal-
able vessel and to warm up the cryogenic fluid after use
of the cryogenic component within the sealable vessel.
For example, if the second end of the conduction element
is housed in a vacuum vessel then the pressure in the
vacuum vessel may be increased to warm up the second
end of the conduction element. Furthermore, a heater
may be attached to the second end of the conduction
element and may be operated to transmit heat to the
cryogenic fluid if and when it is necessary to do so. If the
conduction element is suitably formed, rotating the con-
duction element relative to the sealable vessel can agi-
tate the cryogenic fluid in order to speed up cooling or
heating of the cryogenic fluid and the method of the
present invention can further comprise this step.
[0030] If the apparatus of the present invention com-
prises a cooling machine that is substantially contained
within a vacuum vessel, a method according to the
present invention of operating that apparatus may com-
prise the step of evacuating the vessel during cooling of
the cryogenic component and the cryogenic fluid within
the sealable vessel. Preferably this will be done before
the cryogenic component is operated and the vacuum
vessel will remain evacuated during operation of the cry-
ogenic component.
[0031] As discussed above, the conduction element
may be a solid element or it may be a conduit about which
a cooling medium is circulate. If the conduction element
is a conduit then the method of the present invention may
further comprise the step of circulating a cooling medium
about the conduction element. As discussed above, this
circulation may be single phase or dual phase and the
conduit may be a closed loop or an open loop.
[0032] Further features of the apparatus and method
of the present invention and further embodiments of the
apparatus of the present invention will be apparent from
the specific embodiments that are illustrated in the Fig-
ures and are discussed below.

Drawings

[0033]

Figure 1 is a schematic drawing of an apparatus ac-
cording to a first embodiment of the present inven-
tion;
Figure 2 is a schematic drawing of an apparatus ac-
cording to a second embodiment of the present in-
vention;
Figure 3 is a schematic drawing of an apparatus ac-
cording to a third embodiment of the present inven-
tion; and
Figure 4 is a schematic drawing of an apparatus ac-
cording to a fourth embodiment of the present inven-
tion.

[0034] Four embodiments of apparatus (1; 10; 30) ac-
cording to the present invention are shown in the Figures.
These embodiments illustrate various alternative fea-
tures that can be incorporated into apparatus according
to the present invention. The alternative features can be
incorporated into any suitable embodiment of the present
invention; it may not be essential for an apparatus to have
all of the features of the embodiments shown in the Fig-
ures in order to incorporate any particular one of these
alternative features. Additionally or alternatively, addi-
tional features, not shown in the Figures may be incor-
porated into an apparatus (1; 10; 30) according to the
present invention. It is to be understood that the skilled
person would understand which of the alternative fea-
tures of the illustrated embodiments can be incorporated
into any specific apparatus according to the present in-
vention and which additional features, such as those dis-
cussed above, may be incorporated.
[0035] A first embodiment of an apparatus 1 according
to the present invention is shown in Figure 1. The appa-
ratus comprises a sealable superinsulated helium vessel
2. The vessel 2 contains helium gas 3, which during op-
eration of the apparatus is maintained at a temperature
of about 30K and a pressure of about 1 bar (1kPa). A
HTS winding is cooled by the apparatus 1 and is located
within the vessel 2 but has been omitted from the Figure
in order to make the details of the apparatus clear. The
helium gas 3 is maintained at a temperature of 30k by
the first end of a solid conduction element 4, which is in
direct contact with the coolant. The solid conduction el-
ement 4 is substantially cylindrical and has radially ex-
tending fins 5 that are equally spaced along a longitudinal
axis of the conduction element. The fins 5 act to maximise
the surface area of the conduction element 4 that is in
contact with the helium gas 3. The solid conduction ele-
ment 4 is substantially formed of copper.
[0036] In operation the sealable vessel 2 is rotated.
The conduction element 4 is mounted along the rotational
axis of the sealable vessel 2 and but is held stationary
relative to the sealable vessel during operation of the
apparatus. The conduction element 4 extends from the
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sealable vessel into a vacuum vessel 8 containing a cold
head 7. The vacuum vessel 8 is also held stationary dur-
ing operation of the apparatus 1. The vacuum vessel 8
is connected to the sealable vessel 2 by a coupling 6
through which the conduction element 4 extends. A sec-
ond end of the conduction element 4 is cooled by the
cold head 7. The cold head 7, with which the conduction
element 4 is in direct thermal contact, has its own supply
of compressed helium gas (not shown) to provide cooling
to the head, as is standard practice in the art. Both the
sealable vessel 2 and the vacuum vessel 8 are fitted with
suitable pressure relief devices (not shown).
[0037] In some embodiments of the apparatus 1 the
conduction element 4 may be stationary and the sealable
vessel 2 may be rotated around the conduction element
4, as shown in the embodiment of Figure 1. This may be
preferred as it allows the best thermal link between the
conduction element 4 and the cold head 7. In alternative
embodiments, the conduction element 4 may be rotated
with the sealable vessel 2 and the conduction element
may be thermally connected to the cold head 7 by means
of an appropriate coupling. This may reduce the efficien-
cy of the thermal link between the conduction element 4
and the cold head 7 but may make the construction of
the apparatus 1 simpler and provide other benefits, as
discussed above. This is shown in the second embodi-
ment of an apparatus according to the present invention,
as shown in Figure 2.
[0038] The apparatus 1 of Figure 2 is substantially the
same as the first embodiment of the apparatus 1 of Figure
1. As a result, the same reference numerals have been
used to indicate equivalent features in each embodiment.
The only difference between the first embodiment and
the second embodiment is that the coupling 6 is a rotating
coupling and the solid conduction element 4 is geared at
the rotating coupling 6 by means of suitable gearing
mechanism 9. The rotating coupling 6 and gearing mech-
anism 9 allow the conduction element 4 to be rotated
relative to the sealable vessel 2 and the vacuum vessel
8. The first end of the conduction element 4 can be rotated
at the same speed as, or at a different speed to, the seal-
able vessel 2. This can allow for advantageous operation
of the apparatus 1.
[0039] In particular, having a first end of the conduction
element 4 that can be rotated at the same speed as, or
at a different speed to, the sealable vessel 2 can allow
the helium gas 3 to be cooled more quickly when the
apparatus 1 is initially used. This is because rotating the
conduction element 4 at different speeds relative to the
sealable vessel 2 can mix the helium gas 3 within the
sealable vessel 2. As will be readily appreciated by the
skilled person, in order to maximise the mixing of the
helium gas 3 and thereby the rate of cooling the rate of
rotation of the first end of the conduction element 4 and
the sealable vessel 2 may be appropriately controlled.
Similarly, the design of the fins 5 can be altered to max-
imise the mixing of the helium gas. This can be done in
any manner apparent to a person skilled in the art. For

example, helical fins may be used in place of the cylin-
drical fins 5 shown in Figures 1 or 2. Any other suitable
fin shape or size may also be used.
[0040] An apparatus 10 according to a third embodi-
ment of the present invention is shown in Figure 3. The
apparatus 10 comprises a sealable superinsulated heli-
um vessel 12. The vessel 12 contains helium gas 13,
which during operation of the apparatus 10 is maintained
at a temperature of about 30K and a pressure of about
1 bar (1kPa). A HTS winding is cooled by the apparatus
10 and is located within the vessel 12 but has been omit-
ted from the Figure in order to make the details of the
apparatus clear. The helium gas 13 is maintained at a
temperature of 30k by the first end of a coiled helium tube
conduction element 14, which is in direct contact with the
coolant. The helium tube conduction element 14 is
formed of copper (although it could be formed of any
other suitable high thermal conductivity material or stain-
less steel). The helium tube conduction element 14 is
formed of smooth copper piping, However, in the same
manner as the solid conduction element 4 of the first and
second embodiments, the piping could be finned in order
to maximise heat transfer. In particular, the piping could
be finned to maximise the surface area of the conduction
element 14 that is in contact with the helium gas 13.
[0041] The first end of the conduction element 14 is
formed of coiled piping in order to maximise the length
of piping that is in contact with the helium gas 13 and
consequently increase the thermal transfer between the
helium gas 13 and the first end of the conduction element
14. The shape of the first end of the conduction element
14 is purely schematic. It is to be understood that the
specific design of the conduction element 14 will be able
to optimised by a person skilled in the art based on the
size, shape and cooling requirements of any specific em-
bodiment of the invention. The conduction element 14
shown in Figure 3 is purely schematic and its size and
shape are not to be taken as representative.
[0042] The first end of the conduction element 14 is
substantially positioned along the rotational axis of the
sealable vessel 12 such and exits the sealable vessel
via a rotating coupling 16. A second end of the conduction
element 14 is positioned within a vacuum vessel 18 and
is connected via a heat exchanger 20 to a standard cold
head 17. The cold head 17 has its own supply of com-
pressed helium gas (not shown) to provide cooling to the
cold head. Although, the embodiment of Figure 3 has
only a single cold head 17 it is to be understood that
multiple cold heads can be incorporated into the appa-
ratus 10 if more cooling power is required. The heat ex-
changer 20 comprises a fan for circulating helium gas
about the conduction element 14.
[0043] During operation of the apparatus 10, the con-
duction element 14 circulates helium gas at approximate-
ly 30K and at a pressure of about 20 bar, although other
temperatures and pressures could be used. The helium
gas within the conduction element 14 is circulated using
the helium fan located within the heat exchanger 20.
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[0044] In the same manner as the apparatus 1 of the
second embodiment, the solid conduction element 14 is
geared at the rotating coupling 16 by means of suitable
gearing 19. The gearing 19 allows the first end of the
conduction element 14 to be rotated relative to the sec-
ond end of the conduction element. The first end of the
conduction element 14 can be rotated at the same speed
as, or at a different speed to, the sealable vessel 12. This
can allow for advantageous operation of the apparatus
10. Alternative embodiments may not include gearing 19
and the conduction element 14 may remain stationary
during operation of the apparatus 10, in the same manner
as the apparatus 1 of the first embodiment that is shown
in Figure 1.
[0045] A fourth embodiment of an apparatus 30 ac-
cording to the present invention is shown in Figure 4. The
apparatus 30 is substantially the same as the apparatus
10 of the third embodiment, shown in Figure 3. Therefore,
where appropriate, the same reference numerals have
been used to indicate equivalent features. The apparatus
30 differs from the third embodiment 10 in that the con-
duction element 14 circulates helium in a dual phase sys-
tem, rather than simply circulating helium gas. As a result
and as shown in the Figure, there are structural differ-
ences between the fourth embodiment 30 and the third
embodiment 10.
[0046] The second end of the conduction element 14
is open and is in fluid communication with a liquid helium
reservoir 21 formed within the vacuum vessel 18. A he-
lium fan 22 is mounted on the conduction element 14
adjacent the second end of the conduction element to
circulate the helium around the conduction element.
Rather than being in direct thermal contact with the con-
duction element 14, the cold head 17 has a condensing
cold plate 23 that is in thermal contact with the liquid
helium reservoir 21.
[0047] During normal operation of the apparatus 30,
the helium within the reservoir 21 is circulated about the
conduction element 14 and is maintained at a tempera-
ture of approximately 4K and a pressure of 1 bar (1kPa).
During circulation through the conduction element 14,
when cooling the helium gas 13, the helium liquid will boil
and become helium gas. The helium gas will then be
returned to the reservoir 21 by the action of the fan 22.
The helium gas returned to the reservoir 21 will be at
some temperature above 4K. It will then be cooled by
contact with the condensing cold plate 23 and be returned
to a liquid form. During circulation of helium around the
conduction element 14, the pressure within the conduc-
tion element 14 will remain at about 1bar.
[0048] As for the apparatus 10 of the third embodiment,
the conduction element 14 of the fourth embodiment 30
may be held stationary or may be rotated at the same
speed as, or at a different speed to, the sealable vessel
12. This can be done by mounting the conduction element
14 appropriately and/or using an appropriate gearing
mechanism 19. It is to be understood that the skilled per-
son would be capable of forming the conduction element

14, a gearing mechanism 19 and the apparatus 30 in a
manner that would allow this. Similarly, the conduction
element 14 may be formed of simple piping (as shown
in the Figure) or the piping may be finned, as discussed
above.

Claims

1. A cryogenic cooling apparatus (1; 10; 30) com-
prising:

a sealable vessel (2; 12) containing a cryogenic
fluid (3; 13) within which a cryogenic component
may be located;
a conduction element (4; 14) having a first end
and a second end, the conduction element (4;
14) located through a wall of the vessel (2; 12)
such that the first end is located within the vessel
(2; 12) for immersion in the cryogenic fluid (3;
13) and the second end is outside the vessel (2;
12); and
a cooling machine (7; 17) located external to the
vessel (2; 12) and connected to the second end
of the conduction element (4; 14).

2. An apparatus (1; 10; 30) according to claim 1,
wherein the cryogenic fluid (3; 13) is helium

3. An apparatus (1) according to claim 1 or claim 2,
wherein the conduction element (4) is substantially
solid.

4. An apparatus (1) according to claim 3, wherein
the conduction element (4) has a finned shape.

5. An apparatus (1) according to claim 3 or claim 4,
wherein the conduction element (4) is formed of cop-
per.

6. An apparatus (10; 30) according to claim 1 or claim
2, wherein the conduction element (14) is a pipe.

7. An apparatus (10; 30) according to claim 6, where-
in the conduction element carries a cooling gas.

6. An apparatus (1; 10; 30) according to any preced-
ing claim, wherein the cooling machine (7; 17) com-
prises at least one cold head.

7. An apparatus (1; 10; 30) according to claim 6,
wherein the at least one cold head (7; 17) is located
within a vacuum chamber (8; 18).

8. An apparatus (1; 10; 30) according to claim 6 or
claim 7, wherein the cooling machine (7; 17) com-
prises a plurality of cold heads.
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9. A method of cooling a cryogenic fluid in a sealable
vessel (2; 12) using a cryogenic cooling apparatus
(1; 10; 30); the apparatus (1; 10; 30) comprising:

a sealable vessel (2; 12) containing a cryogenic
fluid (3; 13) within which a cryogenic component
may be located;
a conduction element (4; 14) having a first end
and a second end, the conduction element (4;
14) located through a wall of the vessel (2; 12)
such that the first end is located within the vessel
(2; 12) for immersion in the cryogenic fluid and
the second end is outside the vessel (2; 12); and
a cooling machine (7:17) located external to the
vessel (2; 12) and connected to
the second end of the conduction element (4;
14);

the method comprising:

immersing the first end of the conduction ele-
ment (4; 14) in the cryogenic fluid (3; 13); and
operating the cooling machine (7; 17) to cool the
second end of the conduction element (4; 14) to
cool the conduction element (4; 14).

10. A method according to claim 9, comprising the
additional step of rotating the sealable vessel (2; 12)
and any cryogenic component located therein whilst
holding the conduction element (4; 14) and the cool-
ing machine (7; 17) stationary.

11. A method according to claim 9, comprising the
additional step of rotating the sealable vessel (2; 12)
and any cryogenic component located therein at a
first speed whilst rotating the conduction element (4;
14) at a second speed and holding the cooling ma-
chine (7; 17) stationary.

12. A method according to any of claims 9 to 11,
comprising the step of backfilling the sealable vessel
(2; 12) in order to maintain the pressure within the
sealable vessel (2; 12).

13. A method according to any of claims 9 to 12,
wherein the cooling machine (7; 17) is substantially
contained in a vacuum vessel (8; 18) and during cool-
ing the vacuum vessel (7; 17) is evacuated.

14. A method according to any preceding claim, fur-
ther comprising the step of circulating a cooling me-
dium about the conduction element (14).
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