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(57) ABSTRACT

A cryostat assembly comprises at least one substantially
heat insulating wall surrounding a cooled region for
restricting heat flow into the cooled region. A refrigera-
tion system is provided having a heat absorbing portion
coupled with the wall to enable heat to transfer to the
heat absorbing portion, the refrigeration system also
have a heat evacuating portion to enable absorbed heat
to be evacuated from the cryostat assembly.

10 Claims, 5 Drawing Sheets
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1
CRYOSTAT ASSEMBLY

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue,

FIELD OF THE INVENTION

The invention relates to cryostat assemblies compris-
ing at least one substantially heat insulating wall sur-
rounding a cooled region for resiricting heat flow into

the region. Such assemblies are hereinafter referred to
as of the kind described.

DESCRIPTION OF PRIOR ART

Cryostat assemblies of the kind described are used in
a variety of fields one of which is the field of nuclear
magnetic resonance (NMR) imaging wherein supercon-
ducting coils of an electromagnet are sitatuated within
the cryostat. In order that the coils of the magnet take
up a superconducting state it is necessary to cool them
to very low temperatures in the order of 4K and con-
ventionally this is achieved by making use of a liquid
helium vessel within which the coils are mounted, the
helium vessel being sandwiched within a radiation
shield, the radiation shield being sandwiched within a
liquud nitrogen vessel, and the liquid nitrogen vessel
being sandwiched within an evacuated vessel. This
series of insulating jackets enables the coils to be main-
tained at the required low temperature.

One of the problems with these cryostat assemblies is
that there is a continuous vapourising of the liquid he-
linm and liquid nitrogen which is boiled off and fresh
helium and nitrogen has to be supplied to the respective
vessels. This degree of boil off is expensive and gener-
ally undesirable.

SUMMARY OF THE INVENTION

In accordance with the present invention, a cryostat
assembly comprises at least one substantially heat insu-
lating wall surrounding a cooled region for restricting
heat flow into the cooled region; and a refrigeration
system having a heat absorbing portion coupled by
coupling means with the wall to enable heat to transfer
to the heat absorbing portion via the coupling means,
and a heat evacuating portion to enable absorbed heat to
be evacuated from the cryostat assembly.

With this cryostat assembly, a refrigeration system is
added to assist in removing heat from the or each wall
to which it is coupled. It has been found that this consid-
erably reduces the liquid coolant consumption where
the system includes a coolant vessel. For example, in
one system it has been found that liquid nitrogen con-
sumption has been reduced by about 1 liter per hour
while liquid helium consumption is reduced by about
200 cc per hour. In some cases, the refrigeration system
can reduce liquid nitrogen consumption to substantially
ZErO0.

It will be appreciated that the substantially heat insu-
lating wall could comprise part of a wall of a coolant
vessel or a heat radiation shield.

The refrigeration system may be of any suitable con-
ventional type such as of the Gifford McMahon type
using a closed helium gas cycle. Conveniently, the re-
frigeration system is a two-stage system, each stage
being connected with a different part of the remainder
of the assembly. For example, a first (higher tempera-
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ture) stage of the system may be coupled for heat trans-
fer with an outer radiation shield or coolant vessel and
a second (lower temperature) stage may be coupled for
heat transfer with an inner radiation shield.

In other examples, a single stage refrigeration system
could be used which would typically be coupled for
heat transfer with a wall defined by at least part of a
coolant vessel.

In many conventional cryostat assemblies, the ele-
ments of the assembly are supported by a plurality of
support rods. These provide an undesirable source of
heat supply to the vessel or shield to which they are
connected and are conventionally made of low heat
conductivity material. However, some heat conduction
does take place and it is particularly convenient if the
refrigeration system is coupled for heat transfer with at
least one of the support rods. This coupling may be
direct in the sense that the coupling means extends
between the support and the refrigeration system, but
would typically be indirect. Thus, at least one of the
support rods is coupled with another wall or vessel
which itself is coupled with the refrigeration system
whereby a heat flow path exists from the rod via the
wall or vessel to the refrigeration system.

Preferably, the or each coupling means comprises a
flexible, highly heat conductive linkage. Flexibility is
desirable to cope with relative movement between the
refrigeration system and the element to which it is con-
nected and high heat conductivity is required for rapid
dissipation of heat.

Conveniently, the coupling means comprises copper
braid. The precise dimensions of the braid depends on
the powers available at the refrigeration system and on
the other properties of the cryostat assembly.

In some cases, it is desirable to be able to replace the
refrigeration system with an alternative system or to
remove the system for repair. In general, this would
require considerable disassembly of the cryostat, includ-
ing for example removing coolant.

Preferably, therefore, the refrigeration system com-
prises a support housing, and a refrigeration unit remov-
ably mounted in the support housing, heat conducting
contacts being provided on the unit and in the support
housing connected with the coupling means whereby
when the unit is fully mounted in the support housing
the contacts engage one another to provide a heat path
between the unit and the coupling means through the
support housing, the support housing being adapted to
restrict heat flow from outside the crystat assembly to
the coupling means.

This arrangement enables the refrigeration unit to be
removed and inserted either for replacement or for
repair without having to dissassemble the remainder of
the cryostat and in particular without having to empty
the coolant vessel or vessels.

It is particularly convenient if the walls of the support
housing are insulated against heat flow.

BRIEF DESCRIPTION OF THE DRAWINGS

Some examples of cryostats in accordance with the
present invention will now be described with reference
to the accompanying drawings, in which:

FI1G. 1 is a partly cut away side elevation of a ¢ryo-
stat with the refrigeration system omitted;

[FIG. 2 is a partial cross-section through a first ex-
ample of a cryostat assembly according to the invention
for use in nuclear magnetic resonance apparatus; ]
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[FIG. 3 is a view similar to FIG. 2 but of a second
example; }
FIG. 2 is a partial cross-section through a cryostat as-
sembly for use in a nuclear magnetic resonance apparatus;

FIG. 3 is a view similar to FIG. 2 but of an example of 5

the invention;

FIG. 4 is a partial perspective view from one end
with some parts removed of a cryostat assembly illus-
trating support rods; and,

FIG. 5 illustrates the coupling of a support rod within
an inner radiation shield.

DETAILED DESCRIPTION OF EMBODIMENTS

F1G. 1 illustrates the general form of a cryostat as-
sembly which comprises a number of cylindrical, alu-
minium alloy, or stainless steel walls which are con-
nected to define liquid coolant vessels and radiation
shields as will be explained. A central wall 1 defines
with another, coaxial wall 1’ and end walls " a liqmd
helium vessel 2. The vessel 2 on one side is surrounded
by a cylindrical wall 3 defining an inner radiation shield
and by another radiation shield 3’ on its other side con-
nected with end walls 3”. A liquid nitrogen vessel de-
fined by two pairs of cylindrical walls 4,5 and its exten-
sion 4 connected to end wall extension 4" sandwiches
the radiation shields. An outer vacuum jacket 6 sur-
rounds the liquid nitrogen vessel and extension. A cylin-
drical bore 60 is defined by the innermost cylindrical
wall defining part of the wall of the inner vacuum
jacket. In addition, in nuclear magnetic resonance appa-
ratus, coils of a main superconducting magnet 61 are
situated within the helium vessel 2 which constitutes a
cooled region.

A turret 62 is positioned on top of the cryostat assem-
bly through which a helium boil-off port 63 and one or
more nitrogen boil-off ports 64 extend.

FIG. 2 illustrates part of the cryostat assembly shown
in FIG. 1 and in particular the section indicated at A in
FIG. 1. In FIG. 1 the refrigeration elements shown in
FIG. 2 have been omitted.

A turret 7 having a vacuum jacket is bolted to the
wall of the jacket 6. A two stage refrigeration unit 8 of
the Gifford McMahon type (such as manufactured by
Leybold Heraeus) is bolted to the turret 7 via flanges 9,
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10 and A seal 11. The first (higher temperature) stage of 45

the refrigerator 12 is bolted in a high conductivity cop-
per flange 13 which in turn is bolted to an annular,
auxiliary flange 14 to which one end of a number of
flexible, high conductivity copper braid links 135 are soft
soldered.

The other end of each link 15 is soft soldered to an
annular, high conductivity copper flange 16 bolted to
an annular end wall 17 of the liquid nitrogen vessel 18.

The second (lower temperature) stage 19 of the re-
frigerator 8 is bonded to a high conductivity copper
flange 20 to which a number of further high conductiv-
ity copper braid links 21 are soft soldered. The other
end of the links 21 are soft soldered to a copper flange
22 bolted via an intermediate copper flange 23 to the
inner shield 3.

The arrangement shown in FIG. 2 enables the refrig-
eration power to be transferred from the first stage 12 to
the liquid nitrogen vessel 18 via the flanges 13, 14
(which may be segmented) and the links 15 and to the
inner shield 3 via the flanges 20, 22, 23 and the links 21.

The links, 15, 21 are of sufficient length, cross-sec-
tional area, and number to provide for movement be-
tween the refrigerator and the parts to which it is con-
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nected and to adequately transfer the refrnigerator
power to the nitrogen vessel and shield. The precise
dimensions of the braids depend on the powers available
at each stage of the refrigerator used and on the cryostat
system.

It has been found that the system shown in FIG. 2,
when used in NMR apparatus, enables a reduction in
liquid nitrogen consumption of about 1 liter per hour,
compared with the unrefrigerated system, and a reduc-
tion in liquid helium consumption of about 200 cc per
hour.

It will be seen from FIG. 2 that if it is desired to
remove the refrigeration unit 8 for the purposes of re-
pair or replacement, it is necessary to destroy the vac-
uum within the vacuum jacket and this requires the
preliminary removal of all liquid helium and liquid m-
trogen coolant. FIG. 3 shows an arrangement in which
removal and replacement of the refrigeration unit 8 can
be achieved very simply without coolant removal.

FIG. 3 illustrates only a part of another cryostat
assembly including three concentric walls 24, 2§, 26.
The wall 24 defines the outer cylinder of the inner radi-
ation shield and is surrounded by the wall 25 which
constitutes the outer cylinder of the outer radiation
shield. In this case there is no nitrogen vessel. The
shield 28 is surrounded by an outer vacuum jacket 26.
An anti-vibration mounting is provided part of which is
shown at 27. In this example, the refrigeration unit 8 is
mounted to the remainder of the cryostat assembly by
insertion into a support housing 28. The support hous-
ing 28 has an outer flange 29 bolted to a turret flange 30.
Flange 30 is supported from the lower bolted flange by
a set of springs which are adjusted by means of screws
and the intermediate flange so that the flange 30 is resil-
iently supported against the force of air pressure. The
resiliency of this support considerably reduces the vi-
bration from the refrigerator being transmitted to the
outer vacuum wall 26, whence it would be re-radiated
into the environment. A radially inner portion of the
housing 28 is defined by a triple wall 31 comprising
three concentric cylinders terminating in an inner
flange 32 of highly conductive copper. The triple wall
31 is to increase the heat path length between room
temperature and the outer shield 26. The flange 32 may
be equated with the flange 13 in FIG. 2 and links 33 of
highly conductive copper braid are soft soldered be-
tween the flange 32 and another copper flange 34 cou-
pled with the radiation shield 25. The housing 28 has a
further inner, cylindrical wall part 35 sealed to a radi-
ally inner surface of the flange 32 and supporting at its
lower end a copper nose 36 sealed to its outer surface.
Copper braid links 37 are soft soldered between the
nose 36 and a copper plate 38 coupled with the wall 24.

The refrigeration unit 8 is mounted within the sup-
port housing 28 so that a copper flange 39 connected to
the first stage 40 of the unit 8 is pressed against an in-
dium metal pressure contact 42 to enable the first stage
40 to be coupled for heat transfer with the links 33.

The second stage 43 of the refrigerator unit includes
a copper cylinder 44 which forms a close fit within the
nose 36. Contact between the cylinder 44 and the nose
36 is achieved by filling a cavity 45 within the housing
28 with helium gas at about 1 atmosphere (although
much lower pressures are feasible).

If it is desired to remove or replace the refrigeration
unit 8, this is simply unbolted at its outer end and slid
out of the support housing 28. This removal does not
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open any access to the jackets of the cryostat and so any
vacuum within those jackets is not destroyed.

In a typical cryostat assembly, the various vessels and
shields are supported by means of elongate tension rods
as partly shown in FIG. 4 1llustrates a coolant vessel 46
(such as a helium vessel) supported by a rod 47 extend-
ing between the vessel 46 and an outer vessel 48 (such as
a nitrogen vessel) through an aperture 49 in an inner
radiation shield 50. In a similar way the vessel 48 is
supported by a tension rod 51 to an outer vacuum jacket
52. Since there may be some heat conductor along the
rod 47 or 51, it 1s advantageous to couple the support
rods with one of the walls of the cryostat to which the
refrigeration unit 8 is coupled. As shown in FIG. §, a
suitable connection may be achieved between the sup-
port rod 47 and the inner shield 3 which, as seen in FIG.
2, is coupled to the second stage of the refrigerator unit
8. Coupling between the rod 47 and the shield 3 is
achieved by connecting a flexible copper braid link 53
bolted to the inner shield 3 and whipped to the support
rod by a brass wire. Other coupling methods are also
possible.

I claim:

[ 1. A cryostat assembly comprising at least one sub-
stantially heat insulating wall defining a cooled region
for restricting heat flow mnto said cooled region; a re-
frigeration system having a heat absorbing portion and
a heat evacuating portion to enable absorbed heat {o be
evacuated from said cryostat assembly; and coupling
means for coupling said heat absorbing portion with
said wall to enable heat to transfer to said heat absorb-
ing portion via said coupling means, said coupling
means comprising at least one flexible, passive, heat
conducting linkge.}

[ 2. An assembly according to claim 1, wherein said
heat insulating wall comprises a heat radiation shieid.]

L3. An assembly according to claim 1, wherein said
wall is defined by at least part of a first coolant vessel. }

[4. An assembly according to claim 3, further com-
prising an inner heat radiation shield surrounding said
region, said refrigeration system comprising a two stage
refigeration system, said first stage of said system being
coupled for heat transfer with said first coolant vessel
and said second stage being coupled for heat transfer
with said inner radiation shield.}

[5. An assembly according to claim 4, further com-
prising a second coolant vessel positioned within a vol-
ume defined by said inner radiation shield.]

[6. An assembly according to claim 1, wherein said
wall is supported by a plurality of support rods, said
refrigeration system being coupled for heat transfer
with at least one of said support rods. }

[7. An assembly according to claim 6, wherein at
least one of said support rods is coupled with another
wall or vessel which itself 1s coupled with said refrigera-
tion system whereby a heat flow path exists from said
rod via said wall or vessel to said refrigeration system.}

[8. An assembly according to claim 1, wherein said
coupling means comprises copper braid. ]

[9. An assembly according to claim 1, wherein said
refrigeration system further comprises a support hous-
ing, and a refrigeration unit removably mounted in said
support housing, and wherein heat conducting contacts
are provided on said unit and in said support housing
connected with said coupling means whereby when
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said unit is fully mounted in said support housing said
contacts engage one another to provide a heat path
between said unit and said coupling means through said
support housing, said support housing being adapted to
restrict heat flow from outside said cryostat assembly to
said coupling means. }

[10. An assembly according to claim 9, wherein said
walls of the support housing are insulated against heat
flow.]

[11. An assembly according to claim 9, wherein said
coupling means comprises copper braid.}

12. A cryostat assembly comprising at least one substan-
tially heat insulating wall and at least one coolant contain-
ing or evacuated vesse! surrounding a cooled region for
restricting heat flow into said cooled region; a refrigeration
system comprising a support housing, and a refrigeration
unit having a heat absorbing portion and a heat evacuating

portion to enable absorbed heat to be evacuated from said

cryostat assembly, said refrigeration unit being removably
mounted in said support housing, cooperating heat con-
ducting contacts being provided on said unit and in said
support housing whereby when said unit is fully mounted in
said support housing said contacts engage one another to
provide a path for heat to flow between said support housing
and said heat absorbing portion; and coupling means con-
nected between said support housing and said wall to con-
duct heat from said wall to said support housing, the ar-
rangement being such that said refrigeration unit can be
disassembled from the rest of said cryostat assembly with-
out purging said vessel, wherein the interior of said support
housing s isolated from the interior of each said coolant
containing or evacuated vessel.

13. An assembly according to claim 12, wherein said
vessel contains liguid nitrogen or liquid helium.

14. An assembly according to claim [2, wherein said
wall coupled to said refrigeration unit is defined by at least
part of said coolant containing or evacuated vessel.

15. An assembly according to claim 12, further compris-
ing an inner heat radiation shield surrounding said region,
said refrigeration system comprising a two stage refrigera-
tion system, said first stage of said system being coupled for
heat transfer with said vesse! and a second stage being
coupled for heat transfer with said inner radiation shield.

16. An assembly according to claim 15, further compris-
ing another evacuated or coolant containing vessel posi-
tioned within a volume defined by said inner radiation
shield.

17. An assembly according to claim 12, wherein said
wall is supported by a plurality of support rods, said refrig-
eration system being coupled for heat transfer with at least
one of said support rods.

18. An assembly according to claim 17, wherein at least
one of said support rods is coupled with another wall or
vessel which itself is coupled with said refrigeration system
whereby a heat flow path exists from said rod via said wall
or vessel to said refrigeration system.

19. An assembly according to claim 12, wherein said
coupling means comprises a flexible, highly heat conduc-
tive linkage.

20. An assembly according to claim 19, wherein said
coupling means comprises copper braid.

21. An assembly according to claim 12, wherein the
walls of said support housing are insulated against heat

Sflow.
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