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7. The cryogenic heat transfer system of claim 1, wherein
at least a portion of the liquid supply conduit is coaxial with
the vapor return conduit.

8. The cryogenic heat transfer system of claim 1, wherein
the refrigerant comprises nitrogen, wherein the condenser,
the evaporator, or both comprise copper, or a combination
thereof.

9. The cryogenic heat transfer system of claim 1, wherein
at least a portion of the cryogenic heat transfer system is
disposed within an insulating evacuated chamber in fluid
communication with the radiation shield of the cryogenic
chamber.

10. The cryogenic heat transfer system of claim 1, further
comprising a thermostatically controlled heating element in
thermal communication with a surface of the inner chamber,
operable to provide heat to control the temperature of the
refrigerant within the condenser above a freezing point of
the refrigerant and below about 100° K.

11. A process to remove heat from a cryogenic chamber,
comprising:

providing a cryogenic heat transfer system comprising a

refrigerant contained within an inner chamber bound by
a condenser in fluid communication with an evaporator
through at least one conduit, the condenser in thermal
communication with a cold station of a cryocooler, and
the evaporator in thermal communication with a radia-
tion shield of the cryogenic chamber; further compris-
ing both a liquid supply conduit and a vapor return
conduit providing fluid communication between the
condenser and the evaporator, wherein the condenser
comprises an inner heat transfer member comprising an
inverted frustoconical shape having a larger end sepa-
rated from an apex end, wherein the larger end is
arranged proximate to and in direct thermal communi-
cation contact with the cold station; wherein the inner
heat transfer member is surrounded by and spaced apart
from an inner surface of an outer jacket thereby form-
ing a portion of the inner chamber in which the refrig-
erant is disposed, wherein the vapor return conduit is
disposed through an upper portion of the outer jacket
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located at or proximate to the larger end of the frusto-
conical shape of the inner heat transfer member, and
wherein the liquid supply conduit is disposed through
a lower portion of the outer jacket located at or proxi-
mate to the apex of the frustoconical shape of the inner
heat transfer member

cooling the cold station to a temperature below about 100°

K to thereby liquefy a portion of the refrigerant; and
allowing the liquid refrigerant to flow from the condenser
through the conduit into the evaporator, vaporize within
the evaporator thereby absorbing heat from the radia-
tion shield and flow through the same or another
conduit from the evaporator back into the condenser
wherein the vaporized refrigerant is condensed, thereby
removing heat from the cryogenic chamber.

12. The process of claim 11, wherein the at least one
conduit comprises at least one expansion joint.

13. The process of claim 11, wherein at least a portion of
the cryogenic heat transfer system is disposed within a
vacuum chamber in fluid communication with the radiation
shield of the cryogenic chamber.

14. The process of claim 11, wherein greater than or equal
to about 50 watts are transferred from the radiation shield to
the cryogenic cooling head at a temperature of less than or
equal to about 100° K.

15. The process of claim 11, further comprising arranging
the evaporator relative to the condenser such that the liquid
refrigerant flows from the condenser through the at least one
conduit into the evaporator by gravity.

16. The process of claim 11, further comprising:

providing the cryogenic heat transfer system with a ther-

mostatically controlled heating element in thermal
communication with a surface of the inner chamber;
and

operating the thermostatically controlled heating element

to provide an amount of heat to the condenser sufficient
to control the temperature of the refrigerant within the
condenser above a freezing point of the refrigerant and
below about 100° K.
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ments, at least a portion of the cryogenic heat transfer
system 10 is disposed within an insulating chamber 48. In
embodiments, the insulating chamber is evacuated to further
minimize the transfer of energy into the cryogenic chamber.

As shown via block diagram in FIG. 4, in embodiments,
each of the flexible conduits 20 may be connected to the
same condenser 16 but different evaporators 18 and 18',
and/or as shown in the block diagram of FIG. 5, each of the
flexible conduits 20 may be connected to different condens-
ers 16 and 16' but the same evaporator 18. As shown by
block diagram in FIG. 6, in embodiments, a plurality of
flexible conduits 20 may flow between the cryogenic con-
denser 16 and the evaporator 18.

Turning to FIG. 2, in embodiments, the cryogenic heat
transfer system 10 may comprise a plurality of flexible
conduits providing fluid communication between the con-
denser 16 and the evaporator 18, which may further be
adapted for a particular purpose. In embodiments, the sys-
tem comprises at least one flexible liquid supply conduit 44
for conveying liquid refrigerant 32 (via path 33) from the
condenser 16 to the evaporator 18, and at least one flexible
vapor return conduit 46 for conveying vaporized refrigerant
38 from the evaporator 18 to the condenser 16.

In embodiments, the condenser 16 comprises an inverted
frustoconical shape 50 having a larger end 52 arranged
proximate to the cold station 24 of the cryocooler system 26,
and a smaller end or apex end 54 located downhill from the
larger end 52 into which the liquid refrigerant flows. In
embodiments, the flexible liquid supply conduit 44 is
attached at or proximate to the apex 54 of the frustoconical
shape 50, and the flexible vapor return conduit 46 is attached
at or proximate to the larger end 52 of the frustoconical
shape proximate to the cold station 24.

In embodiments, the cryogenic heat transfer system may
further comprise a thermostatically controlled heating ele-
ment 56 coupled to a thermostatic control system 58,
wherein the heating element 56 is in thermal communication
with a surface of condenser 16. The heating element 56 is
operable to provide heat to control the temperature of the
refrigerant above its freezing point and below about 100° K.
In embodiments, the condenser 16, and/or any of the other
components of the heat transfer system may be suspended
on one or more springs or other resilient members 80, which
may be attached between the condenser 16 and the insulat-
ing chamber 48, a mounting flange of the cryocooler, or any
other structure capable of bearing a portion of the load
produced by the mass of the condenser 16 and/or the other
components of the system 10. Accordingly, one or more
springs may be employed to alleviate the force placed on the
cold station.

As shown in FIG. 3, in an embodiment, at least a portion
of the flexible liquid supply conduit 44 may be coaxial with
at least a portion of the flexible vapor return conduit 46.

As shown in FIG. 13, in embodiments, the condenser 16
comprises an inner heat transfer member comprising an
inverted frustoconical shape having the larger end 52 sepa-
rated from the apex end 50, wherein the larger end 52 is
arranged proximate to and in direct thermal communication
22 with the cold station 24. In embodiments, the inner heat
transfer member 60 is surrounded by, and spaced apart 62
from, an inner surface 64 of an outer jacket 66 thereby
forming a portion of the inner chamber 14 in which the
refrigerant is disposed. In embodiments, the flexible vapor
return conduit 46 is disposed through an upper portion 68 of
the outer jacket 66 located at or proximate to the larger end
52 of the frustoconical shape of the inner heat transfer
member 60, and the flexible liquid supply conduit 44 is
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disposed through a lower portion 70 of the outer jacket 66
located at or proximate to the apex 50 of the frustoconical
shape of the inner heat transfer member 60. As shown in
FIG. 13, in embodiments, at least a portion of the inner
surface of the outer jacket comprises a frustoconical shape
complementary 72 to the shape of the inner heat transfer
member.

As shown in FIG. 14, in embodiments, the at least a
portion of the inner heat transfer member 60 comprises one
or more flutes 74, channels 76, and/or fins 78 disposed
therein. In embodiments, the inner heat transfer member 60
may comprise one or more metal components. In embodi-
ments, the inner heat transfer member 60, and/or any one or
more of the various components of the heat transfer system
may comprise copper, aluminum, or another metal.

In embodiments, each flexible conduit e.g., 20, 44, and/or
46 may comprise at least one expansion joint 42, or may be
comprised of expansion joints in the form of a metal
corrugated hose or spiral wound hose, which allows for
changes in shape as the conduit contracts or expands due to
changes in temperature.

In embodiments, the flexible expansion joint 42 may be a
flexible metal-metal bellows joint as shown in FIG. 10,
wherein all of the surfaces in contact with the refrigerant are
metallic. Other suitable expansions joints include compen-
sator joints as shown in FIG. 7, comprising a movable pipe
162, which moves laterally within, and is sealing engaged
via 164 and 166 with a surrounding base pipe 168. As shown
in FIG. 7, the flexible expansion joint may be flanged 170,
may be welded, or attached to the evaporator and/or con-
denser by any other suitable attachment means. In embodi-
ments, the flexible conduit comprise a metal corrugated
hose, a partial cross section of which is shown in FIG. 8 and
a side view of which is shown in FIG. 9. Other suitable
flexible conduits include metal stripwound hose as shown in
FIG. 11, comprising a plurality of metal spirals interlocked
to allow them to be flexible yet provide a sealed conduit. As
is also shown in FIG. 11, in embodiments, the flexible
conduit may comprise a metal braded hose alone, or in
combination with one or more other flexible conduits.

In embodiments, the refrigerant is a gas at 25° C. and 1
atm pressure. Any cryogenic refrigerant may be used. In
embodiments, the refrigerant comprises, consists of, or
consists essentially of nitrogen. Other suitable refrigerants
include hydrogen, noble gases, and the like.

In embodiments, the cryogenic heat transfer system is
dimensioned and arranged to transfer greater than or equal
to about 50 watts, or greater than or equal to about 70 watts,
or greater than or equal to about 100 watts, or greater than
or equal to about 500 watts (of heat energy) from the
cryogenic chamber to the cryogenic cooling head at cryo-
genic temperatures. In embodiments, the cryogenic tempera-
tures are maintained at less than or equal to about 150° K,
or 100° K, or 80° K.

In embodiments, a process to remove heat from a cryo-
genic chamber, comprises
i. providing a cryogenic heat transfer system according to
any one or combination of embodiments disclosed herein;
ii. operating or otherwise engaging the cryocooler to cool the
cold head to a temperature below about 100° K and thereby
liquety a portion of the refrigerant;

iii. allowing the liquid refrigerant to flow from the condenser
through the flexible conduit into the evaporator, vaporize
within the evaporator thereby absorbing heat from the
radiation shield and return through the same or another
flexible conduit from the evaporator back into the condenser
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