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Description

[0001] Thisinvention relates to cryogenic cooling sys-
tems and, in particular, to helium cooling systems em-
bodying a regenerator.

[0002] Itis often desirable to cool devices, e.g., sem-
iconductor electronics, superconducting electronics, su-
perconducting magnets, sub-Kelvin cooling stages, and
the like, to low temperatures, such as temperatures near
absolute zero. The cooling systems that provide cooling
to such devices are inherently thermally linked to a room-
temperature environment and/or intermediate tempera-
ture environments via various structures, e.g., mechan-
ical structures, electrical cabling and leads. The cooling
capacity of such systems is also impacted by thermal
radiation from the environment. These extraneous ther-
mal sources result in a parasitic thermal load on the cool-
ing system in addition to the thermal load created by the
device or devices to be cooled. Additional thermal loads
can cause power loss, cooling inefficiencies, and other
problems that could be detrimental to a process or man-
ufacturing operation.

[0003] Generally, such cooling systems are generally
two-stage pulse tube, Stirling, or Gifford-McMahon type
cooling systems having a first stage operating within a
range of about 40K to about 100K and a second stage
operating in the liquid helium temperature range, i.e.,
about 2K to about 6K. It is generally desirable to reduce
the parasitic heat load on the lowest temperature cooling
stage to increase the overall efficiency of the system.
Conventionally, this problem has been addressed by op-
erating the first stage of the cooling system at the lowest
achievable temperature, resulting in less heat being
transferred to the second, or lower temperature, stage.
Success by this method, however, is generally limited by
the cooling capacity of the first, or upper temperature,
stage. Furthermore, more inefficiency (e.g., power and
thermal inefficiencies) may result from this approach.
[0004] The problem has also been addressed by uti-
lizing a three-stage cooling system having a second
stage operating in the range of about 10K to about 20K.
Such a system, however, is more costly and complex
than a two-stage cooler and may have lower reliability.
[0005] The present invention is directed to overcom-
ing, or at least reducing, the effects of one or more of the
problems set forth above.

[0006] The invention concerns a cooling system ac-
cording to claim 1.

[0007] The invention, concerns also a method of op-
erating a cooling system according to claim 11.

[0008] A system or method according to the preamble
of claims 1 and 11 is known from document JP(A)
2002071236.

[0009] The invention may be understood by reference
to the following description taken in conjunction with the
accompanying drawings, in which the leftmost significant
digit(s) in the reference numerals denote(s) the firstfigure
in which the respective reference numerals appear, and
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in which:

Figure 1 is a stylized diagram of an illustrative em-
bodiment;

Figure 2 is a stylized diagram of the cooling system
of Figure 1 having a heat intercept thermally linked
to the heat exchanger according to the invention;
Figure 3A is a front view of a first illustrative embod-
iment of a heat exchanger according to the present
invention;

Figure 3B is a side view of the heat exchanger of
Figure 3A;

Figure 3C is a front view of a second illustrative em-
bodiment of a heat exchanger according to the
present invention;

Figure 3D is a side view of the heat exchanger of
Figure 3C;

Figure 3E is a front view of a third illustrative embod-
iment of a heat exchanger according to the present
invention;

Figure 3F is a side view of the heat exchanger of
Figure 3E; and

Figures 4A-4D are block diagrams representing var-
ious illustrative embodiments of a method of extract-
ing cooling power from helium in a regenerator.

[0010] Figure 1 depicts an illustrative embodiment of
a cooling system 100. The cooling system 100 includes
a compressor 102 in fluid communication with various
helium gas flow control components, which are indicated
generally as 104 in Figure 1. The flow control components
104 may include valves, orifices, reservoirs, and the like
for controlling the flow of gaseous helium through the
cooling system 100. The cooling system 100 further in-
cludes afirst regenerator 106 in fluid communication with
at least some of the flow control components 104 and
with a first pulse tube 108 via a tube or line 110.

[0011] The first regenerator 106, and regenerators in
general, is a type of heat exchanger that absorbs heat
from the helium during a first part of the pressure cycle
and returns heat to the helium during a second part of
the pressure cycle to enhance the cooling power of the
helium. The first pulse tube 106, and pulse tubes in gen-
eral, function to cool the helium via changes in helium
pressures therein. Generally, the first regenerator 106,
the first pulse tube 108, and the line 110 comprise an
upper stage 112 of the cooling system 100.

[0012] Generally, helium gas flows through the first re-
generator 106, the line 110, and into the first pulse tube
108. In some embodiments, the gas may also flow
through an orifice and into a reservoir, which are included
in the flow control components 104. As the helium is com-
pressed, heat in the helium gas is moved from a first end
114 of the first pulse tube 108 toward a second end 116
of the first pulse tube 108, where itis removed. Typically,
temperatures proximate the first end 114 of the first pulse
tube 108 may be greater than about 20K.

[0013] sitill referring to Figure 1, the cooling system
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100 further includes a second regenerator 118 in fluid
communication with the first stage 112 and with a second
pulse tube 120 via a line 122. The first regenerator 106
and the second regenerator 118 are shown in Figure 1
as being disposed in-line. However, those skilled in the
art having benefit of the present disclosure would appre-
ciate that the scope of the present invention is not so
limited but rather may have any chosen spatial relation-
ship between the first regenerator 106 and the second
regenerator 118. In a similar fashion to that of the first
stage, helium gas flows through the second regenerator
118, the line 122, and into the second pulse tube 120. In
some embodiments, the gas may also flow through an
orifice and into a reservoir, which are included in the flow
control components 104. As the helium is compressed,
heat in the helium gas is moved from a first end 124 of
the second pulse tube 120 toward a second end 126 of
the second pulse tube 120, where itis removed. Typically,
temperatures proximate the first end 124 of the second
pulse tube 120 may be within a range of about 2K to
about 4K.

[0014] Intheillustrated embodiment, a heatexchanger
128is disposed between a first portion 130 and a second
portion 132 of the regenerator 118. In one embodiment,
the heat exchanger 128 is disposed with a physical area
or zone of the regenerator 118 that operates within a
temperature of about 8K to about 20K. The enthalpy dif-
ference of the helium is generally greatest within a tem-
perature range of about 8K to about 20K. Generally, var-
iations in the helium enthalpy may lead to thermal irre-
versibilities as the regenerator 118 is operated based
upon temperature gradients. Thus, the regenerator 118
can become a source of cooling, via the heat exchanger
128, and the heat exchanger 128 extracts cooling power
from helium flowing through the regenerator 118. In such
an embodiment, the second regenerator 118, the line
122, the second pulse tube 120, and the heat exchanger
128 comprise a lower stage 134 of the cooling system
100.

[0015] One or more various components 136, such as
mechanical structures, electrical cabling, leads, thermal
shields, and/or other components linking the second
stage 134 and the first stage 112 or linking the second
stage 134 and the surrounding environment may be ther-
mally linked to the heat exchanger 128 via a thermal link
138. Referring now to Figure 2 disclosing an embodiment
of the claimed invention, the heat exchanger 128 may
also be thermally coupled via a thermal link 202 to a ther-
mal intercept 204 that is attached to, or inserted within,
the second pulse tube 120. The thermal intercept 204 is
generally designed for transmitting heat from the second
pulse tube 120 to the thermal link 202. In one embodi-
ment, the thermal intercept 204 is attached to the second
pulse tube 120 within a physical area or zone thereof that
operates within a temperature range of about 8K to about
20K. Generally, the thermal intercept 204 comprises a
high thermally conductive material (e.g., copper, a cop-
per alloy, aluminum, an aluminum alloy, or the like)
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wrapped around the second pulse tube 120 and/or in-
serted within the second pulse tube for more efficient
thermal exchange. In one embodiment, the thermal in-
tercept 204 has a configuration corresponding to that of
the heat exchanger 128. In other words, the thermal in-
tercept 204 may be disposed between two portions of
the second pulse tube 120.

[0016] The thermallink 138 may comprise any desired
thermally conductive structure for transmitting heat from
the component 136 to the heat exchanger 128. For ex-
ample, the thermal link 138 may comprise a metallic (e.g.,
copper, a copper alloy, aluminum, an aluminum alloy, or
the like) portion extending between the component 136
and the heat exchanger 128. In other embodiments, the
thermal link may comprise a metallic (e.g., copper, a cop-
per alloy, aluminum, an aluminum alloy, or the like) braid
covering atleast a portion of a cable or lead and extending
to the heat exchanger 128. The thermal link may, in one
embodiment, comprise a heat pipe extending between
the component 136 and the heat exchanger 128. Gen-
erally, a heat pipe comprises a sealed container made
of a high thermal conductivity material having inner sur-
faces with a capillary wicking material.

[0017] The heat exchanger 128 may comprise various
configurations, such as those shown in Figures 3A-3F.
For example, a first illustrative embodiment of the heat
exchanger 128, shown in Figures 3A (front view) and 3B
(side view), may comprise a plurality of plates 302 (only
one is labeled for ease of illustration) defining a plurality
of openings 304 (only one is labeled for ease of illustra-
tion) therethrough. In such an embodiment, the openings
304 defined by each plate 302 are generally aligned to
allow fluid flowing through the second regenerator 118
to communicate therethrough, so that heat may be trans-
ferred to the helium from the walls of the openings 304.
[0018] Alternatively, a second illustrative embodiment
of the heat exchanger 128, is shown in Figures 3C (front
view) and 3D (side view). This second embodiment may
comprise a block 306 defining a plurality of openings 308
(only one is labeled for ease of illustration) therethrough,
such that fluid flowing through the second regenerator
118 may communicate through the openings 308. The
second embodiment may, in certain situations, have
greater thermal exchange capabilities and than the first
embodiment, since the second embodiment omits inter-
faces between the plates 302. In each of the first and
second embodiments, the heat exchanger 128 compris-
es a high thermal conductivity material, such as copper,
a copper alloy, aluminum, or an aluminum alloy.

[0019] Figures 3E (frontview) and 3F (side view) depict
athirdillustrative embodiment of the heat exchanger 128,
which comprises a grid 310 of thermally conductive ma-
terial (e.g., copper, a copper alloy, aluminum, an alumi-
num alloy, or the like). The grid 310 defines openings
312 (only one indicated) that allow fluid flowing through
the second regenerator 118 to communicate there-
through. The third embodiment may, in certain situations,
have greater thermal exchange capabilities over the first
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and second embodiments due to a greater amount of
surface area over which helium may flow.

[0020] The thermal intercept 204, in various embodi-
ments, may have configurations corresponding to the
embodiments of the heat exchanger 128 depicted in Fig-
ures 3A-3F. In other words, the thermal intercept 204
may be disposed within the pulse tube 120 and comprise
a plurality of plates defining a plurality of openings there-
through, a block defining a plurality of openings there-
through, or a grid defining a plurality of openings there-
through. In each case, openings allow helium to flow
therethrough and a thermal exchange occurs between
the helium and the walls of the openings.

[0021] Whilethe heatexchanger 128, the thermal links
138, 202, and the thermal intercept 204 are shown in
Figures 1-3F as being used with a pulse tube type cooling
system, the present invention is not so limited. Rather
the heat exchanger 128, the thermal links 138, 202, and
the thermal intercept 204 may be used with any cooling
system having aregenerator-type device, such as Stirling
cooling systems and Gifford-McMahon cooling systems.
[0022] Figure 4A depicts afirstillustrative embodiment
of a method of extracting cooling power from helium in
the regenerator 118. The method includes flowing helium
through the first portion 130 of the regenerator 118 (block
402) and flowing the helium through the heat exchanger
128 disposed between the first portion 130 and the sec-
ond portion 132 of the regenerator 118 (block 404). The
method further includes transferring heat from the com-
ponent 136 via the thermal link 138 to the heat exchanger
128 (block 406).

[0023] Figure 4B depicts a second illustrative embod-
iment of amethod of extracting cooling power from helium
inthe regenerator 118 according to the presentinvention.
The method includes blocks 402, 404 as described above
concerning Figure 4A. The method according to the
claimed invention further includes transferring heat from
the thermal intercept 204 coupled with the pulse tube 120
to the heat exchanger 128 via the thermal link 202 (block
408). In this way, heat may be extracted from the pulse
tube 120 to enhance its cooling capabilities.

[0024] Figure 4C depicts a third illustrative embodi-
ment of a method of extracting cooling power from helium
inthe regenerator 118 according to the presentinvention.
The method includes blocks 402, 404 as described above
concerning Figure 4A. The method further comprises
transferring heat from the thermal intercept 204 coupled
with a zone of the pulse tube 120 capable of operating
within a temperature range of about 8K to about 20K to
the heat exchanger 128 via the thermal link 202 (block
410). In this way, the cooling capability of the pulse tube
120 may be enhanced by taking advantage of the great-
est enthalpy difference of helium within the pulse tube
120, which is within a temperature range of about 8K to
about 20K.

[0025] Figure 4D depicts a fourth illustrative embodi-
ment of a method of extracting cooling power from helium
in the regenerator 118. The method includes blocks 402,
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406 as described above concerning Figure 4A. The meth-
od further includes flowing helium having a temperature
within a range of about 8K to about 20K through the heat
exchanger 128, which is disposed between the first por-
tion 130 and the second portion 132 of the regenerator
118. Inthis way, the cooling capability of the helium within
the regenerator 118 may be enhanced by taking advan-
tage of the greatest enthalpy difference of helium therein,
which is within a temperature range of about 8K to about
20K.

[0026] Whilethe embodiments concerning Figures 4A-
4D have been described in relation to particular elements
shown in Figures 1-3, the present invention is not so lim-
ited. Rather, the scope of the present invention encom-
passes the use of the various method embodiments dis-
closed herein with any chosen elements of a cooling sys-
tem according to the claims.

[0027] Implementing the multi-stage cooling system il-
lustrated by embodiments of the present invention to ex-
tract cooling power from helium provides for improved
thermal efficiencies over the prior art systems by using
previously unutilized cooling power of helium flowing
through the regenerator 118 to cool one or more related
components, thus decreasing the parasitic thermal load
on the cooling system.

[0028] While the invention is susceptible to various
modifications and alternative forms, specific embodi-
ments thereof have been shown by way of example in
the drawings and are herein described in detail. It should
be understood, however, that the description herein of
specificembodimentsis notintended to limitthe invention
to the particular forms disclosed, but on the contrary, the
intention is to cover all modifications, equivalents, and
alternatives falling within the scope of the invention as
defined by the appended claims.

Claims
1. A cooling system (100), comprising:

at least one regenerator (118) capable of allow-
ing helium to flow therethrough;

a heat exchanger (128) disposed within the re-
generator and being capable of extracting cool-
ing power from the helium; and

athermallink (138) coupled to the heat exchang-
er for thermally coupling the heat exchanger with
a component (136), wherein the cooling system
(200) further comprises :

a pulse tube (120) ; and characterized by
a heat intercept (204) thermally coupled
with the pulse tube (120); and

a thermal link (202) coupling the heat ex-
changer (128) and the heat intercept (204).

2. Acooling system, according to claim 1, wherein the
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regenerator (118), the heat exchanger (128), and
the thermal link (138) are part of a lower stage of the
cooling system, which system further comprises an
upper stage for delivering cooled helium to the lower
stage.

A cooling system, according to claim 1 or 2, wherein
the component (136) comprises a component of the
cooling system.

A cooling system, according to any of claims 1-3,
wherein the heat exchanger (128) comprises a ma-
terial selected from the group consisting of copper,
a copper alloy, aluminum, and an aluminum alloy.

A cooling system, according to any of claims 1-4,
wherein the heatexchanger (128) comprises a struc-
ture defining a plurality of openings therethrough for
communication of the helium so that cooling power
may be extracted from the helium.

A cooling system, according to any of claims 1-5,
wherein the thermal link (138) comprises a heat pipe.

A cooling system, according to any of claims 1-6,
wherein the heat exchanger (128) is disposed within
a zone of the regenerator capable of operating within
a temperature range of about 8K to about 20K.

A cooling system, according to any of claims 1-7,
wherein the cooling system (100) comprises a pulse
tube cooling system.

A cooling system, according to any of claims 1-8,
wherein the cooling system (100) comprises a Stir-
ling cooling system.

A cooling system, according to any of claims 1-9,
wherein the cooling system (100) comprises a Gif-
ford-McMahon cooling system.

A method of operating a cooling system (100) using
helium as a working fluid for cooling a device (136),
the cooler having firstand second cooler stages each
having a regenerator (106, 118), the pressure in the
second stage oscillating between about 1x10° Pa
and 1x10° Pa in a temperature range between 2 K
and 50 K, comprising the step of establishing heat
exchange relationship between a zone of the regen-
erator (128) of the second stage having a tempera-
ture within a first temperature range and a mechan-
ical link linking the cooler to the device (136) and
having a mean temperature greater than the first
temperature range, wherein the cooling system
(100) further comprises :

a pulse tube (120) ; and characterized by
a heatintercept (204) thermally coupled with the
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pulse tube (120); and
athermal link (202) coupling the heat exchanger
(128) and the heat intercept (204).

12. The method of claim 11, wherein the zone of the

second stage regenerator is selected to be at awork-
ing temperature between 8 and 20 K.

Patentanspriiche

Kihlsystem (100), das Folgendes umfasst:

mindestens einen Regenerator (118), der einen
Durchfluss von Helium dadurch gestatten
kann;

einen in dem Regenerator angeordneten War-
metauscher (128), der Kuhlleistung aus dem
Helium extrahieren kann; und

eine an den Warmetauscher gekoppelte thermi-
sche Verbindung (138) zur thermischen Kopp-
lung des Warmetauschers an eine Komponente
(136), wobei das Kiihlsystem (100) weiterhin ein
Pulsationsrohr (120) umfasst;
gekennzeichnet durch

eine Warmeunterbrechung (204), die thermisch
an das Pulsationsrohr (120) gekoppelt ist; und
eine an den Wéarmetauscher (128) und an die
Warmeunterbrechung (204) gekoppelte thermi-
sche Verbindung (202).

Kihlsystem nach Anspruch 1, wobei der Regenera-
tor (118), der Warmetauscher (128) und die thermi-
sche Verbindung (138) Teil einer unteren Stufe des
Kuhlsystems sind, wobei das System weiterhin eine
obere Stufe zur Zufuhr von gekihltem Helium zur
unteren Stufe umfasst.

Kihlsystem nach Anspruch 1 oder 2, wobei die Kom-
ponente (136) eine Komponente des Kihlsystems
umfasst.

Kihlsystem nach einem der Anspriiche 1 - 3, wobei
der Warmetauscher (128) ein aus der aus Kupfer,
einer Kupferlegierung, Aluminium und einer Alumi-
niumlegierung bestehenden Gruppe ausgewahltes
Material umfasst.

Kihlsystem nach einem der Anspriiche 1 - 4, wobei
der Warmetauscher (128) eine Struktur umfasst, die
mehrere Offnungen dadurch zur Ubertragung des
Heliums definiert, so dass Kihlleistung aus dem He-
lium extrahiert werden kann.

Kihlsystem nach einem der Anspriiche 1 - 5, wobei
die thermische Verbindung (138) ein Warmerohr
umfasst.
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Kihlsystem nach einem der Anspriiche 1 - 6, wobei
der Warmetauscher (128) in einem Bereich des Re-
generators angeordnet ist, der in einem Tempera-
turbereich von ca. 8 K bis ca. 20 K betrieben werden
kann.

Kihlsystem nach einem der Anspriiche 1 - 7, wobei
das Kiihlsystem (100) ein Pulsationsrohrkiihlsystem
umfasst.

Kuhlsystem nach einem der Anspriiche 1 - 8, wobei
das Kihlsystem (100) ein Stirling-Kihlsystem um-
fasst.

Kuhlsystem nach einem der Anspriiche 1 - 9, wobei
das Kihisystem (100) ein Gifford-McMahon-Kihls-
system umfasst.

Verfahren zum Betrieb eines Helium als Arbeitsfluid
zum Kiihlen einer Vorrichtung (136) verwendenden
Kuhlsystems (100), wobei der Kihler eine erste und
eine zweite Kuhlstufe aufweist, die jeweils einen Re-
generator (106, 118) aufweisen, wobei der Druck in
der zweiten Stufe in einem Temperaturbereich zwi-
schen 2 K und 50 K zwischen ca. 1 x 105 Pa und 1
x 108 Pa schwankt, mit dem Schritt des Herstellens
einer Warmeaustauschbeziehung zwischen einem
Bereich des Regenerators (128) der zweiten Stufe,
der eine Temperatur in einem ersten Temperaturbe-
reich aufweist, und einer mechanischen Verbindung,
die den Kuhler mit der Vorrichtung (136) verbindet
und eine mittlere Temperatur aufweist, die hdher ist
als der erste Temperaturbereich, wobei das Kiihlsy-
stem (100) weiterhin ein Pulsationsrohr (120) um-
fasst und gekennzeichnet ist durch eine Warme-
unterbrechung (204), die thermisch an das Pulsati-
onsrohr (120) gekoppelt ist, und eine thermische
Verbindung (202), die den Warmetauscher (128) an
die Warmeunterbrechung (204) koppelt.

Verfahren nach Anspruch 11, wobei der Bereich des
Regenerators der zweiten Stufe so ausgewahlt wird,
dass er eine Arbeitstemperatur zwischen 8 und 20
K aufweist.

Revendications

1.

Systéme de refroidissement (100), comprenant:

au moins un régénérateur (118) capable de per-
mettre un écoulement d’hélium a travers celui-
Ci;

un échangeur de chaleur (128) disposé a l'inté-
rieur du régénérateur et capable d’extraire une
puissance de refroidissement de I'hélium; et
une liaison thermique (138) couplée a I'échan-
geur de chaleur pour relier thermiquement
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I'échangeur de chaleur a un composant (136),
dans lequel le systéme de refroidissement (100)
comprend en outre:

un tube a pulsion (120),
et caractérisé par :

un intercepteur de chaleur (204) relié
thermiquement au tube a pulsion (120);
et

une liaison thermique (202) reliant
I'échangeur de chaleur (128) et l'inter-
cepteur de chaleur (204).

Systéme de refroidissement selon la revendication
1, dans lequel le régénérateur (118), I'échangeur de
chaleur (128) et la liaison thermique (138) font partie
d’'un étage inférieur du systéme de refroidissement,
ledit systeme comprenant en outre un étage supé-
rieur pour délivrer I’hélium refroidi a I'étage inférieur.

Systeme de refroidissement selon la revendication
1 ou 2, dans lequel le composant (136) comprend
un composant du systeme de refroidissement.

Systeme de refroidissement selon I'une quelconque
des revendications 1 a 3, dans lequel I'échangeur
de chaleur (128) comprend une matiére sélection-
née dans le groupe comprenant le cuivre, un alliage
de cuivre, I'aluminium et un alliage d’aluminium.

Systeme de refroidissement selon I'une quelconque
des revendications 1 a 4, dans lequel I'échangeur
de chaleur (128) comprend une structure qui définit
atravers elle une pluralité d’ouvertures pour la com-
munication de I'hélium de telle sorte qu’une puissan-
ce de refroidissement puisse étre extraite de I'hé-
lium.

Systéme de refroidissement selon I'une quelconque
des revendications 1 a 5, dans lequel la liaison ther-
mique (138) comprend un caloduc.

Systeme de refroidissement selon I'une quelconque
des revendications 1 a 6, dans lequel I'échangeur
de chaleur (128) est disposé a l'intérieur d’une zone
du régénérateur qui est capable de fonctionner al'in-
térieur d’'une plage de température d’environ 8 K a
environ 20 K.

Systeme de refroidissement selon I'une quelconque
des revendications 1 & 7, dans lequel le systéme de
refroidissement (100) comprend un systéeme de re-
froidissement a tube de pulsion.

Systeme de refroidissement selon I'une quelconque
des revendications 1 a 8, dans lequel le systéeme de
refroidissement (100) comprend un systéme de re-
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froidissement Stirling.

Systéme de refroidissement selon I'une quelconque
des revendications 1 & 9, dans lequel le systéme de
refroidissement (100) comprend un systeme de re-
froidissement Gifford - McMahon.

Procédé de fonctionnement d’un systéme de refroi-
dissement (100) qui utilise de I'hélium comme fluide
de travail pour refroidir un dispositif (136), le refroi-
disseur comprenant un premier étage de refroidis-
seur et un deuxieme étage de refroidisseur compre-
nant chacun un régénérateur (106, 118), la pression
dans le deuxiéme étage oscillant entre 1 x 105 Pa
et 1 x 106 Pa dans une plage de température com-
prise entre 2K et 50 K, comprenant |'étape consistant
a établir une relation d’échange de chaleur entre une
zone du régénérateur (128) du deuxieme étage dont
la température se situe a l'intérieur d’'une premiere
plage de température, et une liaison mécanique qui
relie le refroidisseur au dispositif (136) et qui présen-
te une température moyenne supérieure a la pre-
miére plage de température, dans lequel le systeme
de refroidissement (100) comprend en outre:

un tube & pulsion (120),
et caractérisé par :

un intercepteur de chaleur (204) relié ther-
miquement au tube a pulsion (120); et
une liaison thermique (202) reliant I'échan-
geur de chaleur (128) et l'intercepteur de
chaleur (204).

Procédé selon la revendication 11, dans lequel la
zone du régénérateur du deuxieme étage est sélec-
tionnée pour se trouver a une température de travail
comprise entre 8 K et 20 K.
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