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Description
Technical Field

[0001] Theinventionrelatestoacryogenicrefrigerator,
particularly relates to a regenerative cryogenic refriger-
ator and specifically relates to a G-M refrigerator with a
phase modulation mechanism.

Background of the Invention

[0002] G-M refrigeration cycle was jointly invented by
Gifford and McMahon, and the principle of the G-M re-
frigeration cycle is to utilize deflation of heat insulation
gas for refrigeration. At present, a G-M refrigerator has
been widely applied in cryogenic pumps and cooling of
a variety of superconducting magnets. When in applica-
tion, a cold head of the refrigerator is generally used for
direct contact or a material with high heat conductivity is
used as a heat bridge for realizing the cooling effect.
[0003] At present, a gap exists between the cylinder
wall and the piston of the G-M refrigerator which is widely
used, pressure in the refrigerator changes periodically
and the gap can cause pump gas loss. Seal rings are
arranged at the hot ends of the piston and the cylinder
for sealing, while the cold ends of the piston and the cyl-
inder are open. When a cold cavity is positioned in low
pressure, the gas amount in the gap is minimal, when
the pressure rises, some cold gas enters into the gap,
heat is absorbed from the cylinder wall and the piston till
the highest pressure is achieved, when the pressure
drops down in the next cycle, the gas returns into the
cold cavity and then the absorbed heat is brought to the
cold cavity and loss of cold energy is caused.

[0004] In addition, the seal rings can move in the cyl-
inder along with the piston in a reciprocating manner, the
sealing between the seal ring and the cylinder, as well
as between the seal ring and the piston is non-tight, the
high-temperature gas in a hot cavity can be leaked to the
cold cavity through the seal rings and the low-tempera-
ture gas in the cold cavity can be leaked to the hot cavity
through the seal rings, which cause the loss of the cold
energy, namely the loss of gas leakage. Along with the
increase in operation time of the refrigerator, abrasion of
the seal rings will become serious gradually, the sealing
between the seal ring and the cylinder, as well as be-
tween the seal ring and the piston will become more and
more loose, the gas leakage amount through the seal
rings will be more and more and the generated loss of
the cold energy will also be more and more. In addition,
friction heat generated by sliding sealing of the seal rings
in the cylinder can also cause the loss of the cold energy.
[0005] The loss of the cold energy seriously affects the
performances of the refrigerator, thereby being difficult
to meet testing and application requirements of low-tem-
perature superconducting.

[0006] US 4,471,625 A discloses a gas cycle refriger-
ator comprising a compressor having a gas suction port
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and agas exhaust port, atleast one gas expansion vessel
comprising a cylinder, and a displacer mounted in said
cylinder and slidable in the axial direction of said cylinder
and forming a plurality of axially spaced gas expansion
chambers between its outside and the internal wall of
said cyclinder, a drive means to drive said displacer in
said axial direction and reciprocate said displacer, said
drive means comprising a crank mechanism which con-
verts a rotational movement into the reciprocal move-
ment of said displacer, at least one heat accumulator
provided within a first duct means mutually communicat-
ing said plurality of gas expansion chambers, and a
switch valve means provided in a second duct means
connecting a first one of said plurality of gas expansion
chambers adjacent to one end of said cylinder, to said
compressor, and serving to selectively connect said suc-
tion port or said exhaust port with said first gas expansion
chamber, depending on the position of said displacer,
and characterized in that the resistance of said second
duct means to a flow of gaseous cooling medium is set
approximately equal to a pressure drop in said first duct
means due to said heat accumulator, whereby the pres-
sure variations of gaseous cooling medium in said plu-
rality of gas expansion chambers are approximately
equal to one another.

[0007] US 4,708,725 A relates to a cryogenic refriger-
ator having an upper chamber formed at an upper end
portion of a cylinder above a displacer, wherein an upper
end portion of arod is movable in a bore and a lower end
portion of the rod is connected to an upper end portion
of the displacer, wherein pressure varies in the upper
chamber between high and low values upon movement
ofthe displacer, and the bore is always supplied with low-
pressure, such that the displacer may be moved by the
differential pressure between the upper chamber and the
bore.

Summary of the Invention

[0008] The invention aims at providing a G-M refriger-
ator with a phase modulation mechanism by introducing
the phase modulation mechanism. The G-M refrigerator
with the phase modulation mechanism can solve the fol-
lowing technical problems: the working process of gas in
a gap between the piston and the cylinder of the G-M
refrigerator is changed, expansion of the part of the gas
is fully utilized for doing work, loss of gas leakage through
a seal ring is further prevented and the G-M refrigerator
can further obtain better performances.

[0009] The technical scheme of the invention is as fol-
lows:

A G-M refrigerator with a phase modulation mecha-
nism comprises a compressor, a gas inlet valve, an
exhaust valve, a regenerator, a cylinder, a piston, a
hot cavity, a cold cavity, a driving mechanism, an
annular gap and a heat exchanger, wherein the gas
outlet end of the compressor is connected with the
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gas inlet valve, the gas inlet end of the compressor
is connected with the exhaust valve, the gas inlet
valve, the exhaust valve and the regenerator are
communicated and connected, the regenerator is
communicated and connected with the cylinder, and
the heat exchanger is arranged between the regen-
erator and the cylinder; the piston is arranged in the
cylinder, the cold cavity is arranged below the piston,
the hot cavity is arranged above the piston, the an-
nular gap is arranged between the piston and the
inner wall of the cylinder, and the driving mechanism
is connected on the piston; and the annular gap is
communicated with the phase modulation mecha-
nism, characterized in that the annular gap is divided
into hot-end gas, a gas piston and cold-end gas, and
the phase modulation mechanism comprises an or-
ifice valve and a gas reservoir, and the annular gap
is communicated with the gas reservoir through the
orifice valve; and a seal ring is arranged between
the piston and the cylinder in the position above the
annular gap.

[0010] Both the gas inlet valve and the exhaust valve
may be arranged at room temperature. Regenerative
packing is arranged in the regenerator.

[0011] Thedriving mechanism connected onthe piston
is a crank and connecting rod driving mechanism and
the driving mechanism comprises a piston rod, a con-
necting rod and a crank.

[0012] The invention has the following benefits:

By introducing the phase modulation mechanism,
the working process of the gas in the annular gap is
changed, the expansion of the part of the gas is fully
utilized for doing work, the loss of the gas leakage
through the seal ring is further prevented and the G-
M refrigerator can further obtain better performanc-
es.

Brief Description of the Drawings
[0013]

Figure 1 is a schematic diagram of G-M refrigerator
with phase modulation mechanism of the invention.
Figure 2 is a working process diagram | of gas in
annular gap after introducing phase modulation
mechanism into G-M refrigerator.

Figure 3 is a working process diagram Il of gas in
annular gap after introducing phase modulation
mechanism into G-M refrigerator.

Figure 4 is a working process diagram lll of gas in
annular gap after introducing phase modulation
mechanism into G-M refrigerator.

Figure 5 is a system diagram of G-M refrigerator with
built-in phase modulation mechanism.

Figure 6 is a system diagram of second stage of two-
stage G-M refrigerator after introducing phase mod-
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ulation mechanism.
Detailed Description of the Invention

[0014] In combination of the figures and the embodi-
ment, the invention is further described as follows.
[0015] As shown in Figure 1, a G-M refrigerator with a
phase modulation mechanism comprises a compressor
1, a gas inlet valve 2, an exhaust valve 3, a regenerator
4, a cylinder 5, a piston 6, a hot cavity 7, a cold cavity 8,
a driving mechanism, an annular gap 13 and a heat ex-
changer 14, wherein the gas outlet end of the compressor
1 is connected with the gas inlet valve 2, the gas inlet
end of the compressor 1 is connected with the exhaust
valve 3, the gas inlet valve 2, the exhaust valve 3 and
the regenerator 4 are communicated and connected, the
regenerator 4 is communicated and connected with the
cylinder 5, and the heat exchanger 14 is arranged be-
tween the regenerator 4 and the cylinder 5; the piston 6
is arranged in the cylinder 5, the cold cavity 8 is arranged
below the piston 6, the hot cavity 7 is arranged above
the piston 6, the annular gap 13 is arranged between the
piston 6 and the innerwall of the cylinder 5, and the driving
mechanism is connected on the piston 6; and the annular
gap 13 is communicated with the phase modulation
mechanism.

[0016] Gas in the annular gap 13 can be divided into
hot-end gas 20, a gas piston 21 and cold-end gas 22.The
hot-end gas is arranged above the gas piston 21 and the
cold-end gas is arranged below the gas piston 21.
[0017] The phase modulation mechanism comprises
an orifice valve 18 and agas reservoir 19, and the annular
gap 13is communicated with the gas reservoir 19 through
the orifice valve 18; and a seal ring 9 is arranged between
the piston 6 and the cylinder 5 in the position above the
annular gap 13, namely the annular gap 13 is closed by
the inner wall of the cylinder 5, the outer wall of the piston
6, the seal ring 9 and the like. The phase modulation
mechanism is used for regulating the phase relationship
of the working gas in the annular gap 13 so as to improve
the performances of the G-M refrigerator.

[0018] Thedriving mechanism connected onthe piston
6 is a crank and connecting rod driving mechanism and
the driving mechanism comprises a piston rod 10, a con-
necting rod 11 and a crank 12.

[0019] A comparative example, namely a system dia-
gram of a G-M refrigerator with a built-in phase modula-
tion mechanism, is as shown in Figure 5. The phase mod-
ulation mechanism comprises a built-in orifice valve 23
and the gasreservoir, the built-in orifice valve 23 is placed
in the annular gap 13 at the hot end of the piston 6, and
the hot cavity 7 is used as the gas reservoir of the phase
modulation mechanism.

[0020] Boththe gasinletvalve 2 and the exhaust valve
3 are arranged at room temperature. A machine is used
for controlling the gas inlet valve 2 and the exhaust valve
3 to open and close so as to control the gas flow passing
through the regenerator 4 and cylinder 5, as well as cyclic
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pressure and volume.

[0021] Regenerative packing is arranged in the regen-
erator 4. Cold gas flow and hot gas flow alternately flow
through the regenerator 4 so as to realize the effects of
storing and recycling cold energy. The heat exchange
purpose between the hot gas flow and the hot gas flow
is achieved through the effect, and huge temperature dif-
ference between room temperature and the cold end of
the refrigerator is further set up.

[0022] The driving mechanism can enable the piston
6 to move up and down in a reciprocating manner in the
cylinder 5, which is as shown by a two-way arrow in Figure
1. The piston 6 is arranged in the cylinder 5; and the
piston 6 is driven by the crank and connecting rod mech-
anism to move up and down in the cylinder 5 in a recip-
rocating manner, which is as shown by a two-way arrow
in Figure 6, thereby causing the effective volume hot cav-
ity 7 and the cold cavity 8, which are arranged at the two
ends of the cylinder. The two are separated by the seal
ring 9, the piston 6 and the cylinder 5.

[0023] The hot cavity 7 is arranged at room tempera-
ture and the cold cavity 8 is arranged at low temperature.
Therefore, the piston 6 and the cylinder 5 bear huge lon-
gitudinal temperature gradient and are made of materials
with poor heat conductivity. The cylinder 5 generally se-
lects stainless steel as the material, thereby having suf-
ficient strength and low heat conductivity; while the piston
6 generally selects bakelite as the material, thereby being
capable of reducing heat conduction loss, as the specific
gravity of the bakelite is smaller than that of the stainless
steel, the weight of the piston 6 is light, the reciprocating
inertial force can be reduced; furthermore, the hardness
of the bakelite is small, the inner wall of the cylinder 5
can not be scratched. The working process of the G-M
refrigerator is briefly described as follows: a control
mechanism can enable the piston 6 to be positioned at
the bottom of the cylinder 5 at the beginning, and the gas
inlet valve 2 is simultaneously opened. The high-pres-
sure gas from the compressor 1 enters into the regener-
ator 4 and the pressure of the regenerator 4 rises. After
the pressure is balanced, the piston moves upwards from
the bottom of the cylinder 5, and the high-pressure gas
which is cooled by the regenerator 4 simultaneously en-
ters into the cold cavity 8. When the piston 6 moves to
the top of the cylinder 5, the gas inlet valve is closed. The
exhaust valve is opened so as to communicate the gas
of the cold cavity 8 with the low-pressure end via the heat
exchanger 14 and the regenerator 4. At this time, the
high-pressure gas in the cold cavity is deflated to the low-
pressure side, then the cold energy is obtained and the
cold energy is transferred to outside via the heat ex-
changer 14. The gas is heated by the regenerator 4 and
then returns to the compressor. At the same time, the
piston 6 is returned to the bottom of the cylinder 5 and
the exhaust valve is closed. Therefore, the process is
repeated again and again, the whole system can work
continuously and the cold energy can be obtained con-
tinuously.
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[0024] In a pulse tube refrigerator, an orifice gas res-
ervoir and other phase modulation structures can regu-
late the phase relationship between the mass flow and
the pressure waves of the working gas and further im-
prove the performances of the pulse tube refrigerator.
[0025] The phase modulation mechanism is intro-
duced into the G-M refrigerator in the invention, as shown
in Figure 2, Figure 3 and Figure 4, thereby regulating the
working process of the working gas in the annular gap
13. The gas in the annular gap 13 can be divided into
thee parts, namely the hot-end gas 20, the gas piston 21
and the cold-end gas 22. When the gas in the annular
gap 13 is compressed, the hot-end gas 20 is pressed
into the gas reservoir 19 through the gas piston 21, and
the position of the gas piston 21 at the end of compression
is as shown in Figure 2; in a similar way, during the ex-
pansion refrigeration stage, the cold-end gas 22 expands
in the cold cavity 8, and the piston of the gas piston 21
at the end of expansion is as shown in Figure 4; and
Figure 3 shows the balanced position of the gas piston
21 during the compression or the expansion process.
The working process of the annular gap 13 is the same
with that of the pulse tube refrigerator with the phase
modulation mechanism, the working gas in the annular
gap 13 is changed from the original situation of causing
the loss of the cold energy to the expansion for doing
work so as to generate the cold effect, and then the G-
M refrigerator can obtain better performances. In addi-
tion, the gas piston 21 also prevents the loss of the gas
leakage through the seal ring 9.

[0026] Figure 6 is a system diagram of the second
stage of a two-stage G-M refrigerator after introducing a
phase modulation mechanism.

[0027] A two-stage G-M refrigerator by introducing a
phase modulation mechanism into the second stage
comprises acompressor 1, a gasinletvalve 2, an exhaust
valve 3, a first-stage cylinder 24, a first-stage piston 25,
a first-stage seal ring 26, a first-stage cold cavity 27, a
second-stage cylinder 28, a second-stage piston 29 and
a second-stage cold cavity 30. The first-stage cold cavity
27 can be regarded as a second-stage hot cavity and a
second-stage gas reservoir.

[0028] The compressor 1 is used for providing high-
pressure gas refrigerant, such as high-pressure helium.
[0029] Boththe gasinletvalve 2 and the exhaust valve
3 are arranged at room temperature, and a machine is
used for controlling the gas inlet valve 2 and the exhaust
valve 3 to open and close so as to control the gas flow
passing through the first-stage piston 25, the second-
stage piston 26, the first-stage cylinder 24 and the sec-
ond-stage cylinder 28, as well as cyclic pressure and
volume.

[0030] The first-stage cylinder 24 and the second-
stage cylinder 28 are made of stainless steel, and the
first-stage cylinder 24 and the second-stage cylinder 28
can form an integral structure.

[0031] The second-stage piston 29 comprises a top
cover 31, abottom cover 32, a second-stage piston barrel
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33, second-stage regenerative packing 34, hard silk
screens 35-36, a felt 37 and the like; the second-stage
piston 29 is in clearance fit with the wall of the second-
stage cylinder 28, and the clearance, which is
0.01-0.03mm, can not only ensure the free reciprocating
motion of the piston in the cylinder, but also prevent the
gas in the second-stage cold cavity 30 from entering into
the second-stage hot cavity 27; and the length of the
second-stage piston 29 is the same with that of the sec-
ond-stage cylinder 28.

[0032] A flow passage 38 for communicating the inte-
rior of the second-stage piston 29 with the second-stage
cold cavity 30 is communicated on the bottom cover 32,
the outer diameter of the bottom cover 32 is 0.05mm
smaller than the outer diameter of the second-stage pis-
ton 29, and then a clearance is formed between the top
cover 32 and the wall of the second-stage cylinder 28 so
as to enable the working gas to be capable of entering
into and getting out of the second-stage cold cavity 30
and the second-stage piston 29.

[0033] A channel 39 is arranged on the top cover 31
and the first-stage piston for communicating the first-
stage cold cavity 27 with the interior of the second-stage
piston 29 and connected to the first-stage piston 25, and
can further move up and down in a reciprocating manner
along with the first-stage piston 25;

[0034] A spiral groove 40 is formed on the piston barrel
33, the spiral groove 40 starts from the bottom end of the
piston barrel 33 and extends to the position which is about
30mm away from the top end of the top cover 31, and a
straight groove 41 is formed from the tail end of the spiral
groove 40 to the top end of the top cover 31.

[0035] The second-stage regenerative packing 34,
suchas aleadball, is arranged in the second-stage piston
29, the bottom end is firmly sealed by the hard silk
screens 35-36 and the felt 37, and the top end is firmly
sealed by adopting the same way; and the second-stage
regenerative packing 34 can also adopt other types of
regenerative packing, such as magnetic regenerative
packing and the like, and the second-stage regenerative
packing 34 can also adopt multiple layers of different
types of the regenerative packing.

[0036] When in specific work, the straight groove 41
can be regarded as the orifice valve 18; the first-stage
cold cavity 27 can be regarded as the gas reservoir 19;
the volume surrounded by the second-stage piston barrel
33 and the wall of the second-stage cylinder 28 can be
regarded as a pulse tube 17; and then the phase modu-
lation mechanism is introduced into the second stage of
the two-stage G-M refrigerator, a second-stage seal ring
is simultaneously removed, the working process of the
annular gap 13 is changed to the working process of the
pulse tube refrigerator with the phase modulation mech-
anism, the expansion of the part of the gas is fully utilized
for generating the cold effect, the loss of the gas leakage
and friction loss through the seal ring can be further elim-
inated and the performances of the G-M refrigerator are
further improved.
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[0037] The embodiment only simply introduces the
phase modulation way of the orifice gas reservoir struc-
ture, in order to obtain better performances, and the sizes
of the orifice and the gas reservoir can be precisely cal-
culated.

[0038] The non-involved parts are the same with the
prior art or can be realized by adopting the prior art.

Claims

1. A G-M refrigerator with a phase modulation mecha-
nism, comprising a compressor (1), a gas inlet valve
(2), an exhaust valve (3), aregenerator (4), a cylinder
(5), a piston (6), a hot cavity (7), a cold cavity (8), a
driving mechanism, an annular gap (13) and a heat
exchanger (14), wherein the gas outlet end of the
compressor (1) is connected with the gas inlet valve
(2), the gas inlet end of the compressor (1) is con-
nected with the exhaust valve (3), the gas inlet valve
(2), the exhaust valve (3) and the regenerator (4) are
communicated and connected, the regenerator (4)
is communicated and connected with the cylinder
(5), and the heat exchanger (14) is arranged be-
tween the regenerator (4) and the cylinder (5); the
piston (6) is arranged in the cylinder (5), the cold
cavity (8) is arranged below the piston (6), the hot
cavity (7) is arranged above the piston (6), the an-
nular gap (13) is arranged between the piston (6)
and the inner wall of the cylinder (5), and the driving
mechanism is connected on the piston (6); and the
annular gap (13) is communicated with the phase
modulation mechanism,
characterized in that
the annular gap (13) is divided into hot-end gas (20),
a gas piston (21) and cold-end gas (22), and in that
the phase modulation mechanism comprises an or-
ifice valve (18) and a gas reservoir (19), and the an-
nular gap (13) is communicated with the gas reser-
voir (19) through the orifice valve (18); and a seal
ring (9) is arranged between the piston (6) and the
cylinder (5) in the position above the annular gap
(13).

2. The G-M refrigerator with the phase modulation
mechanism according to claim 1, wherein both the
gas inlet valve (2) and the exhaust valve (3) are ar-
ranged at room temperature.

Patentanspriiche

1. G-M-Kaltemaschine mit einem Phasenmodulations-
mechanismus, die einen Verdichter (1), ein Gasein-
lassventil (2), ein Auslassventil (3), einen Regene-
rator (4), einen Zylinder (5), einen Kolben (6), einen
warmen Hohlraum (7), einen kalten Hohlraum (8),
einen Antriebsmechanismus, einen ringférmigen
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Spalt (13) und einen Warmetauscher (14) umfasst,
wobei das Gasauslassende des Verdichters (1) an
das Gaseinlassventil (2) angeschlossen ist, das Ga-
seinlassende des Verdichters (1) an das Auslass-
ventil (3) angeschlossen ist, das Gaseinlassventil
(2), das Auslassventil (3) und der Regenerator (4)
verbunden und angeschlossen sind, der Regenera-
tor (4) mit dem Zylinder (5) verbunden und daran
angeschlossen ist und der Warmetauscher (14) zwi-
schen dem Regenerator (4) und dem Zylinder (5)
angeordnet ist, wobei der Kolben (6) in dem Zylinder
(5) angeordnet ist, der kalte Hohlraum (8) unterhalb
des Kolbens (6) angeordnetist, derwarme Hohlraum
(7) oberhalb des Kolbens (6) angeordnetist, der ring-
férmige Spalt (13) zwischen dem Kolben (6) und der
Innenwand des Zylinders (5) angeordnet ist, und der
Antriebsmechanismus mit dem Kolben (6) verbun-
den ist, und der ringférmige Spalt (13) mit dem Pha-
senmodulationsmechanismus verbunden ist,
dadurch gekennzeichnet, dass

der ringférmige Spalt (13) in ein Gas des warmen
Endes (20), einen Gaskolben (21) und ein Gas des
kalten Endes (22) aufgeteilt ist und dadurch, dass
der Phasenmodulationsmechanismus ein Offnungs-
ventil (18) und ein Gasreservoir (19) umfasst und
der ringférmige Spalt (13) mit dem Gasreservoir (19)
durch das Offnungsventil (18) verbunden ist und ein
Dichtring (9) zwischen dem Kolben (6) und dem Zy-
linder (5) in der Position oberhalb des ringférmigen
Spalts (13) angeordnet ist.

G-M-Kaltemaschine mit dem Phasenmodulations-
mechanismus nach Anspruch 1, bei

der sowohl das Gaseinlassventil (2) als auch das
Auslassventil (3) bei Raumtemperatur angeordnet
sind.

Revendications

Réfrigérateur Giffort-McMahon, G-M, doté d’'un mé-
canisme de modulation de phase, comprenant un
compresseur (1), une vanne d’entrée de gaz (2), une
vanne d’échappement (3), un régénérateur (4), un
cylindre (5), un piston (6), une cavité chaude (7), une
cavité froide (8), un mécanisme d’entrainement, un
espacement annulaire (13) et un échangeur de cha-
leur (14), dans lequel I'extrémité de sortie de gaz du
compresseur (1) est raccordée a la vanne d’entrée
de gaz (2), 'extrémité d’entrée de gaz du compres-
seur (1) est raccordée a la vanne d’échappement
(3), la vanne d’entrée de gaz (2), la vanne d’échap-
pement (3) et le régénérateur (4) sont en communi-
cation et raccordés, le régénérateur (4) est en com-
munication avec le cylindre (5) et raccordé a celui-
ci, et 'échangeur de chaleur (14) est agencé entre
le régénérateur (4) et le cylindre (5) ; le piston (6) est
agenceé dans le cylindre (5), la cavité froide (8) est

10

15

20

25

30

35

40

45

50

55

agencée au-dessous du piston (6), la cavité chaude
(7) est agencée au-dessus du piston (6), 'espace-
ment annulaire (13) est agencé entre le piston (6) et
la paroi intérieure du cylindre (5), et le mécanisme
d’entrainement est raccordé au piston (6) ; et I'es-
pacement annulaire (13) est en communication avec
le mécanisme de modulation de phase,
caractérisé en ce que

I'espacement annulaire (13) est divisé en un gaz
d’extrémité chaude (20), un piston de gaz (21) et un
gaz d’extréemité froide (22), et en ce que

le mécanisme de modulation de phase comprend
une vanne aorifice (18) etun réservoirde gaz (19), et
I'espacement annulaire (13) est en communication
avec le réservoir de gaz (19) a travers la vanne a
orifice (18) ; et un anneau d’étanchéité (9) est agen-
cé entre le piston (6) et le cylindre (5) a la position
au-dessus de I'espacement annulaire (13).

Réfrigérateur G-M doté du mécanisme de modula-
tion de phase selon la revendication 1, dans lequel
la vanne d’entrée de gaz (2) et la vanne d’échappe-
ment (3) sont agencées a température ambiante.
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