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ABSTRACT OF THE DISCLOSURE 
There is provided a device for cooling refrigeration 

fluid by expansion, comprising a displacer within a closed 
housing, said housing communicating through an orifice to 
another closed chamber so that the displacer can force a 
fluid through the orifice thereby doing work in the refriger 
ation cycle and conversely, the fluid can return through 
the orifice to move the displacer in the opposite direction 
at the proper time in the cycle. The invention is character 
ized in that the refrigeration is accomplished in a simpli 
fied manner without auxiliary equipment such as con 
necting rods, crank shafts, or the like to cycle the dis 
placer. Also disclosed is the method of producing refriger 
ation by directly dissipating the expander work to heat 
by cycling a fluid through an orifice. Cycling of the fluid 
through the orifice is also the operative means of actuating 
the displacer. 

BACKGROUND OF THE INVENTION 

The present invention pertains to a method and ap 
paratus for producing cryogenic refrigeration. In par 
ticular the apparatus employs a displacer that is driven 
by cycling a volume of a surge fluid through an orifice so 
that external driving means for the displacer are unneces 
sary. Work is expended by forcing the surge gas through 
the orifice into a surge volume chamber whereby the heat 
generated by such action can be removed by suitable heat 
exchange. 

Devices for producing cryogenic refrigeration are dis 
closed in U.S. Pats. 2,567,454, 2,906,101, 3,074,244 and 
3,321,926. These references disclose cryogenic refrigera 
tors that cool a cryogenic fluid by expansion. The first 
three references require external means such as a motor 
with a suitable connecting rod to drive the expander. The 
last reference relies on a force of high pressure gas and 
snap-acting springs to cause cycling of the displacer. 
The instant invention is an improvement over the prior 

art devices in that it neither requires an external driving 
force for the displacer nor does it require continuous 
high pressure gas and snap-acting spring devices to effect 
cycling of the displacer. 
A refrigeration cycle of the type employed in the instant 

invention was first disclosed by Ernest Solvay in German 
Pat. 39,280 issued May 16, 1887. The Solvay cycle does 
not employ cycling of the displacer against a volume of 
surge gas that passes reversely through an orifice to 
effect cycling of the displacer. Solvay relied upon external 
moving forces to actuate the displacer in order to effect 
refrigeration. 

SUMMARY OF THE INVENTION 
The present invention comprises providing a volume 

of surge gas confined so that it can be cycled between 
a surge volume chamber and a chamber containing a dis 
placer used to refrigerate or to cool a cryogenic fluid by 
expansion, the surge chamber and displacer chamber being 
connected by a small orifice so that the surge volume 
fluid can be forced reversably through the orifice to effect 
cycling of the displacer. Included in the apparatus are the 
necessary valves for admitting and venting the fluid to be 
cooled as well as regeneration devices to aid in the over 
all refrigeration cycle. 

O 

5 

20 

25 

30 

45 

50 

55 

60 

65 

70 

2 
The refrigeration cycle disclosed is accomplished by 

expanding the refrigeration fluid against a volume of con 
fining fluid similar to or other than the refrigeration fluid 
and separated therefrom. 

Therefore, it is the primary object of this invention to 
provide an improved method and apparatus for producing 
cryogenic refrigeration. 

It is still another object of the invention to provide a 
cryogenic refrigerator for cooling fluid by expansion 
wherein the displacer is not powered by external driving 

calS. 

It is yet another object of this invention to provide a 
cryogenic refrigerator with few moving parts. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic diagram showing a first em 

bodiment of an apparatus according to the present in 
vention. 

FIG. 2 is a schematic diagram of a second embodiment 
according to the present invention showing internal re 
generation of the refrigeration fluid. 

FIG. 3 is a schematic diagram of a two-stage displacer 
according to the present invention. 

FIG. 4 is a schematic diagram of a different two-stage 
displacer according to the present invention. 

FIG. 5 is a theoretical diagram of the cycle according 
to the present invention. 

FIG. 6 is a P-V diagram of the actual cycle according 
to the present invention. 

FIG. 7 is a cross-section diagram of a device construct 
ed according to the present invention. 
DETAILED DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 
Referring to FIG. 1 there is shown a device according 

to the present invention comprising a fluid tight housing 
10. The housing 10 comprises a first chamber 12 and a 
second chamber 14. Between the chambers 12 and 14 
is an orifice 16. Disposed within chamber 12 is a dis 
placer 18 with a sealing member 20 disposed near one end 
and surrounding the displacer 18 so that a fluid tight seal 
is achieved between the displacer 18 and walls of cham 
ber 12, thereby separating the warm volume of gas from 
the volume of cold gas and to prevent leakage therebe 
tween. The displacer is free to move between the bottom 
22 of chamber 12 and the top 24 of chamber 12. The 
apparatus includes a supply of high pressure fluid (not 
shown) delivered through conduit 26. Disposed in con 
duit 26 is an inlet valve 28 for controlling the supply of 
high pressure fluid. Conduit 26 is in turn connected to 
conduit 30 which in turn is connected to a regeneration 
device 32 which in turn is connected to a conduit 34 and 
heat exchanger 36 and conduit 38 to the lower end 22 
of chamber 12. The regenerator 32 is preferably a cham 
ber containing metal Screening of Small aperture but can 
also be stacked particles of other materials such as lead 
spheres as is well-known in the art. 
Conduit 30 is in turn connected to an exhaust conduit 

40, exhaust valve 42, heat exchanger 44 and conduit 46 
serve to conduct the exhaust gas out of the system. 

Deposed between the surge volume chamber 14 of hous 
ing 10 and conduit 30 is a capillary tube 48 for controlling 
the pressure of the surge volume chamber. The capillary 
tube is sized so that the pressure in the surge volume 
chamber is maintained approximately intermediate be 
tween the high and low pressure above the displacer 18 
at either end of the cycle as will be explained subsequently. 

In operation, the supply conduit 26 is connected to a 
source of high-pressure refrigeration fluid such as helium 
gas. The cycle starts with the displacer 18 in the position 
shown in FIG. 1 and low pressure gas in the regenerator 
32. The exhaust valve 42 is closed and the inlet valve 
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28 is open admitting the refrigeration fluid through con 
duit 30 through the bottom of the housing 10. The gas 
causes the displacer i8 to rise until the pressure in the 
Space 12, above the displacer 8, is equal to the pressure 
below the displacer 18. At this point the surge volume 
chamber 14, which is at an intermediate pressure deter 
mined by the capillary tube, begins to receive gas from 
above the displacer 8 through the orifice 6. This allows 
the displacer to rise filling the cold displaced volume with 
high pressure gas. The inlet valve 28 is closed when the 
displacer 18 reaches the top of its rise, then the exhaust 
valve 42 is open and the pressure underneath the displacer 
18 begins to decrease. The expanding gas drops in tem 
perature and is forced through conduit 38, heat exchanger 
36, conduit 34, regenerator 32, conduit 30, conduit 40, 
valve 42, heat exchanger 44, and conduit 46 and away 
from the system. The gas leaving the cold displaced 
volume is lower in temperature on the average than the 
gas entering the volume and can thus extract heat from 
outside the system as it passes through heat exchanger 
36. When the pressure below the displacer 18 decreases 
to a level less than the pressure of the surge volume cham 
ber 14, the gas in the surge volume chamber 14 leaks 
back into chamber 12 forcing the displacer to the bottom 
22 of the housing 10. When the displacer 18 reaches the 
bottom 22 of the housing 10, the exhaust valve 42 is 
closed, then the inlet valve 28 opened and the cycle is 
repeated continually thereby achieving continuous refrig 
eration. Heat exchanger 44 is included to remove the ex 
cess heat generated in the gas by forcing the gas through 
the orifice 16. The cooled gas passing out through the re 
generator 32 cools the regenerator media so that the sub 
sequently incoming gas is precooled thereby making the 
refrigeration capacity of the system available at a low 
temperature. 
The capillary tube 48 is included so that the interme 

diate pressure of the surge volume chamber 14 is main 
tained at a fairly uniform level. It would be possible to 
replace the tube with poppet valves or other pressure 
control devices, however the capillary tube is preferred. 
The surge chamber volume is on the order of ten times 
greater than the displaced volume and the orifice 16 is 
sized so that the displacer can be cycled at any desired 
speed. Prior art devices employing gas pressurization or 
gas balancing can only be controlled by controlling the 
gas pressure in the incoming conduits or by using direct 
linkages to the displacer. 
The embodiment of FIG. 2 is identical to the device 

of FIG. 1 except that the regenerator is contained within 
the displacer 18' in the area shown as 50. The cycle is 
identical as is the embodiment of FIG. 1 except that the 
fluid to be refrigerated is admitted and vented from the 
housing 10 through the side thereof. The incoming fluid 
is conducted to the regenerator 50 by conduit 52 in the 
displacer 18' and exited therefrom by conduit 54 to the 
bottom 22 of housing 10. A second annular seal 53 aids 
in directing the refrigeration fluid through the regenerator 
50 during the inlet and exhaust portion of the cycle. 
The P-V diagram shown in FIG. 5 is an ideal cycle 

assuming that the displacer hits both the top 24 and bot 
tom 22 of the chamber 2 in housing 10. However, this 
is not desirable since it would lead to excessive vibration 
of the refrigerator. Therefore, prior to hitting the top and 
bottom of the chamber 12, the respective valves are 
closed so that the displacer hits neither top nor bottom. 
This results in a P-V diagram as shown in FIG. 6 which 
is the actual cycle employed wherein the direction of the 
displacer is reversed prior to actually hitting either top 
24 or bottom 22 of chamber 12 in housing 10. 

There is shown in FIG. 3 a multiple stage refrigera 
tion device employing a stepped dislacer 54. The dis 
placer 54 contatins a large diameter section 56 and a 
small diameter section 53 and can be fabricated in a single 
piece. Sections 56 and 58 are disposed within complementa 
ry sections 60, 62 of housing 64 and are provided with a 
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4. 
primary seal 66 and a secondary seal 68. The primary 
seal 66 prevents fluid from the warm end from leaking 
to the cold end 72 of displacer section 56 while seal 68 
serves to direct the gas from under displacer section 58 
through regenerator 73. There is provided a separate re 
generator 74 for the upper displacer section. The refrig 
erator of FIG. 3 is in essence two refrigerators similar 
to FIG. 1 joined in tandem with the important advan 
tage of increased efficiency due to removing of heat from 
the refrigeration fluid in steps thereby lowering the lowest 
obtainable temperature. As an example the cold end tem 
perature of displacer section 56 is about 30 K. and the 
cold end temperature of displacer section 58 is 6.5 to 
7.0 K. Heat exchanger 44' serves to cool the surge cham 
ber. Heat exchangers 75 and 36' provide means for using 
the refrigeration produced at the cold ends of displacer 
sections 56 and 58 respectively. The operating cycle is 
identical for that described in connection with FIG. 1. 

It is well known that the degree of refrigeration is 
proportional to the volume of swept gas and that the swept 
volume is determined by the diameter and stroke of the 
displacer. FIG. 3 disclosed a method of varying the 
refrigeration by varying the diameter of the displacer. 
FIG. 4 shows another method of varying the swept 
volume by varying the stroke of the second stage of a 
two-stage displacer. In order to do this a slack coupling 
76 is provided between the upper stage 78 and the lower 
stage 80 of the displacer 79. The operation of the device 
of FIG. 4 is the same as that described above for the device 
of FIG. 2 except that the gas is conducted to regenerator 
84 of second stage 80 through a conduit 86 associated 
with coupling 76. The slack coupling enables a shorter 
stroke of section 80 in order to achieve the same refriger 
ation as a device of FIG. 3. Here again a minimum tem 
perature of 6.5 to 7.0° K. can be achieved at end 88 of 
the refrigerator of FIG. 4. Refrigeration produced at end 
88 of the refrigerator of FIG. 4 and also at end 22 of 
the refrigerator of FIG. 2 can be used by means of heat 
exchanges such as well known in the art and therefore 
not illustrated. One such heat exchanger is shown and 
described in connection with FIG. 7 below. 

It is apparent from the foregoing description that the 
invention described above can be modified. One such 
modification is to add additional displacer stages with 
internal or external regenerators for each stage. Another 
modification would involve changing the displacement by 
varying the diameter or the stroke of the displacer either 
individually or together. 
Shown in FIG. 7 is a cross-sectional diagram of a 

device actually constructed and operated according to 
the present invention. Referring to FIG. 7 the displacer 
100 is slidably disposed within housing 102. The displacer 
100 is provided with a seal 104 so that the hot end 106 is 
sealed from the cold end 108 of housing 102. At the lower 
end of housing 102 there is provided a heat exchanger 
110 for delivering the refrigeration produced by the dis 
placer. At the upper end of housing 102 is a fluid tight 
cover 12 provided with an orifice 14 and filters 116. 
Mounted over cover 12 and in fluid tight relation there 
to is a surge volume chamber housing 118 defining a Surge 
volume chamber 120. 
The displacer housing 102 and Surge chamber housing 

are mounted on a base plate 122 to effect the fluid tight 
seal. Sealing members 124, 126 are provided for the dis 
placer chamber 102 and surge chamber 118 to aid in 
maintaining the fluid seal with base plate 122. 

Heat exchanger 110 is connected via conduit 124 to 
regenerator 126 mounted on base plate 122. Regenerator 
126 is filled with a regenerator material 28 such as fine 
wire screening. Regenerator 126 is fitted with the neces 
sary passages 130 and 32 for conducting fluid through 
the regeneration chamber. 
Mounted on base plate 122 above the regenerator and 

in fluid tight relation thereto is a valve assembly shown 
generally as 133 consisting of an upper housing 134 con 
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taining an inlet port 131 to be connected to a source of 
high pressure gas (not shown) and a lower housing 136 
containing an exhaust port 137 for venting the cooled gas. 
Inlet port 131 communicates with chamber 138 in which 
is disposed rotary valve 140 for admitting gas to the sys 
tem through conduit 135 and also for venting gas via port 
137 in housing 136. A capillary tube 152 is connected be 
tween surge chamber 120 and conduit 135 for maintain 
ing pressure in surge chamber 120. 

Motor 146 is driven electrically by means of a source 
of power (not shown) delivered through electrical con 
duit 150. The motor 46 serves to drive the valve disc 
144 to alternately admit high pressure gas to the bottom 
108 of housing 102 through regenerator 128 and vent the 
cooled gas along the same path in accord with the re 
frigeration cycle described in connection with FIG. 1. 
A device of the type shown in FIG. 7 was operated for 

200 hours and produced 25 watts of refrigeration at 77 
K. at heat exchanger 110 when operated at 144 revolu 
tions per minute under 350/150 p.s.i.a. helium. 

It is also within the scope of the inventive concept 
described above to provide for a separate system for main 
taining the surge volume chamber at the desired tempera 
ture. This can be accomplished in any manner known to 
the art such as by employing a separate fluid circuit and 
thermostat control connected to the surge chamber. 

Having thus described my invention, the following is 
desired to be secured by Letters Patent. 

claim: 
1. A refrigerator comprising: 
a fluid tight housing having a generally circular cross 

section; 
Said housing divided into a displacer chamber and a 

fluid Surge chamber with an orifice therebetween; 
movably disposed within the displacer chamber, a dis 

placer, said displacer having a cross-section configu 
ration similar to said housing; 

Sealing means disposed around said displacer so that 
the displacer chamber can have a hot end and a cold 
end, said hot end adjacent said fluid surge chamber; 

means for admitting a stream of high pressure fluid 
to the cold end of said displacer chamber; 

means for absorbing sensible heat generated at the hot 
end of said housing: 

means for extracting heat from outside the housing; and 
means for cycling the fluid admitted to said displacer 

chamber. 
2. A refrigerator according to claim 1 wherein there 

is included means to control the surge volume pressure. 
3. A refrigerator according to claim 2 wherein said 

regenerator includes a plurality of stacked small aperture 
ScreeS. 

4. A refrigerator according to claim 1 wherein the 
regenerator and the fluid path are disposed within the 
displacer. 

5. A refrigerator comprising: 
a fluid tight housing having a generally circular cross 

Section; 
Said housing divided into a fluid surge chamber, a first 

displacer chamber with an orifice therebetween and a 
Second displacer chamber; 

Sealing means disposed around said first and second 
dipslacer sections so that the displacer chamber can 
have a cold end and a hot end associated with each 
displacer section; 

means for admitting a stream of high pressure fluid 
to the cold end associated with each displacer section; 

regenerator means in circuit with said fluid means; 
means for absorbing sensible heat generated at said 

hot end of said first displacer chamber; 
means for extracting heat from outside the housing: 
and 

means for cycling the fluid admitted to said displacer 
volumes. 
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6. A refrigerator according to claim 5 wherein there 

is included means to control the surge volume pressure. 
7. A refrigerator according to claim 5 wherein said 

regenerator is provided with a regeneration medium 
Selected from the group consisting of fine wire screening 
and metal spheres. 

8. A refrigerator comprising: 
a fluid tight housing having a generally circular cross 

Section; 
said housing divided into a displacer chamber and a 

fluid surge volume chamber with an orifice there 
between; 

movably disposed within the displacer chamber a dis 
placer; 

said displacer having a first section spaced apart from 
a second section and connected to it by slack cou 
pling means; 

Sealing means disposed around said first and second 
displacer Sections so that the displacer chamber can 
have a cold end and a hot end associated with each 
displacer section; 

means for admitting a stream of high presure fluid to 
the cold end associated with each displacer section; 

regenerator means in circuit with said inlet fluid means; 
means for absorbing sensible heat generator at the hot 
end of such housing; 

means for extracting heat from outside the housing: 
and 

means for cycling the fluid admitted to said displacer 
volume. 

9. A refrigerator according to claim 8 wherein parts of 
Said fluid circuit and said regenerators are included within 
said displacer sections. 

10. A method of producing refrigeration comprising 
the steps of: 

Supplying a quantity of refrigeration fluid at a given 
temperature and at high pressure to a first end of an 
enclosed space containing a displacer; 

causing the refrigeration fluid to move the displacer 
against a predetermined volume of a surge gas at a 
Second end of the space until the pressure on the 
displacer is equalized; 

continuing the supply of refrigeration fluid; 
allowing the surge gas to escape through an orifice to 

an enclosure maintained at a constant presure so that 
the displacer draws in an additional quantity of gas 
at high pressure; 

exhausting the high pressure refrigeration fluid from the 
enclosed space at the first end by allowing the surge 
gas to act on the displacer, thereby expanding and 
cooling the refrigeration fluid. 

11. A method according to claim 10 wherein said 
refrigeration fluid enters said enclosed space and exits 
therefrom through a regenerator. 

12. A method according to claim 10 wherein said 
cooled fluid is used to cool the surge gas chamber. 

13. A method according to claim 10 wherein said supply 
of refrigeration fluid is controlled by an automatic timing 
device. 
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