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This invention deals with a cold head attachment to a 
cryogenic engine operating on the Stirling cycle, or modi 
?cations thereof. More speci?cally, it relates to a ?exible, 
thin wall, small diameter tubing extension connected to 
the heads of the compression and expansion cylinders. 
Said extension also may incorporate therein the regen 
erator usually made an integral portion of the engine. 

In Patent 3,074,244, there is described a cryogenic en 
gine operating on the Stirling cycle, or modi?cation there 
of. Such an engine can be used to reach low tempera 
tures in the neighborhood of 30° K., or even lower. In 
actual application, such an engine has a perforated ex 
pansion cylinder head and a conduit connecting the ex 
pansion and compressor heads (beyond the regenerator). 
The coldest portion of the engine is this connecting con 
duit. If the refrigeration is to be transferred to a loca 
tion remotely situated from the engine, a flexible conduc 
tive cable is attached to said conduit and is used to trans 
fer the heat thereto. 

It has now been found that the cold produced by the 
engine may be concentrated in a ?exible small bore thin 
walled tubing connected between the cylinder heads. 
Also, it has been found that the regenerator, instead of 
being located at the end of the compression cylinder, 
also may be located remotely from the engine in the ex 
tension already described. 
The invention will be more readily understood by ref 

erence to the accompanying drawings in which a preferred 
embodiment is described, and in which FIGURE 1 pre 
sents a cross-sectional side view of an engine of the pres 
ent invention, incorporating a refrigerating extension 
heretofore referred to. FIGURE 2 illustrates a side view 
of the upper portion of such an engine, partly in cross 
section, showing the incorporation of the regenerator in 
said refrigerating extension. Similar numerals refer to 
similar parts in the various ?gures. 

Referring again to the drawings, numeral 3 represents 
generally a cryogenic engine operating on the Stirling 
cycle, or modi?cations thereof, such as that described in 
Patent 3,074,244, which shows such an engine having cyl 
inders disposed in parallel, or other types of engines op 
erating on a Stirling cycle. In this engine, shaft 4 is 
driven by an electric motor (not shown) which is pow 
ered by a suitable source (not shown). Shaft 4 is con 
nected to cranks 5 and 5' on which are mounted piston 
rods 6 and 7, respectively, having a phase angle of about 
90°. These are disposed within housing or crankcase 8. 

Projecting at right angles from the side wall of hous 
ing 8 is compressor cylinder 9, in which rides compressor 
piston 10 attached to piston rod 7. The working gas 
(e.g., helium) which is compressed by piston 10 passes 
through perforated head 11 and regenerator 12 disposed 
on the end of cylinder 9. Regenerator 12 (disposed in 
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2 
extension 16 of cylinder 9) is ?lled with a metallic net 
work, such as a metal wool of high heat capacity. 

Also projecting from the side wall of housing 8 is ex 
pander cylinder 13 in which reciprocates expander piston 
14 attached to the end of connecting rod 6. Attached 
to the top of piston 61 is a piston extension 14', made of 
insulating material, such as resin-molded ?ber, ?tting 
loosely in cylinder 13, and in extension 15 of cylinder 13. 
Cylinder head 17 encloses cylinder extension 15, while 
head 18 encloses cylinder extension 16. 

Entering head 17, and connected thereto at 20, in out 
side-sealing relation, is end 19' of tube 19. This tube 19 
projects for any desired distance beyond the cylinder 
heads, and it preferably projects in the form of a loop 
or U-end 19". The other end 19a of tube 19 penetrates 
head 18 at 21, and is connected thereto, in outside-sealing 
relation. Tube 19 is preferably of small diameter and 
thin wall. It may be ?exible so as to be bent into the 
shape or to the direction desired. It is preferable to make 
tube 19 out of stainless steel with terminal cold end 19" 
of high conductivity metal such as copper or copper-clad 
metal. The inner diameter of tube 19 may be about 1/16" 
to about 14", depending upon the size of the engine, and 
its ‘length may be 1-2 feet, or even more. The cylinder 
upper portions and tube 19 are insulated with insulation 
22, it being understood that the insulation at 19" is re— 
moved to connect end 19” with the object to be cooled. 

In operation, the working gas cycles between the two 
cylinders, and passes through tube 19, cooling end 19" to 
the desired temperature. Although there is loss of chi 
ciency by use of such a tube 19, still adequate cooling may 
be obtained for uses remotely situated from the engine. 
For example, such an engine, without tube 19, but with 
a normal conduit cold head, can deliver a 9 watt re~ 
frigerating power at 77° K. With a 12" long tube 19, 
such as that shown in FIG. 1, the refrigeration capacity 
is 2 watts at 77° K., for a total input power of 185 watts 
while using helium at a pre-operational ?lling pressure of 
250 p.s.i. Fins 23 on the cylinders serve to air cool the 
unit. 
A more ellicient arrangement than that shown in FIG. 

1 is depicted in FIG. 2. Here, the regenerator 12 is lo 
cated in tube 19, and the dead volume associated with 
a small-bore U-tube is divided, more or less equally, 
into dead volume at low temperature and dead volume 
at compressor temperature. Since dead volume at com 
pressor temperature is less disadvantageous to the effi 
ciency of operation than dead volume at low tempera 
ture, the system depicted in FIG. 2 has a higher e?iciency 
than that shown in FIG. 1. 

I claim: 
1. In a cryogenic engine operating on the Stirling type 

cycle, and having'a compressor cylinder head and an ex 
pander cylinder head, between which heads a working gas 
is cycled and cooled, the improvement, comprising, 

a small diameter tube connected to and extending out 
wardly beyond said heads, and serving as the re 
frigeration-transmitting means for such engine. 

2. A cryogenic engine according to claim 1 in which 
the tube is a U-tube, the terminal end of which is made 
of a metal of high conductivity. 

3. In a cryogenic engine operating on the Stirling type 
cycle, and having a regenerator, a compressor cylinder 
head and an expander cylinder head, between which 



heads a working gas is cycled and cooled, the improve 
ment comprising, ' > 

a small diameter tube connected to and extending out 
wardly beyond said heads, and serving'as the re~ 
frigeration-transmitting means for said engine, and 

a regenerator mounted in said tube. 
4. A cryogenic engine, according to claim 3, which the 

regenerator is mounted near the terminal portion of said 
tube. 5 
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