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This invention relates to an apparatus suitable for 
liquefying a cold gas through expansion and more par 
ticularly to an improved Joule-Thomson valve. 
The liquefaction of a cold, high-pressure gas through 

expansion to a lower pressure has long been known and 
so-called Joule-Thomson valves are regularly used in 

These valves are normally 
an integral part of the refrigeration apparatus and as such 
are constructed within the refrigerator or are directly 
connected to it. (See for'example U.S.P. 2,716,333 which 
describes an apparatus for the liquefaction of helium and A, 
employs a Joule-Thomson valve of the prior art type to 
e?ect the ?nal liquefaction.) In typical liquefying ap 
paratus it is necessary to draw offthe lique?ed gas from 
the lique?er to store it in a suitable vessel such as a 
dewar, or to remove it for refrigeration purposes so that 
it might effect out-of-contact heat exchange with an ex 
ternal load. This in turn means, that the lique?ed gas 
must be continuously or periodically removed from the 
lique?er and transferred as a liquid into a suitable storage 
vessel or heat exchanger. In some lique?ers the capacity 
may be such that this removal and transfer of the lique 
?ed gas must be accomplished relatively often, thus re 
quiring that an attendant be present to monitor the lique 
faction process and to perform the transfer of the lique 
?ed gas to the storage vessel periodically. In the absence 
of such an attendant the lique?er can be run only long 
enough to ?ll the liquid storage container within the liq 
ue?er to capacity. This means that the lique?er must be 
shut down and then started again which in turn nor’ 
mally requires a cool-down period. It would therefore 
be desirable to have available a Joule-Thomson valve 
which could be operated outside a refrigerator and be 
inserted directly into a storage vessel or an external load, 
eliminating the necessity for periodic transfer of the lique 
?ed gas from the lique?er. This would then enable a 
refrigerator or lique?er to run continuously unattended 
until the storage vessel was 'full or contained the desired 
amount of liquid. , , 

Liquefaction of a gas at a point remote from the en 
vironment in which the gas has been precooled by out-of 
contact heat exchange is not merely a matter'of placing 
a Joule-Thomson valve in its prior art form in a storage 
vessel, or the like, and connecting it with a suitable ?uid 
conduit. An expansion-liquefaction valve used at a re 
mote point must be associated with an e?icient heat ex 
changer which etfects out-of-contact heat exchange be 
tween the cold high-pressure gas which is to be lique?ed 
and the returning even colder low-pressure gas which did 
not liquefy in the storage vessel or which boiled off from 
the stored lique?ed gas. Thus, such a valve must be one 
which is capable of being turned off to seal all of the gas 
and ?uid passages while the refrigerator continues opera 
tion. 

This in turn requires a Joule-Thomson valve in which 
there is a double closure in order that no outside air 
may leak in or any internally circulated gas (e.g., helium) 
may leak out. Thus it is necessary to be able in the Joule 
Thomson valve itself to close both lines to and from the 
refrigerator including the high-pressure and the low-pres 
sure ?uid lines. It should be pointed‘ out that although 
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the Joule-Thomson valve of this invention is particularly . 
suited for accomplishing liquefaction at a point remote 
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from the normal heat exchange environment and initial 
gas expansion, it is also suitable for incorporation in a 
refrigerator or a lique?er. _ 

It is therefore a primary object of this invention to pro 
vide an improved Joule-Thomson valve which‘ can be used , 
externally of a refrigerator to liquefy gas at a point remote 
from the refrigerator. It is another object of this inven 
tion to provide a Joule-Thomson valve of the character 
described which can be accurately controlled at a point 
remote from the actual point of liquefaction. It is an 
other object of this invention to provide such Joule 
Thomson valve which can be closed in order that both the 
low-pressure and high-pressure passages of the lines de 
livering and returning the ?uid can be effectively closed 
thus making it possible to close the Joule-Thomson valve 

Another object is 
to provide an improve Joule-Thomson valve which is effi 
cient in expanding cold high-pressure gas and liquefying 
it. It is yet another object to provide an improve Joule 
Thomson valve which is capable of liquefyinghelium. 

’ Other objects of the invention will in part be obvious and 
will in part be‘ apparent hereinafter. 
The invention accordingly comprises the features of 

construction, combinations of elements, and arrangement 
of parts which will be exempli?ed in the construction here 
inafter set forth and the scope of the invention will be 
indicated in the claims. I. 
For a fuller understanding of the nature and objects of 

the invention reference should be had to the following 
detailed description taken in connection with the accom 
panying drawings in which . 
FIG. 1 is a cross-section of the Joule-Thomson valve 

constructed in accordance with this invention showing the 
valve in a partly opened condition; 
FIG. 2 is a cross-section of the valve of FIG. 1 along 

FIG. 3 is a cross-section of the valve of FIG. 1 along 
line 3—3; 

.FIG. 4 is a cross-section of the valve of FIG. 1 along 
line 4—4; 
FIG. 5 is a cross-section of the valve of FIG. 1 alon 

line 5—5; ‘ ' 

FIG. 6 shows the lower portion of the valve in a fully 
closed position; and 
FIG. 7 shows the lower portion of the valve in a fully 

opened position. 
In the use of the Joule-Thomson valve of this invention 

high-pressure gas ?ows up out of the refrigerator or lique 
?er, which is not a part of this invention, through a vacu~ - 
um insulated dual concentric ?ow passage tube with a 
Joule-Thomson valve located on the end .of the transfer ’ 
tube. This tube is inserted in a suitable dewar and the 
Joule-Thomson expansion and liquefaction takes place 
within the dewar. The valve has a spring loaded self 
centering needle and is designed so that in the fully 
closed position not only the supply circuit but also the‘ 
return passage is shut off. This prevents contaminating . 
?uids from entering the system when the tube‘is removed 
from the helium dewar. The valve adjustment is ac 
complished by means of an adjusting head which is so 
arranged as to result inan effective sixty turns per inch ‘ 
and therefore a ?ne degree of adjustment. 
The valve transfer tube and adjustment mechanism are‘: 

shown in cross-section in FIG. 1. It is presumed that a 
portion of the transfer tube and the valve are within 
the dewar as shown by a fragmentary cross-section of 
the mouth of the dewar 10. The tube is held within ‘the 
dewar and'temporarily sealed thereto through a ?exible 
joining member 11 which may conveniently be an elastic ‘ 
collar. 7 . _ 

The transfer tube itself consists of an inner high-pres 
sure tube 12 which de?nes a high-pressure ?uid passage 
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13. Concentric with tube 12 and surrounding it is low 
pressure tube 14 which with tube 12 de?nes an annular 
passage 15 through which the cold low-pressure ?uid is 
returned for out-of-contact heat exchange with the incom 
ing high-pressure ?uid. Surrounding this low-pressure 
return tube 14 is an outer tubing 16 which with this low 
pressure tube de?nes a concentric annular insulation space 
17 which ‘is evacuated. This evacuation is achieved by 
means not shown and this insulation may extend the length 
of the liquid transfer tube, i.e., from the refrigerator to 
the beginning of the Joule-Thomson valve. Finally, sur 
rounding the entire transfer tube is an outer adjusting 
sheath 18 which with the outer Wall of the transfer tube 
16 forms an annular passage 19 extending the length of 
the sheath and terminating at the point where the adjust 
ing means is located as will be described below. 
The annular space 17 is sealed by plug 22 to make it 

vacuum tight. The bottom portion within this insulation 
space contains absorbing charcoal 23. Inasmuch as this 
space 17 is maintained at a very cold temperature by vir 
tue of its being surrounded on both sides by cold gas, 
some cryopumping takes place and the charcoal serves as 
an absorbent surface for any of the gases which are solidi 
?ed within the evacuated space. 

Attached to plug 22 is the upper end of the main valve 
seat 25 which will be seen to extend downwardly and to 
terminate in an elongated narrow extension 26 which has 
a very small diameter high-pressure channel 27 in ?uid 
communication with and effectively sealed to the high 
pressure ?uid line 13. As will be seen in FIGS. 1 and 2 
the main valve seat 25 has two radial ports 28 which per 
mit the entrance of the cold low-pressure ?uid into the 
low-pressure return passage 15 as will be described in 
more detail below. Joining the main valve seat 25 and 
extension 26 is a conicalsection 29. 
The remaining portion of the Joule-Thomson valve is 

an extension of the sheath 18. It consists of a sheath plug 
30 which de?nes with the main valve seat 25 an annular 
passage 31 which in turn is in ?uid communication with 
radial ports 28 in the main valve seat 25. The sheath plug 
also de?nes an annular passage ,33 with the main valve 
seat extension 26 and access to passage 33 from the interior 
36 of the dewar is afforded by means of radial passages 35 
(FIGS. 1 and 3) in plug 30. The closable passage 34, 
which is between the conical section 29 of the main valve 
seat 25 and shoulder 37 of the sheath plug, completes the 
path by which cold low-pressure gas can be returned from 
the dewar to the refrigerator by means of annular pas 
sage 15., 

In the central portion of the sheath plug 30 is a narrow 
channel 40 in which the valve seat extension 26 is movable. 
Channel 40 opens into a chamber 41 drilled in the plug. 
The outer portion of the upper wall of chamber 41 pro 
vides a force applying ring 42, the purpose of which will 
subsequently be made apparent. Two radial grooves 43 
(see FIG. 4) are cut in the upper wall of chamber 41 and 
two narrow passages 44 are cut along opposite sides of the 
chamber to provide a conduit for lique?ed gas into the 
storage dewar vessel (see FIG. 5). Chamber 41 is closed 
at its lower end, except for the two passages, by a threaded 
end plug 46. 

i The needle 47 of the valve, the up and down movement 
of which controls the opening and closing of the passage 
27 and hence the expansion and liquefaction ‘of the gas, 
is mounted on a horizontal base which can be brought into 
force applying relationship with the force applying ring 42. 
A vertical support and aligning means 49 is in effect an 
extension of base 48, and is slidably movable through end 
plug 46. A spring 50 is located within chamber 41 and 
is adapted to apply an upward force against the bottom of 
needle base 48 to cause the needle to engage the valve seat 
except when the valve is forced open. 

If desired, a diffuser 51 may be a?ixed to the end of 
the plug to provide separation of lique?ed and unlique?ed 
gas. The diffuser illustrated in FIG._ 1 contains bronze 
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wool 52 for this purpose and it is held within the di?user 
by means of a foraminous retaining member 53 (e.g., 
screen) which permits the liquid and gas to ?ow through it. 
Adjustment of the Joule-Thomson valve and its opening 

and closing are controlled through the sheath 18 ?xed to 
the end plug 30 which contains the needle portion of the 
valve. The movement of plug 30 and its associated com 
ponents must be only up and down without effecting any 
rotation. This movement is done through the use of the 
adjusting mechanism illustrated in FIG. 1. This com 
prises ?rst a threaded collar 55 which is permanently af 
?xed to the sheath 18. Inasmuch as the annular passage 
19 is closed it is necessary to provide a suitable sealing ring 
56 within the collar 55 so that the sheath may be moved 
up and down and still maintain a ?uid-tight seal for 
annular space 19. 
A similar threaded collar 58 is permanently a?ixed to 

the tubing 16 and associated with the two threaded collars 
is a threaded adjusting ring 59. The threads on the collar 
58 which is attached to the tubing 16 are 14 threads per 
inch while those which are on the threaded collar 55 
permanently a?ixed to the sheath 18 are 18 threads per 
inch. It will be appreciated that when the threaded ad 
justing ring 59 is turned the net result is to obtain ex 
tremely ?ne adjustments in the upward and downward 
movement of the sheath. This particular combination is 
the equivalent of one adjusting ring having 60 threads 
per inch which makes very ?ne adjustments possible. It is 
not of course practical to cut 60 threads per inch, but the 
differential between the threads in collar 58 and in collar 
55 makes possible extremely ?ne adjustment of the sheath 
and hence of the movement of the needle within the 
valve seat. 
_ FIG. 6 illustrates the I oule-Thomson valve of this inven 
tion in a completely closed condition. It will be noted 
that under these circumstances the sheath has been raised 
to its uppermost position with respect to the remaining 
portion of the transport tube assembly and shoulder 37 of 
the sheath plug 30 engages the conical wall 29 of the main 
valve seat 25. This in effect closes off passage 34 which 
communicates by way of passage 31 and radial ports 28 
into the low-pressure return channel 15. Therefore no 
cold, low-pressure gas can be returned to the system by 
way of annular passage 15 and no contaminating gas can 
enter the low-pressure side of the transfer tube or the an 
nular channel 19. Simultaneously needle 47 is completely 
engaged by the opening in channel 27 to block off chan 
nel 27 so that no high-pressure gas can pass through to be 
expanded and lique?ed. This means that no cold high 
~pressure gas can leak out. In the closed condition illus 
trated in FIG. 6, the transfer tube and expansion valve 
may be removed from the dewar without having to shut 
off the refrigerator. 

In the condition illustrated in FIG. 1 it is possible for 
low-pressure cold gas to return to the refrigerator from the 
interior of the dewar by way of radial passage 33, closable 
passage 34, annular passage 31, radial passages 28 and 
thence into the annular low-pressure cold gas return pas 
sage 15. Under these conditions although liquefaction 
is not taking place the out-of-contact heat exchanger made 
up of the various channels of the transfer tube is being 
maintained in its cold condition so that when high-pressure 
cold gas is again introduced by way of inner passage 13 
into the small passage 27 to be lique?ed it will require 
little if any cooling down. 

Finally FIG. 6 illustrates the condition which obtains 
when the valve is fully open and liquefaction is taking 
place. It will be seen that it is possible then for the high 
pressure cold ?uid to ?ow through passage 13 into pas 
sage 27 and out around the needle 47 for further expan 
sion and liquefaction. Under these circumstances the 
lique?ed gas, along with any unlique?ed gas, passes down 
through grooves 43 and 44 to enter the interior 36 of the 
dewar. That portion of the gas which is lique?ed ac 
cumulates in the dewar while the cold low-pressure gas 
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which is not lique?ed, or which has boiled off in the 
dewar, is returned through the transfer tube and the Joule 
Thomson heat exchanger by means of radial passages 35 
as explained in conjunction with the description of FIG. 1. 
An important feature of the valve system of this inven 

tion is that both the high-pressure and low-pressure sides 
are opened by a positive action, thus always insuring ac 
curate and reliable control over the ?uid ?ow. 

It will therefore be seen that there is provided a unique - 
Joule-Thomson valve which is capable of being inserted 
into a suitable container such as a dewar vessel for lique 
faction of a gas ‘remote from the point at which the 
?rst cooling takes place. The Joule-Thomson valve is 
also so constructed as to make it possible to close it and 
remove it from the dewar ‘or to cease liquefaction while 
retaining the valve and the out-of-contact' heat exchanger 
transfer tube in a cold condition thus requiring essentially 
no cool down before liquefaction is begun again. Fur 
ther the Joule-Thomson valve of this invention provides 
for extremely ?ne adjustments of the valve which is im 
portant in this type of liquefaction. 

Although the Joule-Thomson valve of this invention 
may be used with any cryogenic apparatus capable of 
supplying high-pressure, cold ?uid to it, it is particularly 
suitable for use with the cryogenic lique?er described in 
copending application Serial No. 375,854 ?led in the 
names of Robert W. Stuart, Fred F. Chellis and Walter 
H. Hogan and assigned to the same assignee as this ap 
plication. 

It will thus be seen that the objects set forth above 
among those made apparent from the preceding descrip 
tion are efficiently attained and, since certain changes may 
‘be made in the above constructions without departing 
from the scope of the invention, it is intended that all 
matter contained in the above description or shown in 
the accompanying drawings shall be interpreted as illus 
trative and not in a limiting sense. 

It is also to be understood that the following claims 
are intended to cover all of the generic and speci?c fea 
tures of the invention herein described, and all state 
ments of the scope of the invention which, as a matter 
of language, might be said to fall therebetween. 

I claim: 
1. An apparatus suitable for expanding and liquefying 

a high-pressure cold gas at a point remote from the 
refrigerator in Which said gas was initially cooled, com 
prising in combination 

(a) a transfer-heat exchanger tube adapted at one end 
for attachment to a refrigerator to deliver initially 
cooled high-pressure gas from said refrigerator to 
said remote point and to return cold lowqpressure 
gas from said remote point in out-of-contact heat 
exchange with said high-pressure gas, comprising, 

(1) an inner highqpressure channel, 
(2) an annular low-pressure passage surrounding 

said high-pressure channel, and 
(3) an outer tube de?ning an annular insulating 

_ channel surrounding said low-pressure passage; 
(b) an adjusting sheath surrounding at least a portion 

of said transfer-heat exchanger tube and extending 
to its other end; 

(0) a valve seat permanently af?xed to said transfer 
heat exchanger tube, having a small diameter high 
pressure channel in ?uid communication with said 
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inner-high pressure channel of said tube and radial 
?uid ports communicating with said annular low 
pressure passage of said tube; 

((1) a .plug surrounding a-t-least a portion of said valve 
seat .adapted to seal said sheath and to de?ne with 
said valve seat a ?uid passage into said annular low 
pressure passage of said tube via said radial ?uid 
ports, said ?uid passage being closable by the move 
ment of said sheath relative to said tube, and said plug 
having radial passages communicating between the 
volume surrounding it and said closable ?uid pas 
sage; 

(e) a needle operable within said plug and adapted for 
movement to open and close said small diameter high 
pressure channel in said valve seat to provide with it 
a controllable expansion valve; 

(f) means within said end plug for moving said needle; 
(g) ?uid passage means adapted to discharge lique?ed 

and cold expanded gas to a liquid collection zone; 
(b) means for moving said adjusting sheath with re 

spect to said transfer-heat exchanger tube whereby 
the movement of said needle is effected and the ?ow 
of ?uid is regulated through said closable ?uid pas 

, ~sage. 

2. Apparatus in accordance with claim 1 including a 
spring adapted to exert a force upon said needle to close 
said small diameter high-pressure channel, and wherein 
said means for moving said needle comprises means for 
applying -a positive force, opposed to the force exerted 
by said spring, when said adjusting sheath is moved to i 
open said closable ?uid passage. 

3. Apparatus in accordance with claim 1 wherein said 
.valve seat has a conical‘ section and said plug has a 
shoulder engageable with said conical section of said valve 
seat thereby-in their engaged position to e?ect closing 
of said closable passage. ' V 

4. Apparatus in accordance with claim 1 wherein said 
means for moving said adjusting sheath with respect to 
said transfer-heat exchange tube comprises 

(a) a ?rst threaded collar a?ixed to the end of said 
adjusting sheath and movable in ?uid-tight contact 
along the outer surface of said annular insulating 
channel to seal the passage between said tube and 
said sheath; ' 

(b) a second threaded collar a?ixed to said outer tube 
above said ?rst threaded collar and having a lesser 
number of threads per inch than said ?rst threaded 
collar; and ~ 

(c) an adjusting ring having a ?rst threaded portion 
adapted to turn on said ?rst collar and a second 
threaded portion adapted to turn on said second col 
lar thereby to provide precise movement of said 
adjusting sheath with respect to said transfer-heat 
exchange tube and to open and close said high-pres 
sure channel and lowapressure passage in said tube. 

5. Apparatus in accordance with claim 1 including a 
diffuser associated with said ?uid passage means ‘adapted 
to discharge lique?ed and cold expanded gas. 
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