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This invention relates to a system for the automatic 
transfer of cryogenic liquid from a cold source to a stor 
age vessel. More particularly, the present system trans 
fers cryogenic liquid which is condensed on the cold sur 
face of the cold source to a remotely located dewar con 
tainer. 

It is an object of the present invention to provide the 
transfer of cryogenic liquid from the cold source to the 
storage vessel by means of a pressure feed utilizing the 
vacuum produced by the condensing of gas due to the 
cold made ‘by the cold source. 
Another object of the present invention is the provision 

of an envelope ?lled with a clean neutral gas in which is 
housed both the dewar and a miniature cold gas re 
frigerator. This arrangement could be used for recon 
densing and the subsequent cooling of a specimen or 
object to be cooled. 
The above and other features, objects and advantages 

of the present invention will be fully understood from the 
following description considered in connection with the 
accompanying illustrative drawings. 

FIG. 1 is a diagrammatic view of the system for trans 
‘fer of cryogenic liquid from a cold source to a storage 
vessel in accordance with the teachings of the present 
invention. 

FIG. 2 is a diagrammatic view of \a modi?cation there 
of and 

FIG. 3 is a diagrammatic view of a valve used in the 
present system. 

Referring more particularly to the drawings and espe 
cially to FIG. 1 wherein is shown a cryogenic liquid 
transfer system using as a driving force the vacuum pro 
duced by the condensing of gas due to the cold produced 
at the head 10 of a cold gas refrigerator ‘(not shown). 
The head 10 is encapsulated in a container 12 ‘which forms 
the space for the condensed gas. Both the head 10 and 
the container -12 are housed in a vacuum jacket 13. Two 
?exible tubes or conduits '14 and 16 are connected in the 
liquid container 12. Tube 16 has one end affixed to the 
container 112 and the other end to the vacuum space 18 
in the gas container 20, while tube 14 has one end con 
nected to the bottom of the container 12 and the other 
end comunicating with the dewar or storage vessel 22. 
The gas container 20 is provided with a pressure space 

24 located above the vacuum space 18, which spaces are 
separated by a wall 26. A valve 28 connects the vacuum 
space 18 and the pressure space 24. The valve ‘28 oper 
ates automatically when the pressure difference between 
the two spaces reaches an established AP. A tube or 
conduit 30 connects the dewar 22 with the gas container 
20, with the latter having a non-return valve ‘34 at the 
gas inlet 32. 
The present system operates as ‘follows: The system is 

?lled with gas, for example N2. The cold gas refrigera— 
tor is made operative. The cold produced on the head 
10 will condense the N2 and the pressure will drop in the 
whole system with the exception of space :24 in the gas 
container 20. When a small amount of liquid N2 is col 
lected in the bottom of the container or vacuum jacket 
12 encapsulating the cold head 10 of the cold gas re 
frigerator, the pressure of the gas will become so low 
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that valve 28 will open, that is AP=5 p.s.i.-a. if the sys 
tem at the start is at atmospheric pressure. At that time, 
the gas under pressure in space 24 will be forced into the 
vacuum space 18, through the conduit 16 to the condens 
ing area surrounding the head 10 of the cold gas refriger 
ator thereby pushing the liquid N2 in the bottom of the 
container 12 through the tube '14 to the dewar 22. The 
dewar 22 will then function as a gas-liquid separator in 
which the liquid remains in the bottom of the dewar 22 
and the gas therein ?ows to the pressure space 24 through 
the non-return or one-way valve 34. When pressure in 
the pressure space ‘24 and pressure in the vacuum space 
18 of the gas container 20 are close to equilibrium the 
valve 28 will close automatically and the cycle will start 
from the beg-inning. It should be apparent that the opera 
tion of valve 28 will regulate the length of the cycle time 
and the amount of liquid transferred during each cycle 
from the space 12 to the dewar 22. The valve 28 should 
have a delayed action to permit the equalization of pres 
sures in the high pressure space 24 and the vacuum 
space 18. The gas container 20 is also provided ‘with a 
safety valve .36 and a valve 40, the latter being connected 
to the source of gas or the atmosphere. Attached to 
and communicating with high pressure space 24 is a 
gauge 38. 
The valve 28 is more clearly seen in FIG. 3 and dis 

closes a bellows 42, which if necessary could be spring 
loaded, and a capillary tube 44 connected to the bellows 
and communicating with the vacuum space 18. The 
valve 28 is also provided with an opening 46 as well as 
the closable valve opening 48. Thus, when the pres 
sure diiference AP between the pressure space 24 and 
the vacuum space 18 arrives at a predetermined value, 
the bellows 42 will compress thereby opening the valve 
opening 48 of valve 28, thus permitting the gas from 
the pressure space to escape through opening 46, valve 
opening 48 and thence into vacuum space 18'. There 
after, when the pressure is equalized in the system the 
bellows 42 expands and the valve 28 closes. The ?ow 
through the capillary tube 44 will ?ll the bellows 42 in 
a given time which will permit pressure equilibrium 
in the system. By adjusting the length of the capillary 
tube 44 the necessary time lag to achieve the correct 
timing of the valve opening and closing is achieved. 

It should be noted that in the present system when 
due to the cold production produced by a cold gas refrig 
erator, the gas contained in the system, i.e., dewar 22, 
container 12 and conduits 14 and 16, will partially lique 
fy and the pressure in the system will drop. The time re 
quired to lower the pressure depends on the volume of 
the system, the cold production of the refrigerator and 
the gas used for liquefaction. For example, with a 
certain volume of the system and a certain amount of cold 
production of the refrigerator at a LNz temperature level 
and N2 used for liquefaction there is a time interval be 
tween openings of the valve 28 which will produce a 
required pressure drop during the time when the valve 
28 remains open. This produces the transfer of LN2 
from the space 12 to the dewar 22. It should also be 
noted that the function of the solenoid valve illustrated 
in FIGURE 2, as well as the timer, replaces the bellows 
valve ‘and capillary tube shown in FIGURE 1. 
FIG. 2 discloses a modi?cation of the system illustrated 

in FIG. 1. In FIG. 2, the entire system is installed in an 
envelope 50 which is ?led with a clean, neutral gas and 
which could be used for recondensing and subsequent 
cooling of a specimen present in the dewar 22. In this 
construction, the pressure space of gas container 20 is 
replaced by the envelope 50. Non-return valve 34 is 
mounted directly on the dewar 22 and the valve 28 on 
the cold gas refrigerator. If the cold gas refrigerator is 
installed outside of the envelope, valve 28 will have to 
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be brought inside the envelope 50 and located therein. 
The solenoid valve 28 and timer permit the equaliza 
tion of the pressure in the space 50 and inside of the sys 
tem, the latter including the dewar 22, container 12 and 
?exible tubes 14 and 16. The interval of time for open 
ing the solenoid valve will be relatively short to permit 
equalization of pressure and to transfer the liquid in 
container 12 to dewar 22. The time during which the 
solenoid valve is closed will be relatively long and will 
depend upon the cold production of the unit since during 
this period a sui?cient amount of liquid will be accu 
mulated in container 12. ' 

While I have shown and described the preferred em 
bodiment of my invention, it will be understood that the 
latter may be embodied otherwise than as herein specif 
ically illustrated or described and that in the illustrated 
embodiment certain changes in the details of construc 
tion and in the arrangement of parts may be made With 
out departing from the underlying idea or principle of 
the invention within the scope of the appended claims. 
WhatIclaim is: 
1. An automatic liquid transfer system containing gas 

comprising a cold source, a liquid container operatively 
connected to said cold source, a gas container divided 
into two spaces and provided with .a normally-closed valve 
adapted to communicate with both spaces of said gas 
container, one space of said gas container being at a 
pressure and the other space being a vacuum, a storage 
vessel for said liquid, a ?rst line connecting said cold 
source liquid container with the vacuum space. of said 
gas container, a second line connecting said cold source 
liquid container to said storage vessel, a third line con 
necting said storage vessel to said gas container, said 
cold source liquefying said ‘gas, said liquid being trans 
ferred from said cold source liquid container to, said 
storage vessel by means of the pressure drop in the sys 
tem causing said valve to open and said gas under pres 
sure to force said liquid into said storage vessel through 
a selected line, and said third line leading the vapors 
generated from said transferred liquid in the storage ves 
rsel to the pressure space in one direction only. 

2. An automatic liquid transfer system containing gas 
comprising a cold source, a liquid container operatively 
connected to said cold source, a gas container divided 
into two spaces and provided with a normally-closed valve 
adapted to communicate with both spaces of said gas 
container, one vspace of said gas container being at a 
pressure and the other space being a vacuum, a storage 
vessel for said liquid, a ?rst line, connecting said cold 
source liquid container with the vacuum space of said 
gas container, a second line connecting said cold source 
liquid container to said storage vessel, a third line con 
necting said storage vessel‘ to said gas container, said cold 
source liquefying said gas, said liquid being transferred 
from said cold source liquid container to said storage 
vessel by means of the pressure drop in the system caus 
ing said valve to open and said gas under pressure to 
force saidliquid into said storage vessel through a se 
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lected line, and said third line having a one-way valve 
therein. 

3. An automatic liquid transfer system containing 
gas comprising a cold gas ‘refrigerator provided with a 
cold head. an enclosure encapsulating said cold head, a 
gas container divided into two spaces and provided with 
a normally-closed valve adapted to communicate with 
both spaces of said gas container and a plurality of con 
duits connecting the enclosure of the cold head of said 
cold gas refrigerator to said gas container and storage 
vessel, one space of said gas container being at a pressure 
While the other space is at a vacuum, said liquid being 
transferred from the enclosure to said storage vessel by 
means of the pressure drop in the system causing said 
valve to open and said gas under pressure to force said 
liquid into said storage vessel through a selected conduit, 
and means for leading the vapors generated from said 
transferred liquid in the storage vessel to the pressure 
space in one direction only. 

4. An automatic liquid transfer system as claimed in 
claim 1 wherein said valve includes a bellows and a 
capillary tube connected thereto and in communication 
with said vacuum space. 

5. An automatic liquid transfer system as claimed in 
claim 4 wherein the length of said capillary tube deter 
mines the amount‘of time lag for determining the timing 
of said valve opening and closing. 

6. An automatic liquid transfer system containing gas 
comprising a cold source, a liquid container operatively 
connected to said cold source, an enclosure for said cold 
source, a storage vessel for said liquid and a ?rst tube 
connecting said liquid container to said storage vessel, a 
timer and valve, said valve being operated by said timer 
to transfer liquid from said container about said cold 
source to said storage vessel, and a sealed envelope ?lled 
with a neutral gas having said cold source, storage ves 
sel, timer, valve and associated tubes located therein, 
said valve having a valve inlet" in communication with 
the interior space of said sealed envelope and said 
.valve being provided with a'second connected to said 
cold source liquid container, and means for leading the 
vapors generated from said- transferred liquid in said 
storage vessel to said sealed envelope in one direction 
only. ‘ - - ' 

7. An automatic liquid transfer system as claimed in 
claim 6 further comprising -a one-way valve mounted 
directly on said storage vessel permitting the gas therein 
to escape into the interior of said envelope. 
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