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CRYOSTAT CONTROLv 
BACKGROUND OF THE INVENTION 

Joule-Thomson effect cooling devices, commonly re 
ferred to as cryostats, as well known in the art to pro 
duce cryogenic temperature levels. The cryostats may 
be employed to maintain radiation sensing devices at 
the extremely low temperatures required. Examples of 
conventional Joule-Thomson effect cryostats maybe 
found in U.S. Pat. Nos. 2,991,633, 3,095,711, 
3,353,371, 3,415,078 and 3,431,750. I 
In order to achieve a rapid initial cool-down, large 

coolant or refrigerant flows are required in conven 
tional cryostats. Only a fraction of this cool-down flow 
is, however, needed for steady state‘operation of the 
cryostat. Thus, a cryostat designed to meet the initial 
cool-down flow requirements would be inherently inef 
ficient during steady state operation, while a more ef?~ 
cient steady state flow design would have an exces 
sively long cool-down period. 

' Since in many cryostat applications the coolant or re 
frigerant flow is limited by the available supply, tech 
niques have been developed to provide suf?cient cool 
down ?ow without providing excessive steady state 
?ow. While certain self-regulating flow control mecha 
nisms have been developed for cryostats, these mecha 
nisms, which have been either thermal-mechanical, 
electro-mechanical, or chemical in nature, have been 
rather complicated, overly complex and often prone to 
operational difficulties. All rely upon external forces, 
thus consuming energy such as electrical power and all 
include at least some moving parts. In some cases the 
basic cooling characteristics of the cryostat have been 
altered by the ?ow regulating mechanism. 

SUMMARY OF THE INVENTION 
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The invention is directed to a cryostat flow control in _ 
which the refrigerant flow rate is controlled by the ad 
dition of a contaminant or foreign fluid to the refriger 
ant. After initial cool-down, the contaminant, having a 
higher solidi?cation point than the refrigerant, will so 
lidify in the cryostat and cause a partial or complete re 
frigerant flow stoppage. When the refrigerant ?ow is 
thus reduced or stopped, refrigeration slows or ceases 
with a resultant rise in cryostat temperature which in 
turn then melts the solidi?ed contaminant. The refrig 
erant ?ow will then resume until the temperature is 
again reduced to freeze up or solidify the refrigerant 
contaminant. 
The alternate freeze-up and melting cycle achieves a 

greatly reduced average steady state refrigerant flow 
rate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic illustration of a cryostat utiliz 
ing the control of the present invention. 
FIG. 2 is an enlarged section view of a portion of the 

heat exchanger tube of the cryostat of FIG. 1. 
FIG. 3 is a graphical representation of the opera 

tional cycle of a cryostat having the flow control of the 
present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The cryostat control of the present invention is appli 
cable to any type of cryostat (counter?ow, regenera 
tive, Joule-Thomson expansion, etc.). For purposes of 
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2 
illustration, a Joule-Thomson expansion cryostat 10 
having a coiled tubing heat exchanger 12 and liquid re 
frigerant reservoirv 14 is illustrated in FIG. 1. A high 
pressure refrigerant gas supply 16 provides refrigerant 
to the heat exchanger '12 through a control valve 18. 
The refrigerant cooled in the inlet side of the heat ex 
changer 12 is expanded through an expansion valve 20, 

I or alternately through a nozzle or ori?ce, and collected 
in the liquid refrigerant reservoir 14. The liquid refrig 
erant is then discharged from the cryostat 10 through 
a refrigerant exhaust‘ 22 after passing through the other 
side (outlet side) or heat exchanger 12. 

Initially, the refrigerant gas is at the same tempera 
ture as its surroundings. When admitted to the cryostat 
10 it passes throughthe inlet side of the heat exchanger 
12 and out from the heat exchanger 12 through the ex 
pansion valve or nozzle 20. As the refrigerant expands 
through the expansion valve 20, it drops in temperature 
because of the Joule-Thomson effect. This lower tem~ 
perature refrigerant is then forced through the outlet 
side of the heat exchanger 12 and thereby decreases 
the temperature of the incoming refrigerant. This in 
coming refrigerant then expands through the expansion 
valve 20 and drops to an even, lower temperature than 
the preceding increment of refrigerant. This process 
continues until such time that the refrigerant becomes; 
lique?ed at the expansion nozzle 20. The system then 
remains stabilized at the boiling temperature of the re 
frigerant. . 

In order to effect control of the cryostat 10 in accor 
dance with the present invention, a gaseous contami 
nant or foreign ?uid is'introduced into the refrigerant 
from a contaminant supply 24. A mixing chamber 26 
may be provided to uniformly distribute or disperse the 
contaminant vapor throughout the refrigerant supplied 
to the cryostat 10. Alternately other methods of agita 
tion, stirring, or heating may be utilized for this pur 
pose. 
As illustrated most clearly in FIG. 2, once cool-down 

has been achieved, the contaminant 30, having a solidi 
?cation temperature higher than that of the refrigerant, 
will precipitate out of solution from the refrigerant and 
freeze-up. This will reduce and eventually block the 
flow of refrigerant through the heat exchanger tube 28. 
As the refrigerant flow is reduced, refrigeration slows 
or ceases until the cryostat temperature rises and melts 
the solidi?ed contaminant. Refrigerant ?ow then re 
sumes and decreases the cryostat temperature until the 
contaminant blockage occurs again. The cycle of alter 
nate freeze-up and melting occurs indefinitely until the 
refrigerant supply is stopped. The operation of the 
cryostat is graphically illustrated in FIG. 3. 
The type of contaminant, ratio of contaminant 

weight to refrigerant weight and the type of refrigerant 
can be varied to accommodate any desired cooling 
cycle and cryostat con?guration. The maximum tem 
perature reached during cycling, and the frequency of 
the cycling is dependent upon the percentage by weight 
of contaminant in the refrigerant gas supply. 

In a 0.118 inch diameter, 11/: inch long, ?nned tube 
cryostat, having a gas-?ow rate of 1.1 standard liters 
per minute of 16% Freon-l4 and 84% Freon-23 at a 
supply pressure of 500 pounds per square inch, 10 parts 
per million by weight of water vapor as a contaminant 
in the refrigerant will cycle the refrigerated tip of the 
cryostat from 250° Kelvin to 170° Kelvin at about 10 
second intervals. While the exact location of the refrig 



3,885,939 
3 

erant ?ow blockage was not determined, it is believed 
to occur near or at the expansion nozzle. 
Any desired coolant cycle can be tailored by proper 

selection of the refrigerant and contaminant in the 
proper proportions. A list of possible cooling cycles is 
provided below. 

Temperature Range Refrigerant Contaminant 

l95°- 275°K Freon - 23 Water Vapor 
145° - 275°K Freon - 14 Water Vapor 
145° — l65°K Freon ~ 14 Xenon 
l 12° - 165°K Methane Xenon 
88° — 120°K Argon Krypton 
78° - 120°K Nitrogen Krypton 
78°— 95°K Nitrogen Methane 

This ?ow regulation control utilizes the cooling ca 
pacity of the refrigerant to solidify the introduced con 
taminant in the refrigerant within the cryostat flow pas 
sages. There are no moving parts or external forces re 
quiredlfor ?ow control and the basic cooling character 
istics of the refrigerant are not altered. 

In this manner the full refrigerant flow is available for 
the initial cryostat cool-down which occurs well above 
the solidi?cation point of the contaminant. Once, how 
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4 
ever, the cryostat operating temperature is achieved, 
the cyclical freeze-up will signi?cantly reduce the ?ow 
of refrigerant ?ow through the cryostat. 
While speci?c embodiments of the invention have 

been illustrated and described, it is to be understood 
that these embodiments are provided by way of exam 
ple only and that the invention is not to be construed ' 
as being limited thereto, but only by the proper scope 
of the following claims. 
What I claim is: 
l. In combination: 
a cryostat including a coiled tube heat exchanger; 
a high pressure refrigerant gas supply to provide a re 

frigerant to said cryostat, said refrigerant compris 
ing a mixture of 16% Freon-l4 and 84% Freon-23; 
and 

means to introduce a contaminant into the refriger 
ant for said cryostat, said contaminant comprising 
10 parts per million by weight water vapor, said 
contaminant having a solidi?cation point above 
that of the refrigerant to alternately freeze and melt 
in the coiled tube heat exchanger of said cryostat 
to reduce the flow of refrigerant through said cryo 
stat. 
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