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(57) ABSTRACT 
A method of conserving the refrigeration value of a 
dewar by increasing the thermal conductivity of a 
selected portion of an otherwise low thermal conduc 
tivity conduit and restricting the effective cross sec 
tional area along at least as much as the conduit as the 
higher conductivity portion so as to increase the 
velocity of the boil-off gases and permit more of the 
refrigeration value of the boil-off gas to pass through 
the conduit's high conductivity portion from which the 
refrigeration is directed into the dewar's vacuum 
space. 

A preferred structure for performing the above 
method includes a high thermal conductivity collar 
about the conduit and a high conductivity shield ex 
tending from the collar into and through the dewar's 
vacuum space. A second tube is placed within the 
conduit to form an annular space therebetween. One 
end of the second tube is closed so that the boil-off 
gases are forced through the annular space which is 
filled with a fine fibrous relatively non-conductive 
packing material in an area that extends for a distance 
at least as long as the collar. In this manner, the boil 
off gas velocity is increased as it passes through the 
packing material and results in an increase in the 
transfer of the boil-off gas' refrigeration value to the 
collar, shield, and vacuum space. 

32 Claims, 3 Drawing Figures 
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METHOD AND APPARATUSFOR COOLINGA 
CRYOGENICSTORAGE CoNTAINER 

Many systems have been devised for limiting the heat 
that is permitted to leak into cryogenic storage vessels. 
Several such systems relate to structures for recovering 
some of the refrigeration value from the gases which 
boil out of the vessel's interior. Devices of this type are 
described in U.S. Pat. Nos. 3,133,422 and 3,341,052. 
The structures described therein include a plurality of 
highly conductive shields in the vessel's vacuum space. 
The shields are affixed to a heat absorbing fluid conduit 
so that refrigeration from boil-off gases passing through 
the conduit is first given up to the conduit and then 
passed on to the shields so as to cool the vacuum space. 
It is an object of this invention to provide a method and 
apparatus for further increasing the amount of boil-off 
gas refrigeration that is transmitted to the vessel's 
vacuum space... . . . . . 
. A drawback of previous devices is that relatively 
large numbers of shields have been required, thereby 
resulting in structural complexity and expense, particu 
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larly in the case where fins have been included in the 
interior portions of the conduit. Consequently, another 
object of this invention is to provide a method and ap 
paratus for maintaining a high rate of refrigeration 
transfer from the vessel's boil-off gas to the vessel's 
vacuum space while at the same time reducing the 
number of shields that are required. 
The use offins on the interior portions of the vessel's 

conduits has been limited to use by either relatively 
large conduits or has required impractical and complex 
manufacturing procedures. Hence, it is another object 
of this invention to provide a structure which has a very 
high rate of transfer of boil-off gas refrigeration to the 
vessel's vacuum space even though the particular con 
duit may be of small diameter. 

In accordance with the principles of the invention, 
the vessel's fill and vent conduits are comprised of a 
low thermal conductivity material. A selected portion 
of the conduit intermediate its ends is surrounded by a 
high thermal conductivity collar which functions to 
provide a highly conductive zone of the surrounded 
tube. The collar should be at least one inch long so as to 
make at least that much of the conduit highly thermally 
conductive. In addition, the velocity of the boil-off 
gases is increased in the portion of the conduit sur 
rounded by the collar by means of a packing material. 
It has been found that this increase in velocity also in 
creases the refrigeration that is transferred from the 
conduit's boil-off gas to the collar. It has also been 
found that results are still further increased if the 
packing is comprised of a fine fibrous low conductivity 
material such as terepthalic ester polymer fibers that 
are packed in the conduit for at least as much of its 
length as is surrounded by the collar. A shield which ex 
tends through the vessel's vacuum space is then at 
tached to the collar so that the thusly transferred 
refrigeration is distributed through the vessel's vacuum 
space. In this respect, in order for the refrigeration to 
travel to the shields, the highly conductive collar 
should surround the conduit at an area that is colder 
than the shield would be if not connected to the collar. 
The foregoing and other objects, features, and ad 

vantages of the invention will be apparent from the 
more particular description of preferred embodiments 
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2. 
thereof as illustrated in the accompanying drawings, 
wherein the same reference numerals refer to the same 
parts throughout the various views. The drawings are 
not necessarily intended to be to scale, but rather are 
presented so as to illustrate the principles of the inven 
tion in clear form. 

In the drawings: 
FIG. 1 is a pictorial view of a dewar vessel of the type 

in which this invention finds particular utility; 
FIG. 2 is a fragmentary sectional view taken along 

the arc 2-2 in FIG. 1; 
FIG. 3 is an alternative embodiment of the invention 

which is particularly suited for use with relatively small 
conduits such as vent lines. 

In FIG. 1 a conventional dewar vessel 10 has a neck 
portion 12 having an outlet tube 14, extending 
therefrom. The neck 12 is equipped with a flanged cap 
16 having a relief valve 18 therein. This structure has 
been cut-away in FIG. 2 which illustrates the vessel 10 
as having an outer shell 20 enclosing an inner container 
22 for a cryogenic fluid, not shown. The space between 
the two walls 20 and 22 is evacuated to form an insulat 
ing vacuum space 24. 
The vacuum jacket preferably contains one or 

another of a variety of bulk insulation materials. One of 
the more satisfactory types of bulk insulations is com 
prised of a plurality of radiation barriers 26 which are 
separated from each other by a suitable low conductive 
fibrous material 28. For purposes of simplicity, only a 
small portion of that type of insulation is illustrated in 
the drawings, but in practice the vacuum space 24 is 
usually substantially completely filled with such a 
laminated insulation. In this respect, a multi-layer insu 
lation of this type is described in more detail in an arti 
cle by Dr. Richard H. Kropschot of the National Bu 
reau of Standards. This article appears in the March 
1961 issue of Cryogenics, Vol. 1, No. 3, and is entitled 
“Multiple Layered Insulation for Cryogenic Applica 
tion'. A suitably opacified powder type of insulation 
can also be employed in the vacuum space. These mat 
ters, however, form no part of the instant invention and 
will not be further discussed. 
The inner container 22 is supported from the outer 

shell 20 by means of a low thermally conductive neck 
tube or conduit 30 which is preferably made of a 
fiberglass reinforced epoxy resin or stainless steel and 
should have as thin a wall as possible, compatible with 
the strength required to support the inner container 22 
and its contents. The neck tube 30 is surrounded by a 
collar 32 of a highly thermally conductive material 
such as aluminum, and is suitably affixed to the exterior 
of the neck 30 so as to insure good thermal contact 
therebetween. The collar 32 functions to increase the 
thermal conductivity of the portions of the neck tube 
30 which it surrounds. In this respect, it has been found 
that the height of the collar (between lower surface 34 
and upper surface 36) should be a minimum of about 1 
inch in order to provide a suitably wide area of the neck 
tube 30 having an increased thermal conductivity. Col 
lars as high as four inches have also been found 
satisfactory, but it should be noted that the tempera 
ture differential between surfaces 34 and 36 of the col 
lar is only a few degrees. Hence, the effective thermal 
length of the neck tube 30 is reduced. The overall 
length of the neck tube 30 should be proportionately 
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increased, therefore, to maintain a sufficiently small 
transfer of heat from the vessel's surroundings, down 
the neck tube 30 to the inner container 22. 
A highly thermally conductive shield 38 is affixed to 

the collar 32 so as to surround the inner container 22 
within the vacuum space 24; and a second low thermal 
conductivity tube 40 is located within the neck tube 30 
to form an annular space 42 between the two tubes. 
The top of the inner tube 40 is covered by a cap 44 hav 
ing a pressure relief member mounted therein. Hence, 
boil-off gases from the container 22 are forced to travel 
upwardly through the annular space 42 and out a vent 
hole 48 in the neck tube 30 so as to be exhausted 
through the outlet tube 14. 

In the absence of its connection to the collar 32 the 
shield 38 would be at a given temperature depending 
upon its location between the outer and inner vessel 
walls 20 and 22. Consequently, in order for the boil-off 
gas refrigeration to be passed on to the shield, the col 
lar 32 should surround an area of the outer conduit 30 
that is at a temperature lower than that of an uncon 
nected shield similar to 38. 
A fine fibrous low conductive packing material 50 is 
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comprised of terephthalic ester polymers, one type of 25 
which is identified by the trademark "DACRON'. 
Such fibers having diameters of greater than about 10 
microns, but less than about 100 microns are placed in 
the annular space 42 adjacent the collar 32. In this 
respect, packing materials have also included metal 
wool, highly conductive screening, and a narrow metal 
ic ribbon, but as will be described shortly, better results 
are obtained when the relatively non-conductive 
fibrous packing material is used. A packing material of 
either type functions to restrict the cross sectional area 
of the annular space 42 and increase the velocity of the 
boil-off gas as it passes the area of the collar 32. In ad 
dition, the fine fibrous fibers dampen certain heat 
producing vibrations which tend to occur otherwise. 
The packing material also causes an increase in the tur 
bulence of the boil-off gas and in addition, in the case 
of the metallic packing, provides a path for the transfer 
of cold from the inner tube 40 to the outer tube 30. 
Whichever type of packing is used, the increased 
velocity of the boil-off gas causes an increase in the 
refrigeration that is transferred to the collar 32, the 
shield 38 and the vacuum space 24. Packing plugs have 
certainly been used in the past to restrict gas flow. 
Frequently, however, such plugs have caused problems 
because they have encouraged the formation of frozen 
air in the vessel's neck tube. The instant structure 
avoids the undesirable effects of this problem because 
in the event of such freezing the vessel's boil-off gases 
can still exit through the inner conduit 40 and the pres 
sure relief valve 18. 
The above described structure also provides substan 

tial increase in the surface area to which the refrigera 
tion value of the boil-off gas can be transferred. That is, 
the boil-off gases pass over all of the surfaces of the 
packing material as well as the inner and outer tube 
surfaces adjacent the packing material. Hence, the 
refrigeration value of the boil-off gas is transferred to 
the collar 32 by both forced gas convection as the gas is 
forced through the annular space at a high velocity; and 
at least where metallic packing is employed by solid 
conduction from the inner tube 40, through the metal 
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4 
lic packing material and through the portion of the 
neck 30 that is surrounded by the collar 32. In these 
respects, it should be noted that best results are ob 
tained when the packing material extends along at least 
as much of the length of the annular space as is sur 
rounded by the collar 32. 
On occasion, the boil-off gas flows out of a dewar 

vessel at an excessively high rate. This occurs, for ex 
ample, during filling or perhaps when this vessel is 
damaged and its vacuum is lost. For this additional 
reason, therefore, it has been found desirable to in 
clude the pressure relief valve in communication with 
the central tube 40. 

It has been found that the above described structure 
results in both a minimum tendency for heat to flow 
downwardly into the interior portions of the storage 
vessel while still permitting the transfer of a considera 
ble amount of the boil-off gas refrigeration to be trans 
ferred to the vessel's vacuum space. Moreover, this is 
accomplished by the relatively simple structure of a 
collar 32 surrounding the low thermal conductivity 
neck tube 30 and the annular portion between the 
inner and outer tubes having an increased flow velocity 
by means of a packing extending along at least as much 
of the annular space as is surrounded by the collar. This 
structure, therefore, eliminates the need for the large 
plurality of heat transfer shields that have previously 
been used. Hence, the structure of the invention 
reduces both the cost and complexity of the dewar's 
fabrication, and at the same time provides an increase 
in the vessel's overall insulation efficiency. Moreover, 
the vessel's efficiency is still further increased where a 
fine fibrous low conductive packing is employed. 
The annular space 42 between the inner and outer 

tubes 40 and 30 is preferably about one-sixteenth to 
one-eighth inch wide and the height of the collar is 
preferably between about 1 to 4 inches for dewars hav 
ing capacities of between 50 to 500 liters. The height of 
the collar 32 can be varied from this height range, but 
the effectiveness thereof is rapidly decreased when it is 
less than one inch in height; and a height of more than 
about four inches would sometimes result in an incon 
veniently long neck tube. 
As noted above, in one preferred embodiment of the 

invention, the packing material was comprised of fibers 
of terephthalic ester polymers of between about 10 and 
100 microns in diameter. This fine fibrous packing was 
placed in a low thermal conductivity conduit of a 50 
liter dewar in the manner described above and the 
dewar was subjected to heat transfer tests to determine 
its boil off rate. In this respect, the vessel's loss rate was 
only 1.2 percent per day which is a substantial improve 
ment over the heat loss that is expected for correspond 
ing vessel's that lack the improvements of this inven 
tion. In fact, it is even a substantial improvement over 
an otherwise similar test dewar which used only a % 
inch copper screen packing within a 1 inch collar. That 
"copper screen dewar' had an indicated heat loss of 
1.6 percent per day which itself is quite an improve 
ment over corresponding but otherwise conventional 
dewars. But, the fine fiber packing embodiment 
represents a 25 percent improvement over even the im 
proved results obtained by the "copper screen dewar' 
Hence, it will be appreciated by those skilled in the art 
that the invention provides admirable results even 
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though they are obtained in a manner which is in many 
respects less complicated then the prior art. 

It has also been found that additional shield and col 
lar structures can be employed satisfactorily. In this 
event, however, the collar 32 corresponding to the 
colder of the two shields should be made shorter than 
the collar for the warmer shield. But in any case, for a 
given amount of boil-off gas refrigeration that is trans 
ferred into the vessel's vacuum space, the required 
number of shields 38 does not approach the number 
that have been required in the prior art devices which 
have not employed elements corresponding to collar 32 
in combination with related restricted-flow portions 
such as that provided by the packing material 50 placed 
in the annular space 42 of the instant structure. 
Thus far, the invention has been described in terms 

of a relatively large neck tube which is used to support 
the vessel's inner storage container. Frequently, how 
ever, small vent tubes extend from the vessel's inner 
container, and through the vacuum space to the outer 
wall. Although it might not be practical to install a 
separate tube inside of such a vent line, it is neverthe 
less practical to practice the invention's broader con 
cepts. For example, with reference to FIG. 3, a vent 
line 60 extends from the vellel's inner wall 22 to its 
outer wall 20. In this respect, the vent tube 60 is illus 
trated as being straight, but conventionally, such tubes 
are bent several times for any number of reasons prior 
to the time that they emerge from the vessel's outer 
wall. The vent tube 60 is surrounded by a collar 62 cor 
responding to a collar 32 in the neck-tube embodiment 
of the invention. The collar 62 has a lower surface 64, 
an upper surface 66, and is connected to a shield 68 
which extends throughout the vessel's vacuum space in 
the same manner as was described above. 
The vent tube 60 is filled with a terephthalic ester 

polymer fiber packing material 70 in the cross section 
of the tube extending at least along the length bounded 
by the lower and upper surfaces 64 and 66 of the collar 
62. In this manner, the packing material 70 functions to 
most efficiently, increase, both the velocity and turbu 
lence of the boil-off gases through tube 60. 

Both the increased velocity and the increased turbu 
lence are effective to increase the rate of transfer of the 
refrigeration from the boil-off gas to the portion of the 
wall 60 that is surrounded by the collar 62. Hence, the 
amount of refrigeration that is permitted to pass from 
the collar 62 to the shield 68 is increased considerably 
over the amount of refrigeration that would be trans 
ferred in the absence of either the collar or the packing. 
Moreover, as in the case of the first embodiment, the 
above described structure eliminates the need for the 
previously required large number of shields while at the 
same time providing a low thermally conductive vent 
tube material so as to decrease the amount of heat 
flowing into the vessel through the walls of the vent 
tube 60 from the surrounding air to the inner container 
22. 
While the invention has been particularly shown and 

described with reference to preferred embodiments 
thereof, it should be noted that various changes in form 
and details may be made therein without departing 
from the spirit and scope of the invention. For example, 
although the invention has been described in connec 
tion with a standard neck-type of dewar, it will be ap 
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6 
preciated by those skilled in the art that the invention is 
equally applicable to the larger horizontal types of 
dewars, such as those that are sometimes mounted on 
mobile platforms. Similarly, the conduit can have the 
highly thermally conductive portion formed as a part 
thereof rather than as a collar; and part of the restricted 
portion of the conduit can be obtained by reducing its 
diameter at a selected section. Such modifications will 
be contemplated by those skilled in the art, however, 
and will not be described in more detail. 
The embodiments of the invention in which an exclu 

sive property or privilege is claimed are defined as fol 
lows: 

1. In a double walled cryogenic storage vessel having 
a cold storage container wall separated from a warm 
outer wall by a vacuum space in which at least one 
radiation shield is located, and being of the type in 
which a low thermal conductivity conduit of a given 
cross sectional area extends from said container wall 
through said vacuum space to said outer wall, the 
method of conserving the refrigeration value of the 
boil-off gases from said container comprising the steps 
of: 

increasing the effective thermal conductivity 
between the low thermal conductivity conduit and 
the radiation shield for at least about one inch 
along the length of said conduit at a selected por 
tion intermediate the ends thereof; 

directing said boil-off gases through said conduit; 
and, 

restricting the effective cross sectional area of said 
conduit at said selected portion along at least the 
same length as that for which the thermal conduc 
tivity is increased to increase the velocity of said 
gas as it flows through the restricted portion of said 
conduit to thereby increase the transfer of cold 
from said boil-off gas to said selected portion of 
said conduit. 

2. The method of claim 1 including the step of in 
creasing the turbulence of said boil-off gas as it flows 
through the restricted portion of said conduit. 

3. The method of claim 2 wherein said turbulence is 
increased by directing said boil-off gas through a 
fibrous packing material. 

4. The method of claim 1 including the step of in 
creasing the turbulence of said boil-off gas as it flows 
through said restricted portion of said conduit. 

5. In a double walled cryogenic storage vessel having 
a cold storage container wall separated from a warm 
outer wall by a vacuum space, the combination com 
prising: 

a low thermal conductivity conduit extending from 
said container wall through said vacuum space to 
said outer wall for carrying cold boil-off gas out of 
said storage container; 

a collar of highly thermally conductive material 
located in said vacuum space and surrounding a 
selected portion of the outer surface of said con 
duit so as to be in heat transfer relationship with 
said outer surface for at least about one inch along 
the length thereof, 

a highly thermally conductive shield affixed to said 
collar and extending into said vacuum space; and, 

restriction means in said conduit for restricting the 
cross sectional area of said conduit along at least 
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the same length as that for which said collar ex 
tends, said restriction means being operative to in 
crease the velocity of said boil-off gas as it passes 
through said selected portion. 

6. The apparatus according to claim 5 wherein the 
restriction means is comprised of a packing material in 
said conduit in heat transfer relationship with the por 
tion of the inner surface of said conduit adjacent said 
selected portion of said outer surface. 

7. The apparatus of claim 6 wherein said restriction 
means has an effective thermal conductivity of about 
that of terephthalic ester polymer fibers. 

8. The apparatus of claim 6 wherein said packing 
material is fibrous and comprised of fibers having 
diameters of less than about 100 microns. 

9. The apparatus of claim 8 wherein said fibers are 
comprised of terephthalic polymer fibers. 

10. The apparatus according to claim 5 including a 
second low thermal conductivity conduit located inside 
of the first conduit to form a channel for the flow of 
said boil-off gas between the inner wall of said first con 
duit and the outer wall of said second conduit, said 
restriction means being located in said channel; and, 
means for normally preventing the flow of boil-off 

gas through said second conduit. 
11. The apparatus of claim 10 wherein said means 

for normally preventing the flow of boil-off gas through 
said second conduit is responsive to more than a 
predetermined amount of pressure in said storage con 
tainer to permit said boil-off gas to pass through said 
second conduit so as to relieve said pressure. 

12. The apparatus of claim 10 wherein the restriction 
is comprised of a packing material in heat transfer rela 
tionship with the outside surface of said second conduit 
and the inside surface of said first conduit. 

13. The apparatus of claim 10 wherein said restric 
tion means has an effective thermal conductivity of 
about that of terephthalic ester polymer fibers, 

14. The apparatus of claim 10 wherein said packing 
material is fibrous and comprised of fibers having 
diameters of less than about 100 microns. 

15. The apparatus of claim 14 wherein said fibers are 
comprised of terephthalic ester polymer fibers. 

16. The apparatus of claim 10 wherein said second 
conduit is spaced from said first conduit by no more 
than about one-eighth inch. 

17. In a double walled cryogenic storage vessel hav 
ing a cold storage container wall separated from a 
warm outer wall by a vacuum space, the combination 
comprising: 

a low thermal conductivity conduit extending from 
said container wall through said vacuum space to 
said outer wall for carrying cold boil-off gas out of 
said storage container; 
collar of highly thermally conductive material 
located in said vacuum space and surrounding a 
selected portion of the outer surface of said con 
duit so as to be in heat transfer relationship with 
said outer surface for at least about one inch along 
the length thereof; 

a highly thermally conductive shield affixed to said 
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8 
collar and extending into said vacuum space; and, 

a fibrous packing material in said conduit in heat 
transfer relationship with the portion of the inner 
surface of said conduit adjacent said selected por 
tign of said outer surface. 18. The apparatus of claim 17 wherein said packing 

material has an effective thermal conductivity of about 
that of terephthalic ester polymer fibers. 

19. The apparatus of claim 18 wherein said fibers 
have a diameter of less than about 100 microns. 

20. The apparatus of claim 17 wherein said packing 
material is comprised of terephthalic ester polymer 
fibers having diameters of less than about 100 microns. 

21. The apparatus of claim 17 including a second low 
thermal conductivity conduit located inside of the first 
conduit to form a channel for the flow of said boil-off 
gas between the inner wall of said first conduit and the 
outer wall of said second conduit, said fibrous packing 
material being located in said channel; and, 
means for normally preventing the flow of boil-off 

gas through said second conduit. 
22. The apparatus of claim 21 wherein said second 

conduit is spaced from said first conduit by no more 
than about one-eighth inch. 

23. The apparatus of claim 21 wherein said means 
for normally preventing the flow of boil-off gas through 
said second conduit is responsive to more than a 
predetermined amount of pressure in said storage con 
tainer to permit said boil-off gas to pass through said 
second conduit so as to relieve said pressure. 

24. The apparatus of claim 21 wherein said packing 
material has an effective thermal conductivity of about 
that of terephthalic ester polymer fibers. 

25. The apparatus of claim 24 wherein said fibers 
have diameter of less than about 100 microns. 

26. The apparatus of claim 21 wherein said packing 
material is comprised of terephthalic ester polymer 
fibers having diameters of less than about 100 microns. 

27. The apparatus of claim 17 including at least a 
second highly thermally conductive collar located in 
said vacuum space and surrounding at least a second 
selected portion of the outer surface of said conduit so 
as to be in heat transfer relationship with said outer sur 
face, the height of the collar closer to said cold storage 
container wall being less than the height of a collar 
being further from said storage container wall. 

28. The apparatus of claim 27 including a highly 
thermally conductive shield affixed to each of said col 
lars, each of said shields extending into said vacuum 
Space. 

29. The apparatus of claim 27 wherein said collar 
closer to said cold storage container is at least about 
one inch high. 

30. The apparatus of claim 27 wherein said packing 
material has an effective thermal conductivity of about 
that of terephthalic ester polymer fibers. 

31. The apparatus of claim 30 wherein said fibers 
have a diameter of less than about 100 microns. 

32. The apparatus of claim 27 wherein said packing 
material is comprised of terephthalic ester polymer 
fibers having diameters of less than about 100 microns. 
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