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ABSTRACT: A container having an inner and outer vessel for
storing cryogenic fluid. The inner vessel is concentrically
separated from the outer vessel by bumper members. The
bumper members are spaced on a conduit around the inner
vessel. A shield member is located in the space between the
inner and outer vessel. A mounting member attached to the
conduit is secured to the shield member for preventing direct
contact between the outer vessel and the shield member and
thereby effectively reduce conductive heat transfer to the
inner vessel.
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. 1
CONTAINER FOR CRYOGENIC FLUIDS

BACKGROUND OF THE INVENTION

The present invention relates o a container for cryogenic
fluids, and particularly to improvements for reducing heat
input to the fluids in such container. The present invention is
an improvement over devices of the type disclosed 1n U.S. Pat.
No. 3,043,466, granted July 10, 1962.

It is known when using containers of the type disclosed 1n
U.S. Pat. No. 3,043,466,t0 employ vacuum insulation, that is,
to seal hermetically the inner and outer vessels and to provide
a vacuum between the vessels. It is known also to provide
other insulation structure between the vessels to supplement
the vacuum insulation. For this purpose either a discrete
radiation shield or a laminar insulated shield may be em-
pioyed.

A discrete radiation shield is a low emissivity radiation bar-
rier placed in the vacuum space and mounted to some support
struciure. Laminar insulated shields are formed by adding a
laminar type low conductivity insulation to the emitting (least
critical) side of the discrete shield. In designs requiring light
weight, where construction costs permit the processing of high
quality vacuum space surfaces, there is limited useful applica-
tion for laminar insulations because thicknesses of laminar in-
sulation necessary to compete favorably with low emissivity-
pure vacuum insulation are too great. Without going mnto
detail, it should be understood that the function of ¢ach type
of shielding is thus suited to a different temperature region in
actual application, and the present invention is concerned
primarily with the use of discrete radiation shields. However,
as will be apparent, the present invention can also be used In
conjunction with laminar insulated shields.

SUMMARY OF THE INVENTION.

According to one form of the present invention, a container
for cryogenic fluids is provided comprising inner and outer
spaced vessels, and at least one discrete rachation shield 1s
mounted in thermal isolation in spaced relation between the
vessels, A cooling conduit is mounted in heat transfer relation-
ship along the inner surface of the shield, and the conduit
communicates with the interior of the inner vessel and the ex-
terior of the outer vessel. The conduit has a restricted
passageway for limited escape of the cryogenic fluid or cold
gas in the inner vesse! to effect vapor cooling of the shield. Ac-
cording to another form of the present invention a similar con-
struction and arrangement is provided wherein the shield 1s
laminar insulated, and the cooling conduit extends in heat
*ransfer relationship through the interior of the laminar struc-
ture.

it is among the objects of the present invention to provide a
cryogenic container having improved insulation charac-
teristics over prior art structures by virtue of the isothermal
mounting of at least one radiation shield therein.

Other objects of this invention will appear in the following
description and appended claims, reference being had to the
accompanying drawing forming a part of this specification
wherein like reference characters designate corresponding
parts in the several views.

FIG. 1 is a view in side elevation, partly in section of a con-
tainer embodying one form of the present invention wherein
vapor cooling of two shields is provided,;

FIG. 2 is an enlarged fragmentary sectional view through
the container illustrating the cooling conduit or circult that 1s
employed in conjunction with the embodiment illustrated in
F15. 1

FiG. 3 is a perspective view of a container of this invention,
with some parts broken away and other parts shown in section
for the purpose of clarity,;

FIG. 4 is a fragmentary sectional view, similar to that of
FIG. 2 but illustrating another embodiment of the invention
wherein vapor cooling of two laminar insulated shields is pro-
vided;

FIG. 5 is a sectional view of a shield mounting assembly in
the container of this invention; and
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FI1G. 6 1s another sectional view of the shield mounting as-
sembly as seen from substantially the line 6—6 in FIG, 5.

Before explaining the present invention in detail, it is to be
understood that the invention 1s not limited in its application
to the details of construction and arrangement of paris iilus-
trated in the accompanying drawing, since the invention is
capable of other embodiments and of being practiced or car-
ried out in vanous ways. Also, it is to be understood that the
phraseology or terminology employed herein is for the pur-
pose of description and not of limitation.

In the embodiment of the invention illustrated in FIGS. 1—
3, 5 and 6, the cryogenic container 10 includes an inner pres-
sure vessel 12 fabricated of a suitable metal such as stainless
steel, and an outer vessel 14 which is in spaced relation to the
inner vessel 12 and is preferably fabricated of an aluminum al-
loy. In the illustrated embodiment of the container 10, the ves-
sels 12 and 14 are spherical in shape and are concentrically ar-
ranged. The inner vessel 12 is supported within the outer ves-
sel 14 by an arrangement which provides minimum thermal
conductivity. This is accomplished by a plurality of bumpers
16, only two of which are shown, but normally it 1s contem-
plated that six or more such bumpers will be employed. These
bumpers and the manner in which they are constructed and
arranged form no part of the present invention, and attention
is directed to the aforementioned Letters U.S. Pat. No.
3,043,466 for a more detailed description. The vessels 12 and
14 are hermetically sealed and are typically spherical in shape
50 as io permit the outer vessel to withstand loads imposed
thereon because of the high vacuum insulation that 1s pro-
vided between the vessels. |

Normally the inner and outer vessels 12 and 14 wnll have
two apertures with fittings for accommodating a fill line or
conduit 18 and a vent line or conduit 20, which are shown In
FIG. 1 but do not appear in FIG. 3. These lines are supported
by the bumpers 16 in the manner illustrated and described in
the aforesaid patent.

Twe discrete radiation shields 22 and 24 are isothermally
mounied in spaced relationship between the inner and outer
vessels 12 and 14. Connectors 25, only one of which 1s shown
(F1G. 3) prowvide for the support of one shield on the other.
These discrete shields are used to reduce the radiant heat
input to the cryogen which normally will be stored within the
vessel 12. In the tllustrated embodiment, the shields are
preferably formed from alumipum with a 0.015 wall thickness.
The shields 22 and 24 are mounted 1n the contamer 10 of
this iInvention so that they are thermaliy 1solated from the ves-

. sels 12 and 14. This 1s accomphished by vtilizing matenals hav-
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ing low heat conductivity characteristics for supporting the
shieids 22 and 24 and by designing interfaces into the shield
mounting structures. In the illustrated embodiment of the in-
vention, this is accomplished by mounting each of the shields
22 and 24 on a plurality of identical shield hanger assemblies
50, only one of which appears in Fl(. 3. A shield hanger as-
sembly 50 is described in detail herein with reference to the
support of a shield on a fill conduit 18, although it is to be un-
derstood that the assembly 50 can also be assembled with
cther structure in the container 10 such as the usual electrical
leads and cables which are found therein but which are not il-
lustrated in the drawing.

As shown in FIGS. 5 and 6, the hanger assembly S0 includes
a substantially tubular spool member 52, formed of a matenal
having low heat conductivity characteristics such as Teflon.
The spool 52 15 of a progressively increasing diameter, on the
inner surface 54 thereof, so that substantially midway between
its ends it has an annular edge 55 which 1s disposed In a sup-
porting relation with the tube 18. A thin stainless tape 56 is
wound about the external surface of the spool 52 and 1s tack-
welded thereto so that there 1s very poor thermal conductivity
between the tape 56 and the spool 52. A clip 58 1s disposed in
a supporting relationship with the tape 36 and 18 1in turm sup-
ported at its ends in an internal groove 60 formed in an annu-
lar body 62 which 15 also formed of a matenal having poor
heat conductivity characteristics such as Teflon. The body 62
is extended through an opening &6 in the shield 24 until the



3,612,334

3

shield 24 at the edge of the opening 66 snaps into an external
retainer groove 64 formed in the body 62.

It can thus be seen that the assembly 50 includes the spool
52 and the body 62 of low heat conductivity materials and the
tape 56 and the clip §8 form interfaces. therebetween for
mimimizing heat conductivity between shields 22 and 24 and
vessels 12 and 14.

The function of the shields 22 and 24 to prevent heat
transfer between the vessels 12 and 14 is further enhanced by
the provision of a vapor cooling coil or conduit 26 (FIGS. 2
and 3) located in the space between the inner vessel 12 and
the outer vessel 14. The coil 26 is very long and is of the ser-
pentine shape shown in FIG. 3, and 1s illustrated in FIG. 2 as
being of irregular shape only for purposes of clarity to distin-
guish it from the shields 22 and 24. The coil 26 also has a low
thermal conductivity relationship between the shields 22 and
24 and the pressure vessel 12 and the shields and the outer
vessel 14. The inner end of the cooling coil 26 communicates
with the inner end of the fill conduit 18, as shown in FI1G. 2, so
as to be in communication with the interior of the inner vessel
12, and the cooling coil 26 has its outer end attached to an ex-
ternal fitting 28 on the outer wall of the outer vessel 14 so as to
be in communication with the exterior of the outer shell 14.
The cooling coil 26 extends along the inner surface of the
inner shield 22 and along the inner surface of the outer shield
24 1In heat transfer relationship with respect to both such
shields.

The passageway within the coil 26 is restricted so as to per-
mit a flow situation to prevail whereby the cold cryogenic fluid

or cold gas from the inner vessel 12 can leak or escape
through the coil 26 to cool the shields 22 and 24. This is called
vapor cooling or vapor expansion cooling depending upon
whether fluid expansion subcooling is employed. It is contem-
plated that an expansion orifice 30 can be located between the
inner tank 12 and the inner shield 22, and a second expansion
orifice 32 can be located between the inner shield 22 and the
outer shield 24. The object of the conduit or coil 26 is to cool
each shield emitting surface to a temperature below the static
heat transfer equilibrium temperature by absorbing shield
heat into the cold flowing fluid. It is recognized that as the
shield temperature 1s reduced, there is an increase in outer
wall heat radiation to the shield due to the larger temperature
differential, however, heat absorbed from the shield by con-
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heat input to the internal cryogen vessel. Thus, by virtue of the
tllustrated arrangement, the heat input to the inner vessel 12 is
minimized. By virtue of the length of the coil 26, heat conduc-
tmty between the vessels 12 and 14 and the sh:elds 22 and 24
is minimized.

in the embodiment illustrated in FIG. 4, essentially the same
construction as that shown in FIGS. 1-3, § and 6 is illustrated,
except that in this embodiment inner and outer laminar insu-
lated shields 22gand 24aare employed,; and it will be observed
that the cooling coil 26aextends through the interior of the
laminar structure. The cooling coil 26aagain is in communica-
tion with the inner vessel 12avia the conduit 18aand with the
exterior of the outer vessel 144, and it has an expansion orifice
30abetween the inner laminar insulated shield 22gqand the
inner vessel 12 gand an expansjon orifice 32abetween the
shields 22aand 24a. Thus, this arrangement provides an op-
portunity of employing a vapor cooling coil as a heat transfer
barrier so that a reasonably high temperature differential can
be maintained across the shield 224, and a similar temperature
differential can be maintained across the outer shield 24aand
thus, low temperature will be maintained at the emitting sur-
faces of the shields.

Also, changes in atmospheric temperature and high tem-
perature environment can be reduced by the addition of insu-
lation, such as the laminar type insulation shown at 33 in FIG.
4. to the exterior of the outer vessel 14a. Furthermore, the
outer vessel 14acan be cooled by the flow of cold gas through
the vapor cooling line 26aby extending the line 26athrough
the insulation 33, as shown in FIG. 4. This arrangement util-

30

55

60

65

70

15

4

1zes the unused heat absorbing capacity of the escaping gas so
that it exits to the atmosphere at a temperature as nearly equal
to that of the environment as possible and in the process cools

the outer vessel 14a. This reduces heat transfer from the outer
shell 14ato the inner vessel 12a4.

From the above descniption it is seen that this invention pro-
vides a container 10 for cryogenic fluids in which the inner
vessel is effectively insulated by the isothermally mounted dis-
crete shields 22 and 24. By virtue of the isothermal mounting
of the shields 22 and 24, they are thermally isolated from the
vessels 12 and 14 and the conduits 18 on which they are hung.
Under “no flow” conditions, only a radiation mode heat
transfer exists in the container 10 and a high performance is
obtained from the shields 22 and 24 to limit this transfer.
Under “flow” conditions, the isothermally mounted shields
conserve the refrigerative capability of the cryogen in the ves-
sel 12 by eliminating or minimizing the conductive mode heat
transfer. Since for a given vessel size the peripheral surface
area is constant, maximum efficiency would occur with all
conductive or all radiant heat transfer. In the applicable tem-
perature range of 0° F. to —400° F. a radiation mode heat

transfer is most effective since the heat transfer varies accord-

ing to the fourth power difference between the temperatures
of two surfaces, namely, the shield and pressure vessel sur-
faces; whereas, with a conductive mode heat transfer, the heat
transfer varies directly as the temperature difference. In the
container 10, conductive mode transfer to the shields is practi-

cally eliminated and the shields effectively reduce radiation
mode heat transfer. The vapor cooling coil 26 reduces the

temperature differential between adjacent vessel and shield

surfaces to reduce radiation mode heat transfer, and the coil
26 is of a length such that heat conductivity between adjacent

surfaces is negligible. |

It will be understood that the container for cryogemc fluids
which 1s herein disclosed and described is presented for pur-
poses of explanation and illustration and is not intended in in-
dicate limits of the invention, the scope of which is defined by
the following claims. |

1. In a container for storing cryogenic fluids havlng an inner

vessel and an outer vessel separated by bumper members
spaced on a conduit surrounding the inner vessel, means for
isothermally isolating the inner vessel from the transfer of
thermal energy from the outer vessel, said means comprising:

a shield member surrounding said inner vessel, said shield
member dispersing radiant energy away from said inner
vessel and toward said outer vessel; and

means for mounting said shield member on said conduit for
preventing direct contact between said outer vessel and
said shield member to thereby reduce conductive heat
transfer from said outer vessel to said inner vessel.

2. In the container, as recited in clatm 1, wherein said shield

member includes:

a first radiation shield surrounding said inner vessel at a
predetermined distance; and

a second radiation shield concentrically spaced from said

first radiation shield by low thermal conductive connec-
tor members and attached to said mounting means.

3. In the container, as recited in claim 2 wherein said
mounting means includes:
tubular means surrounding said conduit having a progres-
sively increasing interior diameter from a midpoint con-
tact with said conduit for reducing the thermal conduc-
tive surface between said conduit and said mountmg
means.
4. In the container, as recited in clalm 3, wherein said
mounting means further includes:
clip members surrounding said tubular means having tab
members; and
body members extending through opening in said second
radiation shield, each of said body members having an in-
ternal groove for retaining said tab members of the clip
member for securing said second radiation shield to said
conduit.
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5. In the container, as recited in claim 4 wherein said tubu-
lar means is in the form of a spool constructed of a low ther-
mal conductive material.

6. In the container, as recited in claim § wherein said second
radiation shield will flex in the area of the edge of said
openings to permit said body members to pass through said
opening until said edge snaps into an external groove n each
of said body members.

7. In a container for storing cryogenic fluids having an inner
vessel and an outer vessel separated by bumper members
spaced on a conduit operatively connected to and interposed
between the inner and outer vessels, means for isothermally
isolating the inner vessel from the transfer of thermal energy
from the outer vessel, said means comprising:

a shield member surrounding said inner vessel, said shield
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member dispersing radiant energy away from said inner
vessel and toward said outer vessel: and

means for mounting said shield member on said conduit for

preventing direct contact between said outer vessel and
said shield member to thereby reduce conductive heat
transfer from said outer vessel to said inner vessel.

8. A container for cryogenic fluids according to claim 7,
wherein said inner and outer vessels are hermetically sealed
and the space therebetween is evacuated to provide a vacuum
insulation.

9. A container for cryogenic fluids according to claim 7
further including an insulation layer on the outer surface of
said outer shell so as to further reduce heat transfer into said
inner vessel.



	Front Page
	Drawings
	Specification
	Claims

