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This invention relates to supports for double-
walled containers for liquefied gases, and par-
ticularly to supporting frames for double-walled
containers having an intervening space that may
be evacuated, whereby the containers are adapted
for storing and/or transporting liquefied gases
which have relatively low boiling points at at-
mospheric pressule such as hquld air and hquld
oxygen.

The invention has for its object generally the

provision of an improved construction for sup-
porting frames of the character indicated, which
avoids the concentration of stresses in the wall
of the outer vessel and employs an arrangement

that may be employed when an evacuated insu-
lating space is employed in the invention;

Fig. 3 is another view parfly in section and
partly in elevation, similar to Fig. 1, showing a
modified form of the invention; and

Fig. 4 is an eniarged fragmentary sectional
view showing a defail in the construction for
supporting the inner vessel in the modification
shown in Fig. 3.

Referring now to the drawing, and particularly
to Fig. 1, i0 denotes generally an exterior frame
composed of uprights, or leg members, and rela-
tively stiff connecting or cross-members {0z, from
which a wall {1 of an inner vessel of the con-

- of-structural elements-for-supporting separately

the inner and outer vessels. v
More particularly, an object of the invention
is to provide a double-walled container for lique-
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fied gases of the kind indicated with supporting .

means which employs an external frame having
members so arranged as to become, in effect,
an integral part of the wall of the outer vessel
whereby the load of the inner vessel may be car-
ried without imposing sever stresses on the wall
of the outer vessel.

Another object is to provide an improved ar-
rangement of members for external frames which
support a container wall of the character indi-
cated in a manner forming a mechanically rigid

structure and which avoids stresses tending to <

collapse the wall of outer vessels, particularly
cylindrical vessels or tending to reduce the insu-
lating efficiency of the space between the walls
of double-walled containers when evacuated.

Other objects of the invention will in part be
obvious and will in part appear hereinafter. -

The invention accordingly comprises the fea-
tures of construction, combination of elements
and arrangement of parts, which will be exempli-
fied in the construction hereinafter set forth and
the scope of the invention will be indicated in the
claims,

For a fuller understanding of the nature and
objects of the invention, reference should be had
to the following detailed description taken in con-
nection with the accompanying drawing, in
which:

Fip. 1 is a view, partiy in elevation and partly
in vertical section, showing a double-walled con-
tainer for a liquefied gas, such as liquid oxygen,
constructed in accordance with the invention and
adapted to have the insulating space evacuated;

Fig. 2 is an enlarged vertical sectional view
showing the construction of a safety relief device

-

i

20

40

45

50

65

to hold a hqueﬁed gas that is to be placed or
stored in the container either with or without the
aid of a lining or basket (not shown). Outside -
of the vessel t{ and disposed in rigid spaced rela-
tion. with respect thereto is a second or outer
vessel 12 which-is also supported from the frame
16, the manner of support being described below.
The space intervening between the vessels thus
provided is a closed space adapted for insulating
purposes and preferably has a filling of a pow-
dered insulating material. There being no com-
munication with the outside except that which
may be provided through a special connection
in the wall of the outer vessel, the intervening
space may readily be evacuated when desired.

A valve controlled filling connection 3 is pro-
vided leading from a suitable point without the
outer vessel th_rough the intervening space to a
point within the inner vessel. Similarly, a valve
controlled withdrawal connection {4 is provided
leading from a point near the bottom of the
vessel ii through the 1ntervemng space to a
suitable external point and has 2 “suitable cou-
pling means 15 by which it may be connected to
a suitable discharge receiving device at a place
of use. Each pipe connection here employed is
provided, at the point where it passes through
the wall of the vessel 12, with sealing means that
transmits relatively httle heat to the connection.
Such means is here depicted, by way of example,
in detail on the connection 14, and consists of a
conical wall 16 of a material havmg a relatively
low thermal conductivity and shaped to interpose
a relatively large amount of thermal resistance
to the passage of heat from the vessel 12 to the
connection {4; the cone being welded or other-
wise integrally attached both to the wall of ves-
sel 12 and to the connection 14. Such connection
is preferably so shaped and disposed that expan-
sion, confraction, and other stresses are accom-
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modated without liability of incurring a break
in what is intended to be a hermetically sealed
wall. There may be also connected, in associa-
tion with the connection {4, or otherwise, one or
more trycocks, such as shown at {4’. Other
standard accessories, such as a liquid-level gauge,
may also be connected to the inner vessel. )

The inner vessel 11 is here provided with a con-
ventional blowdown or evaporation connection {1
which is valve controlled and when closed is
adapted to afford reiief for any excess of pres-
sure that may accumulate, through a safety valve
(8 that is connected thereto; there being also
preferably attached a bursting diaphragm device
{9, of any known construction. By such means
quick relief is afforded in the event of any rise
in pressure in the vessel 1.

In order that the space between the walls of
the vessels 11 and {2 may be evacuated after as-
sembly, or while in service, a valved connection
20 is attached to the outer vessel {2 and arranged
to communicate with the space within. The
outer end of connection 20 has a coupling Zi
adapted for attachment to a suitable vacuum
pulling means, indicated diagrammatically in the
drawing as a pump. A suitable vacuum pulling
means of this character may be, for example, a
mechanical vacuum pump. To the connection 20
there is preferably attached a vacuum space re-
lief device 22 that has a diaphragm adapted to be
pburst should any undesired pressure occur in the
space between the walls of the vessels {1 and (2.
Any suitable device of this latter character may
be employed, for example, that shown in Fig. 2.

In the construction here shown, the inner ves-
sel 11 is so supported that the load is carried
directly by the frame 10 and not from the inner
surface of the walls of vessel 12. To this end, the
inner vessel 11 has suspending means attached
to cross-member {0x comprising a girth member
23 having a bracket or lug, as shown at 23’, at
each end, such means being made fast to the
outer surface of vessel |1 if desired. Attached to
the lugs are suspending rods or cables 24, each of
which extends generally upwardly and outwardly
and is secured in suitable means, such as a collar
25, made fast to cross member 10z closely adja-
cent a leg member. The rods 24 are preferably al-
so of relatively low thermal conductivity and may
be constructed of a material having such property,
as well as a high tensile strength, for example, of
stainless steel. Each such rod 24 is passed
through the collar and is threaded at its upper
end for engagement with one or more nuts 26
which are screwed on the end of the rod. The
collar is preferably secured to the frame by braz-
ing or welding and has a reduced lower end for
the reception of a sleeve 21 which houses the rod
. .28 and is brazed or welded at its lower end onto
the wall of vessel 12 and may be similarly at-
tached to the collar itself.

Tn order that this structure may be hermeti-
cally sealed against the passage of gas into or
out of the space between vessels 11 and 12, a
housing or cap 28 is disposed over the nuts 26
and soldered onto the collar 25; the joint between
collar and cap being shown as made by reducing
the top of the collar sufficiently to fit snugly into
the cap, the joint being preferably closed by sold-
ering or brazing.

To provide a rigid support for the vessel 11 in
the above-described manner at least three rods
or cables are required, the support thus provided
being advantageous for spherical vessels. Four
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or more cables, however, may be employed, es- 75
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pecially where the frame {0 is square or rec-
tangular in plan. Still more, for example, six or
eight, may be employed when the nested vessels
have the form of elongated vessels with spherical
ends, or have the shape of oblate ellipsoids.

To support the outer vessel 2 in place, addi-
tional supporting means are provided between
the frame 10 and the outer wall of vessel 12,
stich means being structurally independent of the
support for vessel {1. Such means as here shown
comprises not only sleeves 21 but web members
29, interposed as shown, each having one edge
bolted or welded to a leg member of frame 10 and
an opposite edge in rigid contact with or made-
fast to the outer wall of vessel i2. The web mem-
bers thus complete a-triangular structure with the
frame that holds the outer vessel rigidly. In
cases where the collars are substantially over the
leg members, the webs may be dispensed with.
In such case it may be convenient or desirable to
braze or weld the wall of the outer vessel directly
to the leg members.

Heretofore, in low temperature apparatus, such
as double-walled receptacles for a liquefied gas
where insulation was provided by the evacuation
of the space between the inner and outer walls,
the evacuabed space has nevertheless had an un-
desirably. high heat ftransier capacity. The
transfer or passage of heat across the space be-
tween inner and outer walls of such vessels or re-
ceptacles when at different temperatures takes
place in three ways, namely, by convection, con-
duction, and radiation. Where a highly evacu-~
ated insulating space is employed for insulating
double-walled vessels or receptacles, the transfer
of heat is chiefly by radiation. To reduce this
transfer, it has heretofore been necessary to
make the inner surfaces of the two walls highly
reflecting. In metal walled receptacles, this has
been accomplished by polishing. For large com-
mercial vessels for storing or transporting a
liquefied gas, such as liquid oxygen, polishing is
a relatively expensive item in manufacture. Also
the maintenance of a relatively high vacuum is
inconvenient in ordinary commercial practice.

In order to convert the insulating space be-
tween the walls of containers {1 and {2 into one
in which the heat transfer occurs substantially
entirely by conduction, the space is first filled
with a finely divided or comminuted substan-
tially dry insulating material, such as asbestos
fiber, magnesium carbonate, or the like, and
thereafter evacuated. :

When such material has been properly dis-
posed in the space between. the walls of vessels
{1 and 12, and distributed so as to avoid uneven
packing .or the formation of pockets, a vacuum
of sufficiently low value is pulled by suitable vac-
uum pulling meéans attached through' the con-
nection 20 until the thermal conductivity of the
insulating space is of a desired low value, for ex-
ample, the conductivity provided when a vacuum
of an order of 0.1 mm. of mercury is pulled;
the employment of vacuum of this order for the
purpose of increasing the efficiency of powder
filled insulating spaces being taught and claimed
in copending application, Serial No. 307,945, filed
on December 7, 1639 in the name of L. I. Dana.

To permit ready access to the space between
the vessels {1 and 12 for the purpose of filling
and disposing desired comminuted or powdered
insulating material therein, as here proposed, one
or more openings are provided in the wall of
vessel 12 which preferably have flanges to which
a cover may be brazed or welded when it is de-
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sired to close or hermetically seal the same. Two i61 and 102. These rings are preferably parallel

such openings are shown for the vessel 12 in the
drawing, one at 30 for the top and one at 3{ for
the bottom.

The container of the present invention when
thus equipped is not only capable of operating
at high efficiencies for long periods of time but
also meets all the safety requirements for devices
of this character and avoids substantially all pos-
sibility of damage arising from possibie sudden
rises in pressure in either the inner or the outer
vessel.

The vacuum space relief device shown generally
at 22 may be of any suitable form but is prefer-
ably that disclesed in copending application,
Serial No. 307,564, filed December 5, 1939 in the
name of H. C. Kornemann and shown in detail in
Fig. 2, where it is seen to consist of a chamber 40
which also has an open side surrounded by a
flange 41 on which a diaphragm 42 rests, the dia-
phragm being held in place by means of a retain-
ing member 43 adapted to clamp the edge of the
diaphragm and fit over the flange 41. This
chamber has openings 44 and 44’ through which
it is attached or inserted in the conduit 20. Thus
the space within the chamber 48 is subject to a
vacuum of the same degree that obtains in the
space between the walls of vessels Il and 12. A
cutting member 45 is associated with the device
in such a manner that it is adapted to cut or
pierce the diaphragm 42 in the event that it
springs upward by reason of pressure accumulat-
ing in the space between the walls of vessels {1
and (2. Any convenient form of cutting or pierc-
ing-member 45.may be here employed; for ex-

-ample, a cutting edge on an arm that is attached

to the ring 43 over the diaphragm 42.
- .In . operation, the container is filled by con-

“necting the connection {3 to a source of supply

of the liquefied gas, such as liquid oxygen, which
is to be stored in vessel {{. The flow of the lique-
fied gas into the container may be controlled by
manipulating the valve in connection 3. In
order to permit the liquid thus introduced to dis-
place any gaseous filling that may be in the in-
ner vessel, the evaporation conmnection T is
opened to the atmosphere, or connected to a

gasometer, in the event that it is desired to con-~

serve the gas thus displaced. Liquid may be
withdrawn from the container in the usual man-
ner by opening the withdrawal connection  14.
In the interim it may be desired to maintain the
vessel {1 closed to the atmosphere. This, of
course, is accomplished by closing the valve in the
evaporation connection 1.

A modified form of the invention is shown in
Fig. 3, with certain details in Fig. 4. In this form,
a supporting arrangement is shown, which is ad-
vantageous in connection with double-walled con-
tainers of relatively large capacity, especially with
cylindrically shaped containers. Here, stiffening
means for the wall of the outer vessel, such as in-
teriorly disposed rings, are employed, and are
arranged to act as load or thrust transmitting
members for the exterior frame that supports the
inner vessel. In this modification, the wall of the
inner vessel is shown at i1/, while that of the out-
er vessel is shown at (2’. The supporting frame
comprises a plurality of relatively short leg mem-
bers 158 disposed respectively somewhat under
and on opposite sides of the outer vessel, the legs
being made fast to the outer vessel by welding
or brazing. Within the vessel 12’ and embracing
the portion of the wall supporting the leg mem-
bers (08 are disposed a pair of stiffening rings
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and have their central portions cut away so as to
clear the vessel 11’ by a considerable distance, the
inner edgé being indicated at 103. This arrange-
ment provides strength without unduly adding
to the exterior construction and at the same time
avoids unduly reducing the insulating value of the
intervening space.

To support the inner vessel in position, a girth
member 123 is provided, which has lugs {23’ at
its ends to which are attached suspending rods
or cables 124, the latter passing upwardly and out
through openings in the wall of the outer vessel.
These rods or cables are anchored in suitable
external terminal structures which also cooper-
ate with the stiffening rings and are shown gen-
erally at 109 in the drawing. An opening in the
wall of the outer vessel for passing a rod or cable
into the terminal structure is shown at 12z in
Fig. 4, together with further detfails of the ter-
minal struetures. . :

In Fig. 4, the terminal structure is seen to con-
sist of an annular member or bushing 1686, brazed
or welded over the opening (2z, its wall at
diametrically opposite points being preferably ar-
ranged to be in line with, and serve as a continua-~
tion of the interior stiffening rings (81 and 102.
The latter are seen to fit snugly against the wall
of the vessel {2’ and are adapted to transmit the
weight and other stresses to the leg members 100.
The bushing {06 has a flange {07 to which is
affixed a top plate 108 which is perforated in
order to receive a supporting collar 125, brazed in
place and provided with an opening through
which' the rod or cable 124 passes. The upper
end of the rod or cable is threaded and provided
with suitable holding means, such as a plurality
of nuts (26 that are disposed thereon and bear
on the collar 125. In order that this structure.
may be gas-tight, a cap 128 is disposed there~
over and soft soldered in place.

Where the container. of the present invention
is intended for transport service, the external
frame is, of course, constructed to be mounted on
a portable device, such constructions being well
known in the art. .

Since certain changes may be made in the above
construction and different embodiments of the
invention could be made without departing from
the scope thereof, it is intended that all matter
contained in the above description or shown in the
accompanying drawing shall be interpreted as
illustrative and not in a limiting sense.

Having described my invention, what I claim
as new and desire to secure by Letters Patent is:
- 1. In a double-walled confainer for liquefied
gases, the combination comprising an inner ves-
sel for holding the liquefied gas, an outer vessel
surrounding and spaced from said inner vessel
thereby providing an intervening space for in-
sulating purposes, a supporting frame compris-
ing external compression members attached to
said outer vessel, wall supporting rings within
said outer vessel at points associated with said
compression. members, supporting sleeves dis-.
posed in the wall of said outer vessel over said
supporting rings, supporting brackets associated
with the wall of said inner vessel, and support-
ing connections extending from said brackets
through said sleeves and made fast and sealed in
said sleeves.

2. In a double-walled container for liquefied
gases, the combination comprising an inner ves-
sel for holding the liquefied gas, an outer vessel
surrounding and spaced from said inner vessel
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thereby providing an intervening space for in-
sulating purposes, a stupporting frame compris-
ing external compression members attached to
said outer vessel, wall supporting rings within
said outer vessel disposed at points associated
with said compression members, supporting
sleeves sealed in the wall of said outer vessel ab
points adapted to transmit compression stresses
directly to said supporting rings, brackets dis-
posed in supporting relation to the wall of said
inner vessel, supporting connections extending
from said brackets through said sleeves and an-
chored therein, and means for hermetically seal-
ing said connections in said sleeves.

3. In a double-walled container for liquefied
gases, the combination comprising an inner ves-
sel for holding the liguefied gas, an outer vessel
surrounding and spaced from said inner vessel
thereby providing an intervening space for in-
sulating purposes, a frame at Jeast having a part
externally associated with said outer vessel, means
on said frame extending into engagement with
the wall of said outer vessel for supporting the
same, other means including rods provided with
anchoring means on said frame and extending
therefrom into supporting engagement with said
inner vessel through openings provided in the
wall of said outer vessel, rigid sleeve-like mem-
bers additionally supporting said outer vessel and
disposed about said other means and extending
continuously from said anchoring means to and
welded in said openings, and means for hermet-
ically sealing the outer ends of said sleeve-like
members.

4. In a double-walled container for liquefied
gases, the combination comprising an inner ves-
sel for holding the liquefied gas, an outer vessel
surrounding and spaced from said inner vessel
thereby providing an infervening space for in-
sulating purposes, & frame at Jeast having a part
externally  associated with said outer vessel,
means on said frame extending into engagement
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with the wall -of said outer vessel for supporting -

the same, other means including rods of a mate-
rial having a relatively low thermal conductivity
and coefficient of expansion having their lower
ends extending into supporting engagement with
said inner vessel through openings provided in
the wall of said outer vessel, anchoring means
on said frame for the upper ends of said rods,
rigid sleeve-like members additionally support-
ing said outer vessel and -disposed about said
other means including said rods and extending
continuously from said anchoring means to and
welded in said openings, and means for hermeti-
cally sealing the outer ends of said sleeve-like
members. B

5. In a double-walled container for liquefied
gases, the combination comprising an inner ves-
sel for holding the liquefied gas, an outer vessel
surrounding and spaced from said inner vessel
thereby providing an intervening space for in-

. sulating purposes, 2 frame at least ‘having a part

externally associated with said outer vessel,
means on said frame extending into engagement
with the wall of said outer vessel for supporting
the same, other means including a plurality of
rods each provided with an anchoring means
on said frame and arranged to depend there-

60
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from through openings respectively provided in
the wall of said outer vessel, a corresponding
number of brackets disposed in supporting en-
gagement with the outer wall of said inner ves-
sel attached to the lower ends of said rod means,
rigid cylindrical sleeves additionally supporting
said outer vessel and disposed about each of said
rod means extending continuously from said an-
choring means to said openings and secured
therein by welding, and means for hermetically
sealing the outer ends of said sleeves.

6. In a double-walled container for liquefied
gases, the combination comprising an inner ves-
sel for holding the liquefied gas, an outer vessel
surrounding and spaced from said inner vessel
thereby providing an intervening space for in-
sulating purposes, a frame at least having a
part externally associated with said outer ves-
sel, means on said frame extending into engage-
ment with the wall of said outer vessel for sup-
porting the same, other means including a plu-
rality of rods each provided with an anchoring
means on said frame and arranged to depend
therefrom through openings respectively pro-
vided in the wall of said outer vessel, a corre-
sponding number of brackets disposed in sup-
porting engagement with the outer wall of said
inner vessel attached to the lower ends of said
rod means, rigid cylindrical sleeves additionally
supporting said outer vessel each surrounding a
rod of said other means and extending contin-
uously from said anchoring means to said open-
ings and secured therein by welding, means for
hermetically sealing said sleeves, and filling and
withdrawal _connections for-said inner vessel
passed hermetically. through the wall of said
outer vessel. . - . i

-7. In a double-walled container for liquefied
gases, the combination comprising an inner ves-
sel for holding the lquefied gas, an outer vessel
surrounding and spaced from said inner vessel
providing an intervening space for insulating
purposes, wall supporting rings on the interior of
said outer vessel, supporting compression mem-

; bers attached to said outer vessel in the region of

and associated with said rings, supporting sleeves
secured to said outer vessel over said supporting
rings and extending outwardly from said outer
vessel, and supporting connections for said in-
ner vessel extending between spaced ones of said
rings and out through the corresponding said
sleeve and made fast and sealed in said sleeve.

8. In a double-walled container for liguefied
gases, the combination comprising an inner ves-
sel for holding the liquefied gas, an outer vessel
surrounding and spaced from said inner vessel
providing an intervening space for insulating
purposes, a pair of wall supporting rings on the
interior of said oliter vessel, supporting com-
pression chambers attached to said outer vessel
underneath it in the region of said rings, sup-
porting sleeves secured to said outer vessel, sup-
porting connections for said inner vessel ex-
tending upwardly between said .rings and out
through the sleeve members and secured there-
in, said sleeve members being positioned to trans-
mit: thé supporting sftresses from said connec-
tions to said rings.

ODD A. HANSEN.
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