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1

This invention relates to containers for hold-
ing cold liquids and more particularly to ap-
paratus for the storage of a liquefied gas having
a relatively low boiling-point temperature such
as liquid oxygen. ) . ] .

In order to store liquefied gases having boiling-
point temperatures below 233° X. such as liquid
oxygen at atmosphereic pressure or at pressures
slightly above atmospheric pressure, it is neces-
sary that the vessel holding the liquefied gas be
well protected from the heat of the atmosphere
so that losses due to evaporation are maintained
at a low value. It is customary to envelope com-
pletely the liquid-holding vessel with a relatively
thick layer of insulating material, and thoroughly
protect such insulation from the effects of at-
mospheric moisture by providing a closed outer
shell about the vessel and insulation. The in-
sulating material customarily employed for a
liguid oxygen container is a loose powder such as
magnesium carbonate or a fibrous material such
as mineral wool or a combination of such ma-
terials. Such insulation has a density such that
it is only self supporting and cannot provide any
support for the inner vessel.
liquid oxygen containers the inner vessel is cus-
tomarily supported in suspension by rods or
cables secured to the outer shell or to a frame
associated with the outer shell. For -relatively
large liquefied - gas storage containers such
method of supporting the inner vessel would re-
quire the provision of excessively heavy side
walls for the outer shell or expensive and heavy
bracing and frame construction.

It is a principal object of the present-invention
to provide an improved construction for con-
tainers for the storage of liquefied gases and par-
ticularly for containers of relatively large sizes.
Other objects of the invention are to provide im-
proved means for supporting the inner vessel of
a liquefied gas storage container which shall per-
mit free expansion and contraction of the inner
vessel due to temperature changes, which shall
avoid the transfer of excessive heat to the inner
vessel, and which shall maintain the thickness of
insulation around the lateral sides of the inner
vessel substantially equal irrespective of the ex-
pansion and contraction due to temperature
changes; to provide a container for liquefied gases
of relatively large size having supporting means
arranged to prevent frosting and heaving of the
ground under the supporting means due to con-
duction of heat out of the ground to the vessel;
and to provide for the distribution of a dry gas
to all portions of the insulation contained be-
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tween the inner vessel and outer shell of g lique-
fied gas container, and for the uniform release of
excess gas pressure from all portions of the in-
sulation.

These and other objects and novel features of
the invention will become apparent from the fol-
lowing description and accompanying drawing,
in which: )

Fig. 1 is a view mainly in vertical section of a
relatively large liquefied gas storage container
embodying the principles of the present inven-
tion; and ) .

Frig. 2 is a fragmentary detailed view on an en=
larged scale showing two of the inner vessel sup-
porting piers. .

Referring now to the drawing the liquefied gas
to be preserved is held within an inner vessel 10
which preferably has a vertical cylindrical or lat-
eral side wall {1, and a horizontal flat bottom 12,
The upper end.of the vessel is preferably sealed
by a head or roof 13 which may be dome shaped
or flat, or preferably conical as shown. The head
13 might be made of metal thick enough to be
self-supporting but it is preferably constructed
of thinner sheet metal which is supported upon
a series of radial rafters {4, The rafters (4 are
supported at their outer ends on brackets 195
secured to the upper portion of:the cylindrical
wall 1f. The inner ends of the rafters {4 are sup~
ported upon a circular plate 16 carried by a
vertical column 7. The column {7 is substan-
tially concentric with the cylindrical wall {1 and
is supported on the bottom 12,

A shell 18 completely envelopes the inner ves-
sel 10 to provide an insulating space all around
the inner vessel. The shell 18 has a cylindrical
wall {9 concentric with the wall {1 and a hori-
zontal floor or bottom 26. Such floor may be
made-of.sheet. . metal, if desired,.but in the em-
bodiment shown in Fig. 1 the floor 20 is made
of reenforced concrete. The tipper end of the
outer shell 18 is closed by a sheet-metal roof 21
supported upon radial rafters 22 having their
outer ends supported in brackets 23 secured to.
the upper portion of the cylindrical wall {9 and
their inner ends secured to a circular plate 24.

The inner vessel 10 is supported on the floor 20
of the outer shell by supporting means compris-
ing a suitable number of piers or supporting
members 28. The supports 28 are spaced out-
wardly from the center of the bottom of the-
inner vessel at suitable positions, the greatest.
number of supports 28 being positioned adjacent:
the outer rim of the bottom 2. The supports 28
are shown as being preferably built up of brick~
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shaped blocks of a material which has a low

heat conductivity and sufficient compressive

strength. In constructing the supports 28 the
lower course of blocks is placed on the floor 20
and may be cemented thereto. A pervious sheet
29 which may be a screen such as a perforated
plate or wire mesh is then placed upon the lower
course of blocks. The remaining courses of
blocks are then built up over the screen 29 to a
desired height, such desired height being prefer-
ably a distance above the screen 29 slightly
greater than the thickness of the insulation space
between the cylindrical walls If and {9. On top
of each pier 28 there is preferably placed a metal
plate 30 having a smooth, flat upper surface. The
plates 30 are grouted in place so that they are all
at a uniform level.

The under surface of the bottom (2 of the
inner vessel is smooth to form bearing surfaces
for resting on the bearing surfaces of the plates
30. Between the bearing surfaces of the plates
30 and the bearing surfaces on the bottom 12,
there is preferably provided an antifriction
means. Such antifriction means should be of a
character which retains its antifriction proper-
ties at the low temperature to which it is sub-
jected when a liquefied gas is placed in the inner
vessel. For example, when ligquid oxygen is
stored in the inner vessel the antifriction means
should not become inoperative at temperatures
as low as 90° K. A preferred material in such
cases is graphite applied by coating the bearing
surfaces of the plates 30 with a layer of flake
graphite. Obviously, other materials might be
employed or sets of rollers may be interposed be-
tween the bearing surfaces of the botitom 12
and the plates 30.

In addition to the supports or piers 28 there is
provided a central pier or supporting member 31
which may be constructed similarly to the piers
28 but is not provided with antifriction means at
its upper end. The central pier 3f serves to pre-
vent general lateral displacement between the
bottom 12 of the inner vessel and the floor 20 of
the shell and thereby provides for equalized
spacing of the inner vessel and said outer shell
when said inner vessel has contracted a prede-
termined amount due to the introduction of
liquefied gas or has expanded due to the removal
of portions of the liquefied gas. The weight of
the column 17 and the load on the central por-
tions of the head {3 tend to clamp or anchor the
bottom 12 tightly to the pier 31. Four lugs 31’
may also be welded to the bottom 12 to engage
with the sides of pier 31 in order to provide a
positive anchorage against relative displacement
between the bottom 12 and the floor 20. It will
be seen that the above-described arrangement
for supporting the inner vessel permits free ex-
pansion and contraction of the vessel in the hori-
zontal plane and that such expansion and con-
traction cannot displace the inner vessel out of
concentricity with respect to the outer shell so
that the insulation thickness between the cylin-
drical walls |1 and 19 remains equal at all points.

The insulation space between the cylindrical
walls 11 and 19 is completely filled with an insu-
lating material 32 preferably comprising mag-

% netism carbonate or mineral wool or a mixture
# thereof. The insulation 32 is added to a desired
depth over the upper head 13 of the inner vessel
and completely fills the space between the screen
29 and the bottom 12 of the inner vessel which
is not taken up by the piers 28 and 3. It will be
seen that the screen 29 supports the insulation 32
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off the floor 20 to provide a free space 33 adja-
cent the floor 20. The screen 29 also acts to pre-
vent any lateral shifting of the piers 28 and the
piers 28 support the screen 29 at the desired
level.

Sudden temperature changes such as will occur
when first adding a cold liquefied gas to the inner
vessel will cause confraction of the air held
within the pores of the insulation 32. If the
outer shell were hermetically sealed such con-
traction would cause a considerable reduction of
pressure in the insulation space. With a very
large storage container the pressure difference
between the atmospheric pressure and the re-
duced internal pressure would tend to collapse
the outer shell unless it were constructed strongly
enough to resist such pressure changes. Accord-
ing to the present invention, it is possible to use
a light-weight construction for the outer shell
by counteracting such pressure changes by the
addition of a dry gas under a slight superatmos-
pheric pressure. Such dry gas is preferably a
portion of the waste nitrogen customarily passed
to the atmosphere in an air-separation plant.
A supply of waste nitrogen is conducted from
the liquid oxygen-producing plant through a
conduit 34 which connects to the outer shell 18
at a point below the sereen 29 and into the space
33. The space 33 thus permits rapid distribu-
tion of the dry nitrogen equally to the insulation
32. By thus maintaining a slightly superatmos-
pheriec pressure with in the outer shell 18, it is
possible to dispense with a metal bottom for the
outer shell I8 since any slight leakage at the
joint hetween the walls 19 and the floor 20 cannot
permit the inflow of moist atmospheric air, the
moisture of which would become condensed
within the insulating material 32 and reduce its
insulating value,

The floor 28 is preferably supported upon a
foundation of such nature that excessive amounts
of heat are not conducted out of the ground. A
flow of heat always tends to occur from a warm
region such as the ground, toward a cold region
such as the very cold liquefied gas in the ves-
sel 10. Thus, heat flows upwardly from the foor
2@ toward the vesse]l 10. Such heat flow, if con-
tinuous for a period of time, would tend to lower
the frost line in the ground so as to cause freez-
ing helow foundation levels. To counteract the
tendency to freeze the ground, the floor 20 is ele-
vated above the normal ground level indicated at
35. A foundation slab 36 is provided below
ground level at a depth such that it is only
slightly below the normal frost line and the floor
20 is supported upon the foundation slab 36 by a
series of columns or piers 37 which are spaced
apart and arranged to allow free circulation of
atmospheric air around piers 37 and between the
floor 20 and the ground 35.

In the event that an excessive pressure should
develop within the shell 18 which might oceur,
for example, if the inner vessel should spring a
leak and allow some liquefied gas to pass into
the insulation space wherein it would rapidly
vaporize, one or more safety valves 38 are pro-
vided. At least one of such safety valves 38 is
connected to the shell 18 at a point where it will
communicate with the space 33, which space will
permit an equalized flow of gas out of the insula-
tion 32 and free passage of such gas to the valve
38. The inner vessel 10 is similarly protected
by a safety device 89. The valve 39 is con-
nected to a conduit 40 which passes gas-tightly
through the roof 21 to the upper head 13,

I
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Suitable connections for supplying and draw-
ing liquid or gas to and from the inner vessel 10
are also provided. Thus, a connection 42 leading
from the head I3 through the wall 19 and con-
trolled by a valve 42’ is provided to withdraw
vapors from the space above the liquid in the
vessel 10. For supplying liquid to the vessel 10,
there is provided a connection 43 controlled by a
valve 43’ which connection is at a lower portion
of the wall 11 and passes through the wall {8,
For the withdrawal of liquid from the container
10 for the purpose, for example, of filling a
transport vehicle with a supply of liquefied gas,
a connection 44 is provided leading from the
bottom i2 through the wall {9. Connection 44
Jis controlled by a valve 44’. Other connections
such as the upper and lower connections 46 and
41 for a liquid level gauge indicated at 48, may
also be provided. A pressure gauge indicated at
49 may be connected to the connection 46.

It will be seen that certain features of the in-

vention may be used independently of others. and
that changes may be made in certain features of
the apparatus without departing from the es-
sentials of the invention. For example, the sup-
porting members 28 could, if desired, be of mono-
lithic construction and made by ecasting a suit-
able insulating material in molds or the sup-
porting members could be constructed of metal
of small cross-sectional area and having a rela-
tively low heat conductivity. Obviously, the
length of the supports may be increased to re-
duce their heat conductivity. )
- When it is desired to operate the inner veassel
10° at maximum pressures in excess of atmos-
pheric it will be preferable to weight the head
13 sufficiently to resist the upward force of gas
pressure against the head rather than make the
head of a shape and strength sufficient to re-
sist the internal pressure. Such weight may be
provided by; increasing the number of steel
rafters 14 and welding or otherwise securing them
to the head (3, by increasing the size and weight
of the rafters 14, by placing weights such as scrap
rails on top of the head 13, or by otherwise load-
ing the head I3 such as by placing concrete in
slab form thereon. :

This application is a division of the abandoned:

joint application of James G. Van Vleet, George
W. Patch, Jr., and Henry C. Kornemann, Serial
No. 450,644, filed July 11, 1942.

What is claimed is:

1. An apparatus for the storage of liquids

and/or gases comprising a large inner vessel for
holding the liquids and/or gases having side angl
bottom portions subject to expansion and coxn-
traction, an outer shell enveloping said inner
vessel and spaced from the portions thereof, said
outer shell having a bottom or floor, means for
spacing the bottom portion of the inner vessel
from the bottom or floor of the outer shell for
supporting the inner vessel, said spacing means
being so constructed as to allow for lateral con-
traction and expansion of the bottom portion of
the inner vessel relative to the bottom of the
outer shell, and means for anchoring centrally
thereof the bottom portion of the inner vessel
to the outer shell to prevent general relative
horizontal displacement therebetween.

2. An apparatus for the storage of liquids
and/or gases comprising an inner vessel for hold-
ing the liquids and/or gases, an outer shell en-
veloping said inner vessel and spaced there-
from to provide an insulating space therebetween,
means for supporting said outer shell in an up-

[

10

6

right position, supporting members spaced ouft-
wardly from the center of the bottom of said in-
ner vessel and extending upwardly from the bot-
tom of said outer shell, said supporting mem-
bers being provided with smooth flat horizontal
upper bearing surfaces, horizontal flat surfaces
on said inner vessel positioned to -rest on said
upper surfaces of said supporting members, the
arrangement of said supporting members and
horizontal surfaces being such as to support and
maintain the inner vessel in desired spaced re-

Jation to the outer shell, and a support disposed

centrally of the bottom of said inner vessel be-

" tween the. bottom of the inner vessel and the

bottom .of the outer shell, such central support

being arranged to prevent any general horizontal

" .relative displacement between the central bot-
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tom portion of the inner vessel and the outer
shell. _

3. An apparatus for the storage of liquids
and/or gases comprising an inner vessel for hold-
ing the liquids and/or gases, an outer shell en-
veloping said inner vessel and spaced therefrom to
provide an insulating space therebetween, means
for supporting said outer shell in an upright posi-
tion, supporting members spaced outwardly from
the center of the bofttom of said inner vessel and
extending upwardly from the bottom of said outer
shell, said  supporting members being provided
with smooth flat horizontal upper bearing sur-
faces, horizontal flat surfaces on said inner vessel
positioned to rest on said upper surfaces of said
supporting members, the arrangement of .said
supporting members and horizontal surfaces
being such as to support and maintain the inner
vessel in desired spaced relation to the outer shell,
a support disposed centrally of the bottom of said
inner vessel between the bottom of the inner ves-
sel and the bottom of the outer shell, such central
support being arranged to prevent any general
horizontal relative displacement between the cen-
tral bottom portion of the inner vessel and the
outer shell, and antifriction means between the
surfaces of said inner vessel and the correspond-
ing surfaces on said supporting members, said
antifriction means being of a character having
adequate antifriction properties at the tempera-
ture of said liquids and/or gases, whereby said
inner vessel may freely contract and expand radi-
ally with respect to said outer shell.

4. Apparatus for the storage of liquefied gas
comprising an inneyr vessel for holding the lique-
fied gas, an outer shell enveloping said inner
vessel and spaced therefrom to provide an insulat-
ing space, said vessel and said shell being cylin-
drical and having their main axes vertical and
substantially coincident, the bottom of said vessel
and the floor of said shell being substantially hori-
zontal; means for supporting said outer shell in
upright position; a central supporting pier having
its vertical axis substantially coinciding with said
main vertical axis and extending from the floor
of said outer shell to the bottom of said inner ves-
sel, such cenfral pier being arranged to prevent
general horizontal relative displacement between
the central bottom portion of the inner vessel
and the outer shell; a plurality of additional sup-
porting members extending from the floor of said
outer shell to the bottom of said inner vessel for
supporting the same; a roof sealing the upper end
of said inner vessel; a column resting on the bot-
tom of said inner vessel immediately above said
central pier and extending to the middle of said
roof to support the same; and means for loading
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said roof sufficiently to prevent upward displace-~
‘ment thereof when the pressure in said inner ves-
sel reaches the maximum working pressure.

5. An apparatus for the storage of liquids
and/or gases comprising an inner vessel for hold-
ing the liquids and/or gases, an outer shell en-
veloping said inner vessel and spaced therefrom
to provide an insulating space therebetween,
means for supporting said outer shell in an up-
right position, supporting members spaced out-
wardly from the center of the bottom of said
inner vessel and extending upwardly from the
bottom of said outer shell, said supporting mem-
bers being provided with smooth flat horizontal
upper bearing surfaces, horizontal flat surfaces on
said inner vessel positioned to rest on said upper
surfaces of said supporting members, the arrange-
ment of said supporting members and horizontal
surfaces being such as to support and maintain
the inner vessel in desired spaced relation to the
‘outer shell, a foundation platform positioned be-
low ground level at a depth greater than the nor-
mal frost line, and a series of supporting piers ex-
tending upwardly from said platform to the
bottom of said outer shell, said piers extending
above ground level and providing space between
them and between the ground level and the bot-
tom of said outer shell for free circulation of air.

6. Apparatus for the storage of liquefied gas
comprising an inner vessel for holding the lique-
fied gas, an outer shell enveloping said inner vessel
and spaced therefrom to provide an insulating
space; means for supporting said outer shell in
upright position; supporting members extending
from the floor of said outer shell to the bottom
of said inner vessel for supporting the same; in-
sulating material in the space between said vessel
and said shell; and a pervious insulation sup-
porting sheet disposed between the bottom of said
inner vessel and the floor of said outer shell said
sheet being relatively closer to said shell and ar-
ranged to support said insulating material be-
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tween it and the inner vessel and to provide &n
insulation-free space adjacent the floor of said
outer shell.

7. Apparatus for the storage of liquefied gas
according to claim 6 which includes a pressure
relief device connected to said outer shell to com-
municate with said insulation-free space, and
means for supplying a moisture-free gas to said
insulation-free space.

8. Apparatus for the storage of liquefied gas
comprising an inner vessel for holding the lique-
fied gas; an outer shell enveloping said inner ves-
sel and spaced therefrom to provide an insulating
space; means for supporting said outer shell ip
upright position; a plurality of supporting piers
extending upwardly from the floor of said outer
shell to the bottom of said inner vessel, the piers
which are spaced away from the center of said
inner vessel having means at their upper ends
permitting relative movement between them and
the bottom of the inner vessel due to expansion
and contraction of the inner vessel; a screen sub-
stantially parallel to and spaced from the floor of
said outer shell, said screen passing transversely
through said piers whereby the piers hold the
sereen in position and the screen holds the piers
against lateral displacement; and insulating
material in the space above said screen and en-
veloping said inner vessel.

HENRY C. KORNEMANN.
GEORGE W. PATCH, Jr.
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