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[57] ABSTRACT 

A container or carrier for storing a low-temperature liqui?ed 
gas in which a thin, metallic, ?lm or membrane ?uid-contain 
ing inner vessel composed of a bottom wall, side walls and a 
top having a central opening has a ?exible bulge developed on 
the top in the area of juncture of the top and side walls and this 
bulge straightcns in cross section for compensating for tem 
perature decreases and loading for the inner vessel with a 
liqui?ed gas. The internal pressure of the inner vessel is sup 
ported by a rigid, outer vessel in which a heat-insulating layer 
of compression-resistant material is installed. The strength of 
the inner vessel is maintained by the compensating deforma 
tions and at the same time leakage of liquid is prevented. Pipes 
lead into the inner vessel through a trunk mounted on a top 
wall structure of the outer vessel. 

4 Claims, 1 Drawing Figure 
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MEMBRANE CONTAINER CONSTRUCTION FOR 
STORING LOW-TEMPERATURE LIQUIFIED GAS 

BACKGROUND OF THE INVENTION 

This invention relates to storing of low temperature liqui?ed 
gases obtained by liquifying substances which are gaseous at 
ordinary temperatures such as methane, oxygen and am 
monia, by cooling them to their boiling point at ordinary pres 
sure, and more particularly to a membrane receptacle tank 
construction for storing low temperature liqui?ed gas. 

DESCRIPTION OF PRIOR ART 

Low temperature tank constructions are known in which a 
heat insulating layer is provided inside a pressure-resisting 
outer shell and an inner container or vessel is held close to the 
inner surface of the heat insulating layer. The inner vessel is 
made of a thin metallic or membrane material plate so that it is 
?exible, and can be kept in tight contact with the inner surface 
of the insulating layer. When the inner vessel is subjected to an 
internal pressure it transmits its internal pressure through the 
heat insulating layer to the outer shell structure or vessel. 

In this type of known storage tank attempts have been made 
to work out some methods, such as suspending or lifting the 
top wall of the inner vessel of overcoming the tendency of the 
inner vessel to sag due to its own weight. The inner vessel un 
dergoes different phases of complicated deformations during 
the course of change from a unloaded condition at normal 
temperatures to a loaded condition at low temperatures. The 
different loading conditions at normal and low temperatures 
create unfavorable problems of stress concentrations should 
the inner vessel be provided with any restraints which prevent 
occurrence of the deformations. 

SUMMARY OF THE INVENTION 

This invention provides a solution to the problems encoun 
tered in the known storage tanks of this type which have 
hitherto been in use. The invention provides a membrane type 
storage tank or container for low temperature liqui?ed gas 
which can avoid the irregular sagging of the top wall or struc 
ture of the inner vessel due to its own weight. The inner tank 
has an open top with a boundary portion about its center top 
opening ?xed to the rigid outer shell top structure about the 
periphery of a rigid trunk on the top structure of the outer 
tank. By keeping the top wall pressed downwardly in advance 
at normal temperatures and by connecting the edge or border 
of the top wall to the side walls of the inner vessel through 
?exible corners which heave at normal temperatures as in a 
convex formation, and which can at the same time allow the 
inner vessel to meet expansion or contraction with no restric 
tions inside the compression-resisting heat-insulating layer 
problems of conventional membrane storage tanks are 
avoided. The membrane vessel according to the invention is 
made up of side walls and a bottom wall of membrane con 
struction. The inner vessel has a top wall of membrane con 
struction which is open and is connected to the side walls of 
the membrane tank by a ?exible outwardly curved peripheral 
portion in the area of juncture between the top wall and side 
walls. This ?exible portion, which is convex in vertical cross 
section, swells upwardly at ordinary temperatures. A rigid 
outer shell is provided outside the inner vessel with a compres 
sion resisting heat insulating layer in between the inner and 
outer vessels. A rigid trunk is provided on the rigid shell and is 
positioned at almost the center of the top wall of said inner 
vessel to which it is ?xed to said outer shell, but insulated 
therefrom through heat-insulating material. The invention is 
characterized by a feature that the top of the inner vessel is 
pressed down and deformed or bulged peripherally before 
hand at ordinary temperatures by the rigid outer shell or vessel 
through the heat-insulating layer material which is in contact 
with the upper surface of the inner vessel top wall. 

According to the invention the inner vessel can fully 
withstand the oscillation which it may undergo when the prin 
ciples of the invention are applied to the storage tanks of tan 
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2 
kers or ships, since the whole of the inner vessel is prevented 
from crushing and its upper part from sagging, because its side 
walls of membrane construction are supported by the rigid 
trunk by way of the ?exible curved portion which swells or 
bulges upwardly. The top wall which has been pressed down 
beforehand even in an ordinary temperature unloaded condi 
tion receives no internal pressure but also is in an expanded 
condition. The concentration of stresses is avoided because 
the walls of the inner vessel are allowed to make any thermal 
deformation freely centering around a portion which is ?xed 
to the rigid trunk at almost the center of the top wall of the 
inner vessel. Moreover, the walls of the inner vessel will be 
supported for a suf?ciently large area by the compression-re 
sistant heat-insulating layer which is in close contact 
therewith. Only with the straightening in cross section of or 
reduction in the bulging of the ?exible curved portion and the 
preliminary pressing-down of the top wall resulted from the 
thermal contraction of the walls of the inner vessel, in a low 
temperture loading conditon. 

BRIEF DESCRIPTION OF THE DRAWING 

The illustrated embodiment of the invention is a fragmenta 
ry vertical cross section view of a container in accordance 
with the principles of the instant invention. 
Other objects and advantages of the container or receptacle 

will appear from the following description of an example of 
the invention; and the novel features will be particularly 
pointed out in the appended claims. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The drawing is a fragmentary, vertical cross-section view of 
a container according to the invention and consisting of a dou 
ble hull acting as a rigid outer shell in which is disposed an 
inner vessel 3 made of a low-temperature resisting material, 
such as nickel-steel sheet, stainless steel sheet or aluminum 
sheet. A heat-insulating layer 2 made of a material having a 
compression resisting property, such as a hard foamed polyu 
rethane in between, is provided in the interior of the outer 
shell or vessel between it and the inner tank or vessel 3. 
The inner vessel 3 has a side wall 3a and a bottom wall 3b of 

membrane construction as well as a top wall 3d of membrane 
construction which is connected to the side wall 3a by way of a 
?exible portion 36 which swells or bulges upwardly at ordinary 
temperatures. The top wall is pressed downwardly at ordinary 
temperature by the outer vessel through a heat-insulating 
layer 2d which is in contact with its upper surface. That is, the 
top wall of the inner vessel which was in the condition shown 
in the drawing by a double-dotted-dash line 3p in the manufac 
turing of the invention is deformed into a condition illustrated 
at 3d shown by double solid lines when preliminarily pressed 
by the heat insulating layer provided in close contact with its 
upper surface, thereby giving rise to a bulge or upward convex 
deformation in a flexible curved portion corresponding to a 
peripheral, marginal portion in the area of juncture of the top 
wall and side wall. The bulge is received in an annular recess 
in the heat-insulating layer 2d as illustrated. 
At substantially the center of the top wall 3d of the inner 

vessel, a lower ?ange or collar of a rigid trunk 5, reinforced by 
a bracket 4 is ?xed the outer shell in a gas tight manner. Upper 
and lower collars on the rigid trunk 5 are ?rmly ?xed to the 
double hull serving as the outer shell through mounts 6 and 7 
made of a heat-insulating material. 

Additional heat-insulating material 8 is provided between 
the hull 1 and the trunk 5 so that the coldness within the inner 
vessel cannot exercise a direct effect upon the hull. All the 
pipes, including the delivery and gas pipes, are admitted into 
the inner vessel 3 through the trunk 5, and an opening in the 
trunk 5 is covered by a gas-tight cover, not shown, which is 
pierced with the pipes or conduits. 
When the low temperature liqui?ed gas is introduced, the 

inner vessel, which is in a condition shown in solid lines in an 
ordinary temperature unloaded condition, is deformed 
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without stresses into a con?guration or condition illustrated at 
3Q by a broken line. The thermal contraction, in a loaded con 
dition, centers around a border portion ?xed to the trunk 5 
and the reduction in or straightening in cross section of the up 
ward bulge or curved portion 30. The walls of the inner vessel, 
with an exception of the curved portion 30 at its upper, are 
brought into close contact, by internal pressure, with the com 
pression-resisting heat insultating layer 2, and are supported 
by the hull l with the heat insulating layer 2 in between the 
two vessels or receptacles. 
While the inner vessel 3 is supported in a stabilized condi 

tion in a low temperature loaded conditon where internal 
pressure acts upon it, the inner vessel 3 of this device can 
maintain its shape without crushing even in an ordinary tem 
perature unloaded condition in which it receives no internal 
pressure and is in an expanded condition by virtue of the 
preliminary pressing of the top wall 3d of the inner vessel and 
the upward swelling or bulging in the ?exible curved portion 
30 as well as the partial ?xing of the top wall of the inner vessel 
to the hull 1 through the rigid trunk 5. 
According to the invention, as mentioned above, the inner 

vessel can freely make any thermal distortion or deformation 
centering around the ?xed portion of its top wall, being 
thereby able not only to prevent the concentration of stresses 
but also to maintain its shape without difficulty even in an or 
dinary temperature unloaded condition. The problems en 
countered in known membrane tanks and containers are 
avoided because the inner vessel of membrane construction 
consisting of a top wall which is properly pressed and 
deformed preliminarily at ordinary temperatures by the outer 
shell through a compression-resisting, heat-insulating layer, 
side walls which are connected to said top wall by way of a 
?exible curved portion which swells upwardly at ordinary tem 
perature, and a bottom wall is supported within the outer shell 
and the central portion of said top wall alone is ?xed to the 
outer shell through a rigid trunk. 
The above description of the invention is that of a carrier, 

for example a tank on a ship, but the structure described and 
illustrated may be made as a stationary tank or container. In 
such a case a foundation, not shown, may be provided under 
the outer shell for securing it to the ground. 

It should be understood, of course, that the foregoing dis 
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4 
closure relates to only preferred embodiments of the invention 
and that numerous modi?cations or alterations may be made 
therein without departing from the spirit and the scope of the 
invention. 
What we claim and desire to secure by letters patent is: 
l. A receptacle for storing low-temperature liqui?ed gas 

comprising, a rigid vessel having a bottom, side walls and top 
structure, a heat-insulating layer in said vessel, a ?exible, 
inner, ?uid-containing vessel internally of said rigid vessel and 
interiorly of said heat-insulating layer, said inner vessel having 
a bottom, side walls and a top made of a ?uid-impervious 
metallic material, said inner vessel top having a defonnably, 
marginal portion in the area of juncture of said top and said 
side walls, said portion having a convex con?guration arcuate 
in cross section bulging upwardly at said area of junction, said 
marginal portion bulging upwardly when said inner vessel is in 
an unloaded condition, the arcuate marginal portion extend 
ing peripherally of said top, said top having a central opening, 
a trunk in the top structure of said rigid vessel in communica 
tion with said opening, means securing to said top structure a 
marginal portion of said top of the inner vessel bounding said 
central opening, said heat-insulating layer including heat-insu 
lating material over said top of the inner vessel deforming the 
top of said inner vessel inwardly in an unloaded condition of 
said inner vessel and causing deformation of said top to effect 
bulging of the top at said area of juncture with the side walls 
and said insulating material having a recess into which the up 
wardly bulging marginal portion extends and is received 
therein, whereby the ?rst mentioned marginal portion will 
deform and bulge in the absence of a liqui?ed gas load in the 
inner vessel and will straighten in cross section in response'to 
temperature decreases and a loading of said inner vessel with 
liqui?ed gas contained therein. 

2. A receptacle for storing low-temperature liqui?ed gas ac 
cording to claim 1, in which said inner vessel is made of a thin 
metallic membrane. 

3. A receptacle for storing low-temperature liqui?ed gas ac 
cording to claim 1, in which said heat-insulating layer material 
comprises rigid polyurethane. 

4. A receptacle for storing low-temperature liqui?ed gas ac 
cording to claim 1, in which said heat-insulating layer com 
prises a compression-resistant material. 

‘K * * * * 


