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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 K. such as liquid 
oxygen at atmospheric pressure or at pressures 
slightly above atmospheric pressure, it is nec 
essary that the vessel holding the liquefied gas 
be well protected from the heat of the atmos 
phere so that losses due to evaporation are main 
tained at a low value. It is customary to en 
velope completely the liquid-holding vessel with 
a relatively thick layer of insulating material, 

2 Claims. (C. 220-15) 

embodying the principles of the present inven 
tion; and 

Fig. 2 is an enlarged fragmentary view of the 

O 

s 
and thoroughly protect such insulation from the 
effects of atmospheric moisture by providing a 
closed outer shell about the vessel and insula 
tion. The insulating material customarily em. 
ployed for a liquid oxygen container is a loose 
powder such as magnesium carbonate or a fibrous 
material such as mineral wool or a combination 
of such materials. Such insulation has a density 
such that it is only self-supporting and cannot 
provide any support for the inner vessel. For 
moderate sized liquid oxygen containers the inner 
vessel is Customarily supported in suspension by 
rods or cables secured to the outer shell or to a 
frame associated with the outer shell. For relan 
tively 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 brac 
ing and frame construction. 

Principal objects of the present invention are: 
to provide an improved construction for con- . 
tainers for the storage of liquefied gases and par 
ticularly for containers of relatively large sizes; 
and to provide improved means for supporting 
the inner vessel of a liquefied gas storage con 
tainer which shall permit free expansion and 
contraction of the inner vessel due to tempera 
ture 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 expansion and contrace 
tion due to temperature changes. 
These and other objects and novel features of 

the invention will become apparent from the foll 
lowing description and accompanying drawing, in 
which: 

Fig. 1 is a view mainly in vertical section of a 
relatively large liquefied gas storage container 
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upper portion of one of the supporting members 
for the inner vessel, 

Referring now to the drawing, the inner vessel 
0 and outer shell f are preferably in the form 

of upright cylinders having cylindrical side walls 
2 and 3 respectively, but provided with dished 
upper and lower heads 4, 5 and 6, 7, respec 
tively. The outer shell is larger in all dimen 
sions than the inner vessel 0 by an amount 
sufficient to provide an adequate insulation space 
between the walls 2 and 3, the upper heads 4 
and 5 and the lower heads 6 and . Such 
insulation space is filled with suitable insulating 
means 9. In some instances, however, it may be 
desirable to employ a vacuum between the inner 
vessel and the outer shell for purposes of heat 
insulation. In such case the surfaces of the in 
sulation space should be highly polished. For 
vessels of relatively large size, however, it is dif 
ficult and expensive to provide polished surfaces 
that will adequately control heat flow by radiation 
and it has been found preferable not Only to 
evacuate the insulation space but also to fill it 
with a suitable finely divided insulating means 
such as is disclosed in U. S. Patent No. 2,396,459 
issued March 12, 1946 to L. I. Dana. This form 
of the invention is suitable for the employment 
of the powder-in-vacuum type of insulation be 
cause the outer shell can be Constructed SO as to 

40 

45 

50 

55 

withstand the external atmospheric pressure. 
The inner vessel 0 is supported in desired rela 

tion to the outer shell by a series of piers or 
supporting members 20, preferably spaced cir 
cumferentially around the lower end of the cy 
lindrical side wall 2. The supporting members 
20 are secured to the lower head by suitable 
means such as by Welding the member to a re 
enforcing plate 2f secured against the inside Sur 
face of the head fl. An outwardly extending 
angular brace 22 may also be provided to main 
tain the supporting members 20 in the vertical 
position. Such supporting members may prefer 
ably have a tubular form and be composed of a 
metal having a relatively low heat conductivity, 
such as stainless steel. The upper ends of the 
supporting members 20 are provided with flat 
horizontal plates 23, the upper surfaces of which 
are smooth to form bearing surfaces. Corre 
sponding bearing surfaces on the inner vessel O 
are provided on the lower surfaces of horizontal 
plates 24 secured in the proper positions to the 



3 
inner, vessel fo. The plates 24 are secured pref 
erably by Welding to the lower ends of angular 
brackets 25, the upper ends of which are secured 
to the cylindrical side wall 2. The brackets 25 
are braced by gusset plates 26 to the dished head 
f6. The inwardly extending edges of the plates 
24 are welded to angle plates. 2 which are se 
cured against the shoulder of the dished head 
6. A lubricating material such as graphite is in 

terposed between the bearing surfaces of the 
plates 23 and 24. The amount of relative travel 
permitted between the plates 23 and 24 is prefer 
ably limited by suitable stops. Thus, a stop block 
28 is secured against the under surface of the 
plate 24 adjacent its outer edge while the bracket 
27 secured to the under surface of the plate 24 

. adjacent its inner edge acts to prevent Over 
travel in the other direction. 
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The outer shell may be supported by any suit- . 
able means. As shown in Fig. 1 the outer shell 
is supported on columns 29 which are preferably 
positioned substantially directly below the Sup. 
porting members 20. The columns 29 are secured 
at their upper ends to an external reenforcing 
plate 30 on the head and are mounted at their 
lower ends on suitable foundation piers 3. Angu 
lar braces 32 extending from piers 3 to a point 
adjacent the joint between the head f and 
the side wall 3 of the outer shell are also prefer 
ably provided. The foundation piers 3 should 
extend into the ground to a depth below the 
normal frost line. 
Connections for the supply and withdrawal of 

liquid, the withdrawal of gas, safety valves, and 
other auxiliary equipment may be provided as is 
Customary With liquefied gas storage tanks. Such 
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support the inner vessel in desired spaced relation 
to the Outer shell; movement-restraining means 
associated with said bearing surfaces on said inner 
vessel and positioned to cooperate with said sup 
porting members for substantially centering said 
inner vessel with respect to said outer vessel when 
Said inner vessel has contracted a predetermined 
amount due to introduction of liquefied gas; and 
anti-friction means between the bearing surfaces 
of Said inner vessel and the corresponding sur 
faces of Said supporting members, said anti-fric 
tion means being of a character having adequate 
anti-friction properties at the temperature of said 
liquefied gas whereby said inner vessel may freely 
contract radially and be centered with respect to 
said outer shell. 

2. Apparatus for the storage of liquefied gas at 
temperatures below 233 K. comprising a closed 
inner vessel for holding the liquefied gas; said 
inner vessel having a side wall of substantially 
vertical cylindrical form; a plurality of brackets 
Secured externally at spaced points to the lower 
portion of said side walls, said brackets each 
having a horizontal bearing surface; a closed gas 
tight outer shell enveloping said inner vessel and 
spaced therefrom to provide an evacuatable in 
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equipment forms no part of the present invention 
and is therefore not illustrated. 

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 
essentials of the invention. . For example, the 
inner vessel 0 or both the inner vessel O and 
the outer shell may be of spherical form in 
Stead of cylindrical. 
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. Apparatus for the storage of liquefied gas 

attemperatures below 233 K. comprising a closed 
inner vessel for holding the liquefied gas, a com 
pletely closed gas-tight outer shell around the 
inner vessel and spaced therefrom to provide an 
insulating space; supporting members spaced out 
wardly from the center of the bottom of said 
inner vessel and extending upwardly from the 
bottom or floor of the outer shell, said supporting 
members being provided with smooth, flat hori 
Zontal upper bearing surfaces; supports for hold 
ing said outer shell in upright position, said sup 
ports being positioned under said supporting 
members; horizontal flat bearing surfaces on said 
inner vessel positioned to rest on said upper sur 
faces of said supporting members, the construc 
tion and arrangement of said supporting mem 
bers and horizontal surfaces being such as to 
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Sulating space; supporting members secured to 
and extending upwardly from the lower portion 
of said shell, one such supporting member being 
disposed under and cooperating wtih each of said 
bearing surfaces; anti-friction means between 
each of said supporting members and the corre 
Sponding bearing surface whereby said inner 
vessel may freely contra-3t and expand radially 
with respect to said outer shell; supporting col 
umns for said outer shell positioned substantially 
under said supporting members so that the weight 
of the inner vessel and contents creates sub 
stantially no bending forces in the outer shell; 
and Outer and inner stop means associated with 
Said bearing surfaces for preventing excessive 
relative horizontal displacement between the 
inner vessel and Outer shell and acting in co 
operation with said anti-friction means to center 
the inner vessel when it contracts upon introduc 
tion of a charge of said liquefied gas, whereby the 
heat insulating efficiency of said insulating space 
is at its highest value when the inner vessel is 
charged. 
- HENRY C. KORNEMANN. 
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