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2 Claims. (C. 23-281) 
This invention relates to an apparatus for containing 

non-rigid materials and has particular reference to a 
device for containing fluids wherein the position of the 
center of gravity of the fluid stored is maintained constant 
at all times with respect to the container independent of 
the quantity of fluid which is stored therein at any one 
time. - 

Storage and delivery of fluids in extraterrestrial envir 
onments under conditions of Zero gravity present a 
number of unique problems. One of these problems is 
to keep the material in one consistent mass having a 
center of gravity with a predictable location. This prob 
lem is of particular importance to propulsion systems 
which require a consistent supply of propellant. The 
maintenance of center of gravity at controllable, con 
sistent, and predictable positions is important for vehicle 
control. 

It is an object of the present invention to provide a 
new and useful container for non-rigid materials such 
as fluids and the like. 

It is a further object of this invention to provide a 
storage device for non-rigid materials such as fluids 
which will maintain the center of gravity of the fluid 
within the storage device at a constant predictable loca 
tion regardless of the quantity of fluid stored within the 
storage device. 
Another object of this invention is to provide a con 

tainer for a compact mass which container includes 
means for maintaining the center of gravity of the mass 
constant. 
Yet another object of this invention is to provide an 

apparatus for containing non-rigid materials such as 
fluids having a unique ventage system for the fluid stored. 

It is yet another object of this invention to provide an 
oxygen generator. 
A particular object of the invention is to provide means 

for storing hydrogen peroxide. 
Another object of this invention is to provide a storage 

means for the propellant to be used in a space vehicle 
wherein the center of gravity of the propellant stored 
may be conveniently and simply maintained at a prede 
termined location and wherein a shift of the center of 
gravity within the container due to formation of gases 
is conveniently avoided. 
Another feature of the invention is the provision in 

a storage device of fluid means for controlling the loca 
tion of the center of gravity of the fluid and the rate of 
shift of center of gravity as well as providing a means 
for expelling and drawing the fluid into the storage device. 

In accordance with the invention, a variable volume 
storage device which maintains the center of gravity of 
fluid material stored therein includes an elastic storage 
container having a passage port for the fluid material, 
the container assuming a predetermined collapsed posi 
tion about a predetermined center of gravity and being 
symmetrically expandable about the predetermined center 
of gravity. A symmetrically shaped rigid pressure vessel 
surrounds the container and includes means for holding 
the container. A resilient but porous outer backing is 
supported within the pressure vessel for biasing the elastic 
container into its predetermined condition. Fluid con 
ducing pressure means are connected to the pressure 
vessel for varying the external pressure on the elastic 
container so as to symmetrically expand the container or 
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2 
contract the container and thereby control the passage 
of the non-rigid material through the port. 
As a further feature of the invention, the elastic con 

tainer includes a pair of symmetrical half-bladders pref 
erably held in a symmetrically shaped vessel. Thus, if 
the container, i.e., the space between the two bladders, 
is filled with hydrogen-peroxide, the evolution of oxygen 
from the hydrogen-peroxide would not shift the center 
of gravity of the liquid as the oxygen would pass through 
the permeable Teflon while the resilient and porous back 
ing would compress the bladder against the remaining 
hydrogen-peroxide. The oxygen may be valved off and 
used for human consumption. 
For a better understanding of the invention, its ad 

vantages and other objects, reference should be had to 
the following descriptive matter and accompanying 
drawing wherein a preferred embodiment of the inven 
tion is described in detail. 
The drawing shows, in a vertical cross-section, a liquid 

container and associated auxiliary means, the latter being 
shown schematically. 

Referring now to the drawing, a rigid pressure vessel, 
generally designated 10, includes a pair of oppositely 
facing vessel forming hollow hemispheres 12 and 14, 
each of which is provided with a peripheral flange 16 
and 18 respectively. An annular spacing ring 20 sepa 
rates the hemispheres which are secured to each other, 
and to the spacing ring, by means of a plurality of periph 
erally spaced nut and bolt sets 21 passing through the 
flanges 16 and 18. An oxygen permeable Teflon mem 
brane 22 is secured at its periphery between one face 
of the annular ring 20 and the flange 18, while a second 
oxygen permeable Teflon bladder 24 is secured at its 
periphery between the other face of the ring 20 and the 
flange 16. Preferably, the bladders 22 and 24 are be 
tween 4–8 mils thick. A perforated resilient silicone 
rubber backing 26 is secured at its periphery between the 
membrane 22 and the flange 18 and a second perforated 
resilient silicone rubber backing 28 is secured at its cir 
cular periphery between the edge of the bladder 24 and 
the flange 16. 
The bladders 22 and 24, as well as the backings 26 and 

28, are secured at the edges against annular ring 20 to 
form a liquid tight container. The elastic backing 
serves to press the Teflon bladders into a collapsed posi 
tion in the plane of the annular ring. The biasing force 
exerted by the resilient backing results from the deforma 
tion of the backing from its circular disc shape by fluid 
forced into the container (formed by the bladders 22, 
24 and the ring 20) by means of an axially directed fluid 
conducting port 30 which is connectable to an exterior 
pipe by means of fluid drain 31 which extends from the 
port. 
The backings 26, 28 are secured at their peripheral 

surfaces and the flanges 16 and 18 so as to form a gas 
seal and thereby form a pair of separate chambers with 
the hemispheres 12 and 14. A pair of mutually con 
nected fluid pipes 36 and 38 are separately connected to 
the chambers formed by the hemispheres 12 and 14 by 
means of elbows 32 and 34 secured into the hemispheres. 
A pressure source 42 is connected to the pipes 36 and 
38 by means of a pipe 40. A pressure vent valve 44 
is mounted at the common junction of pipes 36 and 38. 
The fluid, which may, for example, be the propellant 

of a space vehicle (i.e., hydrogen peroxide) is initially 
injected into the container formed by the bladders 22, 24 
and the ring 20 through the port 30. The perforated 
resilient backing sheets 26, 28 which support the blad 
ders 22, 24 are deformed symmetrically into opposite 
directions so that the container may accommodate the 
fuel injected. The pressure source 42 is regulated so 
that the deformation experienced by the backing 26 is 
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limited to that degree necessary to provide sufficient vol 
ume to receive the injected fluid. The limit of deforma 
tion is of course determined by the interior surfaces of 
the hemispheres 12 and 14. . . . . - 
Thus the fluid, in operation, is contained within the 

bladders and the bladders are supported by the resilient 
tension backing which controls the position and shape of 
the bladders. 
shown as a flat sheet, in its preferred embodiment this 
flat sheet is perforated. However, the backing may as 
sume any configuration or material such as, for exam 
ple, springs. Such configurations are considered within 
the scope of the invention. Loading of the cell, or con 
tainer formed by the bladders, with fluid extends the 
bladder placing the backing under tension. This tension 
exerts pressure on the stored fluid keeping it in a single 
mass at a desired location. The gases evolved permeate 
through the bladders and into the pressure chambers 
formed by the hemispheres. 

In addition to the pressures exerted by the backings. 26, 
28, expulsion pressures are provided by the pressure 
source. 42 to the pressure vessel 10. It will of course 
be understood that the pressures within the vessel 10 
and exerted by the pressure source are equal on each side 
of the backings 26, 28 so as to produce symmetrical 
expansion of the container in which the fluid is retained. 
While Teflon is the currently preferred bladder, mate 

rial for the storage of HO, other materials may be 
employed for the storage of still other liquids. The 

:30 material chosen should be chemically resistant to the 
stored liquid and if the liquid evolves gases, it should be 
porous to the evolved gas. 
The apparatus of this invention may also be employed 

as a source of oxygen as, for example, for human con 
sumption under adverse conditions either under water, 
under ground or in space, by filling the container with 
an oxygen-liberating liquid such as concentrated H2O2. 
Decomposition of the liquid releases oxygen which dif 
fuses through the Teflon bladder 24 to the outer chamber 
from which it may be released as needed through 
valve 44. 

Although the bladder backing 26, 28 is - 
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condition at a preselected pressure, said device com 
prising: - 

a relatively narrow spacing ring provided with a port; 
a pair of gas-porous flexible bladder members fastened 

at their peripheries to each side of said spacing ring 
in confronting relationship and adapted to retain 
fluid in a storage area defined by said bladders and 
said spacing ring; 

a pair of gas-porous resilient backing members, each 
of said backing members rigidly retained proximate 
to said ring at their peripheries in close abutting re 
lationship to one of said bladder members, respec 
tively, on the outward face thereof, and biasing said 
bladder members towards said minimal volume con 
dition, said backing members having the same cross, 
sectional thickness for all volumetric conditions of 
the storage area defined by said bladders and said 
spacing ring; - 

a pair of symmetrically shaped rigid vessels, each of 
said vessels rigidly retained proximate to the periph 
ery of one of said backing members in sealing rela 
tionship thereto; . . . 

a pressure source provided with an outlet line; 
a pair of fuel lines operatively connected to said 

letline; 
each of said fuel lines operatively connected to, one 

of said rigid vessels respectively, and adapted to pro 
vide equal pressures to each of said rigid vessels; 

a discharge outlet disposed proximate to the juncture. 
of said fluid pressure lines and said outlet line, 
whereby said gaseous decomposition products are 
adapted to pass through said bladder members and 
said backing members and to be withdrawn through 
said discharge outlet. 

2. A device as in claim 1 wherein said bladder mem 
bers are formed of Teflon, and said backing members are 

out- - 

formed of perforated resilient silicone rubber. 
40 

Self-decomposition of HaO2 will take place at a slow : 
rate. If a faster rate is desired, a suitable catalyst may 
be introduced into the container, or the H2O may be 
passed through a catalyst coated screen before introduc 
tion into the container. Suitable catalysts are well 
known to the art. - 

While preferred embodiments of the invention have 
been described in detail it will be understood that many 
modifications will become obvious to those skilled in the 
art. - 

What is claimed is: - 

1. A variable volume storage device for storage of 
chemically unstable fluid material in the minimal volume 
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