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The present invention relates to improvements in de 
vices for storing and feeding flowable materials, such as 
liquid fuels, and, particularly, to an improved container 
for safely storing fuel such as hydrazine over a long peri 
od of time and using pressurized air for expelling the hy 
drazine when the container is in use. 
The invention contemplates the provision of a con 

tainer well Suited for use in auxiliary power systems for 
missiles, rockets and related air, space and extraterrestrial 
applications. In these containers, the fuel, such as an 
hydrous hydrazine monopropellant is placed in indi. 
vidual containers for shipment and storage for imme 
diate use, and pressurized air is ordinarily used to start 
and maintain the flow of fuel into a reaction chamber of 
the vehicle with which the propulsion system is employed. 
The individual storage containers are expendable and 
must be reasonable in cost and be safe for storage and use. 
The expulsion mechanism must necessarily be completely 
reliable and withstand shocks of shipping and handling 
as well as temperature changes. 

Heretofore difficulty had been encountered in the 
materials of construction of such storage, and fuel tanks 
because of the deleterious effects of the type of highly 
corrosive fuels employed. If stored over a long period 
of time, the fuels would react on the materials of con 
struction and permeate the components of the fuel stor 
age tank as well as corroding such materials of con 
struction. 

Accordingly, an object of the present invention is to 
provide an improved storage and supply tank for reac 
tive liquids such as hydrazine, which may be stored over 
long periods of time without damage from the reactive 
fuel. 

Another object of the present invention is to provide 
an improved storage container for reactive fuels utilizing 
a bladder which is inflatable with a pressurizing medium 
for expulsion of the fuel, which is inexpensive to manu 
facture, which is safe, which will not react with the fuel 
over long storage periods, and which will expand safely 
without danger of rupture and without danger of the 
formation of a potentially explosive reaction between the 
fuel and the pressurizing medium. 
Another object of the present invention is to provide 

an improved container and expulsion bladder for a reac 
tion fuel which is capable of improved expulsion of the 
fuel during use. 
A still further object of the present invention is to 

provide an improved reactive fuel container for storage 
and for feeding the fuel which is not adversely affected 
by the temperature changes. 

These and other objects, features and advantages of the 
present invention will become more apparent upon a 
careful consideration of the following detail description 
when considered in conjunction with the accompanying 
drawings illustrating the preferred embodiment of the 
present invention wherein like reference numerals and 
characters refer to like and corresponding parts through 
out the several views. 
On the drawing: 
FIGURE 1 is a vertical sectional view taken through 

the center of the container constructed in accordance with 
the principles of the present invention; and 

2 
FIGURE 2 is a fragmentary sectional view taken along 

lines II-II of FIGURE 1. 
As shown on the drawings: 
As appears in FIGURE 1, a container assembly gen 

5 erally indicated by the numeral 10 provides a device for 
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storage and for feeding a reactive liquid fuel such as hy 
drazine. At the time of use, the container is connected 
to a combustor 11 and to a pressurized expulsion gas 
supply 12 which is preferably air. The air supply is con 
nected at 13 and the combustor at 14 to complete the 
propulsion system. A valve means 15 is connected to the 
'container assembly 10 for admitting the air for expull 
sion of the fuel. - 
The container assembly includes an outer generally 

cylindrical shaped metal tank or container 17 for the 
fuel. When the fuel employed is a hydrazine or hydra 
zine derivative the tank is preferably constructed of either 
304 stainless steel or an aluminum coated structural ma 
terial or any other material non-reactive and non-per 
meable by the fuel employed. 

- At one end of the container is an expulsion opening 
outlet 18. Connected to the expulsion opening 18 is a 
control valve 16 which is closed during storage. The 
control valve 16 may take the form of a rupturable disc 
which is effective to seal the container during storage 
and which is automatically opened with the build up 
of sufficient pressure within the container 17. 
At the opposite end of the container or housing 17 

is an outwardly flaring sleeve 17a apertured to receive a 
foil diaphragm 23 which is provided with an outturned 
lip 20 secured to the housing sleeve by an end plate 2 
and securing means 22 such as by bolts, welding or the 
like. The metal foil diaphragm 23 is constructed of a 
rupturable material such as an aluminum foil which may 
be ruptured in a manner hereinafter more fully explained. 
The end wall 23a of the metal foil diaphragm 23 pre 
vents communication between the fuel chamber 25 and the 
ambient atmosphere. 

Positioned within the cup-shaped interior of the metal 
foil is a coiled expandable bladder 26 as clearly appears 
in FIG. 2. The bladder is anchored at its base to the 
end plate 21 by a threaded fitting 22a which projects 
through the aperture 28 formed in the end plate 21 and is 
defiated when coiled in order to fit compactly in the cup 
shaped housing defined by the foil 23. 
The fuel chamber 25 is first filled with the fuel such as 

hydrazine. The foil cup 23 is then inserted in the sleeve 
aperture of the container or housing 17, the lips of the 
foil seated against the end surface of the sleeve of the 
housing, the bladder 26 coiled and the fitting thereof 
threaded into the end sleeve aperture 28, the bladder posi 
tioned in the cup shaped interior of the foil and the end 
cap 2 secured as by bolts 22 to the sleeve 17a of the 
housing 17. 
The bladder 26 is formed of an expandable or an elastic 

material conical in shape in order to stretch for expulsion 
of the liquid fuel from the fuel tank 25. However, it is 
well known that, where air is used as the expulsion me 
dium, it is essential that the bladder not rupture during 
inflation to prevent mixing of the hydrazine and air and 
the resultant formation of a potentially explosive mix 
ture. Therefore, it is essential that the bladder not dete 
riorate during storage. The aluminum foil 23 is provided 
to prevent permeation of the hydrazine vapors and liquid 
into the materials of construction of the bladder. The 
bladder is preferably constructed of butyl rubber, buna 
S rubber, Teflon and similar materials which are expand 
able and non-permeable and which will not deteriorate 
during storage. Where hydrazine is employed as a fuel, 
the foil 23 is preferably constructed of aluminum. Thus, 
if the foil diaphragm 23 is constructed of a material non 
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permeable by hydrazine and which is not corroded by hy. 
drazine, the bladder material of construction is not as criti 
cal as a design parameter since contact between the ma 
terial of the bladder and the hydrazine will occur only 
for a short period of time when the bladder, in expanding 
ruptures the foil 23 and pressurizes the chamber 25 to 
force the fuel through the housing outlet. 
Thus a larger selection of bladder materials of con 

struction are permitted since the bladder contacts the fuel 
for a short period of time. In addition, the storage life 
of the fuel tank in condition for immediate use, is en 
hanced considerably. 
The bladder is an elongated bag, connected through 

its fitting 22a to the air source 12. During inflation, the 
bladder will inflate first to expand and rupture the foil 
diaphragm 23 and then expand further to first elongate 
to its full length and then expand forcing the fuel for 
wardly ahead of the bladder toward the opening 18 at 
the end of the container. . 

Perforated disc 29 may be positioned over the expell 
ing opening 18 in the container 17. The disc may be 
provided with grooves 30 which provide flow path to 
permit complete draining of the container 17 even when 
the bladder is inflated to press against the opening 18. 
In operation, the container assembly 10 is filled with 

fuel in the chamber 25 and the area within the bladder 
may be partially filled, as desired with low pressure air 
to prevent collapse of the bladder. With the bladder 
confined in the opening of the sleeve by the foil dia 
phragm 23, effective means are provided to prevent con 
tact of the fuel with the materials of construction of 
the bladder. The foil diaphragm 23 is sized to permit 
contraction and expansion thereof due to changes in tem 
perature conditions and thereby minimize the dangers in 
herent in rupture of the diaphragm and the dangers in 
herent in transporting the unit when the fuel is frozen. 
Hydrazine, for example, has a freezing temperature of 
2 C. When the unit is in use, the air supply 12 and the 
combustor 11 are connected to the container, the valve 
16 is opened (or the rupturable disc is ruptured by fuel 
pressure) and the air supply valve 15 is opened with the 
bladder inflating first in the coiled position to force it 
self against the rupturable diaphragm 23 and then elon 
gating through the ruptured diaphragm and expanding to 
force the fuel gradually out of the expelling opening 18. 
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As an example of operation under preferred conditions, 
a container containing hydrazine would be emptied with 
an expelling air pressure of 750 p.s. i. The container 
would be emptied in a 20 minute period and the cham 
ber pressure would be approximately 300 p.s. i. The ex 
pansion of the bladder will occur over a sufficiently long 
period of time to prevent premature rupture of the dia 
phragm in one localized area. This minimizes the pos 
sibility of blowing a bubble of the inner layer of the 
bladder material of construction through a small open 
ing in the diaphragm. 
Thus it will be seen that I have provided an improved 

fuel storage and supply container which is more reliable, 
less expensive and which meets the objectives herein 
above set forth. The coiled bladder arrangement is re 
duced in expense, and is more easily inspected than ar 
rangements heretofore provided. The system is lighter in 
weight and more compact than arrangements heretofore 
used. The savings in cost are considerable inasmuch as 
the units are expendable. 

Although minor modifications might be suggested by 
those skilled in the art, it should be understood that I 
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4. 
a 

wish to embody within the scope of the patent war 
ranted hereon, all such embodiments as reasonably and 
properly come within the scope of my contribution to 
the art. - 

I claim as my invention: 
1. A flowable material feeding and storage tank com 

prising: 
a tank having an inlet and an outlet, 
a rupturable diaphragm dividing the tank interior into 

at least two chambers, 
one of Said chambers having a flowable material there 

in and communicating with said tank outlet, the 
other chamber housing a coiled and inflatable bladder 
communicating with the tank inlet, and said coiled 
bladder being positioned in the other chamber to 
contact the rupturable diaphragm when inflated 

whereby pressurized expansion of the bladder forces the 
bladder against the rupturable diaphragm to rupture the 
diaphragm and then elongate through the ruptured dia 
phragm into the one chamber to expand and force the 
flowable material therefrom through the tank outlet. 

2. A hydrazine containing fuel feeding and storage tank 
comprising: 

a housing defining a storage chamber containing hy 
drazine containing fuel communicating with a hous 
ing outlet formed in one end of the housing, 

a sleeve on the other end of the housing connected to 
the storage chamber, 

a rupturable hydrazine impervious and hydrazine non 
corrosive diaphragm in the sleeve forming a sleeve 
chamber and separating the storage chamber from 
the sleeve chamber, 

a coiled and inflatable bladder mounted in said sleeve 
chamber and communicating with an inlet, and said 
coiled bladder being poistioned in the sleeve cham 
ber to contact the rupturable diaphragm when in 
flated s 

whereby pressurized expansion of the bladder forces the 
bladder against the rupturable diaphragm to rupture the 
diaphragm and then elongate through the ruptured dia 
phragm into the one chamber to expand and force the 
hydrazine containing fuel therefrom through the tank 
outlet. 

3. The method of feeding flowing materials from a 
flowing material containing storage tank through a storage 
tank outlet comprising: - 

uncoiling a coiled flexible elongated bladder and forc 
ing the bladder against a rupturable diaphragm 
which separates the flowable material from the coiled 
bladder, -, 

expanding the bladder and rupturing the diaphragm by 
the force of the expanding bladder thereagainst, 

elongating the bladder through the ruptured diaphragm 
into the flowable material, and 

expanding the elongated bladder to force flowable ma 
terial gradually out of the outlet. 
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