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24 Claims, 

This invention relates to devices for storing 
gases and volatile liquids, and particularly, gas 
and/or liquid storage devices of the type in which 
the gas receiving space or chamber is formed by 

5 a container having a side wall, a vertically-mov 
able member in said container that forms the top 
wall of said chamber, and a sealing element of gas 
tight fabric or other suitable flexible or pliable, 
non-metallic material attached to said side wall 

10 and to the peripheral edge of said vertically-mov 
able top wall. 
One object of my present invention is to pro 

vide a gas or liquid storage device of the general 
type mentioned, in which the flexing, bending 

15 or movement of the Sealing element is controlled 
in a novel manner that materially prolongs the 
life or period of usefulness of said element. 
Another object is to provide a gas or liquid 

storage device of the general type mentioned, 
20 which is of such design or construction that it is 

practicable to operate the device at practically 
Zero pressure, thereby eliminating strains on the 
sealing element and making it possible to keep 
the device in a gas-tight condition, with mini 

25 mum trouble and expense. 
Another object is to provide a storage device 

that embodies the good features and desirable 
characteristics of the device described in my pend 
ing application for Patent Serial No. 16,994, filed 

30 April 18, 1935, but which comprises parts of dif 
ferent construction and arrangement than the 
parts of the device described in said pending 
application. 
And still another object of my invention is to 

35 provide a novel mechanism for venting the gas 
chamber of a storage device that comprises a 
-weather roof or shield arranged over a vertically 
movable member that forms the top wall of the gas 
chamber. Other objects and desirable features of 

40 my invention will be hereinafter pointed out. 
The device that forms the subject-matter of 

my present application is adapted to be used 
either for storing gases, or for storing gases 
and also volatile liquids. It is provided with a 

45 storage chamber that comprises a stationarily 
mounted lower portion or member consisting of a 
tank or container provided with a vertical side 
wall, and a vertically-movable upper portion or 
member, constituting the top wall of the storage 

50 chamber and made of such diameter that it is 
telescoped or surrounded by the side wall of 
said tank when said upper member is in its 
extreme lower position. Preferably, said vertical 
ly-movable upper member is constructed in the 

b5 form of a so-called "floating deck or roof' of the 

(C. 220-1) 
general kind used extensively in oil storage tanks, 
so that when the device is used for holding a 
volatile liquid, said deck or roof will float upon the 
Surface of the liquid confined in the tank which 
Constitutes the lower portion of the device. The 5 
Space between the side wall of said tank and the 
peripheral edge of the vertically-movable member 
of the device is sealed by an annular-shaped ele 
ment made of gas-tight fabric or other suitable 
flexible, non-metallic material, attached to said 10 
side wall and vertically-movable member in such 
a way that when the storage chamber is empty, 
Said element will, in effect, be suspended from said 
side wall, when said chamber is full of gases, 
Said sealing element will be suspended from the l6 
peripheral edge of said vertically-movable mem 
ber, and when said vertically-movable member 
moves upwardly, during the operation of admitt 
ing gases to the storage chamber, said sealing ele 
ment will double, fold or assume a loop form. In 20 
order that the sealing element will not wear out 
quickly, due to excessive bending or movement, 
or to strains exerted on same, I construct the 
device So that when gases are being admitted to 
the storage chamber, the sealing element will 25 
hang downwardly in a substantially flabby con 
dition, and will have no tendency to flex upward 
ly into a position above the top wall of said cham 
ber. This highly desirable result is attained by 
employing a means, separate and distinct from 30 
the internal pressure of the storage chamber, to 
cause or assist the top wall of said chamber 
to move upwardly during the admission of gases 
to Said chamber, the said means preferably con 
sisting of a counterweighting mechanism at- 35 
tached to the vertically-movable top wall of the 
storage chamber and arranged so that it also tends 
to hold said vertically-movable top wall in ap 
proximately concentric relation with the side wall 
of the storage chamber. In the particular form 
of my invention herein illustrated a stationary 
weather roof or shield is provided for preventing 
rain, Snow and the like from collecting on the 
sealing element and on the vertically-movable 
member that constitutes the top wall of the gas 
storage chamber. 

Figure it of the drawings is a fragmentary top 
plan view of a gas and/or liquid storage device 
constructed in accordance with my present in 
vention. 

Figure 2 is a transverse sectional view of said 
device, showing the vertically-movable upper 
member in its extreme lower position. 
Figure 3 is a view similar to Figure 2, showing 
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said vertically-movable upper member in its ex 
treme upper position. 

Figure 4 is a detail sectional view, illustrating 
the preferred arrangement of the insulating ma 
terial that is used to prevent the sealing element 
from sticking to or freezing on the metal parts 
of the device which back up said sealing element 
and protect it against injurious strains. 
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Figure 5 is a detail vertical sectional view, illus 
trating the principle of operation of the means 
that is used to control the flexing or bending of 
the sealing element; and 

Figure 6 is a fragmentary horizontal sectional 
view, illustrating the construction of said means. 

In the accompanying drawings which illustrate 
my present invention, A designates as an entire 
ty a stationary metal tank that forms the lower 
portion of the storage space or chamber at of the 
device, B designates as an entirety a vertically 
movable member that forms the roof or top Wall 
of said chamber, and C designates a flexible or 
pliable, non-metallic, gas-tight sealing element 
of annular shape, that joins or connects Said 
members A and B and cooperates with the same 
to form a storage chamber whose volume will 
change as the member Brises and falls or moves 
vertically relatively to the stationary lower por 
tion A of the device. The vertically-movable 
upper member B is of less diameter than the 
tank A, so that said upper member can move 
downwardly in said tank into close proximity to 
the bottom of same, as shown in Figure 2, 
thus forming a storage chamber of relatively 
small volume, and said upper member B is so 
constructed and arranged that it can move up 
wardly, as shown in Figure 3, into a position 
considerably above the top edge of the side wall 
2 of the tank A, so as to form a storage chamber 
of relatively great volume. In order that the 
member B will move upwardly at substantially 
zero internal pressure of the gas storage cham 
ber during the admission of gases to said cham 
ber, the member B is suspended from four coun 
terweighted cables 3 that travel over sheave . 
said cables having attached thereto - couver 
weights 5 which are constructed so as to equal 
or be slightly greater than the dead weight of 
the member B and the parts Carried by Same. 
The sheaves 4 may be mounted in any suitable 
way, as, for example, on brackets 6 carried by 
a weather roof or shield D, which, in turn, is 
supported by a cylindrical shell attached to and 
projecting upwardly from the top edge of the 
side wall 2 of the tank A, said weather roof 
being provided with rain-proof runways or open 
ings through which the cables 3 pass. The side 
wall 2 of the tank A is gas-tight, and the gas 
tight sealing element C is connected by gas-tight 
joints to said side wall and to the peripheral edge 
portion of the vertically-movable member B. In 
the device herein illustrated one edge of the 
sealing element C is clamped between cutwardly 
projecting flanges 2 and 7 on the side wall of 
the tank and on the shell T, respectively, and 
the other edge of said sealing element is clamped 
to the top side of the peripheral edge portion of 
the vertically-movable member B. The cylindri 
cal shell and the weather roof D Sustained by 
said shell do not have to be gas-tight, due, of 
course, to the fact that when the member B is 
in its extreme upper position, as shown in Fig 
ure 3, the upper portion of the storage Space is 
formed by the member B and the seal C. At Such 
times the shell T acts as a backing or abutment 
surface for the sealing element C which effec 

2,050,686 
tively protects said element from strains that 
tend to tear or disrupt the same, when the inter 
nal pressure is plus, and when the vertically 
movable member B is in its extreme lower posi 
tion, the side wall 2 of the tank acts as a back 
ing or abutment surface for the sealing element, 
when the internal pressure is minus. 
In order that the device may be used for hold 

ing volatile liquids, or volatile liquids and gases, 
the vertically-movable member B is constructed 
so that it is capable of floating on liquid in the 
tank A, thus forming what is commonly referred 
to as a "floating deck or roof', said member B 
being provided at its peripheral edge with an 
upwardly-projecting rim 8 of sufficient height or 
depth to prevent the liquid from overflowing onto 
the top side of the roof or deck. In accordance 
with usual practice, the rim 8 is reinforced and 
strengthened in any suitable way, as, for exam 
ple, by forming a horizontally-disposed flange 8 
on same. Preferably, the floating deck or ver 
tically-movable member B is composed of or 
formed by a limber metal diaphragm 9 that is 
capable of flexing upwardly and downwardly so 
as to vary the volume of the storage chamber ac, 
and thus produce a "breather type' roof for the 
storage chamber. Under certain conditions, the 
top diaphragm 9 is flexed downwardly, as shown 
in Figure 2, and under other conditions, said dia 
phragm is flexed upwardly, as shown in Figure 3. 
The bottom of the tank A may either be rigid 
or flexible, depending upon whether the device 
is to be used as a gas holder or as a combined 
gas and liquid holder. When the device is in 
tended to be used either as a gas holder or as a 
combined gas and liquid holder, I prefer to form 
the bottom of the tank A from a limber metal 
diaphragm that is normally flexed downwardly, 
as shown in solid lines in Figure 2, but which is 
capable of flexing upwardly, as shown in broken 
lines, in the event a minus pressure or vacuum 
is created in the storage chamber of the device 
during the operation of withdrawing the gases 
from the same. 
A combined gas inlet and discharge pipe O is 

attached to the side wall 2 of the tank A adjacent 
the upper end of said side Wall, and a combined 
liquid supply and discharge pipe f is attached 
to the bottom of the tank A, Said pipes being 
provided with control valves f Oa and A. Sup 
porting devices 2 are arranged inside of the 
tank A, adjacent the bottom of Same, so as to 
Sustain the vertically-movable member B when 
said member is in its extreme lower position, 
and the weather roof D is provided on its under 
side with depending stops 3 that limit or arrest 
the upward movement of the member B. In 
sulating material 4 of the kind described in my 
pending application for patent previously re 
ferred to, is provided for preventing the sealing 
element C from sticking to or freezing on metal 
parts of the device that serve as backing members 
for said sealing element. In the device herein 
illustrated insulating material is applied to more 
or less of the inner Surfaces of the Shell and the 
side wall 2 of the tank, as shown in Figure 4. 
A venting mechanism is provided for venting 

the storage chamber at to relieve an abnormal 
pressure therein when the member B is in its 
extreme upper position, and also to admit air to 
said chamber to relieve a dangerous vacuum or 
minus pressure in said chamber when the member 
B is in its extreme lower position. The venting 
mechanism herein illustrated is novel, in that it is 
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2,050,686 
Constructed in such a manner that the gases re 
leased from the storage chamber to relieve the 
internal pressure of said chamber or reduce the 
volume of the gases confined in said chamber, will 
escape to the atmosphere without danger of col 
lecting in the space between the vertical member 
B and the weather roof D, and thus producing a 
combustible mixture that might explode. Thus, 
as shown in Figures 2 and 3, the member B is 
provided, preferably at the center of said mem 
ber, with an upwardly-projecting neck or tubular 
device 5 that surrounds a vent opening 6 in the 
diaphragm 9, and which is provided at its upper 
end with a vent valve disposed so that it will 
be held seated by the internal pressure of the stor 
age chamber ac, Said valve having an upwardly 
projecting stem 8 on which a spring 9 exerts 
pressure in a direction tending to hold Said valve 
closed. The Weather roof D is provided at its cen 
ter with an opening up through which the tubular 
valve carrying neck 5 projects when the member 
B is in its extreme upper position, and said open 
ing is surrounded by a flexible sealing device 20 
disposed so as to contact with or wipe upon the 
outer surface of said device 5, and thus produce 
a tight joint between said device and the weather 
roof up through which the device 5 projects. 
The center opening in the weather roof is nor 
mally shielded or protected by a canopy D', and a 
tripping device 2 is mounted in Said canopy in 
such a position that it will be engaged by the stem 
8 on the vent valve 7, when the member B is 

in its extreme upper position, providing said 
member B is flexed upwardly by an abnormal 
pressure created in the storage chamber, thereby 
causing the valve 7 to open and vent said cham 
ber, after which the member B will move down 
wardly sufficiently to permit said valve to close. 
The tripping device 2 is herein illustrated as 
being carried by a screw-threaded adjusting de 
vice 22 on the canopy. D', that can be manipu 
lated to raise or lower the tripping device, and 
thus accurately control the unseating and seating 
of the vent valve 7. The lower end of the can 
opy D is maintained in spaced relationship with 
the top side of the weather roof D, so that the 
gases which enter the canopy from the tubular 
valve-carrying device 5. can escape freely to the 
atmosphere. If desired, the roof D may be 
provided with a stationary, weather-proof vent 
23. The venting mechanism also comprises a 
vacuum relief valve 24 arranged So as to Seat 
against the top edge of an annular valve seat 25 
on the top side of the vertically-movable member 
B, that surrounds an air inlet 26 in said memblr, 
said vacuum valve being normally held Seated by 
a spring 27 and being provided with a depending 
stem. 28. When the storage chamber is under a 
positive pressure, the valve 24 remains closed, but 
if a vacuum is created in said chamber when the 
member B is in its extreme lower position shown 
in Figure 2, as, for example, during the operation 
of withdrawing gases from the storage chamber, 
the bottom of the tank A will flex upwardly, as 
shown in broken lines in Figure 2, and exert an 
upward force or thrust on the valve stem 28, thus 
causing the valve 24 to open and admit air to the 
storage chamber before the vacuum in Said cham 
ber bacomes great enough to strain the walls of 
said chamber. 
The weight of the fabric or other material 

from which the sealing element C is constructed, 
tends to hold said sealing element in approxi 
mately parallel relation with the side wall 2 of 
the tank A when the member B is in its extreme 

3 
lower position, and also tends to cause said seal 
ing element to fold or double intermediate its 
edges when the member B moves upwardly, as 
indicated in broken lines in Figure 2. However, 
in order to insure proper flexing or bending of 5 
the Sealing element C and prevent the doubled 
or overlapping portions of said sealing element 
from rubbing against each other during the rise 
and fall of the member B, I prefer to arrange 
a circular row of weights 29 in the looped portion 
of the sealing element C that surrounds the 
peripheral edge of the vertically-movable men 
ber B, so that when said member B is moving 
vertically in the zone of the side wall 2 of the 
tank, the downward force which the weights 29 
exert on the sealing element will insure proper 
folding or unfolding of the sealing element C, 
as the member Brises and falls. Bearing in mind 
that the member B is counterweighted, it will 
be obvious that when said member B moves up- 20 
Wardly froy the position shown in full lines in 
Figure 2, the sealing element C will naturally 
fold or double to form a loop whose outer por 
tion hangs downwardly in a substantially flabby 
condition, from the top edge of the side wall 2 25 
of the tank and whose inner portion hangs down 
Wardly froin the peripheral edge of the member 
B, the weights 9 always remaining at the lower, 
closed end of the loop, and thus tending to pre 
vent the two parallel portions of the loop from 
rubbing against each other, as well as tending 
to hold the sealing element in a downwardly 
hanging position, even though there be a very 
slight pressure in the storage chamber. The 
weights 29 are of such form, that they will roll 35 
or the Sealing element as said element changes 
its position during the rise and fall of the ver 
tically-movable member B, and in practice I 
prefer to form the roller weights 29 from short 
pieces of metal pipe that are strung upon an 
annular-shaped rod 30 equipped preferably with 
an adjustable coupling device 3 that can be 
adjusted to vary the diameter of the ring-shaped 
carrier or Supporting member for the weights 29. 
When the device is used for storing gases, the 

InCnber B will occupy its extreme lower position 
with the diaphragm 9 of said member flexed 
downwardly, when the storage chamber is 
empty. As previously stated, the counterweight 
ing mechanism is so designed as to equal or be 
slightly greater than all of the dead weight of 
the vertically-movable member B and its attach 
ments. Therefore, when gas is admitted to the 
device through the pipe 0, the member B starts 
to rise, but the diaphragm 9 of said member will 
remain in its downwardly flexed position. At 
Such times there is not enough pressure on the 
sealing element C to draw said sealing element 
inwardly, or cause it to wrinkle, and consequently, 
the Sealing element C simply hangs in a more 
or less flabby condition. As the gases continue 
to flow into the storage chamber, the member 
B continues to rise, and as said member moves 
upwardly, it takes up more and more of the seal 
ing element C, with the result that the weight 
of Said Sealing element acts as a balancing means 
to keep the member B in a substantially level 
position. As the member B rises nearly to its 
maximum height, the only increase in internal 
pressure of the storage chamber, is that required 
to lift the weight of the sealing element C, which 
internal pressure is practically nothing. When 
the member B reaches its extreme upper posi 
tion, the rim 8 at the peripheral edge of said 
member comes into engagement with the stops 75 
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4. 
, thereby causing the upward movement of the 

member B to be arrested, whereupon the internal 
pressure of the storage chamber increases, thus 
causing the sealing element C to be forced out 
wardly against the inner face of the side wall 
of the shell 7. The upward movement of the 
member B causes the valve carrying neck S on 
said member to project upwardly into the hood 
D' carried by the weather roof D, and hence, if 
the internal pressure of the storage chamber be 
comes great enough to cause the diaphragm 9 
of the member B to flex upwardly, as shown in 
Figure 3, the stem 8 of the vent valve will 
strike against the tripping device 2, with the 
result that the valve f will Open and went the 
storage chamber. The gases which escape from 
the storage chamber when the valve OpenS 
immediately pass to the atmosphere without lia 
bility of collecting in the space between the 
member B and the stationary weather roof, be 
cause said space is effectively Sealed or cut off 
from the interior of the hood D' by the Sealing 
device 20 that wipes against the Outer Surface 
of the valve carrying neck 5 on the member B. 
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This is a very desirable feature or characteristic 
of my improved storage device, as it eliminates 
the possibility of an explosive mixture accumu 
lating under the stationary weather roof of the 
device. As soon as the internal pressure of the 
storage chamber is relieved, the diaphragm 9 will 
flex downwardly sufficiently to permit the valve 
f T to close, and in the operation of withdrawing 
gases from the storage chamber, the member B 
moves downwardly. In the event a vacuum Or 
minus pressure is created in the storage chamber 
when the member B is in its extreme lower po 
sition shown in full lines in Figure 2, the bottom 

of said chamber will flex upwardly into the 
position shown in broken lines in Figure 2, and 
in so doing, will engage the stem 28 of the valve 
24 and move said valve upwardly of its seat, 
thus permitting sufficient air to enter the storage 
chamber to relieve the vacuum. From the fore 
going it will be seen that in my improved storage 
device the sealing element C is never subjected 
to strains or pressure tending to disrupt the Same 
or set up tension in Said element, because an 
outward thrust exerted on the Sealing element 
C when the member B is in its extreme elevated 
position is effectively taken up or absorbed by 
the shell T that acts as a backing for the sealing 
element. Similarly, if a vacuum or minus pres 
sure is created in the storage chamber when 
the member B is in its extreme lower position, 
the side wall 2 of the tank A acts as a backing 
or abutment Surface to protect the sealing ele 
ment C against Strains tending to tear or disrupt 
same. During the rise and fall of the member 
B the sealing element C will fold or unfold in 
an orderly manner, and the roller weights 29 
that are positioned in the loop of Said element 
exert a sufficient downward pull on Said Sealing 
element to prevent the doubled portions of said 
element from rubbing on each other or against 
the tank side wall 2 or shell 7 over which the 
sealing element travels when the member Briscs 
and falls. The cables 3 and counterweights 5, 
in addition to assisting the vertical movement 
of the member B, also tend to hold said member 
in approximately concentric relationship with the 
tank A, for if the member B attempts to move 
sideways, a horizontal component is set up in the 
cables 3 directed towards the center of the mem 
ber B in such a way as to cause it to return to 
its central position. 
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If a liquid is to be stored in the device, the liquid 

is admitted to the tank A through the pipe , 
the liquid being pumped into the tank until the 
maximum height of the liquid is just below the 
gas pipe O, the member B floating upon the Sur 
face of the liquid and rising and falling in the 
tank A as the level of the liquid varies. If gases 
are to be stored, the gases are admitted through 
the pipe O, thus causing the member B and the 
parts associated with same to function in the 
manner previously described. While the device 
herein illustrated is similar to the device de 
scribed in my pending application for patent 
previously referred to, in that it comprises an 
abutment surface for backing up and protecting 
the sealing element against strains tending to tear 
or disrupt the same when the vertically-movable 
top wall of the gas storage chamber is in its ex 
treme elevated position, my present device oper 
ates on a different principle, inasmuch as it is 
equipped with a means separate and distinct from 
the internal pressure of the gas storage cham 
ber to cause or assist the member B to nove up 
wardly during the admission of the gases. Sev 
eral desirable results are attained by construct 
ing the device in this manner, i.e., it is not neces 
sary to equip the member B with a relatively high 
or deep rim 8 for backing up the sealing element 
and protecting it against strains when the mem 
ber B is in its extreme lowermost position and 
during the first portion of the upward movement 
of said member, thereby reducing the quantity of 
metal in the device and cutting down the overall 
height of the device; and the device can be op 
erated so that the gas storage chamber is under 
a slight vacuum most of the time, thereby ma 
terially reducing the trouble and expense of keep 
ing the device in a gas-tight condition, due to the 
fact that if shellac or a similar substance is ap 
plied to the outer surface of the walls of the stor 
age chamber, any leaks that develop in Said walls 
will automatically be sealed by the natural tend 
ency of the shellac or other material to fill said 
leaks, due to the minus pressure in the storage 
chamber. While the device is intended to oper 
ate at practically zero pressure, during the opera 
tion of admitting gases to the storage chamber, 
nevertheless it is of such construction that even 
if a relatively high or great positive pressure is 
created in the storage chamber when the member 
B is in its extreme elevated position, no dangerous 
or destructive strain will be exerted on the Seal 
ing element, due to the fact that at such times the 
shell 7 acts as a backing member or abutment 
surface for the sealing element which prevents 
said element from flexing outwardly. 

Having thus described my invention, what I 
claim as new and desire to Secure by Letters 
Patent is: 

1. A storage device, comprising a container, a 
vertically-movable member in Said container that 
forms the top wall of a storage chamber, a non 
metallic, flexible sealing element attached to said 
vertically-movable member and to the side wall 
of said chamber, and means for folding said seal 
ing element into a loop which depends from Said 
top wall during the operation of filling and empty 
ing said chamber. 

2. A storage device, comprising a container, a 
vertically-movable member in said container that 
forms the top wall of a gas storage chamber, a 
non-metallic flexible sealing element attached to 
said vertically-movable member and to the side 
wall of said chamber and disposed so that when 
the chamber is empty said Sealing element will 
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a,050,888 
hang downwardly from said side wall and when 
said top wall moves upwardly said sealing element 
tends to fold or double, and means for insuring 
proper folding or doubling of said sealing ele 
ment. . . 

3. A storage device, comprising a container, a 
vertically-movable member in said container that 
forms the top wall of a storage chamber, a flexi 
ble, non-metallic element for sealing said cham 
ber, attached to the side Wall of said container 
and to the peripheral edge of said top wall, and 
means for folding said sealing element and caus 
ing it to be maintained in a suspended condition, 
hanging downwardly from one or the other of 
the parts to which it is attached during the opera 
tion of filling the storage chamber. 

4. A storage device, comprising a container 
having an upright side wall, a vertically-movable 
member in said container that forms the top wall 
of a gas storage chamber, a non-metallic, flexible 
sealing element attached to the peripheral edge 
of said vertically-movable member and to the 
lower edge of the side wall of said container and 
disposed so as to hang downwardly below the 
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lower edge of said side wall when the chamber is 
empty and hang downwardly from the edge of said 
vertically-movable member when the chamber is 
full of gases, and a weight combined with said 
sealing element so as to insure said element as 
suming the form of a downwardly-disposed loop, 
as distinguished from an upwardly-projecting 
loop, when the level or horizontal position of Said 
vertically-movable member is such that said Seal 
ing element tends to double or form a loop. 

5. A storage device of the kind described in 
claim 2, in which said vertically-movable men 
ber comprises a metallic portion that is capable 
of flexing to vary the volume of the storage 
chamber. 

6. A storage device of the kind described in 
claim 2, in which the portions of the device that 
constitute the top and bottom of the storage 
chamber are formed of metal and are capable of 
fiexing so as to permit said chamber to "breathe'. 

7. A storage device of the kind described in 
claim 2, in which the vertically-movable member 
is constructed in the form of a "floating roof' 
that is capable of floating on liquid confined in 
Said container. 

8. A storage device of the kind described in 
claim 2, in which the vertically-movable member 
is constructed in the form of a breather type 
floating roof that is adapted to rest and float upon 
liquid confined in said container. 

9. A storage device of the kind described in 
claim 2, in which the bottom of said container 
is formed by a limber metal diaphragm and the 
vertically-movable member is composed princi 
pally of a limber metal diaphragm, both of which 
diaphragms are adapted to "breathe' in the nor 
mal operation of the device. 

10. A storage device of the kind described i 
claim 2, comprising counterweighting mechanism 
attached to the peripheral edge of said vertically 
movable member and disposed so as to tend to 
hold said member centered with relation to the 
side wall of Said container. 

11. A storage device of the kind described in 
claim 2, equipped with sheaves supported in an 
elevated position, cables attached to the periph 
eral edge of said vertically-movable member and 
leading upwardly from same over said sheaves, 
and counterweights attached to said cables and 
proportioned so as to equal or be slightly greater 

movable member. . 

5 
than all of the dead weight of said vertically 

12. A storage device, comprising a stationary 
tank or container having an upright side wall 
that forms part of the storage chamber of the is 
device, a stationary weather roof or shield ar 
ranged above said tank, a vertically-movable 
member that forms the top wall of the storage 
chamber, a gas-tight sealing element of fabric 
or the like attached to said vertically-movable 10 
member and to the side wall of said tank, and 
means separate and distinct from the sealing ele 
ment for preventing said sealing element from 
being subjected to forces or pressures tending to 
strain the same when the device is functioning. 5 

13. A storage device, comprising a stationary 
tank or container provided with a gas and liquid 
tight side wall that. forms part of the storage 
chamber of the device, a stationary weather roof 
or shield, a vertically-movable member that forms 20 
the top wall of the storage chamber, a sealing 
element of gas-tight fabric or the like attached 
to said vertically-movable member and to said 
side wall and disposed so that said side wall will 
back up said sealing element and prevent it from 25 
flexing in one direction, in certain positions of 
said vertically-movable member, and an inde 
pendent backing for said sealing element when 
Said vertically-movable member is in its extreme 
elevated position. 

14. A storage device of the kind described in 
claim 13, provided with means for preventing a 
dangerous positive pressure or a dangerous minus 
preSSure from being created in the storage cham 
ber of the device. . 

15. A storage device, comprising a tank or con 
tainer having a gas and liquid-tight side wall, a 
weather roof or shield, a floating roof in said 
tank adapted to be sustained either by liquid 
confined in said tank or gases confined under 
Said floating roof, a sealing element of gas-tight 
fabric or the like attached to said tank side wall 
and to the peripheral edge of said floating roof, 
a counterweighting mechanism for said floating 
roof constructed SO as to tend to hold said float 
ing roof centered with relation to said tank when 
said floating roof is supported by gases to a point 
considerably above the side wall of the tank, and 
a backing member for the sealing element ar 
ranged between said weather roof and tank side 
Wall and disposed so as to prevent said sealing 
element from flexing outwardly with relation to 
the side wall of the tank when the floating roof 
is in its extreme upper position. 

16. A storage device, comprising a stationary 
tank or container provided with an upright side 
wall, a vertically-movable member in said tank 
that forms the top wall of the storage space, an 
annular-shaped sealing element of gas-tight 
fabric or the like, attached to said tank side wall 60 
and to said vertically-movable member and 
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adapted to fold and unfold as said vertically 
movable member rises and falls, and weights 
combined with said Sealing element and disposed 
So as to tend to maintain said sealing element in 65 
a downwardly-disposed condition, even when the 
storage space is under a slight positive pressure. 

17. A storage device, comprising a stationary 
tank or container provided with an upright side 
wall, a vertically-movable member in said tank 0 
that forms the top wall of the storage space, an 
annular-shaped sealing element of gas-tight fab 
ric or the like, attached to said tank side wall 
and to said vertically-movable member and 
adapted to fold and unfold as said vertically- 75 
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novable member rises and falls, and a means 
combined with said sealing element for control 
ling the bending and flexing of same and for in 
posing a load on said vertically-movable member 
tending to maintain it in a balanced condition 
when said member moves upwardly under the 
influence of gases confined on the underside of 

ce, 
18. A storage device, comprising a stationary 

tank or container provided with an upright side 
wall that forms part of the storage space of the 
device, a vertically-movable member in said tank 
that forms the top wall of the storage space, an 
annular-shaped sealing element of gas-tight 
fabric or the like, attached to said tank side wall 
and to said vertically-movable member and 
adapted to assume the form of a loop which folds 
and unfolds as said vertically-movable member 
rises and falls, and a circular row of weights 
mounted in the looped portion of said sealing ele 
ment. 

19. A storage device, provided with a vertis 
cally-movable member that forms the top Wall of 
a gas and liquid tight storage chamber, said 
member being adapted to rise and fall so as to 
vary the Volume of Said chamber, a stationary 
weather roof or shield arranged over said ver 
tically-movable member, a vent valve for said 
chamber, and means on Said vertically-movable 
member for carrying said vent valve and caus 
ing the same to be disposed above or on the 
outside of the Weather roof when Said valve 
opens, whereby gases will be permitted to 
escape from the storage chamber to the atmos 
phere without liability of collecting in the space 
between said vertically-movable member and 
weather roof. 

20. A storage device, provided with a vertical 
ly-movable member that forms the top wall of 
the storage chamber of the device and which is 
adapted to rise and fall so as to vary the volume 
of said chamber, a stationary weather roof or 
shield arranged over Said vertically-movable 
member, a vent valve for said chamber, an up 
Wardly-projecting, hollow portion on said verti 
cally-movable member that is adapted to pro 
ject upwardly through said weather roof when 
said vertically-movable member is in its extreme 
upper position, and an automatically operating 
vent valve in said hollow portion disposed so as 
to discharge gases at a point Outside of said 
weather roof. 

21. A storage device, comprising a stationary 
tank or container provided with an upright side 
wall that forms part of the storage chamber of 

the device, a flexible metal bottom for said tank, 
a top wall for said storage chamber formed by a 
vertically-movable, limber metal diaphragm, a 
stationary weather roof or shield arranged above 
said tank, a volume control or pressure relief 
mechanism operated by the flexing of said top 
wall for permitting gases to escape from said 
chamber to the atmosphere without liability of 
collecting in the space between said top wall and 
weather roof, and means operated by the flexing 
of the bottom of Said chamber for admitting air 
to the storage chamber to relieve a vacuum there 
in. 

22. A storage device, comprising a tank pro 
vided with an upright side Wall, a cylindrical 
shell mounted on said side wall and projecting 
upwardly above the same, a stationary weather 
roof or shield carried by said shell, a vertically 
movable member in said shell that forms the 
top wall of the storage chamber and which is 
adapted to rise and fall to vary the volume of 
said chamber, Said vertically-movable member 
being capable of flexing so as to permit said 
Storage chamber to "breathe', an annular 
shaped sealing element of gas-tight fabric or the 
like attached to the tank side wall and to the 
peripheral edge of said vertically-movable mem 
ber, roller weights arranged in a looped portion 
of Said Sealing element, a positively-operated vol 
ume control or pressure relief mechanism for the 
storage chamber, and a positively operated vac 
uum relief mechanism for said storage chamber. 

23. A storage device, comprising a container, 
a vertically-movable member in said container 
that forms One Wall of a storage chamber, and a 
flexible Sealing element attached to said vertical 
ly-movable member and to the side wall of said 
chamber, said Sealing element being adapted to 
fold into a loop which depends from said verti 
cally-movable member during the vertical move 
ment of Said member. 

24. A storage device, comprising a container, 
a vertically-movable member in said container 
that forms one wall of a storage chamber, a 
flexible Sealing element attached to said verti 
cally-movable member and to the side wall of 
Said chamber, said sealing element being adapt 

0 

5 

20 

49 

ed to fold into a loop which depends from said 
vertically-movable member during the vertical 
movement of Said member, and means for coun 
terweighting said vertically-movable member, 
whereby the pressure in the storage chamber 
Will be held at a point at which it will not sub 
stantially deform said depending loop. 

JOHN H. WIGGINS. 


