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This invention relates to liquid storage tanks and gas 
holders, and particularly apparatus of the kind that com 
prise a tank adapted to hold volatile liquids, and a gas 
holder mounted on said tank and provided with a gas 
and vapor storage chamber whose top wall can move 
vertically, upwardly and downwardly, so as to vary the 
internal volume of the storage chamber of the gas holder 
which is located above and in direct communication with 
the interior of the liquid tank so as to permit gases and 
vapors evolved from the liquid stored in the tank to 
expand and pass into the storage chamber of the gas 
holder, and also permit condensate produced in the gas 
holder to return to the body of liquid stored in the tank. 
While i have herein illustrated my invention embodied 
in a combined liquid tank and gas holder, I wish it to 
be understood that my invention is applicable to gas 
holders that are used solely for storing gases and also 
gas holders of the kind used in vapor balancing systems 
for volatile oil tanks, wherein the storage chamber of 
a gas holder is connected by conduits with a plurality 
of tanks that hold volatile oil so that vapors evolved 
from the oil in the said tanks during the day time can 
accumulate in the storage chamber of the gas holder 
and thereafter during the night, said gases can be fed 
back to the oil tanks. 
My invention has for its main object, to reduce the 

cost, improve the operation and reduce the overall height 
of apparatus of the kind that consist of a piston type, 
dry seal gas holder mounted on and supported by a liquid 
storage tank. 

Another object is to reduce or minimize the possibility 
of error or inaccuracy in the operation of gaging the 
liquid in a combined gas holder and liquid tank of the 
kind just referred to, and 

Still another object of my invention is to provide a 
gas holder piston of novel design that is particularly 
adapted for use in large size gas holders having storage 
chambers of relatively great diameters. Other objects 
and desirable features of my invention will hereafter be 
pointed out. 

Figure 1 of the drawings is a vertical, transverse sec 
tional view of a combined gas holder and liquid tank 
constructed in accordance with my invention. 

Figure 2 is a top plan view with portions of the weather 
roof of the gas holder broken away so as to more clearly 
illustrate the construction of the piston, and 

Figure 3 is a vertical, transverse sectional view illus 
trating a design or type of construction particularly 
adapted for use in apparatus in which the piston of the 
gas holder is of relatively small diameter. 

In the accompanying drawings which illustrate the pre 
ferred form of my invention, the reference character A 
designates, as an entirety, a tank that is adapted to hold 
liquid, usually oil from which gases and vapors are evolved 
in the day time due to the tank becoming heated by the 
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Sun's rays, B designates a gas holder mounted on and 
Supported by said tank, C designates a vertically mov 
able piston that forms the top wall of the gas and vapor 
Storage chamber of said gas holder, D designates a coun 
terweighting mechanism attached to said piston C and 
designed so as to equal or be slightly greater than all 
of the dead weight of the piston and the fabric seal and 
other parts attached to or carried by the piston and E 
designates an annular back stop member attached to the 
lower end portion of the side wall of the gas holder and 
extending downwardly into the liquid tank A so as to 
form an abutment surface against which the fabric seal 
ing element for the piston bears in certain positions of 
the piston. 
The tank A has a bottom 3, a cylindrical side wall 

2, a partial roof of annular form attached to the top 
edge of the tank side wall 2 and projecting inwardly 
from Same as shown in Figure 1 and a supporting struc 
tie for said roof portion 1 composed of an annular 
row of posts 4 on the interior of the tank attached at 
their upper ends to roof rafters 5 whose outer ends are 
attached to the tank side wall 2. Also the tank A is 
provided with a pressure relief valve and a vacuum re 
lief valve, not shown, which valves may be of conven 
tional construction and operation. 
The gas holder B is provided with an annular side 

wall 6 that is preferably attached to the inner edge of 
the roof portion of the tank in vertical alignment with 
the roof supporting posts 4, and a weather roof 7 is at 
tached to the top edge of said side wall 6 so as to protect 
the piston C of the gas holder from rain, snow and the 
like, Said weather roof being Supported by trusses or 
beams 3 attached at their outer ends to the side wall 
6. The piston C is of novel construction and is adapted 
for use in any kind of piston type gas holder where it 
is essential or desirable that the piston be of relatively 
great diameter, of stiff construction and of minimum 
weight. My improved piston in addition to having the 
above mentioned desirable characteristics is easy to fabri 
cate and it is of relatively small overall height or depth, 
thereby making it particularly adapted for use in a com 
bined liquid tank and gas holder of the type or kind 
in which the piston, at times, moves downwardly into 
close proximity or touching engagement with the liquid 
stored in the tank. The piston C is fabricated from 
metal plates and in the form of my invention shown in 
Figure 1 consists of a diaphragm provided with a dish 
shaped or concavo-convex central portion 1 whose outer 
perimeter merges into a substantially flat, annular pe 
ripheral portion () whose outer edge is attached to a 
stiff or rigid reinforcing member 9 of annular form, the 
central portion i of the piston being arranged with its 
convex surface presented downwardly. A beam and com 
pression member 2 is attached to the top side of the 
piston preferably at the point where the flat peripheral 
portion 10 merges into the curved central portion 1, 
and inclined tension and strut members are preferably 
used to tie the top edge portion of the beam 2 to the 
two portions 19 and of the piston located outside 
of and inside of said beam 2. Thus as shown in Figure 
1 there is a group of inclined tension and strut members 
13 attached to the top edge portion of the beam 2 and 
to the outer edge of the flat peripheral portion 10 of the 
piston and there is a group of inclined tension and strut 
members 14 attached to the top portion of the beam 12 
and to the dished central portion of the piston at a point 
some distance inwardly from the perimeter of said dished 
portion. The beam 2 extends circumferentially around 
the piston as illustrated in Figure 2 and is herein shown 
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as being of annular form but it could be of other shape 
or outline. - 

The counterbalancing mechanism D for the piston C 
comprises two pairs of chains or cables 15 attached to 
the top edge of the beam 12 in spaced relation around 
the circumference of same, said cables leading upwardly 
from Said beam over sheaves or pulleys mounted on the 
weather roof 7 of the gas holder and the annular roof 
portion 1 of the tank, and thence downwardly to counter 
balance weights 19 located on the exterior of the side 
Wall 2 of the tank. In the counterbalancing mechanism 
herein shown one pair of said cables are attached to the 
beam 12 adjacent opposite ends of one diameter of the 
piston and lead to a single weight 9 to which both cables 
are attached, and the other pair of cables are attached 
to said beam adjacent opposite ends of the other diameter 
of the piston and lead to a single weight 19 to which both 
of said cables are attached as shown in Figure 2. Said 
cables pass over four single sheaves or pulleys 16 mounted 
on the top side of the weather roof 7 in approximately 
direct vertical alignment with the beam member 12. Each 
pair of said cables also passes over one double sheave or 
pulley 17 mounted on the edge portion of the roof 7 in 
alignment with the side wall 6 of the gas holder and one 
double sheave or pulley 18 mounted at the outer edge of 
the roof portion 1 of the liquid tank directly above the 
side wall 2 of said tank. One advantage gained by mount 
ing the sheaves 18 on the tank at the upper end of the 
tank side, is that a large portion of the counterweight 
load is taken off the posts 4 and rafters 5 that support the 
annular roof portion 1 of the tank. However, the main 
advantage of a counter-weighting mechanism of the con 
struction above described is that ample room or space is 
provided for the vertical travel of the weights 19 not 
withstanding the fact that the piston moves downwardly 
a considerable distance below the bottom edge of the side 
Wall 6 of the gas holder. In other words, if the sheaves 
18 were omitted and the weights 19 were hung from the 
sheaves 17 at the upper end of the side wall 6 of the gas 
holder, there would not be sufficient room to provide for 
the vertical travel of said weights, due to the fact that 
said side wall 6 is mounted on the roof portion 1 of the 
tank and is not high or deep enough to provide for 
Sufficient travel of the weights to permit the piston to 
move downwardly to a point below the bottom edge of 
the side-wall 6 of the gas holder unless movable pulleys 
were rigged up with the pulleys 17 so as to move only 
half the vertical distance of travel of the piston. Such 
a construction would be more complicated and expensive 
than my improved mechanism, and it would necessitate 
the use of counterweights of double the mass or weight 
of the counterweights 19 of my mechanism. 
The Space between the piston and the side wall 6 of 

the gas holder is sealed by a flexible, curtain like sealing 
element 21 made of gas tight fabric. Said sealing ele 
ment is of annular shape or form in general outline and 
is attached at its inner and outer edges to the piston and 
to the side wall 6 of the gas holder. It is of sufficient area 
or fullness to permit the piston to move upwardly until 
the top edge of the beam 12 on the piston comes into en 
gagement with the Supporting structure for the weather 
roof 7 of the gas holder, and move downwardly a certain 
distance into the tank A into close proximity or touching 
engagement with the surface 22 of the liquid as indicated 
by the broken line C in Figure 1. In order to back up 
the Sealing element 21 and absorb strains to which it is 
subjected when the tank is under a minus pressure, an 
annular back stop or abutment surface E is attached to 
the lower end portion of the side wall 6 of the gas holder 
So as to form, in effect, an extension on said side wall 
that projects downwardly into the tank A. Said back 
stop E may be formed from metal plates or from a plu 
rality of horizontally disposed annular members 20 ar 
ranged in Superimposed, spaced relation. When the piston 
approaches the end of its downward stroke, the sealing 
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4. 
element 2 arrests the downward movement of the piston 
and holds it suspended from the side wall 6 of the gas 
holder. o 

Figure 3 illustrates another embodiment of my inven 
tion in which the side wall 6 of the gas holder is of suffi 
cientiy Small diameter to overcome the necessity of attach 
ing an annular compression and beam member and ten 
sion and compression struts to the top side of the piston. 
In such a structure it is practicable to attach the cables 
of the counterbalancing mechanism to a center plate 24 
arr:nged above the piston and connected with the pe 
ripheral portion of the piston by inclined tension mem 
bers 23. 

in an apparatus of the construction shown in Figure 1, 
the counterweighting mechanism lifts the piston C and 
the sealing element 2i attached to the piston, so normally 
operates at Say 0.03' vacuum at the top and increasing 
to about 0.10' vacuum when the piston is being pulled 
down near the end of its downward stroke. At empty 
the piston stops and is prevented from descending further 
into the tank by vertical tension in the sealing element 21. 
Then said sealing element is pulled out until it bears 
against the back stop or abutment surface 20. The 
vacuum vent (not shown) on the roof portion 1 of the 
tank then opens and provides pressure relief for the tank. 
Said vacuum vent may be set at 0.5' H2O. When the 
piston moves upwardly the member 12 on the top side 
of the piston engages the roof supporting structure of the 
gas holder and pressure will then build up until the pres 
Sure vent (not shown) on the roof 1 of the tank opens 
and provides pressure relief for the tank. Said pressure 
vent may be set at plus 1' H2O. The vacuum shows 
about how much tension the sealing element will have to 
Support when the piston is hanging from said sealing ele 
ment, and the vacuum vent on the tank opens. If the 
piston counterweights create 0.1' H2O vacuum at the 
bottom of the piston stroke and the vent valve opens at 
0.5' H2O vacuum, then the excess vacuum at that time 
is 0.5' minus 0.1' or 0.4' H2O vacuum. The pressure 
shows: If the valve opens at 1' H2O and the piston 
Weighs 0.7' H2O, then the net uplift on the piston is 
1.0'-0.7' or 0.3' H2O pressure which the struts 13 and 
i4 have to overcome in compression. At all times when 
not under positive pressure, the strut members 13 and 14 
are under tension. When the pressure vent of the tank 
is open, the uplift of the gas in the tank may be greater 
than the weight of the piston and hence the strut mem 
bers 13 and 14 will then take compression. The flat pe 
ripheral portion i0 of the piston can be about 30% of 
the total area of the piston and the area bounded by the 
circle of attachment of strut members 14 to the piston 
and beam member 12 can also be about 30% of the total 
piston area. Thus these two 30% areas of the piston 
hang on the beam 12 and the tensions of 13 balance the 
tensions of 14 and hence there is no accumulation of com 
pression in the top portion of beam 12, due to supporting. 
area () of the piston and part of area 11. This then 
leaves only about 40% of the total area of the piston to 
be carried by simple compression applied to the bottom 
of beam E2 by the dished portion 11 of the piston. Pres 
Sure forces exerted upon the two 30% areas are of course 
transmitted respectively to the upper portion of the beam 
12 through the strut members 13 and 14 and produce 
Substantially equal torsional (beam twisting) moments 
about the center of the beam in opposite directions. Since 
these moments are substantially equal, but opposite in 
direction, they tend to balance and counteract each other, 
thereby minimizing the torsional stresses to which the 
beam will be subjected. In addition, the heavy member 
12 which also acts as a circular beam between cable at 
tachments, is greatly shortened by placing it a substantial 
portion of the piston radius inside the annular reinforcing 
member 9 attached to the peripheral edge of the piston. 
The result of the above described arrangement of parts, 
is that a great deal of fabrication, erection and steel is 
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saved in member 12. Still another desirable feature of 
a piston that is constructed, shaped and mounted in the 
manner above described is that when it approaches the 
end of its downward stroke, the convex shaped central 
portion 11 of the piston progressively engages the liquid 
in the tank instead of plunging into the liquid over its 
entire area, thereby increasing the fullness the tank can 
have before expansion volume of the piston is affected. 
Due to the fact that the vertically movable top wall 

portion of the storage chamber of the gas holder consists 
of the piston C which is constructed entirely of steel, I 
am not limited at all as to how large a diameter said 
chamber may have. I prefer to make said chamber of 
relatively great diameter as this enables me to decrease 
the lift or rise of the piston for a given volume, it reduced 
the depth of the side wall of the gas holder and hence the 
overall height of the apparatus, and it reduces the amount 
of expensive gas tight fabric used as the sealing element 
for the piston, thereby effecting a considerable saving in 
the cost of building the apparatus and also cutting down 
evaporation loss as there is always some loss of gasoline 
vapor through a fabric piston sealing element by per 
meation. Still another advantage of my apparatus which 
is extremely desirable from an operation standpoint, is 
that it eliminates for practical purposes, the possibility of 
error or inaccuracy in the operation of gaging the liquid 
in the tank. In my apparatus the piston of the gas holder 
is completely counterbalanced and pulls a very slight 
vacuum. Hence, when the gage hatch of the tank is 
opened, any excess vacuum that may be in the tank is 
immediately relieved, the piston does not displace any 
liquid because the piston is more than counterbalanced 
and does not float on the liquid or cause the liquid to be 
displaced due to the weight of the piston. Suppose for 
example the vacuum in the tank is -0.3' H2O when the 
gage hatch is opened. Immediately a very Small volume 
of air flows through the hatch into the tank until the 
vacuum is reduced to 0.1' H2O vacuum which is the 
amount created by the counter-weight of the piston. Dur 
ing gaging, air will continue to flow into the tank through 
the gaging hatch, but at such a slow rate at the 0.1' H2O 
vacuum for the couple of minutes required for gaging that 
there is no appreciable evaporation loss caused thereby. 
From the foregoing it will be seen that my improved 
structure has two outstanding advantages as follows: first, 
no gaging error which is extremely important, and second 
practically no evaporation loss while gaging through an 
open hole in the tank, due to the very small difference in 
pressure inside the tank and the atmosphere. 

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

1. In a gas holder, the combination of an annular side 
wall, a metal piston arranged to move vertically within 
said side wall, a flexible, fabric sealing element for the pis 
ton attached to said side wall and to the periphery of the 
piston, said piston having a substantially flat, horizontally 
disposed peripheral portion and a substantially concavo 
convex shaped central portion whose convexed side is dis 
posed downwardly, a substantially annular shaped rein 
forcing beam attached to the top side of the piston at the 
point where the said peripheral and central portions of 
the piston merge, and oppositely inclined tension and 
compression struts attached to the top edge of said beam 
and to portions of the piston lying at opposite sides of 
said beam. 

2. A structure of the kind described in claim 1, which 
also includes a counter-weighting mechanism for the pis 
ton attached to the beam on the top side of the piston. 

3. A structure of the kind described in claim 1, wherein 
the substantially flat peripheral portion of the piston con 
stitutes approximately 30% of the total area of the piston 
and the said oppositely inclined struts are so disposed 
that when they are in tension, the tensions of the struts 
lying at one side of the beam on the top side of the piston 
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6 
substantially balance the tensions of the struts lying at 
the opposite side of said beam. 

4. An apparatus for storing liquids and gases, compris 
ing a liquid tank provided with a side wall and a partial 
roof of annular form attached to and projecting inwardly 
from the top edge of the tank side wall, a gas holder 
mounted on said tank and provided with an annular side 
wall attached to and projecting upwardly from the inner 
edge of the annular roof of the tank, a counter-weighted 
metal piston arranged to move vertically within the side 
wall of the gas-holder and also to descend into the tank, 
said piston having a substantially flat horizontally disposed 
peripheral portion surrounding and merging into a sub 
stantially concavo-convexed shaped central portion ar 
ranged with its convexed surface disposed downwardly, a 
substantially circular beam attached to the top side of the 
piston at approximately the point where said peripheral 
and said central portions of said piston merge, a flexible, 
fabric sealing element for said piston attached to the 
piston and to the side wall of the gas-holder and propor 
tioned so that when the piston moves downwardly into 
the tank said sealing element arrests and limits the down 
ward movement of the piston, and a stationary annular 
back stop arranged in the upper portion of the tank at a 
point below and in vertical alignment with the side wall 
of the gas-holder so as to form an abutment surface for 
said fabric sealing element when said piston is located 
inside the tank at a point lower than the annular roof of 
the tank, the counter-weighting mechanism for the piston 
comprising cables that are joined to said beam in spaced 
relation around the circumference of said beam. 

5. In a gas-holder, the combination of an annular side 
wall, a metal piston arranged to move vertically within 
said side wall, sealing means about the periphery of Said 
piston cooperating with said side wall to prevent leakage 
of gas between said piston and said side wall, said piston 
having a substantially flat, horizontally disposed periph 
eral portion and a substantially concavo-convex shaped 
central portion whose convexed side is disposed down 
wardly, a substantially annular shaped reinforcing beam 
attached to the top side of the piston at the point where 
the said peripheral and central portions of the piston 
merge, and oppositely inclined tension and compression 
struts attached to the top edge of said beam and to por 
tions of the piston lying at opposite sides of said beam. 

6. In a storage tankfor fluids having an upstanding sub 
stantially cylindrical side wall, the combination compris 
ing, a vertically movable, substantially circular, piston-like 
diaphragm disposed within the tank and providing a top 
wall for the fluid containing space in the tank, sealing 
means about the periphery of said diaphragm cooperating 
with the side wall of the tank to prevent leakage of fluid 
between said diaphragm and the wall of the tank, an 
upstanding, rigid, annular reinforcing beam arranged con 
centrically upon said diaphragm and extending upwardly 
therefrom, said beam dividing said diaphragm into a cen 
tral portion encompassed by said beam and an annular 
peripheral portion extending radially outwardly from said 
beam, said central portion of said piston-like diaphragm 
being concavo-convex in shape with its convex surface 
disposed downwardly, a plurality of circumferentially 
spaced struts extending diagonally upwardly from said 
peripheral portion of said diaphragm to the upper portion 
of said beam whereby pressure forces exerted upon said 
peripheral portion of said diaphragm will be transmitted 
to said beam and will produce a torsional moment there 
about in a first direction, and a plurality of additional 
circumferentially spaced struts extending diagonally up 
wardly from the concave side of said central portion of 
said diaphragm to the upper portion of said beam for 
transmitting to said beam corresponding pressure forces 
exerted upon said central portion of said diaphragm. So 
as to produce another torsional moment about said beam 
in the opposite direction, said torsional moments thereby 



7 
tending to balance and counteract each other to minimize 
the torsional stresses in said beam. 
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