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LIQUID STORAGE APPARATUS

4 C}atms

ThJs mventmq relates to 11qu1d qtorage 2=

-paratus of the general type that comprises a tank
or contamer for. holdmg the liquid, a vertically=
‘movable member i said tank whlch cons’mtutes‘
g so-called “ﬁoahng ‘roof’”” that rests upon and}v
is sustamed by’ the Tiquid bemg stored and a

seahng means for the annular space arnund the

peripheral edge ‘of the roof corwsmtmg of a flex-
ible - sealing element of * treated” fabfic or other_.
suitable material, attached to the edge of the T00f

and to.the side wall of the:contaifier in such a
manner that it will hanP’ susnended f
underside- of the roof during the rise ;
of the roof. A’ Tiquid storage” annaratuq of the

general type or kind ahove mentmned is chsclosed -
in my prior U. S vPatent No 2 050 686 dated Au» :

gust 11, 1936,

" One object of my present inverition is to pro- . -
vide a3 louid’ storage anparatus cf the ‘general

] s rovlded

kmd mentvoned “whose rﬂo ng T

. which is adapted to rece‘ve ‘7 bodv
liauid that is employed to hold the fle

loop, the co-acting parts’ 'of the apnaratus being
so arranged that’ during’ the upward travel of 1}\9
roof; the mobile liquid in said ﬁrough will be d
charged from same into the loop of ‘the fexible
sealing element or “into the em,ce between said
element and the side wall of the confainer: and
during the downward travel of the’ roof, said mo-
bile tiouid will be returned to said’ trough where
it will be in“readiness to perform its ‘funetion
durlng the succeeding” ‘upward tfavel of the ronf

Anofher obJect is to provide a storage appg a-’
fus of the- general king " mentmn 4, that is

B John H Wxggms, Chlca.go Ill i
Apphcatwn December 24, 194':'?Serlal No 51 V‘GIS
(Cl 220—-26}

2 o
Other obJects and des1rabIe features of my -in=
vention’ will be Hereinafter pointed out. :
Figure 1 of the drawings is g fra,gmenﬁary
vertieal transverse sectional v1ew of a liguid stor-
age apparatus embodying. my ‘present invention;
showing the-ficating roof-at the'énd of ity upward
stroke, in the position it occuples When the con-

taineris tull of liquid.
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" to-contain a:body-ef mobite: liguid- C";
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Figlure 2 is a.similaf view, showmg the float-

ing roof in ah 1ntermed1ate posmon betWeen 1ts
.hlgh and low: posmons ang’ -’

CFigure 3 is & similar view," showmg the roof in
1ts lowermost position. S
-In: the: drawings, A de51gnates the s1de wall of

,;a ‘container or:tank in Wwhich Hquid X is being
‘stored,
~floating 'roof that rests-ipon and is-sustained-by .

“and B desighates »a  vertically-mrovable-

the liquid X bemg storeds.: The-anrular space at

26. ‘theé peripheral'edge of the Toof it closed by a flex-

ible-sealing element ©, preferably constructed: of
treated fabric; attached to the:periphefal edge 6f
thHe ‘roof and-:'ito} the itntermediate portion: of: the
side wall of the container, ahd maderof such shape

-.and ‘size that- it: is capable-of folding -or- doublmg -
: durmg ‘thie: Tise” axid fall: of -the: roof. . : -

In-order to- insure that the sea}m<r element c
W111 ‘assume:- the form - of -a- downward-hanging
loop, I provide:the roof B-ab its peripheral edge
with portions:that constitute the bottom and-one
side-wall of a: trough, designated as an entirety
by the-reference character B’ that is adapted
-which;
during- the upward travel of: the roof; escapes
from or: spills out: of said - {rough B/ and -exerts
a.force on the sealing: element € that causes

. said sealing element to assume-the shape or form

- equipped: with- a means or’ merhamsm for pré-. - -

vénting’ exéessive bulging or “bellvineg of the awd
ible: sealing element, 1nwardly away from the side
wall of the confainer. as a result nf preceuve ex-
erted on said element by ‘the 'mobile lidriid- con-
fined in the Ioop of saig elérient. or ini the space
between the. <eahng element and ﬁl‘xe s1dl= Wall
of the container;: =7

And-still another object of” my inVentmn isto
provide a storage apparatus of the general kind
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mentioned, that is equipped with @ rovel means :

or:mechanism for preventing the flexible sealing
element ‘from bulging or bellying outwardly: ex-

cessively and rubbing against the side wall-of the -

container, in instances-where the liquid -stored
in the container exerts-outward pressure on said
sealing element’ in eXcess of the inward. pressure

which ‘the mobile liquid exerts on’said ‘element. -
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of & downwardly hanging loop: -Said trough" B!
can be eonstructed in various-ways .without de-
parting. from the spirit of :my invention. ; In the
form of my inventienn herein illustrated, the reof
is provided- withran: upwardly-projecting rira B2,
set- some: distance inwardly from the edge-of the

‘roof, so-that it constitutes one of the vertical

side walls of a trough B’; whose botteom is:formed
by the peripheral: portion: of « the roof; the-seal-
ing element. €© being made -of -such-length: that
when ‘the roof is-in its lowermeost pesition, as
shown' in- Figure:3,-said sealing element ‘coristi-
tutes-the other vertical side wall: of -the:frough
BY. - At :such times the. mobile lauid C’-in the

trotugh B’ exerts a downward -force -on-the part

- of. the sealing’ element C-immediately adjacent

the peripheral edge of the roof, and causes it to
assume g 'downwardly-looped forni, “as” clearly
shown in: Figure: 3. As the roof moves upwardly,
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more and more of the mobile liquid C’ escapes
from the trough B’, into the loop of the sealing
element C, or into the space between said ele-
ment and the side wall of the container, with
the result that by the time the roof reaches its
highest position, as shown in Figure 1, all, or
practically all, of the mobile liquid Las been dis-
charged from the trough B’ and applied to the
sealing element C in such a way as to insure that
said sealing element Wlll hang suspendcd from
the edge of the roof. “During thé first” portion

of the downward travel -of the roof, the portion -

10

of the side wall A of the container located above-:

the point of attachment of the sealing element
C with said side wall, functions as a side wall

for the trough B’, arranged in opposed relation -

to the other side wall B? of:said trough.. Dur-

ing such movement of the roof, the mobile Tiquid

'C’ starts to return to the trough B’ and-as the
downward movement of the roof countinues, more
and more of the mobile liquid returns to said
trough, with the result that by the time the reof
reaches its lowermost position, all of the mobile
liquid C" is in the trough B’ in readiness to:again
perform its function on the succeeding unward-
stroke -of the roof.. By handling the mobile lig-
uid C’ in the manner above described, I rreduce
an inexpensive apparatus, inasmuch as the bot-
tom and one side wall of the trough B’ are formed
by portions of the roof and-the other:side wa’l
of said reservoir is formed by a flexible seal'ng
element C, or by the upper portmn of the szde
wall A of the container.

" .If the mobile laguid: C” is of greater spomﬂc
gravity than the liquid X being stored in:the
apparatus, there is a tendency for the flexible
sealing element C to bulge inwardly -excessively,
away: from the side’ wall of the contsiner, due
to .the weight of the sealing liquig C’, or the
inward force said liquid exerts on the sealing
element C. Such excessive inward flexing or
bellying of the sealing element C produces ran-
dom wrinkles or folds in same, which are in-
jurious to said element. In order to overcome
this objection, I have provided the floating roof
. B with a means or mechanism that effectively
takes up forces or strains exerted on: the sealing
element C in a direction tending to. cause it to
bulge or bellv inwardly excessively during the rise
and fall of the roof, and when the roof ‘is in its
uppermost position, said means. or mechanism
being of sich construction and arrangement that
it accomplishes this highly desirable result, with-
out subjecting -the sealing ‘element to excessive
friction or causing said element to wear rapidly,
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ered with rubber or some other suitable mate-
rial, that will prevent injury to the sealing ele-
ment C when said element contacts with said sup-
porting devices.

When the roof B approaches its lowermost po-
sition; shown in Figure 3, the above described
barrier or fender collapses into an inactive con-
dition, with the compression members | disposed
in stacked relationship on the bottom of the
container, the supporting .devices 2. being suffi-
ciently flexible to permit the members { to pile

. up, one on top of the other. During the upward
‘travel of the roof, said barrier or fender progres~
_sively unfolds and assumes an active position, or

operative position, wherein it is arranged in such
relationship with the sealing element C, that pres-
sure exerted by the mobile liquid C’ on the seal-
ing element C in a direction tending to flex said
element inwardly, or towards the center of the
container, is taken up or ahsorbed by the barrier,
whereby excessive inward bulzing, bal'ogning-or
bellving of ;the flexible sealing element is effec-
tively -prevented. Moreover; this highly desirahle
result is accomplished without subjecting the seal-
ing element C to. excessive friction, inasmuch
as the sealing element C travels at the same speed
as the fender, or barrier, and at no time hss 2
rubbing action on the fender, cavsed by relative
vertical movement between. .said . element and
fender.

In addmon to. prov1d1ng the ﬂoatmg roof B
with a barrier or fender that-rises and falls with
the roof. and automatically collapses into.an in-
active condition as.the roof approaches its lower-
most position, I.prefer to provide the roof with
a means for preventing the flexible sealing ele-
ment C from being forced outwardly into rubbing
contact or engacement with the side wall A of the
countairer. in-the .event the pressure in the.space
between. the sealing: element. C. and the side wall
of the.container becomes less than. the outward
force or .vpressure which.the stored liquid X ex-

_erts on the sealing element C. . Such a reduced,
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due to relative vertical movement between szid .

means and the element C. Preferably, the means
or mechanism just mentioned is of general con-
struction or character deseribed in my compan-
jon application Serial No. 515,613, filed of even
date herewith, and consists of a collapsible bar-
rier, fender, or fenceé suspended from-the periph-
eral edee of the fleating roof B at a point be-
tween the sealing element C and the center of
the roof, and composed of a plurality of suver-
imposed, annular-shaped compression members
{, joined to each other and suspended from the
underside of the roof by groups of flexible sup-
porting devices 2. The compression members |
can be conveniently formed from metal pipe. or
tubing, bent to form ring-shaped members of a
diameter only slightly less than the diameter of
the roof B, and the flexible supporting devices
2" can be formed from strips of suitable flexible
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diminished -or minus-pressure might be .created
on the external side of-the sealing element C..or
in the space between said. element and the side
wall of the -container from various-causes.. For
exambole,: abnormal: -evaporation of- the sealing
Yiquid C’ misht cause the stored liouid X to exert
an outward force on the sealing element C. tend-
ing to cause said element to rub on the side wall
of the tank, thereby. retarding.the upward move-
ment of the roof and subjecting the sealing ele-
ment C to excessive wear,. In-the form of my
invention herein illustrated. the means last:re-
ferrad to that is used to control or limit.outward
flexing of -the sealing element C, consists of one
or moere annular shaped tension members -3 sus-
pended by chains or other - suitable flexible de~
vices 4 from the peripheral edeze of the roof B,
at a point on the outside of the fabric element C.
If, during the upward travel of the roof, or when
the roof is in its uppermost position, the sealing
element C tends to belly outwardly. excessively,
the tension member or members 3 -take up the
outward force exerted on the element ¢, and pre-
vent the same from rubbmg a,°'a1nst the s1de wall
of the container.

Having thus described my invention, what-T
claim' as new and desxre ‘to- secure by Letters
Patent’ is:

1. In a liquid storage’ appa,ra,tus the combina>
tion of a container for: holding the liquid-being
stored, a" floating roof sustained by thestored

material,  or from pieces of.chain or cable, cov- 73 liquid,  an annular, flexible, liquid-impervious




2,408,538

5

sealing element attached to the peripheral edge
of the roof and to the side wall of the container
substantially midway of its height so that in the
extreme high and low positions of the roof said
element will be distended or stretched in sub-
stantially parallel relation to the side wall of the
container and in an intermediate position of the
roof said element will form a downwardly hang-
ing loop which is open at its upper end, a body of
mobile liquid that is adapted to flow into and out
of the loop of said sealing element and into and
out of the space between said element and the
side wall of the container during the rise and fall
of the roof, and a trough that is adavted to hold
said mobile liquid, the botfom and one side wall
of said trough being formed by portions of the
roof and the opposed side wall of said trough
being formed by the flexible sealing element
when the roof is at or near its extreme low posi-
tion and by the side wali portion of the container
when the roof is at or near its extreme high
position. i

2. In a liguid storage apparatus, the combina-
tion of a container for holding the liquid being
stored, a floating roof sustained by -the stored
liguid, an annular, flexible, liquid-impervious
sealing element attached to the peripheral edge
of the roof and to the side wall of the container
substantially midway of its height so that in the
extreme high and low positions of the roof said
element will be distended or stretched in sub-
stantially parallel relation to the side wall of the
container and in an intermediate position of the
roof said element will form a downwardly hang-
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ing loop which is open at its upper end, a body
of mobile liquid that is adapted to flow into and
out of the loop of said sealing element and into
and out of the space between said element and
the side wall of the container during the rise and
fall of the roof, and a trough for holding said
mobile liquid when the roof is in its lowermost
position, said trough being formed by said seal-
ing element, by the peripheral portion of the roof,
and by an upwardly-projecting part on the roof
located adjacent the peripheral edge of the roof.

3. A liquid storage apparatus of the kind de-
seribed in claim 1, provided with a barrier for
preventing excessive bulging of said flexible seal~
ing element, said barrier being composed of a plu-
rality of superimposed, horizontally-disposed,
ring-shaped compression members joined to each
other and suspended from the underside of the
roof by flexible supporting devices. . -

4. A liquid storage apparatus of the kind de-
scribed in claim 1, provided with a vertically-
collapsible barrier suspended from the underside
of the roef for preventing excessive inward bulg-
ing of said flexible sealing element, said barrier
being composed of a plurality of superimposed,
horizontally-disposed, ring-shaped compression
members, and an independent barrier for restrict-
ing excessive outward flexing of said sealing ele-
ment, mounted on the roof so as to occupy a po-
sition between said sealing element and the side
wall of the container during a portion of the cycle
of operations of the roof.

JOHN H, WIGGINS.




