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Fig. 1

(57) Abstract: A gas and liquid-tight inlet connector to the
inner chamber of a mufti-chamber pressure vessel is provided,
comprising : a male gland extending through an orifice in the
bottom of the tlexible wall ot the inner chamber and the lower
wall of the rigid outer shell of the vessel, the male gland com-
prising an upper flange permanently, sealingly connected,
with the lower surface of the flexible inner wall, so as to form
a gas- and liquid-tight seal therewith, and a lower elongated
member extending through the outer shell to be sealingly con-
nected with a liquid inlet pipe, permitting liquid flow into the
inner chamber, while maintaining the seal between the inner
and outer chambers of the tank, thus maintaining pressuriza-
tion in the outer chamber, as fluid enters the inner chamber,
pushing the flexible wall upwardly into the outer chamber.
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THROUGH WALL CONNECTOR FOR A MULTI-CHAMBEER PRESSURE VESSEL

BACKGROUND OF INVENTION

Ficld of the Invention

{68011 This application relates to a novel connector for providing a gas and Hauid-tight
connection between an inlet water pipe and the inner chamber of a pulti-charaber pressure
vessel.

Background

(00021 Such multi-chamber tanks, usually comprising two chambers separated by a at least
a partially flexible, non-metal diaphragm, are quite commmon in the water storage field, for
holding, ¢.g., potable well watcr. Most commonly used for holding agueous hiquids, such
multi-chamber vessels usnally corprise a metal, e.g., steel or aluminum, outer vessel, and a
non-metallic, inner water-holding vessel. There has been an ongoing difficulty in
maintaining a water-tight and air-tight separation between the two volumes. The difficulty,
and long torm problem, has involved the conuection between the metal inlet tube to the non-
metallic inner vessel wall with a long-lasting gas-tight and liquid-tight seal, that also forms a
tight seal with the outer metal wall.

{36031 The present invention differs from the prior art in providing for a permanently
affixed connection between the mner wall (partially formed of a flexible diaphragm)
separating the water liquid chamber from the air gas chamber of the tank, which provides for
a fully securc watertight and airtight connection to avoid any potential likelihood of leakage
of gas into the liquid, e.g., potable water, within the diaphragm chamber, or of potentially
damagimg Hquid into the gas chamber, and indirect contact with the mctal tank wall,

16004]  In accordance with the present invention, a diaphragm tank is provided, which
comprises an outer rigid shell, generally made of steel or other strong, usually metallic,
material, but sometimes formed of rigid and reinforced, polymeric, composite materials; an
mner tank separated from the outer tank wall by walls formed from the combination of a
flexible diaphragm sealably connecied to a lower more rigid wall, so as to separaie the
chamber containing liquid from the gas pressure chamber outside of the flexible diaphragm,
between the two chambers; and a rigid liner sealingly connected with the flexible diaphragm

and combining with the diaphragm fo separale the water liquid chamber from the air gas
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chamber. A “liner” can also be substituted by a second diaphragm, wherein the water
chamber is secured between the two diaphragms, one of which can be fully flexible and the
second partially flexible or substantially rigid: at the location of the permanent seal between
the fower wall and the liquid inlet connection, the lower wall becomes substantially rigid.
The connector of this fnvention is preferably secured to the lower wall of the inner volume,
i.e., a more rigid wall or flexible diaphragm separating the inmer and outer tank volumes.
[6805]  Further defining the present invention, the liquid infet inchides a male connection
gland permanently affixed to, or integrated with, the interior liquid chamber wall, preferably
the more rigid lower wall, The nterior lquid chamber wall is preferably, a rigid or partially
flexible diaphragm, separated from the rigid gas chamber outer wall within the pressure
vessel s as o provide a gas and liguid-tight attachment between the mner chamber wall and
the Hauid mlet. The substantial integration of the male gland and inner chamber serves to
climinate additiona! clements or asscmblics previously required to render fluid-tight a
through wall connector, thereby avoiding and preventing manufacturing errors which often

occurred during assembly.
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SUMMARY OF INVENTION

[6806] The present invention provides for a substantially compiste integration of the inner
chamber wall and the through wall connector, referred to as a “male gland” so as to provide
the necessary air and liguid fluid tightness in both directions between the pressure gas
chamber and the inver Hguid chamber, while eliminating complex mechanisms previously
used in the industry. The portion of the male gland extending through lower inner wall into
the Hquid inner chamber is preferably a continuation of a flow pipe having a generally
circular cross-section of a sutficient diameter to carry the intended flow of ligund mio the
mner charaber, Surrounding the pipe, but below the upper outer end of the flow pipe, a solid
upper flange extends outwardly. The solid flange is formed integral with the pipe, and
preferably of the same material as the pipe portion. The outer circumference of the upper
flange is also preferably circular and has a diameter preferably at least about twice the outer
diamecter of the pipe portion cxtending through the lower inner wall into the mner chamber.
8067 The pipe portion of the male gland extends downwardly through the cuter gas-fited
imtermediate chamber and preferably is sufficiently long to extend through and below the
bottom surface of the rigid outer wall of the tank. A lower flange extends outwardly from the
pipc portion of the male gland longitudinally, vertically below the upper flange, at a location
along the pipe designed to rest upon the inner surface of the rigid outer wall of the tank. The
portion of the male gland extending below the rigid outer wall contains citcumferential
sealing means to mainiain a gas and Hqud fight seal between the male gland and the inle
pipe for the hquid flowing into the inner chamber. The male gland portion of the liquid indet
to the inner chamber is comnected, in accordance with this invention, to the lower diaphragm,
or liner, and 1s so formed as 1o assist in maintaining the separation between the outer chamber
between the diaphragms and the outer rigid walls and the inner chamber within the inner
diaphragm/liner walls.

[B008]  The portion of the male gland extending below the rigid cuter wall of the tank
extends into, and is scalably secured to, the external Hquid inlet pipe, which is preferably an
elbow extending below the rigid bottom wall of the outer tank. The inner surface of the
upper, vertically extending portion of the external inlet pipe forms a tight it with the lower
portion of the male gland, Extending outwardly around the outer circumference of the upper

end of the external inlet pipe is a flange and a shost lip extending upwardly from the flange
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and through the rigid outer wall of the tank, preferably to contact the lower surface of the
lower flange of the male gland. The connection between the external inlet pipe and the male
gland is maintained in a way so as to continue the integrity of the system and isolating the
pressure chamber from any liguid contamination,

[B00%]  In operation, this systers provides for the varying of pressure within this pressure
gas chamber as the lquid chamber fills with the liguid, pushing the flexible digphragm
upwardly and outwardly, thereby reducing the volume of the sealed intermediate chamber
and neeessarily ncrcasing gas pressure within the sealed mtermediate gas chamber volume
regardless of exterior pressure on the outer rigid tank wall, With the displacement of volume
by the water liquid entering the water Hauid chamber the pressure in both the water liquid and
air gas chambers vary concurrently. Generally, the inner chamber is intended to hold a
Hepid, usually an aqueous tiquid, and the outer chamber holds a compressible gas, which can
be air or it desired an inert material such as nitrogen, helium or other inert gas that will
preforably remain gaseocus under any expected pressure at any potential ambient condition.
[68018] Further defining the present invention, the water inlet includes a male connection
gland permanently affixed to, or formed as a part of, the lower interior chamber wall. The
lower intertor chamber wall can be a liner on the inner surface of the cuter steel wall or an
inner shell, which can be less flexible than the upper diaphragm, separate from the rigid
chamber wall, in either case sealably connected to the male connection gland so¢ as o
maintain the gas and watertight attachment between the inner chamber wall and the water
inlet. The substantial imtegration of the male gland and inner chamber scrves to oliminate
additional clements or assemblies previously required to render flaid-tight a through wall
connector, thereby avoiding and preventing manufacturing errors which often occurred
during assembly.

130011} The male gland is connected to an external water liquid inlet in 3 manner 50 as to
msure that the ligund remains within the male gland and the inlet, exiting into the inner
chamber, and without exiting into the pressure chamber of the tank. The usual plumbing
sealing elements can be used between the portion of the exterior water liquid inlet extending
out from the pressure tank and the water inlet pipe. In addition, there are further provided

sealing clemcents between the extorior water hquid miet and the pressure chambor outor tank
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wall so as to prevent the passage of air gas or water liquid into the pressure chamber, and thereby

the changing of pressure within the tank pressure chamber.

[00011A] In a broad aspect, the present invention pertains to an expansion tank comprising a
rigid outer shell having a lower wall, an inner chamber, and a bladder disposed within the rigid
outer shell. The bladder comprises a flexible, upper diaphragm having a peripheral edge and a
second, bottom diaphragm having a peripheral edge. The peripheral edges of the diaphragms are
sealed to one another to form a circumferential seam, and the inner chamber is defined by the
two diaphragms of the bladder, the inner chamber being fluidically isolated from an intermediate
chamber between the bladder and the outer tank shell. There is a male gland extending through
an orifice in the second, bottom diaphragm to and through the lower wall of the rigid outer shell
of the expansion tank. The male gland comprises an upper flange which is permanently,
sealingly connected with the second bottom diaphragm, so as to form a tight seal with the second
bottom diaphragm, which seal would be fully fluid tight to both gas and liquids. The portion of
the male gland extends below the second, bottom diaphragm to extend through the rigid outer
shell and is sealingly connected with a liquid inlet pipe, so as to permit liquid to flow into the
inner chamber, which would be fully sealed away from the intermediate chamber of the tank to
allow for pressurization of the gas in the intermediate chamber, as water fills the inner chamber,

pushing the flexible upper diaphragm upwardly and outwardly into the intermediate chamber.

CA 2949827 2021-05-31
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BRIEF DESCRIPTION OF DRAWINGS
{60012} This invention will be more clearly undersiood after referring to the following
detailed description considered in conjunction with the following drawings:

[B3013] Fig. 1 is a cutaway, front elevation view ot a two-chamber pressure tank having a

i

partially extended inner diaphragm and a partially magnified view of the inlet connection
between the inner ligquid chamber and the liguid infet;

[68014] Fig. 2 is 2 magnified isometric view of the lower portion of the tank of Fig. 1
showing, i greater detail, the connection linkages and fluid gas isolating element of the
joints;

10 [80015) Fig. 3 is an exploded front elevation view of a2 twa-chamber pressure tank of this
invention;

[B0016] Fig. 4 is a magnified isometric view of the lower portion of the inner tank of Fig, 1,
IB0RI7] Fig. 518 an enlarged front clevation view of one embodiment of the male gland of

this mvention;

15 [8601B] Fig. 6 is a cross-section view of the male gland of Fig. 5, taken along lines A-A;
{38019 Fig. 7 is a top wometric view of the male gland of Fig. §;
[B0028] Fig. 8 is a side isometric view of the inlet elbow to the outer tank of Fig. 1;
[B0021] Fig. 9 is a partial cutaway, front elevation view of a two-chamber pressure tank of

this tnvention: and
20 [0B022] Fig. 10 1s 2 magnified cross-sectional view of the male gland 15 with the
mmmediately surrcunding rigid outer tank wall, the inner liner wall and the sealing

connections.

&
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DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS OF THE PRESENT
INVENTION

10023 The assembly of the present invention provides fluidic conumunication between the
exterior of the pressure vessel and the inner chamber, while maintaining the mtegrity of the
pressure vessel and isolating the pressure gas chamber of the pressure vessel from the inner
liguid holding chamber. The pressure gas chamber isolation fron: the inner chamber provides
for pressure variance without being affected by the atmospheric pressure exterior of the
pressure fank.

130024] The outer wall of the tank 12 is preferably a steel shell formed from three sections, 8
top cap 28, a central cylinder 26 and s lower cup 18, formed of steel or other rigid, preferably
metallic, material. Within the outer walls of the tank 12 is supporied an inner liquid chamber
defined by at feast one flexible diaphragm 14 and one liner lower section 16; the lower
section may be fiexible, or rigid, or can be a liner secured, at least partially to the inner
surface of the outer rigid tank wall 18, The lower section 16, in turn, is connected o the male
gland 15 of the present invention. Other rigid materials which can be used for forming the
rigid outer tank walls nclude other metals, especially aluminum or aluminum alloys, and
certain polymers, such as polycarbonates or a composife structure.

[60025] The lower inner liner section 16 and the diaphragm 14 define an inner chamber for
holding hquid entering through the inlet elbow 20 and male gland 15, As the liquid fills the
inner volume, the pressure in the intermediate gas volume (between the diaphragm and the
cuter rigid tank walls} increases as the flexible diaphragm 14 is pushed upwardly and
outwardly by the filling water, reducing the volume of the intermediate space, between the
imner charaber and the outer vigid tank walls. The two portions of the wall of the tnner
volume, the diaphragm 14 and lower Imer 16 are held together by a clamp ring 24, which
provides a permanent bond without likelihood of either gas leaking into the inner volume or
Liquiid tealang outwardly into the intermediate gas space. The flexable diaphragm 14 and liner
16 can be formed of polymers, such as polvpropylenc or polyethylene, or in the case of the
flexible diaphragm, elastomeric compounds such as butyl or EPDM or SBR or neoprene or
fatex rubbers.

1000261 The male gland, generally designated by the numeral 13, is preforably rigid and can

be formed of, e.g., reinforced polypropylene or polyethyiens or any suitable copolymer, or
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from a polyearbonate, or other polymer, preferably a cross-linked thermoset pelymer, The
connaction between the male gland and the liner/diaphragm is formed by, e.g., fusing the
upper flange 115 of the male gland to the outer surface of the bottom of the lower Hner 16,
The fusion can be achieved by welding, i.e., meliing a thermoplastic copolymer material,
thereby welding the two elements permancuatly together, or by using an intermediate material
compatible with the material forming both the upper tlange 113and the inner lower liner 16,
[68027] The male gland 15 is formed of generally rigid polymeric substances, such as
remnforced polycarbonate, polyvpropylene or polyethylene or a suitable copolymer thereof, ora
thermoset polymer. The conmection between the male gland 15 and the tower surface of the
frner liner wall 16 is formed by fusing the upper flange 118 of the male gland to the outer
surface of the lower liner 16. The connection between the flange 115 and the outer surface of
the Hiner 16 can be obtained by, for example, welding or by the use of intermediate materials
that will fusc permancntly to both materials, depending upon the relative weldability of the
materials forming the flange and the lower liner.

68028] As shown in the drawings, the male gland has a grating formed by vane elements
116, 121, 126 at its upper end, surrounded by the upper flange 115, These grating clements
extend a short distance above the upper flange 115, surcounded by the stub pipe portion 146,
and serve to direet any How upwardly or downwardly from or to the metal inlet clbow 20
(680291 The inlet elbow 20 is sealably connected to the lower extension 215 extending
vertically downwardly from the outer wall of the tank. The metal inlet elbow 20 is joined
with the lower portion of the male gland by a slip fit scaled by the use of O-rings 136 in the
circurnferential indentations 137 n the tower circumference 215 of the male gland, The
distal end 140 of the elbow 20 can be cormected by any suitable plumbing connection 1o an
mnlet and outlet line. Such connections include brazing, threaded connectors or other suitable
means, which do not torm a part of this inventionl.

(300301 The opper flange 143 of the mlet elbow 201 circumterentially welded to the onter
surface of the metal outer wall of the tank 24. To further complete the sealing of the metal
elbow to the metal outer wall of the tank, an additional O ring is provided between the cuter
circumterence of the upper end 142 of the elbow, the rigid outer wall 138 of the tank, and the
lower flange 118 of the male gland. In this manner the seals are formed between two

different materials, i.¢., the metal forming the eibow and the outer wall of the tank and the



10

je—
L

CA 02949827 2016-11-21

WO 2015/183873 PCT/US2015/032552

polymer forming the mele gland 15 and the outer wall of the tank, so as to engure that when
water enters the mner chamber and expands the volurne of the inner chamber by pushing the
flexible diaphragm 14 vpwardly and outwardly, and the pressure in the infermediate volume
between the inner tank and the outer tank mcreases as a result, there is no leakage and,
theretore, loss of pressure from the gas volume either into the Hiquid or to the exterior of the
outer tank.

[68031] It is noted, indeed, that the way the system is mechanically connected, as water fills
the inner chamber the force against the lower wall of the inner liner 16 increases, thereby
pressing that inner liner wall against the upper flange 115 of the male gland, and thereby
reinforcing the seal. Similarly, the male gland, around s fower flange 135, is similatly
pressed against the interior of the outer shell wall 2. In this manner, as the water ills the tank
and the pressure in the fntermediate chamber between the diaphragm and the outer tank wall
imcreases, the mechanical stressors on the gland and the wall of the two volumes increase,
thereby increasing the bonding pressures between the surfaces, and thus reducing the

likelthood of any leakage between the two volumes.



WHAT IS CLAIMED IS:

1. An expansion tank comprising a rigid outer shell having a lower wall, an inner chamber,
and a bladder disposed within the rigid outer shell wherein the bladder comprises a flexible,
upper diaphragm having a peripheral edge and a second, bottom diaphragm having a peripheral
edge, wherein the peripheral edges of the diaphragms are sealed to one another to form a
circumferential seam and wherein the inner chamber is defined by the two diaphragms of the
bladder, the inner chamber being fluidically isolated from an intermediate chamber between the

bladder and the rigid outer shell;

a male gland extending through an orifice in the second, bottom diaphragm to and
through the lower wall of the rigid outer shell of the expansion tank, wherein the male gland
comprises an upper flange which is permanently, sealingly connected with the second, bottom
diaphragm, so as to form a tight seal with the second bottom diaphragm, which seal would be

fully fluid tight to both gas and liquids; and

the portion of the male gland extending below the second bottom diaphragm to extend
through the rigid outer shell to be sealingly connected with a liquid inlet pipe, so as to permit
liquid to flow into the inner chamber, which would be fully sealed away from the intermediate
chamber of the tank to allow for pressurization of the gas in the intermediate chamber, as water
fills the inner chamber, pushing the flexible upper diaphragm upwardly and outwardly into the

intermediate chamber.

2. The expansion tank of claim 1, wherein the upper flange of the male gland is
permanently, sealingly connected with the second bottom diaphragm, by welding the male gland
and the second bottom diaphragm together, and the two surfaces are formed of compatible

thermoplastic materials.

3. The expansion tank of claim 1, further comprising an intermediate layer of mutually
compatible material between the upper flange of the male gland and the second bottom

diaphragm to permanently, sealingly connect the upper flange of the male gland with the second
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bottom diaphragm, by welding the mutually compatible material to both of the male gland and

the second bottom diaphragm.

4. The expansion tank of claim 1, further comprising an intermediate layer of mutually
compatible material between the upper flange of the male gland and the second bottom
diaphragm to permanently, sealingly connect the upper flange of the male gland with the second
bottom diaphragm, by adhesively connecting the upper flange of the male gland to the second

bottom diaphragm.

5. The expansion tank of claim 1, wherein the liquid inlet pipe is sealingly connected with
the male gland by an intermediate circumferential sealing member, so as to form a tight seal

therebetween.

6. The expansion tank of claim 1, wherein the liquid inlet pipe is sealingly connected with
the rigid outer shell by welding, the inlet pipe and the rigid outer shell both being formed of

compatible metals.

7. The expansion tank of claim 1, wherein the second bottom diaphragm is formed of a

substantially rigid polymeric material.

8. The expansion tank of claim 1, wherein the flexible upper diaphragm is formed of a

material selected from flexible thermoplastic materials and elastomeric polymers.
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