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(57) Abrégé/Abstract:

A valve (10) includes a valve body (100) having a valve opening (230) surrounded by first and second annular valve seat regions
(110, 120). A drainage channel (510, 512)) connects to a space between the annular valve seat regions (110, 120). A plug (300) is
displaceable for closing the valve opening (230). The plug has a first and second annular seals (310, 350) for sealing against the
first and second annular valve seat regions (110, 120). The second annular seal (350) is a flexible seal deployed so that it closes
prior to closure of the first annular seal (310). As a result, if a spike occurs in the inlet pressure sufficient to lift the plug and open the
first annular seal, the pressure is released to the drainage channel while the second seal remains closed.
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ABSTRACT OF THE DISCLOSURE

A valve (10) includes a valve body (100) having a valve opening (230) surrounded by
first and second annular valve seat regions (110, 120). A drainage channel (510, 512)) connects
to a space between the annular valve seat regions (110, 120). A plug (300) is displaceable for
closing the valve opening (230). The plug has a first and second annular seals (310, 350) for
sealing against the first and second annular valve seat regions (110, 120). The second annular
seal (350) is a flexible seal deployed so that it closes prior to closure of the first annular seal
(310). As a result, if a spike occurs in the inlet pressure sufficient to lift the plug and open the
first annular seal, the pressure is released to the drainage channel while the second seal remains

closed.
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Deluge Valve with Valve Seat Drain

FIELD AND BACKGROUND OF THE INVENTION

The present invention relates to valves and, in particular, it concerns a deluge
valve with a valve seat dram.

It is known to provide a valve, often referred to as a “deluge valve”, for sealing
and selectively opening a flow path from a water-filled inlet to a dry outlet for
applications such as a sprinkler-based fire suppression system. The deluge valve is a
normally-closed valve which prevents passage of water until the sprinkler system 1s to
be activated.

In many systems, the deluge valve forms a barrier between an upstream water-
filled pipe and a dry downstream pipe system leading to the sprinklers. Such
implementations have particular advantages where the sprinkler system may be exposed
to low temperatures such that water-filled pipes would be at risk of blockage from
freezing, Where the downstream pipes are to be kept dry, it is considered unacceptable
for the deluge valve to release even small quantities of water to the outlet pipes, and
there is a consequent problem of reliability of such deluge valves when slight leaks

oceur, requiring inconvenient and expensive maintenance,

SUMMARY OF THE INVENTION

The present invention is a valve for sealing and selectively opening a flow path
from a water-filled inlet to a dry outlet.

According to the teachings of the present invention there is provided, a valve for
sealing and selectively opening a flow path from a water-filled inlet 10 a dry outlet, the
valve comprising: (a) a valve body having a valve opening surrounded by a first annular
valve seat region, and having a second annular valve seat region surrounding the first
annular valve seat region, the valve body including at least one drainage channel in fluid

connection with a space between the first and second annular valve seat regions, the
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drainage channel providing a fluid drainage path to outside the valve body; and (b) a
plug displaceable between an open state and a closed state for closing the valve opening,
the plug having a first annular seal deploved for sealing against the first annular valve
seat region and a second annular seal deployed for sealing against the second annular
valve seat region, wherein the second annular seal is a flexible seal deployed such that,
during displacement of the plug from the open state towards the closed state, the second
annular seal closes against the second annular valve seat region prior to contact between
the first annular seal and the first annular valve seat region, the second annular secal
being elastically deformed so as to be pressed into contact with the second annular valve
seat when the plug reaches the closed state.

According to a further feature of an embodiment of the present invention, the
second annular seal has an outward flaring lip deployed such that a pressure differential
between an outlet pressure at the outlet and a drain pressure in the drainage channel acts
to enhance a seal for the second annular seal against the second annular valve seat
region.,

According to a further feature of an embodiment of the present invention, the
plug is associated with a flexible diaphragm, the valve further comprising a cover
cooperating with the diaphragm to define a control chamber between the diaphragm and
the cover.

According to a further feature of an embodiment of the present invention, the
plug, the diaphragm, the valve body and the cover are configured such that, when a
pressure in the control chamber equals a pressure at the inlet, a net closing force acts to
close the first annular seal against the first annular valve-seat region,

According to a further feature of an embodiment of the present invention, the
plug and the diaphragm are configured such that a closing force of the second annular
seal against the second annular valve seat portion varies as a function of at least a

pressure difference between the control chamber and the drainage channel,

(2%
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with reference to the
accompanying drawings, wherein:

FIG. 1 is an 1sometric view of an automatic hydraulic deluge valve in accordance
with an embodiment of the present invention;

FIGS. 2A and 2B are cross sectional views taken through the automatic hydraulic
deluge valve of FIG. 1, showing a plug in a closed state and an open state, respectively;

FIG. 3 is a top view of a valve body from the valve of FIG. 1 cut away along a
line HI-IIT shown in FIG. 2A;

FIG. 4A is a cross-sectional view similar to FIG. 2 labeling various regions of a
plug-and-diaphragm assembly of the valve upon which a pressure within a control
chamber acts;

FIG. 4B is an enlarged view of a region of FIG. 4A;

FIG. 5A is a further enlargement of a region of FIG. 4B showing sequential states
of deformation of a region of a plug as it closes against the valve seat;

FIG. 5B is a cross-sectional view similar to FIG. 5A, showing a variant
implementation of a double seal and valve seat;

FIG. 6 is a cross-sectional view similar to FIG. 5A, showing an alternative
configuration of the valve seat; |

FIG. 7A is a top view of a valve body similar to FIG. 3 according to the
alternative valve seat configuration of FIG. 6;

FIG. 7B is a partial view similar to FIG. 3 illustrating an alternative form of a
drainage opening of the valve body; and

FIG. 8 1s a cross-sectional view similar to FIG. 4B illustrating an alternative

embodiment of the present invention,
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is a valve for sealing and selectively opening a flow path
from a water-filled inlet to a dry outlet.

The principles and operation of valves according to the present invention may be
better understood with reference to the drawings and the accompanying description.

Referring now to the drawings, FIGS. 1-8 illustrate a valve, generally designated
19, constructed and operative according to an embodiment of the present invention, for
sealing and selectively opening a flow path from a water-filled inlet (upstream port) 210
to a dry outlet {downstream port) 226, In general terms, valve 18 has a valve body 168
having a valve opening (valve seat bore) 238 surrounded by a first annular valve seat
region 1106, and having a second annular valve seat region 120 surrounding first annular
valve seat region 118. Valve body 188 includes at least one drainage channel, illustrated
here as drainage openings 510, in fluid connection with a space between first and second
annular valve seat regions 110, 126. The drainage channel provides a fluid drainage
path, typically via a drainage conduit 568, to outside valve body 166. A plug 300 is
displaceable between an open state (FIG. 2B) and a closed state (FIG. 24) for closing
valve opening 230, Plug 300 has a first annular seal 310 deploved for sealing against
first aonular valve seat region 118 and a second annular seal 350 deploved for sealing
against second annular valve seat region 128, Second annular seal 358 is implemented
as a flexible seal deployed such that, during displacement of the plug from the open state
towards the closed state, second annular seal 388 closes against second annular valve
seat region 128 prior to contact between first annular seal 316 and first annular valve
seat region 118, Second annular seal 356 is elastically deformed so as to be pressed into
contact with second annular valve seat 128 when plug 300 reaches the closed state, with
first annular seal 310 sealing against first annular valve seat region 110.

The above arrangement in which an outer seal closes before completion of the
closing motion of plug 380, and in which drainage is provided from the space between
the two seals, provides greatly enhanced protection against unwanted leakage of water

from inlet 210 to outlet 224. Specifically, if plug 360 is momentarily slightly lifted by a
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spike in inlet pressure, the opening motion is typically not sufficient to affect the second
seal, and any water which is trapped between the seals when the plug returns to its
normal sealing position drains via drainage openings 516 without reaching the
downstream pipes. Similarly, any dirt or debris which might become trapped in the first
seal and cause a slow leak only results in penetration of water {o the space between the
seals from which it drains via drainage openings 518 without reaching the downstream
pipes. These and other advantages of the present invention will further understood with
reference Yo the following drawings and description.

As a primartly exarmple of the applications to which the present invention applies,
reference will be made throughout this document to water as the pressurized fluid, and
to sprinkler systems as a downstream destination for the water. It should be appreciated
however that the invention is not per se limited to such an application, and it may find
utility in a range of other applications in which a valve defines the boundary between a
liguid-filled length of pipe and a dry length of pipe.

Turning now to the features of certain preferred embodiments of the invention in
more detail, second annular seal 356 may advantageously be imaplemented as an outward
flaring lip (also referred to as a “check lip™) deployed such that a pressure differential
between an outlet pressure at outlet 220 and a drain pressure in the drainage channe] 506
acts to enhance a seal of second annular seal 350 against second annular valve seat
region 126. The word “flared™ here refers to a structure which extends outwards as it
extends downwards, corresponding to the fact that the lip of seal 356 extends outwards
and downwards from the plug. In the primary embodiment illustrated herein, thus hip in
its relaxed state extends downwards below the level of first annular seal 310, thereby
ensuring that seal 350 contacts second annular valve seat region 120 before closure of
first annular seal 318 when both valve seat regions are in a common plane. In other
cases where the valve seat is stepped or otherwise contoured, the desired sequence of
closure may be achieved even where seal 350 is on the same level, or in some cases
higher, than first annular seal 3186.

The use of a flared lip as at least part of seal 350 may serve various purposes.

Firstly, the lip is preferably formed from elastomeric material and contributes to the
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flexibility of seal 356 allowing the seal to close before the plug has reached its closes
end position, and then absorbs the rest of the motion by undergoing elastic deformation,
The flexibility of the lip is preferably enhanced by providing an annular recess 336 in
the lower surface of the plug, at the root of the lip. This annular recess also contributes
to forming a continuous channel around the periphery of the first annular seal 318 which
allows passage of any water between the seals so that it can reach drainage opening §19.

A further preferred function of the lip is to utilize a back-pressure in the outlet
pipeline to enhance sealing of the valve. Dry air-filled pipes of sprinkler systems are
typically maintained at a slightly clevated air pressure so that opening of a sprinkler
head in the system can be sensed by the drop in air pressure. This air pressure acts on
the upper side of the lip, while the lower side of the lip is exposed to atmospheric
pressure via drainage conduit 508 and openings 510. This pressure differential generates
further enhanced contact force of the lip against second annular valve seat region 126,
thereby further enhancing the seal.

Certain particularly preferred implementations of the present invention as
illustrated here are hydraulically controlled valves in which closure of the valve is
achieved and maintained by pressure within a control chamber. In the preferred
implementation llustrated herein, plug 300 is associated with a flexible diaphragm 460,
Diaphragm 408 may be attached to plug 308 or, as shown here, may be integrated with
the plug, where a major part of plug 308 is formed from elastomeric material. Where
formed from elastomer, the dimensions of the main body of plug 308 are preferably
chosen to render it relatively non-flexible, 5o as to reliably perform its scaling function
across valve seat bore 238. Additionally, or alternatively, added rigidity may optionally
be imparted to the main body of plug 300 by inclusion of a rigid core 308 (metallic,
ceramic or other) within the elastomer body. The outer periphery of diaphragm 480 is
preferably anchored between valve body 180 and cover 206, for example, by a
peripheral thickened bead 452 which engages and seals against a corresponding channel
formed between the cover and the valve hody.

Valve 18 also includes a cover 208 which cooperates with diaphragm 460 to

define a control chamber 286 between diaphragm 406 and cover 289. Most preferably,
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plug 309, diaphragm 406, valve body 100 and cover 268 are configured such that, when
a pressure in the control chamber equals a pressure at the inlet, a net closing foree acts to
close the first annular seal against the first annular valve-seat region. The balance of
surface areas on which the inlet pressure acts to achieve this result is discussed further
below. This allows a particularly simple contro} arrangement as illustrated schematically
in FIGS. 2A and 2B. In the normal closed state of valve 18 shown in FIG, 2A, pressure
from a pressure feed 260 is passed via a pilot valve 262 to a control chamber port 264,
In this state, equal pressures in inlet 210 and control chamber 258 act on diaphragm
which, as detailed below, applies a net closing force on plug 308. When pilot valve 262
is switched to the state of FIG. 2B, the pressure within control chamber 2588 is cut off
from pressure feed 268 and is opened to a drain at atmospheric pressure, allowing the
inlet pressure 1o act on the lower surface of plug 368 and displace it towards the open
position of FIG. 2B.

A further particularly preferred feature of certain embodiments of the present
invention is that a closing force of second annular seal 358 against second annular valve
seat portion 12@ varies as a function of at least a pressure difference between control
chamber 250 and drainage openings 516. Specifically, in the particularly preferred but
non-{imiting implementation of FIGS. 2A-4B, there is continuous peripheral section 302
of elastomeric material extending around plug 366 to as to form a contingous bridge
between an upper peripheral portion 304 of plug 368 at the root of diaphragm 406 and
second annular seal 3858, Peripheral section 302 undergoes a shear deformation
according to a pressure difference between upper peripheral portion 304 and the
pressure within annular channel 336 (atinospheric pressure), resulting in an enhanced
contact pressure and conforming of seal 350 to second annular valve seat portion 126,
Optionally, an upper annualar recess 386 extending around plug 36§ just inward of the
root of diaphragm 408 helps to reduce resistance of peripheral section 302 to shear
deformation, thereby enhancing the function of seal 358 as an independent seal. In
certain implementations (not shown), annular recesses 336 and 306 may be implemented
as deeper recesses from opposing top/bottom sides of plug 350 so as to further increase

axial mobility of peripheral section 302 relative to the main part of plug 356,
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Drainage openings 53180 and drainage conduit 586 serve to drain any small
gquantity of water which may penetrate the seal of first valve seat 118 to reach the
atmospheric pressure-zone between the two seals so that i is released via a drainage port
§20. The seal of second valve seat 128 prevents ingress of water to the dry pipes of the
sprinkler system, and prevents backflow of the compressed air to the drainage openings.
Optionally, drainage port 528 may be connected to an alarm system (not shown) so that,
on opening of valve 16, a flow of water exiting through drainage openings 518 is
effective to actuate an alarm,

FIGS. 4A and 4B show the different areas of plug 308 and diaphragm 468 on
which forces are applied by the liquid pressure within the valve. In the normally-closed

state of FIG. 2A, as described above, the pressure within control chamber 250 is

maintained equal to the inlet pressure. Valve seat bore 236 has an internal diameter By,

and a diameter Dy is ustrated in FIGS. 4A and 4B to denote the diameter of a
corresponding circular area A, above plug 306, Since equal pressure acts on equal areas
Ay above and below plug 300, the forces resulting from pressure on these areas cancel
out.

Also lustrated in these drawings are a diameter B; corresponding to the outmost
extent of first annular seal 310, and a diameter D, corresponding to the outermost extent
of the body of plug 386. An annular area A, is defined by the annulus lying between
circles of diameter By and I, and an annular area A, is defined by the annulus lying
between circles of diameter D, and B, The fluid pressure in control chamber 258 acting
on annular area A, serves to generate a net closing force on plug 368, forcing first
annular seal 310 against corresponding first annular sealing region 110, thereby
maintaining the valve closed and sealed. The fluid pressure of control chamber 258
acting on annular area Ay acts on peripheral section 302 of plug 3068, opposed only by
the atmospheric pressure within the drainage channel, therefore tending to generate
shear deformation i peripheral section 302 that forces second annular seal 3580 into
tight closure against second annular sealing region 1268. The subdivision of the forces
from the pressure on area Ay between the body of the plug and shear effects in the

peripheral section are dependent upon the elastic properties of the elastomer and the



10

20

]
[ 4

30

CA 02967229 2017-05-10

WO 2016/075698 PCT/IL2015/051101

structure of the plug (such as the depth of annular recesses 338 and 306), as will be clear
to a person ordinarily skilled mn the art, and can be adjusted according to the desired
properties. However, it is a particularly preferred feature of certain embodiments of the
present invention that second annular seal 358 is to some extent “independent” of first
annular seal 316 to the extent that it has sufficient mobility to allow closure of seal 350
before seal 310 makes contact with ils seat, and for seal 35¢ to maintain its seal even if’
seal 318 is imperfect or is slightly opened. (To provide this mobility, any rigid core 368
of plug 300 is preferably limited to within diameter I;.) The mobility associated with
this mdependent function typically leads to a significant proportion of the force resulting
from pressure on area Aj being directed specifically to enhancing sealing of second
annular seal 350,

FIG. 5A shows schematically on a single drawing a sequence of positions and
progressively-deformed shapes of plug 306¢ during the final stages of closing of the
valve. The successive positions and shapes are illustrated schematically by partial
outlines of plug 300 in three states labeled “A”, “B™ and “C”. State “A™ occurs
momentarily at the point that downwardly-extending second annular seal 358 makes
contact with second valve seat region 128, prior to contact of first annular seal 318
against first annular valve seat region 110, In this position, water flow to outlet 220 is
already blocked. The pressure acting on the lower side of plug 308 is reduced by the
drainage via openings 510 to the atmosphere, thereby ensuring continuing net force to
close plug 306.

As motion of plug 308 continues, at position “B”, first annular seal 318 contacts
first annular sealing region 116, sealing flow from inlet 21§ to drainage openings 5§14,
so that the pressure within drainage openings 518 and around the corresponding annular
leak-collection channel under recess 330 falls to atmospheric pressure, and the pressure
differential acting downwards on peripheral section 382 is enhanced. This leads to
further flattening of the lip of seal 350 so as to be pressed more firmly against valve seat
128, resulting in the state labeled “C”. Additional sealing force is applied by pressure of
compressed air present in the dry pipes connected to downstream port 228, thereby

further enhancing the seal.
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In the preferred implementation illustrated thus far, first annular valve seat region
116 and second annular valve seat region 126 can advantageously be implemented as
flat, coplanar surfaces, which may be different areas of a single contiguous flat valve
seat interrupted by drainage openings 516, In this case, closure of seal 350 prior to
closure of seal 310 1s achieved by implementing seal 35¢ extending downwards from
the level of the rest of plug 300. It should be noted however that a similar effect may be
achieved by changing the valve seat geometry, where scal 350 is at the same level, or
even higher, than seal 318. By way of one non-limiting example, FIG. 5B shows a view
similar to FIG. SA in which second annular valve seat region 128 is raised by providing
a step §22 between regions 110 and 128, In this case, the desired sequence of contact of
seal 350 preceding contact of seal 318 may be achieved using a lip of seal 359 which is
on the same level as seal 318, but which makes contact with the corresponding raised
valve seat contact surface 126 in position “A”, prior to contact of first annular seal 318,
The structure and function of the valve remaing otherwise unchanged.

Turning now briefly to FIG. 6, in the closed state of the valve, there is preferably
a continuous annular channel between first annular seal 318 and second annular seal 358
extending around the entire periphery of the valve seat, to allow any water reaching the
atmospheric pressure zone between the seals to drain to drainage holes 318. In some
cases, the chanael may be provided solely by annular recess 330 of plug 386, closing
against a continuous flat valve seat surface. Alternatively, as illustrated in FIGS. 6 and
7A, the charmel may be formed at least in part by a slot 124 cut into the valve seat
surface, subdividing between regions 110 and 120. Optionally, where slot 124 is
provided, plug 340 may be implemented without an annular recess 336. Drainage
openings 519 typically extend through valve body 18 from the base of slot 124 through
to drainage conduit 500,

Turning now to FIG. 7B, although illusirated above as a series of isolated
drainage openings 516, it will be noted that the drainage channel may equally be
tmplemented in various other forms such as, for example, an elongated slot 812,

typically arcuately shaped to follow the profile of the space between first and second

10
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sealing regions 116 and 128, which extends through body 168 to form a fluid connection
with drainage conduit 56¢.

In certain particalarly preferred implementations as described above, the pressure
difference between control chamber 250 and drainage conduit 300 contributes directly
to the contact pressure of the second seal 356 on the second valve seat 128, particularly
through compressive forces or shear deformation transmitted through outer peripheral
section 302 of plug 360. It should be noted however that this feature is not essential. By
way of example, FIG. 8 illustrates a variant embodiment in which the second seal 356
and the root of the diaphiragm 486 are separately connected to the main plug 366 body,
without a full bridge of interposed elastomer to convey compressive forces or shear
deformation from control chamber 25§ to the second seal 358. In this embodiment,
sealing of the second seal 350 is achieved by the pre-formed elastic bias of the seal
through which it contacts the valve seat 126, prior to first seal 310 touching valve seat
110. The pressure of compressed air found in the pipes connected to outlet 220 further
presses the lip with a force corresponding to a pressure difference between the
compressed air pressure in the outlet piping and the atmospheric pressure found in the

drainage conduit 508,

It will be appreciated that the above descriptions are intended only to serve as
examples, and that many other embodiments are possible within the scope of the present

invention as defined in the appended claims.
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WHAT IS CLAIMED IS:

1. A valve for sealing and selectively opening a flow path from a water-filled inlet to
a dry outlet, the valve comprising:

(a) a valve body having a valve opening surrounded by a first annular valve seat

region, and having a second annular valve seat region surrounding said first annular valve

seat region, said valve body including at least one drainage channel in fluid connection

with a space between said first and second annular valve seat regions, said drainage

channel providing a fluid drainage path to outside said valve body;

(b) a plug displaceable between an open state and a closed state for closing said valve

opening, said plug having a first annular seal deployed for sealing against said first annular

valve seat region and a second annular seal deployed for sealing against said second

annular valve seat region, said plug being integrated with a flexible diaphragm; and

(©) a cover cooperating with said diaphragm to define a control chamber between said

diaphragm and said cover,

wherein said plug includes a peripheral section of elastomeric material forming a bridge
between an upper peripheral portion of said plug and said second annular seal such that a pressure
difference between said control chamber and said drainage channel effects a shear deformation of
said peripheral section, thereby varying a closing force of said second annular seal against said
second annular valve seat region, and

wherein said second annular seal and said peripheral section of said plug are configured
such that, during displacement of said plug from said open state towards said closed state, said
second annular seal closes against said second annular valve seat region prior to contact between
said first annular seal and said first annular valve seat region, said second annular seal being
elastically deformed so as to be pressed into contact with said second annular valve seat region

when said plug reaches said closed state.

2. The valve of claim 1, wherein said second annular seal has an outward flaring lip
deployed such that a pressure differential between an outlet pressure at the outlet and a drain
pressure in said drainage channel acts to enhance a seal for said second annular seal against said

second annular valve seat region.
12
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3. The valve of claim 1, wherein said plug, said diaphragm, said valve body and said
cover are configured such that, when a pressure in said control chamber equals a pressure at the
inlet, a net closing force acts to close said first annular seal against said first annular valve seat

region.

4. The valve of claim 1, wherein said peripheral section of elastomeric material of

said plug is defined in part by an annular recess formed in an upper surface of said plug.

5. The valve of claim 1, wherein said plug further comprises a rigid core deployed to

render rigid a portion of said plug inwards from said peripheral section of elastomeric material.

13
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FIG. 54A
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FIG. 5B




i Sio

.| W FIG. 7B
HD 5w



CA 02967229 2017-05-10

WO 2016/075698 PCT/1L2015/051101
8/8




As

| Ap. ; W&?
. i 200
s ~ '
D, £ (/) - 306
D, il %\

, NS 306
ke AN 3 230
Sip 122

100 - [
o S



	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - CLAIMS
	Page 15 - CLAIMS
	Page 16 - DRAWINGS
	Page 17 - DRAWINGS
	Page 18 - DRAWINGS
	Page 19 - DRAWINGS
	Page 20 - DRAWINGS
	Page 21 - DRAWINGS
	Page 22 - DRAWINGS
	Page 23 - DRAWINGS
	Page 24 - REPRESENTATIVE_DRAWING

