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Non-return valves.

@ A valve (20) comprises a valve body (21), a
stationary disc (24) positioned in the valve body
transverse to fluid flow through the valve body,
there being at least one aperture (25) in the
stationary disc, and a moveable disc (26) posi-
tioned such that one face of the moveable disc
closely abuts and is slidable across one face of
the stationary disc, wherein the moveable disc
has at least one aperture (28) therethrough, the
moveable disc being slidable, in response to the
difference between a first pressure in the fluid
flow on one side of the valve and a second
pressure in the fluid flow on the other side of
the valve, between a first position in which the
at least one aperture (28) of the moveable disc
(26) is aligned with the at least one aperture (25)
of the stationary disc (24) and a second position
in which the apertures are obstructed, and fluid
flow is prevented.
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This invention relates to non-return valves for use
in fluid flow systems. More particularly, this invention
has been developed to provide improved backflow
prevention devices for use in water supply systems
and the like, but the devices can also be used in other
systems.

The current U.K. legislation under existing Bye-
laws requires that, in water supply systems and the
like, measures are taken to protect both the individual
consumer and the general public from the effects of
backflow, but policing these measures is difficult.
There are two known types of protection systems:
those which involve an air gap for prevention of con-
tamination, and those which employ mechanical mov-
ing parts.

At present, simple mechanical preventers are ac-
ceptable under the Byelaws as an alternative to air
gap systems. These mechanical devices are how-
ever, less reliable, and some incidence of backflow
through these devices is likely.

Impending legislation may well require more strin-
gent protection against possible backflow contamin-
ation conditions. In a recent draft European Standard
for water supply, it was proposed that all consumer
clean water outlets should be of a type which will
avoid causing contamination to the water supply due
to backflow.

Backflow incidents where public health has prov-
en to be affected are rare, but in any case some un-
dertakings may wish to provide their own serviceable
protection devices at curtilages to prevent such con-
tamination.

In addition to the above, there are a number of
problems which exist with present mechanical protec-
tion devices. In particular, identical check valve mech-
anisms plumbed in series have a high probability of
failing simultaneously due to a common cause. Such
mechanical devices that vent to atmosphere provide
a pathway for contaminants to pollute the supply.
Moreover, devices with moving parts can jam or fail
to seal because of scale or corrosion.

From U.S. patent 3,955,591 and European pub-
lished application EP-A-0140314 it is known to pro-
vide a valve which relies on interaction between a sta-
tionary and a moveable disc each of which contain a
series of slots which, when aligned, enable water to
flow through the valve at a low head loss. When the
slots in the moving disc are misaligned with the slots
in the stationary disc, flow is prevented.

The present invention provides a self-exercising
check valve that actuates in response to flow demand
and pressure changes in the fluid supply system.

According to one aspect of the present invention
there is provided a valve comprising a valve body, a
stationary disc positioned in the valve body trans-
verse to fluid flow through the valve body, there being
at least one aperture in the stationary disc, and a
moveable disc positioned such that one face of the
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moveable disc closely abuts and is slidable across
one face of the stationary disc, wherein the moveable
disc has at least one aperture therethrough, the
moveable disc being slidable, in response to the dif-
ference between a first pressure in the fluid flow on
one side of the valve and a second pressure in the flu-
id flow on the other side of the valve, between a first
position in which the at least one aperture of the
moveable disc is aligned with the at least one aper-
ture of the stationary disc and a second position in
which the apertures are obstructed, and fluid flow is
prevented.

Preferably, the moveable disc is operated directly
by pressure responsive means, the first pressure be-
ing applied to one side of the pressure responsive
means, and the second pressure being applied to an
opposing side of the pressure responsive means.

In a preferred embodiment of the present inven-
tion the pressure responsive means comprises at
least one diaphragm.

In a particularly preferred embodiment the pres-
sure responsive means comprises a first double dia-
phragm assembly operably connected to the move-
able disc, and a second double diaphragm assembly
operably connected to the moveable disc in diametri-
cally opposed relation to the first double diaphragm
assembly. The double diaphragm assemblies each
provide an air gap for prevention of contamination.

Alternatively, the pressure responsive means
may comprise differential pistons, or the moveable
disc may be rotatably slidable with respect to the sta-
tionary disc by means of a rack and pinion arrange-
ment, the rack being provided on the pressure re-
sponsive means and the pinion being operable to ro-
tate the moveable disc.

Preferably, the moveable disc is biassed towards
the second position in which fluid flow is prevented,
such thatin the absence of fluid flow the valve closes.

The stationary and moveable discs are preferably
formed from ceramic material to reduce wear.

In use, flow induced pressure changes continual-
ly exercise the disc sealing faces of the valve, thereby
reducing the possibility of lime-scale encrustation on
the seal.

A stop cock may be provided to manually override
the pressure responsive setting of the valve.

In a particularly preferred arrangement, the disc
valve of the first aspect of this invention may be
placed in series with a spring-operated check valve
or, alternatively, a spring-operated check valve may
be incorporated within the valve body. This provides
a fail safe device.

Where a spring-operated check valve is posi-
tioned on a first side of the disc valve, a relief valve
may then be added to the arrangement, to provide a
‘reduced pressure zone" device. The relief valve pre-
ferably comprises a spring-loaded plunger, operably
moveable within a branch passage extending from



3 EP 0 579 355 A1 4

the valve body, one side of the plunger being respon-
sive to pressure on a second side of the disc valve,
and the other side of the plunger being responsive to
pressure on the first side of the disc valve, between
the disc valve and the spring-operated check valve.

According to a second aspect of the present in-
vention there is provided a valve comprising a valve
body, a perforated, substantially conical member sup-
ported within the valve body, and a diaphragm adapt-
ed to seat within the conical member and comprising
a flexible conical skirt, wherein the skirt is moveable
to allow fluid to flow in one direction through the valve
via the perforations in the conical member, and
wherein the skirt seals against the conical member to
prevent flow through the valve when the direction of
fluid flow is reversed.

In a particularly preferred arrangement, the
valve of the second aspect of the present invention
may be placed in series with a spring-operated check
valve, or such a check valve may be incorporated
within the valve body of the invention. This provides
a fail safe device.

The present invention will now be described in
more detail with reference to the accompanying draw-
ings, in which:

Figure 1 illustrates diagrammatically the principle

of operation of a first aspect of the present inven-

tion;

Figure 2 shows in longitudinal section a preferred

embodiment of the first aspect of the invention;

Figure 3 shows in longitudinal section an alterna-

tive embodiment of the first aspect of the inven-

tion;

Figure 4 shows in axial cross-section anotherem-

bodiment of the first aspect of the invention;

Figure 5 illustrates an arrangement whereby the

valve of the first aspect of the invention is com-

bined with a relief valve; and

Figure 6 shows one embodiment of a second as-

pect of the present invention.

Referring first to Figure 1, there is provided a
supply pipe 1 in which the normal direction of fluid
flow is as shown by arrow 2. A sliding disc valve 3 in
accordance with the first aspect of this invention is
placed in the supply pipe 1. A connecting passage or
line 4 links a pressure responsive device 5 with the
supply pipe upstream of the valve 3, and a connecting
passage or line 6 links a further pressure responsive
device 7 with the supply pipe downstream of the valve
3.

The pressure responsive device 5 incorporates a
pressure responsive member which is shown in Fig-
ure 1 as a diaphragm 8. One side of the diaphragm 8
is exposed to the pressure in the supply pipe up-
stream of the valve 3 by means of the connecting line
4, the diaphragm being biassed against the upstream
pressure by means of a compression spring 9. The
further pressure responsive device 7 incorporates a
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pressure responsive member which is shown in Fig-
ure 1 as a diaphragm 10. One side of the diaphragm
10 is exposed to the pressure in the supply pipe
downstream of the valve 3 by means of the connect-
ing line 6. A connecting member 11 connects dia-
phragm 8 with diaphragm 10, and the connecting
member 11 is moveable to actuate means 12 to open
and close the valve 3. If there is no flow through the
supply pipe, then the spring 9 acts to move means 12
to close the valve 3. Clearly, the compression spring
9 shown in Figure 1 could be replaced by any other
suitable biassing means in either pressure respon-
sive device 5 or pressure responsive device 7.

When the flow in the supply pipe is in the direc-
tion of arrow 2, if P, is the upstream pressure and P,
is the downstream pressure, A, is the area of dia-
phragm 8 and A, is the area of diaphragm 10, and S
is the force supplied by the spring 9, then if P,A, is
greater than the sum of P,A; and S, the connecting
member 11 will move to actuate means 12 to open the
valve 3.

Thus, if the force P,A, becomes too similar in
magnitude to the force P,A,, then the spring force S
will act to close the valve 3. To prevent backflow, the
spring force S and the areas A, and A, are selected
such that the valve will close before P, equals P,. Pre-
ferably, the spring force S and the areas A, and A, are
selected such that the valve will close when the
amount by which P, is greater than P, drops to about
0.5to 1 bar.

Clearly, if the flow in the supply pipe is reversed
(in the direction opposite to arrow 2), then P, is great-
er than P, and valve 3 closes. Thus, pressure up-
stream and downstream of the valve is sensed by the
diaphragms 8, 10 and, if the downstream pressure
becomes too close in magnitude to the upstream
pressure, the valve automatically closes.

A preferred embodiment of the present invention,
operating on the principle described with respect to
Figure 1, is shown in more detail in Figure 2. A valve
20 comprises a valve body 21 having a through bore
22 adapted to be connected into a supply line (not
shown) such that, when fluid is flowing in the normal
direction of supply in the line, the direction of flow in
the through bore 22 is as shown by arrow 23.

A stationary disc 24 is positioned and held in the
through bore transverse to the fluid flow. The disc 24
has a number of apertures 25 therethrough. A move-
able disc 26 is supported in sliding face to face abut-
ment with the stationary disc 24, by means of a sup-
porting member 27. The moveable disc has a number
of apertures 28 therethrough corresponding to the
number of apertures 25.

A through passage 29 connects the upstream
side of the discs 24, 26 with a chamber 30, and a fur-
ther through passage 31 connects the downstream
side of the discs 24, 26 with a chamber 32. The cham-
ber 30 houses a pressure responsive member which,
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as shown in Figure 2, comprises two diaphragms 33,
34 separated by an intermediate support 35. The
chamber 32 houses a similar pressure responsive
member which, as shown in Figure 2, comprises two
diaphragms 36, 37 separated by an intermediate sup-
port 38. The chamber 32 also houses a spring 39
which acts on the exterior face of the double dia-
phragm 36, 37 to bias it downwards, as shown in Fig-
ure 2.

Rods 40, 41 extend from the supporting member
27 and contact the interior faces of the double dia-
phragms 33, 34 and 36, 37 via heads 42, 43. Accord-
ingly, movement of the diaphragms is transmitted via
the rods 40, 41 and the supporting member 27 to the
moveable disc 26.

The exterior face of double diaphragm 33, 34 is
exposed to the pressure upstream of the valve by
means of through passage 29, and the exterior face
of double diaphragm 36, 37 is exposed to the pres-
sure downstream of the valve by means of through
passage 31.

Thus, when there is no flow through the valve,
the spring 39 biasses the diaphragms and the sup-
porting member downwards, and the moveable disc
26 is held in the position shown in Figure 2, where the
apertures 28 are out of alignment with apertures 25
in the stationary disc, and the valve is closed.

When fluid is passed through the bore 22 in the
direction of arrow 23, the pressure downstream of the
discs 24, 26 will be lower than the pressure upstream
of the discs. If the difference between the upstream
and downstream pressures is sufficient to overcome
the biassing force of the spring 39, then the dia-
phragms and the supporting member 27 will be
moved upwards, and the moveable disc will slide up-
wards with the supporting member until its apertures
28 are aligned with the apertures 25 in the stationary
disc, and fluid will flow through the valve with low
head loss.

If fluid flow through the valve is reversed the
pressure in passage 31 is greater than the pressure
in passage 29, and the pressure difference combined
with the biassing force of spring 39 acts to return the
valve to its closed position shown in Figure 2.

Preferably the discs 24, 25 are made of a ceramic
material so as to be resistant to wear, but any other
suitable material may be used.

A conventional spring-operated check valve 44 is
incorporated within the valve body 21 as a fail safe
device and to provide a combination of different check
valve devices, thereby reducing the risk of simultane-
ous failure.

The double diaphragms 33, 34 and 36, 37 provide
an effective seal between the passages 29 and 31
and the interior faces of the double diaphragms, elim-
inating the requirement for O-ring seals and the like.
The double diaphragms also create an air gap be-
tween the two diaphragms and, in particular, an air
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gap between diaphragms 36 and 37 which acts as a
safety means to prevent any contamination of the up-
stream fluid with the monitored sample of the down-
stream fluid in passage 31.

The embodiment shown in Figure 3 is substantial-
ly the same as that shown in Figure 2, and like numer-
als have been used for like parts. However, the dou-
ble diaphragms used in the Figure 2 embodiment
have been replaced by pressure responsive pistons
50 and 51 operably connected to the moveable disc
26, to slide the moveable disc 26 transverse to the
stationary disc 24 to open and close the valve in re-
sponse to a difference in pressure across the valve.

In Figure 4, the embodiment of Figure 3 has been
modified such that the moveable disc 26 is rotatable
about its central axis instead of being transversely
slidable. By rotating the moveable disc 26 the aper-
tures in the moveable disc are rotated into or out of
alignment with apertures in the stationary disc. The
rotation is achieved by means of a rack and pinion ar-
rangement. The pistons 50 and 51 are connected via
arod 52 on which is provided a rack 53. The rack en-
gages with a pinion 54 such that, as the rack 53 is
moved up and down with the rod 52 in response to
pressure differences across the valve, the pinion 54
is rotated. Agear 55 is fixed to the pinion to rotate with
the pinion, and the gear 55 engages a toothed edge
56 on the moveable disc 26. The disc 26 is thus ro-
tated in response to pressure difference across the
valve.

A manually operated stop cock may optionally be
incorporated in any of the valves shown in Figures 2
to 4, such that the position of the moveable disc can
be set manually by overriding the pressure respon-
sive setting of the valve.

Figure 5 shows a fluid supply line 80 in which the
normal direction of fluid flow is shown by arrow 81. A
sliding disc valve in accordance with any of the em-
bodiments shown in Figures 2 to 4 is fitted in the sup-
ply line 80, and is shown diagrammatically at 82 in Fig-
ure 5. A conventional spring-operated check valve is
also provided in the supply line downstream of the
sliding disc valve 82. Arelief valve shown generally at
83 is fitted to one side of the supply line. The relief
valve has a valve body 85, and an aperture 84 in the
supply line connects the fluid flow through the supply
line with a branch passage 86 through the body 85 of
the relief valve. The aperture 84 lies between the disc
valve 82 and the check valve 44. A further aperture
87 is formed in the side of the supply line upstream
of the disc valve 82. The aperture 87 connects with
a through passage 88 in the relief valve body. The re-
lief valve body incorporates an outlet passage 89, and
a valve member 90 is movable between a first posi-
tion (shown in Figure 5) in which the branch passage
86 is shut off from the outlet passage 89, and a sec-
ond position in which the branch passage 86 con-
nects with the outlet passage 89 to allow fluid flow in
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the direction of arrow 91. In the Figure 5 embodiment,
the valve member 90 comprises a plunger 92 having
atone end a head 93 adapted to close the opening be-
tween the branch passage 86 and the outlet passage
89. The other end of the plunger is connected to one
side of a pressure responsive member such as a dia-
phragm 94. The plunger 92 is biassed to the second,
open position by means of a spring such as a com-
pression spring 95. The other side of the diaphragm
94 is exposed to the pressure upstream of the sliding
disc valve 82 by means of aperture 87 and through
passage 88.

When fluid is flowing in the direction of arrow
81, the diaphragm 94 responds to the upstream pres-
sure forcing the spring loaded plunger 92 to close
against the force of the spring 95. The branch pas-
sage 86 is thus isolated from the outlet passage 89,
as shown in Figure 5.

If upstream pressure is lost, such that there is a
risk of backflow occurring, the spring 95 forces the
plunger 92 of the relief valve to open, connecting the
branch passage 86 with the outlet passage 89, cre-
ating a reduced pressure region 95 and allowing the
fluid to drain from the region 95 between the disc
valve 82 and the check valve 44. As discussed above,
when the upstream pressure drops, the disc valve 82
and the check valve 44 are closed. Accordingly, once
the fluid has drained through outlet passage 89, a
safety airgap is produced in the region 95 between
the potential contaminant and the fluid supply.

For convenience, the relief valve 83 may be bolt-
ed on to the supply line, or connected in any other
suitable way.

Figure 6 shows a valve 60 in accordance with the
second aspect of the invention, fitted between a
manifold 61 and a meter 62. The valve comprises a
valve body 63 having an annular inlet passage 64
separated from a central outlet passage 65, by means
of a sleeve 66. A frusto-conical member 67 made pre-
ferably of metal is supported within the sleeve by any
suitable arrangement. In the particular embodiment
shown in Figure 6, the sleeve 66 is formed from an up-
per portion 68 and a lower portion 69, and a flange
70 on the member 67 is clamped between the upper
and lower portions of the sleeve.

The frusto-conical member 67 thus lies in the
flow through the outlet passage 65, and the taper of
the frusto-conical member expands outwardly in the
normal direction of flow through the outlet passage.
A number of perforations 71 are provided in the frus-
to-conical member 67. Aflexible diaphragm 72, made
of an elastomeric material such as rubber, and having
a frusto-conical skirt 73, is seated within the member
67. When fluid flows in the normal direction through
the valve (as shown by the arrows), the skirt 73 is lift-
ed away from the member 67 by fluid passing through
the perforations 71 and the fluid can flow readily
through the valve. However, when fluid flow through
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the manifold is reversed, the fluid pressure expands
the skirt 73 to seal against the member 67 and pre-
vent reverse flow through the valve.

A conventional spring-operated check valve 74 is
also incorporated within the valve body 63 for addi-
tional safety.

The embodiment shown in Figure 6 has the ad-
vantage that it can be added to existing domestic in-
stallations without difficulty and without significant
alterations to the existing installations being required.
It is particularly useful as a non-return valve for con-
necting a domestic water meter to a supply manifold.

Although the specific embodiments of the pres-
ent invention have been described with respect to
backflow preventers for water supply systems, clearly
the valves of the present invention may be used in
any other areas of fluid flow control, where non-return
valves are required.

Claims

1. Avalve comprising a valve body (21), a stationary
disc (24) positioned in the valve body transverse
to fluid flow through the valve body, there being
at least one aperture (25) in the stationary disc,
and a moveable disc (26) positioned such that
one face of the moveable disc closely abuts and
is slidable across one face of the stationary disc,
wherein the moveable disc has at least one aper-
ture (28) therethrough, the moveable disc being
slidable, in response to the difference between a
first pressure in the fluid flow on one side of the
valve and a second pressure in the fluid flow on
the other side of the valve, between a first posi-
tion in which the at least one aperture (28) of the
moveable disc (26) is aligned with the atleast one
aperture (25) of the stationary disc (24) and a
second position in which the apertures are ob-
structed, and fluid flow is prevented.

2. Avalve according to claim 1, characterised in that
the moveable disc is operated directly by pres-
sure responsive means (33, 34, 36, 37), the first
pressure being applied to one side of the pres-
sure responsive means, and the second pressure
being applied to an opposing side of the pressure
responsive means.

3. Avalve according to claim 2, characterised in that
the pressure responsive means comprises at
least one diaphragm.

4. Avalve according to claim 3, characterised in that
the pressure responsive means comprises a first
double diaphragm assembly (33, 34) operably
connected to the moveable disc (26), and a sec-
ond double diaphragm assembly (36, 37) oper-
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ably connected to the moveable disc (26) in dia-
metrically opposed relation to the first double dia-
phragm assembly.

Avalve according to claim 2, characterised in that
the pressure responsive means comprises differ-
ential pistons (50, 51).

Avalve according to claim 1, characterised in that
the moveable disc is rotatably slidable with re-
spect to the stationary disc by means of a rack
and pinion arrangement (53, 54), the rack (53)
being provided on the pressure responsive
means and the pinion (54) being operable to ro-
tate the moveable disc.

Avalve according to any preceding claim, charac-
terised in that biassing means (39) bias the
moveable disc towards the second position in
which fluid flow is prevented, such thatin the ab-
sence of fluid flow the valve closes.

Avalve according to any preceding claim, charac-
terised in that the stationary and moveable discs
are formed from ceramic material.

Avalve according to any preceding claim, charac-
terised in that a stop cock is provided to manually
override the pressure responsive setting of the
valve.

A valve comprising a valve body (63), a perforat-
ed, substantially conical member (67) supported
within the valve body, and a diaphragm (72)
adapted to seat within the conical member and
comprising a flexible conical skirt (73), wherein
the skirt is moveable to allow fluid to flow in one
direction through the valve via the perforations
(71) in the conical member, and wherein the skirt
seals against the conical member to prevent flow
through the valve when the direction of fluid flow
is reversed.
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