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(57) Abstract: A dry/deluge valve
for an automatic sprinkler system. The
valve includes a main chamber having
an input port for receiving fluid from
a supply line and an output port. A
clapper assembly is installed in the main
chamber for sealing the input port. The
clapper assembly includes a threaded
valve seat configured to be screwed into
a wall of the main chamber, so as to be
in communication with the input port.
The assembly further includes a collar
configured to receive the valve seat,
wherein the collar is held in position by
the valve seat. A clapper configured to
seal the input port, in cooperation with
the valve seat, is hinged to the collar, and
a lever also is hinged to the collar and is
movable between a first position in which
the clapper is held closed by the lever and
a second position in which the clapper
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is allowed to open. The dry pipe/deluge
valve further includes a sensing chamber
having components responsive to a
control pressure of the sensing chamber,
the components being in communication
with the lever to move the lever between
the first position and the second position.
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TITLE

DRY PIPE/DELUGE VALVE FOR AUTOMATIC SPRINKLER SYSTEMS

BACKGROUND OF THE INVENTION
Field of the Invention
[0001] The present invention relates to a dry pipe/deluge valve for automatic fire
protection sprinkler systems, and in particular a hydraulically-operated valve for
use as a primary control valve in a dry pilot, deluge, preaction, or other special

types of fire protection systems.

Related Art

[0002] A conventional fire protection system includes automatic sprinklers
connected to a conduit to receive pressurized fire-extinguishing fluid, such as
water. Such systems are referred to as “wet pipe” systems. A typical sprinkler has
a base with a threaded portion for connection to the conduit and an output orifice to
output the fluid to provide fire control and/or suppression. The output orifice is
sealed by a seal cap, which is held in place by a release mechanism. The release
mechanism is designed to release the cap under predetermined conditions, thereby
initiating the flow of fire-extinguishing fluid. A typical release mechanism
includes a thermally-responsive element, e.g., a frangible bulb or fusible link, and

may also include a latching mechanism.
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[0003] Certain fire protection systems have a central valve, referred to as a “dry
pipe valve” or “deluge valve,” that controls the flow of fire extinguishing fluid
from a high pressure supply input to a system output connected to the sprinkler
conduits. A typical dry pipe valve has a main chamber for controlling fluid flow
from the supply input to the system output. The valve also has a secondary, i.e.,
“sensing” chamber, to which a fluid-based contro!l line is connected. The valve
maintains a balance (i.e., a pressure differential) between the pressure in the
sensing chamber and the pressure in the fluid supply input line, which is sealed
with a cover (referred to as a “clapper”) in the main chamber. A pressure drop in
the sensing chamber below a certain threshold allows the clapper to be forced open
by the pressure in the supply line, thereby initiating the flow of fluid through the

main chamber to the sprinkler system output.

[0004] In dry pipe valve systems, the sprinkler conduits initially act as “pilot”
lines, which means that the water in these conduits (in a “wet pilot” system) serves
as a means for detecting a fire condition, rather than as a means of extinguishing a
fire. In such a system, the pilot lines are connected to the sensing chamber of the
dry pipe valve. When a sprinkler is activated under fire conditions, the resulting
drop in water pressure in the pilot lines (and sensing chamber) triggers the dry pipe
valve to initiate the flow of fire-extinguishing fluid to the sprinklers. The
sprinklers on the wet pilot lines (or on a separate set of conduits) then act to

extinguish the fire.

[0005} A “dry pilot” system may be used in applications in which wet pilot lines
are not suitable, such as for refrigerated or sub-freezing storage. Dry pilot systems
contain pressurized air or other gases, such as nitrogen, in the conduits connected
to the sprinklers, rather than water. When a sprinkler is activated under fire
conditions, the resulting drop in air pressure in the pilot lines triggers an actuator
(which is usually a separate component from the valve), which in tumn releases the
water pressure in the sensing chamber. This causes the valve to open, as described

above, and initiates the flow of fire-extinguishing fluid to the sprinklers.
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[0006] Electrically-actuated systems employ a solenoid valve that is triggered by
electronic fire or smoke detection devices or other types of electrical control
devices. The solenoid may be connected in series with a wet or dry pilot system.
For example, in a “preaction” system, a loss of pressure in the pilot lines initiates
an alarm, but the system does not open the central valve until the solenoid is
electrically-actuated, €.g., by an electrical signal from a smoke detection system.
Such systems may be used in sensitive areas, such as computer facilities, in which

inadvertent activation of the sprinklers would cause significant damage.

SUMMARY OF THE INVENTION
[0007] In one aspect, the present invention provides a dry/deluge valve for an
automatic sprinkler system. The valve includes a main chamber having an input
port for receiving fluid from a supply line and an output port. A clapper assembly
is installed in the main chamber for sealing the input port. The clapper assembly
includes a threaded valve seat configured to be screwed into a wall of the main
chamber, 50 as to be in communication with the input port. The assembly further
includes a collar configured to receive the valve seat, wherein the collar is held in
position by the valve seat. A clapper configured to seal the input port, in
cooperation with the valve seat, is hinged to the collar, and a lever also is hinged to
the collar and is movable between a first position in which the clapper is held
closed by the lever and a second position in which the clapper is allowed to open.
The dry pipe/deluge valve further includes a sensing chamber having components
responsive to a control pressure of the sensing chamber, the components being in
communication with the lever to move the lever between the first position and the

second position.

{0008] Embodiments of the present invention may include one or more of the

following features.

[0009] The input and output ports may be sized to have a thicker portion at an end

thereof to allow the valve to be machined to any pipe size selected from the group
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consisting of: 2 inches, 2.5 inches, 3 inches, and 76 mm. The input and output

ports may have a nominal size of 8 inches.

[0010] The lever may have an extended portion that tends to rotate the lever
toward the clapper. The extended portion of the lever, in the first position, may
contact an upper edge of the clapper to prevent the clapper from opening or may

contact a lower edge of the clapper to prevent the clapper from re-seating.

[0011] The clapper may be hinged to the collar using a rod that extends through an
edge of the clapper and through support portions that extend from the collar. The
collar may form a slip fit with the valve seat, such that an upper lip of the valve

seat rests on a surface of the collar.

[0012] The valve seat may include an upper rim having a circumferential canal.
The upper rim may have holes that lead through an interior of the valve seat to

corresponding alarm output ports on an outer surface of the valve seat.

[0013] The clapper assembly may include a sealing disk removably attached to an
underside of the clapper, so as to engage with the valve seat when the clapper is
closed. The sealing disk may include a metal disk having a seal formed on a
surface thereof and at least one threaded post extending from a central portion of an
opposite surface. The sealing disk may have three threaded posts extending from
the central portion of the surface opposite the seal surface. The seal may be formed
of a layer of rubber that is vulcanized to the metal disk. The seal may have a

circumferential portion with edges that form a concave rim around the disk.

[0014] The sensing chamber may include a control input port for receiving fluid
from a control supply and a control output port. A piston may be provided that is
responsive to a fluid pressure in the sensing chamber. A push-rod may be in
communication with the piston and may extend into the main chamber and abut the
lever to hold the lever in the first position. The sensing chamber may further
include a diaphragm positioned between the fluid in the sensing chamber and the

piston.
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[0015] These and other objects, features and advantages will be apparent from the

following description of the preferred embodiments of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The present invention will be more readily understood from a detailed
description of the preferred embodiments taken in conjunction with the following

figures.

[0017] Fig. 1 is a perspective view of a dry pipe/deluge valve for an automatic

sprinkler system, in accordance with the present invention.

[0018] Fig. 2 is a perspective view of the clapper assembly.

[0019] Fig. 3A is an exploded view of the clapper assembly.

[0020] Fig. 3B is a sectional view of a sealing disk for inside of the clapper.

[0021] Fig. 4 is cross-sectional view of the dry pipe/deluge valve with the clapper

in the closed position.

[0022] Fig. S is a cross-sectional view of the dry pipe/deluge valve with the clapper

in the open position.

[0023] Fig. 6 is across-sectional view of the dry pipe/deluge valve with the clapper

in the anti-reseat position

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0024] Fig. 1 shows a dry pipe/deluge valve 100, in accordance with the present
invention, having a body 110 with a main chamber 120 and a sensing chamber 130.
The valve 100 may be formed, for example, of ductile iron, using a casting process.
An input port 140 for a high pressure fluid supply line is provided at the bottom of
the main chamber 120. The supply line connected to the input port 140 may have
an inner diameter of, €.g., about 2 inches, and may provide fluid at a pressure of,

e.g., up to about 250 psi. As discussed below, other sizes also are possible, such
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as, for example 2.5 inches, 3 inches, 76 mm, and 8 inches. A system output port
150, which 1s connected to a system of sprinkler conduits (not shown), is provided
at the top of the main chamber 120. The output port 150 has a nominal diameter
the same size as the supply input port 140. The main chamber 120 has an access
panel, which is removed in this view to show the interior of the main chamber 120.
A disk-shaped lid, referred to as a clapper 160, seals the input port 140 at the

bottom of the main chamber 120.

[0025] The clapper 160 is part of a clapper assembly 200, as shown in Fig. 2,
which includes an annular collar 210 and a threaded valve seat 220. The clapper
assembly 200 is assembled outside of the valve body 110, inserted through the
access panel, and then screwed into the bottom of the main chamber 120 of the
valve body 110, as further described below. The clapper 160 is hinged to the collar
210 on one side, so that it can flip open (up and to the right, in the view of Fig. 1)
to release the fluid in the supply line connected to the input port 140. The clapper
hinge 225 includes a cylindrical rod 230 that extends through a rod housing portion
235 formed in the edge of the clapper 160. The rod 230 extends beyond the rod
housing portion 235 at both ends and through support portions 240 extending from
the collar 210. The edge of the clapper 160 opposite the hinge 225 is held in place
with a releasable lever 250, as further described below. The lever 250 pivots about
arod 255 that extends through the lower portion of the lever 250 and into support
portions of the collar 260 on both sides of the lever 250.

[0026] Fig. 3A shows an exploded view of the clapper assembly 200. As noted
above, the clapper 160 1s connected to the collar 210 via a hinge 225, which can be
assembled before the clapper assembly 200 is installed. The hinge between the
lever 250 and the collar 210 can also be pre-assembled. The valve seat 220 fits
into the collar 210 with a slip fit, so that the lip 305 on the upper edge of the valve
seat 220 rests on an inner edge 310 of the collar 210. The valve seat 220 has
protrusions 315 on the interior surface thereof that are configured to cooperate with

an installation tool designed to be inserted into the valve seat 220 to screw the



WO 2007/143522 PCT/US2007/070175

valve seat 220 into the bottom of the main chamber 120. The threaded portion of
the valve seat 220 that installs into the valve body 110 may be about 0.75 inches in
length and may have about 12 threads per inch. The components of the clapper
assembly may be formed, for example, of brass, or preferably stainless steel,

through a casting process, such as investment casting,

[0027] Due to the slip fit arrangement between the collar 210 and the valve seat
220, the clapper assembly 200 can be installed in the main chamber 120 of the
valve body 110 without rotating the collar 210. This arrangement is advantageous
in that it does not require clearance in the front and back of the main chamber 120
for the support portions 240 and 260 that extend from the collar 210, because the
collar does not need to be rotated during assembly. This allows for a smaller main
chamber 120 and a smaller overall valve body 110. The valve seat 220, when it is
screwed into the valve body 110, holds the collar 210 in place. Stops 155 (see
Fig. 1) are provided on the bottom inside surface of the main chamber 120 to
prevent rotation of the collar 210 as the valve seat 220 is installed or uninstalled
(only the front stop is illustrated; the other is located behind the collar, such that
the support portions 240 are received between the stops 155). This arrangement is
also advantageous over certain conventional valves that require the seat to be

installed with pins, which require tight tolerances to ensure proper installation.

[0028] A sealing disk 320, shown in Fig. 3B, attaches to the inner surface 325 of
the clapper 160, i.e., the surface facing the supply input line. The sealing disk 320
is metal, e.g., stainless steel, with a rubber seal 330 directly vulcanized onto the
bottom surface of the disk 320. The rubber seal 330 includes a outer circumferen-
tial portion 335 that extends from the disk 320 and is configured to rest on an upper
rim 350 of the valve seat 220 (see Fig. 3A). The circumferential portion 335 has
two inclined edges 340 that form a trapezoidally-shaped, concave rim 345 around
the disk 320. The upper rim 350 of the valve seat 220 forms a circumferential
canal to capture water that may leak between the seal 330 and the valve seat 220

(see Fig. 3A). The upper rim 350 has a number of holes 355 around its periphery
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that lead through the interior of the walls of the valve seat 220 to alarm output

ports 360 around the outer surface of the valve seat 220.

[0029] A threaded post 365 extends from the top of the sealing disk 320 (and may
be cast as part of the disk or attached thereto by welding) to allow installation on
the clapper 160. The post 365 is inserted through an opening 370 in the center of
the clapper 160 and secured with a nut 375, which includes an upper portion 380
that acts as a bumper to absorb shock when the clapper 160 opens. In alternative
embodiments, such as larger valve sizes, the sealing disk 320 may have more than
one post 365. For example, for an 8-inch valve (i.e., a valve having 8-inch input
and output ports), the sealing disk may have three posts arranged in a triangular
configuration near the center of the disk. This configuration is advantageous over
certain conventional designs in that it does not require holes to be tapped through
the rubber seal 330 or the disk 320 in order to attach it to the clapper 160, which

may lead to leakage.

[0030] Referring again to Fig. 1, the sensing chamber 130 is cylindrically-shaped
and extends from the side of the main chamber 120 opposite the position of the
clapper 160 hinge. The end of the sensing chamber has a removable cylindrical
housing 170, which has a control fluid input port 175 on the bottom of the housing
and a control fluid output port 180 on the top of the housing. The control output
port 180 is connected to an actuator or a wet pilot line system (not shown). In
operation, a loss in pressure in the pilot system, due to activation of an automatic
sprinkler, releases fluid from the control output port 180, thereby initiating

activation of the valve 100, as further described below.

[0031] Fig. 4 is a cross-sectional view of valve body 110, showing the main 120
and sensing 130 chambers. As noted above, the edge of the clapper 160 opposite
the hinge is held in place by a lever 250, which in turn is held in place by a piston
405 and push-rod 410 assembly that extends into the main chamber 120 from the
sensing chamber 130. The push-rod 410 extends from the sensing chamber 130
into the main chamber 120 through the bore 412 of a threaded, cylindrical push-rod
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guide 415 that is screwed into the wall 420 between the chambers. The push-rod
410 may be about 3 inches in length and about 0.5 inches in diameter (for the
embodiment having an input port size of between 2 and 3 inches). A spring 422
surrounds the push-rod guide 415 and is configured to exert force on the piston 405
in a direction away from the main chamber 120. The push-rod guide 415 has a
circumferential groove 425 in the bore 412 to receive an o-ring to help seal the
space between the push-rod 410 and the guide 415. There is also an o-ring groove
430 at the base of the threaded portion of the guide 415. The piston 405, push-rod
410, and spring 422 may all be formed, for example, of stainless steel. The push-
rod guide 415 may be formed, for example, of plastic, and in particular a

commercially available acetal resin, such as Delrin® (DuPont Corporation).

[0032] The sensing chamber 130 contains pressurized fluid, supplied through the
control input port 175, in a volume between the head of the piston 405 and the
walls of the sensing chamber 130. The pressure in the sensing chamber 130 acts to
maintain the piston 405 in the unreleased position against the right side of the
sensing chamber 130. The force of the fluid pressure against the piston 405 is
countered by force supplied by the spring 422 and the force exerted by the lever
250 against the push-rod 410, due to the upward force on the clapper 160.

[0033] A diaphragm 440 is positioned to prevent fluid from passing from the
sensing chamber 130, around the piston 405, and into the main chamber 120. The
diaphragm 440 is a made from a thin piece of polymer material, e.g., Ethylene
Propylene Diene Monomer (EPDM), of about 0.024 inches in thickness. The
diaphragm 440 is positioned between and is held in place by the cooperation of the
removable cylindrical housing 170 of the sensing chamber 130 and the valve body
110. When the sensing chamber 130 is filled with pressurized fluid, the diaphragm
440 covers the piston 405 head and the space 442 between the sides of the piston
405 and the walls of the sensing chamber 130: as can be seen in Fig. 4, the
diaphragm 440 is folded into this space 442, and in fact lies in space 442 folded
over itself. The folding of the diaphragm 440 around the sides of the piston 405
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helps to ensure smooth operation of the piston 405, because the diaphragm 440
material slides against itself with relatively little friction as the piston moves to the

released position.

[0034] As further shown in Fig. 4, the input 140 and output 150 ports of the main
chamber 120 are cast to have thick portions at the ends thereof, with grooves 465
near the ends formed by machining. These end portions may have, for example, an
internal diameter of about 2 inches and an external diameter of about 4 inches. The
grooves may have an external diameter of about 3.5 inches. The end portions may
be machined on the internal and external surface to form ports for desired standard
pipe sizes, such as 2 inches, 2.5 inches, 76 mm, and 3 inches. For example, for a
2-inch port, the inside surface is left as-is and the outer surface is machined to
reduce the external diameter by about an inch. Likewise, for a 3-inch port, the
inside surface is machined to expand the diameter by about one inch, and the
outside surface is machined just slightly to create a properly finished surface. This
arrangement is advantageous in that a single mold can be used to cast at least four

different valve sizes.

[0035] Fig. 5 shows a cross-sectional view of the valve 100 following activation,
which is typically initiated by activation of an automatic sprinkler on the wet or dry
pilot system connected to the control output 180 of the sensing chamber 130. Ina
dry pilot system, as discussed in the Background section, the activation of a pilot
line sprinkler leads to a loss of air pressure in the pilot system, which in turn
activates a pneumatic actuator (not shown). The actuator then opens a valve to
release fluid from the control output 180 of the sensing chamber 130. The system
may also have a hand-operated emergency switch (not shown) that releases the
pressurized fluid from the sensing chamber 130. In certain systems, such as a pre-
action system, activation of a solenoid valve by an electronic sensor, such as a

smoke detector, may also be required to initiate activation.

[0036] The release of fluid in the pilot system directly or indirectly results in a

drop in pressure in the sensing chamber 130. This, in turn, allows the piston 405
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and push-rod 410 assembly to move into the sensing chamber 130 and the lever
250 to rotate away from the clapper 160, due to the spring 422 force and upward
force on the clapper 160 (and the resulting force on the lever 250 and push-rod
410). Once the lever 250 has rotated sufficiently, the edge of the clapper 160 is
released, and the clapper 160 flies open, thereby releasing fluid from the input port
140 into the main chamber 120 and into the sprinkler system connected to the

valve output port 150.

[0037) Referring to Fig. 6, following activation, fluctuations in the input supply
pressure may allow the clapper 160 to fall back toward the closed position. To
prevent the clapper 160 from closing completely in such an event, the lever 250 is
provided with an extended portion 605, the weight of which tends to cause the
lever 250 to rotate back toward the clapper 160 (i.e., clockwise in Fig. 6) after
activation, thereby catching the edge of the clapper 160 and preventing it from
closing (this is termed the “anti-reseat position” of the clapper 160). Alternatively,

or in addition, a spring may be used to bias the lever 250 toward the clapper 160.

[0038] The valve 100 is reset by shutting off the input supply and rotating the lever
250 away from the clapper 160 using a reset knob (not shown), which rotates the
rod 255 about which the lever 250 rotates, until the clapper 160 falls into the fully
closed position. The reset knob is then released, which allows the lever 250 to
rotate back into position over the edge of the clapper 160, due to the weight of the
extended portion 605 of the lever 250. Pressure is then restored to the sensing
_chamber 130 to force the piston 405 and push-rod 410 assembly back into the

unreleased position. At that point, the input supply may be restored.

[0039] While the present invention has been described with respect to what is
presently considered to be the preferred embodiments, it is to be understood that
the invention is not limited to the disclosed embodiments. To the contrary, the
invention is intended to cover various modifications and equivalent arrangements

included within the spirit and scope of the appended claims.
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WHAT IS CLAIMED IS:

1. A valve for an automatic sprinkler system, the valve comprising:
a main chamber having an input port for receiving fluid from a
supply line and further having an output port;
a clapper assembly installed in the main chamber for sealing the
input port, the clapper assembly comprising:
a threaded valve seat configured to be screwed into a wall of
the main chamber, so as to be in communication with the input port;
a collar configured to receive the valve seat, wherein the
collar is held in position by the valve seat;
a clapper configured to seal the input port, in cooperation
with the valve seat, the clapper being hinged to the collar; and
a lever hinged to the collar and movable between a first
position in which the clapper is held closed by the lever and a second position in
which the clapper is allowed to open;
a sensing chamber comprising components responsive to a control
pressure of the sensing chamber, the components being in communication with the

lever to move the lever between the first position and the second position.

2. The valve of claim 1, wherein the input port is sized to have a
thicker portion at an end thereof to allow the valve to be machined to any pipe size

selected from the group consisting of: 2 inches, 2.5 inches, 3 inches, and 76 mm.

3. The valve of claim 1, wherein the output port is sized to have a
thicker portion at an end thereof to allow the valve to be machined to any pipe size

selected from the group consisting of: 2 inches, 2.5 inches, 3 inches, and 76 mm.

4. The valve of claim 1, wherein the input port and the output port

have a nominal size of 8 inches.
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S. The valve of claim 1, wherein the sensing chamber comprises:
a control input port for receiving fluid from a control supply;
a control output port;
a piston responsive to a fluid pressure in the sensing chamber;
a push-rod in communication with the piston, the push-rod
extending into the main chamber and abutting the lever to hold the lever in the first

position.

6. The valve of claim 5, wherein the sensing chamber further
comprises a diaphragm positioned between the fluid in the sensing chamber and

the piston.

7. The valve of claim 1, wherein the lever has an extended portion that

tends to rotate the lever toward the clapper.

8. The valve of claim 7, wherein the extended portion of the lever, in
the first position, contacts an upper edge of the clapper to prevent the clapper from

opening.

9. The valve of claim 7, wherein the extended portion of the lever, in
the first position, contacts a lower edge of the clapper to prevent the clapper from

re-seating.

10.  The valve of claim 1, wherein the clapper is hinged to the collar
using a rod that extends through an edge of the clapper and through support

portions that extend from the collar.

1. The valve of claim 1, wherein the collar forms a slip fit with the

valve seat, such that an upper lip of the valve seat rests on a surface of the collar.
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12. The valve of claim 1, wherein the valve seat comprises an upper rim
having a circumferential canal.

13.  The valve of claim 12, wherein the upper rim comprises a plurality

of holes that lead through an interior of the valve seat to corresponding alarm

output ports on an outer surface of the valve seat.

14.  The valve of claim 1, wherein the clapper assembly further
comprises a sealing disk removably attached to an underside of the clapper, so as to

engage with the valve seat when the clapper is closed.

15, The valve of claim 14, wherein the sealing disk comprises a metal
disk having a seal formed on a surface thereof and at least one threaded post

extending from a central portion of an opposite surface.

16.  The valve of claim 15, wherein the sealing disk comprises three
threaded posts extending from the central portion of the surface opposite the seal

surface.

17.  The valve of claim 15, wherein the seal comprises a layer of rubber

that is vulcanized to the metal disk.

18.  The valve of claim 17, wherein the seal comprises a circumferential

portion with edges that form a concave rim around the disk.
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