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(57) Abstract: A pendent fire protection sprinkler for storage
applications, having a body including a fluid passage and an out-
put orifice sealed with a seal cap, two arms extending from the
body and meeting at a hub, a release mechanism with a ther-
mally-responsive element positioned between the seal cap and
the hub, and a deflector positioned on the hub and facing the
output orifice. The deflector has aligned slots at about 90° from
each other, corner slots located between the aligned slots, and
angled slots located between the aligned slots and the corner
slots.
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TITLE

EXTENDED COVERAGE, STORAGE, AUTOMATIC
FIRE PROTECTION SPRINKLER

BACKGROUND OF THE INVENTION
Field of the Invention ‘
[0001] The present invention relates to an automatic fire protection sprinkler, and
in particular an extended coverage, storage sprinkler, designed in accordance with

density/area criteria.

Related Art
[0002] Fire protection sprinklers conventionally are connected to a conduit to
receive pressurized fire-extinguishing fluid, such as water. 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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10003} Certain conventional sprinklers have a pair of arms that extend from the
base portion and meet at a hub portion to form a frame. The hub portion is spaced
apart from the output orifice of the base portion and is aligned with a longitudinal
axis thereof. The hub portion may have a set-screw configured to apply a pre-
tension force to the release mechanism. A deflector may be mounted on the hub,

transverse to the output orifice, to provide dispersion of the output fluid.

[0004] Fire protection sprinklers may be mounted on a fluid conduit running along

a ceiling and may either depend downward from the conduit, which is referred to as

a “pendent” configuration, or may extend upward, which is referred to as an
“upright” configuration. Alternatively, a sprinkler may be mounted on a wall, a

certain distance below the ceiling, which is referred to as a “horizontal sidewall”

configuration. Horizontal sidewall sprinklers have an output orifice that is oriented
- so-that the fluid is output horizontally and sprays onto an area to be protected in

front of the sprinkler.

[0005] An “extended coverage storage sprinkler (density/area),” as described in
Section 5.11 of UL 199 (“Standard for Automatic Sprinklers for Fire-Protection
Service,” Underwriters’ Laboratories, 11" Ed., November 4, 2005) is a sprinkler
that is intended to be installed using the extended coverage area (e.g., 14 ft by 14
ft) and density/area criteria specified in NFPA 13 (“Standard for the Installation of
Sprinkler Systems,” National Fire Protection Association, Inc., 2002 Edition).
These sprinklers incorporate a heat responsive element and release mechanism that
has a response time equal to or less than a standard response sprinkler used on -

sprinklers designed for standard spacings (e.g., 12 ft by 12 ft).

[0006] NFPA 13 defines a number of different types of storage sprinklers.

Section 12.7.2, for example, provides “Sprinkler Design Criteria for Storage and
Display of Class I through Class IV Commodities, Cartoned Non-Expanded Group
A Plastics, and Non-Expanded Exposed Group A Plastics in Retail Stores.” In
such applications, the gpﬁnkler must be connected to a wet pipe system designed to

meet two separate design points: 0.6 gpm/ ft* density over 2000 ft* and 0.7 gpm/ft*
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density for the four hydraulically most demanding sprinklers (e.g., the four
sprinklers furthest from the source). Systems meeting these density/area criteria
are permitted for use in protecting single and double-row slatted shelf racks using
an extended coverage sprinkler with a nominal K-factor of 25.2 listed for storage

occupancies.

SUMMARY OF THE INVENTION
[0007] In one aspect, the present invention provides a pendent fire protection
sprinkler, including a deﬂebtor having a first pair of opposed slots, a second pair of
opposed slots at about 90° from the first pair of slots, a third pair of opposed slots,
positioned between both the first .and second pairs of opposed slots, and a plurality
of angled slots, positioned between the first and third pairs of opposed slots and the

second and third pairs of opposed slots.

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

following features.

[0009] The deflector may be a planar, circular disk having a radius of about 1.6-2.1
inches. The first and second pairs of opposed slots may have a radial length of
about 0.4-0.5 inches. The third pair of opposed slots may have a radial length of
about 0.5-0.7 inches. The angled slots may have a radial length of about 0.15-0.20

inches.

- [0010] The first and second pairs of slots may have a radial length of about 20-
30% of a radius of the deflector. The third pair of opposed slots may have a radial
length of about 28-38% of a radius of the deflector. The angled slots may have a
radial length of about 7-12% of a radius of the deflector.

[0011] A center line of the angled slots may form an angle of about 20-50° with
respect to a radial line extending from a center of the deflector through inner ends
of the angled slots. The inner ends of the angled slots may be positioned aboiut 15-
30° from the nearest slot of the first and second pairs of slots. The third pair of
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opposed slots may form an angle of about 40-50° with the first and second pairs of
slots.

[0012] The sprinkler may achieve a water discharge density of 0.6 gpm/ft’ density
over an area of 2000 £, and the nominal K-factor may be 25.2.

[0013] In another aspect, the present invention provides a pendent fire protection
sprinkler for storage applications, having a body including a fluid passage and an
output orifice sealed with a seal cap, two arms extending from the body and
meeting at a hub, a release mechanism with a thermally-responsive element
positioned between the seal cap and the hub, and a deflector positioned on the hub
and facing the output orifice. The deflector includes a plurality of aligned slots at
about 90° from each other, a plurality of corner slots located between the aligned
slots, and a plurality of angled slots located between the aligned slots and the

corner slots.

[0014] 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

[0015] The present invention will be more readily understood from a detailed
description of the preferred embodiments taken in conjunction with the following

figures.

[0016] Fig. 1 is a perspective view of the pendent sprinkler in accordance with the

present invention.

[0017] Fig. 2 is a sectional view of the pendent sprinkler in a plane perpendicular

* to the plane of the frame arms.

[0018] Fig. 3 is a plan view of the deflector showing the surface that faces away

from the outlet orifice.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0019] Fig. 1 shows a pendent sprinkler 100, in abcordan(;e with the present
invention, having a body 105 defining an axial fluid passage. The top of the body
has a threaded portion 110 on its outer surface to allow the sprinkler to be
connected to a conduit (not shown) for providing pressurized fire-extinguishing
fluid, such as water, to an input end 115 of the fluid passage. The fluid passage has
an output orifice 118 at the opposite end that is sealed by a seal cap 120. The input
end 115 may have a diameter of, for example, 1 inch NPT (national pipe thread).
The sprinkler may have a K-factor of, for example, 25.2, which is defined by

K=0Q / \/; , where Q is the flow rate in gallons per minute and p is the residual

pressure at the inlet of the sprinkler in pounds per square inch.

[0020] Two frame arms 125 extend from the lower portion of the body 105 and
meet at a hub 130 positioned below and in axial alignment with the output orifice
118. A deflector 140 is positioned on the hub 130 so as to be impinged by the
output fluid upon activation of the sprinkler 100. As further discussed below, the
deflector 140 in this particular embodiment is a circular, planar disk that is
centered on and orthogonal to the axis of the fluid passage. The disk has a number

of slots 145 of varying length and orientation arrayed around its periphery.

[0021] A release mechanism, e.g., a fusible link assembly 150, having a thermally-
responsive element, e.g., a fusible link 235, is positioned between the hub 130 and
the seal cap 120 to hold the seal cap in place over the output orifice 118. As shown
in the sectional view of Fig. 2, the link assembly 150 includes a lever 205
positioned on a set screw 210 that extends upward from the hub 130. A strut 215 is
positioned between the seal cap 120 and the lever 205, such that one end of the
strut 215 is positioned in a slot 220 on the surface of the seal cap 120 and the other
end of is positioned in a slot 225 on the lever, slightly offset from the set screw
210.
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[0022] The pressure of the fluid on the seal cap 120 causes a downward force on
the strut 215, which in turn causes the extended end 230 of the lever 205 to tend to
rotate away from the strut 215 (i.e., the lever 205 rotates counter-clockwise in the
view of Fig. 2). The rotational force on the lever 205 creates a tension force on the
fusible link 235, which is attached between the extended end 230 of the lever 205
and a hook 240 on the upper portion of the strut 215.

[0023] The fusible link 235 comprises two thin, metal plates, e.g., beryllium-nickel
alloy, one coﬁnected to the lever 205 and the other connected to the strut 215. The
plates are joined in an overlapping manner with solder that melts at a predeter-
mined temperature. The link 235 separates at the predetermined temperature, due
to the tension force applied by the lever 205 and the strut 215, allowing the lever
205 and the strut 215 to swing outward. This in turn releases the seal cap 120 and
allows the fluid to be output from the orifice 118. Of course, other types of release
mechanisms may be used, including, but not limited to, for example, a frangible

bulb or a sensor, strut, and lever assembly.

[0024] Fig. 3 shows an embodiment c;f the deflector 140, which as noted above, is
"a circular, planar disk having a number of slots of varying length and orientation
arrayed around its periphery. The deflector 140 may be formed, for example, of
phosphor bronze and may have a radius of about 1.85 inches and a thickness of
about 0.08 inches. The deflector 140 may be planar, as shown in this embodiment,
or may be curved or bent, so that an outer portion of the deflector 140 extends

away from the outlet orifice 118.

[0025] The positions of the slots may be described in terms of the approximate
angle between each slot and a reference line 305 extending vertically though the
planar view of the disk in Fig. 3. In the exemplary embodiment, there is a set of
four slots 310 in a perpendicular configuration (“the aligned slots”), each having a
radial length of about 0.46 inches (which is about 25% of the deflector radius) and
a width of about 0.11 inches. In alternative embodiments, the length of these slots
may be vary by about £15%.
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[0026] There is also a set four slots 320 at 45° from the reference line 305, each
having a radial length of about 0.61 inches (about 33% of the deflector radius) and
a width of about 0.125 inches (the “corner slots™). In alternative embodiments, the

length of these slots may be vary by about +15%.

[0027] There is also a set of eight slots 330 (“the angled slots™) that are oriented to
form an angle (o)) of about 35° between center lines 340 of the angled slots 330 and
radial lines 345 passing through inner ends 335 of the angled slots 330 (i.e.,
passing through the origin of the radius of the inner end). In alternative embod-
iments, the angle a may vary between about 20-50°. The angled slots have a radial
length (i.e., the distance from the inner end to the outside edge of the deflector
along the radial line 345) of about 0.175 inches (about 9% of the deflector radius)
and a width of about 0.1 inches. In alternative embodiments, the length of these
slots may be vary by about £15%. The inner ends 335 of the angled slots 330 are
positioned about midway between the aligned slots 310 and the corner slots 320,
i.e., the angled slots 330 are at about 22.5° or at about 67.5° from the reference
line.

[0028] The slots discussed above have rounded inner ends that are approximately
semicircular, with a radius equal to half the slot width, but other geometries may
also be used. Of course, the deflector may have other slots in addition to those

described above.

[0029] In accordance with UL 199, storage, area/density sprinklers are tested in a
large scale fire test, in which an array of sprinklers is installed over predetermined
configurations of commodities, e.g., a double-row rack of standard, cartoned Group
A plastic commodities, beneath a smooth, flat, non-combustible ceiling. The water
flow from the sprinklers must be controlled by the deflector to achieve an output
pattern that meets the required water discharge density specified for the sprinkler.
Representative sample sprinklers are installed at a specified spacing for each fire
test, which is 14 ft for K-25.2 extended coverage s?prinklers. The ignition point for
the fire test is positioned either beneath a single sprinkler, between two sprinklers
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on the same branch line, or in the center of four sprinklers (i.e., at the center of a

square 14 ft on each side).

[0030] In order to maintain the proper density of water output over the specified
area, the sprinkler 100 must have a spray pattern that is approximately square.
Thus, the sprinkler 100 must be configured to throw water farther in the direction
of the corner slots 320 (45° from the reference line 305), relative to the aligned
slots 310 (0° and 90° from the reference line 305). This is particularly so for the
test in which the ignition point is centered between four sprinklers, because the
ignition point will be aligned with the corner slots 320 of each of the four

sprinklers (i.e., in the comner of the approximately square pattern of each sprinkler).

[0031] To achieve the approximately square output pattern, the corner slots 320 are
designed to be somewhat longer than the aligned slots 310, in order to project more
water toward the comners of the spray pattern. Likewise, the angled slots 330 are
angled toward the corners of the output pattern, which further tends to create a
square pattern. In addition, directing the output spray toward the corers of the
spray pattern lessens the amount of water output toward adjacent sprinklers. This
helps prevent “cold soldering,” which is a condition in which water is output by a
sprinkler directly onto an adjacent sprinkler, thereby lowering the temperature of

the adjacent sprinkler and preventing it from properly activating.

[0032] 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 pendent fire protection sprinkler, comprising a deflector having:

a first pair of opposed slots,

a second pair of opposed slots at about 90° from the first pair of
slots,

a third pair of opposed slots, positioned between both the first and
second pairs of opposed slots, and

a plurality of angled slots, positioned between the first and third

~ pairs of opposed. slots and the second and third pairs of opposed slots.

2. The pendent fire protection sprinkler of claim 1, wherein the
sprinkler achieves a water discharge density of 0.6 gpm/ft® density over an area of

2000 %,

3. The pendent fire protection sprinkler of claim 1, wherein the

deflector comprises a planar, circular disk.

4. The pendent fire protection sprinkler of claim 1, wherein the

deflector has a radius of about 1.6-2.1 inches.

5. The pendent fire protection sprinkler of claim 4, wherein the first

and second pairs of opposed slots have a radial length of about 0.4-0.5 inches.

6. The pendent fire protection sprinkler of claim 4, wherein the third
pair of opposed slots have a radial length of about 0.5-0.7 inches.

7. The pendent fire protection sprinkler of claim 4, wherein the angled

slots have a radial length of about 0.15-0.20 inches.
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8. The pendent fire protection sprinkler of claim 1, wherein the first
and second pairs of slots have a radial length of about 20-30% of a radius of the

deflector.

9. The pendent fire protection sprinkler of claim 1, wherein the angled

slots have a radial length of about 7-12% of a radius of the deflector.

10.  The pendent fire protection sprinkler of claim 1, wherein a center
line of the angled slots form an angle of about 20-50° with respect to a radial line

extending from a center of the deflector through inner ends of the angled slots.

11.  The pendent fire protection sprinkler of claim 1, wherein the inner
ends of the angled slots are positioned about 15-30° from the nearest slot of the

first and second pairs of slots.

12. The pendent fire protection sprinkler of claim 1, wherein the third
pair of opposed slots form an angle of about 40-50° with the first and second pairs

of slots.

13.  The pendent fire protection sprinkler of claim 1, wherein the third
pair of opposed slots have a radial length of about 28-38% of a radius of the

deflector.

14.  The pendent fire protection sprinkler of claim 1, wherein the

nominal K-factor of the sprinkler is 25.2.

15, A pendent fire protection sprinkler for storage applications,
comprising a body including a fluid passage and an output orifice sealed with a seal
cap, two arms extending from the body and meeting at a hub, a release mechanism

with a thermally-responsive element positioned between the seal cap and the hub,
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and a deflector positioned on the hub and facing the output orifice, the deflector

comprising:

a plurality of aligned slots at about 90° from each other;

a plurality of corner slots located between the alighed slots; and

a plurality of angled slots located between the aligned slots and the
corner slots.

16.  The pendent fire protection sprinkler of claim 15, wherein the

aﬁgned slots are parallel to or perpendicular to a plane of the arms.

17. The pendent fire protection sprinkler of claim 15, wherein the
sprinkler achieves a water discharge density of 0.6 gpm/ft* density over an area of
2000 fi.

18.  The pendent fire protection sprinkler of claim 15, wherein the

deflector comprises a planar, circular disk.

19.  The pendent fire protection sprinkler of claim 15, wherein the

deflector has a radius of about 1.6-2.1 inches.

20.  The pendent fire protection sprinkler of claim 19, wherein the first

and second pairs of opposed slots have a radial length of about 0.4-0.5 inches.

21.  The pendent fire protection sprinkler of claim 19, wherein the

corner slots have a radial length of about 0.5-0.7 inches.

22, The pendent fire protection sprinkler of claim 19, wherein the
angled slots have a radial length of about 0.15-0.20 inches.
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23.  The pendent fire protection sprinkler of claim 15, wherein the
aligned slots have a radial length of about 20-30% of a radius of the deflector.

24.  The pendent fire protection sprinkler of claim 15 wherein the angled
slots have a radial length of about 7-12% of a radius of the deflector.

25.  The pendent fire protection sprinkler of claim 15, wherein a center
line of the angled slots form an angle of about 20-50° with respect to a radial line

extending from a center of the deflector through inner ends of the angled slots.

26.  The pendent fire protection sprinkler of claim 15, wherein the inner
ends of the angled slots are positioned about 15-30° from the nearest slot of the

first and second pairs of slots.

27.  The pendent fire protection sprinkler of claim 15, wherein the

corner slots form an angle of about 40-50° with the aligned slots.

28.  The pendent fire protection sprinkler of claim 15, wherein the

corner slots have a radial length of about 28-38% of a radius of the deflector.

29.  The pendent fire protection sprinkler of claim 15, wherein the

nominal K-factor of the sprinkler is 25.2.
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