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EARLY SUPPRESSION FAST RESPONSE 
FIRE PROTECTION SPRINKLER 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of US. application Ser. 
No. 09/292,152, ?ledApr. 15, 1999, Which is noW issued as 
US. Pat. No. 7,165,624, and a continuation-in-part of US. 
application Ser. No. 09/134,493, ?ledAug. 14, 1998, Which is 
noW issued as US. Pat. No. 6,059,044, issued May 9, 2000, 
and a continuation-in-part of US. application Ser. No. 
09/079,789, ?led May 15, 1998, Which is noW abandoned. 

BACKGROUND OF THE INVENTION 

Fire protection sprinklers may be operated individually, 
eg by a self-contained thermally sensitive element, or as part 
of a deluge system in Which ?re retardant ?uid ?oWs through 
a number of open sprinklers, essentially simultaneously. Fire 
retardant ?uids may include natural Water or appropriate mix 
tures of natural Water and one or more additives to enhance 
?re ?ghting properties of a ?re protection system. 

Fire protection sprinklers generally include a body With an 
outlet, an inlet connectable to a source of ?re retardant ?uid 
under pressure, and a de?ector supported by the body in a 
position opposing the outlet for distribution of the ?re retar 
dant ?uid over a predetermined area to be protected from ?re 
Individual ?re protection sprinklers may be automatically or 
non-automatically operating. In the case of automatically 
operating ?re protection sprinklers, the outlet is typically 
secured in the normally closed or sealed position by a cap. 
The cap is held in place by a thermally-sensitive element 
Which is released When its temperature is elevated to Within a 
prescribed range, eg by the heat from a ?re. The outlets of 
non-automatic sprinklers are maintained normally open, and 
such sprinklers are operated in an array, as part of a deluge 
system, from Which ?re retardant ?uid ?oWs When an auto 
matic ?uid control valve is activated by a separate ?re, e.g. 
heat, detection system. 

Installation or mounting position is another parameter 
Which distinguishes different types of ?re protection sprin 
klers. For example: Pounder US. Pat. No. 4,580,729 illus 
trates a pendent mounting (i.e., pendent-type) sprinkler 
arranged so that the ?uid stream discharged from the outlet is 
directed initially doWnWards against the de?ector; Dukes 
US. Pat. No. 2,862,565 illustrates an upright mounting (i.e., 
upright-type) sprinkler arranged so that the ?uid stream dis 
charged from the outlet is directed initially upWards against 
the de?ector; and Mears US. Pat. No. 4,296,815 and Fischer 
US. Pat. No. 4,296,816 illustrate a horizontal mounting (i.e., 
horizontal-type) sprinkler arranged so that the ?uid stream 
discharged from the outlet is directed initially horizontally 
against the de?ector. In each case, the purpose of the de?ector 
is to break up the ?uid stream into a pattern of spray that can 
suitably cover the area to be protected by the sprinkler from 
?re. 
ESFR (Early Suppression Fast Response) ?re protection 

sprinkler applications have typically required the use of pen 
dent sprinklers. Upright and horizontal sprinklers have gen 
erally been found less suitable for ESFR applications, par 
ticularly at commodity storage heights of greater than 30 feet. 
This is because upright sprinklers inherently have reduced 
doWnWard spray directly beneath the sprinklers and, there 
fore, underneath the ?re protection ?uid supply piping from 
Which they are fed. Horizontal type sprinklers, on the other 
hand, are generally designed With a spray pattern that projects 
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2 
horizontally to protect more remote reaches of the intended 
coverage area and, as such, do not provide the doWnWard 
thrust of ?uid spray necessary for ESFR sprinkler applica 
tions, over the entire area to be protected from ?re by the 
sprinkler. 
The concept underlying ESFR sprinkler technology is that 

of delivering onto a ?re at an early stage a quantity of Water 
suf?cient to suppress the ?re before a severe challenge can 
develop. ESFR sprinklers are particularly useful in commer 
cial settings Where the clearance betWeen the sprinklers and 
the source of the ?re could be large. For example, in a Ware 
house having high ceilings, the distance betWeen pendent 
sprinklers and the upper surfaces of combustible commodi 
ties in the storage racks can be relatively large. In such set 
tings, the size of a ?re can groW signi?cantly before a ?rst 
sprinkler is activated by heat from the ?re. Thus, it Was 
recognized that to suppress a ?re in such a setting, a greater 
quantity of Water should be delivered quickly so that the ?re 
Will be kept less intense, and the corresponding convective 
heat release rate Will be kept loWer In turn, With a loWer heat 
release rate, the upWard plume velocity of the ?re Will also be 
relatively loWer Fire protection specialists often characterize 
this concept by saying that the Actual Delivered Density 
(ADD) of the ?rst operating sprinkler(s) should exceed the 
Required Delivered Density (RDD). RDD is de?ned as the 
actual density of ?re retardant ?uid required to suppress a ?re 
in a particular combustible commodity in units of gpm/ft2. 
ADD is generally de?ned as the density at Which Water is 
actually deposited from operating sprinklers onto the top 
horizontal surface of a burning combustible array, in units of 
gpm/ft2. 
The relationships betWeen sprinkler spray patterns, ?re 

plume velocity, and amount of combustible commodity are 
important factors Which need to be taken into account in the 
design of ESFR sprinklers. As the ceiling-to-?oor distance 
increases and the amount of combustible commodity 
increases, the ?re plume velocity and upWard thrust increase 
to such vigorous levels that standardized tests noW require 
actual opposing thrust speci?cations in the central area of the 
spray pattern for certi?cation of an automatic ?re protection 
sprinkler for service in the ESFR sprinkler category (Ref. 
UnderWriters Laboratories (UL) and Factory Mutual (FM) 
ESFR Sprinkler Standards). Previous approaches for 
addressing higher elevation, higher challenge ?re protection 
applications With ESFR pendent sprinklers have included 
using de?ectors With straight slots or slots that taper to 
become slightly Wider in the radially outWard direction, in 
combination With increasing ?uid Water pressure to compen 
sate for increased elevations, since the thrust of the spray 
pattern is a combination of both velocity and mass of the ?re 
retardant ?uid droplets. 
ESFR pendent sprinklers often provide a sprinkler spray 

pattern having a central doWnWard thrusting core formation. 
Providing a central core of high thrust droplets is particularly 
important in higher elevation, higher challenge ?re protection 
applications Where the updraft of a quickly developing ?re 
located under a sprinkler head could fully displace the spray 
pattern of the sprinkler head if the doWnWard thrust Was 
insuf?cient to effectively oppose the updraft. One approach 
for providing more Water coaxial With the centerline of the 
sprinkler spray pattern is described in Mears US. Pat. No. 
4,296,815, the entire disclosure of Which is incorporated 
herein by reference. Mears ’81 5 describes a horizontal side 
Wall sprinkler With a discharge Which increases the amount of 
?re protection ?uid in the region coaxial With the sprinkler 
discharge axis by use of a de?ector With radially extending 
tines spaced by reentrant slots. A reentrant slot is de?ned as a 
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cutout extending through a de?ector and generally radially 
inwardly from an opening at the de?ector periphery, the slot 
having a transverse Width Which is larger at a more radially 
inWard portion of the de?ector than the transverse Width 
nearer the peripheral region of the de?ector. 

SUMMARY OF THE INVENTION 

The invention relates to pendent-type ?re protection sprin 
klers of the type including a sprinklerbody de?ning an ori?ce 
and an outlet for delivering a ?oW of ?uid from a source, and 
at least one arm extending from the sprinkler body. The ori?ce 
de?nes an ori?ce axis, and the outlet is disposed generally 
coaxial With the ori?ce axis. The sprinkler also includes an 
apex element supported by the arm, With an apex axis gener 
ally coaxial With the ori?ce axis, and a de?ector mounted to 
the apex element at a distance further from the outlet than the 
apex element. 

In a general aspect of the invention, the de?ector includes 
a de?ector body de?ning a ?rst, inside surface opposed to the 
?oW of ?uid, an opposite, second surface, and a de?ector axis 
generally coaxial With the ori?ce axis. The de?ector body 
de?nes tWo or more generally opposing reentrant slots 
extending through the de?ector body, from the ?rst, inside 
surface to the second, outside surface, With the slot openings 
at an outer peripheral edge of the de?ector body. The reentrant 
slots extend inWardly from the peripheral edge, each along a 
reentrant slot centerline or axis, generally toWard the de?ec 
tor axis. Each reentrant slot also has a ?rst Width measured 
transverse to the slot centerline in a region of the peripheral 
edge and a second Width measured transverse to the slot 
centerline at a regions spaced inWardly, toWard the de?ector 
axis, relative to the region of the peripheral edge, the second 
Width being greater than the ?rst Width. The innermost por 
tion of each reentrant slot extends inWardly toWard the de?ec 
tor axis so as to be no further outWard from the de?ector axis 
than the outermost surface of the apex element. 

The portion of the de?ector betWeen the slots extending 
inWard from the periphery of the de?ector and the larger 
Width opening at the radially more inWard portion of the 
de?ector provides a Web-like component spray pattern 
extending outWard from the central core formation. 

Pendent-type ?re protection sprinklers of the invention are 
?xed de?ector, impingement-type ?re protection sprinklers 
in Which the body de?nes an inlet for connection to a source 
of ?uid under pressure, an outlet, and an ori?ce normally 
located just upstream of the outlet. The outlet may be nor 
mally closed by a plug held in place by a thermally responsive 
element con?gured to automatically release the plug When 
the temperature of the thermally responsive element is 
elevated to Within a prescribed range Upon operation (i.e., 
release of the plug), Whether the ?re protection sprinkler is 
individually operated or used open as part of a local applica 
tion or total ?ooding system, a vertically directed, relatively 
coherent, single stream of Water (doWnWard for pendent-type 
sprinklers) rushes through the outlet, from the ori?ce, toWards 
the de?ector. As it impacts (i e, impinges) upon the de?ector, 
the Water is diverted generally radially doWnWard and out 
Ward, breaking up into a spray pattern, the con?guration of 
Which, in large part, is a function of the de?ector design, and 
it is projected over the intended area of coverage, i.e., the 
protected area. 

The ?oW rate “Q” from a sprinkler in Which a single stream 
of Water is discharged from the outlet ori?ce, expressed in 
Us. gallons per minute (gpm), is determined by the formula: 
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4 
Where: 

“K” represents the nominal noZZle discharge coe?icient (nor 
mally referred to as K-factor), and “p” represents the residual 
(?oWing) pressure at the inlet to the noZZle in pounds per 
square inch (psi) 

Fire protection sprinklers of the invention operate by 
impacting a relatively coherent, single ?uid jet against the 
de?ector described above. The sprinkler has a K-factor pref 
erably in a range of from about 8.0 to 50.0, more preferably in 
the range of about 14.0 to about 30.0, and most preferably 
about 25.0, the range from about 14.0 to 30.0 being found 
more preferable from the standpoint of minimiZing ?re pro 
tection system installation costs and operating poWer require 
ments 

Larger K-factors have been determined to be capable of 
delivering quantities of ?re retardant ?uid su?icient for an 
ESFR sprinkler application. As the elevation of the particular 
haZard increases (i.e., taller Warehousing), the pressure 
required to deliver quantities of ?uid su?icient to produce the 
doWnWard thrust necessary to oppose Well developed ?re 
updrafts from such elevations becomes so high as to be 
impractical When K-factors are less than about 8.0. HoWever, 
for K-factors of about 140 or greater, and at the required 
delivered rate of ?re retardant ?uids, a sprinkler pressure 
suf?cient to produce the required doWnWard thrust by tradi 
tional de?ector means is practical to achieve, but may not be 
as economical as desired. 

In preferred embodiments, the de?ector compensates for 
the loWer droplet velocities at the loWer inlet pressures desir 
able for the larger K-factor sprinklers by diverting an opti 
miZed portion of the spray selectively directed Within the 
spray pattern. The de?ector is provided With at least one set of 
reentrant slots positioned so that their most radially inWard 
portion is no further outWard from the de?ector axis than the 
outermost surface of the apex element of the sprinkler frame. 
With this arrangement, there is diverted a quantity of ?re 
retardant ?uid su?icient to produce the required amount of 
thrust in the inner, doWnWardly-directed portion of the spray 
pattern at pressures loWer than those produced by either 
straight slots or slots that taper to become slightly Wider in the 
radially outWard direction. 

According to the invention, an early suppression fast 
response pendent-type ?re protection sprinkler suitable for 
use in accordance With one or more of NFPA 13, NFPA 231 
and NFPA 231C to protect single roW rack storage, double 
roW rack storage and multiple roW rack storage has a K-factor 
of about 25 and a ?oWing pressure of about 15 pounds per 
square inch. 

Preferred embodiments of the invention may have one or 
more of the folloWing additional features. The sprinkler fur 
ther comprises a sprinkler body de?ning an ori?ce and an 
outlet for delivering a ?oW of ?uid from a source, and a 
de?ector mounted With a ?rst surface opposed to ?oW of ?uid 
from the outlet, the de?ector de?ning at least tWo reentrant 
slots disposed in opposition about a de?ector axis, the reen 
trant slots extending from the ?rst surface through the de?ec 
tor, and the reentrant slots extending from slot openings at an 
outer peripheral edge of the de?ector inWardly from the 
peripheral edge toWard the de?ector axis. Preferably, the 
reentrant slots extend inWardly along reentrant slot center 
lines, and each of the reentrant slots has a ?rst Width trans 
verse to its reentrant slot centerline in a region of the periph 
eral edge and a second slot Width transverse to its reentrant 
slot centerline in a region spaced inWardly, toWard the de?ec 
tor axis, relative to the region of the peripheral edge, the 
second Width being greater than the ?rst Width. More prefer 
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ably, the sprinkler further comprises an apex element, the 
de?ector is mounted to the apex element, and an innermost 
portion of each of the reentrant slots extends inwardly toWard 
the de?ector axis to be no further outWard from the de?ector 
axis than an outermost surface of the apex element, and, 
preferably, the innermost portions of the reentrant slots 
extend inWardly toWard the de?ector axis to underlie the apex 
element, relative to ?uid ?oW direction from the outlet. The 
reentrant slot centerlines extend radially outWard from the 
de?ector axis. The sprinkler is suited for installation up to 18 
inches beloW a ceiling. The de?ector has a thickness mea 
sured from the ?rst surface in the direction of ?uid ?oW equal 
to or greater than about 0.06 inch. The reentrant slots com 
prise a plurality of reentrant slots comprising at least a ?rst 
type of reentrant slot and a second type of reentrant slot, 
reentrant slots of the ?rst type extending from the ?rst surface 
through the de?ector With the slot openings at an outerperiph 
eral edge of the de?ector body, each of the reentrant slots of 
the ?rst type extending inWardly from the peripheral edge, 
along the reentrant slot centerlines, generally toWard the 
de?ector axis, to a ?rst type length, reentrant slots of the 
second type extending through the de?ector from the ?rst 
surface, With the slot openings at the peripheral edge of the 
de?ector body, each of the reentrant slots of the second type 
extending inWardly from the peripheral edge, along the reen 
trant slot centerlines, generally toWard the de?ector axis, to a 
second type length, and the innermost portions of the reen 
trant slots of the ?rst type extending inWardly toWard the 
de?ector axis to be no further outWard from the de?ector axis 
than the outermost surface of the apex element. Preferably, 
each of the reentrant slots of the ?rst type has a ?rst Width 
transverse to its slot centerline in a region of the peripheral 
edge and a second Width transverse to its slot centerline in a 
region spaced inWardly, toWard the de?ector axis, relative to 
the region of the peripheral edge, the second Width of the ?rst 
type slots being greater than the ?rst Width of the ?rst type 
slots, and each of the reentrant slots of the second type has a 
?rst Width transverse to the slot centerline in a region of the 
peripheral edge and a second Width transverse to the slot 
centerline in a region spaced inWardly, toWard the de?ector 
axis, relative to the region of the peripheral edge, the second 
Width of the second type slots being greater than the ?rst 
Width of the second type slots. The ?rst type length is equal to 
or greater than the second type length. The reentrant slot 
centerlines of the reentrant slots of the ?rst type extend sub 
stantially radially outWard from the de?ector axis. The reen 
trant slot centerlines of the reentrant slots of the second type 
extend substantially radially outWard from the de?ector axis. 
The reentrant slots of the ?rst type comprise at least tWo pairs 
of generally opposing reentrant slots The reentrant slots of the 
second type comprise at least tWo pairs of generally opposing 
reentrant slots. The ?rst type length of the reentrant slots of 
the ?rst type is substantially the same. The second type length 
of the reentrant slots of the second type is substantially the 
same. The reentrant slots of the ?rst type de?ne reentrant 
portions having an elongated shape. The reentrant slots of the 
second type de?ne reentrant portions having a pear-shape. A 
reentrant slot of the second type is located betWeen reentrant 
slots of the ?rst type. 

In another aspect of the invention, the de?ector body 
de?nes reentrant slots including ?rst and second types of 
reentrant slots, With each type including tWo or more reen 
trant slots. At least tWo, generally opposing reentrant slots of 
the ?rst type of reentrant slots extend through the de?ector 
body, from the ?rst, inside surface to the second, outside 
surface, each With the slot opening at an outer peripheral edge 
of the de?ector body and extending inWardly from the periph 
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6 
eral edge, along its reentrant slot centerline, generally toWard 
the de?ector axis, to a ?rst type slot length. The reentrant slots 
of the ?rst type have a ?rst Width measured transverse to the 
slot centerline in a region of the peripheral edge and a second 
Width measured transverse to the slot centerline in a region 
spaced inWardly, toWard the de?ector axis, relative to the 
region of the peripheral edge, the second Width being greater 
than the ?rst Width. At least tWo generally opposing reentrant 
slots of the second type of reentrant slots also extend through 
the de?ector body, from the ?rst, inside surface to the second, 
outside surface, With a slot opening at an outer peripheral 
edge of the de?ector body, and extend inWardly from the 
peripheral edge, along its reentrant slot centerline, generally 
toWard the de?ector axis, to a second type slot length. The 
reentrant slots of the second type have a ?rst Width measured 
transverse to the slot centerline in a region of the peripheral 
edge and a second Width measured transverse to the slot 
centerline in a region spaced inWardly, toWard the de?ector 
axis, relative to the region of the peripheral edge, the second 
Width being greater than the ?rst Width. Each of the reentrant 
slots of the ?rst type is disposed betWeen reentrant slots of the 
second type, With the ?rst type slot lengths being different 
from the second type slot lengths. 

With this arrangement, the use of alternating pairs of gen 
erally opposing reentrant slots of the second type provides an 
intermediate componentiZed spray pattern. The intermediate 
componentiZed spray pattern is particularly effective in ESFR 
sprinkler applications Where updrafts in regions betWeen the 
outer shell regions and regions along the central axis of the 
sprinkler ori?ce are created. Such updrafts are often created 
in higher elevation, higher challenge settings (e. g., Ware 
houses) Where the increased elevation alloWs a ?re to groW to 
a large siZe before operating a sprinkler head positioned off 
center from the ignition point of the ?re. 

These and other features and advantages of the invention 
Will be apparent from the folloWing more detailed descrip 
tion, and from the claims. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a side elevational vieW of a ?re protection sprin 
kler of the invention; 

FIG. 2 is a side sectional vieW of the ?re protection sprin 
kler taken at line 2-2 of FIG. 1; 

FIG. 3 is a top plan vieW of a de?ector element foruse in the 
?re protection sprinkler of FIG. 1; 

FIG. 4 illustrates a spray pattern for a ?re protection sprin 
kler having a de?ector With reentrant slots; 

FIG. 5 is a top plan vieW of an alternate embodiment of a 
de?ector element for use in the ?re protection sprinkler of 
FIG. 1, and FIG. 5A is a similar enlarged vieW of the region 
A-A of FIG. 5; and 

FIG. 6 illustrates a spray pattern provided by the ?re pro 
tection sprinkler using the de?ector element of FIG. 5. 

FIG. 7 is a chart of ADD test data in a no-?re, Water spray 
only condition for a typical straight-slotted de?ector. 

FIG. 8 is a chart ofADD test data With a simulated 2,000 kW 
?re located directly beneath the primary axis of the sprinkler 
for the same typical straight-slotted de?ector. 

FIG. 9 is a chart of ADD test data in a no-?re, Water spray 
only condition using a sprinkler having a de?ector in accor 
dance With the invention. 

FIG. 10 is a chart of ADD test data With a simulated 2,000 
kW ?re located directly beneath the primary axis of the sprin 
kler using a sprinkler having a de?ector in accordance With 
the invention. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIGS. 1 and 2, a ?re protection sprinkler 10 of 
the de?ector impingement pendent-type has a body 12 With a 
base 14 de?ning an inlet 16 for connection to a source of ?uid 
under pressure (not shown), and an outlet 18 (FIG. 2) With an 
axis, A. In certain embodiments, a strainer (not shoWn) may 
be located at inlet 16 to prevent debris larger than a prese 
lected combination of dimensions from entering and clogging 
?uid ?oW through outlet 18. A pair of U-shaped frame arms 
22, 24 extend from opposite sides of the base 14 to join at an 
apex element 26 at a position doWnstream of, and generally 
coaxial With, the outlet 18. Apex element 26 is generally 
conically-shaped, With the relatively Wider diameter end 
adjacent to a Water distribution de?ector 30 a?ixed to, and 
disposed coaxial With, the apex element 26. 

The outlet 18 of the ?re protection sprinkler 10 is normally 
closed by a spring plate assembly 32. The assembly is held in 
place by a thermally responsive element 34 consisting of tWo 
thin sheet metal members secured together by a loW tempera 
ture fusible solder alloy Which separates and automatically 
releases the spring plate assembly When the thermally respon 
sive element is heated to an elevated temperature Within a 
speci?ed operating temperature range for a pre-selected 
nominal temperature rating, e.g., 74° C. (165° F). The reten 
tion force applied by the thermally responsive element is 
transmitted to the spring plate assembly 32 by the load 
applied through a strut 3511 via lever 35b. In one particular 
embodiment, the thermally responsive element 34 is avail 
able, e g, from Grinnell Corporation, of Exeter, NH, in 
temperature ratings of74o C. (1650 F.) and 1010 C. (2140 F.). 
Upon release of spring plate 32, a vertically directed, rela 

tively coherent, single stream of ?uid passes through inlet 16, 
rushing doWnWard from the outlet 18 toWards the de?ector 
30. 

Heretofore, it has been knoWn that the parameters estab 
lishing spray patterns for a pendent-type sprinkler operating 
by impacting a single, relatively coherent Water jet against a 
substantially horiZontal de?ector, include: 

form and/or shape of the de?ector support structure; 
form and/or shape of the de?ector; 
outside dimensions of the de?ector; 
shape and arrangement of openings and tines located 

around the periphery of the de?ector; and 
shape, siZe, and arrangement of holes located Within the 

central area of the de?ector, When such holes are utiliZed in 
conjunction With slots and tines located around the periphery 
of the de?ector. 

Referring to FIG. 3, a de?ector 21 of the invention for use 
in pendent-type ?re protection sprinkler 10 has an outside 
diameter, D1, e.g., a uniform value of about 1.75 inches. The 
de?ector 30 has a thickness of about 0.09 inch, and it is 
fabricated from a phosphor bronZe alloy UNS52100, per 
ASTM BI03, With a RockWell B Scale hardness of about 92. 
The diameter of de?ector 21 is optimiZed to provide, from a 
predetermined height, a particular spray pattern over a 
desired area to be protected from ?re. The outside diameter is 
limited by the volume of ?re retardant ?uid, and by the siZe of 
the ori?ce. Moreover, Where cost is a consideration, increas 
ing the siZe of the de?ector diameter requires the thickness of 
de?ector 21 to be increased in order to ensure that it has 
suf?cient rigidity to Withstand the force of the discharged 
stream of ?uid. 
The de?ector 21 has an inside surface 38 (FIG. 1) doWn 

stream of, and facing toWards, i.e. opposing, the de?ector 
outlet 18, and an outside surface 46 (FIG. 1) on the opposite 
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8 
side of the de?ector, i.e. facing aWay from the de?ector outlet. 
The inside surface of the de?ector 21 includes a substantially 
?at, central base area 48 (FIGS. 3 and 5A) having a central 
hole 25 for mounting to the apex element 26. 
A grouping of equally spaced reentrant slots 29, eg at least 

about four, and preferably about eight, as shoWn in FIG. 3, are 
symmetrically located about the periphery of the de?ector 
through the body of the de?ector 21, i.e. from the inside 
surface to the opposite outside surface of the de?ector. The 
radially innermost portions of the reentrant slots are substan 
tially in line axially With the outer peripheral surface 27 (FIG. 
2) of the apex element 26 of the sprinkler frame, or extend 
beneath, i.e. underlie, in the direction of ?re retardant ?uid 
?oW, the outermost surface apex element 26, as shoWn in FIG. 
2. 

With this arrangement, it has been found that a relatively 
greater quantity of ?re retardant ?uid can be diverted to pro 
duce a relatively greater amount of thrust in the inner, doWn 
Wardly-directed portion (i.e., the central core) of the spray 
pattern at loWer pressures, as compared to the amount of 
central core thrust generated by prior art de?ectors, eg those 
having straight slots or slots Which are slightly tapered in a 
direction radially outWard from the de?ector axis. 

Referring to FIG. 4, a spray pattern for a commercial ESFR 
?re protection sprinkler With the de?ector 21 having reentrant 
slots 27 is illustrated. The reentrant slots 27 result in a spray 
pattern 2 in Which the spray direction is altered toWards a 
center main axis 3 of a sprinkler 4. In particular, the reentrant 
slots 27 of the de?ector result in formation of a central core 6 
of spray pattern 2, With tines of the de?ector resulting in 
formation of an outer shell 8 of spray pattern 2. In particular, 
the central core portion 6 of the spray pattern 2 has ?uid 
droplets With greater momentum (i.e. mass times velocity), at 
relatively loWer inlet pressures, than provided by prior art 
sprinklers of similar purpose. 
As Will be described in greater detail beloW, in other ESFR 

sprinkler applications, it may be desired to alter the spray 
pattern to provide additional concentrations of ?uid spray, 
e.g., other than the central core and outer umbrella-shaped 
portions. 

For example, referring to FIG. 5, the de?ector 30 of the 
de?ector impingement-type, automatic ?re protection sprin 
kler 10 of the invention has an outside diameter, D2, e.g., a 
uniform value of about 1.75 inches. The de?ector 30, having 
a thickness, T (FIG. 1), eg about 0.09 inch, is fabricated from 
a phosphor bronZe alloy UNS52100, per ASTM B103, With a 
RockWell Scale B hardness of about 92. 

Referring again to FIG. 5, as Well as to FIG. 2, de?ector 30 
has an inside surface 38 doWnstream of, and facing toWards, 
i.e. opposing, the noZZle outlet 18, and an outside surface 46 
on the opposite side of the de?ector, i.e. facing aWay from the 
noZZle outlet. The inside surface 38 of the de?ector 30 
includes a substantially ?at, central base area 48 having a 
central hole 49 for mounting to the apex element 26. 

Referring particularly to FIGS. 5 and 5A, a ?rst grouping of 
a ?rst type of equally spaced reentrant slots 54, e.g., prefer 
ably at least one pair of generally opposing reentrant slots, 
more preferably at least tWo pairs of generally opposing slots, 
and most preferably about four pairs of generally opposing 
slots, are symmetrically located around the periphery of 
de?ector 30 and extend from the inside surface 38 to the 
opposite outside surface 46, and thus through the body of the 
de?ector 30. Each reentrant slot 54 extends a radial length L1, 
e.g., in the range of about 0.52 inch to about 0.62 inch, and 
preferably about 0.57 inch, from an outer peripheral edge 58 
of the de?ector inWard toWards base area 48. The reentrant 
slots 54 are elongated in shape and angularly spaced from 
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each other in a range between about 400 to 50° and preferably, 
as shown here, the angular spacing is about 45°. Further, the 
elongated reentrant slots 54 have a ?rst Width, D” 1, measured 
transversely to the slot centerline in a region of the peripheral 
edge 58, in the range of about 0.08 inch to 0.010 inch, and 
preferably about 0.09 inch, and a second Width, DWI, mea 
sured transversely to the slot centerline in a region spaced 
inWardly from the peripheral edge, in the range of about 0.13 
inch to 0.17 inch, and preferably about 0.15 inch. 
A second grouping of a second type of equally spaced 

reentrant slots 60 (e.g., preferably at least one pair of gener 
ally opposing slots, more preferably at tWo pairs of generally 
opposing slots, and most preferably at least four pairs of 
generally opposing slots, as shoWn in FIG. 5) are symmetri 
cally positioned betWeen adjacent reentrant slots 54. Refer 
ring also to FIG. 5A, like reentrant slots 54, reentrant slots 60 
extend from inside surface 38 to opposite outside surface 46, 
through the body of de?ector 30. Moreover, reentrant slots 60 
extend from outer peripheral edge 58 of the de?ector toWards 
base area 48 by a radial length L2, e.g., in the range of about 
0.32 inch to about 0.42 inch, and preferably about 0.37 inch. 
Reentrant slots 60 are preferably pear-shaped and extend into 
an intermediate region 52, With a relatively Wider end 64 of 
each reentrant slot 60 having a radius, rW, e. g., in the range of 
about 0.04 inch to about 0.08 inch, and preferably about 0.06 
inch. The innermost, narroWer end 66 of each slot 60, located 
relatively closer to the de?ector axis, A, than the Wider por 
tion 64, has a radius, r”, e.g., in the range ofabout 0.04 inch to 
about 0.06 inch, and preferably about 0.05 inch. Reentrant 
slots 60 are angularly spaced from each other in the range of 
betWeen about 400 to 500 and preferably, as shoWn here, the 
angular spacing is about 45°. Further, the generally triangu 
lar-shaped or, more speci?cally, pear-shaped reentrant slots 
60 have a ?rst Width, DMZ, measured transversely to the slot 
centerline in a region of the peripheral edge 58, in the range of 
about 0.08 inch to 0.10 inch, and preferably about 0.09 inch, 
and a second Width, DW2, measured transversely to the slot 
centerline in a region spaced inWardly from the peripheral 
edge, in the range of 0.16 inch to 0.20 inch, and preferably 
about 0.18 inch. 

Tines 68 are de?ned by that portion of the de?ector body 
extending from central base area 48 and including those 
regions betWeen reentrant slots 54 and reentrant slots 60. The 
shape of reentrant slots 60 is someWhat dependent on the 
shape of reentrant slots 54. In particular, the pear-shape of 
reentrant slots 60 ensures that the Width of tines 68 betWeen 
reentrant slots 54 and 60 is su?icient to provide the desired 
structural rigidity to the de?ector body, as Well as to facilitate 
manufacture of the body, e. g., When stamped or machined. 

Referring to FIG. 6, in operation, a stream of ?re retardant 
?uid, eg Water, from the outlet 18 impacting upon the 
opposed, inside surface 38 of the de?ector 30 is diverted 
generally radially doWnWard and outWard by the de?ector, 
being broken into a spray pattern consisting of a superim 
posed combination of an outer, umbrella-shaped pattern com 
ponent, an intermediate, componentiZed spray pattern com 
ponent, and an inner, generally conical-shaped pattern 
component, the con?guration of the spray pattern being pri 
marily a function of de?ector design. 

Referring to FIG. 6, and in contrast to FIG. 4, automatic ?re 
protection sprinkler 10 having de?ector 30, in operation, 
provides a spray pattern 70 Well-suited for ESFR sprinkler 
applications. In particular, reentrant slots 54 cause the spray 
to form a central core 72, tines 68 cause the spray to form an 
outer shell 74, and reentrant slots GO cause the spray to form 
secondary thrust regions 76 in an intermediate Zone, betWeen 
central core 72 and outer shell 74, of the spray pattern 70. 
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10 
In addition, referring again to FIG. 5, in a preferred 

embodiment, de?ector 30 is positioned With a pair of reen 
trant slots 60 disposed in plane, F, of the sprinkler frame arms 
22, 24. 
A commercial embodiment of the automatic ?re protection 

sprinkler 10 of the invention is represented by a 25.2 K-Fac 
tor, Model ESFR-25TM pendent sprinkler assembly, available 
from Grinnell Corporation, 3 Tyco Park, Exeter, NH. 03833. 
The 25.2 K-Factor, Model ESFR-25TM pendent sprinkler is 

listed and approved by Factory Mutual Research Corporation 
(PM) as an “Early Suppression Fast Response Pendent Sprin 
kler” designed for use With Wet pipe, automatic sprinkler 
systems for the ?re protection of high-piled storage. The 
Model ESFR-25TM pendent sprinkler is a suppression mode 
sprinkler, and its use is especially advantageous as a means 
for eliminating use of in-rack sprinklers. Acceptable storage 
arrangements Which can be protected by the Model ESFR 
25TM pendent sprinkler include open-frame single-roW rack, 
double-roW rack, multiple-roW rack, and portable rack stor 
age, as Well as palletiZed and solid-piled storage, of most 
encap sulated or non-encap sulated, common materials includ 
ing cartoned unexpanded plastics. In addition, the protection 
of some storage arrangements of roll paper and rubber tires 
can be considered as Well. 

The PM listing and approval of the Model ESFR-25TM 
pendent sprinkler permits it to be used to protect encapsulated 
and non-encapsulated, Class I, H, 111 and IV, as Well as car 
toned unexpanded plastics, at design pressures based on 
maximum storage and ceiling heights, as shoWn in Table 1, 
below. 

TABLE 1 

Minimum 
Maximum Storage Maximum Ceiling Flowing Pressure, 
Height, Ft. (In) Height, Ft. (In) psi (bar) 

40 (12.2) 45 (13.7) 50 (3.4) 
35 (10.7) 40 (12.2) 40 (2.7) 
30 (9.1) 35 (10.7) 30 (2.1) 
25 (7.6) 30 (9.1) 20 (1.4) 

The PM listing and approval of the Model ESFR-2STM 
pendent sprinkler permits it to be used to protect heavy and 
medium Weight paper storage, as indicated in Table 11, below. 
These guidelines are applicable to banded or unbanded rolls 
in open, standard, or closed array. The design includes a hose 
stream alloWance of 250 gpm (950 1 pm), and the Water 
supply duration is to be a minimum of 1 hour. 

TABLE 11 

Maximum Maximum Minimum 
Storage Height, Ceiling Height, Flowing Pressure, 

Ft. (In) Ft. (In) psi (bar) 

Heavy Weight 

25 (7.6) 30 (9.1) 20 (1.4) 
30 (9.1) 40 (12.2) 40 (2.7) 
30 (9.1) 45 (13.7) 50 (3.4) 

Plastic Coated Heavy 
Weight 

20 (6.1) 30 (9.1) 20 (1.4) 
20 (6.1) 40 (12.2) 40 (2.7) 

Medium Weight 

20 (6.1) 30 (9.1) 20 (1.4) 
20 (6.1) 40 (12.2) 40 (2.7) 
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The PM listing and approval of the Model ESFR2 5TM pendent 
sprinkler also permits its use for protection of on-side and 
on-tread (not interlaced) storage of rubber tires in open frame 
racks to a maximum height of 25 feet (7.6 m) under ceilings 
no higher than 30 feet (9.1 m). The sprinkler system must be 
designed to supply tWelve sprinklers at 20 psi (1.4 bar), ?oW 
ing four sprinklers per branch on three branch lines. Sprin 
klers must be rated 165°/74o C. All other guidelines of FM 
Loss Prevention Data Sheet 2-2 must be followed, except that 
the hose stream demand must be 500 gpm (1900 1 pm) and the 
Water supply duration must be a minimum of 2 hours. 

The 25.2 K-Factor, Model ESFR-25TM pendent sprinkler is 
also listed by UnderWriters Laboratories Inc. (UL) and by UL 
for use in Canada (C-UL) as a “Speci?c Application Early 
Suppression Fast Suppression Sprinkler” for use in accor 
dance With NFPA 13, NFPA 231, and NFPA 231C (the com 
plete disclosures of each of Which are incorporated herein by 
reference) to protect single-roW rack, double-roW rack, and 
multiple roW rack storage (no open top containers or solid 
shelves) and palletiZed and solid pile storage (no open con 
tainers or solid shelves), of most encapsulated or non-encap 
sulated, common (Class I, II, III and IV commodities) mate 
rials, including cartoned unexpanded plastics, When installed 
With the maximum ceiling and storage heights and minimum 
design pressures shoWn in Table III, beloW. 

TABLE III 

Maximum Storage Maximum Ceiling Minimum Flowing 
Height, Ft. (In) Height, Ft. (In) Pressure, psi (bar) 

40 (12.2) 45 (13.7) 40 (2.7) 
35 (10.7) 40 (12.2) 25 (1.7) 
30 (9.1) 35 (10.7) 20 (1.4) 
25 (7.6) 30 (9.1) 15 (1.0) 

In particular, the Model ESFR-25TM pendent sprinkler is 
designed to operate at substantially loWer end head pressures, 
as compared to ESFR sprinklers having a nominal K-Factor 
of 14. This feature offers ?exibility When siZing the system 
piping, as Well as possibly reducing or eliminating the need 
for a system ?re pump. Also, the Model ESFR-25TM pendent 
sprinkler permits use of a maximum de?ector-to-ceiling dis 
tance of 18 inches (460 mm), as compared to a maximum of 
14 inches (360 mm) for ESFR sprinklers With a K-factor of 
14. 

Using a Model ESFR-25TM pendent sprinkler assembly, 
data Was collected for comparison of ?uid densities released 
over an area representing the top of stacked commodities, 
e.g., boxes, in a Warehouse setting. 

Referring to FIGS. 7-10, the test area is shoWn as a pictorial 
array de?ning 0.5 meter square regions 90 representing the 
top surfaces of the stacked commodities, surrounded by ?ue 
regions 92, i.e., spaces betWeen the stacked commodities, 
e.g., about six inches Wide. A discharging sprinkler 94 is 
centrally located at point 96. The vertical distance betWeen 
the sprinkler de?ector and the top of the ?uid collector area is 
8 feet, 6 inches. 

In each region there is shoWn a ?uid density value repre 
senting the actual measured amount of ?uid volume, in gal 
lons per minute per square foot, falling Within that region. The 
?uid density values are employed to determine Weighted 
average values of ADD (Actual Delivered Density) over dif 
ferent regions of the array. Of particular interest is the region 
identi?ed as “central core ADD” Which represents a Weighted 
average of the central sixteen square regions 90 and the four 
?ue regions surrounding point 96. 
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12 
Referring to FIG. 7, ?uid density data collected using a 

conventional (prior art) de?ector af?xed to a 25.2 K-factor 
sprinkler With straight slots in a no-?re, Water spray only 
condition is shoWn. FIG. 8 shoWs the ?uid density data col 
lected using the same straight-slotted de?ector design in a 
2,000 kW ?re located directly beloW the primary vertical axis 
of the discharging 25.2 K-factor sprinkler 94. The data shoWs 
that a substantial reduction in the collected densities of ?re 
protection ?uid occurs When the sprinkler is tested With a 
2,000 kW ?re. 

Referring to FIGS. 9 and 10, ?uid density data collected 
using a 25.2 K-factor ?re protection sprinkler With a de?ector 
30 in accordance With the invention is shoWn. In particular, 
FIG. 9 represents collected data in the no-?re, Water spray 
only condition and FIG. 10 represents collected data in the 
2,000 kW ?re condition. The aforementioned tests Were con 
ducted under identical pressure and ?oW conditions. Of par 
ticular interest is the substantial increase in center core ADD 
provided by the sprinkler having the de?ector 3 0 of the inven 
tion, as compared to the conventional straight-slotted de?ec 
tor. Moreover, this increase in center core ADD performance 
is achieved With substantially no sacri?ce in performance at 
peripheral regions. 

Another type of Water distribution test, the so-called “10 
Pan Distribution Test,” such as that described in the Apr. 8, 
1997, edition of UL 199, Standard for Automatic Sprinklers 
for Fire-Protection Service, the complete disclosure of Which 
is incorporated herein by reference, provides another means 
for describing the bene?t of use of reentrant slots and, in 
particular, the reentrant slots 60 of the de?ector 30 of this 
invention. Referring to FIG. 30.1 of theApr. 8, 1997 edition of 
UL 199, With a 25.2 K-factor conventional (prior art) sprin 
kler having straight slots and in a no-?re, Water spray only 
condition, an average Water density of about 0.82 gallon per 
minute per square foot Was measured in the 1 foot long by 1 
foot Wide pan centered at a 3 foot radius from the primary 
vertical axis of the sprinkler When it Was ?oWing 100 gallons 
per minute. By comparison, With a 25.2 K-factor ?re protec 
tion sprinkler having a de?ector 30 in accordance With the 
invention, an average Water density of about 1.3 gallons per 
minute per square foot Was measured in the 1 foot long by 1 
foot Wide pan centered at a 3 foot radius from the primary 
vertical axis of the sprinkler When it Was ?oWing 100 gallons 
per minute. 

Other embodiments are Within the folloWing claims. For 
example, the outlet 18 may have a non-circular cross-section 
The sprinkler 10 may have a K-factor in the range of about 8.0 
to 50.0, preferably in the range from about 14.0 to 30.0, more 
preferably in the range of about 22.0 to about 28.0, and most 
preferably the K-factor is about 25.0. 

De?ectors of the invention having one group of reentrant 
slots, e.g. slots 27 of de?ector 21 (FIG. 3), may have slots of 
different lengths. In de?ectors of the invention having tWo 
groups of reentrant slots, e. g. slots 54, 60 of de?ector 30 (FIG. 
5), slots Within each group of slots may also have different 
lengths, and/or a third set of reentrant slots or holes may be 
employed to provide a different spray pattern. In de?ectors of 
the invention having three groups of reentrant slots, the slots 
may be arranged in a pattern such as abcbabcba. The numbers 
of reentrant slots in each group also may vary. Moreover, the 
slots need not extend radially to the periphery of the de?ector 
but may be provided in non-radial arrangements. 
The peripheral edge 58 of the outer area 50 of the de?ector 

30 may de?ne ridges in the radial outWard direction from the 
de?ector axis. Although de?ector 30 is described above as a 
plate-like member, the de?ector need not be ?at but may, e. g., 
be Wavy or frusto-conical in shape. The de?ector 30 may also 
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have variations in the shape and dimensions of the reentrant 
slots 60 through the intermediate region 52 of the de?ector 
inner surface 38, e.g., referring also to FIG. 5A, in length, L2, 
radius, r”, and/ or radius, rW, and/ or radial spacing, X, from the 
de?ector axis, A. Frame arms 22, 24 can have a Wide variety 
of shapes, mounting or support arrangements, e.g., the de?ec 
tor 30 may be positioned inside, rather than outside, frame 
arms 22, 24, and the frame arms may be a?ixed to the de?ec 
tor 30, rather than to the apex element 26. 

The apex element 26 need not be generally conically 
shaped, as shoWn in FIG. 2, but may be curved in the direction 
of the ori?ce axis, e g, to achieve speci?c Water distribution 
objectives. Opposing vertical sides of the reentrant slots may 
not be identical. 

All of the above are applied Without departing from the 
spirit and scope of this invention. 
What is claimed: 
1. An early suppression fast response pendent-type ?re 

protection sprinkler comprising: 
a sprinkler body de?ning an ori?ce and an outlet for deliv 

ering a ?oW of ?uid from a source, the sprinkler body 
having a K-factor of about 25; 

a pair of opposed arms disposed on a plane, each of the 
arms having a ?rst end extending from the body and a 
second end distal the body; 

an apex joined to the second end of each of the arms, the 
apex having a ?rst end and a second end, the second end 
being Wider than the ?rst end, the apex having an outer 
peripheral surface extending betWeen the ?rst and sec 
ond end; 

a plug that closes the outlet; 
a thermally responsive element that supports the plug; and 
a de?ector having a central de?ector axis, the de?ector 

being coupled to the apex so that the second end of each 
of the pair of arms is disposed betWeen the de?ector and 
the outlet of the body With the apex being centrally 
disposed along the de?ector axis and the second end of 
the apex adjacent the de?ector, the de?ector having a 
?rst surface opposed to the ?oW of ?uid from the outlet 
to de?ect the ?oW of ?uid to suppress a ?re in at least one 
of a single roW rack storage, double roW rack storage and 
multiple roW rack storage having a maximum storage 
height of 25 feet in a storage area having a maximum 
ceiling height of 30 feet, With no open containers and no 
solid shelves, the de?ector de?ning at least tWo grouping 
of slots disposed about the de?ector axis, each of the at 
least tWo grouping of slots having at least tWo slots, each 
of the slots in each of the at least tWo grouping of slots 
extending from the ?rst surface through the de?ector, 
and from slot openings at an outer peripheral edge of the 
de?ector radially inWard to an innermost portion of the 
slot so as to de?ne a slot length extending along a slot 
centerline, the slot length of the slots in one grouping 
varying from the slot lengths of the slots in another 
grouping of the at least tWo grouping of slots, each slot 
of one grouping of the at least tWo groupings of slots 
having a ?rst Width generally transverse to the slot cen 
terline of the slot of the one grouping, each slot of 
another grouping of the at least tWo groupings of slots 
having a second Width different than the ?rst Width and 
generally transverse to the slot centerline of the slot of 
the other grouping, at least one of the at least tWo group 
ing of slots having at least four slots disposed to one side 
of the plane, the other of the at least tWo grouping of slots 
having at least three slots disposed to one side of the 
plane, each slot of one grouping of the at least tWo 
groupings of slots having the innermost portion no fur 
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14 
ther outWard from the de?ector axis than the peripheral 
surface of the apex, each slot of the other grouping of 
slots having the innermost portion further outWard from 
the de?ector axis than the peripheral surface of the apex, 
the at least tWo grouping of slots being disposed so that 
the ?uid ?oW is distributed in a pattern such that the 
sprinkler has a minimum design ?oWing pressure of 15 
pounds per square inch and provides in a test performed 
in accordance With the “Ten Pan Distribution Test” 
described in the Apr. 8, 1997, edition of UL 199, Stan 
dard for Automatic Sprinklers for Fire Protection Ser 
vice at a ?oWing Water rate of 100 gallons per minute, an 
average Water density of equal to or greater than about 
1.00 gallons per minute per square foot into a one foot 
long by one foot Wide pan centered at a three foot radius 
from the axis. 

2. An early suppression fast response pendent-type ?re 
protection sprinkler comprising: 

a sprinkler body de?ning an ori?ce and an outlet for deliv 
ering a ?oW of ?uid from a source, and having a K-factor 
of about 25; 

a pair of opposed arms disposed on a plane, each of the 
arms having a ?rst end extending from the body and a 
second end distal the body; 

an apex joined to the second end of each of the arms, the 
apex having a ?rst end and a second end, the second end 
being Wider than the ?rst end, the apex having an outer 
peripheral surface extending betWeen the ?rst and sec 
ond end; 

a plug that closes the outlet of the body; 
a thermally responsive element that supports the plug; and 
a de?ector having a central de?ector axis, the de?ector 

being coupled to the apex so that the second end of each 
of the arms is disposed betWeen the de?ector and the 
outlet of the body With the apex being centrally disposed 
along the de?ector axis and the second end of the apex 
adjacent the de?ector, the de?ector having a ?rst surface 
opposed to the ?oW of ?uid from the outlet to de?ect the 
?oW of ?uid to suppress a ?re in at least one of a single 
roW rack storage, double roW rack storage and multiple 
roW rack storage having a maximum storage height of 30 
feet in a storage area having a maximum ceiling height 
of 35 feet, With no open containers and no solid shelves, 
the de?ector de?ning at least tWo grouping of slots dis 
posed about the de?ector axis, each of the at least tWo 
grouping of slots having at least tWo slots, each of the 
slots in each of the at least tWo grouping of slots extend 
ing from the ?rst surface through the de?ector, and from 
slot openings at an outer peripheral edge of the de?ector 
radially inWard to an innermost portion of the slot so as 
to de?ne a slot length extending along a slot centerline, 
the slot length of the slots in one grouping varying from 
the slot lengths of the slots in another grouping of the at 
least tWo grouping of slots, each slot of one grouping of 
the at least tWo groupings of slots having a ?rst Width 
generally transverse to the slot centerline of the slot in 
the one grouping, each slot of another grouping of the at 
least tWo groupings of slots having a second Width dif 
ferent than the ?rst Width and generally transverse to the 
slot centerline of the slot in the other grouping, at least 
one of the at least tWo grouping of slots having at least 
four slots disposed to one side of the plane, the other of 
the at least tWo grouping of slots having at least three 
slots disposed to one side of the plane, at least one pair of 
slots of one grouping of the at least tWo groupings of 
slots having the innermost portion no further outWard 
from the de?ector axis than the peripheral surface of the 
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apex, each slot of the other grouping of slots having the 
innermost portion further outWard from the de?ector 
axis than the peripheral surface of the apex, the at least 
tWo grouping of slots being disposed so that the ?uid 
?oW is distributed in a pattern such that the sprinkler has 
a minimum design ?oWing pressure of about 20 pounds 
per square inch, and provides in a test performed in 
accordance With the “Ten Pan Distribution Test” 
described in the Apr. 8, 1997, edition of UL 199, Stan 
dard for Automatic Sprinklers for Fire Protection Ser 
vice at a ?oWing Water rate of 100 gallons per minute, an 
average Water density of equal to or greater than about 
1.00 gallons per minute per square foot into a one foot 
long by one foot Wide pan centered at a three foot radius 
from the de?ector axis. 

3. An early suppression fast response pendent-type ?re 
protection sprinkler comprising: 

a sprinkler body de?ning an ori?ce and an outlet for deliv 
ering a ?oW of ?uid from a source, and having a K-factor 
of about 25; 

a pair of opposed arms disposed on a plane, each of the pair 
of arms having a ?rst end extending from the body and a 
second end distal the body; 

an apex joined to the second end of each of the arms, the 
apex having a ?rst end and a second end, the second end 
being Wider than the ?rst end, the apex having an outer 
peripheral surface extending betWeen the ?rst and sec 
ond end; 

a plug that closes the outlet of the body; 
a thermally responsive element that supports the plug; and 
a de?ector having a central de?ector axis, the de?ector 

being coupled to the apex so that the second end of each 
of the arms is disposed betWeen the de?ector and the 
outlet of the body With the apex being centrally disposed 
along the de?ector axis and the second end of the apex 
adjacent the de?ector, the de?ector having a ?rst surface 
opposed to the ?oW of ?uid from the outlet to de?ect the 
?oW of ?uid to suppress a ?re in at least one of a single 
roW rack storage, double roW rack storage and multiple 
roW rack storage having a maximum storage height of 35 
feet in a storage area having a maximum ceiling height 
of 40 feet, With no open containers and no solid shelves, 
the de?ector de?ning at least tWo grouping of slots dis 
posed about the de?ector axis, each of the at least tWo 
grouping of slots having at least tWo slots, each of the 
slots in each of the at least tWo grouping of slots extend 
ing from the ?rst surface through the de?ector, and from 
slot openings at an outer peripheral edge of the de?ector 
radially inWard to an innermost portion of the slot so as 
to de?ne a slot length extending along a slot centerline, 
the slot length of the slots in one grouping varying from 
the slot lengths of the slots in another grouping of the at 
least tWo grouping of slots, each slot of one grouping of 
the at least tWo groupings of slots having a ?rst Width 
generally transverse to the slot centerline of the slot of 
the one group, each slot of another grouping of the at 
least tWo groupings of slots having a second Width dif 
ferent than the ?rst Width and generally transverse to the 
slot centerline of the slot of the other group, at least one 
of the at least tWo grouping of slots having at least four 
slots disposed to one side of the plane, the other of the at 
least tWo grouping of slots having at least three slots 
disposed to one side of the plane, at least one pair of slots 
of one grouping of the at least tWo groupings of slots 
having the innermost portion no further outWard from 
the de?ector axis than the peripheral surface of the apex, 
each slot of the other grouping of slots having the inner 
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most portion further outWard from the de?ector axis 
than the peripheral surface of the apex, the at least tWo 
grouping of slots being disposed so that the ?uid ?oW is 
distributed in a pattern such that the sprinkler has a 
minimum design ?oWing pressure of about 25 pounds 
per square inch, and provides in a test performed in 
accordance With the “Ten Pan Distribution Test” 
described in the Apr. 8, 1997, edition of UL 199, Stan 
dard for Automatic Sprinklers for Fire Protection Ser 
vice at a ?oWing Water rate of 100 gallons per minute, an 
average Water density of equal to or greater than about 
1.00 gallons per minute per square foot into a one foot 
long by one foot Wide pan centered at a three foot radius 
from the de?ector axis. 

4. An early suppression fast response pendent-type ?re 
protection sprinkler comprising: 

a sprinkler body de?ning an ori?ce and an outlet for deliv 
ering a ?oW of ?uid from a source, and having a K-factor 
of about 25; 

a pair of opposed arms disposed on a plane, each of the 
arms having a ?rst end extending from the body and a 
second end distal the body; 

an apex joined to the second end of each of the arms, the 
apex having a ?rst end and a second end, the second end 
being Wider than the ?rst end, the apex having an outer 
peripheral surface extending betWeen the ?rst and sec 
ond end; 

a plug that closes the outlet; 
a thermally responsive element that supports the plug; and 
a de?ector having a central de?ector axis, the de?ector 

being coupled to the apex so that the second end of each 
of the arms is disposed betWeen the de?ector and the 
outlet of the body With the apex being centrally disposed 
along the de?ector axis and the second end of the apex 
adjacent the de?ector, the de?ector having a ?rst surface 
opposed to the ?oW of ?uid from the outlet to de?ect the 
?oW of ?uid to suppress a ?re in at least one of a single 
roW rack storage, double roW rack storage and multiple 
roW rack storage having a maximum storage height of 40 
feet in a storage area having a maximum ceiling height 
of 45 feet, With no open containers and no solid shelves, 
the de?ector de?ning at least tWo grouping of slots dis 
posed about the de?ector axis, each of the at least tWo 
grouping of slots having at least tWo slots, each of the 
slots in each of the at least tWo grouping of slots extend 
ing from the ?rst surface through the de?ector, and from 
slot openings at an outer peripheral edge of the de?ector 
radially inWard to an innermost portion of the slot so as 
to de?ne a slot length extending along a slot centerline, 
the slot length of the slots in one grouping varying from 
the slot lengths of the slots in another grouping of the at 
least tWo grouping of slots, each slot of one grouping of 
the at least tWo groupings of slots having a ?rst Width 
generally transverse to the slot centerline of the slot of 
the one grouping, each slot of another grouping of the at 
least tWo groupings of slots having a second Width dif 
ferent than the ?rst Width and generally transverse to the 
slot centerline of the slot of the other group of slots, at 
least one of the at least tWo grouping of slots having at 
least four slots disposed to one side of the plane, the 
other of the at least tWo grouping of slots having at least 
three slots disposed to one side of the plane, at least one 
pair of slots of one grouping of the at least tWo groupings 
of slots having the innermost portion no further outWard 
from the de?ector axis than the peripheral surface of the 
apex, each slot of the other grouping of slots having the 
innermost portion further outWard from the de?ector 
































