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[57] ‘ ABSTRACT 

. A ?re protection system wherein a source of extin 
' guishant is connected to a plurality of high-capacity 

‘ direct discharge nozzles mounted in an ‘elevated posi 
tion in the space to be protected. The nozzles are ac 
tivated in a sequence dictated by their proximity to 
the ?re, with the spacing, between the nozzles and the 
con?guration of the extinguishant discharge pattern 
from each nozzle being such that the operation of 
each nozzle is independent of the operation of the 
remaining nozzles. Eachrnozzle has the capacity to 

- discharge the extinguishant at a rate of no less than 
one-eighth the total capacity of the system. 

7 Claims, 4 Drawing Figures 
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3,698,482‘ 
. FIRE PROTECTION SYSTEM UTILIZING IIIGII~ ' 

‘ CAPACITY DIRECT DISCHARGE NOZZLES 

CROSS-REFERENCE TO RELATED APPLICATION 
This application is a continuation-in-part of appli 

cant ’s co-pending application Ser. ‘No. 72,333 ?led 
Sept. 15, 1970, now U.S. Pat. 3,653,444 which, in turn, 
is a‘ continuation-in-part of applicant's co-pending ap 
plications Ser. No. 8,646l2filed on October 8, 1969, 
now US. Pat. No. 3,653,444 and Ser. No. 885501 ?led 
on Dec. 16, 1969, Now abandoned. The disclosures of 
each of these applications are hereby incorporated by 
reference. I I 

‘BACKGROUND OF THE INVENTION A 

This invention relates to a fire protection system, and 
more particularly, to such a system employing a plurali 
ty of high-capacity direct discharge nozzles mounted in 
an elevated position in the space to be protected from 
?re. . g I A 

Fire protection systems‘for protecting industrial and 
commercial properties have traditionally employed 
thermal releasable sprinkler heads located in an 
elevated position with respect to the space to be pro 
tected. The sprinkler heads are supplied with a suitable 
extinguishant, such as water, by a pipe network of 
mains, risers, crossmains, and branch lines. Each head 
usually has a relatively small discharge opening, such as 
‘k inch in ‘diameter, with their discharge capacity being 
between one-fortieth and one-twentieth of the total 
capacity'of the'system. Also, the heads are spaced a 
relatively short distance apart, such as 10 feet. On ac 
tuation of each head by collapse of a thermal respon 
sive linkage, the extinguishant stream issuing from its 

. discharge opening impinges against a serrated de?ector 
disc to form a hemispherical pattern of droplets simu 
lating the characteristics of rain. ‘ l . 

, Although I automatic sprinkler systems employing 
these type heads have been an effective meansfor the 
protection of property against loss or damaged by ?re, 
the trend during recent years to high storage enclo 
sures, coupled with the increased use of plasticsand 
other highly ?ammable materials, has presented new 
challenges for such systems. For example, recent exten 
sive studies with actual and synthetically produced ?re 
plumes have shown that in enclosed spaces of 20 feet 
and higher, the updraft or chimney effect caused by 
convection alone is sufficient to prevent the free-falling 
water droplets produced by sprinkler heads from 
penetrating therising fire plume and reaching the burn 
ing fuel surfaces. Therefore, these heads, with their 
above-mentioned low-capacity discharges, often are 
unable to effect a suf?cient penetration to the rising 
fire plume to aid in effective prevention of the spread 
of same. 

Although attempts have been made to compensate 
for the low capacities of these beads by increasing the 
number of heads and decreasing the spacing between 
the heads, several problems developed. First of all, 
such an increase in the number of heads is expensive. 
Secondly, a portion of thehemispherical discharge pat 
tern from the heads has a radial component which, in 
‘the proper circumstances, would‘ impinge against and 
inhibit the actuation of its adjacent head. Thus some 
heads located directly above he ?re would often not be 
actuated until some more remotely located heads are 
actuated. ‘ 
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Further, the ‘heat ofa localized high-challenge fire 

would often actuate numerous heads located ata great 
distance from the fire which would be ineffective to 
deliver water or other extinguishant directly to the ?re.‘ 
This contributed not‘ only to redundant and ?ooding ' 
use of water, ‘but also robbed water from‘ the’ heads 
located directly over the ?re. ‘ e ' ‘ 3 ' ' 

SUMMARII OF THE INVENTION ‘ " 

' It is therefore an object of the present'invention to 
utilize a system employing a plurality of direct 
discharge nozzles having a. relatively high-capacity ‘ , 

discharge rate and‘ to limit-thenumber of ‘the nozzles ‘ 
that will be actuated by ?re, in order to achieve an 
early, substantially total, commitment to’ the ?re. The 
nozzles have relatively large outlet ori?ces to enable 
greater quantities of water to be deliveredfrom each 
nozzle to the tire and the nozzles are spaced apart rela 
tively large distances to prevent the discharge from any 
nozzle from affectingthe operation of oneor ‘more of . 
the other nozzles. As a result, the nozzles are activated 
in a logical sequence and the relatively high velocity 
discharge of the relatively large quantity of water has a 
good chance of effectively penetrating the fire plume to 
an extent that the ?re plume is knocked down and the 
fire extinguished at its early stages of development. _ 
Toward the ful?llment of this and other objects, the 

system of the present invention comprises a source of 
extinguishant, a plurality'of direct discharge‘ nozzles 
mounted in an elevated position in the space to be pro 
tected, means connecting said source of extinguishant 
to said 'nozzles, and means responsive to information 
received from a ?re occuring in said space for selec 
tively actuating said nozzles in a sequence dictatedby 
each nozzle’s proximity'to the ?re..The spacing - 
between the nozzles and the con?guration of the extin 
guishant discharge pattern from each nozzle is such as 
to render the operation of each nozzle independent of' ' 
the operation of the remaining nozzles, with each noz 
zle having the capacity to discharge the extinguishant 
at a rate of no less than one-eighth vthe total capacity of 
the system. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Reference is now‘ made to the accompanying 

drawings for a better understanding of thenature and 
objects of the present invention. The drawings illustrate 
the best mode presently contemplated for carrying out 
the objects of the invention and are not to be construed 
as restrictions. or limitations on its scope. In the 
drawings: 

FIG. 1 is a schematic, perspective, view of the build 
ing building having a fire protection system embodying‘ 
features of‘the present invention; . ' _ 

FIG. 2 is a sectional view taken through the building 
of FIG. 1 and showing the particular arrangement of 

' the system of the present invention; 
FIG. 3 is a vertical sectional view of a direct 

discharge nozzle employed in the system of FIGS. 1 and 
2; and . 

FIG. 4 is an-enlarged partial view of the nozzle of 
FIG. 3. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIGS. 1 and 2; as building 10 is shown in 
phantom lines which is equipped with an automatic 
?xed fire protection system 12 embodying features of 
the invention. The system 12 comprises a buried feed 
main 14 connected to a municipal water supply line 16 

5 

for delivering the extinguishant, in this case water, to a ‘ 
riser 18. The riser 18 is connected to a cross main 20 
which, in turn, is connected to a plurality of branch 
lines 22 via couplings 24. As better shown in FIG. 2, the 
cross main 20 and the branch lines 22 are suspended 
near the ceiling 26 of the building in a conventional 
manner. ' 

Each branch line 22 has a plurality of nipples 28 de 
pending downwardly therefrom with a‘ nozzle 30 being 
attached to each nipple. The buried feed main 14 ex 
tends beyond the riser 18 and can be connected to 
risers of other buildings or, in the case of a large build 
ing, to other risers in the same building. 

In accordance with the present invention, the nozzles 
30 are in the form of direct discharge nozzles each of 
which is designed to discharge the water at a rate of no 
less than approximately one~eighth the total capacity of 
the system, with the nozzles being spaced apart rela 
tively great distances when compared to nozzles and 
sprinkler heads of prior art systems. In accordance with 
a preferred embodiment and assuming a floor to ceiling 
height of about thirty feet, the nozzles 30 on each 
branch line 22 are spaced about ?fteen feet apart and 
are staggered relative to the nozzles on the adjacent 
lines, the spacing between branch lines is about 15 feet, 
and each nozzle is designed to discharge the water at a 
rate of between one-fifth and one-third of the total 
capacity of the system. 
As an example of the latter, and assuming a pressure 

supplied by the municipal water main 16 of 40 to 50 
pounds per square inch, the system of the present in 
vention would be designed to provide a minimum flow 
through the riser 18 of 550 gallons per minute and a 
maximum flow of 750 gallons per minute in which case - 
each nozzle 30 would be designed to discharge the 
water at a rate of no less than 93 gallons per minute and 

' preferably at a rate of between 150 gallons per minute 
and 250 gallons per minute. With this in mind the riser 
18, in accordance with the present invention, would 
employ 4 to 5 inch piping and the branch lines 22 
would employ 2 to 3 inch piping. The outlet ori?ce of 
each of the nozzles 30 would be about 1% inches to 1% 
inches in diameter. 
As a speci?c example of a system which realizes the 

above characteristics, the riser 18 is made of 4 11% inch 
piping, the cross main 20 is made of 3 11% inch piping, 
the branch lines 22 are made of 2 lkinch piping, and 
the outlet orifice of each of the nozzles 30 is l % inches 
in diameter providing a maximum discharge rate of ap 
proximately 200 gallons per minute. 
As shown in FIG. '2, a plurality of stacks of combusti 

ble materials or fuel piles, designated by the reference 
letters A-F, represent the type and arrangement of 
vmaterials typically stored in the building 10. The noz 
zles 30 are adapted to deliver a divergent, downwardly 
directed spray of water droplets towards the fuel piles, 
with the spray patterns from the adjacent nozzles tak 
ing the general form shown, it being noted that the 
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4 
discharge from each nozzle does not impinge upon, or 
otherwise interfere with the operation of its adjacent 
nozzles. The nozzles 30 are adapted to be actuated au 
tomatically, i.e., each nozzlewill be-normally closed 
but will be opened in a sequence dictated by its prox 
imity to the ?re, as will be explained in detail later. 
The details of a nozzle 30 are shown in FIG. 3. In par 

ticular, the nozzle 30 comprises a cylindrical body 32 
having an upper end portion which is internally 
threaded as shown at 34 for connection to a source of 
extinguishant, such as water, and a lower end portion 
which defines an outlet ori?ce 36 of a reduced cross 
section. A pair of‘ spiral vanes 38a and 38b‘ are fixed 
within the body 32 for imparting a swirling motion to 
the waterflowing downwardly therethrough in a’ con 
ventional manner. The vanes 38a and 38b support a 
hollow central hub 40 which, in turn, slidably supports 
a rod 42 having a plug member 44 fixed on its lower 
end and extending in the outlet orifice 36. A pair of 
sealing rings 46 and 48 are positioned about the 
periphery of the plug member 44 and sealingly engage 
the inner wall of the body 32 near the outlet ori?ce 36. 
The rod 42 is latched, in the position shown in FIG. 3 

by a rod 52 which extends slidably through an exter 
nally threaded boss 54 projecting from the side of the 
body 32. One end of ‘the rod extends through the vane 
38a and the wall of the central hub 40 into a slot 56 in 
the rod 42 to latch it in the position shown in FIG. 3. 
A sleeve 58 is threaded on the end of the boss 54. 

The outer end of the sleeve is closed off by an exter 
nally threaded stub shaft 60 having a ring or yoke'62 
thereon. The rod 52 slidably extends through the stub 
shaft 60 and the other end of the rod engages a conven~ 
tional thermal fuse element 64 positioned within the 
ring 62. The fuse element 64 prevents movement of the 
rod 52 the right as viewed in FIG. 5, until the heat of a 
fire fuses the element 64 so that it collapses. Since the 
fuse element 64 is the standard type commonly used in 
conventionalsprinkler heads now on the market, it will 
not be described in greater detail. 
The rod has a piston head 66 mounted thereon which 

slidably engages the internal wall of the sleeve 58. A 
spring 68 is positioned between the boss 54 and the 
piston head 66 to bias the piston head and the rod 52 to 
the right with a predetermined biasing force. 
With this arrangement, the piston head 66 and the 

rod 52 will be driven to the right under the action of the 
spring 68 upon the fuse element 64 collapsing in 
response to the heat of the fire, which unlatches the rod 
42. 
A detent mechanism is provided for preventing ex 

pulsion of the rod 42, and therefore the plug member 
44, despite release of the fuse element 64 in the event 
the water pressure in the body member 32 is below a 
predetermined value. This detent mechanism‘ is better 
depicted in FIG. 4, and comprises a sleeve 76 disposed 
on the upper portion of the upper vane 38a and having 
a reduced portion 76a which extends into a counter 
bore formed in the upper end portion of the hub 40. A 

, set screw 78 extends through the latter upper end por 
tion and engages the reduced portion 76a of the sleeve 
76 to ?x the latter in a concentric position within the 
hub 40'. The hollow portion of the sleeve 76 receives 
the upper end portion of the rod with a slight clearance 
being provided to permit movement of the rod relative 
to the sleeve. 
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A plurality of spring-loaded balls 80 are supported by 
the sleeve 76 and engage the rod 42. A preferred em 
bodiment would utilize three such balls spaced at 120° 
intervals, and since the balls and their supporting struc- ‘ 
ture are identical, only one is shown‘and described in 
detail for the convenience of presentation. 

In particular, the ball 80 is supported in one end of a 
radial bore 82 formed through the sleeve 76, and a v 
compression spring 84 is disposed in the bore 82 and 
urges the ball outwardly from the end of the bore, with 
a tapered shoulder 82a being formed at the end of the 
bore to prevent complete discharge of the ball from‘the 
bore. A plug86 has a portion extending in the other 
end of the bore 82 in engagement with the spring 84 
and engages the walls of the bore with a frictional fit so 
that its position in the bore can be adjusted in order to 
vary the compressive load on the ‘spring. One end por 
tion of the plug 86 projects from the end of the bore 82 
and is of a generally round shape, and a pin 88 extends 
from the other end portion of the plug 86 and receives 
the spring 84 to center the latter in the bore 82. 
A continuous groove 89 isjformed around the cir 

cumference of the rod 42 near the upper end thereof in 
alignment with the ball 80. In this manner, the spring 
84 urges a portion of the ball 80 into the groove 89 to 
lock the rod relative 42 to the body member 32, with 
the magnitude of the locking force being determined by 
the position of the plug 86 in the bore 82 and the 
resultant compression of the spring 84. 
A cap 90 extends over the sleeve 76 and has an exter 

nally threaded plug portion 92 which engages cor 
responding threads formed in the upper portion of the 
bore in the sleeve 76. The internal wall of the cap 90 
has a tapered inner surface 94 which engages the plug 
86. As a result, rotation of the cap 90 will cause it to 
move axially relative to the sleeve 76 and cause a cor~ 
responding variation in the amount of camming force 
applied to the plug 86 by the tapered inner surface 94. 
‘This, in turn, regulates the load on the spring 84, the 
locking force applied to the rod 42 by the ball 80, and 
therefore the amount of minimum static water pressure 
in the body member 32 required to release the rod 42. 

Since the sleeve 76 and the cap 90 are both concen 
trically aligned relative to the rod 42, the load on each 
ball can be regulated to an exact degree in order to 
precisely adjust the amount of force required to release 
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the rod 42 and therefore the plug member 44 from the 
detent mechanism. 

This minimum pressure required to actuate said noz 
zle 30 can vary according to the particular require 
ments of the system. As an example, and assuming the 
line pressure provided by the municipal water main is 
approximately 40 pounds per square inch and that it is 
determined that the highest challenge fire for the build 
ing will normally not cover an area greater than the 
area of responsibility for seven nozzles 30, a minimum 
pressure of approximately 10 pounds per square inch 
will be selected for each nozzle. . - 

If the fuse element 64 of a particular nozzle 30 is 
thermally actuated in response to an elevated tempera~ 
ture in their vicinity, the tension of the spring 68 causes 
the rod 52 to release the rod 42. The water pressure in 
the body member 32 acting on the inner end face of the 
plug member 44 forces it downwardly as viewed in FIG. 
3, in direct proportion to the amount of pressure. If the ' 
force acting on the plug member 44 as a result of this 

50 

6 
pressure exceeds the locking force applied to the'rod 
42 by the spring-loaded balls 80, the rod 42 will be 
released, and it, along with the plug member 44, will 
discharge ‘outwardly from the body member 32 under 
the force of the water pressure. Of course, if the extin 
guishant pressure is not sufficient to overcome the 
locking force provided by the spring-loaded balls 80, 
the plug member 44 will not be expelled from the body 
portion 32 despite the release of the fuse element 64. 
With this arrangement, and assuming the specific ex 

emplary design parameters set forth above, the first 
nozzle 30 to be thermally actuated by virtue of the fus 
ing of its link 64 due to the heat of a fire will be insured 
of being opened due to the existance of the 40v pounds 
per square inch static‘pressure in its body member 7 
which will overcome the locking force provided by its 
detent mechanism and permit expulsion of the plug 
member 44. This nozzle will discharge the water at its 
maximum rate of 200 gallons per minute and will alone ‘ 
have a good chance of extinguishing the tire because of 
the increased ability of ‘the larger droplets discharged 
therefrom to penetrate the tire plume. If the heat of the 
fire spreads, a second nozzle 30, very probably ad 
jacent the ?rst actuated nozzle discussed above, will be 
thermally actuated and will have a slightly decreased 
pressure available to it, but much larger than the‘ 10 
pounds per square inch minimum pressure required to 
open it. Therefore, the plug member 44 from the latter 
nozzle will be expelled and water will also‘ be 
discharged from the nozzle at the maximum rate of 200 
gallons per minute. 

In the event the fire continues to spread, the nozzles 
30 will continue to be opened in a logical sequence dic 
tated by their proximity to the tire especially since the 
operation of each nozzle is not in?uenced by the 
discharge pattern from any other nozzle. This con 
tinues until the design limit of seven nozzlesis reached, 
at which time the detent mechanism of additional noz-‘ 
zles that are thermally actuated will prevent expulsion 
of their respective plug members 44 in the manner 
discussed above. As a result, the seven open nozzles 
will continue to discharge water at a rate of approxi 
mately 105 gallons per minute. 

In this manner the tire is fought in a more effective 
manner largely due to the early and substantially total 
commitment of the system to the ?re. Other advantages 
include cost savings since, due to the relatively large _ 
spacing between the nozzles, the number of nozzles as 
well as the associated branch lines etc., are reduced. 
Also, despite the relatively large discharge rate for such 

_ nozzle, the total water' requirement for the system is 

60 

65 

relatively low, due to the fact that the number of noz 
‘zles to be actuated are limited. Further, the relatively 
large spacing between the nozzles insures that each 
nozzle will operate independently from,and will not be 
affected or wetted by, its adjacent nozzle. Still further, 
the high velocity discharge of the largequantity of large 
droplets of water will enable the water to effect a 
greater penetration of the fire plume than inthe prior 
act arrangements, which will often knock down the fire ' 

' plume at its early stages of development. , . 

Several variations can be made in the foregoing 
without departing from the scope of the invention. For 
example, each nozzle or all the nozzles along each 
branch line can be adapted to be actuated in response 
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to a different minimum extinguishant'pressure depend 
ing on their distance from the riser 18, in order to com 
pensate for friction losses in the system. 

Also, other means may be provided to effect the 
above-mentioned minimum actuation pressure. 
Of course, still other variations of the speci?c con 

struction and arrangement of the ?re protection system 
utilizing high-capacity direct discharge nozzles dis 
closed above can be made by those skilled in the art 
without departing from the invention as de?ned in the 
appended claims. ' 

I claim I 

l. A ?re protection system comprising a source of 
extinguishant, a plurality of direct discharge nozzles 
mounted in an elevated position in the space to be pro 
tected, means connecting said source of extinguishant ‘ ' 

to said nozzles, and ‘means responsive to information 
received from a ?re occuring in said space for selec 
tively actuating said nozzles in a sequence dictated by 
each nozzle’s proximity to the ?re, the spacing between 
nozzles and the con?guration of the extinguishant 
discharge pattern from each nozzle being independent 
of the operation of the remaining nozzles, each nozzle 
having the capacity to discharge the extinguishant at a 
rate of no less than one-eighth the total capacity of the 
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system. _ - 

2. The system'iof claim 1 wherein each nozzle has an 
outlet ori?ce of approximately 1 % inches in diameter. 

3. The system of claim 1 further comprising means 
responsive to a predetermined condition of said system 
for preventing the discharge of extinguishant from said 
nozzles despite said actuation of said nozzles. I 

4. The system of claim 1 further comprising means 
responsive to the absence of -a predetermined extin 
guishant pressure at each of said nozzles for preventing 
the discharge of extinguishant from said nozzle despite 
said actuation of said nozzle. ' 

5. The system of claim 1 wherein each nozzle has the 
capacity to discharge the vextinguishan't at. a rate of 
between one-?fth to one-third the total capacity of the 
system. ‘ _ - 

6. The system of claim 1 wherein each nozzle has the 
capacity to discharge the extinguishant at a rate of 
between 150 and 200 ‘gallons per minute. 

7. The system of claim 1 wherein said means respon 
sive to information received from the fire is responsive 
to the temperature in the immediate vicinity of each of 
said nozzles. 
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