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Accordingly, this invention further relates to manually or automatically operated nozzles for

use in discharging fire-retardant liquids, preferably water, as a water mist.

Background of the Invention

[0003] Fire protection nozzles are used to discharge water, with or without additives, in a
relatively fine spray, which is generally referred to in the industry as mist. In contrast, fire
protection sprinklers discharge water as a spray of large droplets or streams of water. The
fire industry further distinguishes water discharging fire protection devices as being either
nozzles or sprinklers based upon the device satisfying an industry accepted performance

standard. For example, devices satisfying performance test specified in Factory Mutual (FM)
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AVM6 Class Afires (LH Comodity) k 0.33 [gpm psiAl/2] mn. pressure 116
[psi] Max. spacing 510" max. area
WO 2010/078559 PCT/US2010/020056

4. Direct impingement wetting and cooling of combustibles

[0008] In addition to the pre-wetting and cooling of the flames by vaporizing water droplets,
fire extinguishment by direct contact of the water droplets with the burning fuel to prevent
further generation of the combustible vapors is one of the modes of addressing a fire and
more preferably controlling a fire normally associated with traditional sprinklers. However,
with a fast response release mechanism, high momentum mist can be effective in this mode
during the early development stage of exposed fires.

[0009] A known fire protection nozzle is shown and described in U.S. Patent No. 5,392,993.
Another type of known fire protection nozzle is shown and described in International PCT
Patent Publication WO 98/18525. Other known fire protection nozzles are the AquaMist®
nozzles from Tyco Fire Suppression & Building Products of Lansdale, Pennsylvania
(hereinafter "Tyco"). For example, the AM4 and AM10 AquaMist® nozzles were developed
for the special hazards market, a segment of water spray fire protection very different than
sprinklers. These nozzles provided extinguishment of Class B (flammable liquids) fires via
total flooding deluge protection of machinery spaces. Other complementary AquaMist
nozzles were also developed during this time period: the AM6, AM11, AM22 and AM24
nozzles were developed with International Maritime Organization (IMO standard IMO
A.800(19) marine system and, later, the AM15 nozzle was developed with the IMO System
913 local application system. Previously published data sheets for each of the AM4, AMS,
AM10, AM11, AM22, and AM24 nozzles and patent publications are U.S. Patent No.
5,392,993 and WO 98/18525 are included in the U.S. Provisional Patent Application No.
61/193,873.

[0010] The AM24 nozzle was tested separately by Underwriters Laboratories for its

potential to protect up to Ordinary Hazard, Group 2 (OH2) occupancies as defined in
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26 [ft~2] eff. flux density 0.137 [gpnfft”~2] max. ceiling height 8 2"
WD 2010/ 078559PCT/ US2010/ 020056 [0013] Table B AML1
WO 2010/078559 PCT/US2010/020056

National Fire Protection Association (NFPA) publication entitled, NFPA 13: Standard for the
Installation of Automatic Sprinkler Systems (NFPA 13). An AM24 arrangement was tested
per UL 2167 and was found to successfully pass rigorous OH2 fire testing. The nozzle
received a UL listing according to this protocol. Due to the relatively small diameter spray
pattern that is characteristic of the nozzle, the listing only allowed for installations at
relatively limited nozzle spacings and ceiling heights. Although fire test requirements for
Light Hazard (LH) and Ordinary Hazard, Group 1 (OH1) (as defined by NFPA 13) were less
severe, the AM24 had been designed for OH2 testing. The resultant installation parameters
for LH and OH1 suffered the same fate, and only a small ceiling height concession was
allowed.

[0011] Summarized below in the tables below are known prior AQUAMIST® Nozzles
showing their installation parameters for various hazards. For each nozzle the table indicates
the K-factor (in gpm/psi 1/2) the minimum operating pressure, the maximum spacing of the
nozzle, the coverage area per nozzle, the effective flux density, i.e., the flow delivered per
square foot by the nozzle and the maximum ceiling height under which the nozzle may be
installed.

[0012] Table A

AMS6 Class A fires (LH Commodity)
ki 033 |[gpm/psi*¥z]
min. pressure| 116 |[psi]
Max. spacing| 5'10"
max. area 26 [ftr2]
eff. flux density] 0.137 {[gpm/ftr2]
max. ceiling height| 82"




Class Afires (LH Comodity) K 0.33 [gpmpsiAl/2] Mn. pressure 102 [psi]
max. spacing 8' 2" max. area 67
WO 2010/078559 PCT/US2010/020056

[0013] Table B

AM11 Class A fires (LH Commodity)
K 0.33 l[gpm/psi*tia]
Min. pressure 102 |{psi]
max. spacing 82"
max. area 67 [ftr2]
eff. flux density 0.050 |[gpm/fir2]
max. ceiling height 82"

[0014] Table C

AM22 Class A fires (LH Commodity)
ki 0684 |[gpm/psitti]
min. pressure; 102  |[psi]
Max. spacing{ 11'6"
max. area] 132  [[ft"2]
eff. flux density] 0.049 |[gpm/ft"2]
max. ceiling height} 82"

[0015] Table D

AM22 Class A fires (LH Commodity)
ki 0.64 |[gpm/psir'e]
min. pressure] 102 |[[psi]

max. spacing| 92"
max. area 84 [ftr2]

eff. flux density] 0.077 |lgpm/ft*2]

Max. ceiling heighty 165"

[0016] Table E

AM24 Class A fires (OH Commodity)
ki 0.64 |[gpm/psit¥s)
min. pressure} 102  |[psi]
max. spacing; 82"
max. area 67 [ftr2]
eff. flux densityl 0.096 {[gpm/fi"2]
max. ceiling height| 82"




[ftA2] eff. flux density 0.050 [gpnmiftA2] nmax. ceiling height 8 2"
[0014] Table C AMR2 C ass A fires (LH Comodity) k
WO 2010/078559 PCT/US2010/020056

[0017] To date, it is believed that standard setting organizations have maintained that water
mist systems are to satisfy the hydraulic design criteria the greater of nine nozzles or 1500
square feet as specified by standard setting organization such as for example, Factory Mutual
(FM) Global Technologies LLC or NFPA. The amount of water discharged during system
operation is one of the primary concerns of water mist system designers. This is typically
based on the goal of preserving the interior finish of a building or the items contained within
(i.e. priceless paintings). Another goal may be providing adequate fire protectionin a
building with a limited volume of water. Either way, water supply can be a primary concern

in choosing a water mist system over a sprinkler system.

Disclosure of Invention

[0018] The present invention is directed to various mist-type fire protection systems for the
protection of light and ordinary hazard occupancies of reduced water demand as compared to
known mist type systems or sprinkler systems configured to protect the same occupancies.
Three preferred system configurations are defined by varying design criteria for the
installation of: (i) two preferred mist nozzles; (ii) the preferred nozzles in combination with
known nozzles; and (iii) the preferred nozzle in combination with known sprinklers.

[0019] One preferred embodiment of the mist system for fire protection of a light and
ordinary hazard occupancy includes a fluid supply and a plurality of nozzles spaced about the
occupancy and coupled to the fluid supply so as to provide fluid to the nozzles at an operating
pressure of less than about 500 pounds per square inch (psi). The plurality of nozzles further
define a hydraulic demand being the greater of: (i) five hydraulically remote nozzles each
having a coverage area ranging from 36 sq. ft. to a maximum of about 256 sq. ft; or (ii) a
hydraulic design area ranging from about 900 square feet to about 1044 square feet. In one

aspect of the preferred embodiment, the plurality of nozzles are disposed above a protection
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0.64 [gpm psiAl/2] mn. pressure 102 [psi] Max. spacing 116" max. area

132 [t A2]
WO 2010/078559 PCT/US2010/020056

area of the occupancy at a maximum ceiling height of under ten feet to define a nozzle-to-
nozzle spacing being a minimum six feet by six feet (6 ft. x 6 ft.) and a maximum spacing of
16 feet by 16 feet (16 ft. x 16 ft.) and the hydraulic demand is the greater of five hydraulic
remote nozzles or 900 sq. ft (84 sq. m). In alternative embodiment of the preferred system,
the maximum ceiling height is about ten feet, more specifically 9 ft — 10 in. (3 m) or less, or
further in the alternative 8 ft (2.4 m). The operating pressure for the plurality of nozzles
preferably ranges from about 110 psi. to about 250 psi. or alternatively from 140 psi. to about
250 psi. In one aspect, the preferred nozzles have plurality of nozzles have a K-factor of less
than 1 gpm/psi”, specifically about 0.8 gpm/psi”. Alternatively, the plurality of nozzles have
a K-factor of about 0.6 gpm/psi”.

[0020] In one aépect of the system, the plurality of nozzles provide mist-type fire protection
for the occupancy having a compartmented area at a maximum of over 1000 square feet and
more particularly 1024 sq. ft. For one particular embodiment in which the hydraulic demand
is defined by a water duration of sixty minutes to all the nozzles in the protection area, the
system is preferably configured so as to provide protection to a light hazard only occupancy.
[0021] In another aspect of the preferred system, the plurality of nozzles are disposed above a
protection area of the occupancy at a maximum ceiling height of about seventeen feet to
define a minimum nozzle-to-nozzle spacing of six feet by six feet (6 ft. x 6 ft.) and a
maximum nozzle-to-nozzle spacing of 12 feet by 12 feet (12 ft. x 12 ft .). Each of the
plurality of nozzles have a K-factor of about 0.6 gpm/psi”, and more particularly 0.59
gpm/psi”. In one particular embodiment, wherein the protection area is less than 1500 square
feet, the hydraulic demand is defined by a water duration of sixty minutes to all the nozzles in
the protection area so as to provide protection to a light hazard only occupancy.

[0022] Another preferred mist system provides for fire protection of light and ordinary

hazard occupancy defining a protection area being at least one of: (i) greater than 1024 sq. ft
-7-



eff. flux density 0.049 [gpm ftA2] nmax. ceiling height 8 2" [ 0015]

Table D AM2 Class A fires (LH Commodity) 0.64 [gpm psi Al/ 2]
WO 2010/078559 PCT/US2010/020056

and (ii) beneath a ceiling having a maximum ceiling height of about 13 ft. or less. The
system preferably includes a fluid supply, a plurality of nozzles coupled to the fluid supply to
define a hydraulic demand of the system being the greater of: (i) five most hydraulically
remote sprinklers or a 900 square foot area. The plurality of nozzles preferably include a first
plurality of nozzles spaced about the occupancy to protect no more than 30% of the
protection area at a nozzle to nozzle spacing ranging between about 6 ft x 6 ft. to about 12 ft.
x 12 ft., each having an operating pressure in the range of about 102 psi. to about 250 psi. A
second plurality of nozzles spaced about the occupancy for the protection of a remainder of
the protection area at a nozzle to nozzle spacing ranges between about 6 ft x 6 ft. to about 16
ft. x 16 fi. each at an operating pressure in the range of about 110 psi. to about 250 psi.

[0023] In one aspect, where the protection area is no more than 1024 sq. ft. and the maximum
ceiling height is about ten feet, the second plurality of nozzles are spaced at a nozzle to
nozzle spacing ranging between about 6 ft x 6 ft. to about 16 ft. x 16 ft. with each of the
nozzles at an operating pressure in the range of about 140 psi. to about 250 psi. In yet
another aspect of the preferred systems, the second plurality of nozzles are spaced about the
occupancy at a nozzle to nozzle spacing ranging between about 6 ft x 6 ft. to about 12 ft. x 12
ft., the second plurality of nozzles being coupled to the fluid supply so as to provide the fluid
to the nozzles at an operating pressure in the range of about 110 psi. to about 250 psi.

[0024] In one particular preferred system for protection of an ordinary hazard without storage
and the maximum ceiling height is about ten feet, the first plurality of nozzles have a
maximum nozzle to nozzle spacing of about 12 ft. x 12 ft. In another aspect in which the
occupancy is ordinary hazard without storage and the maximum ceiling height is about 13 ft.,
the first plurality of nozzles having a maximum nozzle to nozzle spacing of about 10 ft. x 10
ft. In yet another aspect of the preferred system for mist type protection of an occupancy is

ordinary hazard with storage having a maximum storage height of 8 ft. and the maximum
-8-



mn. pressure 102 [psi] max. spacing 9' 2" max. area 84 [ftA2] eff. flux
density 0.077
WO 2010/078559 PCT/US2010/020056

ceiling height is about ten feet, the first plurality of nozzles having a maximum nozzle to
nozzle spacing of about 8 ft. x 8 ft.

[0025] In another aspect of the system, where the occupancy is ordinary hazard without
storage and the maximum ceiling height is about ten feet, the first plurality of nozzles having
a maximum nozzle to nozzle spacing of about 10 ft. x 10 ft. Alternatively, wherein the
occupancy is ordinary hazard without storage and the maximum ceiling height is about 13 ft.,
the first plurality of nozzles have a maximum nozzle to nozzle spacing of about 8 ft. x 8 ft.
Wherein the occupancy is ordinary hazard with storage having a maximum storage height of
5 ft., the ceiling height is about eight feet (8ft.) and the first plurality of nozzles have a
maximum nozzle to nozzle spacing of about 8 ft. x 8 ft.

[0026] Another preferred system provides a mist for fire protection of a light and ordinary
hazard occupancy preferably defining a protection area of greater than 1024 sq. ft. The
system preferably includes a fluid supply and a plurality of fluid distribution devices coupled
to the fluid supply. The devices includes a plurality of sprinklers spaced about the occupancy
to protect no more than 30% of the protection area at a sprinkler to sprinkler spacing ranging
between about 6 ft x 6 ft. to about 15 ft. x 15 ft.. The plurality of sprinklers are coupled to the
fluid supply so as to define a hydraulic demand of the system being the greater of the five
most remote sprinkler or a design area ranging between 900 sq. ft. to 1500 sq. ft., each of the
plurality of sprinklers having a maximum operating pressure of 175 psi. The preferred
system further preferably includes a plurality of nozzles spaced about the occupancy for the
protection of a remainder of the protection area at a nozzle to nozzle spacing ranging between
about 6 ft x 6 ft. to about 16 ft. x 16 ft. Each of the first plurality of nozzles have an
operating pressure in the range of about 110 psi. to about 250 psi. For the preferred system,
the hydraulic demand is preferably defined by: (i) the greater of the five most remote

sprinklers or 900 sq. ft. for a maximum ceiling height of the occupancy being about ten feet
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[gpnl ft A2] Max. ceiling height 16'5" [0016] Table E AM4 Class A fires
(OH Commodity) k 0.64 [gpnfpsiAl/2] mn. pressure
WO 2010/078559 PCT/US2010/020056

(10 ft.); (ii) the greater of the five most remote sprinklers or 1013 sq. ft. for a maximum
ceiling height of fifteen feet (15 ft.); (iii) the greater of the five most remote sprinklers or
1125 sq. ft. for a maximum ceiling height of twenty feet (20 ft.).

[0027] The present invention further provides for mist devices. Generally, the preferred mist
device for the protection of at least one of a light hazard occupancy only and a light and
ordinary hazard occupancy having a ceiling with a maximum ceiling height of at least 8 ft.
The preferred device includes a body having an upper portion and a lower portion. The upper
portion defines an internal passage having an inlet and an outlet for the discharge of a fluid.
An orifice insert disposed within the passageway defines a K-factor of less than 1 gpm/psi”.
A pair of frame arms extend between the upper and lower body portion and centered about
the device axis, and a seal assembly is disposed in the outlet including a thermally sensitive
element to support the seal assembly. The preferred device includes means for diffusing the
fluid at a flux density of less than 0.1 gpm/sq. ft. for a fluid pressure at the inlet of less than
500 psi. to define a coverage area of the device of over than 132 sq. ft., preferably to a
maximum of 256 sq. ft.

[0028] In one preferred embodiment, a diffuser assembly defining a coverage area of the
device of maximum of 256 sq. ft. at a maximum ceiling height of about ten feet for an
operating fluid pressure at the inlet ranging between 140 psi. to 250 psi., the diffuser
assembly including: a load screw engaged with the lower body portion and a diffuser element
disposed atop the load screw internally of the frame arms centrally aligned along the device
axis. The diffuser element preferably includes an upper surface and a lower surface, the
upper surface including a central cone portion extending proximally toward the outlet of the
passageway; and a plurality of through holes. Each through hole is preferably defined by a
pair of circles partially overlapping one another, the pair of circles having different diameters

so as to form a key-hole shaped through hole. Moreover, the plurality of through holes
-10-



102 [psi] max. spacing 8 2" max. area 67 [ftA21 eff. flux density 0.096
[ gpm ft A2]

WO 2010/078559 PCT/US2010/020056

includes a first pair of diametrically opposed through holes, a second pair of diametrically
opposed through holes disposed perpendicular to the first pair. Preferably each of the first
and second pair of through holes are disposed at a forty-five degree angle relative to the pair
of frame arms. The preferred device further preferably includes a plurality of touchdown
regions, each touchdown region surrounding a through hole. A plurality of channels are
preferably formed along the uppef surface and radially disposed about the diffuser element
such that adjacent converging channels having an overlapping portion such that the adjacent
converging channels are in communication with one another, a through hole and touchdown
being centered between adjacent diverging channels. The preferred device preferably
includes an orifice insert disposed within the passageway to define a K-factor ranging
between 0.7 to about 0.9 gpm/psi”.

[0029] In another preferred embodiment, the means preferably includes a diffusing element
having an upper surface and a lower surface spaced from and extending substantially parallel
to the upper surface. The upper surface preferably defines a central region, an outer region
and an intermediate region extending at an angle to each of the central and peripheral regions
to space the central and peripheral regions axially apart. The upper surface preferably
extends about the device axis so as to define a truncated cone about the device axis. At least
one of a plurality of slots and a plurality of through holes extend from the upper surface to the
lower surface. Each of the plurality of slots preferably have a slot opening along the outer
region that extends radially inward toward the device axis to define a slot length, an initial
portion, an intermediate portion and a terminal portion, each of the plurality slots defining
slot widths from the initial to the terminal portion. The plurality of slots further preferably
include a first group of slots and at least a second group of slots in which the slot width of the
first group of slots varying along the slot length, the slot width of the second group of slots

being constant along the slot lengths. The first group of slots preferably includes radiused
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mi st sthsiskaividh of thedepiptlarwrignoighe Hrst ghef At e YRROLY Y 1ccupancy
includes a fluid supply and a plurality of nozzles spaced about the
occupacsyerahalongapiisthxiodispused hid 45 degnes! angledetseanchpfiesh perbsaepad #kepo t he
nozzl es at an operating pressure of |ess than about 500 pounds per square
i nch (Pgé hirdhee ¢l siot@piefaralsll haoa zlbewidivatthetertdadal patian thadisautaller tiemand
being the greater of: (i) five hydraulically renote nozzles each having a

cover age <@ Sadth AP HNGrhihAPoBRorSEE thé First tyPedf BBXKI TRETAE taRUIMI2R6 sq. ft; or
(ii) a hydraulic design area ranging fromabout 900 square feet to about

1044 s gxll’é%rgb& gﬁh?seh%eg%%n%eoﬁgémgt&g& B{eslgtr SHhehd £ S'g? ‘8?%}1@?&%}303&@80% urality

of nozzles a SpPoOsS above tection ar ea e occupancy at a

maxi mum cei |l i ng hei ght. of under ten feet .tq. define a nozz| e-t e

spaci n eﬁgﬁtr‘?ﬁlsa 41138? RF &§eQm g’é‘[upﬁi/p@feﬁaql\ég‘fp((sgd?)f’t.wefng%efgte%ndg[gﬁezéé maxi num
spaci ng of 16 feet by 16 feet (16 ft. x 16 ft.) and the hydraulic demand is
t he gr 8lat &nd e fifst pweioy gloadispesed alope dhess N ivr 900 sq. ft (84 sq. m. In
alternative enbodinent of the preferred system the maxi mum ceiling height

i s abo{f031kih¢ peferreduliffusspeleimentciatlugesq third group df gloty Imvige asyinjtigbgortigh

further in the alternative 8 ft (2.4 m). The operating pressure for the

pl ur al it sonphumicavhesithps fsetypbloy sloadigesed rlony dledust 4kiy) thpsdlot widthaliehe 250
psi. or alternatively from 140 psi. to about 250 psi. In one aspect, the

pref er ped 9oz st Ssis BakRi tsdkihd ikl pheids kethe hanena phrifoaifdie Qdts| €8s than 1
gpm psi 1/4; specifically about 0.8 gpmpsi'A Alternatively, the plurality

of noz a{ilgisrﬁr&%%gf %?tgérfe%%igfag ar%%lzﬂg? bif-tRe AP ntétarmslsHO2 Bt 1B s@dgdaspect of

t he sys ural’l es provide mst-type fire protection for

th havi t d t.. ' 000
R s e A e A e
whi ch the hyd lic d dis defi b [ ' f si '

o al 10al oy oF exslored Bk skasnlGh it PIorL Ceg Cbmen ol s dpalyy

configured so as to provide protection to a |ight hazard only occupancy.

[ 0021] td defamotrhaier axspasta winor ksisprach of the dhreygh kates inpladisigarnain af yadipsedoz z| es
are di sposed above a protection area of the occupancy at a maxi num ceiling
hei ght ead paiiond hasmperheenoff @etatire sprebd along amajomaxim. Ndezileratiy-afdzrhgh spaci ng
of six feet by six feet (6 ft. x 6 ft.) and a maxi mum nozzl e-to-nozzle

spaci ngoRE plferhQ1®indieldike8bup dPthtdughholed ahd at Ikast E3€ddn@fgréuperfphongd i ty of

nozzl es have a K-factor of about 0.6 gpnipsi'A and nore particularly 0.59

gpnt ps .F#)I%‘s, th%gﬁpgf ﬁ@iﬁl&%(ﬁéﬂdaﬂonﬁm%@m%ﬁ gg%%ﬁ.ﬁ)u%ﬂ BoRE ALARE LARI Aldga iS

| ess than 1 square teet, the hy s defined by a water

duratign of si xf. inuytes. to | the . nozzl in.th [.Qt ect i a so as
to pro e&@“p%d?%ﬁ??&ﬂgpfﬁlgnf Pgﬁf SHEDL 2D rﬂ?im%%hu%cgﬁ%a%rl%%ﬁgﬁg r@t her
preferred m st system provides for fil2e protection of |ight and ordinary

hazard occupancy defining a protection area being at |east one of: (i)
greater than 1024 sq. ft



and (ii) beneath a ceiling having a maxi mrum ceiling height of about 13 ft.
or less. The system preferably includes a fluid supply, a plurality of
nozzl es cwopbed7sssot he fluid supply to define a hydraul pcTdso®wna2mbe t he
system being the greater of: (i) five nost hydraulically renote sprinklers
or a 900 square foot .area, The plurality of. nozzles. preferably include a
first bheprgferisg dsyich @fﬁ}eééncg%ﬁ% g‘i‘jo’é %ﬁff‘getrhé‘s}eﬁ?ﬁ%ﬁ’étﬁwk? 8335?%‘%{‘8 t no nore
than 30% of the protection area at a nozzle to nozzl e spacing rangi ng

bet weedisabpof 6 iflet to dfine thetfo-fagieruthe Fo-facor rangjne ‘Pftt‘!"?erb%g o #RaVf R an
operating pressure in the range of about 102 psi. to about 250 psi. A
secondgmhqmﬁmiEymaﬁﬂmqmz&esdspad@ﬂﬂﬂbbﬂtdﬁﬁ@mg@tmgaquOﬁdﬂﬁﬂﬁbﬂgrotection
of a remai nder of the protection area at a nozzle to nozzl e spacing ranges

bet weegisafyubn Battdm Andefdctivé Qualdonsity tatfshtisfies kfduftty aceembd fte asts.dper at i ng
pressure in the range of about 110 psi. to about 250 psi. [00231 In one

aspect addﬁ‘é?&f, .%h%&%fe?zfeghgglémléars%j ebRd B0a PRI rddNBAr B @A 184, théik difRthet he

maxi nrum cei ['i ng hel ght 1s about ten feet, the second plurality of nozzles
are spaced at .a.nozzle to nozz Cl . i : ft x 6 ft.
to abo uc(i%re? fl‘?a}lv)?r 16°1 O s{%ﬁégg%lﬁp%% éf?%g@%gg%{ég%?%é@?%@%%g?gh t(rl‘?a pressure
in the range of abou 40 psj. to.abqut. 250 psi, In.yet another aspect of
the prBP@s w&y&%ﬁéﬁ%%ﬁ%ﬁaﬁ?&hﬁe@ﬁa@F PV us’ﬁ’cfﬁgl}%g‘ are spaced about the
occupancy at a nozzle to nozzle spacing rangi ng between about 6 ft x 6 ft.
to about 12 ft. x 12 ft., the second plurality of nozzles being coupled to
t he f| BrdeERescyipdonssof theoPyandagshe fluid to the nozzles at an operating
pressure in the range of about 110 psi. to about 250 psi. [00241 |n one
parti c{0038] fheheonednging tewifigs, whichtaee incomporsteddrerain dncheenptivbe partolihishout
storage and the maxi mumceiling height is about ten feet, the first

pl ur al kpecifafationzRleatdwemphryraxbadimens 2f ke ingenion zind, ®petbemgitibtheabout 12

ft. x 12 ft. In another aspect in which the occupancy is ordinary hazard

Wi t houLe fh-QTREGIARDE ghRR BBV FAThE @dthil A BE1FIh givendBIRW, sdiFe td expldifiehef i 1 st
plurality of nozzles having a maxi mum nozzle to nozzle spacing of about 10
ft. Xx #%mL%S?hﬂexg%ngﬁgther.aspecp of the preferred systemfor mst type
protection of an occupancy is ordinary hazard with storage having a maxi mum
storag ' f 8 ft. and the maxi cei.ling height is about ten feet,

t he fiﬁgESL%ﬂﬁafFfvwg@nﬁﬁfQ?ﬁ8?ﬁ8§$ﬂg¥gﬁﬁﬁ¥ﬁﬁﬁwgﬁ3§% e to nozzl e spacing of
about 8 ft. x 8 ft. [00251 . In ano%gfr aspect of the system where the
occupal®i3si F1Gds AR\ vHRAiEY Af # AR SrodEneR L £ R&¥“4¥axi num cei | i ng hei ght
is about ten feet, the first plurality of nozzles having a maxi num nozzl e

t 0 nozi0086} pEGi hiy aofrombectiontDview. of thel®zizie of KiG el plang 9&p Vil-Ilkher ei n t he
occupancy is ordinary hazard w thout storage and the maxi mum ceiling hei ght
i s aboyo3yP FiG. 4 isthietdiled stevpbithaldatscefv diffpadr essetrdlyeusad mashemoralaofzl e to
nozzl e spacing of about 8 ft. x 8 ft. Werein the occupancy is ordinary
hazardpyp;th storage having a nmaxi mum storage height of 5 ft., the ceiling
hei ght 1 s about eight feet (8ft.) and the first plurality of nozzles have a

et MURATEIG 1 8 NISELEO0RY SnOlonB YOk REit 3 X 8 ML, [ 0026] Another

pref er stemprovides a mst for fire protection of a |light and

or di nar d_occupanc referably defini protection area of greater
t han 1@%Egzé€éf??s a8y FEWVBﬁé?EPéBPﬁ“Vﬁgﬁﬁdgs a fluid supply and a
plurality of fluid distribution deyices couple o,the fluid supply. The
devi ceslm;/‘ﬁ% IFhded 15an81hGF St NRY ofeve Bgﬁhﬁ%aélr%reg‘b%ﬁg% -3bout the occupancy to
protect no nore than 30% of the protection area at a sPrinkIer to sprinkler
spaci ng00dhdilGgs et dusledatrue! Be diffuserclpmenttand gprarf thelopd scrgwmssembly The
plurality of sprinklers are coupled to the fluid supply so as to define a
hydr aulof F1@e4qrand of the system being the greater of the five nost renote
sprinkler or a design area rangi ng between 900 sq. ft. to 1500 sqg. ft.,
each offod42 FIGUS & 4 fidn OfewsdiTthOUkIiRES cadndgsed ifebe 1aicRPe dEfisagaspémisigur e of
175 psi. The preferred systemfurther preferably includes a plurality of
nozzlesdf ced about the occupancy for the protection of a remainder of the
protection area at a nozzle to nozzle spacing rangi ng between about 6 ft x
6 ft. to about 16 ft. x 16 ft. Each of the first plurality of nozzles have
an operating pressure in the range ofizabout 110 psi, to about 250 psi. For
the preferred system the hydraulic demand is preferably defined by: (i)
the greater of the five nost renote sprinklers or 900 sgq. ft. for a maxi num
ceiling height of the occupancy being about ten feet (10 ft.); (ii) the
greater of the five nost renote sprinklers or 1013 sq. ft. for a nmaxi num
ceiling height of fifteen feet (15 ft.); (iii) the greater of the five nbst
renote sprinklers or 1125 sq. ft. for a maxi mum ceiling height of twenty

r a VA Y. N F A/~ o " e



WO 2010/ 078559PCT/ US2010/ 020056 i ncludes a first pair of dianmetrically
opposed through holes, a second pair of dianetrically opposed through hol es
di sposed wonpmmdssul ar to the first pair. Preferably eaebrafs2alo@2doss st and
second pair of through holes are disposed at a forty-five degree angle

relati air of fra ar The preferred device rther preferabl
et ualDesPEi T RS broft-sdchRi dBTe w RS g Brstoas ok ol y

surroundi ng a through hole. A plurality of channels are preferably forned
al ong FH&-dppes- surface and radially di sposed about the diffuser el enent
such that adjacent converging channel s having an overl appi ng portion such
t hat t H944ldF 4t dntis aoelvetypnngeve hbmpefsredifee protationunidat i on with one

anot her, a through hol e and touchdown bei ng centered between adjacent

di ver gloog5chiEnnelisa crbsesqutiehat vieado thay b Bcginedreforiaky in tAe howdesofariGonifi ce
insert disposed within the passageway to define a K-factor rangi ng between

0.7 tojoaherE1 19 igRbibRS bdtdond] B30 1 thOndHM brEerIaN eLRME ¢l @ORAI ment, the

means preferably includes a diffusing el ement having an upper surface and a

| ower @_«m&rﬁ%%amgﬁr%géc@e@%g(e@%&@ﬁﬁ&%é&'&%@éa}te&e%%dgﬁﬁg BbdAl of il he Lpper

surfac he upper erabl'y defines centr gion, an outer
regi on Pnd an internedi ate region extending at an angle to each of the
centra}'and peri pheral regions to space the central and peripheral regions
axially apart. The upper surface preferably extends about the device axis
so as 1T d5 5 1 PRCiEd 2oRErRBaUiuserRtmen: fobuwyin e ez esEIGoHe of a
plurality of slots and a plurality of through holes extend fromthe upper
sur f acH089 ¥lke 1p sweerosusdctional vitacHl thé diffveenslemertiof ¥1Gf 15l atgslinpridferabl y
have a sl ot opening along the outer region that extends radially inward

t owar diihe device axis to define a slot length, an initial portion, an
internedi ate portion and a term nal portion, each of the plurality slots
def i ni PO5E] BIG. W7 & Derobd-QutibME view &1 B difRisé@erh &t Bt PRE. BONdAOme TVR -
plurality of slots further preferably include a first group of slots and at
| east g/gecond group of slots in which the slot width of the first group of
slots varying along the slot length, the slot wdth of the second group of

oo BT OB TIG Bl 2 B
e PN O SRR RS Lok i B it S 1

internedi ate portions. [0030] Preferably, the first group of slots includes
a firskrefeygéne#zls| ot , a second type of slot, and a third type of slot. The
first type of slots are preferably centered along a first axis aligned with
t he fr@083]arits 20tk ohametiedf alang Canpeconak faxisst ypefop rdiegtingaif at o t he first
axis. The second type of slots having a slot width wider at the term nal
porti otefchad nb& 1M der than the slot width of the term nal portion of the
first type of slot. The second type of slot is centered along a third axis
di Spos@dsflFIdsI51 40186 AN BRINGR OERpLTRE sAND SRR, RYES, off1e NI T d
type of slots preferably has a slot width at the termnal portion that is
smal | e slot width of the term nal portion of the first type of
slot.l#:&pggpé%ﬁ%ype of slot is preferably disposed between the second type
of slo e first type of slot _disposed along the first axis. A slot of
t he sé@gﬁﬁngguﬁiﬁ 1%?%%@?%8?9P%W§86§§dp%%fmﬁ%ﬂﬁﬁﬁéa§@?dﬁd type of slot and
the first type of slot disposed along the second axis. [0031] The preferred
di f f uslép3a] &e%f& i5 qere{eared palar hoqrdingiesugemiosinal ysisd\spray patierniof eina#zlpor t i on
in communication with a first type of slot disposed along the first axis,

t he sIdtFIGBAY mdfl.the third type of slots widening fromthe initial portion
to the termnal portion of the slots. The third group of slots are
preferably aligned with the pair of frame arnms such that the second type of
slots are disposed at a forty-five degree angle relative to the pair of
frame arns. [0032] For the preferred diffuser elenment, each of the
plurality of through holes is elongated to define a mgjor axis and a m nor
axi s, each of the through holes including a pair of radiused end portions
havi ng centers of curvature spaced along a major axis. The plurality of

t hrough hol es preferably include a f£14-st group of through holes and at

| east a second group of through holes, the pair of radiused end portions of
the first group of through hol es having equal radii, the pair of radiused
end portions of the second group of through holes having varying radii.

-12- WD 2010/ 078559PCT/ US2010/ 020056 The preferred devi ce further includes
an orifice insert disposed within the passageway distally of the inlet to
define the K-factor, the K-factor ranging between 0.5 to about 0.7

p— Y o R N o o, M



WO 2010/ 078559PCT/ US2010/ 020056 [0043] FIG 10 is a cross-sectional
detailed view of the orifice insert used in the nozzle of FIGS. 2 and 3.

[ 0044] FIvo 201b/d7855an el evation view of a preferred fireppraiSecwioonsanozzl e.
[0045] FIG 12 is a cross-sectional view of the orifice insert for use in

t he nozzle of FIG _11. [Ogﬂg] FIG 13.is a cross-sectional view of the
nozzl eMede(sg.F qz:LCaﬂrznglg entf@g 14 is a preferred blank for
formation of a diffuser elenment in the nozzle of FIG 11. [0048] FIG 15 is
a pl anl0PS@IWSkewainfler driy eechamptic Sbistraticmmdrmtpreforred smbodimenechiioiigl e of FI G
11. [0049] FIG 16 is a cross-sectional view of the diffuser elenent of

FI G 1prosdctng sysitane 10 YHAL MAploly® 660¢r krbE. of echaniamcofdss {phdhg othla wisgas of t he
di ffuser elenent of FIG 15 along line IVBIVB. [0051] FIG 18 is a detailed

Vi ew OfleseBedlatoltlSEhe 8lsRME NG isQrefblably donfighR@eRprokldefird Bidtd®iBnioslightschemat i ¢
of a Small Conmpartnent fire set up for fire testing of a preferred nozzle.

[0053] hﬁa{ﬂ oc%g A&m@ igél?ﬁ&éak&o&hgom rageen&%ngaémtasfo'c&?paﬁ bsyp for fire

testing o e erred nozzl e FIGS. 21A-21B 1s a schematic of an
Open S set flre | 1 f | 0055]
cren il 53 R R T g e

[ 0056] .FI G 24 |s refer coor di nat for anal ysis of spray
pat t o A FipbiFia | b FipHealhtere CXRSHRE( B PYYPRYI®UL t he

| nventi on

typically include but are not limited to the following: residential, offices, data processing
areas without open storage of information media, meeting rooms, hotels, museum exhibit
areas, restaurant seating areas, institutions, and schools. More preferably, the system 10
provides fire protection of both light hazard and ordinary hazard occupancies. Ordinary
hazard occupancies are normally defined as occupancies or portions of other occupancies
where combustibility is moderate, quantity of combustibles is moderate to high, and fires
with moderate rates of heat release are expected. Ordinary hazard occupancies typically
include but are not limited to the following: automobile parking, laundries, libraries,
maintenance areas, mercantile, laboratories, incidental storage, restaurant service areas
(kitchens), and dry cleaners. NFPA 13 classifies and defines ordinary hazard occupancies as
being into two groups: Group 1 Ordinary Hazard occupancies (OH1) and Group 2 Ordinary
Hazard Occupancies.(OH2). OHI occupancies are defined as occupancies or portions of
other occupancies "where combustibility is low, quantity of combustibles is moderate,
stockpiles of combustible do not exceed 8 ft. (2.4 m) and fires with moderate rates of heat
release are expected." See NFPA 13, Ch. 4 (2007). OH2 occupancies shall be defined as
occupancies or portions of other occupancies "where the quantity and combustibility of

contents are moderate to high, where stockpiles of contents with moderate rates of heat

-15-



[ 0057] Shown in FIG 1 is a schematic illustration of a preferred

enbodi nent of a fire protection system 10 that enploys one or nore of
mechani srwoabida7sssof i ghting with a m st, as descri bed alporas2tibe2®yst em 10
is preferably configured to provide fire protection of |ight hazard
occupanci es. Light hazard occupancies are_normally defined as occupancies
or porleaedepotgxeesd IRk (hathey aad fHagiles pbcanientt Y"{t@g@hdé‘tﬁ O@Eﬁ%ﬁgfta Dility
of contents is low and fires with relatively low rates of heat rel ease are
expect éelnotlsxgéad hizad dn)ocepheids, €pt @80V i ncl ude but are not linmited to
the follow ng: residential, offices, data processing areas w thout open

St or ag@068] Thé prefatddapstamdiOdnclndsata fhgd caors cettat Bl for contsdling tex fiobidf ar eas,
restaurant seating areas, institutions, and schools. Mre preferably, the

syst entidln Ry ifHeSbtiveen PrIGldeabpI9N20hd Bet br hb&hhishaz asicedRaetodsdbnary hazard
occupanci es. di nary hazard occupancies are nornally defined as

occ Upa@,&ifnﬁ%% g;?]ef&%& h@aﬁesqfs P .H%F alfa?aH@@n@gh%mM}ﬁﬁs%gvgﬁwé bt Blotd EwinS

noder at €, tity of conbust es I's erate to and fires with

noderat e rates of. heat rel easge..are expected.  Ondinary. h d. panci es

t ypi ca??zfiﬁshz@t il ﬁ‘fonﬁ?cgecﬁ‘gﬁg AN ?t%rap% %Of%eél te1‘rc1)lg |b8%‘%tg":v‘%§3’€ glr?g?c) ??’e par ki ng,
| aundrjes, |ibraries, majntenance areas, nercantile, |aboratories,

i nci dehpaPrefrsdayaempat WHPENCINEs QR e SRIIERETS @ﬁ éﬂ‘é@?‘?g’r%e 8P ¢l eaners.
NFPA 13 classifies and defines ordinary hazard occupancies as being into
two greanil carteuld. Thersstamrly iHamesrreb!p e ovmp syrésre suqhabatithe wagr cprdiph cantay di nary
Hazard Occupancies. (OH2). OHl1 occupanci es are defined as occupanci es or

por t i oissmoahaldyt bigm soas tpAH cheastWolkerf @ipes mbithsthe Bid fighfing fluidband dplizertd ty of
conbustibles is noderate, stockpiles of conmbustible do not exceed 8 ft.

(2.4 mMyorkifly hickwSe ¥f flikld RO MBkAed @ldeshedlaphBaibld, ehraiks@s avateekpretied. " See
NFPA 13, Ch. 4 (2007). OH2 occupancies shall be defined as occupancies or

por t i ops;: of; FEpV BRI EYRPELSATIRIEDLELL Y of
conten?@ngpégﬁgﬁé?ggéy?g@ﬁfgﬁchﬂﬁ%ﬁngggg pifeék3¥ﬁconteﬁts mfth noder at e
rates of heat, rele do. n X . (3.66 m and stockpiles of

conten?%mvﬁ&éﬁ?ﬁ%tmgggggg%:%hgﬁ?ﬁre %é%g& 0 not exceed 8 ft (2.4 m." See

NFPA 1 . 4 (20 .. [ 005 Th referred system 10 includes a f.luid

Cont r olV0sharelbizeq Bhid R Leng? EisGEr BRP BTSN RE 10 i SHeLtrne T BBt ween a
fluid supply 12 and one or nore msting devices such as for exanple,

pr ef er fdlgwirg sqraronegts: a4 gater phack yplve 14b.grfduid floprdegesiasiliaanda sYHe™ one or
nore known nozzles 20, and interconnected with the water control center 14
by a nsttawmerk 49f Tpe fles! subplyTiReap befratar glidr exestden preyidédirt aieuniciel wder one or
nore sprinklers 22 coupled to the fluid control center 14. The system 10 is
pr ef er alypyy eorivedtiony Sithe MusdiSupplyied is piederabllysized an provldecaninghumsvatar mal |y open
so as to fill the network of pipes with the fire fighting fluid and deliver

a wor ki ng1Phe e 6 Rfeabd 1h thitRed 8 MO Hk@SraBRt: YASH BRBI h&AR! RatesPr i Nkl ers.
Material foor the piping is preferably any oné of CPVC, "brass and copper

pi pe, Jhj 1 S i r yIA! . table for
use i ng%%ﬁlﬁé%r&g@{s{&g}ﬁ? 5{8@(51%‘? I%O%%Ogjg IIé F}%efgﬁ? F‘%lgpé? l(i:%%ts}l E(;f?c eglrélrtf?gerl +4£i ncl udes a
control val ve,l4a and e or re of the faollow.ng c nents: ,a water
Chock TrgEe Tt Satpr i et edtet: pab e e Sy SRR FRaTied G The
fluid supply 12 can be water, for exanple, provided by a nunicipal water
suppl yakasinAde pside abor 59 psii. ancseipisfayably ranging fseme aheytyl 1§ip21eta aputPBPPide a

m ni rum wat er supply duration of at |least ten mnutes and nore preferably
at | eastd evenmort prafembiy eavgpnefromuapplityl 0@psatoi abnutt 25 0tdse By etsera th@ waer eover ,
the fluid supply 12 is sufficient to deliver a pressure of up to about 250
psi t oiseR{iNeB® Zzihe norzlsddtiankifRicnd piekaite, thy 8hefabl furthangr fegabibe inskelss about
140 psi to about 250 psi., nore preferably ranging fromabout 110 psi to

about 5&% R8ilocatidtheB¥&n HOESPRF Bf Slaahl HuiaadeirehfcP M aR0He pkB$1 t 0 about
250 psi. %o ensure that water "is delivered to the nozzles at a sufficient

bt woorrRURER R B L ley RGBT N AEARS s BB BT 77

enbodi nept, the np 16 includes mai n punp. 16a. and contrqller, and a

F ockey ol SHF R D BT is S d oY se T e P haei e o
provide light and ordinary hazard -18¢- WO 2010/ 078559PCT/ US2010/ 020056
protection to an occupancy area of no nore than 52,000 square feet. The
occupancy may include one or nore conpartnented areas that are

i nterconnected by corridors. Provided that the all the occupancies and
corridors of the system do not exceed the 52,000 square foot maxi num a
single fluid control center is believed to be sufficient to supply the
fluid devices of the system [0060] Coupled downstream of the fluid control

e e N e . o o AN 2 1




WD 2010/ 078559PCT/ US2010/ 020056 nore particularly about 8 ft - 2 in. The
preferred nozzles 18 in particular define a coverage area per sprinkler

t hat rangwe 2brozoTssom ni mum 36 square feet to a maxi mum 266/Usquaneooteet . |1 n
the preferred system 10, the nozzles 18 are preferably coupled to the fluid
supply 12 and | ocat ed about éhe occ%pagfﬁ 50 as:%o gﬁfine a greferred

hy dr aultPECHINEITA OSFUREREY 8578 PERY MO thp’ -HRY JBL ISP oFRCrNE B MPenot e five
nozzl es or a hydraulic design area ranging between about 900 sg. ft. to
about inOl4de sup orfrnore Thmphyieniad preagidwbaie intercprpecise rbywaf@ﬁabﬁrgzv‘g%@ thaed by
the ceiling height of the occupancy and the performance characteristics of
t he nohz ki thScamshnoies endeaortidonslofitieysysthe doowoe eagped dree®, F00rsqudre foszzl e for a
gi ven maxi mum cei ling height. Accordingly, the system 10 and its preferred
desi gnmgfintud!, il OMhid @8ntkéllcefieS s beli®edfid be syficleacioisapplyiticfldd dedused
hydraul i ¢ demand as conpared to m st systens that use the known m st design
criter&ﬂhgémg%graulicalIy designing to the greater of nine nozzles or 1500
square feet’ as specified by standard setting organi zati on such as for

or ot ocl VeI P Bl Rar PRy ST B S b BB R D PR A
[ ' f th 10 ' 1,St. fi . ' f l'i gh
Pz (VG OF B by SRS AT B EEDLIRE R g Rt L E AR R oo

protection area of about 1000 square feet (sg. ”ft'l)ae and myre_preferably
1024 sNBBAE St Watey Mist Fiye Beatecsion Susteras (“NIE @A hg e meezlemim %14 ng hei ght
of about ten feet (10 ft.), preferably about nine feet ten inches (9 ft- 10
in.), wheteapplembtsprisklyrs@Boat pedfgtablyfalatendari dedess that ace insetlpdbenspd
specifically provides that the nozzles 18 are di sposed beneath the ceiling
at a n@zzki@ink @ 4¥7E h prE@Ah gt hada havigesm deilony teeighit i ofitie scouphest - by- si X
feet (6 ft. x 6 ft), to a maxi mum spacing of 16 ft. x 16 ft. Accordingly,
each O‘Eefié%ﬁgo%?eﬁ! Ghe #ﬁeﬁﬁéd D8l QIS &R % SRYRR 498 ARSAmRAT sIeRZA! € t hat

ranges a mninu 36 square feet per nozzle to a maxi num of 256
square_fe sq. ft. r.n I r e t i ut

her ei n?b%uﬁgvér%%:%%r \)Ng?(ﬁ r%sg?%fgl? %V&?%er&%noef?gﬁagg?ﬁnca %tgig?ztﬁ[{}lgg?)%&gpaci ng
is pre()erabl}gi one | f .the maximim no%ztl e-t8§§\%ozz]ie %gaci ng. For the

pr ef er PEHCAYPRIPEIRMY RIBFIHY DPCpRItElY PREAtAg and §HCREY B G785 59PCT/ US2010/ 020056
nozzle 18 having a K-factor of less than 1 gpmipsi 1/2 and preferahbly 0.81
gpm ps[0063l Ehﬁjm%tﬁﬁé?raprﬂﬁct@ﬂ&%t@méd‘f‘sﬁ“?fﬁjebeﬁ)%‘ﬁQE’W‘?%W g‘erﬁrﬁFﬂiﬂ% f about
140 psi, to a maxi mum of about 250 psi, the water demand for the preferred
syst enliglg adé bidiety byzarh ecaypeatierof afductd watss temantmseofipeed o kpp s mst g
hydraul i c design area of 900 sgq. ft. area. In the preferred system

i nst al fypt spRemPsraspeinkRtsyasisy doatipmed or proeci the parov baepatdiest Thiee maxi mum
vertical distance between a vertical obstruction and the diffusing el enent

of the,RrefarlabmReAELGatlhsiae ddfie8 8D vhediedes(ghritdtia) fonthe ansi@batioh OF:
hori zontal diStance fromthe nozzle axis of about seventy-two inches (72

in.). ref err : . QF: | et n AR H oGS, 2- 10
and deé&?‘?’%%rgfﬁn%g g@é‘lﬁ%t%gégggﬂ/?@n‘gé ?ﬁelf%%%ﬁ?%ﬁnm onaﬁ1 Appl i catoi g n No.
61/193,874 fil ed.opn January 2,. 2009...[ 0064]. Anot her ephodi nent of the

syst enfa%les; %ndb(é‘é)ége B’iﬁ’g egr?oéﬁf’ér?ﬁcﬁ’fd?lb%l%‘e it od‘énssl%lﬁg%ﬁ'teri a to provide
m st type fire protection for a light hazard and or.di nar azard occupancy
havi ngY@ﬁﬁhm oR$rASEET P th PREPHEA SYstehHb the 1evish gélf? lpﬁgﬁe‘%ﬁﬁ@ Cﬁﬁﬁs@fe‘?
particularly 16 ft. - 5 in. The design criteria nore specifically provides
t hat t beasozzédede Aregrdiesiposiod liptriad ohdindis hazard perypancies WOEAPE HFSWEZz| e
spaci ng that ranges froma mninumsix feet-by-six feet (6 ft. x 6 ft), to
a maxi OGWVB%J@?@M}’QIQ)fw'@ﬁﬁ&tmécﬂatfetpresmré.elWStpsi.AOCGISdD peil ynozeleachavirig 4 he nozzl es
define a preferred coverage area per nozzle that ranges froma m ni num of

36 sq. ca‘n%%gfel%éa JAPE81 A Tt B phEr&iaBMBvef 1 BDRUE: f3hsaHatidnk bBAat@zigs. Usi ng

anot her preferred nozzle 18" having a K-factor of preferably less than 1

gpnt ps Q%Y/iég g_p,gémg?%% ”fglgiggﬁgﬁgin%f ARy Qr &gl @efe%' ufd (EVRR (TORS

pref er an operating pressure in the range froma

et er By oo Broreiead (k ITPaREAERy AR AR Lei T ng

hei ght. Accordingly, the water demand7of the system 10' is preferably
defined by the following criteria: (i) the greater of the nost renote five
nozzles or a hydraulic design area of 900 sgq. ft. area for a maxi num
ceiling height of about ten feet and nore particularly 9 ft.-10 in.; (ii)
the greater of the nost renote five -19- WD 2010/ 078559PCT/ US2010/ 020056
nozzles or a hydraulic design area of 975 sgq. ft. area for a maxi num
ceiling height of about thirteen feet and nore particularly 13 ft.-1 in.
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WO 2010/ 078559PCT/ US2010/ 020056 data sheet entitled, TFP2224: AquaM st
Nozzle(r), Type AM4 Automatic (C osed) (Draft 09/22/2008), which is
attached wo 2010817893p0vi si onal Application No. 61/193, 873pciriuseadodaovsary 2,
2009. An earlier version of the Type AM24 data sheet, dated Novenber 1997,

is also attached to U. S. Provigion | i cation . 61 3,873, For the
syst e PaGGUEL aheupt e %ﬁ‘?fégjelﬂgﬁozégesbhén R?Nfgwlﬂroé%ﬁlg a36V'"fHe devi ces
have a K-factor of 0.64 gpnm psil/2 and a m ni num operating pressuyre of
about @eOppsiriakldr hrekagediom a grnigyim 36 @@mfep&t@@rra@)ﬂ@u%%wugﬁg?% red
design criteria of the system 10", the preferred known nozzles 20" are used
t 0 prolnaté ppfatarsbin dhemortes t §aperdenbly(®@0phed 6 the Hmidsimipel 2 and
conpartnmented protection area and preferably no nore than about 30%

Howev efocath i 8bRE kikstousid¥ £ E@getolicfinb e plelavel dzaliesenmayd vithy sytonilies t he
conbi nati on of nozzl e conponents, provide effective protections to the

occup i ' taeh 1BYpiAE BetOleed he
aﬂg%e %ryczi't% éﬁtﬂ??{&%pﬁ'ﬁ@@vé ozPleSbes ﬁ?&rﬂulﬂ{d&%ﬁ 0iAf BetOlee

preferr as previously described in accordance with their
instal l.ati an ernfo o eqy] 3 : ' ' ' Myt he
syat et O S T BBt ISR, 57 T4 DR aonkdAf ARG Ry U, ¢
preferably._a functi of the type of ordinary hazard bei.n t,ected, the
hei ght thsrceling hgté’é‘F € PHAPARY %‘ﬁé@%ﬂ"tr Oéﬁ‘ﬁn‘i"h%aﬁéfeaﬁtt‘”&? “%%‘e"%%‘gi 1I%ia§11§ of the
occupancy bein rotected. More specifically, the nozzles are preferably

i nst al et partienlarinde £peerpgs- aser or Eegioggieder 3 Baen Paxguen F‘?‘gﬂg gelg}?tni mum si x
feet-bysix feet (6 ft. x 6 ft), to a maxi num spaci ng of about 12 ft. x 12
ft basadcarpinglyt te systompl Cofndotsgirefarrgd feszgr aiteyid prgvigentos srigdypa e maxi mum
ceiling height of the occupancy and the presence of any storage.

Accor dpRgdeion 8aghh Riudeiaydnant ésnial debinparcd t¢ migspgenathetussehe ko e t hat
ranges froma m ni num of 36 square feet per nozzle to a maxi num of about

144 sq; iZ o€ hy TR ABY QEsi SRARAAKE QFeatch6f dht a6 nMsrnsed squagd system
10" ismﬁgrttéifegggg{;%ﬁégfiyned iocy %heSI%i?g%t er gf the nost renote five nozzles or

20101 0 HbOBERTELDS 10T D20 oK L 0BT e hre P uPis DM T NEPASIY, < paci ng

for the known.devices 20 is preferably defined b foll owing preferred
criter ﬁﬁo‘f"ﬁsﬁrﬁg‘?ﬁt§¥§ﬁ‘8§%1ﬁ°‘é‘ﬁ%}”‘f rpefﬁ%?t S(uin}laﬁ‘%cfu%angég‘up 1 ordinary hazard
occupanc NFPA) beneath a ceiling height of about ten feet and re
partic m%&f g preferradembpdimei of s CHGHA BE%F éyg‘ﬁﬁébrﬁ’@ovbﬁ?eéf%‘rs{;tgpggfeanges
froma mninumof 6 ft. x 6 ft to a maxi num of about 12 ft. x 12 ft. and
nore pardtéatiohdol y/light dazard and erdinagy havardcocrypgney hgvipga maximyms or a Group 1
ordi nary hazard occupancy (NFPA) beneath a ceiling height of about thirteen
feet agempmt@eRad piotdttian higa dBabdut 1000 syuatehfeetrisg £, )eantlonore prdferablyddfg
preferably ranges froma mninumof 6 ft. x 6 ft to a maxi num of about 10

ft. x %%afr% ft ér?c[" ¢ YRhEatR@lckiliaE havihy aIdximum ckfinkhedghPof dbout ted Geett (10 ft.and

(rii) oup 2 ordinary hazard occupancy (NFPA) beneath a ceiling

hei ght pggfer%glﬁ%tbgét:rpng ﬁgf teft %hgp(?ef}-pﬂ)r ihg?éﬁdadrlt'eﬁlagvéfl& 'gb(%ig -e-lgﬁt fdeheTmozzl e to

nozzl e*spaci erably range roma mni mum o X 6 ft to a
maxi mum of about 10 ft.. 0 ft., and re r{d cul.ar - 4.0 X 9
FEod M st SERH me perigarly e s By PR PE! ﬁ%%gr‘*%?%%eéﬂ%ﬁé%%‘}“’(eh%ﬂ%

beneath a ceiling height of about thirteen feet and nor icularly 13
ft- 1 iaha nezvée-froborzle Pacipg haf BNEREN G PHRERYER 5B fgetr ﬁﬁégeeP f"{)ﬁm ’ég rﬁﬁﬁ?num of
6 ft. x 6 ft to a maxi mum of about 8 ft. x 8 ft. and nore particularly 8
ft. -2 aimasim8nfspacingof h6 fi{V06%] Atserdingly.creloof thy sezzhss1i define g REFCTSe| udes
alternate design criteria for where the occupancy may include ordinary
hazar d c5{@hgdfrea bér HUEB tie rngsd Aome: hindmadesif A squart &t perpoefletadl y provi des
nozzl e-to-nozzl e spacing for the known devices 20 in the presence of

St or g6, ASmhR dr9W8 sqddrd fefepg'f'sqﬁft.%é}l«l{bzileo Fei M lsystérag asdribarihpanhyut( NFPA)
beneath a ceiling héight of "about ten feet and nore particularly 9 ft- 10

inwt Exgrsetix(l) "RY a%%x@xm%? E@&z{éﬁ(’é}g%eﬁfagﬁﬁ%ie s%ritlﬁl%;) sﬁQc_ié‘éistﬁef@fa‘Bw G a

cl earance of abou nozzl e to nozzle spacing preferably ranges

froma mnjmumof 6 ft 6 ft to.a maxipum of f L and nore
parti c&%ﬁ?“‘éﬁw §°Zf4€’€-g'r§)z? .Spic%g']?%’ tgy%re?er?e;alggér{&?ﬁio)uts{‘ng)r% Igeif&h(e)%p 2

ordi nary hazard occupancy (NFPA) benei-h a ceiling height of about eight
feet and nore particularly 8 ft- 2 in with storage at a nmaxi mnum hei ght of
about five feet (4 ft. - 11 in.) so as to provide a clearance of -22- WO
2010/ 078559PCT/ US2010/ 020056 about three feet, the nozzle to nozzl e spacing
preferably ranges froma mninumof 6 ft. x 6 ft to a maxi mum of about 8
ft. x 8 ft. and nore particularly about 8 ft - 2 in. x 8 ft. - 2 in. [0070]
In yet another alternate enbodi ment of the preferred system 10" the design
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[0071] According to the preferred design criteria for the system 10", the
preferred sprinklers are used to protect preferably about 30% and

pr ef er ablwonoiwomsssot han thirty percent (30% of the entipce/useompardosent ed
protection area. The remaining area is preferably protected by one of the

preferred zl es .~ 18" as previouslyydescribed in.accorda ith their
i nst alq%ﬁegﬁaﬁﬁﬂ‘gﬁgf%q%ﬁ%“&m}i R %lt sa.ng?ﬁeéer @%’ ioggg H (r%ril/P %r ?iggan%mr e
specifically provides that the sprijnklers 22 e .di sposed be e%t h the

cei | i Rpeating psgssura kD He-rprpgesippm ﬁ@lé@%&é?@f@té%@?ﬁrt&ﬁg@%"@w &M ni num si x
feet-by-six feet (6 ft. x 6 ft), to a maxi mum spaci ng of about 12 ft. x 12
ft. anZbOmmiehpwetcedabind foothe prefriredsystsn ialsiglinediy the greater 5f the most cor di ngl vy,
each of the sprinklers define a preferred coverage area per sprinkler that
r angeSrefro@ive MizaleBurmn bfdra36lic dEigACTE P85 59 RTBI¢SI0 1R 026086 sytpmar e f eet
per sprinkler to a maxi num of about 130 sq. ft per sprinkler and nore

pr ef er Qb NatfynTBrekdRn Btr@ku crieta ?@idéstthz&&ﬁe S@kinfioh @¢rticd|@QTRke The wat er
dermand for the preferred system 10"' preferably varies with the ceiling

hei ght h i I 188k Ble HeRRednsl d eissiregm 10"
is pr e}?egér\’%nlaive%g #E\’ggﬁﬁzyot %g@@gld?glvaynﬁggé cr?t eri ae:é1 (1) 1¥10rZ cei 1Isi ng hei ghts
up to and ingludin tenfet%}lo t.) the areat : e five
Spri nk’lné‘g? @g ! Lﬁ@@%“%’amuﬂehm %It?%\{}ﬁfn)éce é%‘?%he Igorzg%;ag iOltf;ag?L{o{[rgéxzzeglE I % hei ght s
up to and including fifteen feet (15 ft.) the greater t nost renote
five sHEReKYEiY)- of Prefamedsnazgle 18 for usedn thesyptem ‘g BlFOV&rb’ianﬁhé‘ 239@!}55 up to and
including twenty feet (20 ft.) the greater of the nost renpte five

spri nkéescisbegringethil b8loygand in. U.§r Reayvistonal Aprlication Neeb I/ 1 o8 Hilgher great er

than twenty feet (20 ft.) the greater of the nost renote five sprinklers or
a 1500Jamqaryf2t 20@fr.ea. For ceiling heights between about ten feet and twenty
feet, the water demand can be defined by interpolation of the

af or enpyOkiPARGkhEN drhigydientloP ey stSHMBIsi bassl oW alterndad &t df dusgnt he
preferred design criteria for each of the systens 10, 10', 10", 10"

descri &?tgrigg)oﬁ%vidg %i%tgﬂ)ﬁéeo -e%&eétio‘ﬁ%r ANGhHahBARY o y Haﬂ?&é&ﬁ?&d&yt he

design criteria can i'ned to provide a desired mst type fire

protection in which nerally tQ i r i 5 psi. <x <

500 pehe i rafithfl e RRE Ao Bl Pu sy dhBeuBbaoHady [dAC_BRA.

havi ng_cover age, area per nqQzzle that is greater than 132 sq. .ft. per

devi ce g festardiena @Bretstﬂe‘i‘gﬁéb'cﬁm‘fl es tb%trtg‘a@%z%é %%@S%F‘ibﬁ}%g?%t%%bl y a

maxi num 256 sq. ft. per device. Structural and installati o}r;gféeat %‘rges of the

above- ceikieg dsazalpspwwEzla srackizdbataanae feaye MAIENET $1X dest-Ry-shelset (Pib3231:

AquaM st System (Performance Based Design) Using Type AM7 & AM29 AquaM st

Nozz| e6 fffap aPnotimami spaciog of atgiut 1ROk 4R farAcchiaiinglyl e@clc ofthp opzzdes(fiat &

12/ 30/ 2008) ("TFP2231") which is attached to U. S. Provisional Patent

Appl | cglte'mfbdl\é@verﬁgé 493 p&TidzzIbith# eanganframya RiniOADS 386qofeeti peghyzzld fost ed i n

the table below are preferred fluid distribution devices types for the

variou ?ﬁ?«hﬁ k 94 &f it &% 1087214 | UsihP 8ndi8&Zr&reRtd bR 12 hdbnphich is to be
X |ze§r§§ﬁl¥%e %/E%quazM stml\% nI ésce:ri bed WO ke

comrer cl a Z71 €

2010/ 0£8559RCT/-US2010/ 020056 .Q) i Y 11 which is
to be g%ﬁ%?f Bfegffrflilgée Sggm?lgleg%%é %alga 834 }e?%%z?é%égs(gér ?Igr{e@be%%dv%g ?i ii) the
known nozzl e_of A&/gg Agwal\x}zst Nozzl e, not ed abogie; an éiv) .t he krg wn

frangi BIo& RisFaraly 858 epyy R 3t GHETAE PLSSHS IR 4RI O AP AR ﬁrovi des
preferred nunerical values of K-factor, operati n? pressure, devjce, spacing
and wagkqut d&drasidto smayMarEpEsYraRfifEPRICR0 Rk the watr demprt iog thsQrefRHE? ot 0o0d
that variability of the preferred varied value is enconpassed in the

pr ef er sestene pledetabig varieswitb thg cading height siitdoadinglef the otatarcletiend pi e s
sufficient to provide the desired mst-type fire protection. Wat er Denand
G eat eky@dm 20TiepRE@aI9detiesl KIRhO Mlosng Eritefi@4i)She giehter & thatmest @moke r enot e
nozzles OR 900 sq. ft (84 sq. n) Geater of 5 renpte nozzles OR 975 sq. ft

(91 s fiyPhozzles or a hydraulic design area of 900 sq. ft. area for a maximum ceiling height of

about ten feet and more particularly 9 ft.-10 in.; (ii) the greater of the most remote five
-19-



G eater of 5 renote nozzles OR 1044 sqg. ft (97 sg. m) Geater of 5 renote
nozzles OR 900 sq. ft (84 sq. n) Geater of 5 renbte nozzles OR 900 sq. ft
(84 sq. mvo2@oeEs®d of 5 renpte nozzles OR 900 sq. ft (@¢Tas0mwp2d@seat er of
5 renote nozzles OR 900 sq. ft (84 sq. m Geater of 5 renote nozzles OR

000 e bl Pl Sk IR P B TR b2 °9;

)C;. f7§ . 1t(bir?$@el)i Zc(rg\?,?aryd( glgg-e%a)lstig&agy P3lﬁ.-i(in9;lénd](i2ii) )t(helgzreétgr' o7f t})ie r%'oZt)re%l%texﬁvjéz (3.7 x
nozzles or a hydraulic design area of 1044 sq. ft. for a maximum ceiling height of about
seventeen feet and more particularly 16 ft.-5 in. For ceiling heights between about ten feet
and seventeen feet, the water demand can be defined by interpolation of the aforementioned
criteria. In the preferred system installation, preferred obstruction criteria provides that the
maximum vertical distance between a vertical obstruction and the diffusing element of the
preferred nozzle 18' is fifteen inches (15 in.) at a maximum horizontal distance from the
nozzle axis of about sixty-six inches (66 in.). The preferred nozzle 18’ for use in the system
10' is shown in FIGS. 11-18 and described below and in U.S. Provisional Application No.
61/193,875, filed on January 2, 2009.
[0065] In view of the above design criteria, the preferred systems using nozzles 18, 18’
which operate at a low to intermediate pressure (175 psi. <x < 500 psi.), preferably low
pressure (<175 psi) to provide mist-type fire protection for a coverage area per nozzle that is
greater than 132 sq. ft. per nozzle, preferably up to 144 sq. ft. per nozzle and more preferably
a maximum 256 sq. ft. per nozzle. As mist generating devices, the nozzles 18, 18' provide an
effective density of less than 0.1 gpm/sq. ft., preferably less than 0.05 gpm/sq. ft., and more
preferably a density of between about 0.05 gpm/sq. ft. and 0.03 gpm/sq. ft.
[0066] In another embodiment of the preferred system 10", the design criteria of the system
can provide for light and ordinary hazard occupancy protection in which the occupancy has a
compartmented protection area exceeding 1024 square feet. Additionally, the preferred
system 10" provides for protection for light and ordinary hazard occupancies beneath ceilings
having a maximum ceiling height of up to about 13 feet and more particularly 13 ft. — 1 in.

The preferred system 10" incorporates a network of known nozzles 20, such as for example,

the AM24 AquaMist®, from Tyco. The known nozzles are shown and described in a draft
-20-



11-5"x 11'- 5" (3.5 x 3.5) 9'-10" x 9'- 10P (3 x 3) 8 -2" x 8 -2" (2.5 x
2.5) 9-10" x 9'- 10" (3 x 3) 8 -2" x 8-2" (2.5 x 2.5) 8 -2" x 8 -2" (2.5 x
2.5) 15 xwo2010(@2839x 2.3) ; c. '5 = d a x PCT/US2010/020056

data sheet entitled, TFP2224: AquaMist Nozzle® Type AM24 Automatic (Closed) (Draft
09/22/2008), which is attached in U.S. Provisional Application No. 61/193,873, filed January
&Nw.MWMMMmmmMm€WmAM%@%MM%&MM%%Mmﬂ%IEMm
attached to U.S. Provisional Application No. 61/193,873. For the system 10" using the
preferred Tyco AM24 as the know nozzle 20, the devices have a K-factor of 0.64 gpm/psiv2
and a minimum operating pressure of about 100 psi and preferably 102 psi.

[0067] According to the preferred design criteria of the system 10", the preferred known
nozzles 20" are used to protect preferably about thirty percent (30%) of the entire
compartmented protection area and preferably no more than about 30%. However, the
percent coverage by the known nozzles may vary provides the combination of nozzle
components, provide effective protections to the occupancy. The remaining area is
preferably protected by one of the preferred nozzles 18, 18’ as previously described in
accordance with their installation and performance requirements. The design criteria for the
system 10" and the installation of the preferred known nozzles 20" is preferably a function of
the type of ordinary hazard being protected, the height of any storage that is present and the
height of the ceiling of the occupancy being protected. More specifically, the nozzles are
preferably installed with a nozzle-to-nozzle spacing that ranges from a minimum six feet-by-
six feet (6 ft. x 6 ft), to a maximum spacing of about 12 ft. x 12 ft based upon the group of
ordinary hazard being protected, the maximum ceiling height of the occupancy and the
presence of any storage. Accordingly, each of the nozzles 20 define a coverage area per
nozzle that ranges from a minimum of 36 square feet per nozzle to a maximum of about 144
sq. ft per nozzle. The water demand for the alternate preferred system 10" is preferably
defined by the greater of the most remote five nozzles or a hydraulic design area of 900 sq. ft.

arca.
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809 x 9  (81.x 81.) 9X9 (s. 84)9 x 9
WO 2010/078559 PCT/US2010/020056

[0068] The preferred nozzle-to-nozzle spacing for the known devices 20 is preferably defined
by the following preferred criteria in the absence of any storage: (i) for a Group 1 ordinary
hazard occupancy (NFPA) beneath a ceiling height of about ten feet and more particularly 9
ft- 10 in, the nozzle to nozzle spacing preferably ranges from a minimum of 6 ft. x 6 ft to a
maximum of about 12 ft. x 12 ft. and more particularly about 11 ft — 5 in. x 11 ft. 5 in.; (ii) for
a Group 1 ordinary hazard occupancy (NFPA) beneath a ceiling height of about thirteen feet
and more particularly 13 ft- 1 in, the nozzle to nozzle spacing preferably ranges from a
minimum of 6 ft. x 6 ft to a maximum of about 10 ft. x 10 ft. and more particularly 9 ft. — 10
inx 9 ft. - 10 in.; and (iii) for a Group 2 ordinary hazard occupancy (NFPA) beneath a
ceiling height of about ten feet and more particularly 9 ft- 10 in, the nozzle to nozzle spacing
preferably ranges from a minimum of 6 ft. x 6 ft to a maximum of about 10 ft. x 10 ft. and
more particularly 9 ft. — 10 in x 9 ft. — 10 in.; or (iv) for a Group 2 ordinary hazard occupancy
(NFPA) beneath a ceiling height of about thirteen feet and more particularly 13 ft- 1 in, the
nozzle to nozzle spacing preferably ranges from a minimum of 6 ft. x 6 ft to a maximum of
about 8 ft. x 8 ft. and more particularly 8 ft. -2 in x 8 ft. — 2 in.

[0069] The preferred system 10" further includes alternate design criteria for where the
occupancy may include ordinary hazard storage. In such an instance the design criteria
preferably provides nozzle-to-nozzle spacing for the known devices 20 in the presence of
storage as follows: (i) for a Group 1 ordinary hazard occupancy (NFPA) beneath a ceiling
height of about ten feet and more particularly 9 ft- 10 in with storage at a maximum height of
about 8 feet so as to provide a clearance of about two feet, the nozzle to nozzle spacing
preferably ranges from a minimum of 6 ft. x 6 ft to a maximum of about 8 ft. x 8 ft. and more
particularly about 8 ft —2 in. x 8 ft. - 2 in.; or (ii) for a Group 2 ordinary hazard occupancy
(NFPA) beneath a ceiling height of about eight feet and more particularly 8 ft- 2 in with

storage at a maximum height of about five feet (4 ft. — 11 in.) so as to provide a clearance of
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about three feet, the nozzle to nozzle spacing preferably ranges from a minimum of 6 ft. x 6 ft
to a maximum of about 8 ft. x 8 ft. and more particularly about 8 ft -2 in. x 8 ft. - 2 in.
[0070] In yet another alternate embodiment of the preferred system 10" the design criteria
provides for light and ordinary hazard occupancy protection in which the occupancy has a
compartmented protection area exceeding 1024 square feet. Additionally, the preferred
system provides for protection for light and ordinary hazard occupancies beneath ceilings
having a maximum ceiling heights which may exceed twenty feet. The preferred system 10"
incorporates a network of known automatic pendent sprinklers 22, such as for example, the
Series TY-FRB Sprinkler from Tyco. The known pendent sprinklers are shown and
described in the technical data sheet is entitled, TFP670: Series TY-B & TY-FRB — 10 mm
Orifice Upright & Pendent Sprinklers w/ISO 7/1-R3/8 Threads Standard & Quick Response
(July 2004) which is attached in U.S. Provisional Application No. 61/193,873, filed January
2,2009. The automatic sprinklers are preferably selected and installed in accordance with
NFPA 13. For the system 10" using the preferred Tyco AM24 as the known nozzle 20, the
devices have a K-factor of about 4 gpm/psi.”, preferably 57 Ipm/bar”, and a maximum
operating pressure of 175 psi.

[0071] According to the preferred design criteria for the system 10", the preferred sprinklers
are used to protect preferably about 30% and preferably no more than thirty percent (30%) of
the entire compartmented protection area. The remaining area is preferably protected by one
of the preferred nozzles 18, 18’ as previously described in accordance with their installation
and performance requirements. The design criteria more specifically provides that the
sprinklers 22 are disposed beneath the ceiling at a sprinkler-to-sprinkler spacing that ranges
from a minimum six feet-by-six feet (6 ft. x 6 ft), to a maximum spacing of about 12 ft. x 12
ft. and more preferably to a maximum of about 15 ft. x 15 ft. Accordingly, each of the

sprinklers define a preferred coverage area per sprinkler that ranges from a minimum of 36
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square feet per sprinkler to a maximum of about 130 sq. ft per sprinkler and more preferably
a maximum of about 225 sq. ft per sprinkler.

[0072] The water demand for the preferred system 10" preferably varies with the ceiling
height of the occupancy. Accordingly, the water demand of the system 10™ is preferably
defined by the following criteria:: (i) for ceiling heights up to and including ten feet (10 ft.)
the greater of the most remote five sprinklers or a 900 sq. ft. hydraulic design area; (ii) for
ceiling heights up to and including fifteen feet (15 ft.) the greater of the most remote five
sprinklers or a 1013 sq. ft. area; (iii) for ceiling heights up to and including twenty feet (20
ft.) the greater of the most remote five sprinklers or a 1125 sq. ft. area; and (iv) for ceiling
heights greater than twenty feet (20 ft.) the greater of the most remote five sprinklers or a
1500 sq. ft. area. For ceiling heights between about ten feet and twenty feet, the water
demand can be defined by interpolation of the aforementioned criteria.

[0073] Summarized below in Table 1 are the preferred design criteria for each of the systems
10, 10, 10", 10" described above. For any given light and ordinary hazard occupancy the
design criteria can be combined to provide a desired mist type fire protection in which
generally low to intermediate pressure (175 psi. <x < 500 psi.) and preferably low pressure
(<175 psi) devices area used to having coverage area per nozzle that is greater than 132 sq. ft.
per device, preferably up to 144 sq. ft. per device and more preferably a maximum 256 sq. ft.
per device. Structural and installation features of the above-described systems are also
described in draft data sheet TFP2231: AquaMist System (Performance Based Design) Using
Type AM27 & AM29 AquaMist Nozzles For Protection of Light & Ordinary Hazard
Occupancies (Draft 12/30/2008) (“TFP2231”) which is attached to U.S. Provisional Patent
Application No. 61/193,873, filed January 2, 2009. Accordingly, listed in the table below are
preferred fluid distribution devices types for the various system design criteria: (i) the nozzle

of FIGS. 2-10 which is to be commercialized as the AM27 AquaMist Nozzle described
24
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below; (ii) the nozzle of FIGS. 11-18 which is to be commercialized as the AM29 AquaMist
Nozzle described below; (iii) the known nozzle of AM24 AquaMist Nozzle noted above; and
(iv) the known frangible sprinklers TY-FRB sprinklers as noted above. The table provides
preferred numerical values of K-factor, operating pressure, device spacing and water demand.
As preferred numerical values, it should be understood that variability of the preferred varied
value is encompassed in the preferred embodiment as long as the resultant effective density is

sufficient to provide the desired mist-type fire protection.
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[0075] In another alternate embodiment of the system 10", preferred design criteria provides
mist type fire protection for a light hazard only occupancy having a maximum compartmented
protection area of 1024 square ft (sq. ft.) beneath a ceiling having a maximum ceiling height of
about eight feet (8 ft.). The design criteria more specifically provides that the nozzles 18 shown
in FIGS. 2-10, are disposed beneath the ceiling at a nozzle-to-nozzle spacing that ranges from a
minimum six feet-by-six feet (6 ft. x 6 ft), to a maximum spacing of 16 ft. x 16 ft. Accordingly,
each of the nozzles 18 define a preferred coverage area per nozzle that ranges from a minimum
of 36 square feet per nozzle to a maximum of 256 sq. ft. per nozzle. The water demand for the
preferred system is preferably defined by providing a sixty minute duration of water to each of
the nozzles 18 in the system at the operating pressure which can range from 140 psi to 250 psi.
[0076] In yet another embodiment of the system 10", preferred design criteria provides mist
type fire protection for a light hazard only occupancy beneath a ceiling having a maximum
ceiling height of about seventeen feet and more particularly 16 ft — 5 in. The design criteria
more specifically provides that the nozzles 18' shown in FIGS. 11-18, are disposed beneath the
ceiling at a nozzle-to-nozzle spacing that ranges from a minimum six feet-by-six feet (6 ft. x 6
ft), to a maximum spacing of 12 ft. x 12 ft. Accordingly, each of the nozzles 18 define a
preferred coverage area per nozzle that ranges from a minimum of 36 square feet per nozzle to a
maximum of 144 sq. ft. per nozzle. The water demand for the preferred system is preferably
defined by providing a sixty minute duration of water at an operating pressure in the range of
about 110 psi to 250 psi to a 1500 sq. ft. hydraulic demand area, or for protection of areas less
than 1500 sq. ft, providing the sixty minute water supply to each of the nozzles 18' in the in the

protected area.
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[0077] Summarized below in Table 2 are the preferred design criteria for each of the light hazard
only systems described above. The preferred systems are also described in the draft data sheet is
entitled, TFP2230: AquaMist System (FM) Using Type AM27 and AM29 AquaMist Nozzles For
Protection of Light Hazard Occupancies (Draft 12/30/2008) which is attached to U.S.
Provisional Patent Application No. 61/193,873, filed January 2, 2009. Accordingly, listed in the
table below are preferred fluid distribution devices types for the various system design criteria:
(i) the nozzle of FIGS. 2-10 which is to be commercialized as the AM27 AquaMist Nozzle
described below; and (ii) the nozzle of FIGS. 11-18 which is to be commercialized as the AM29
AquaMist Nozzle described below. The table provides preferred numerical values of K-factor,
operating pressure, device spacing and water demand. As preferred numerical values, it should
be understood that the variability of the preferred varied value is encompassed in the preferred
embodiment as long as the resultant effective density is sufficient to provide the desired mist-

type fire protection.
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[0079] The systems above incorporate preferred mist devices for the protection of at least one of
a light hazard occupancy only and a light and ordinary hazard occupancy having a ceiling with a
maximum ceiling height of at least 8 ft. The preferred devices include a body defining an
internal passage having an inlet and an outlet for the discharge of a fluid. For the preferred
devices, an orifice insert disposed within the passageway defines a K-factor of less than 1 gpm/
psi'/z. A pair of frame arms extend between the upper and lower body portion and centered about
the device axis, and a seal assembly is disposed in the outlet including a thermally sensitive
element to support the seal assembly. The preferred device includes means for diffusing the
fluid at a flux density of less than 0.1 gpm/sq. ft. for a fluid pressure at the inlet of less than 500
psi. to define a coverage area of the device of over than 132 sq. ft., preferably to a maximum of
256 sq. ft.

[0080] Show in FIG. 2 is the preferred nozzle 18 embodied as automatically operating nozzle
100 that includes a frame 112 having an upper body element 113 with external threads 114 for
coupling the frame 112 to a fire fighting fluid supply system such as for example, a branch line
of a water supply pipe. Alternatively, the body 113 can be configured for other type connections
to the fluid supply, for example, the frame 112 can include a groove, for a groove type coupling
connection to the fluid supply. Disposed within upper body element 113 is a strainer 115. The
strainer 115 includes a plurality of openings 116 to allow passage of fire fighting fluid while
filtering out debris which may clog or damage the internal passageway of the nozzle 100.

[0081] Depending from and preferably symmetrically about the body 113 are a pair of frame
arms 118, 120. The arms 118, 120 extend axially and preferably converge about a lower body

element 122 located distally of the upper body element 113. Preferably, the arms 118, 120 are
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preferably machined from a cast body of, for example, brass, in Wthl(’:l] thergpper body element
113, arms 118, 120 and lower body element 122 are integrally formed. The upper and lower
body elements 113, 122 are preferably coaxially spaced from one another along the nozzle axis
[II—III. The lower body element 122 is preferably elliptical to frustroconical in shape having a
proximal portion that converges in the direction of the upper body element 113 toward the axis
[TI—IIL
[0082] Referring to the cross-sectional view of the nozzle 100 in FIG. 3, the upper body element
113 has an inlet 124 and an axially spaced outlet 126 to define therebetween an axially extending
passageway 128 through which the fire fighting fluid can pass. When the nozzle 100 is in the
closed and unactuated condition, disposed within the outlet 126 is a seal assembly to seal the
passageway and prevent the flow of fluid from the passageway 128. The seal assembly
preferably includes a button 130 having a spring seal 132 disposed about it. The spring seal 132
engages a surface of the outlet 126 to form a fluid tight seal and prevent liquid flowing out of the
passageway 128 and discharging from the outlet 126.
[0083] A thermally sensitive element 134 is engaged with seal assembly to maintain the seal
assembly within the outlet 126 to prevent the flow of fluid from the passageway 128. Preferably
the thermally sensitive element 134 is a bulb 134 that is thermally rated to rupture in response to
a threshold temperature of a fire. The bulb 134 provides for automatic actuation of the nozzle
100 in response to a sufficient level of heat by rupturing in response to the fire so as to disengage
the button 130 and allow for the release of fire fighting fluid from the passageway 128. The bulb

134 is preferably configured with a Response Time Index (RTI) of 50 (meters—seconds)’/z or less,

and is more preferably about 36 (meters~seconds)'/2 so as to have a fast response, and more
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preferably, the bulb 134 is such that the nozzle 100 can be listed as a quick response device by
the appropriate listing agency. A load screw diffuser assembly 136 is preferably provided to
support the bulb 134 in its engagement with the button 130 to maintain the nozzle in its
unactuated configuration. The load screw diffuser assembly 136 is preferably threaded and
engaged within a bore 138 of the lower body element 22 of the frame 112.

[0084] Referring back to FIG. 2, an ejection spring 140 imposes a lateral force on the seal
assembly such that when the release element 134 bursts at a predetermined temperature due to
exposure to the abnormally high temperatures caused by a fire, the button 130 and spring seal
132 are thrown to the side from their normal or standby sealing position, thereby to allow fluid to
discharge through the passageway 128 and impinge upon a diffuser element 200, secured to the
loading screw assembly 136 to form the desired fluid mist spray pattern.

[0085] FIG. 3 shows disposed within passageway 128, just distal of the inlet 124, an orifice
insert 150. The orifice insert 150 is preferably configured with an outer geometry that is
substantially cylindrical in shape and dimensioned for a close slip fit within the passageway 128
of the upper body element 113. Preferably, the insert 150 defines an overall diameter of about
0.6 inches. The insert 150 is preferably located and supported in the passageway by a shelf 129
formed or machined in the inner surface of the upper body element 113 that defines the
passageway 128. The orifice insert 150 has a through bore 152 that is configured to control the
inlet and flow of the fire fighting fluid entering the nozzle 100 at the inlet 124.

[0086] Shown in FIG. 10 is a detailed view of the orifice insert 150. The through bore 152
defines a preferred profile in which the cross-sectional area of the through bore 152 orthogonal
to the insert axis narrows from the upper portion 152a to the lower portion 152b of the through

bore 152 to define the flow characteristics of the fluid entering the upper portion 152a and
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existing the lower portion 152b. The upper through bore portion 152a preferably defines a
substantially cylindrical volume to house a portion of the strainer 115, and the lower through
bore portion 152b preferably defines a narrower cylindrical volume to define the outlet orifice of
the insert 150. Transitioning between the upper and lower portions 152a, 152b of the through
bore 152 is an intermediate portion 152c¢ of the through bore that is substantially frustroconical.
[0087] Preferably, the upper cylindrical portion 152a of the through bore 152 has a diameter of
about 0.5 inches. The axial depth of the upper cylindrical portion 152a ranges between about 0.1
inches to about 0.2 inches. The lower cylindrical portion 152b of the through bore 152 has a
diameter of preferably ranging from about 0.16 inch to about 0.18 inch and more preferably
ranging from about 0.1675 inch to about 0.1705 inch so as to define a K-factor of the orifice to
be less than 1 gpm/(psi)‘/z more preferably ranging from of about 0.7 to about 0.9 gpm/(psi)% and
is more preferably 0.81 gpm/(psi)l/z .

[0088] The substantially frustroconical intermediate portion 152¢ of the through bore 152 is
preferably defined by an interior surface defining an inwardly convex, curvilinear shape for the
transition surface 154 between the upper portion 152a and the lower portion 152b. For
conditions in which the inlet fluid supply pressure to the nozzle is up to more than 250 psi, the
transition surface 154 can facilitate a stable discharge of fluid flow from the outlet orifice of the
lower through bore portion 152b to impact the diffuser element 200 without any significant
alteration of the water spray pattern.

[0089] In the cross-sectional view of the orifice inlet of FIG. 10, the transition surface preferably
defines an arc that can be approximated by one quarter of an ellipse having a major axis length of
about 0.326 inches and a minor axis length of about 0.218. It has also been found that

combinations of two or more radii can be used to approximate the shape of the preferred ellipse
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profile and therefore approximate the transition surface 154, as long as all radius transition points
are smoothly blended. For example, in one preferred embodiment, the elliptical profile can be
defined by a first arc 154a, and second arc 14b, in which the first arc 154a initiates axially at a
distance of 0.279 inches from the top surface 158 of the orifice insert 150 and radially
continuous with the interior surface of the lower portion 152b of the through bore at a preferred
distance of 0.08 inches from the insert axis E--E. The first arc 154a terminates axially at 0.187
inches from the top surface 158, radially at 0.118 inches from the insert axis E—E with a radius
of curvature of 0.227 inches. The second arc initiates 0.187 inches from the top surface 158 of
the orifice insert 150 so as to define a continuous smooth transition with the first arc 154a.
Moreover the second arc terminates at an axial distance of 0.146 from the top surface 158 and at
a radial distance of about 0.191 inches from the axis B-B of the insert, with a radius of curvature
of about 0.08 inches.

[0090] It has been determined that the profile of the orifice outlet of the lower through bore
portion 152b of the orifice insert 150 can also affect the stability of the fluid stream discharged
from the orifice insert 150 before it impacts the diffuser element 200 of the load screw assembly
236. Preferably, bottom surface 156 of the orifice insert defines a planar orthogonal surface
relative to the axis E—E of the orifice insert 150 such that the exit orifice of the lower portion
152b of the through bore is defined by a right angle transition between the interior of the lower
portion 152b of the through bore and the bottom surface 156 of the orifice insert.

[0091] Shown in FIG. 4 is a detailed view of the preferred load screw diffuser assembly 236
with the preferred diffuser element 200, a cone 202 and preferred load screw shank 204 coaxially
aligned along the assembly axis B--B. The diffuser element 200, cone 202, and load screw

shank 204 are preferably constructed as a single piece construction to form the load screw
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diffuser assembly 236. Alternatively, the load screw assembly 236 can be formed of discrete
components that are joined together by methods such as, for example, welding, threaded, or press
fit techniques. The cone 202 is preferably truncated at its proximal end and at the base of the
cone 202 the distal end includes a vertical transition 203 that extends parallel to the axis B—B to
the upper surface 210a of the diffuser element 200.

[0092] Referring to FIG. 4, the diffuser element 200 is preferably a substantially annular element
and is more preferably a frustroconical element having an upper diffuser surface 210a, a lower
diffuser surface 210b, and a peripheral surface 212 to define the outer edge and maximum
diameter of the diffuser element 200. The diffuser element 200 has a preferred maximum
diameter of about 0.5 inches. Referring to FIGS. 7 and 8, the upper and lower diffuser surfaces
210a, 210b are preferably parallel to one another. The surfaces are angled relative to the diffuser
axis B—B so as to define an included angle o relative to a plane orthogonal to the diffuser axis
B—B ranging between about 10 degrees to about 12 degrees and is more preferably about 11
degrees. Moreover, the upper and lower diffuser surfaces 210a, 210b are preferably spaced apart
to define a thickness of the diffuser 200 ranging between about 0.02 inch to about 0.03 inch. The
lower diffuser surface 210b preferably extends parallel to the upper diffuser surface 210a parallel
over a radial distance of about 0.23 inches and then transitions radially and axially to define the
maximum thickness of the diffuser at a preferred radial distance of about 0.24 inches. The
diffuser element 200 is preferably thicker at the outer edge such that the peripheral surface 212
defines an axial thickness of about 0.030 inch. The lower diffuser surface 210b then preferably
extends radially perpendicular to the diffuser axis B—B toward the maximum diameter of the
diffuser 200 to terminate at the peripheral surface 212 so as to define an annular lip 214 or skirt.

The annular lip 214 has a preferred radial thickness of about 0.02 inches.
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[0093] Referring to the plan view of the diffuser 200 in FIG. 9, the diffuser 200 includes a
plurality of through holes. In a preferred embodiment, the diffuser includes a first pair of
diametrically opposed through holes 216a, 216b aligned along a first diffuser surface axis C—C
and a second pair of diametrically opposed through holes 216¢, 216d aligned along a second
diffuser surface axis D—D. Each of the through holes 216a, 216b, 216¢, 216d are generally key-
hole shape being defined by a first circle overlapped by a second circle. For example, with
reference to through hole 216a, the through hole is defined by the first circle 218a, having a first
diameter preferably of about 0.05 inch and a second circle 218b having a diameter preferably
smaller than the first diameter at about 0.04 inch. The first and second circles 218a, 218b of the
through holes overlap or are in communication with another such that their centers are spaced
apart from one another along their respective diffuser surface axis by a preferred distance of
about 0.03 inch. The central axes of each of through holes 218a, 218b are preferably angled with
respect to the diffuser axis B—B, as shown for example in FIG. 4C. Preferably, the central axes
of each of the through holes 118a, 118b define an included angle of about 11 degrees relative to
a line parallel with the diffuser axis B—B.

[0094] The center spacing and first and second diameters of the preferably keyhole shaped
through holes 216a, 216b, 216¢, 216d preferably define a relationship by which the keyholes can
be scaled in size upward or downward. More specifically, the center spacing -- first diameter --
second diameter together define a dimensional relationship that is a multiple of 3-4-5. For
example, in the preferred embodiment described above, the keyholes 216a, 216b, 216¢, 216d are
characterized by the 3-4-5 relationship by a factor of 0.01 so as to have the center spacing of 0.03
inches, a second diameter of 0.04 inches in the second circle and a first diameter of 0.05 inches

in the first circle. Accordingly, keyhole shaped through holes 216a, 216b, 216¢, 216d can vary
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in size from one another or from nozzle to nozzle preferably provided the 3-4-5 relationship is
maintained.

[0095] Referring to the perspective view of FIGS. 5 and 6, each of the through holes 216a, 216b,
216¢, 1216d is preferably surrounded by a touchdown 220 formed in the upper surface 210a of
the diffuser element. The touchdown 220 creates a planar surface that surrounds the through
hole 216a, 216b, 216¢, 216d that is preferably substantially orthogonal to the diffuser
longitudinal axis B—B so as to define a step transition from the upper surface 210a to a
maximum depth of about 0.02 inches. Accordingly, the touchdown 220 further defines a wall
that extends from the planar surface in the direction of the axis B—B to surround the through
holes 216a, 216b, 216¢, 216d.

[0096] The touchdown 220 in the upper surface 210a is preferably formed by translating an end
mill along a respective surface axis C—C, D—D. Because the planar surface of the touchdown
is preferably perpendicular to the axis B—B, the walls of the touchdown 220 taper in the
direction of the surface axis C—C, D—D due to the angled upper surface 210a. The wall the
touchdown 220 preferably create a semicircular formation at the maximum depth of the
touchdown 220 that is concentric with first circle 218a of the through hole 216. At the
shallowest portion of the touchdown 220, a preferably rectangular opening is formed that defines
a linear edge that is perpendicular to the surface axis C—C, D—D and tangential to the most
peripheral edge of the second circle 118b. The rectangular opening of the touchdown 220 places
the planar surface of the touchdown 220 continuous with the upper surface 210a of the diffuser.
The portion of the upper surface that is continuous with the opening of the touchdown 220
defines a ledge surface 232a, 232b, 232¢, 232d that can carry water flowing through the

touchdown out to the peripheral edge 212 of the diffuser element.
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[0097] Referring back to FIG. 9, each of the through holes is preferably centered between a pair
of surface treatments. More specifically, the through holes 216a, 216b, 216¢, 116d are
preferably centered between a pair of channels 222a, 222b. In the inward direction, the channels
222a, 222b preferably diverge away from one another about the through hole 216a, 216b, 216¢,
and 216d. Each of the channels preferably initiates with an opening 224 at the peripheral edge of
the diffuser element 200. In the exemplary channel 222a of FIG. 5, the channel 222a extends
inwardly to terminate at an inner portion 226 between the cone 202 and the peripheral surface
712. The channel 222a is further defined by a pair of walls 228a, 228b that converge toward one
another at the inner portion 226. The first wall 228a preferably diverges from a diffuser surface
axis C—C, D—D at a preferred angle of about 20 degrees and more preferably an angle of about
19.5 degrees. The second wall 228b preferably diverges relative to the respective surface axis
C—C, D—D at a preferred angle of about 8 degrees. Moreover, the walls 228, 228b preferably
taper narrowly in the inward direction such that the channels 222a, 222b become more shallower
in the inward direction. Alternatively, the channels can be of a constant depth along their length.
[0098] Adjacent channels 222a, 2220 are placed in communication with one another. More
specifically, the innermost portions 226 of adjacent channels 222a, 222b overlap one another
such that the longitudinal axes of the channels 222a, 222b intersect one another. The channels
222a, 222b do not extend axially through the diffuser element 200. Accordingly the channels
have a bottom surface that preferably extends parallel to the upper diffuser surface 210a.

[0099] In a preferred installation of the load screw assembly 26, the threaded shank 204 is
disposed within the lower body element 222 of the nozzle 210 such that the load screw assembly
axis B—B is coaxially aligned with the nozzle axis IIII. Moreover, the cone 202 is brought

into a position to axially support the bulb 134 of the nozzle. In the preferred installation, the load
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screw assembly 236 is installed such that the surface axes C—C, D—D are each disposed at an
angle of 45 degrees relative to a plane defined by the arms 118, 120 bisecting the diffuser
element 200 so as to align the arms 118, 120 between adjacent through holes, for example, 216a,
216c¢.

[00100]  The through holes, touchdown, and channels divide the upper surface 210a of the
diffuser element 200 into spaced apart regions. For example with reference to FIG. 9, upper
surface 210a preferably includes a first region 230 and a second region 232 in which the first
region 230 is preferably radially inward of the second region 232. Each of the first and second
regions are preferably symmetrical about the central diffuser longitudinal axis B—B.

[00101]  In the preferred embodiment of the diffuser 200, the first region 230 has four parts
230a, 230b, 230c, 230d equiradially disposed and continuous about the cone 202. Each part
230a, 230b, 230c, 230d of the first region 230 includes a center surface disposed between two
wing surfaces in which the center is defined by the intersection of the adjacent channels 222a,
222b. In the preferred installation of the load screw diffuser assembly 236, the centers of
diametrically opposed parts 230a, 230c are aligned with the plane defined by the arms 118, 120
and the centers of the other diametrically opposed parts 230b. 230d are orthogonal to the plane.
[00102]  In the preferred embodiment of the diffuser 200, the outer second region 232 has
eight parts equiradially disposed and spaced about the cone 102. With reference to FIG. 9, half
of second region is 232 is defined by the four ledge surfaces 232a, 232b, 232¢, 232d in
communication with the openings of the touchdowns 220. The other half of the outer second
region 232 is defined by the parts 232¢, 232f, 232g, 232h located between intersecting adjacent

channels 222a, 222b.
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[00103]  The diffuser element 200, alone or in combination with one or more of the cone 202,
arms 118, 120, and frame 112, provides the nozzle with the means for diffusing the fire retardant
fluid in a spray pattern to define a coverage area. Preferably, the frame 112, diffuser element
200 and cone 202 cooperate to distribute a flow of fire retardant fluid from the upper body
element 113 to define a preferred spray pattern. The spray pattern provides a preferred flux
density for a given area beneath the nozzle in response to a given pressure of fluid supply when
the nozzle is disposed at a specific height above floor of the area being protected.

The preferred embodiment of the nozzle 100 is to be commercially embodied as an
AQUAMIST® Nozzle: AM27. A draft data sheet of the to-be-commercialized embodiment of
the nozzle 100 is included in U.S. Provisional Application No. 61/193,874 which is incorporated
by reference to incorporate the data sheet. The draft data sheet is entitled,
TFP2227:AQUAMIST® Nozzles: AM27 Automatic (Closed) (Draft 09/22/08).

[00104]  Shown in FIG. 11 is the other preferred nozzle 18' embodied as a normally closed
automatically operating nozzle 300 includes a frame 312 having an upper body element 313 with
external threads 314 for coupling the frame 312 to a fire fighting fluid supply system (not shown)
such as for example, a branch line of a water supply pipe. Alternatively, the upper body 313 can
be configured for other type connections to the fluid supply, for example, the frame 312 can
include a groove, for a groove type coupling connection to the fluid supply. Disposed within
upper body element 313 is a strainer 315. The strainer 315 includes a plurality of openings 316
to allow passage of fire fighting fluid while filtering out debris which may clog or damage the
internal passageway of the nozzle 300.

[00105]  Depending from and preferably symmetrically about the body 313 are a pair of frame

arms 318, 320. The arms 318, 320 extend axially and preferably converge about a lower body
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the button 330 and allow for the release of fire fighting fluid from the passageway 328. In the

preferred embodiment, the thermally responsive element can have a temperature ratings ranging
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between about 125°F to about 300°F, and more preferably is any one of 135°F, 155°F, 175°F.
200°F, and 286°F. The bulb 334 is preferably configured with a Response Time Index (RTI) of
50 (meters—seconds)% or less and preferably about 36 (meters—seconds)% so as to have a fast
response, and more preferably, the bulb 334 is such that the nozzle 330 can be listed as a quick
response device by the appropriate listing agency. A load screw assembly 336 is preferably
provided to support the bulb 334 in its engagement with the button 330 to maintain the nozzle in
its unactuated configuration. The load screw assembly 336 is preferably threaded and engaged
within a bore 338 of the lower body element 322 of the frame 12.

[00108]  Referring back to FIG. 11, an ejection spring 340 imposes a lateral force on the seal
assembly such that when the release element 334 bursts at a predetermined temperature due to
exposure to the abnormally high temperatures caused by a fire, the button 330 and spring seal
332 are thrown to the side from their normal or standby sealing position, thereby to allow fluid to
discharge through the passageway 328 and impinge upon a diffuser element 400, secured to the
loading screw assembly 336 to form the desired fluid mist spray pattern.

[00109]  FIG. 12 shows disposed within passageway 328, distal of the inlet 324, an orifice
insert 350 preferably supported by a shelf formed along the interior walls of the upper body
element 313 forming the passageway 328. More specifically, the orifice insert 350 is
dimensioned to define an orifice outer diameter ODo, preferably of about 0.5 inch and more
preferably ranging from about 0.494 to about 0.498 inches, so as to form a slip fit within the
passageway 328 of the upper body element 313 and in engagement with the shelf formed along
the interior walls forming the passageway. The orifice insert 350 further includes an interior
through bore 352 through which incoming fluid flows. The orifice insert 350 and through bore

352 preferably is configured with an orifice inner diameter ODi of about 0.17 inches and is more
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preferably about 0.172 inches so as to define a K-factor for the nozzle 10 of about 9.2
(Ipm/bar”). Alternatively, the orifice insert 50 and its through bore 52 can define a K-factor in
the range of about 0.10 to 1.00 gpm/(psi)”, preferably in the range from about 0.5 to 0.70
gpm/(psi)”, and more preferably is about 0.59 gpm/(psi)'/2 (8.5 Ipm/bar”®) Moreover, although the
orifice insert is substantially circular in its plane view, the insert 50 can be alternatively
configured with a non-circular shape.

[00110]  Upon actuation of the nozzle 300, the sealing system is released and a vertically
directed, relatively coherent, single stream of water passes through the orifice insert 350 and its
through bore 352 for discharge from the outlet 326 to impact the diffuser element 400 for
distribution in a preferably radially outward and downward spray pattern beneath the nozzle 300.
The diffuser element 400 is disposed coaxial with and preferably affixed about the lower body
element 322. More preferably the diffuser element 400 is disposed about the distal end of the
lower body element 322, external of and distal to the frame arms 318, 320.

[00111] Shown in FIGS. 14, 15, 16, 17 and 18 is the preferred diffuser element 400 in plan,
cross-sectional and detailed views. In plan, the diffuser element 400 defines a substantially
circular shape with an outer peripheral edge 402 formed about a central diffuser axis Y-Y. The
diffuser element includes a central bore 404 sized to receive the lower body element 322 of the
frame 312. Referring more specifically to the views of FIGS. 16 and 17, the diffuser element
400 is a substantially frustroconical member having an upper surface 406 and a lower surface
408 that is preferably substantially parallel to the upper surface 406. The upper and lower
surfaces 406, 408 are spaced apart so as to define a thickness of the diffuser element 400, which

is preferably about 0.05 inches. When installed, the upper surface 406 of the diffuser faces the

-44-



ui

it 0a) LGOO co ..:r oci Mn. Op. Pressure (Psi.) 0171. C.,....

K-Factor- gpnipsiY2 1.80 0) U to ci Device Type

WO 2010/078559 PCT/US2010/020056

outlet 426 of the nozzle 300 so as to be impacted by the stream of fluid discharged from the
insert orifice 350.

[00112]  The diffuser element 400 is preferably formed such that the upper surface 406 has a
plurality of surfaces that are disposed at angles with respect to one another. Preferably, the
diffuser element 400 includes a substantially planar central base region 406a and an outer
annular substantially planar region 406¢ in which each of the central and outer regions of the
upper surface 406 are disposed orthogonal to the nozzle axis XIII—XIII when the diffuser
element 400 is installed about the lower body element 322. The diffuser element 400 is further
preferably formed such that the upper surface 406 defines a generally annular intermediate
region 406b between the central region 406a and the outer region 406¢. The intermediate region
406b preferably defines a truncated cone slanted at a downward angle, a, relative to a plane
parallel the central and outer planar regions 406a, 406b. The angle a preferably ranges between
about e.g. in the range of about 15° to about 60° and is more preferably about 18°. The
intermediate region 406b is preferably substantially continuous with the central region 406a and
the outer region 406¢ such that the diffuser element defines an axial spacing H between the
central and outer regions 406a, 406¢c which ranges from about 0.14 to about 0.15 inches and is
preferably 0.148 inches.

[00113]  Referring to the plan view of FIG. 15, the surfaces of the diffuser element 400
further define a plurality of slots and through holes that through which fluid flows to form the
spray pattern of the nozzle 300. In the preferred diffuser element 400, the plurality of slots
preferably includes at least three groups of slots 410, 412 and 418. Generally, each of the slots
has an initial portion, a terminal portion and an intermediate portion that is continuous and

disposed between the initial and terminal portions. The initial portion of the slot is defined by an
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opening along the peripheral edge 402 of the diffuser element 400. The opening forms a pair of
spaced apart walls in the diffuser element 400 that extend inward toward the diffuser axis Y—Y
so as to define the intermediate portion of the slot. In each of the slots of the diffuser element
400, the pair of walls converge to form the end face of the slot and define the terminal end
portion of the slot. The spacing between the walls define the width of the slot. The spacing
between the walls of the slot can be constant along the length of the slot or alternatively the
spacing between the walls may vary. Moreover, the wall spacing of the slot can vary either
continuously along the slot length or vary discretely such that one portion of the slot varies from
another portion of the slot, for example, the terminal portion may be wider than the initial or
intermediate portion of the slot.

[00114]  In the preferred embodiment of the diffuser element 400, the groups of slots 410,
412, 418 vary with respect to one or more of the slot features such as, for example, slot width,
slot length, and/or geometry of any one of the initial, intermediate or terminal portions of the
slot. Referring to FIG. 18, the diffuser element includes a first group of slots 410 in which the
opening and wall of the slot are dimensioned to define a preferred constant width W, along the
length of the slot between the initial and intermediate portions. The terminal portions of the slots
410 of the first group 410 are defined by a pair of radii R1 and R2 whose centers are spaced apart
by a distance Cs. The center spacings Cs are preferably dimensioned such that the terminal
portion of the slot defines a slot width greater than the slot width W1 of the initial or
intermediate portions of the slot. The first group of slots 410 preferably includes a total slot
length that is defined by the end face of the slot being tangential to a circle having a radius R3

from the diffuser axis.
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[00115]  Within the first group of slots 410, the preferred embodiment of the diffuser element
400 includes at least three types of slots 410a, 410b, 410c which vary with respect to one or more
of the slot features such as, for example, slot width and/or geometry of any one of the initial,
intermediate or terminal portions of the slot. For example, the slot widths W1 of the initial and
intermediate portions vary from slot type to slot type as do the center spacings Cs vary from slot
type to slot type. Moreover the end faces of the slots in the terminal portion of the slots in the
first group can be further defined by another radius R4 whose center is located at a distance
further outward from the peripheral edge 402. The end face portion defined by the additional
radius R4 joins the end face portions defined by the spaced apart radii R1 and R2.

[00116] In asecond group of slots 412, the slot opening and walls are preferably spaced to
define a slot width W2 that is substantially constant along the slot length from the initial portion
through the intermediate portion of the slot. The terminal portion and end face of the slot is
preferably defined by a radius R6 whose center is centrally disposed between the two walls of
the slot so as to be located along the central axis of slot. The end face in the terminal portion of
the slot is preferably located at a radial distance RS from the central axis Y—Y of the diffuser
clement 400. Preferably, the radial distance R5 from the diffuser axis of the second group of
slots 412 is less than the radial distance R3 from the diffuser axis of the first group of slots 410
such that the slot length of the second group of slots 412 is greater than the slot length of the first
group of slots 410.

[00117]  The diffuser element 400 preferably includes a third group of slots 418 having its
opening along a peripheral edge 402 and preferably located along the end face of one of the other
group of slots 410, 412. More preferably the opening of a slot in the third group of slots 418 has

its opening located along the end face and in communication with the terminal portion of a slot

-47-



...l WD 2010/ 078559PCT/ US2010/ 020056 [0079] The systens above i ncorporate
preferred m st devices for the protection of at |east one of a |light hazard
occupancywonbw/assga | i ght and ordi nary hazard occupancychmaseeg/oa00sei | i ng
with a maxi numceiling height of at least 8 ft. The preferred devices

i ncl f{ni internal. passage .havy n.nket and an, outl et
for #ﬁge g\lrsls? gﬂ%&p 3’3 816)? . j'z;l%f Iallk}lledx.’ allgg FY %g %ber Sg‘?te‘?npgldwg{} i?\Eeetb{rd giPU8Pf ‘?f?@ég i nsert
di sposed wit hi.n the passageway defines a K-factor of | than 1 gpm 1/2
os; PER R A St PO e i HBE s Eh el et HIh Py por L on
and centered about the device axis, and a seal assenbly is disposed in the
out | BietgraRly Gemstat ate Fernthe Injtial @arion;thwugh gedntermerdiata ppiion in Hs inward
assenbly. The preferred device includes nmeans for diffusing the fluid at a
f | uxdigestisnt heferingss pottian afd éndyfand sfithe flot isfroefembiyl defide¢pbessadies RT t he inl et
of less than 500 psi. to define a coverage area of the device of over than

132 shjoscldenter preeheslabdiypdsed Betta My Mo TvaRb6f 8 .sldt ko ad RABAdcaRMbidhEl G 2
is the preferred nozzle 18 enbodi ed as automatically operating nozzle 100

t hat cdnal 4dest @e slo8MEh ; S oheriLv 4 ' rnal

t hreads 114 for coupli%éggggy??%ﬁe 112 ?gngﬁg¥Pghgﬁgﬁﬁfﬁéé?fh%%m§é%%Iy

syst . Ry al ' wa S I ipe. ..

At o e S BeRy Ron R TR G ofis VB3t BB A 300 R BRI ons o
the £luid I f exanpl he frane. 112 n include a grooye, for a

ar ootetbR BBmibe HETeE ALY ion S el Finna 4 LEBARy DB pssBariiahi n_ upper
body el ement 113 is a strainer 115. The strainer 115 includes a plurality
of opieRNsFRo frem the diffusermpaeidhgteceond gioua of plgkt41Rgr fhma@amﬁtﬁ@cemp frem ng out
debris which may clog or damage the internal passageway of the nozzle 100.

[ 008thE dibépeneiingf the dmst gnalipmfefots BB spcls thatrthertérosihdl poettonudf thethird@eyupbf3 are a
pair of frame arns 118, 120. The arns 118, 120 extend axially and

pr ef doald pcaehuergadabe utwad iowahe kodihabpation ofl?Bel e dtgdradipstialory of the
upper body el enent 113. Preferably, the arns 118, 120 are WD

201040b@3e-T1 VSRA4Q/ 020056 formed integrally with the upper and |ower
body elenents 113, 122. The frane 112 is preferably nachined froma cast

bodyiopiig1f O 1% ABHE e é?ﬁ@o%iﬁﬁg,%g"@&&ﬂg&%fﬁ@@%bérgﬁgelé{nggﬁ%@e&%% by g e 118,

120 ower body el enent are 1 ntegra d | ower

body enents. 113, 122 .are, preferagbly coaxjally spaced from one apot her
aloh6%¥ﬁg%ﬁ3?gp’pg?PEOfﬁwSkRS?ﬁgeﬂB OW%@U?%FQHQ ‘mT§§t$§HbFﬁﬁ§ﬁg%$y
ellié}ica% to frustroconical in shape having a proximal portion that
convEPYRET FIats (8 agfi as dopghhheles tormingfyabstpriipllydeas sEonred sSRPed RBeNg e axi s
[0082] Referring to the cross-sectional view of the nozzle 100 in FIG 3,
t he thpgdfuspodgmentdhasing comdethlysoand by ke tffa@ivebrapntinuaxivalll y spaced out | et
126 to define therebetween an axially extendi ng passageway 128 through
whi cl0011y fiTle diffgkrictegneht 400dpreerabppisludthie plukdizy odthzdugh hoRsi 81dré t he

cl osed and unactuated condition, disposed wwthin the outlet 126 is a seal

asseftbfeyabl g tsedkfutdielddas:s AgeWeNdap RFESVESE olbhiss & RwWul hdlkdth . & 9 pithe
passageway 128. The seal assenbly preferably includes a button 130 having a

spri { - i he spring seal 132 engages a surface of
DEeen R e pBRn AT Rl o bropd

the o 126 'to seal and prevent liquid flow ng out of

t he ge 128 and dj-.s Lhg fro he tlhet 126. [0Q83] A thermally
sens@?i@@ eﬁgﬁéﬁ?“ﬁgnmﬁﬂbéﬁggégﬁmaﬁ¥wpEEﬁFm&§§EWHVV%ﬂ%P%%?%§%in the sea
assenply within the outlet 126 to prevent the flow of fluid fromthe
pass%‘ﬁg%‘éﬁiﬁni’f@}pt’ﬁ?]e‘f‘é 451 apd itheseeprst grarp of dets il b iswbapriiditkeydoleds a bul b
134 that is thermally rated to rupture in response to a threshold

t enpéppadu rl‘ém@fsmplﬁwléu theHestiznoup df3dropglohivlde414 ae paaferebintdlangaetisats tn of the
nozzle 100 in response to a sufficient |level of heat by rupturing in
response to the fire so as to disengage the button 130 and all ow for the
rel ease of fire fighting fluid fromthe passageway 128. The bulb 134 is
preferably configured with a Respond& Tinme |ndex (RTlI) of 50
(meters-seconds) or less, and is nore preferably about 36
(meters-seconds)1/2 so as to have a fast response, and nore



-32- WD 2010/ 078559PCT/ US2010/ 020056 preferably, the bulb 134 is such that
the nozzle 100 can be listed as a quick response device by the appropriate
i sting agenow/n7gsshoad screw di ffuser assenbly 136 is preTasaibyp2@sovi ded
to support the bulb 134 in its engagenent with the button 130 to nmaintain

t he le dn i.ts upnactuate onfiguration. The | oad screw diffuser
asseﬁ%ﬁz/a xﬁ@gr ?Xslg lﬁlrtgl glr“a%io;? O(l}ﬁfoélgatéagl %ﬁd‘ sg‘ﬂﬁ%fgra’ﬂ‘OW’flﬁ Pﬁﬁ%go%lrt8 heggaigE ¢ he
Iomer.bo?é el.enent .22 of the franme 112. £0Q84 Referqu% back to FIG 2, an
ej ect¥on ' SpITHG Pies Prﬁ% Inferpecisathg centigt ds St Y taediffuses slemsni4@uch t hat
when the rel ease elenent 134 bursts at a predeterm ned tenperature due to
expoll¥2llk o Thresesprfbgnerp f thuough hodasdd b atamlsspreferabdyl clopgaied saras,to hives Hut t on
130 and spring seal 132 are thrown to the side fromtheir normal or standby
seal mapr puisiin thenlirettiver allya mnoahtiowrthdgond tb ohalinsjohatige Thémajoghxishe
passageway 128 and inpinge upon a diffuser elenment 200, secured to the

| oadpreeraisly auerscsLib oyntiad Bxit -asihd dieruste sidhtdt 4001 TheleséndRb@YofPat t ern.
[0085] FIG 3 shows disposed within passageway 128, just distal of the

I Nl efhrdiddhhoftd 496 hid &eh h@ﬁﬂdt%%t Jégguts Rl afnh%%eéd?ﬁqﬁcﬁifl%ﬁ% bgenRlSigr.ap! y

configured wth an outer geonetry t I's substantrally cylindri€al in

shap . di i for a.close, slip, fit withinth S eway 128 of the
uppe?eng%}giilsﬁgg{%%zdﬁ%qﬁg?a?%rag & g}bﬁ t{/‘foutgﬁleml:ﬁrﬂg ?Rigﬁoagf%)dﬁ‘ésmsover al |

di anet er .of ahout., 0.6 i.nches. The insert 150 i referably ] ocated and
suppdf feéﬂ’??' ﬁm?jﬁeé ﬂﬁ?é‘stggbwwé;s%th@] ‘ﬁe @@M‘gl%‘ﬁ speseaitiaBykesnhaled i nner
surface of the upper body elenent 113 that defines the passageway 128. The
or i f @B tfpsEing namewlyHg the inwersldjreciore 152 that is configured to control the
inlet and flow of the fire fighting fluid entering the nozzle 100 at the

i nl el00122]. [DesBffusnelemenn4( Gprdferably farngiet ki bemdingi achialf thiihie pomdhed o | nsert
150. The through bore 152 defines a preferred profile in which the

cr osax sdtitthonalouaphaalith of bietstdnd aughgtborsles. 182sHnNagRNabsst Refidial {iegest axis
narrows fromthe upper portion 152a to the | ower portion 152b of the

th ] ! " f e 1 ) Ceri
he oo o o . b v B el Pteledli St o
t he_ e!c%‘ﬁ@gz Hg%ﬁé B kRt mEG r H%Bl%{erw&q@di?t?\ée% 4@825%'&1%?0 ppérg e?a r%]:‘ %q% Ly

defin substantial Ty cyli1ndrical vol une hou

strajper 115, .and the | r, 1 hrough. bore rti 152b_preferably defines a
mar 1 Bab PR TS BrETo8h i GRSt e et Bl 0p FBrF b Beahes foMenger ¢ 150.
Tragﬁition'ng bet ween the upper and | ower portions 152a, 152b of the

t hr JUFREBLPE 01 80Ut 8- 23rinches andribgipkanar ¢rpitel based BRionsK06e Hefingsaguefrrpdr e t hat
is substantially frustroconical. [0087] Preferably, the upper cylindrical
por thaspdiageter & aflaboutH:4uigbhdso e 26¢ et agermediatnmetion 466b,a408b praderdbliynches.
The axi al depth of the upper cylindrical portion 152a ranges between about
0. 1 defiobesralmsaboatsitthn? comidvess withehd iau@rcentydlirfelon ¢aba, P08 iranhd Sabr of t he

t hrough bore 152 has a dianeter of preferably ranging from about 0.16 inch

to q:féﬁghergl- r&8ioh 306c, A08c. "VIote HeiRARPILY (6:2R%0bA Bedd PHE oQteilthégmi z{x‘ﬁh to
. e [ ess than

about 1705 inch so as to define d K-factor of the orifice to
1 i i f f 0..7 to.ab 0.9
5o RS e B8 REL AR, LS\ O BhOll el BagpY] g
b tially,f t i.cal int dj j 152 the th h b
255 15 Eolslal aehihd T PR st rrar IO ulRt A Ry G b fr dly

convex, curvilinear shape for the transition surface 154 between the upper
por tArefRreEdiamsiss DBins apevie ingy r Theoferma bend bevsaithd eongal raginhirehthene i ni et
fluid supply pressure to the nozzle is up to nore than 250 psi, the

t r anstiermestate magiacteimegalong thied o uafee 4084 prbfeereditsobidoyeadnfs K12uhat i§ | ow f r om
the outlet orifice of the | ower through bore portion 152b to inpact the

di ffuser elenment 200 without any significant alteration of the water spray
pattern. [0089] In the cross-sectional view of the orifice inlet of FIG

10, the transition surface preferab4y defines an arc that can be

approxi mated by one quarter of an ellipse having a major axis |ength of
about 0.326 inches and a minor axis |length of about 0.218. It has al so been
found that conbinations of two or nore radii can be used to approximate the
shape of the preferred ellipse -34-



WO 2010/ 078559PCT/ US2010/ 020056 profile and therefore approxi mate the
transition surface 154, as long as all radius transition points are

snoot hl y wbentexdsssbor exanpl e, in one preferred enbodi meatrjustéie/oedosé pti cal
profile can be defined by a first arc 154a, and second arc 14b, in which

the thfspdnt & thada c'eﬁ%t} !:1?&11 cﬁ&saal Ji%l@'%bggt gﬁre] ?ﬁff‘ggﬁe%’ﬁq% vy %Z%n%?j%pe%érrgdr om t he

top surface 158 of t oritfice 1nsert y contli us wth the

i Nt er) Q . | ower portion 152b of the through bore at a
prefg$réﬁ§g%£ é%@gg%%P€{ “inches fromthe insert axis E--E. The first arc

154a t ern nates ially at 187 inches fromthe top surface 158, radially
at 0 .uioig?i nchgg dithsin q¢me ﬁ‘ggﬂ% Praieraibefa@lﬁﬁt?#ramradmoa@h%ﬂar%ﬁ? ¢HXire of
0.227 inches. The second arc initiates 0.187 inches fromthe top surface
158 SRNIR&0GrTomnee HOAgwer ASTHA BJ@3 aShewn ielfliChd4 as puefdrred dlank<iffotorbe
transition with the first arc 154a. Mireover the second arc terni nates at
an akémlfodiabtication aofl f@nbd6n bf dinptdferr¢dogi fiaserfebemeenl 5. dhitk @tfeared athinkl

di stance of about 0.191 inches fromthe axis B-B of the insert, with a

r adi 480°af irgtidled siibetadfial BN br PlalS ﬂlﬁﬁﬁ@f’naviﬁlg@%Qﬂ)stérﬁiahﬁ%ir@ﬁ%h@ﬁé ®ItA ned
that the profile of the orifice outlet of the | ower through bore portion

152b 30 butePferPhbfal 6€e 03G0imeHoDohBRe BlaaR caidRGkist e BLARUbY MM the fluid

stream di scharged fromthe orifice insert 150 before It Inpacts the

diff r ew.assenpl 6. eferab ttom
surf g?:rgghf g‘% %%yé%%&c%fl | % § é%?ﬁd}?gg‘?%ﬁ%g% dﬁ%é‘etgﬁ%f é’ﬁ’ gbia%(r{q%é%l% F{)%E #15 ce
relative to. the LS .E-E.of the qgrifice insert 150 such that the exit

or i { [HEBSSq ?P‘hg‘f’flgéﬁ-‘? 1{5?3?4‘15&?6&%323’06? 444 é’rﬁr}ﬁ@%‘déﬂf%@ 3 erglsdimvgeh by a ri ght
angle transition between the interior of the |ower portion 152b of the

t hr ol diameie of peous 825 dnshser The blanks 0@ falsoHaclyddsta nreferrad grouping®d91]  Shown
in FIG 4 is a detailed view of the preferred | oad screw di ffuser assenbly
236 sipotsH10he 1pt, 6 &randdhmbugli beles 4 B ehih whRO0n theirdonb @62 defintt the pfefarredd | oad
screw shank 204 coaxially aligned al ong the assenbly axis B--B. The

di f f plsiedlitebestentan@ MRoughtivdes2I2he diffdsdreashanen@y shank 204 are preferably
constructed as a single piece construction to formthe | oad screw -35- WO

2010{00189559 PFE%U??&Q{QJMQ@(%O@ dab S Lhe RSB oY s18B%as A IffiflFbhyel ¥, the oad

screw assenbly 236 can be foH ed of discrete conponents that are joined

t oge : g l.e,.. I ..th r.press fit

t eonir aab¥oriEh 108, AEeRite SoiorARTD it BL R £ 5 en BRitda"and ot
the base of the.cone, 202 .the dist nd. includes a vertical transition 203
t hat T aRael SRR de b ar e 8Os PhecSarontineai@eshba or 1 ho

di ffuser el enent gog. [ 0092] Referrtn% to FIG 4, the diffuser elenent 200
i s pPEEERbedecs 2] psthgmsiarsdblarkntOir Thr enening Wiwas p pairef epasedrrartamalls a
frustroconi cal el ement having an upper diffuser surface 210a, a |ower

di f f wghe pesfarfedddarki4y,; thanektendiamiaphtematd hablaakex D —+8’ steds tndefibethout er
edge and mexi num di anmeter of the diffuser el enent 200. The diffuser el enent
200 imessmadiptegfoetisredt thaxlbmimedelaotihe sloaf ofakoprefebed biank 166°, tHRef@r dfivagist 0

FIGS. 7 and 8, the upper and | ower diffuser surfaces 210a, 210b are

pr ef @imablok tPasral theknd McOBLHRRRYE hed defﬂ;{&hétéhﬁgﬁpéada;{o%@m@ Rdsipg! ative to the

diffuser axis B-B so as to define an included angl'e a relative to a pl ane

about e 5 ae b e o Rl o hAORLT B BER T e BRANS o Ao BEI0E"" 1o
ot - h o PR L opST o PSP T 26010 Sk Podr 2Bl B O5bnch o

about 0.03 inch. The | ower diffuser surface 210b preferably extends

par allPtdengtl andeor geprastrypiany«de of therinigial, Mternsdintaen temmigglaorbonsadithd  di st ance
of about 0.23 inches and then transitions radially and axially to define

t he fieixilhgmrethirekblesls4¢F indledediaffirstsgrouract dotpd &0’ an méuichr thel bpdninli stdamade of
about 0.24 inches. The diffuser elenent 200 is preferably thicker at the
outer edge such that the peripheral-58urface 212 defines an axial thickness
of about 0.030 inch. The |ower diffuser surface 210b then preferably
extends radially perpendicular to the diffuser axis B-B toward the maxi num
di aneter of the diffuser 200 to termnate at the peripheral surface 212 so
as to define an annular lip 214 or skirt. The annular lip 214 has a
preferred radial thickness of about 0.02 inches. -36- WO

2010/ 078559PCT/ US2010/ 020056



[0093] Referring to the plan view of the diffuser 200 in FIG 9, the

di ffuser 200 includes a plurality of through holes. In a preferred

enbodi nenvo 20tve7essbf user includes a first pair of di anercirasbégoopposed

t hrough hol es 216a, 216b aligned along a first diffuser surface axis CC
and a_.second pair of djanetrically aopposed through holes 216c¢c, 216d aligned
21 ongt Beshiariaent oast o darret aretired opwmmteddlr Wi ! e IRIGEghoHBF 8t 2165,
216b, 216c¢, 216d are generally keyhol e shape being defi ned by a first

ci r clbetwspe icapisiebiansyintermedisadodions| Ehe roninakperpibes ofithe sotsdfl 8r efrtbe firsp

t hrough hol e 216a, the through hole is defined by the first circle 218a,
havi goup 4101 st ddiinerebyes pgr ef mdaR’ | and REbwhdse@eiorsi ane kpaactlapartdgcond circl e
218b having a dianeter preferably smaller than the first dianeter at about

0. 04 disnelde CFheTHel deifer dinge CONghe phdferkBly ih8mion2d80ciothat hE tdriRUphbR! es

overlap or are in conmunication with another such that their centers are

spaC%@aﬁ@ﬁﬁheMﬁ@s@&%m BREr RAPRY sfo?%cfth'\)@?ﬂﬁctﬁé m&iaqiioi sty face axis

by a preferred distance of about 0.03 inc The central axes of each of

t hr ough. hol Ay 2 [ I rabl y-angl ed,wth. res t to.the diffuser
i o HRgO b Eihe SR TpEARD LS RUS P PR RS B A RR el b es o
each of the through holes 118a, 118b. define ap i.ncluded gngl e of about 11
degr gBnadi bt bat Be Pire Rt %%zrl&rangimtw? frn o B e Bl § st €[0094] The
center spacing and first and second dianeters of the preferably keyhol e
shapé&ﬁﬁﬁﬂﬁﬁygwwéPé#ﬂzhbé¢ogﬁbﬁﬂn@¥60, 216d preferably define a
relationship by which the keyhol es can be scaled in size upward or
down\@{H136] MoMéthep g fiscgblyy of ddte 4@ ntherprefpaed ergbedimbntrtthadblame4®” - - second
di anmeter together define a dinensional relationship that is a nultiple of
3- 4- Includes alsasntres tybss dthotpn 8 er41eth, @antrediiientard eareire: 3ay or mbhe
keyhol es 216a, 216b, 216c, 216d are characterized by the 3-4-5 rel ationship

by aof Bl fQkurbs Qbh ' o?x%?' idfighes. a
secoﬁd dianetéf'%f Oégi%?ﬁ%ﬁgﬂgﬁﬁt?ﬁghggggﬁéscir fgg%ﬁgn§?9?$gﬁﬁgianeter of

0. 05 ' irst Gi €. A [ V. £hrough hol es
2162 TR R Fabyigsork o TEPLS oy SHURYBAR BBEE IAOHESe
size.from.one apother or fromnozz|le to nazzle preferably, provided the

5 e B oRERR Yoy R iees o o8 et SRbCiRIn gt e BBV 48t be vi ew
of FIGS. 5 and 6. each of the through holes 216a, 216b, 216c, 1216d is

pr ef BPSHP Hlosiype-oYae epasifically.dhe hsbune 2Dgom g Rudhava acprer fppeing §is ¢face 210a
of the diffuser elenent. The touchdown 220 creates a planar surface that
sur r eemd §.08hech; tregggdndiybeosi@a 41 @ balaye 2 pedgrreii@dtet bpacingd’p o fanabl2y
substantially orthogonal to the diffuser longitudinal axis B-B so as to
def i iehparsittep thirdapsd bf Dots B @huiea pepfedvunittagRciAE@s bPatduh@Ri msm dept h of
about 0.02 inches. Accordingly, the touchdown 220 further defines a wall

t hat MorbSREelch@Mdeb 8f AR inSWY feRfiRal PoriBi€ottht Std iARhOfirst ABuAXASHE- B 0
surround the through holes 216a, 216b, 216c, 216d. [00961 The touchdown 220

|0 REHPRAInCA Wy A6 RePhRs o4 RESIECARL Y, LOLEPE Ly %%%gﬁm&m%n?ﬁeend mil

al ong a respectrve surface axi s ause” anar surtace of the
t ouchdo i S, pref.erabl rpendi cul ar. to the is B-B, t S of the

t ouc RgtRb 388 Ao P seideafy End o o e bt el it ths & BS T Batie 1o ¢ he
angl ed upper surface 210a, The wall| the touchdown 220 preferably create a
sem &Y Baredrekesriaby 815 additiond radins Rifhbdepepusp-Stipghes nathezndfacst s
concentric with first circle 218a of the through hole 216. At the

shal potiess dgmed by thadpacéteapaguaditBilnan@RE. Rreferaflythbfisst arelcteaorgiladii Ropeni ng
is formed that defines a |inear edge that is perpendicular to the surface
axi SRQ ¢ abbd Oa0ddintlangenti al to the nost peripheral edge of the second
circle 118b. The rectangul ar openi ng of the touchdown 220 pl aces the planar
surface of the touchdown 220 conti nuous with the upper surface 210a of the
di ffuser. The portion of the upper surface that is continuous with the
openi ng of the touchdown 220 definesgia | edge surface 232a, 232b, 232c, 232d
that can carry water flow ng through the touchdown out to the peripheral
edge 212 of the diffuser elenent. -38- WD 2010/ 078559PCT/ US2010/ 020056
[0097] Referring back to FIG 9, each of the through holes is preferably
centered between a pair of surface treatnents. Mre specifically, the

t hrough hol es 216a, 216b, 216c, 116d are preferably centered between a pair
of channels 222a, 222b. In the inward direction, the channels 222a, 222b
preferably diverge away from one anot her about the through hole 216a, 216b,
216c¢, and 216d. Each of the channels preferably initiates with an opening
224 at the peripheral edge of the diffuser elenent 200. In the exenplary
channel 222a of FIG 5, the channel 222a extends inwardly to term nate at

o NN S - o P o - - NA PN



[0099] In a preferred installation of the | oad screw assenbly 26, the

t hreaded shank 204 is disposed wthin the |ower body el enent 222 of the
nozzl e 2Woxuokn78ssat t he | oad screw assenbly axi s B-B i ecramszetalobopsal i gned
wi th the nozzl e axi sMbreover, the cone 202 is brought into a position to
axially support the bulb 134 of the nozzle, In the preferr installation,
t he |[@£§&71 39.1n ayggopd gonp s sotrte Like @fbvmm@@dw%éwea&@% ¥Spase! og
installed such that the surface axes CC, DD are each disposed at an angl e
of 4Befiega deswidsh 'R vkat ioprafepdbdy ebaie Pi0hdechmpdishstantialy tasstant 20npilgect i ng
the diffuser element 200 so as to align the arns 118, 120 between adj acent
t hr oupin Idngtteom filey in@idh pprdtien tiddbogh the 1fermddifdd fdilidh ef thhsughhdekesal

t ouchdown, and channel s divide the upper surface 210a of the diffuser

el enmpRiticOdicRd face RABREIARSP el &I} QBBnedRHTa BRI € wWhbidtehrt &Rt 0 FI G

9, upper surface 210a preferably 1 ncludes a first region 230 and a second
regi of i i j o) | I I I: i rd of
he Spa e R e O D e  s e abl y
symetric about the centr i.f fus | ongi t.udj nal _axis B-B. 01]1In
the BrepePlvaR Bsdtmab Rt A thad et Sher Dgt MR R Solgfsrrs 3Bt Tour
parts 230a, 230b, 230c¢, 230d egquiradially di sposed gn ont L.nyo about the
coneP?§@Zbb&éﬁ“ﬁ%ﬁ@*ﬂ@é&?“ﬁ@@ﬁg52§H%ﬁm2§@§ﬂ@¥wﬁﬁ§“ﬂ%?§%&¥%gk eruéﬁfﬁcludes
a center surface disposed between two wing surfaces in which the center is
def i medalpijstatee R’ fifeons betdiffizsenxis hbthg dpene sroupted sledd 41229 s thap she radigl t he
preferred installation of the | oad screw diffuser assenbly 236, the centers

of didamnatce iRCAlfoyn thp diffiaer pay 6f5he Bia gra@P @ slatsed 18l sugnehdt thie tstot temethpifaine
defined by the arnms 118, 120 and the centers of the other dianetrically

OpposeshrddidiH A3 4 LBRGreuks tlﬁ&ntth@gl@ﬂag%th@ftﬁwr@d @06p of 963 Q20| Motdhe

preferred enbodi nent of the diffuser 2 the outer second region 232 has

ei gh ré}@ﬁ%&g&:}é{@%&gh&& }QB?Q%%go.aqgc}l%gaced about the cone 102. Wth

reference to alf of second region is 232 is defined by the four

S e T i T R TR
et | N5 W L RRULS (23255, 232Lan P20k AR 25810Y EUEER kLRgs ! 1o

of slots 410°, 412°. More preferably the opening of a slot in the third group of slots 418’ has its

opening located along the end face and in communication with the terminal portion of a slot in

the first group of slots 410°. The walls defining the slot in the third group preferably are

preferably parallel so as to have slot width W’3 of about 0.03 inches. The terminal portion and

end face of the slot is preferably defined by a radius R’7 whose center is centrally disposed

between the two walls of the slot so as to be located along the central axis of slot and having a

length of about 0.02 inch. The end face in the terminal portion of the slot is preferably located

at a radial distance R’8 from the central axis Y—Y of the diffuser element 400. Preferably, the

radial distance R’8 from the diffuser axis of the third group of slots 418 is less than either the

radial distance 55 from the diffuser axis of the second group of slots 412 or the radial distance
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WO 2010/ 078559PCT/ US2010/ 020056 [ 00103] The di ffuser el enment 200, al one or
in conbination with one or nore of the cone 202, arns 118, 120, and frane
112, prowvoesiwdressnozzl e with the nmeans for diffusing treTfuse@oneioas dant

fluid in a spray pattern to define a coverage area. Preferably, the frane

112, ffus el enent, 2 nd cone 202 pera o distyribute a flow of
fire Rr% ﬁfhfﬁrsat g ?gg? ? IF SRt 511950‘@ h"t‘t q P ‘ﬂ‘eog MGy ef erred
spray pattern The spray pattern provides a preferred fl ux denS|ty for a
gi vethits graupefidaisiis loreehoprd wdiaHy inxae fpa the teamiial pertiprseafsither te fifgtyj d
supply when the nozzle is disposed at a specific height above floor of the
ar ea gheiprid OpooteectegrouT HE2 mrf efots: r'Be rediblodistaeeetR'8fis pleéeraldy abeut 000 ihéh.t 0 be
comerci ally enbodi ed as an AQUAM STS Nozzl e: AM27. A draft data sheet of
t he fenikst COWF%f&é&@mgfdfﬁablyQﬁclﬁd@ andaralis of @ebups of thedugdddldsn U. S.
Pr ovi si onal ication No. 61/193,874 which is incorporated by reference

to i I ’at S
TEP23%Y! %&A@lﬁ %‘t%os ff\?gjgézaéﬂé”s@1%%rg’t§:’r &%tdgﬁ%% Ih%r@(ﬁ%@%iigg%te %?%ﬁm %&91/5 g /t%dsso

[ 0019410%1 Ko rrllap orFI % in %e dl‘? E o%llag%atf?) ﬁ&%%ﬁ!} )r]stgo e}% t(? ﬂleas a

nor maf ose F carl y opera |ng No22 rame 312

havi n an el enen 3 W th tern th or ling the
fra Sgpﬁf“? TARGA Prﬁﬁr% nﬂ“?{?fﬁp 9°§“}@|tl B ( no'?\; s%%?la@ﬁgﬁdjgs i gr
exan%‘ a branch Iine of a water supply pipe. Alternatrvelg t he upper
body IBe threwgh bele & &hnrefarably ngludes diused nds bavinga predercediiadii peatouf §2suppl y,

for exanple, the frane 312 can include a groove, for a groove type coupling
connéuwthisoras toddfine the masinsup plidth oDalspo §Od inght for firstgreep o dugugh ldesrt14313 is a
strainer 315. The strainer 315 includes a plurality of openings 316 to

al | owhpasgagefafe hii aefiiighihergdd dilthel thabudhehdi¢ # 14 mragreferdbldeiacedsapai ch may
clog or dammge the internal passageway of the nozzle 300. [00105] Dependi ng

fr Omaﬁy'ﬂg R a%rer ablk Yy IABRICE bEMbduy 0 8BGML. R R Rlds@tion BeRls tRf frane
arnms 31 The arns 318, 320 extend axially and preferably converge

Focatd f %té?édtp&%f ofe thr\t%f?ﬁ’tg’épf rzwpﬁ;%%rr@gir |4 5eFREI a1e
320 313, 322.
The g Ssid e éwthéa ﬁws%%%%tt?ﬁerggrﬁ%’?rog%@ i %@@”Liam A

brass, in which the upper body el enment 313, ar 320 and | oywer body
ol omiM138b7 e staPPe GHAIR of IRONHEEETHS AFAso BIRETAD0EIP M B, eI anBR(Ss: 313,

322 are preferably coaxially spaced fromone another along the nozzle axis
XI | | méjoriaxisTinghd emegatdsodliecadeasia mBre akis optheganahisi the slajdrpxisc dlhe pgjor
frustroconical in shape having a proximal portion that converges in the
di r eakis@refofablynateryeps thddatlyraledxesnenly” 31 thetbdamkrddOt. NEheasecendgdrblip &f thtaugh

holes 416 are each defined by a first radius R’9 and a second radius R’10 each having a center

disposed along the major axis of the through hole 416°. The second radius R’10 is preferably

smaller than the first radius R’9 so that the through hole 416’ is substantially key holed shape,

tapering narrowly in the radially inward direction. Moreover, the centers of the radii R’9, R’10

are preferably spaced along the major axis by distance of about 0.06 inches. More preferably,

the first radius R’9 of the second group of through holes 416 is preferably about 0.02 inch so as

to define a maximum width for the through holes being about 0.045 inches. The second radius
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[ 00106] Referring to the cross-sectional view of the nozzle 300 in FIG 13,

t he upper body el enent 313 has an inlet 324 and an axially spaced outl et
326 to dekWonelndiessebet ween an axi al ly extendi ng passagewray/i32&otobkooecigh
which the fire fighting fluid can pass. Wen the nozzle is in the closed
and upact ted C ndltlon di sposed within the outlet 326 is a seal assenbly
to s f ¢ secend granRy! Aaualt ales 16 FereiesRiorbont 004 inchsmag fedgisgagenay
328. The seal assenbly preferably i ncl udes a button 330 having a spring
seal ngginug vipdik efitheilmiongh holeThkd’ dpingagowdl3 Bgl2 Bregraglds, the santdrag éheof t he
outlet 326 to forma fluid tight seal and prevent liquid fromthe
passagrend yaddst 1 O[iODLOEH At 4 teeiairdistancs efsbotit ©.¢ idhefirmn the3R@4tralsaxengfalged Wit h
seal assenbly to maintain the seal assenbly within the outlet 326 to
prevenhkube . fl ow of fluid fromthe passageway 328. Preferably the thermally
sensitive elenment 334 is a bulb 334 that is thermally rated to rupture in

responfsif 0 &l r%ﬁ;pg# Qoﬁ%ﬁ@%@{léﬁ lﬁ)l&fls kb si’_rgﬁleg?gahg %?(f’ eQifiQuiaflgs for

autonatlc actuat on o e nozzle 300 resp nse to a Ient fevel of

heat n.r 0.di s a ton 330
and a mwﬂgb%:b%gﬁﬁhﬁggégagﬁﬁP é“?ﬁﬁﬁ |ng%¥? %@%%SCOnfﬁgngQ%ng%aﬁé 328.
In t rr enmbod t hermgl | ponsi e el enent c have a

t enpg?%t 4&? lﬁaﬁ"gﬁbr@ug%h&ig%%” ﬁég‘ %pgg r@%(f?%é‘g PESBENBPE05E et ween
about 125F to about 300F, and nore preferably is an one of 135F, 155F,
175Fspedforlly.dhelfizgsme of RletstiiOkn meiprably inchie hup byircetianeiriedlyinphsed Response
Time Index (RTI) of 50 (neters-seconds)1/4 or |ess and preferably about 36
( et eloss; swbgnds)ishodedsosmstivay Hapesed oh asthogempares &—AnH—n%r €hpsebded abl y, the
bul b 334 is such that the nozzle 330 can be |isted as a quick response

devi ggpehy stobet 1@ppPsORE gl grddps;tlbnﬁre&gaﬂﬁmcmeb BASIp S Wi AsS ey opgSRdi S
preferably provided to support t bulb 334 in its engagenent with the

but t i t he | oad
T e R el R G

the ldQ ése(? Xel% 1\%%%6 %%é )gf 3 %e i O ﬁ]rgt t?f};‘efcgf]s?cﬁg@% ?r ”rhé‘ﬂur%‘% k fo FI G

11, affe i"on"sp nposes a atera orce on the seal s enbl y

such t wh e reIe bursts a redet er m ned

t enpélf)g%ﬁ{}#)ec ke f' 15t BB D07 e B Re T ET TR 1SR g0 SPHES ks ed by a
fire, the button 330 and spring seal 332 are thrown to the side fromtheir
nor mdchgrirstispqans\resreaiively op 8gririobHterserding Byestlocaisd dwnmngie@f Wi schar ge

t hrough t he passageway 328 and i npinge upon a diffuser el ement 400, secured
t o t highteomdégreesdd8Duelagwrioiing 0888 axes Ker¥n L-hel afabé fied typewif dloti 0’ s pr ay
pattern. [00109] FIG 12 shows di sposed within passageway 328, distal of the
i nl {00332}, aThe®sdcbhd group®EElots3AQ’ preddrablabicyudes ppopiischiyantetsbiglyf f or med
along the interior walls of the upper body el enment 313 form ng the

passggsey slat%geacmﬁﬁ dsPeSddi b §RLAVe] dli)olhg pél[r bf 1 in@&sécﬂﬁ% Eies‘?f&(atédsat gh sbpned to

define an orifice outer di ameter preferably of about inch and nore

pref fhéts Le%h %ﬂﬁéé}g (L@‘?‘r@iﬁﬁ% to%ezgtﬁe#&t DUL - ¢ ﬂcg% L7 ?rr%ﬁ ?‘P[%ﬁ?g of 0 TOorma

slip sageway e upper “Body e and in

engage t he shelf.. for the interi S fo
oo SEBHY kb s P B ETors e P iy es hif ol st.gmer‘{ G g ton
bore 352 t hrough which incomng fluid flows. The orifice insert 350 and
t hr o8lgh Bécescamyl goup dhapryradi Shaded by ebowiifify degress (39°%e i nner di amet er
ODi of about 0.17 inches and is nore -43-

[00133]  The third group of slots 418’ preferably includes a pair of diametrically opposed

slots preferably axially aligned with one pair of diametrically opposed slots of the first type

410a’ of the first group 410°. Although the third group of slots 418’ and the first type of slots
-54-



WO 2010/ 078559PCT/ US2010/ 020056 preferably about 0.172 inches so as to
define a K-factor for the nozzle 10 of about 9.2 (1lpn barl/2).

Al t er nat iwel2gio/d7kesoorifice insert 50 and its through borerAR2@anaes i ne a
K-factor in the range of about 0.10 to 1.00 gpni(psi)l/2, preferably in the
range fromabout 0.5 to 0.70 gpnmi(psi)' 2, and nore preferably is about 0.59
gpnt ?b@ﬂ' )afﬁzgqssrl@di hsain a% ?eﬂyfamfﬁ@wg?x cagy alispagkely e vismiediaag %i“}%l@? fSds
substantially circular inits plane view, the insert 50 can be

al t epinglei slatliy thegrfiragtoredtion givemthseameunicatian betgpe the[thiod 2Oppd plotsctl8at i on

of the nozzle 300, the sealing systemis released and a vertically

di r eatcethe firetl tappa 4lay oLAbe More prfemylye tiwtsiceanf thé thial goupdss ese ddatededgh t he
orifice insert 350 and its through bore 352 for discharge fromthe outl et

326 bervicapaets difiee ghirtifryseerioe! @BOfr4bupanodi stribution in a preferably
radi ally outward and downward spray pattern beneath the nozzle 300. The

di ff @4?{)3%&{ ?fqtgg fits? afl) SROSEhrG QM 4t h’l@{‘%f: ?lf’sgfl&ra&gloﬁ R hlaged about

t he lower el enent 322. More preferably 'the user element 400 is

di sp d_aho the .di.stal ,end of .the | od | » 32 xt ernal of
and a0 aR Wkl Sl MRS sherifiiB, PRy IPUatEGITRRY widofhnetdd (8
and 18 is the preferred diffuser elenent 400 in pl cross-sectional and
det af 2B %ﬂ?@égmq‘iﬁciﬂyaﬁﬂpowé tigh ieles Toviich frchabuaRhpISdES B SRRERIR i al | y
circul ar shape with an outer peripheral edge 402 fornmed about a central

di f f abgnedapihsthy.osthogrmel aep qus%s Zet&ntthe firsidypeodslass ¢Ehe phiheiostegrand si zed
to receive the | ower body elenent 322 of the frame 312. Referring nore
specilheé salohy gtamptdf¢hrongwsolef 4 16F g ferdBly amdude® two hairdefidiarsetricalyeopposedd00 is a
substantially frustroconi cal nmenber having an upper surface 406 and a | ower
sur f ggeugdbléatwhich herhefatikys s¥lasdpasdd ol ihiérspaind 4xes. Mord hefaapgrhsur f ace
406. The upper and | ower surfaces 406, 408 are spaced apart so as to define

a thickReatotih K& AL bhitRed skh SBNhath? Axes Wil GBpdssd B £f8l-p e 80OML: O- 05

i nches. When installed, the upper surface 406 of the diffuser faces the WD
2010/ 07 P 1 0056 |l e f . the nozzl »S s 10 he
il t AR By SRSl e areR U d baRE Bl HPEHPORE a2ty Y uRmaEnas,.
[00112 Thg%qiff¥§$r el ement 400 is preferably formed such that the upper
sur f BEYPARBSIAS Ot Jeghigd BI9PH 18t surfaces that are disposed at angles with
respect to one another. Preferably, the diffuser elenent 400 includes a
subs{®H8PhI | P BisaliffesshelenentAds fabgiceiad.4bis anstaligd ahow ibedisighend ¢fithe
substantially planar region 406c in which each of the central and outer

r egi brveer bbdy hlemgpipd ofshe frawme 3406 The diflissrdsecht 40§ sqyefemblyt instahed wokzl e axi s
XI11-XI1l when the diffuser elenment 400 is installed about the | ower body
el emeaious2bts ditethebubh UsRE oftreedrdatAQQo tie fFamid 485 3P8 5200 Fotfgrabbr thechiguch
that the upper surface 406 defines a generally annular internmedi ate region

406b gheb Wk he eﬁ@@its%@kled bREb 86 ARSI BRI FrROLAR 348690 AHh%he

i nternedi ate regi on 406b preferably defines a truncated cone slanted at a

d I \ | @ty g 1 b
or ansropd B8 o g 0Bl el ot B Do - UP BB (B . hout . o

in tQﬁgraggglof about 150 to about 60 and is nore preferably about 18. The
i nt efEEA? P5RGIon 406b is preferably substantially continuous with the
central region 406a and the outer region 406c such that the diffuser

el entit36kf | Abg ddfysenglemens 4@ aleperer v couakinatiqevidle pog o mansl dha Bms P& ons
406a, 406c¢c which ranges from about 0.14 to about 0.15 inches and is

pr ef 82Glbhy fieMe482) prokidss the @028 $Rbftkr meay foodiftheng Herfireirerardoft fRliGin 45, t he
surfaces of the diffuser elenent 400 further define a plurality of slots
and tgrap pglerh ol @sintahat to dbfige g bovattige rdal ofititk ddzeMs PrefefablyitHefaangd I@yandat t er n
of the nozzle 300. In the preferred diffuser elenent 400, the plurality of
sl ot girRis6f QRGN0 B6JEES tAdisthiBAR ta AW BLARTOHRBNOAuIE RSt IBperbbdyand 418.
Cenerally, each of the slots has an initial portion, a termnal portion and
an internedi ate portion that is contjsouous and di sposed between the initial
and termnal portions. The initial portion of the slot is defined by an
-45-



WD 2010/ 078559PCT/ US2010/ 020056 openi ng al ong the peri pheral edge 402 of
the diffuser el enment 400. The opening forns a pair of spaced apart walls in
t he diffuwenomlessat 400 that extend inward toward the @cfrfussen/o200s6 Y-Y so
as to define the internediate portion of the slot. In each of the slots of
t he dlffuser el enment 400, the pair of _walls converge to formthe end face
of t REMSNLY I 3Hndletias » pesterrrd sPerrRaiam. dig SpEY RBSMPTOYifks agrreierred fgX spaci ng
between the walls define the width of the slot. The spaci ng between the

wal | demsity foren gilven arcahetpatictbasozalg ingkspogsa toa divengrhssofe affidsupplyowhen
alternatively the spacing between the walls may vary. Mreover, the wall
spacihethoefletihéisgdsed acaspevidictheiht fiwive Cloot dfthoush pemppngedttd Bhofrefeaagt h or
vary discretely such that one portion of the slot varies from anot her

por t eRBo@echh6r thé Qbazld 9 is8Y @%&rﬁmeﬁc’ﬂﬁ%y@rﬁﬁ@d[&@' asl%ﬁfA HOAMIBY@€omider than
the initial or internediate portion of the slot. [00114]1n the preferred

ebodivRNt  Qlait A% didel HSGin&l TFPIEAAUARAS IR &lee@f AR SOy 412, 418

vary W th respect to one or nore eatures such as, for exanple

sl ot sl.0 [,or met.r. n e he 4

" efa Ry s IR SineBR PR B @F&?ﬂyﬁaﬁ&aﬁ%fa MR e
dlffuser el enent |ncIu es a first gro slots 410 in which the opening
and WAIGh igncomeralehpy %remeﬁeh%qom?éﬁeﬁt? fg‘éﬁfihﬁet a fﬁﬂéﬁ%ﬂ%@éﬁ@@bﬂ@%ﬁﬁm dth
WL al ong the |ength of the slot between the initial and internediate

por t esssibesTireferied mstalatipoetiesafordhic piterstiopezla10 of the first group 410 are
defined by a pair of radii RL and R2 whose centers are spaced apart by a

di st #0d87Cs. EdtieofttheblesvegpafeirasozZiesd0e, 0aehewalit FIGER. 2erfsivocmdfuiych t hat
the termnal portion of the slot defines a slot wdth greater than the slot

Wi dt Badd Bfe RS olitlinéd & FMI %wmwcﬁqu alEAIRAF 0P Wdidrarist Dlstembh€ldsk r st
group of slots 410 preferably includes a total slot length that is defined

b « di
i Y o 3% @???edlr@%%@%?‘%ﬁ kbt 7’3%?%%?%%%‘3‘% SHESRa TR RO & ﬁ: e he
w00t S Bebe bl W testh %ﬁ 5P%P%le<s BTSN, ShiddA 4PPENIER L2 oMo

respect 1o re of t Iot fea suc as, far exanplg, slot

wi dt lfaﬁafta?ore‘é( i% yptemsorgaiesion el zh e F?ﬂpé?%sd.@%rena °Tt er mi nal
portions_of the slot. For exanple, the slot mndths WL of the initial and

i nt erM%@eApqui%h% (apigs 9?%%56%@%@%1@1@1&)@% g gescaptieot the tesent er
spacings Cs vary fromslot type to slot type. Mreover the end faces of the
s| ot sesults gritiethe penfomaincgof the prefafeditvezls d8G 300 atehecldedin B oo visamabe
further defined by another radius R4 whose center is |ocated at a distance
f ur t gplicutionadd. 61/098 8Tveardes 1/ 13136873| eRHgReAERIantifre 22D00Y, ageh dqFavtitionR def i ned
by the additional radius R4 joins the end face portions defined by the

spacefd o gRMitd Bflfgféregge t@@ﬂec@call% LIrAB 1R REGoRgsgroup of slots 412, the
sl ot op nlng and wal |'s are pre erab y spaced to define a slot width W2 that

iﬁriﬂ“‘?%? he 1t chdrafians aﬁ’f@%@i Pieldlf 14 S LA s N dBhaB®] 1100
oot ihin s Sorapstatst SEUG era%%k?bﬁ%f%&e@%%? of gip el R BE0IR! bt eq

along the central axis of slot. The end face in the term nal portlon of the
sl ot Small§imparasngrasisientiad diratesteompartaientmsasarde - Wos ExdintAdt datlt 218 axi s
Y-Y of the diffuser elenent 400. Preferably, the radial distance R5 from

t he di (¥ mset max?4 rof fittddewisle tronctal bonipbals, skbicatd2nite | 2fswellkarEache radi al
di stance R3 fromthe diffuser axis of the first group of slots 410 such

t hat ptifieb&l @ntdi@dghite abtall MetreeeoONdicgédfi @i6ial 0 $t.-412 ¥ Sing(2attgr0.8 kan t he
slot length of the first group of slots 410. [00117] The diffuser el ement
400 B? ofeh ok O}H"ﬁltﬁg%mﬁ‘ chithioditg W% &htod lfeﬁatrﬁ &, Wd IBQHIIGES%S %F‘e’lh"&g al ong
a per pheral ge 402 and preferably | ocated along the end face of one of
the other group of slots 410, 412. My.e preferably the opening of a slot in
the third group of slots 418 has its opening | ocated along the end face and
in comunication with the termnal portion of a slot



-47- WD 2010/ 078559PCT/ US2010/ 020056 in the first group of slots 410. The
wal |l s defining the slot wwdth WB in the third group preferably diverge away
from one woabtvw7sssm t he i nward direction such that the ecwotusesidioboobs oadens
at preferably constant rate fromthe initial portion through the

i nternedi at e rtion in the inward direction. The rmnal portion _and end
f ace PoF2enid @B{g%ur?%"‘b%rg’f%‘teé’ﬁlsyn aefitisaleop g‘éfa?%mi%ﬁq?@o sk evalli s
centrally di sposed between the two walls of the slot so as to be | ocated

al ond\ to5d of &ne pHlovesxpamprfsed pbths|seme npkpsiab e aleerdquiredhin thefasi, oa¢ aigbe t i on of
the slot is preferably located at a radial distance R8 fromthe central

axi s hyadvoiodfach heriztintdl nsétresel €heattird 00mpRtradre mab pygtedtéreby aihi mlzzdi890ance R8
fromthe diffuser axis of the third group of slots 418 is |l ess than either
t he nedial ceflirgltyaniinRee donomrtnher §Cf f user axis of the second group of slots
412 or the radial distance R3 fromthe diffuser axis of the first group of

sl ot §0d459] SUEthelddBtwdy N mch il P, -0 FqGS aD) WideWERLIL] ¢ 9HOURPK 1&laRlgS 1S

| ocated nore radially inward than the termnal portions of either the first
grou r [ f sl . 1 LN an alter odi nent ,
The. Pishan?sr REA0T, SRARadaug) aRugbRe b Rtalidt SRl Gl BLR FURY
initial portion of_the sl|lots. of e third up 418 into close contact such
that ' hVERY S3gs b R R R g S gty -3t r na open Ry a
substantially tear dropped shaped opening@in the diffuser elenment that is
conpleemppimesy dde hiyatony splumetsevst jo ehsnpel hebgasenant of thowroytmsat $rqughser

el ement 400 preferably includes a plurality of through holes. Mire

pr ef ¢readsioyway. hé 4l ftf (U sen) elidentebitvasg 6DV isdedateedireatlp butsikithe/dawk, agdoups  of

t hrough holes 414, 416 with a geonetry that preferably varies group to

gr ouprichtod pe&Ptidicul exany direction bf favel throddhahd déstvagr Dup mkzlehsambgRodeol es 414
is preferably substantially elliptical in shape and the second group of

sl ot $ot4iliPert SoattASH Bt /bleYer kE¥inB OF 8 HANARE Ine MPERLLIRREHH ARd dozzfehe first
group of through holes 414 are preferably elongated so as to WO

2010/ RCT[1)S2010/ 020056 have a major axis in the direction of
eIonS%%?gﬁggﬁ%£§§shorter m nor axis orthogonal to the major axis. The m nor

axi s j eferably intersects the central i - t he, di.f fuser el ement
200. 1089005 8% ste s ShRal bV RER b iesiea R fbihs Mookl S e ésthat,

el ongated so as to have a major ,axis in the direction and a_ _m nor axis

or t h&gBFHank 8s sheammd)assing ieskCritqtigtogtieormallC empaenert 4B {est ist @rgeakdn t he
central axis Y-Y of the diffuser el enent 400. The second group of through
hol eserapegatares daewly ahef ignéitbnbyt the £éiling, belooli s (Réiiamainteis greatadthaa 60 YfR10
each having a center disposed along the major axis of the through hole 416.
The sexoad comtiodsy Rile igniforebhekabd/(isndd A bpéagmotziles fdchtsd i diceilinROf so
that the through hole 416 is substantially key hol ed shape, tapering

nar r ewd Balliway! e hiiwaiogz16l11 0@ stidvaiin FIGS. 2-10 was installed as test nozzle 800a, 800b
and 800c and subjected to the Small Compartment test and passed. The test nozzle 800a was
actuated approximately 150 seconds after ignition. At all times during the test, temperatures
were maintained below 315C. One nozzle (out of one permitted) operated in the compartment.

Zero nozzles (out of zero permitted) operated in the hallway. Greater than 60% of the mattress

commodity in the bottom of the ignition bunk remained. Accordingly, the test was a success.
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[00122] The diffuser elenent 400 is preferably forned by bending a bl ank
that is punched or cut with the various plurality of slots and through

hol es. Aswehlowmn78ss9t he cross-sectional view of the diff eserusediemeonse 400 in
its final form in FIG 17, the outer planar region and the peripheral edge

402 i t he maxi num ou jameter. DO of the diffuser 400 so as to

pr ef 2@5‘35 bnstpnteh it FRE A0 RraStaiy isgyler e GRPpAimoYy FYREHBE. Tone

central bore 404 preferably defines an interior diameter D1 of about 0.25

i nchéest.ahbe tehds pprdvaied de pcpmbaryagE ¢opibgirethion fBamapamuperozgledp 8pEA¢ ed base

di aneter D2 of about 0.46 inches. The angled internedi ate regi on 406b, 408b
pr ef spaihg/ofttbé tasesozaler &di esmble, thatest doonmrtoent fogtestsg thetttibe he i nner central
regi on 406a, 408a and the outer peripheral region 406c, 408c. Mbre

speciching@réixliicddA M7 RErle mdasires Peiwesn fit el detahpdregém forahe AMI29
i nternedi ate regi on defines along the upper surface 106 a preferred

trangibiiothehadids /104 Rals shgwh @NBI@MN0, Sithe Rest BathpdrinSert 81Rles Bhé GoUFBCT | bes a
circle about the diffuser axis Y-Y having a preferred diameter D3 of about

1 ingh, at | b t r r.eqi d,t i medi at e
reqi el sbBb R LA AR R Gl 00 RS L A PR R 2R
R12 that | WD 2010/ 078559PCT/ US2010/ 020056 ns t,Suc t, its center
AR e R R s e G L e

di aneter D4 of about 0.411 inches, %00123]The di ffuser elenent 400 is

pr ef €ABHINSPREAs 4 @ aRaiMPMSARENS PO P RS FheriosHs &0 re7zlsyspenis 2 Tro addiEigpa testo?,

per ASTM B103. Shown in FIG 14 is a preferred blank 400" to be bent for

f abr inozzle03022n30 X orenmtls@lvcattd bhéhepreding #@dimdi infids dhre dsloenaong Hhe GoorPray
preferred blank 400" is initially a substantially flat or planar nenber

havi rgntarlsgbst antial ly circul ar shape with an outer peripheral edge 402
formed about the blank central axis. The blank 400" and the peripheral edge

402 qedi4es anBhefGh&ST HRINBAMIELANEb@fed LlesiibRidp hRNKkadkale FRBE ARG 0alOUL
1. 25 inches. The bl ank 400" includes a central bore 404' preferably forned

by a r havi pg. [ ¢ : [ gﬂg%. gnﬁa | ank 400
aIsoC?ﬁgﬁggﬁgﬂgggﬁg?ﬁggé298?%% ?ﬁgkgfm%%%gggﬁkﬁg?%gffﬂ, éﬁtan Ethrough
hol es 414' , .416' whi ¢ch i,n thei.r final .for define the preferred plurality
of < poehhehrutighTorae bt boraiirial s ne B Al 4050 S0 TSRS
preferred blank 40Q' , each of the glurality of slots(gas ninitial

por t i18nn- %4 B ia30Pmm ¥ 300 mmyx AA0 PHESR heiehht Brepuallsi adihe WigtCormer 8nt i nuous
and di sposed between the initial and term nal Eortipns. The initial portion
of t hieed wath Gremebick plavdey teforopibe ifuel padkeagyFP h€hpenib isheadglof delgdaypovof of t he
preferred blank 400'. The opening fornms a pair of spaced apart walls in the
pr ef ¢umbe woitlaedch40Rr béihgfoue AR émdongpiacad of Oviand? tnhkilivdaek oaftt m¥er. YTheso as
to define the internediate portion of the slot. In each of the slots of the

pr ef eimhBst iRleadakQGs {)la&édﬁat Bight arles@ kcSadfRBvas@es. t ThefigdiRiduapwesd face of
the slot and define the term nal end portion of the slot. [00125]1In the

pr ef %%r@{/{%rﬁgﬁ Vfé?f?{]argfevér@}esﬁrcgé 965§ﬁleq|ﬂf?heﬁ$9%iﬁd LD QP el Ia?ér?.t s 410°,

412", respect' to one"or nore o e slot features” such as,

for anple, .slot width, . slot length,. and/qr. geonetry of an ne o+ he

o 106 O ieaiginelh o874 e b A et R A e e RES AR D1 ank
400" includes a first group of sJots 410" in whjch the_ opening and wall

- 50- forgsp o hougt Hiesiliiiigg SRt oo &ynpreatredpeitdeast ipus gﬁ‘gﬁ RRETRitAE h w1
along the length of the slot between the initial and internediate portions.
The taetuni fiegltesiol he onlsisgknteted agdroa somingl 1. (398 oty 12 dr- ¢3QP BO'X 4ine def i ned
by a pair of radii RI and R 2 whose centers are spaced apart by a distance
Cs' . (Themeent2gagpattings l6teddne dqoret ef tisltyst dnaiesnsd D iedrosuedehtwadit t he
termnal portion of the slot defines a slot width greater than the slot
width W' of the initial or internediate portions of the slot. The first
group of slots 410" preferably includes a total slot length that is defined
by the end face of the slot being taggential to a circle having a radius

R 3 fromthe diffuser axis that is preferably about 0.46 inches.
[00126]Wthin the first group of slots 410", the preferred enbodi nent of

t he bl ank 400



includes at |east three types of slots 410'a, 410'b, 410'c which vary with
respect to one or nore of the slot features such as, for exanple, slot

wi dt h andwonogaosssbry of any one of the initial, internmediratseoion2doss m nal
portions of the slot. For exanple, the slot wwdths WL of the initial and
internedi ate portions vary fromslot type to slot type as do the center
spacilAY3t s bgsymulatgehfampuretiy pade of e deam gysbionggiechsd kxa plyrgpd packings f i r st
type of slots 410'a have a center spacing C s of about 0.08 inch; the
secorsdpporsd byfa ss¢edfremel 0'hb chsinms arqivef @ecee of orenvered ppeecialgprapdersfoxadsout 0. 2
inch; and the third type of slots 410'c have a preferred center spacing Cs
of alpolitol, pobiktlicn ¢bum Mwisoy densithef edbifaced . Dfb/tt hendheisaring 34 he ($@r minal
portion of the slots in the first group can be further defined by another

r adi Us3(Rnd(W0Q&A) £8Nh.g176 nfin). OLRLUEE Ahs AckinfitANes: FEbMBLHichFAb&ES2
peri pheral edge 402. For exanple, the end faces in the first and second

type I ' ; er j L b R 4
R b e g R Rl L s T R U
spaced rt. ragdii R | .Preferabl the first and second radii R 1
%5 e S0 @bt e i P Essee s P s S0LeRTE0RS I o
second. group_of slots 412', the slat gpening and walls are preferably

spac &dhgsived efherfaary iglogptediasovesplting-3 & Podnay M betwpauie sidesoi then” and
substanpialky constant along the slot length fromthe initial portion

t hr owwgbhiomend the daekadg andea por. (2 omobetwren sheobottomhef the eyshinal anddka badtonand end
face of the slot is preferably defined by a radius R 6 whose center is

cent radltheybadkimpoTad fdret vaeshivontdnd plywoodedaksing bssetmdlysisebndidorad tb abdoe 70Ut at ed
along the central axis of slot and preferably having a | ength of about 0.03
I Nnch.andABoRFAYS RERive Rutnid@tyt BHEAY 1Bat 2PBblrk BRoOh thdidgSTAE fdatn quﬁgw&lsﬂ y

| ocated at a radial distance R5 fromthe central axis of the blank 400'.

Pr ef q{aggll% PSS%Q‘%l egg Pgalci:djfnse{ SuRort f{re{rﬂgrﬂh%hg)llggt %1% g%%%ngi%l $hdferfill Second

group ots 41 ess than the radia romthe diffuser
axis of..the first . ar of slots 410 C hat the slot .length of the

ot gpBus by EF Bl S G atb P HER Pl PR R The 11 1ot

group of slots 410. Mre preferably, the_radial disftance R5 is ahout 0.4

i nchélgncqr@wﬁgﬁefﬁ%ﬂwgﬁrkeagwg i Sy @fti@?rﬁ&&iﬁiﬁt@mn& J?’S&H ipfhes) ot s
418' having its opening al ong a peripheral edge 402" and ?referabLy | ocat ed
al ongompartagat FQéecapflitioned ifantamebient ippatgridR S| bre 640.¢’150mmdx 2 inpr e
preferably the opening of a slot in the third group of slots 418 has its
openi(fgninpicat .24 ira(30ngmb heclerude placel antle cemersioaml sbedthiop agaitdt thdater m nal
portion of a slot in the first group of slots 410'. The walls defining the

sl ot dukhibie Tvid 6 th. g1 SRR xS, BY mlbingldaridtef @tehwiciaiaddaktd Bid&sarled have
slot width W3 of about 0.03 inches. The term nal portion and end face of

the sigted SuRE&SEHAB! dhddehil :Biéﬁice%f flepAHL M3 pRickd AR S1cEFftn®entath ARNLbal | Y

di sposed between the two walls of the slot so as to be 1ocated along the
central..axi S i | e of . about ifich.. The.end face
ot e adhislths BRYRRRGCR R o R B GRY P STk AhpediF 16 S

di stance R 8 fraom central axis Y-Y of e _di r element 400.

Pr of S ) Apthed i SIFTan o SRR APplispr Y. 6 PLLEEwEEh S BRowhR hi ¢ o
group of slots 418 is less than either the radial distance 55 fromthe

di f f Pyeefersuce tomcenperateide detags oiibe Hfcl spakege.412 or the radial di stance -52-
R 3 fromthe diffuser axis of the first group of slots 410" such that the
t er mf@l44por tTiheHaptanehe titehpan dndjthewpttod widkotase igsitédatan éghitimr poinelnahd y
inward than the termnal portions of either the first group 410" or second

gr ouofk2by éfe fakigtaskagbhSutadifal testicsitediage diikkdias: @y @hiatablepakauts 0. 03 i nch.
[ 00129] The preferred bl ank 400" preferably includes a plurality of groups

of t "tﬁl‘%bk%hoxhé? i il 4t theddfing, DRSS 3 BREGHS 1S AbY %eratt@@ozleeg Rlcat8 MRjeQactt hr ough
hol es 414" are preferably efongated so as to have a major axis I n the
direction of elongation and a shorteggm nor axis orthogonal to the nmjor
axis. The mnor axis is preferably intersects the central axis Y -Y of the
bl ank 400'. The through hole 414" preferably includes radiused ends having
a preferred radii of about 0.02 inch so as to define the maxi nrum w dth of
about 0.04 inch for first group of through holes 414'. The centers of the
radii defining the ends of the through hole 414' are preferably spaced
apart along the major axis by a distance of about 0.04 inch. The point of

i ntersection between the major and m nor axes of the through hole in the
first group of through holes 414' is preferably |located at a radi al

di stance of about 0.21 inches fromthe center axis of the blank 400'.

[ 00130] The second group of through holes 416' are al so preferably el ongated

S o . o o o - .




R 10 of the second group of through holes 416" is preferably about 0.02
inch so as to define a mninmumw dth of the through holes 416" being about
0. 03 i nchwoRomies=bl y, the center of the second radius #t@/ussolbocased at a
radi al di stance of about 0.4 inch fromthe central axis of the blank 400'.
[00131&Fach group, of slots and throu?h holes is preferably symmetrically
and &ftherdegrsaysy Eacls phibe areferesd naraled il 04, 388 pers wagHed apbe Gabrseles 8813 t he
bl ank 400" is configured with the slots 410, 412, 418 and through hol es
414, 8425 lnrihe test rpsudts of thedotbetcatimescialinpd| AYI2Y abzrlé b lepgratiombirthe test
specifically, the first type of slots 410'a preferably include two pairs of
di amebrile atduyred ppmoRinA¢19080 se@adhafxaiignidos pasd éd thespestimabytialivaposed on
ort hogonal axes Z-Z, X-X. The second type of slots 410'b of the first group

410" Avred abad Y00, ASIACISSeratvR R_IE&] 8 scdbRi¥Rttet Galtlon. apResedashatfsr fh sposed
slots; each pair disposed on a pair of orthogonal axes preferably | ocated

forty:f]j : 5 atr S AKX g irst type of
o1 ot S5° IHRGEEFR A Bh S ol Qad FeBST AT s &g biSiesk
preferably includes.tw pairs di anetrically.oppose | ot s; .each pair

0 opSeBRr PSR SRS PG R TP £ o P EREE e D PbiediR T Brgl e o
about ei ght een degrees §18) relative to _one of the §¥%§1X-X, Z-Z of the
firstomppemgnt, d)dseso nazyies Oyt zew PPHBIUEALERE Biside d1e L6¥VYs412' preferably
includes two pairs of diametrically opposed slots; each pair disposed

r espd@@i4dk| y Aothird tyes of fof tashurdes Eb/i/ 55@2 Avpendivtateatitled thaPren§pecedireabout

ei ghteen degrees (18) relative to the other of the axes X-X, Z-Z of the
firstest.ype opén slaot Srediefl’ veassoatudidiaindeado@ttl (20ad) -a82 fit (25} ilofg she 4 hi rd
type 410'c of the first group 410' and the slots of the second group 412
are fh@%'ilﬁbﬂ aboapﬁ@ﬂ.&sbﬁ). atWeilfightas dearReS of2ulodcQRdItkcdiNged Btidhebddhoup of

slots 8" preferably includes a pair of dianetrically opposed slots

pr ef %rd?élé Yeiftd thlnée@x%ﬁtg Pl%ﬁt L Rs 0L weR iﬁsAtf%ioqd%jt %E?ﬁ%;&dgﬁ}rt %88{4%95 gslots of

t he type 410a’ of the first group group of
sl ot 8 . apd the first, type.of slots -54- 110a' are described herein as
sepa?%?én§}d$gﬁdfﬁéyI%%ﬁcﬁﬁggfﬁgﬁﬁyép?ﬁﬁgﬁgﬁewed and function as a single

slot jn their_ final formation.gi t he ni.cation between the third

gr ou;{b@lﬁﬁi | orthe Sk packiac HevT i EICT 738 adadb Ingludgsdur AT FOUFRS B, ¢ he
slots of the third group 418 are centered between slots of the third type
410c 'copghes wsrer qrraggedbaslifo back, withone saadbdesntest confally pr sithessige 968wrigse hr ough
hol es 414', 416' are also |ocated on the blank 400" in a preferred

ori entray.i Bach dvorleframeciasicomdtiugtedtofiendle iret andwosighvenal witi 4 Aoripmedl endibl y
includes two pairs of dianetrically opposed through holes in which each

t hr owghichiod. 8 fESm) k2.6 NOI8 dxk & iAl (Dgnethwktglede e polytihepanl coaxesdidy- - X, Z-Z
of the first type of slots 410'a of the first group. The second group of

throygh DOliR AR coRECTRIeARlY fihies #HeR doiPndidhdigddHecdhAIBHokER dnt OPPOSed
t hrough holes in which their major axes are di sposed on Intersecting axes.

| . cti ng

N es REs {f%%ﬁé S#S%C%E ‘éﬁ%ﬁ%fﬁé%§?c§m%%§%5§{t§%g$gﬁ??fcg?ﬁ ﬁléé%%%@?'z?ae) -
ared . ‘ . deg |

i GRS THeFuRe Ahsnerl g ot sbit ¢ Bor 3ol bRl dhesch Mdcer

el ement 400 is fabricated, it is installed about the distal end of the
backrest cushions are supported on each frame by three steel bars 0.8-1.2 in (20-30 mm) wide x

25.6 in (0.65 m) long spaced every 19.7 in. (0.5 m) and welded to the frames. Four legs support
the assembled frame and are of similar stock. The two rear legs are 19.7 in. (500 mm) in height

and the front legs are 22.8 (580-mm) in height. Each couch has rectangular armrest on each end.
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| ower body el enment 22 of the franme 312. The diffuser elenent 400 is
preferably installed with various slots and through holes oriented relative
to the frwomosworsss818, 320. Preferably the third group etCralseds/odd8s ar e

di sposed orthogonal to a plane defined by the frame arns 318, 320 and the
seconghtype of slots 410b of the fi rsitafé?roup are disposed at a forty-five
degr eehq @Byt ppgasiatied ohamily sesksterkamnd 7-p oo {36 yre haieht gkl &Gt 400,
alone or in conmbination with one or nore of the arns 318, 320, and frame
312, lengthi dés rednecation off thevarmrest sattaghwd $o therbodpinfieanand0tihdS9 imme) fremeahelant
fluid in a spray pattern over an area to define a coverage area of the
nozzleackksef erably, the franme 312 and diffuser el enment 400 cooperate to
distribute a flow of fire retardant fluid fromthe upper body -55- el enent

313 twodef)i nema Msﬁ$&hrs?£’cest@§t,at_lﬂe Bl h&kAge ERenteRU MBIk OF heRENVbERS a
preferred flux density for a given area beneath the nozzle in response to a

gi VenS(Wig&%Hé iln%e £d; "g{faﬁd‘&fé'i%ni@’é&?ﬁoih@?is@@&@d%tég?ﬁgicéxﬂ&%ﬁ%n@hfﬁxe% ific

hei ght above oor o he are g protecte e preferred enbodi nent of

t he nozz| 0 s to be co cial enbodi ed as AM ST Nozz| e:
avps At Pecked, NG hEh el s SRS e B P R e 0 o
Automatic (Cosed) (Draft Q9/22/08) is included in U S, Prqvisional Patent
Appl | B Fgnvagun gﬁf/ @gél,nstﬁs?%ﬂ“eﬂg Pger?ﬁlﬂewfﬁ{%? g{%ﬂ%&%ﬁ- r(HIgHR HE §UEegSs 1S
incorporate the data sheet. The draft data sheet shows and descri bes

pr ef edafiagd bhistanpiatainigmpelatues dirdedly ovpreigpitionctt thedcegz bdow[300€3@DEach of

t he above preferred nozzles 100, 300 shown in FIGS. 2-18 successfully

pass edafhiaie gteaet thao BOV4 ofedatiresskebrmudality catd (@in), doAmppoparate nSiratidarfdheFor \Wat er
M st Systens: C ass No. 5560 (May 2005) (hereinafter "FM 5560"). More

specifdz&Rk] Yor thB@op€B@ toest-awmzeRlivel & theaMX, hihipGaey damgehdveth t he
tests detailed in Appendix | of FM 5560, entitled "APPENDI X | - Fire Tests

for Visherdlsed wee Sl £ABinkbeiBONIGE! IR th 90 drRRApGORCURRRGIiES
(hereinafter "FM 5560: Appendix I"). Copies of FM 5560: Appendix | al ong

W th esgri.ption of~the results. th rfornmanc f.th referred
o1 SURERE B MR Ao TS BB e e B BT RIRAER, B o

61/ 19 ,$74 and 61/ 193,85\2, each filed on January 2, 2009, each of which is
incor’gS RACKEEIATANE RS n d BC fiiF EH¥aSd T4F35Y i ncorporate the test results.

[ 00138] According to FM 5560: Appendix |, a "Small Conpartnent” fire test is
condul®P&#Blwni t i asegondmsasparsiest. 3t figlPargage wemsenised bajweendaowgeeas shown
in FIGS. 19A-21B. The Small Conpartnent residential fire test conpartnent
meas uPpetation/pixthe fixst Hozzld Gechitred mppkxifitatelx 280 fecondsftex Bymiticd, A hejtest ivas soh wi t h
two total bunk beds, each located on the 13 ft. walls. Each bunk bed

cont afoned niihiteefdliotvilg dpREdtioaDS &R firspi2eRs TOE tBt §dtisfid@ Success] fekting 1 n. X 4
in. (2 mby 0.8 mby 0.1 n) thick pol yether foam conmodity with a cotton

fabri Git&@V e -a AR oPB §aBS BRSNS fld] chk'a?@Was Bk PR Rkert RAE hesi@l | on and
one was in a vertical configuration parallel to and against the wall. A

t ot al 3 I . rial . re -al jred in
the tQBrenGhEr B Hip Bl LGRS S Bt bR ST B tenE Bty LSHL
conpattoent. was.protected b e nozzl e 800a. | gcated centrall ithin the
CompatPt MLAIMEES follorinecqRaEot S0 iely S Hhedeu AER: ores! Defywoss sy wi de x 7
ft.-21in, (2.2 m high is |ocated along one of the 10 ft. (3 m w de walls.
Al ongatipfedsthadesieiiteriat t he opposite end to the doorway is a |avatory space
LS nmeasuring 3.9 ft. x 3.9 ft. (1.2 m x 1.2 n) that is not open to the
conpal0f it . Ahathérgrefeoed metlodre clsractedzetaovattianisehodrlet is Gasesdusting of t he
conpartnent through the doorway. A 4.9 ft. (1.5 m wde hallway HWs

| ocatdistriduti®cspryy @stirg if evHidtewstonis coBdlle DF et B bpti el pendidgieriad of Anikter
direction of travel through the doorway. Two nozzles 800b, 800c total were

| ocat @ebrinfindiidd of 1t ARESYe 48! ddlfy, Fow PSuRRlhIBY per@ifadeb el BiBRIthon at

the nozzl e maxi mum spacl ng.
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[00140] A test fire / is ignited in a |lower bunk located 1.3 ft off the
floor and 3 ft. beneath an upper bunk as shown. Passing test criteria for

t he Smal IwCGaopzu7gssent fire test is: (i) maintain tenperacunmssodioemss |y over
ignition, at the ceiling, below 315C, (ii) maintain greater than 60% of

mattress c dity.in the ignition bunk;, and (iii) . not operate nozzl es
| ocatiiien TOREIE RNy §rasr cp tlﬁ%igv%ggf. A FEAEE {0 ﬁ&zg Percstic: EHOWREIFN FI Go.
2-10 was installed as test nozzle 800a, 800b_and 800c and subjected to the
Smal | ingtehgshattarresitheicbsHrmnd® prbeeabovathe huekets A3es necaggod framsthe tapafitead
approxi mately 150 seconds after ignition. At all times during the test,

t enpewstncln besswé tle maizketbaidne Thoektonst31B0n 700 és svbzmbtcally shoved inol€r. B2r i t t ed)
operated in the conpartnent. Zero nozzles (out of zero permtted) operated

i Nt headnaftivedboveienrtibed blaestre@d¥eAés 100e30MmivkreaasaltAAnel k)t stiup 3@edpot t om of
the ignition bunk remained. Accordingly, the test was a success. WO

20107 Q7 8ROBITCTA b0 LaRPROnmE B | Js%ni%? QLG abSiila I HE221EN 15,59%' ordppendi x |

is a Large Conpartnent residentia ite test. The test Is conducted in a

conpa nt . confj.gured for i zzl et S i e test
oz wlaELDr £ L R'oF L 4, TR, B s tABL B SRPEI R ohd
commercialjzed AM 27 nozzle neasures 32 ft. x 32 ft,. and the conpartnent
For t HdR SYer R TS Ae uSedg paripronper aladiEns AEHR Py BRETIZ0. The t est
conmpartment includes two doors, |ocated in opposite corners each door

neas udisisibptign fromjafegt@orzlp $hewpi EHie 27 isa schompaic plap vipwqi Wiichidegre . The

test conpartnent is fitted with four test nozzles 802a, 802b, 802c, 802d

t hat amdrasipedettionspeked 763 am lowsddmm 180 amdhrig ] 248F ingl guatfant hegiono 22 keneash nozz| e
spacing. Two additional test nozzles 802e, 802f were also |ocated on the
cei | i i teslBezzion TdSiatleitd fhe coaplete sprandisttibeticiobsmayest aotAs 18, meater[ 00142] I n
one coner of the conpartnent is |located a residential fuel package FP of a

wood &Jjjebri@nghis oMl 3gieH 7byﬁﬁkgnt§}f5&ed ) ﬁqefrUﬁhinl}%CtﬁQG&n{ Rglodes fhwo pi eces of
non-fl ame retardant, pol yether foam comodity, 240 m of conmercial grade

¢ 5ottt i Bl Pt S Ry s gt e o RN i

pl ywood to formthe fuel pack FP. The crib i e of four |ayers of

P nbesorern N Pl S PR Rt s foeflinge b hetabRopgh sitizale™ °f o

kil n-dried or_fir lunber. The | unber in each layer is placed at rjght

angl el0L3Pl; heWily the Berzlq inyalied abpre thecallestivnduckids dvatrs ibeirelish #ﬁ’“ieéyer
are evenly spaced along the 12 in. length and stapled to adjacent |ayers.
The ctoi flowvdirgph theregenozizieditl Bt & cordrofledl bad prEdetenmingd pressiomiyi soromeriownt a
tenperature of about 220F for up to 72 hours. The crib is then stored at
room sfximer didtest fressuwat idchaist: FoOussi. hoAsrsi.pnd a45 pd. (The dactioaforftestiegtwast . The
cribis centered atop a nominal 12 in. (300 mm) x 12 in. (300 MM x 4 in.

(100 {aRablelrasapsipfnsd] Rk A tHrOGAlBInd D12 M c@ficdiRefibRStasRbatiapMEe 2 1n.
fromeach wall. WD 2010/ 078559PCT/ US2010/ 020056 [ 00143] The si mul at ed

furni {“Jf{g g %%51%91% eagfou%h@f &8%&%@@@ irPoh e bKdsP M\ggﬁ%%‘ﬂb&% our e

suppor a st rame. e cushrons are two pieces uncovere

pol ypr l.ene_oxi de. pol yol ol yether foam having a density of 1.7 Ib/ft.3
bo 1 digArp oyt ﬂﬁ’fﬁ‘g‘HS%¥Pﬁegg‘§hf¥'-n. (860 nm) x 30 in. (760 M) x 3 in. (76
nmm . The_foam has a chem cal heat of conbustion of about 22 kJ/g and peak
heat W8I&Hse Fht wrafpatlseutor d8 negglrpandraeis PREKHAEdAY BFFSFEC PP2ET to a 35
in. (890 mm x 31 in. (790 nm x 0.5 (12.7 mm plywod backi ng using an
aer ospiefenatdy hareedifcetendadtimsnhaprayospooents rasjuirod &irgdcosesfdperformansal t in a
0.5 in. (13 mm gap between the sides of the cushion and the backing and a
1 i n. dyrdfy fim)esheg Weerexahpld) atsprampaterh hewhick hhaa isnebrctreranoh iroafwfy-fivee

backi ng. The foam cushi on and pl ywood backi ng assenbly is conditioned to
about JoPfe @RdtiePeflor BRWPIAR! REhYELMNEIEELY el adhs| TR&E dRéctl@br s prior to
testing. The foam and pl ywood backi ng assenbly are placed in a steel
support frame that holds the assenbly2in the vertical position. The
sinmulated furniture, wood crib, and steel plan are placed on a piece of
nonconbusti bl e sheat hing neasuring 4 ft. (1.2m x 4 ft (1.2m x 0.25 ft.
(6mm. The air in the conpartnment LCis conditioned to an anbi ent
tenperature of 68F. Two 6 in. (150mMm x 2 in. (50 mmM x 1.25 in.(30 mm
bricks are placed on the cenent board sheat hing agai nst the foam cushi ons.
Two 6 in. (150 mm x 0.25 in (6m) dianmeter cotton w cks are soaked in
Hept ane. Si xt een ounces of water and ei ght ounces of Heptane are placed in
the steel pan beneath the crib. Additional details of the fuel package FP
are provided in the copy of FM 5560: Appendix | which is attached to U. S
Provi sional Patent Application No. 61/193,874 which is incorporated by

Y - v e " N N o ~NrNA A A



of the doorways. Each of the preferred nozzles 100, 300 were installed as
the test nozzles 802a - 802f. In the test results of the

t 0- be- corwenocica7sssed AM27 nozzl e 100, operation of the testuspadab@seoccurred
approximately 90 seconds after ignition, and for the to- be connercialized
AM29 nozzl e 300, zzl e .operatian occurred 80 sec Ss_aft nrtron The
st SEEGHS PBTe0’ coRiv S sioF GG S s Benaponien B Gae o
success. At all times during the test, tenperatures were nalntalned bel ow
315C, Whish cpigan relatrvsit sreall digmetepdevingqragnfurs deapkgte ity fherflowepaal Brent, and
zero nozzles (out of zero permtted) operated inside the doorways. [00145]A
t hi r dresylpeg dfardctaristit esthe preferredivir §5@0emAfop eavdli Igwpré¢ssungrvater|neigt ndzeleQpen
Space fire test. An open space fire test was conducted under a 66 ft. (20
m X &asikts.of 63t rehticay kinal as@largeodraples ¢b forafer dbiag fféGed by theSatr. The
ceiling was constructed of cellulose acoustical tiles oriented in a drop

ceilli Rgdﬁ&'iéi‘ @Hﬁ&&&‘isﬁc%ﬁﬁqe @P?a? Tpﬁﬁex%%lﬂ&r»@atbﬂt&bﬁlbis%lata‘faltJiﬁ’ BBk Mum spaci ng
of 12 (3. m). Atota 30 nozzles were installed in the ceiling.

001 4g) T g, Basaines o4 P AL 2Py bR Sy 0] acent

couches Wwer e one couch | ocat ed

centr de of th se. array. ouch f

const%ei/eﬁ%fto %rrrgcrlec P e Cﬁﬁégé%i%? 81%-5{15?4 G 1R Sale APPATERRS ¢ cal

6.5 ft. nz 6& 1 t hi ck piece of polyether

f oam %#ﬁ*ﬁéﬁ hg g\‘i\!idtfﬂleé sk thFISBF}le&S t@%@r‘mh ﬁqﬁ’éers t/e%?uchr‘éﬁ‘% N§EFSANE couches
i ncl ude rectangul ar bottom and backrest franes constructed of steel angels,
channeipssapartset thergyid tardilderontpenpds dilow.east 0.12 in. (3 nm) thickness. The
frame dinensions are 6.5 ft. x 25.6 in. (2.0 m x 0.65 m. The seat and
backr @9152jus Hlansstaeteupswpp@ntettansueh diat thedlosy thyoughribenstzialanibasppfed- 1. 2
in (20-30 nm wide x 25.6 in (0.65 m |ong spaced every 19.7 in. (0.5 nm
and Wa{qdgd bt kelshBeakirRBE The RtHC fof BRaSHRB Y ferrhdte ASSERMBPEdwhicBras gied ar e of
simlar stock. The two rear legs are 19.7 in. (500 mm in height and the

oy A 10 U A AP, SR g a0y o0 et
(0. sry ol i nlot s Shiing TERmERt el aé%wg‘etabﬂﬁya? eakﬁgﬁ?%e he éit {om

frame 2.0 in. (50 nm) fro e. bac 0Q147]. st op n s

t est , MEHITFRFSLS QféE’[@é(g’étt?@ d@%ﬁﬁ&@&ﬂé rﬁ‘g“@ all BYL@ Q%fv4lﬁ@e fl&et rg L‘iSt
installed in the ceiling, and the ignition point / is Iocated atop the
cent etoupd obpuckes hathbeesoheasuied, e Wetredmipied loag semaysd feam 81¢ w1 anddesting z| e
occurred approximately 160 seconds after ignition. The test was run for 10
m nut @émtihodd. Oltiinproogs vais irepratefl untiea folnmt ofivakel &1 eaChibtigdt svaf orcasuddess i s
defined by: (i) maintain tenperatures directly over ignition, at the

cei | i1gh o2 bRPsAkRES isldo)redBRi A FHr Buflictah Buckdd athy i tef deomtd (esogaagodi ty;
and (iii) do not operate nore than five nozzles. For the nozzle 300

t0- be,e GR TR Sl P8R AVPRF @lnBinle thé@BSnEWAiePSoliddBod; BB lindaries of

t enper at ures mef%ﬁﬁﬁfhtgvng% NQ%B&/éiSCe eat%r tﬁan 50/§of théﬂﬁ%?tress
Conmy estrn e t, of I rat ed
Tt e ey SRR 8 Sl bRk e D dhE el ds%éa?eﬁﬁ b fhe 86" 122"
success. [00 48]In as open, space te t he f acka centered
bet weBHdaRb FosFPEESPO Sf&tmwr%ﬁ ofraelfoeleris remppane ! Ef‘c YA sa@%a Qtat el y
200 seconds after ignition. The test was run for 10 mnutes follow ng

oper athe®azad¢. the first nozzle. The test satisfied successful testing
criteria. In a third open space fire test, the fuel package was centered
bet we@0183jur THezthedensiBpmeaturanerafis adiendde detcthobel ie irstaad deededappmesar mat el y
210 seconds after ignition. The test was run for 10 mnutes follow ng

oper ahPikedfortin@viduhSucRerziebs méGaiehent foe tHeghgd Wik R&s SUBE eH6f Khbyn
satisfied the test criteria. [00149]Anot her preferred met hod to
characterize a water m st nozzle is lgg- conducti ng



distribution spray testing in which water is collected over a specified
area and period of tinme for determ nation of the effective flux density,
fl ow vol uwe 2amd/7essoper cent age of total flow fromthe -6®cT/Use@plozooséor this
testing, water collection buckets are arranged in a grid beneath a test
nozzle installed at a test height HTEST 78 i nches above the buckets 703as
meas UYIEMES shveire(l ghops2 gllonfyetnk e euredfint ﬁémaksﬁplée%eﬂg?n&ﬁﬁts BSt
installation 700 is schematically showm in FIG 22. Each of the above
descriaped phefasnltiad daphy vers mesured 00 thibe sameearenienf mefet 3el a wsrelatien up as
test nozzle 701. In order to determne the entire spray pattern about a

t est wagddvelopd beREn deptboe tiguacttesndofolam Bdllected0 Theei rdswdtigawitd00 sq. ft.)
beneat h the nozzl e was eval uated. Accordingly, one hundred coll ection

buckefnsasidiReritd) Whh lc6hiE@waRRbNEE 0R lighe dtv@eand delRtretifRixsREsY foatdddrn
distribution froma test nozzle. Shown in FIG 23 is a schematic plan view

I n whi,elet i%%g@%@d.hﬁ&%é‘s@ a0k hgﬁ‘sﬁtg?ﬁl:ﬁé}%',@‘éﬁé@de?%cﬁ%ﬁ ohQEALRY ildhiGed 4 1 NCh X
120 inch quadrant region 702 beneath the test nozzle. To evaluate the
conplq&e sp%%y dk§fré§&”&0”zféﬁﬂka test nozzle 18, water collection data
fron1¥e§?8€ 6?ri§1¥5an%p5%%é Imt’o the remai ni ng quadrant region 704 for

cal cul atiLon and. visualization p oses. .Thi.s appyoach S oven valid

t hr oubﬂl%‘ﬁe pf"dﬁ%‘g?“\@} méag Nﬁ%ﬁf&l‘ﬁ%@ RAgY' &% thé%%%é@f et qo\r%\%ﬁﬂﬁli BUEIORFS to the
total known flow through the nozzle. [00150]Wth the nozzle installed above
t he cbiscéenicheragoniistisiacipnt @PM/psi s lippst pressusiipsidby stibaing dreffodoyingr ough t he
test nozzle 701 at a controlled and predeterm ned pressure for sone anount
of tiemuatidtre test pressures included: 100 psi., 175 psi. and 245 psi. The
duration for testing was vari able based on actual flow tine through the
nozzle. Mre specifically, flow wag=gontipnuous until a nmeasurabl e amount of

wat er ‘(WQ§5]CO| FRet 84 coNeciRiRa@fa thRevAURK eI Aisciiirgd R chicTRtaddy s0Ringihg @lel owed to
overflow from any one bucket. [00151] The spray pattern for m st nozzles and

nor e &@51{3& lcﬁﬁr!r%s %09Yﬁe%rnﬁ§esé§<rn% &91%5' ga’of Qb@g a?éai*e 1. hﬂx\é%o écct&f €318me of )

di rectionaf spray conponents rgqU|r§ for successtul pertormance during
fire testin For exanple, a.spra attern in which there s a
concetfipheroeliosiB Ty fne S BGE LB RekS G As A THEn 5F sfteraied Hea by
the nozzle frame arns. These directignal -62- WO . )

2010/ EAPESHPET RS IeM 35 BRE08 the&?&aﬁeﬁ%%lomfé%@dafsr JeteraHaingvoag fijeharee
relativelﬁglar e diameter, high nonentum droplets which entrain relatively
snal | frainghenezzle is@npresinesielti 9B tr ang| neeisrabhit & higleas 9% efithp dlderetitployta @ft i ng
characteristic in the preferred spray pattern for each | ow pressure water
m st thezpkdeconsi sts of both relatively small and | arge droplets, the
former being affected by the latter. Additional characteristics of the

Spray[easéjer NTheed1dBoN@dtL EartseOqletiagely Rtialideakd stk diséardeBstelbuiesit dagnal
spray pattern, either by way of turbul ence, coagul ation, or a conbi nation

of boffy ShEHE FreetME chfed & 104 RECKL g@lkac SRE & VBBl hokilabR aPtJRthle

subj ect | ow pressure nozzles, sone ets inthe grid filled quickly,
whil e

h K h,l . h, i . . f
LRl DR SRR o LS MSFRLRE Yyl RRRRRR'  ©

constructed such that the flow through the nozzle can he stopped and the
buckefsSPHBaRACaydisREtioRt Fhecsof Brarg eY ets thg dsghigs ﬂléﬁlbuflpw%gﬁwly" . whi ch
has the units [gallon per mnute per square foot] and aptly describes the
vol unpatistn that mdicgess hoapedischarse adth Yrllokeandhed paigrsavifh degrdasing gesas afy.  Thi s
metric also allows the ability to nmake accurate neasurenents of spray

pat t ediscldhirgt cdnberitiation ahaviainsgreal dndves biwer Marreispddi Bcalliymére feolamesl inAlid er a
first round of buckets had been neasured, they were enptied and renoved
from pher@rdpeesand tHesbhddfc@eititiafivg dnd Ik DI refRStRso flePaaisad duitdréd. a

vol une of water in each bucket was neasurable. The total elapsed tine is
al so recorded per bucket. A bucket may al so be deened to be outside the
limts of the spray pattern if after.gg.sufficient tinme there is no water
col l ection; boundaries of the spray pattern are found in this way. The
water collection raw data for each bucket in the test quadrant 702 is
correspondingly mrrored to replicate the remaining three quadrants 704
about the nozzle. [00153] The flux density measurenent is not nade directly,
but is instead derived. A neter



was used for individual bucket depth neasurenent for the range of buckets
inthe grid. Known -63- WD 2010/ 078559PCT/ US2010/ 020056 vol unes of water
(1 gal |l orwwo220pal78sps, etc.) were poured into sanpl e bucleetraisedtoioc®ss i cal
shape factor. The resulting depths were neasured with the sanme conveni ent
meter_apd a correl ati on was devel oped petween depth on the neter and vol une
col | elclﬁﬁﬁ?luerﬂé@é paaelew FEPIERaRE TeREL TGP Hish O HC“{?&GB%@E&? HCRBEY ect i on
tinme describe the delivered flux density for each bucket in the grid. For

t hesedistribuiiord €p@pt gppiastod the, testelistbuiionaesttitwasn fitpd in S Srpeikiopdent i fi es t he
vol une of water delivered per square foot. [00154] A theoretical total

vol unipmicatiat No. @lds%3, 8k, filadounglantane 2§ 200 and2z$ ePréditions! Ap@isatildaNed on
characteristic k-factor [GPM psi'] and pressure [psi] by utilizing the

fol | og¥/ 1, EBY atedn: Jakdely 2) 1009[ 00155] From the col I ection data a total volune
of discharge is calculated by summ ng the di scharge volunes for the entire

ext r ajpgi#hed Bid defineA00 CHLRLE ofiOF distiRtibRhhE ﬁﬂh&ﬁ%rb‘ﬁ?&bﬁf cd’x‘@%ﬁ%de and the

t heoretical volume of water delivered through the nozzle can then

cOMPage: pdly AR 1Rl NenRESHT 360l LS VRLS aRL] ROt on et hod

et i Ai ARGV charge fromthée nozz Ximately 93% and

preferaply a i a 9% of .the theoretical output of the nozzl.e.

P01 S P ted B b Conesivto Sk B viB B9 9o e ogdle f6 SRV schar ge
di stribution data. For exanple, freeware called SE. LA VI.: Scientific Lab
for \Resiphtralbaundery 2o diangitrabat tpnozalearfdwsnty feet. The spray pattern is further
http://wvw. fluid. mech.ntua. gr/selavi/> can be used to provide a visual

r epr egefetably dividefl igtp cayceptictamnnladiisgsrabout the test ddvelestefinumrdscoae vegidns of he

di scharge distribution into a visual pattern that indicates heavy discharge
Wi th giekpraywpatedn.r BebhoodOis proferablydRtheply Agindeeas afgedefitingagemenncentrati on
shown in green and/or blue. Mdre specifically, the color red in the pattern

r epr efgnter A8t tHeARGRE a£QRGERE btk dahine b Yaid ARIRESAbSutARE QevideUX
density delivered. WD 2010/ 078559PCT/ US2010/ 820056 Li ght blue, green and

1oL UL RESSRILALORPREL LYEL 530 0 5 SOPSETLIBMRB L, o Sohor o
US Gonisonah fpelicatLon g, BASS B1AL LS o damiacys, 2000 anc

annular band identified by the inner and outer diameter of the rings. More specifically, each ring

shows the discrete volumetric flow measured in gallons per minute, percentage of total flow and

the cumulative volume between the nozzle axis. Tables 4A-4C are the test results for the nozzle

shown in FIGS. 2-10, the to-be-commercialized AM27 nozzle. Tables 4A-4C are the test results

for the nozzle shown in FIGS. 11-18, the to-be-commercialized AM29 nozzle.

[00158]  To further facilitate analysis of the test results the results, the polar and Cartesian

distribution data is dissected into zones: Zone 1 Z1; Zone 2 Z2; and Zone 3 Z3 as shown in FIG.

24. The preferably three zones allow for a more detailed analysis of the distribution of a given

sector within the polar coordinate region of a given quadrant of the distribution. Zone one Z1 is

defined by a sixty degree span about a first plane P1- P1 intersecting the device axis and

-65-



[ 00157] The rectilinear or Cartesian grid of distribution data is further
preferably converted into a Polar Coordi nate systemas shown in FIG 24.
The enti rwonomzi7essspray pattern is preferably defined byca/uReddn2dseor di nat e
system having its origin at the nozzle axis with its peripheral boundary at

a di aneter about the nozzl f .twenty feet. .The.spr ttern i.s further
pr ef SICAPNGICHAY QR 3FPR BaE'E)ﬁ%‘g) 1p§e@e&%}%}ﬁ%pe\p$%adgs %@aol\éfﬁa]ﬁ(é%?ee%atu %f{)zzl e
defining discrete regions of the spray pattern. Eagh rin]g,; isﬁgqferably
def i eambgrmasn Zonadires Z3dp efiged BE PSRN BCS#F SPAR EFIECA ABYHE ISISE0HI RIAR: devi ce
axi s and an outer ring edge defining an outer dianeter about the device
axi s.arfih®nt nner?2 andtfiomed by athirty degye sparabostipaibid piava inteisgctngdhd doice n t he
radial direction. Summarized in Tables 3A-3C and Tabl es 4A-4C are the

di st ridiidadispeRbdiegwtar the fied afd seoed elaneyundaxtnding fodpifitve Hegdedrglatine i nner
and outer dianeter of the rings. Mdrre specifically, each ring shows the

di scrgtacyof t'ﬂ@?itf%iaﬁd £d oM PRASUNAGhd finfRdrk eblesRRIowWI Tablee 3 APBC aeTages of
total flow and the cunul ati ve vol une between the nozzle axis. Tabl es 4A-4C

Fo- b katmiar PRI ATR! REsIREE GaMRNS RV ERer Gl Bisckiegionofan (e

nozzle shown in FI.GS. 11-18, the.tog-be-co reialized A e.

[ 001SBIFET 18 EfFeh S1F b 7Inet 8n3W§¥193§iV 1%8?0 %dﬁggtané@gﬁﬁe%@?%%gesul ts, the
pol ar and Cartesian distribution data is djssected_.into zones: Zone 1 Z 1,
Zone expepimenigly Zefgenizedanchderie hpr Hrﬁfelﬂ’F@mé%ﬁmﬂ%‘ of etes P C%V‘tcfﬁ" ee zones
allow for a nore detailed analysis of the distribution of a given sector

Wi t hi Actciéinplyl #shadd beindargooddiabeuivalent genesmaneri@r amst 89z2ais passitle i but i on.
Zone one Z1 is defined by a sixty degree span about a first plane Pl- Pl

i Nt er g@pits Dgidiley demimeiakiduandoviged the WO 401 TRESARCDUISE O B10R0BE6
perpendi cul ar to a second plane P2-P2 intersecting the device axis and

i ncl udi DG & RGaPRlY sdbtahfiARBIANS. Zone three Z3 is defined by a sixty
degree span centéered about the second plane, and zone two Z2 is defined by

a thi @tggsﬁegr ﬁgfegg%gogf?egesé%t rgs#gt%{&i&égad%f‘ov& a{ﬁhﬁﬁﬁkiurag esifig\h g8ndxizs and

di spo et ween econ anes and extending forty-five

degrees relative .tg each of the first and C -pl t ry
bl oSBBBL e FHF SO BACIR A r bl A AC SERR OB BRERe: Lo BEp ok
percentage of total flowis shown for each discrete region of.an .annul ar
ring therisgreftsrdhantBase of pReYINSHEFIAP ) nazE eﬁle’éc‘iﬂr&f‘g iﬁ‘eft%f)woa%hﬁg?lér@ﬁ f1 ow
were experimentally determ ned and derived for preferred enbodi nents of

wat er covestgedess resformavnse of diersgbipet nazzlshoMogeaer, thedest sesubel shavathedeayingPent
performance for a test nozzle is possible despite variability in nunerical
val uegujarftos dsditutien picdbéinhdatie pelneent flowdistitsttion wwei odisérote radiel regioh et
nozzle is relatively substantially simlar. [00159] Referring to the test

resul bempraavd Sa] Relaw apfedamphatid srefeakd hbgzld BRLWhe installahia tRe #8& show t hat
t he subject nozzles provide for a volunetric flow at radial distances from

the n %%glﬁt;?ﬁ mwltﬁ afd fxﬁﬂ(tﬁéssélﬁ g?ézf' g?lggﬁ;le BB SN WUShYhK RRWMIaM Q&Y Qattern

Accor est s coverage area performance of the

subj ect . nozzles.. .Mreov t.he test resul [ -] U | ow

di str ?%&H@%r@a% ”&ﬁ?ﬂﬁolaﬁ% }ng}eétg%etrcefrﬁ?aﬁ%og??tsﬂrﬁ %@P%ﬁq%éﬁy gé %Jlngg?téioe

radi al region or cunul ative radial gions, For exanple, the preferred
nozzl é0 éfogb%ﬁéh? denice akis@gd phoyt Héé}‘t @Jstge FOF?EtSﬂQVVi téﬁ“?gb%s‘t%ﬁtegviotv i aa%c?r?ﬂeet
pressure of 175 psi, Table 4B shows that the resultant spray pattern

i ncl udzson ¢ight toitventn feedaleout tizdeyise akisyliie stithyezans it thg Bighest PRESRPERPIBE une i n
a first region 8 ft. to 10 ft. about the device axis and about 15% of the
t ot al fiblwowslinae higa flissicpidauiRefd tovértt. abae denttvicegkisranéahtt 18§ piidwtigial eet

about the device axis; (ii) within zone 2 the highest percentage of the

fl ow yeluwEnd fis@ibliell SVer2@tON diohtiwelve toldventy feafudatit thbeevieyaxis andi(is) and
about 18 % of the total flow being distributed over a second region twelve
to twenty feet about the device axis;¢6@and (iii) -66- WO

2010/ 078559PCT/ US2010/ 020056 wi thin zone 3 the hi ghest percentage of the
flow volume in a first region 6 ft. to 8 ft. about the device axis and
about 11% of the total flow being distributed over a second region six to
twenty feet about the device axis. Such nozzle performance provides for the
reduced water denmand requirenents in mst-type fire protections systens for
| i ght and ordinary occupancies as conpared to known sprinkler or m st
systens. Further details of the distribution testing and analysis is
described in U S. Provisional Application No. 61/193,874, filed on January
2, 2009 and U.S. Provisional Application No. 61/193,875, filed on January
2, 2009 each of which is incorporated by reference to specifically

e " N Y - o M



ZONE 3 Percentage of Total (% CO0.1 S Zcz 17"Eciz | 97 6" | sl | LO1

WO 2010/078559 PCT/US2010/020056

within zone 3 the highest percentage of the flow volume in a first region 6 ft. to 8 ft. about the

device axis and about 11% of the total flow being distributed over a second region six to twenty

feet about the device axis. Such nozzle performance provides for the reduced water demand

requirements in mist-type fire protections systems for light and ordinary occupancies as

compared to known éprinkler or mist systems. Further details of the distribution testing and

analysis is described in U.S. Provisional Application No. 61/193,874, filed on January 2, 2009

and U.S. Provisional Application No. 61/193,875, filed on January 2, 2009 each of which is

incorporated by reference to specifically incorporate the details of the distribution testing and

analysis.
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[00166]  While the present invention has been disclosed with reference to certain preferred
embodiments, numerous modifications, alterations, and changes to the described embodiments
are possible without departing from the sphere and scope of the present invention, as described

herein.
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WHAT WE CLAIM IS:

1. A mist system for fire protection of a light and ordinary hazard occupancy, the system
comprising:

a fluid supply; and

a plurality of nozzles spaced about the occupancy and coupled to the fluid supply so as to
provide fluid to the nozzles at an operating pressure of less than about 500 pounds per square
inch (psi) and define a hydraulic demand being the greater of: (i) five hydraulically remote
nozzles each having a coverage area ranging from 36 sq. ft. to a maximum of about 256 sq. ft; or
(ii) a hydraulic design area ranging from about 900 square feet to about 1044 square feet,

wherein the plurality of nozzles include at least one of:

(a) a first mist device comprising: a body having an upper portion and a lower
portion, the upper portion defining an internal passage having an inlet and an outlet for the
discharge of a fluid to define a K-factor of less than 1 gpm/ psi”, the upper and lower portions
being axially spaced and aligned along a device axis; a pair of frame arms extending between the
upper and lower body portion and centered about the device axis; a seal assembly disposed in the
outlet including a thermally sensitive element to support the seal assembly; a diffuser assembly
including: a load screw engaged with the lower body portion; and a diffuser element disposed
atop the load screw so as to be located between the upper and lower portions of the body
internally of the frame arms centrally aligned along the device axis, the diffuser element
including: an upper surface and a lower surface, the upper surface including a central cone
portion extending proximally toward the outlet of the passageway; and a plurality of through

holes, wherein each through hole being defined by a pair of circles partially overlapping one
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another, the pair of circles having different diameters so as to form a key-hole shaped through

hole;

(b) a second mist device comprising: a body having an upper portion and a lower
portion, the upper portion defining an internal passage having an inlet and an outlet for the
discharge of a fluid to define a K-factor of less than 1 gpm/ psi”., the upper and lower portions
being axially spaced and aligned along a device axis; a pair of frame arms extending between the
upper and lower body portion and centered about the device axis; a seal assembly disposed in the
outlet including a thermally sensitive element to support the seal assembly; and a diffuser
element, the diffuser element being disposed about a distal end of the lower portion of the body
externally of the frame arms centrally aligned along the device axis, the diffusing element
including: an upper surface and a lower surface spaced from and extending substantially parallel
to the upper surface, the upper surface defining a central region and an outer region each
disposed substantially perpendicular to the device axis, the upper surface further defining an
intermediate region extending at an angle to each of the central and peripheral regions to space
the central and peripheral regions axially apart, the upper surface extending about the device axis
so as to define a truncated cone about the device axis; and at least one of a plurality of slots and a
plurality of through holes extending from the upper surface to the lower surface, each of the
plurality of slots having a slot opening along the outer region and extending radially inward
toward the device axis to define a slot length, an initial portion, an intermediate portion and a
terminal portion, each of the plurality slots defining slot widths from the initial to the terminal
portion, wherein the plurality of slots include a first group of slots and at least a second group of
slots, the slot width of the first group of slots varying along the slot length, the slot width of the

second group of slots being constant along the slot lengths, the first group of slots includes
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radiused portions in the terminal portion the slot, the radiused portions being spaced apart such
that the slot width of the terminal portion is wider than the slot width in the initial and
intermediate portions, the first group of slots being radially disposed about the device axis, the
first group of slots including a first type of slot, a second type of slot, and a third type of slot, the
first type of slots being centered along a first axis aligned with the frame arms and centered
along a second axis perpendicular to the first axis, the second type of slots having a slot width
wider at the terminal portion that is wider than the slot width of the terminal portion of the first
type of slot, the second type of slot being centered along a third axis disposed at a 45 degree
angle between the first and second axes, the third type of slots having a slot width at the terminal
portion that is smaller than the slot width of the terminal portion of the first type of slot, the third
type of slot being disposed between the second type of slot and the first type of slot disposed
along the first axis, a slot of the second group being disposed between the second type of slot and

the first type of slot disposed along the second axis;

() a third mist device comprising: a body having an upper portion and a lower
portion, the upper portion defining an internal passage having an inlet and an outlet for the
discharge of a fluid to define a K-factor of less than 1 gpm/psi”, the upper and lower portions
being axially spaced and aligned along a device axis; a pair of frame arms extending between the
upper and lower body portion and centered about the device axis; a seal assembly disposed in the
outlet including a thermally sensitive element to support the seal assembly; a diffuser element
axially spaced from the outlet to define a coverage area of the device of maximum of 256 sq. ft.
at a maximum ceiling height of about ten feet for an operating fluid pressure at the inlet ranging
between 140 psi. to 250 psi., wherein when the device is installed 78 inches above a collection

area to determine a spray pattern distribution for the device given a fluid test pressure at the inlet
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of the device to generate a volume of flow from the device, the collection area having three
zones: zone one, zone two and zone three, zone one being defined by a sixty degree span about a
first plane intersecting the device axis and perpendicular to a second plane intersecting the device
axis, the pair of frame arms being disposed in the second plane, zone three being defined by a
sixty degree span centered about the second plane, and the zone two being defined by a thirty
degree span about a third plane intersecting the device axis and disposed between the first and
second planes and extending forty-five degrees relative to each of the first and second planes, the
spray pattern of the device providing: (i) wherein the test pressure is 100 psi., the distribution
pattern including the highest percentage of the flow volume distributed in a ring centered about
the device axis having a two foot radial width with its outer edge located six feet (6 ft.) about the
device axis with over 58% of the total volume being distributed in a region eight to twenty feet
about the device axis; (ii) wherein the test pressure is 175 psi., the distribution pattern including
the highest percentage of the flow volume distributed in a ring centered about the device axis
having a two foot radial width with its outer edge located six feet (6 ft.) about the device axis
with over 50% of the total volume being distributed in a region eight to twenty feet about the
device axis; and (iii) wherein the test pressure is 245 psi., the distribution pattern including the
highest percentage of the flow volume distributed in a ring centered about the device axis having
a two foot radial width with its outer edge located six feet (6 ft.) about the device axis with over
33% of the total volume being distributed in a region eight to twenty feet about the device axis;

and

(d) a fourth mist device comprising: a body having an upper portion and a lower
portion, the upper portion defining an internal passage having an inlet and an outlet for the

discharge of a fluid to define a K-factor of less than 1 gpm/ psi'%, the upper and lower portions
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being axially spaced and aligned along a device axis; a pair of frame arms extending between the
upper and lower body portion and centered about the device axis; a seal assembly disposed in the
outlet including a thermally sensitive element to support the seal assembly; and a diffuser
element disposed axially from the outlet of the body to define a maximum coverage area of the
device of 144 sq. ft. at maximum ceiling height of about 17 ft. for an operating fluid pressure at
the inlet ranging between 110 psi. to 250 psi., wherein when the device is installed 78 inches
above a collection area to determine a spray pattern distribution for the device given a fluid test
pressure at the inlet of the device to generate a volume of flow from the device, the collection
area having three zones: zone one, zone two and zone three, zone one being defined by a sixty
degree span about a first plane intersecting the device axis and perpendicular to a second plane
intersecting the device axis, the pair of frame arms being disposed in the second plane, zone
three being defined by a sixty degree span centered about the second plane, and zone two being
defined by a thirty degree span about a third plane intersecting the device axis and disposed
between the first and second planes and extending forty-five degrees relative to each of the first
and second planes, the spray pattern of the device providing: (i) wherein the test pressure is 100
psi., the distribution pattern including the highest percentage of the flow volume distributed in a
ring centered about the device axis having an inner edge and outer edge with a one foot radial
distance between the inner and outer edge, the outer edge located fourteen feet (14 ft.) about the
device axis with over 45% of the total volume being distributed in a region twelve to twenty feet
about the device axis; (ii) wherein the test pressure is 175 psi., the distribution pattern including
the highest percentage of the flow volume distributed in a ring centered about the device axis
having an inner edge and outer edge with a one foot radial distance between the inner and outer

edge, the outer edge located eight feet (8 ft.) about the device axis with over 63% of the total
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volume being distributed in a region eight to twenty feet about the device axis; and (iii) wherein
the test pressure is 245 psi., the distribution pattern including the highest percentage of the flow
volume distributed in a ring centered about the device axis having an inner edge and outer edge
with a one foot radial distance between the inner and outer edge, the outer edge located sixteen
feet (16 ft.) about the device axis with over 33% of the total volume being distributed in a region

eight to twenty feet about the device axis.

2. The system of claim 1, wherein the operating pressure ranges from about 140 psi. to
about 250 psi. to provide an effective flux density of at least 0.037 gpm/sq. ft. for the coverage

arca.

3. The system of claim 1, wherein each of the plurality of nozzles have a K-factor of one of

0.59 gpm/psi” and 0.81 gpm/psi”.

4. The system of any one of the above claims, wherein the plurality of nozzles are installed

beneath a ceiling having a maximum slope of one foot of rise for each twelve feet of run.

5. The mist system of claim 1, wherein the occupancy defines a protection area being at
least one of: (i) greater than 1024 sq. ft and (ii) beneath a ceiling having a maximum ceiling
height of about 13 ft.,

the plurality of nozzles including:

a first plurality of nozzles spaced about the occupancy to protect no more than 30% of the
protection area at a nozzle to nozzle spacing ranging between about 6 ft x 6 ft. to about 12 ft. x

12 ft. with an operating pressure in the range of about 102 psi. to about 250 psi.; and
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a second plurality of nozzles spaced about the occupancy for the protection of a
remainder of the protection area at a nozzle to nozzle spacing ranging between about 6 ft x 6 ft.

to about 16 ft. x 16 ft. with an operating pressure in the range of about 110 psi. to about 250 psi.

6. The mist system of claim 1, wherein the occupancy defines a protection area of greater
than 1024 sq. ft., the system

including:

a plurality of sprinklers spaced about the occupancy to protect no more than 30%
of the protection area at a sprinkler to sprinkler spacing ranging between about 6 ft x 6 ft. to
about 15 ft. x 15 ft., the plurality of sprinklers being coupled to the fluid supply so as to define a
hydraulic demand of the system being the greater of the five most remote sprinkler or a design
area ranging between 900 sq. ft. to 1500 sq. ft., each of the plurality of sprinklers having a

maximum operating pressure of 175 psi.,

wherein the plurality of nozzles are spaced about the occupancy for the protection
of a remainder of the protection area at a nozzle to nozzle spacing ranging between about 6 ft x 6

ft. to about 16 ft. x 16 ft. with an operating pressure in the range of about 110 psi. to about 250

psi.

7. The mist system of claim 1, wherein the plurality of nozzles each having a K-factor of
about 0.6 gpm/psi.” are spaced about the occupancy and coupled to the fluid supply so as to
provide fluid to the nozzles at an operating pressure ranging from about 110 psi. to about 250
psi., the plurality of nozzles being spaced at a nozzle-to-nozzle spacing ranging from a minimum

of 6 ft. x 6ft. to a maximum of 12 ft. x 12 ft., the system having a hydraulic demand being a
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water duration of sixty minutes to a hydraulic design area of no more than 1500 sq. ft. for fire
protection of a light hazard only occupancy having a ceiling with a maximum ceiling height of

about seventeen feet.

8. A mist device comprising:

a body having an upper portion and a lower portion, the upper portion defining an
internal passage having an inlet and an outlet for the discharge of a fluid to define a K-factor of
less than 1 gpm/ psi”, the upper and lower portions being axially spaced and aligned along a

device axis;

a pair of frame arms extending between the upper and lower body portion and centered

about the device axis;

a seal assembly disposed in the outlet including a thermally sensitive element to support

the seal assembly;
a diffuser assembly including:
a load screw engaged with the lower body portion; and

a diffuser element disposed atop the load screw so as to be located between the upper and
lower portions of the body internally of the frame arms centrally aligned along the device axis,

the diffuser element including:

an upper surface and a lower surface, the upper surface including a central cone

portion extending proximally toward the outlet of the passageway; and

a plurality of through holes,
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wherein each through hole being defined by a pair of circles partially overlapping one
another, the pair of circles having different diameters so as to form a key-hole shaped through

hole.

9. The device of claim 8, further comprising a plurality of touchdown regions, each
touchdown region surrounding a through hole a plurality of channels formed along the upper
surface and radially disposed about the cone so as to define converging adjacent channels and
adjacent diverging channels, the adjacent converging channels having an overlapping portion
such that the adjacent converging channels are in communication with one another, a through
hole and touchdown being centered between adjacent diverging channels, wherein the plurality
of through holes include a first pair of diametrically opposed through holes, a second pair of
diametrically opposed through holes disposed perpendicular to the first pair and a plurality of

touchdown regions, each touchdown region surrounding a through hole.

10. A mist device comprising:

a body having an upper portion and a lower portion, the upper portion defining an
internal passage having an inlet and an outlet for the discharge of a fluid to define a K-factor of
less than 1 gpm/ psi”., the upper and lower portions being axially spaced and aligned along a

device axis;

a pair of frame arms extending between the upper and lower body portion and centered

about the device axis;

a seal assembly disposed in the outlet including a thermally sensitive element to support

the seal assembly; and
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a diffuser element, the diffuser element being disposed about a distal end of the lower
portion of the body externally of the frame arms centrally aligned along the device axis, the

diffusing element including:

an upper surface and a lower surface spaced from and extending substantially
parallel to the upper surface, the upper surface defining a central region and an outer region each
disposed substantially perpendicular to the device axis, the upper surface further defining an
intermediate region extending at an angle to each of the central and peripheral regions to space
the central and peripheral regions axially apart, the upper surface extending about the device axis

so as to define a truncated cone about the device axis; and

at least one of a plurality of slots and a plurality of through holes extending from the
upper surface to the lower surface, each of the plurality of slots having a slot opening along the
outer region and extending radially inward toward the device axis to define a slot length, an
initial portion, an intermediate portion and a terminal portion, each of the plurality slots defining

slot widths from the initial to the terminal portion,

wherein the plurality of slots include a first group of slots and at least a second group of
slots, the slot width of the first group of slots varying along the slot length, the slot width of the
second group of slots being constant along the slot lengths, the first group of slots includes
radiused portions in the terminal portion the slot, the radiused portions being spaced apart such
that the slot width of the terminal portion is wider than the slot width in the initial and
intermediate portions, the first group of slots being radially disposed about the device axis, the
first group of slots including a first type of slot, a second type of slot, and a third type of slot, the

first type of slots being centered along a first axis aligned with the frame arms and centered
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along a second axis perpendicular to the first axis, the second type of slots having a slot width
wider at the terminal portion that is wider than the slot width of the terminal portion of the first
type of slot, the second type of slot being centered along a third axis disposed at a 45 degree
angle between the first and second axes, the third type of slots having a slot width at the terminal
portion that is smaller than the slot width of the terminal portion of the first type of slot, the third
type of slot being disposed between the second type of slot and the first type of slot disposed
along the first axis, a slot of the second group being disposed between the second type of slot and

the first type of slot disposed along the second axis.

11.  The device of claim 10, wherein each of the plurality of through holes is elongated to
define a major axis and a minor axis, each of the through holes including a pair of radiused end
portions having centers of curvature spaced along a major axis, the plurality of through holes
including a first group of through holes and at least a second group of through holes, the pair of
radiused end portions of the first group of through holes having equal radii, the pair of radiused

end portions of the second group of through holes having varying radii.

12. A mist device comprising:

a body having an upper portion and a lower portion, the upper portion defining an
internal passage having an inlet and an outlet for the discharge of a fluid to define a K-factor of
less than 1 gpm/psi”, the upper and lower portions being axially spaced and aligned along a

device axis;

a pair of frame arms extending between the upper and lower body portion and centered

about the device axis;
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a seal assembly disposed in the outlet including a thermally sensitive element to support

the seal assembly;

a diffuser element axially spaced from the outlet to define a coverage area of the device
of maximum of 256 sq. ft. at a maximum ceiling height of about ten feet for an operating fluid
pressure at the inlet ranging between 140 psi. to 250 psi. wherein when the device is installed 78
inches above a collection area to determine a spray pattern distribution for the device given a
fluid test pressure at the inlet of the device to generate a volume of flow from the device, the
collection area having three zones: zone one, zone two and zone three, zone one being defined by
a sixty degree span about a first plane intersecting the device axis and perpendicular to a second
plane intersecting the device axis, the pair of frame arms being disposed in the second plane,
zone three being defined by a sixty degree span centered about the second plane, and the zone
two being defined by a thirty degree span about a third plane intersecting the device axis and
disposed between the first and second planes and extending forty-five degrees relative to each of

the first and second planes, the spray pattern of the device providing:

(i) wherein the test pressure is 100 psi., the distribution pattern including the highest
percentage of the flow volume distributed in a ring centered about the device axis having a two
foot radial width with its outer edge located six feet (6 ft.) about the device axis with over 58%

of the total volume being distributed in a region eight to twenty feet about the device axis;

(ii) wherein the test pressure is 175 psi., the distribution pattern including the highest
percentage of the flow volume distributed in a ring centered about the device axis having a two
foot radial width with its outer edge located six feet (6 ft.) about the device axis with over 50%

of the total volume being distributed in a region eight to twenty feet about the device axis; and
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(iii) wherein the test pressure is 245 psi., the distribution pattern including the highest
percentage of the flow volume distributed in a ring centered about the device axis having a two
foot radial width with its outer edge located six feet (6 ft.) about the device axis with over 33%

of the total volume being distributed in a region eight to twenty feet about the device axis.

13.  The device of claim 12, wherein the test pressure is one of

(a) 100 psi., the distribution pattern provides:

(i) within zone one the highest percentage of the flow volume in a first region 8 ft.
to 10 ft. about the device axis and about 13% of the total flow being distributed over a second

region eight to twenty feet about the device axis;

(ii) within zone two the highest percentage of the flow volume in a first region 6
ft. to 8 ft. about the device axis and about 45% of the total flow being distributed over a second

region six to twenty feet about the device axis;

(iii) within zone three the highest percentage of the flow volume in a first region 8§
ft. to 10 ft. about the device axis and about 12% of the total flow being distributed over a second

region eight to twenty feet about the device axis;

(b) 175 psi., the distribution pattern provides:

(1) within zone one the highest percentage of the flow volume in a first region 8 ft.
to 10 ft. about the device axis and about 15% of the total flow being distributed over a second

region eight to twenty feet about the device axis;
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(ii) within zone two the highest percentage of the flow volume in a first region 6
ft. to 8 ft. about the device axis and about 44% of the total flow being distributed over a second

region six to twenty feet about the device axis;

(iii) within zone three the highest percentage of the flow volume in a first region 4
ft. to 6 ft. about the device axis and about 13% of the total flow being distributed over a second

region eight to twenty feet about the device axis; and
(c) 245 psi., the distribution pattern provides:

(i) within zone one the highest percentage of the flow volume in a first region 8 ft.
to 10 ft. about the device axis and about 15% of the total flow being distributed over a second

region eight to twenty feet about the device axis;

(ii) within zone two the highest percentage of the flow volume in a first region 6
ft. to 8 ft. about the device axis and about 44% of the total flow being distributed over a second

region six to twenty feet about the device axis;

(iii) within zone three the highest percentage of the flow volume in a first region 4
ft. to 6 ft. about the device axis and about 13% of the total flow being distributed over a second

region eight to twenty feet about the device axis.

14. A mist device comprising:

a body having an upper portion and a lower portion, the upper portion defining an
internal passage having an inlet and an outlet for the discharge of a fluid to define a K-factor of
less than 1 gpm/ psi”, the upper and lower portions being axially spaced and aligned along a

device axis;
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a pair of frame arms extending between the upper and lower body portion and centered

about the device axis;

a seal assembly disposed in the outlet including a thermally sensitive element to support

the seal assembly; and

a diffuser element disposed axially from the outlet of the body to define a maximum
coverage area of the device of 144 sq. ft. at maximum ceiling height of about 17 ft. for an
operating fluid pressure at the inlet ranging between 110 psi. to 250 psi., wherein when the
device is installed 78 inches above a collection area to determine a spray pattern distribution for
the device given a fluid test pressure at the inlet of the device to generate a volume of flow from
the device, the collection area having three zones: zone one, zone two and zone three, zone one
being defined by a sixty degree span about a first plane intersecting the device axis and
perpendicular to a second plane intersecting the device axis, the pair of frame arms being
disposed in the second plane, zone three being defined by a sixty degree span centered about the
second plane, and zone two being defined by a thirty degree span about a third plane intersecting
the device axis and disposed between the first and second planes and extending forty-five

degrees relative to each of the first and second planes, the spray pattern of the device providing:

(i) wherein the test pressure is 100 psi., the distribution pattern including the highest
percentage of the flow volume distributed in a ring centered about the device axis having an
inner edge and outer edge with a one foot radial distance between the inner and outer edge, the
outer edge located fourteen feet (14 ft.) about the device axis with over 45% of the total volume

being distributed in a region twelve to twenty feet about the device axis;
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(ii) wherein the test pressure is 175 psi., the distribution pattern including the highest
percentage of the flow volume distributed in a ring centered about the device axis having an
inner edge and outer edge with a one foot radial distance between the inner and outer edge, the
outer edge located eight feet (8 ft.) about the device axis with over 63% of the total volume being

distributed in a region eight to twenty feet about the device axis; and

(iii) wherein the test pressure is 245 psi., the distribution pattern including the highest
percentage of the flow volume distributed in a ring centered about the device axis having an
inner edge and outer edge with a one foot radial distance between the inner and outer edge, the
outer edge located sixteen feet (16 ft.) about the device axis with over 33% of the total volume

being distributed in a region eight to twenty feet about the device axis.

15.  The device of claim 14, wherein the test pressure is one of

(a) 100 psi., the distribution pattern provides:

(i) within zone one the highest percentage of the flow volume in a first region 12
ft. to 14 ft. centered the device axis and about 15% of the total flow being distributed over a

second region eight to twenty feet about the device axis;

(i1) within zone two the highest percentage of the flow volume in a first region 14
ft. to 18 ft. about the device axis and about 25% of the total flow being distributed over a second

region fourteen to twenty feet about the device axis;

(iii) within zone three the highest percentage of the flow volume in a first region 8§
ft. to 10 ft. about the device axis and about 10% of the total flow being distributed over a second

region eight to twenty feet about the device axis;
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(b) 175 psi., the distribution pattern provides:

(i) within zone one the highest percentage of the flow volume in a first region 8 ft.
to 10 ft. about the device axis and about 15% of the total flow being distributed over a second

region eight to twenty feet about the device axis;

(ii) within zone two the highest percentage of the flow volume in a first region 12
ft. to 14 ft. about the device axis and about 18 % of the total flow being distributed over a second

region twelve to twenty feet about the device axis;

(iii) within zone three the highest percentage of the flow volume in a first region 6
ft. to 8 ft. about the device axis and about 11% of the total flow being distributed over a second

region six to twenty feet about the device axis; and

() 245 psi., the distribution pattern provides:

(i) within zone one the highest percentage of the flow volume in a first region 12
ft. to 14 ft. about the device axis and about 15% of the total flow being distributed over a second

region twelve to twenty feet about the device axis;

(ii) within zone two the highest percentage of the flow volume in a first region 14
ft. to 16 ft. about the device axis and about 44% of the total flow being distributed over a second

region fourteen to twenty feet about the device axis; and

(iii) within zone three the highest percentage of the flow volume in a first region
14 ft. to 16 ft. about the device axis and about 23% of the total flow being distributed over a

second region eight to twenty feet about the device axis.
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16. The mist system of claim 1 substantially as herein described with reference to any

embodiment disclosed.

17. The device of claims 8, 10, 12, or 14 substantially as herein described with reference to

any embodiment disclosed.
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