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A HIGH PRESSURE WATER MIST NOIZLE DEVICE AND METHODS
FOR PROVIDING INDIRECT AND BIRECT IMPINGEMENT OF A VIRE

Prineisy Cluim & Incorporation By Reference
jon01] This mternational application claims the benefit of priority to U8, Provisional Patent

Application No. 62/357 €41, filed July 1, 2016, which is incorporated by reference in its entirety.

Background of the Tnveniion

{6803} Water mist norzle heads used in known water mist sysiems provide fire protection for
equipment and occupied arcas such as, for example, ships, maching rooms and spaces, generaior
rooms, turbine rooms, data process centers, or woderground public transport.  These nozzie
heads, a group of micro-noreles or nozele inserts are sccured about a main nozzle body, Each
norzle insert of the nowzie head i3 configured to generate and discharge a mist or spray having a
droplet size for providing total flooding for wetting or cooling to indivectly impinge or address a
fire or other potential combuatible sowrce.  In total flocding, ligh pressure water is discharged as
a mist in which tinv drops create a large effective cooling surface ares of the five and
surrounding volume.

GRG3] Each of the nozzle inserts of known water mist nozzle heads has an internal chamber
with multiple inlets positioned to introduce water into the chamber and generate a swirling
effect, The water is discharged from the chamber thrwough a single central outlet of the nozzle in
the form of a mist having a droplet size to provide the total flooding effect. The mventors have
discovered that iotal flooding bas been ineffective in providing five protection for certain

squipment and occupied arcas. For example, the inventors have determined that total Hlooding
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nozzles are belisved to be ineffective in the protection of equimroent in cable tunnels and other
sirnilarly situated equipment and ocoupled areas. §t is believed that in the presence of a fire in
certain equipment and/or oocupied areas, the geverated mist from total Hooding nozzle heads are
not sufficient to coul the surrounding environment or control the fire within desired finats, Ttis
helievad that a likely cause for the performance deficiency is that the droplets in the total
flooding, homogenous mist lose thelr velocity shorily afier leaving the nozzle heads. The low
velocity droplets tend to get pushed away from the fire by the air currents. Thuos for certauin

applications, it is believed that the total flonding mist does not actively or divectly impinge the

fire and mstead only cools the upper gas laver above the ire,

Bivclosure of the Invention

({34 Preferrad embodirnents of a water mist nozzle device generate a mist that provides a
mixture of droplet sizes for both indireef tmpingement mist protection (fotal Hooding) and
additionally direct impingament mist and/or spray protection to address a fire. The preferved
devices include a main body with multiple orifice porzles or erifice inserts secured fo the body.
D¥ifferently configured orifice inserts are used to provide the varving spray patierns and mist
fromt a single device. In preferred cmbodiments of the deviee, one type of orifice insert
discharges a mist that imcludes a droplet size that is larger the droplet size of a mist discharged
from the another type of arifice insert of the device.

{BG85] One preferred embodiment of a water mst norzzle includes 2 body baving a central
bore exiending along a central longitudinal nozzle axis. The bedy includes a plurality of sockets
formed about the central bore. Each socket includes a lateral bore extending between the socket
and the central bore, The norele also inchudes a phurality of orifice inserts. Each orifice insert

has at least one inlet, al least one cotlet and an internal chamber disposed along a central insert

e
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axis for fluid communication with the at least one inlet and the at least one outlet. Among the
plorality of orifice inserts are indirect bmpingement orifice inserts and at least one dires

impingement orifice insert. The preferred vust noezle can be configured as normally open for
imunediate discharge upon system operation; or alternatively configured for automatic operation
in which fluid discharge from the pozzle upon actuation of a thermally responsive frigger.
Preferred embodiments of a direct impingement orifice insert inchide an miet coaxially aligned
with the insert axis and a plurality of outlets surrounding the insert axis. Preferably, each of the
plurality of outlets extend obliquely with respect to the insert axis to define an ncluded angle
ranging {rom 20°.25%, Moreover, the plurality of outlets of the second type of orifice insert
include four outlets.

[B086] Embodiments of the water mist nozzle device provide a preferred method of water
mist nozele protection that includes generating a first type of Huid mist from a fist lype of
orifice insert disposed in one of a plurality of sockets formed in a nozzle body into which a
firefighting fhuid is introdusced and generating a second type of fluid mist from a second type of
orifice insert disposed in another one of the phaality of sockets. The second type of fuid nust
preferably has a droplet size that is grester than the first type of fluid mist to directly ropinge a
fire, while the first type of Huid nust provides total flooding protection.

{BH87 Another preferred method of waler mist norele profection includes installing at feast
two water mist nozzles above a ground to profect an area or object where each nozzle hay a
pharality of orifice inseris about a nozzle axis with &t least one orifice insernt configured for
generating a first mist to address a fire with indirect impingement and at least one ortlice insert
configured for generating a mist to address a fire with direct impingemerd. The at least one

divect impingernent orifice insert is preferably oriented to face the floor, The preferred methad
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includes orienting ecach nozele so that the nowrle axes of the at least two nozeles deflve an
included angle ranging from 5%-20° with reapeet to a hovizontal parallel fo ground with the
wmeluded angles of the at least two norzles being different from one another. The preferved
methodelogies are believed to be suitable for the protection of cable tumnels or similaddy

configured occupiad areas,

Brief DBegcriptions of the Brawings

[BO08] The accompanying drawings, which are Incorporated herein and constitute part of this
specification, ithustrate exemnplary erobodiments of the fnvention, and, together with the general
description given above and the detatled description given below, serve to explain the features of

the invention,

{8891 FIG. 1 is a perspective view of a preferred water mist nozzle.
{B018] FIGS, 2A-28 are side and end views of the norzle of FIG. 1 in a preferred instalied
position

{8011} FIGS, 3A-38 are respeciive cross-sectional side views of the vozele of FIG. 1 along

tines HIA~-IIA and HIB-IHB.

{6812} FIG. 4 is an alternate preferred smbodiment of a water mist nozzle.
G013 FIG. 54 is an end view of a preforred embodiment of an orifice insert for use n the

water mist nozzles of FIGS. 1 &£ 4.

jag14) FIGS, 5B--3C are crosg-sectional views of the orifice insert of F1G. 4A.

{815] FIG, 6A is a side view of another orifice insert for use in the water must nozzles of
FIGR. 1 & 4

{8816} FIGE, 6B-6C are cross-sectional views of the ortfice insert of FIG. 6A.
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80171 FIG. 7 is a schematic view of a fluid distribution set up using the water mist nozzle of

FiG, 1

Detuiled Description of the Preferved Embodiments

[ 18] Shown in FIG. 1 is a perspective view of a preferred ombodiment of a water roist
nozele 10 having a first end 10a and a second end 10b spaced apart along a central longitudinal
noezls axis A--A.  The nozzle 10 is preferably an open waler mist nozzle into which a
firefighting huid sech as water, for example, can be introduced into the device 10 at the firstinlet
end 10a for immediate discharge from the second end 10b of the device 10, Al the second end
10b of the dovice 19 are a number of orifice inserts 12, 16 for generating and discharging a fluid
mist, spray or discharge for addressing a fire and/or weiting and cooling the surrcunding
environioent. Among the orifice nserts of a preferred embodimend of the device 10 are indirect
impingement orifice inseris for generating a mist for addressing a fire with a mist or total
flooding and one or more direct impingement orifice inserts for generating a mist and/or spray
with droplets sufficient in sive and velocity to penetrate and directly address a five.

LIS With reference to FIGS. 2A and 2B, shown is the device 10 in a preferred installed
orientation above a floor or ground G As shown, a number of orifice nserts 12, 16 are
angularly and preforably equiangularty spaced sbout the nozzle axis A—A, each being of a
varving fype configured to provide a fluid discharge of a particular fluid How, pressure, volume,
density and/or droplet size. For example, in preferred embodiments deseribed herein, there are
orifice inserts 12 of a first type 1o provide a fluid mist for fotal flooding with wetting and/or
cooling of the surrounding envivonment for indivectly addressing a fire or hazard and orifice

inserts 16 of a second type for providing divect fluid impingement to address a fire or protect an

object or area. In the particular embodiment shown, there are thres orifice inserts 12a, 12b, 12c

5.
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of the first ivpe and one orifllce insert 16 of the second type. The deviee 10 can include
additional orifice inserts for discharging the firefighting flwid. In the device 10 shown, another
orifice insert of the first type 124 is axially aligned with central axis A--A 1o provide a central
orifics insert for discharging the firefighting fluid in line with the infet of the first end 10a of the
deviee 10, Aliematively or additionally, an orifice insert of the second type can be disposed
along the central nozzle axis A--A to provide a divect impingement spray. As seen in FIG, 2B,
the first tvpe of orifice ingsert 12a, 12h, 12¢, 12d cach have a single outlet 14a, 14b, 14, 14d and
the second type of orifice insert 16 has multiple outlets 18 to effect the overall desired fluid
discharge.
a2l In a preforved insialiation orientation of the device 10, the divect tmpingement orifics
insert 16 s located a0 that its discharge impingss or impacts the surface, object or other hazard
eing protected, For example in a preforred instaliation orientation shown in FIG. 24, the insert
14 is angled downward with the nozdde axis A--A defining an included angle o with yespect to a
horizontal H extending paraliel to the floor or ground {3 such that the direct impingement orifice
insert 16 faces the floor or ground G {or an object positioned thereon) fo provide the preferved
direct impingement protection, Thus for preferred embodiments of the water mist nozzle device
10, the divect impingement orifice insert 16 defines a preferred instailation orientation for a given
application or nstallstion envivonment or geometry.  In one exampie of an installation for the
preferred embodiment of the device 10, the included angle o can ranges fromn 57-20% and more
praferably ranges from &° or 18°%  More preforably, when two or more nozzle devices are
fnstalled above the ground G and spaced apart from one another to protect and object or area, at

feast two of the nozzles defing different included angles o with respect to the ground G.
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211 Shown in FIGS. 34 and 3B are cross-sectional views of the deviee 10, The
assembled device 10 includes a novzle body 20 having a central bore 22 extending along the
central longitudinal nozzle axis A--A. The body 20 fncludes a plurality of sockets 24a, 24b, 24¢,
24d, Zde for receipt of an orifice insert 12, 16, Fach of the orifice inserts 12, 16 are secured in
the sockets 24 of the nozzie body 20 preferably by a threaded engagement with an O-ring
disposed between the insert 12, 16 and the internal walls of the socket 24 to form a fuid tight
seal. Other mechanical or fit connections can be made (o secure the inserts within the sockets,
Buch socket 24 includes preferably narrowed bores 26a, 26b, 26c, 26d, 26¢ extending between
the socket 24 and the central bore 27 along a lateral axis to provide fluid communication between
the central bore 22 and the corresponding socket 24, Lateral bores 28a, 26b, 26¢, 26¢ extend
preferably obliquely with respect 1o the ceniral nozzle longitudinal axis A--A to define a
preferred noluded angle € of 45%60°, more preferably about 50° with the nozzle axis. Ina
preferred embodiment, the preferred included angle © cven move preferably s 527, The body 20
preferably inchudes a socket 244 formed coaxially along the contral nozzle axis A--A and placed
in fluid compmmication with the central bore 22 by an axially aligned narrowed bore 264

0221 The nozele body 20 is preferably received within a socket fitting 40, The socket
fitting 40 has an internal passageway 42 placed in fuid communication with the ceniral bore 22
of the nozzle body 20, Preferably disposed beiween the internal passageway 42 of the socket
fitting 40 and the ceniral bore 22 s a filter 45 1o filter out any particles in the fluid. Additionally
disposed between the socket fitting 40 and the nozele body 28 is an O-ring 47 to formo a fuid
tight connection,

{0633] At the end of the socket fitting 40 opposite the novele body 20 is an inlet insert or

ferrole 50 to form the fluid inlet of the device 10, The ferrale 50 is preforably secured to the
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socket fiting by a hey nui 60, Preferably, the ferrule insert 50 provides for an inlet of & constant
width or diameter that is in fluid commmunication with a preferably tapering pordon of the
internal passagewsy 42 of the socket fitting 40. A firefighting fivid supply lne (oot shown) can
be inserted into the ferrule 30 and socket {itting 40 and secured by tightening the internally
threaded hex nut to the externally threaded socket fitting 40, Fluid introduced at the ferrule mlet
50 flows through the filter 45 and nto the central bore 22 of the nozzle bedy 20 through the
lateral bores 28 and for delivery at an operative presswrs to each of the orifice inserts 12, 16 for
fluid discharge in a desived manner.

{8024} The water nust nozzie shown in FIGS. 34 and 3B is an open norzle in which water
delivered to the water mist device 10 at operating pressure is tnmediately discharged from the
orifice inserts 12, 16, Alternate embodimenis of a water mist device can be provided for
automated operation in which the nozele device is initially in an unactoated or “closed” state and
then wiggered or actuated to an open siate for discharging the floid. Shown in FIG. 4 is an
alternate embodiment of & water mist device 210 in which the discharge from the device is
controlled by a thermally responsive irigger 250, A pision 252 i¢ disposed within the central
bore 222 of the body 240 below the filter 245, The trigger 230 is scated against a trigger bracket
or support 256 that is affixed to the nozzle body 220 and axislly aligned with the central bove

222, The trigger 250 suppords the piston 252 in an unactuated position within the central bore

D

222, QOerings 251 disposed about the pision 252 prevent the flow of water from the inlet to the

lateral bores 226,

{00251 The trigger 250 is thermally responsive and preferably smbodizd as a thermally
gsponsive bull of a desired thermal rating and responsiveness. When the bulb 250 is actuated

and triggered at its designated thermal rating in the presence of a sufficient level of heat, the bulb

8~



WO 2018/006000 PCT/US2017/040347

shatfers thereby removing support of the piston 252, The piston then axially transiates under the
pressure of waier. With the pision 252 elear of the lateral bores, water 1s delivered to each of the
obliquely disposcd orifice inserts 212, 216 for generation and disiribution of a flutd nust and
spray in a manner as previously described.

[8024] Shown in FIGR. 5A-3C are various views ol a preferred embodiment of a divect
impingement orifice insert 16 for providing a fhad discharge for directly addressing a five with a
mist and/or spray,  Generally, the divect impingement orifice insert 16 is a sylindrical body
saving a first end 16a and a second end 16b. Formed at the first end 16a is at Jeast one inlet and
more preferably a single centered infet 15 into which the freflighting fuld is introduced; and at
the seconsd end 165 are at least one and preferably more than one cutlet 18 from which the fluid
is discharged. Hxtending between the indet 15 and the outlet 18 is an internal chamber 17
extending axially between the inlet 15 and the at least one outlet 18 along a central insert s B
B. The orifice inserts described herein are preferably disposed within the sockets of the body so
as to axially align the insert axis B-B with the lateral bores {0 intersect the central longitudinal
nozzie axis. The chamber 17 s preferably defined by an internal wall 17a of the device that s
preferably circumseribed about the insert axis B--B to define a preferved cylindrical chamber
with an internal diameter D24 ranging between 7-8 milhimeters (0.28-0.31n) and is preferably 7.5
millimeters (0.29 in). The chamber 17 extends from the inlet 15 o a floor 17b of the chamiber
17 at a chamber depth or height ¥ of 8% miliimeters {0.3-0.35 in.), preferably about 8.5
miifimeters (0.33 in) and more preferably 8.7 millimeters (034 in). For the preferably single
coaxially aligned central inlet 15, the indet 13 ig preferably dimensioned to define an mternal

diameter of 7.5 millimeters (.29 in). Genperally, the orifiee Insert has a preferred maximun
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diamneter D of about 15 millimeters (3.59 in) and a total height or length L of about 12
mitlimeters (.47 in),
FHEZTY Preferably extending through the chamber floor 17b of the orifice ingert 16 ave the
one or more outlets 18, Preferably formed about the central insert axis B--B are fowr spaced
apart outlet passageways 18, Each preforably straight outlet 18 extends obliquely to define an
inchided angle B with the ceniral insert axis B--B that preferably ranges from 10°-60° and 18
preferably about 257 and i3 more preferably 22%-22.5° Other alternate preferved included angles
8 includes 157 and 22.5°  Each outlet defines an outlet dianeter and configuration {0 generate
discharge characteristics such #s, for example, a desired droplet size. i a preferred embodiment,
éa{;h of the cutlets 18 define an outlet diameter OD of about $.5-1.0 millirmeters (0.02-0.94 in)
and is more preferably 6.7 millimeters (0.03 in), Given the preferred coaxialiy alignment of the
inlet 15 and chamber 17 with the outlets formed along the chamber floor 17b and contivuous
swall 173, the fluid fow through the chamber 17 preferably has po, or a minimized, swirking
effect within the chamber 17 to maximire the divect discharge or impingement.  [n preforred
mbodiments of the norzle device 10, the preferred direct impingement orifice insert 16
discharges a fuid mist with g droplet size that {s greater than the droplet size of the fluid nust
discharged from the indirect opingement ortfice insert 12
28] Shown in FIGE, 6A-60 are various views of an exemplary embodiment of an indirect
impingement orifice insert 12 profersbly for providing s floid discharge for tolal fooding,
cooling and/or wetting of the surrounding environment of the device 10, Generally, the indirect
npingement orifice insert 12 is a cylindrical boedy having a first end 2a and a second end 2h.
Formed at the {irst end 2a s af feast one inlet and more preferably nuiltiple inlets and even more

preferably a palr of inlets 35, 350 into which the fircfighting fluid is introduced; and at the

-10-
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second end Zb are al least one and preferably a single centered cutlet 38 from which the fluid s
discharged. An internal chamber 37 extends axially between the inlets 35a, 35b and the outlet 38
along a central insert axis BB--BB. The chamber 37 is preferably defined by an internal wall 37a
of the device that is preferably chrcamscribed about the insert axis BB--BB to define a preforred

cylindrical chamber with an internal diameter D042 ranging between 7-8 millimeters (0.28-0 31}
and ia preferably 7.5 miflimeters (0.29 ). More preferably, the interpal diameter DIA2 varies
hetween the diameter over the depth of the chamber 37, The chamber 37 extends from the inlets

~
7
f

34z, 35b to a floor 37h of the chamber 37 at a chamber depth or height H2 of 4-9 mullimeters
(.16-0.35 in.), preforably about 5 millimeters (0.2 in) and more preferably 4.9 millimeters (0119
in.). Generally, the preferred total flonding orifice insert 12 has a proferred maximom dlameter
132 of sbout 15 millimeters {{1.59 1n.) and a total height or length { of about 12 millimeters (0.47
i), Preferably extending through the chamber floor 37b of the orifice fnsert 12 is the outlet 38
cerdrally sligned with the insert axis BE--BH, which defines an outlet diameter o generate
discharge characteristics such as, for cxample, the mist having the desired droplet size. Ina
preferred embodiment, the outlet 38 define a preforred outlet diameter 002 of about 0.5+
millimeters {6.02-00.04 in.) and is more preferably (.8 millimeters (.03 n).

6029 The Hoor 37b preferably is angled or tapers toward the outlet 38 and mwwe preferably
defines a conical surface with a preforred cone angle of 1207 The conteal internal surface or
floor 37h of the chamber facilitates a preforred awirling etfect in the fhad through the internal
chamber 37 before fluid discharge. To further facilitate the swirling effect, the inlets 333, 35b
cach include a transgverse portion 334, 33b that exiends iransversely with respect o the insert axis
BHR--BB and the outlet 38 Muoreover, the transverse portions 33z, 33b extend in opposed

directions and more proforably are disposed 1o discharge fthuds therefrom substantially

-11-
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tangentially with respect to the chamber 37 such that the fhuid introduced into the chamber 37
generate a countercurrent flow and the preforred swirling effect. For the preferred chamber 37,
the inlats 35a, 35b are preferably dimensioned to range from 1.5 - 2 millimeters (0.66-0.08 in)
and more preferably range from 1.6 -2 millimeters. in the installation of the orifice inserts 12
shown in FIGS. 3A, 38 and 6C, a cap member 65 is inserted in the first end 2a of the orifice
insert 12 to plug the chamber 37 and divert fluid from the central and lateral boves 22, 26 toward
the inlets 35a, 35b. Accordingly, in & preferred embodiment of the orifice insert 12 with g cap
member 65 inserted therein, the inlets 352, 33b are located at the periphery of the cap member

&

Lo

{BE3G The orifice inserts 12, 16 of the device 10 togother provide for a discharge
characieristic of flow to pressure which can be quantified by a K-factor of 0.1 gpmy/ psi(m) and
more preferably 0.107 gpm/’_{}si(m')t The device 10 has a preferred operating pressure vanging
from 1000 psi. to 1100 psi. Alternative configurations of the device 10 can have lower or more
preferably higher operating pressures.  The waler mist nozele devices 10 individually provide
for a preferred fluid discharge of indirect impingement {total Hooding) and direct impingement
wmist spray, Collectively, the nozzles provide a desired fluid distribution density. In one waler
distribution arrangement schemativally shown in FIGU 7, two water mist nozzles 110a, 110b as
previously described, were installed and located five feet apart and ten feet {1011} above the
ground. Hach of the nozzies 110a, 110b were angled downward at a preferred downward angle o
of $°.20° and more preferably 8°-18” with the angles being different from oune another. In the
disiribution arrangement, one nozzle is preferably oriented at 8° and the other is oriented at 187
Positioned in front of the porzles were seven rows of five T x. 1 £t collection pans. Waler

was distribuied for 10 minutes and the amount of water collected in each buckei was determuined

17
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o

ard plotted as shown in FIG. 7. In the preferred water distribution, a density of .12 gpm/sq, i
of waler was collecied in a collection bucket located between the two nozzies three feet in front
and three foet offset from the left most nozzle 110a. The distribution testing shows that more
waler i8 concentrated in the areas where the potential fires could be located between nozzle
devices. Moreover, in addressing a five with the preferred nowzle devices 10, the water mist
discharged from the angled cuticts 18 of the preferred direct impingement orifice insert 16
facititates in the suppression and/or control of the five with the larger sized droplets that penetrate
the fire phune. The tny droplets of the water mist discharged from the indiret mpingement
oritice inserts 12 provide cooling of the upper gas layer above and/or proximate the fire. Thus,
the innovative nozzie device and methods of addressing a five for equipment and occupied spaces
provide a mist for indirect impingement, which includes total flooding of equipment and/or
socupied spacs; and divect impingement, which includes penetration of a phume of a fire within
the equipment and/ar ocoupied space.

LRI While the present invention has been disclosed with vefersnce to certain
embodirnents, wmerous modifications, alterations, and changes to the described embodiments
are posgsible without departing from the sphere and scope of the present invention, as defined in
the appended claims, Accordingly, it is fntended that the present invention net be Hmited to the
described ernbodiments, but that it bas the full scope defined by the language of the following

claims, and equivalents thereot.
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Whes §s Claimed 150

L. A watet roist pozzle comprising:

a body having a ceniral bore exiending along a central longitudine! nozzle axis, the body
including a plurality of sockets formed about the central bove, cach socket inchuding a lateral
bore extending between the socket and the central bore along a lateral axis; and

a plurality of orifice inserts, cach orifice insert having at least one inlet, al least one outlet
and an internal chamber disposed along a ceniral inseri axis for fluid communication with the at
icast one indet and the at least one outlet, each orifice nsen belng disposed in one of the plurality
of sockets so as o axially align the insert axis with the laleral bore of the socket ohliguely
intersecting the central longiudinal nozzle axis, the plumlity of orifice inserts including indirect

impingement orifice inserts and at least one direet tnynngement orifice inserd.

2. The nozzle of claim 1, wherein the at least one inlet of the direct impingement orifice is a

single inlet extending coaxially with the insert axis.

3. The norzle of claim 1, wherein the at least one outlet of the direct impingement orifice

inserts includes a plurality of cutlets surrounding the insert axis,

4, The nozzle of claim 3, wherein sach of the phirality of cutlets of the direct impingement
orifice insert extends obliguely with respect 10 the insert axds lo define an ncluded angle ranging

from 207-25°,

5. The nozzle of any one of claims 3-4, wherein the pluarality of outlets of the direct

impingement orifice insert include four outlets.

-14-
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8. The nozzle of any one of the above clalms, wherein the direct impingerent orifice nsert
defines an installation orientation with respect to a ground such that the divect impingement
orifice insort is oriented to the ground with the nozzle axis being disposed at an downward angle

ranging from 5°-20° with respect o a horizontal parallel to grovnd,

7. The nozzle of claim 6, wherein the downward angle ranges from 8°-18°
8. The nozzle of any one of the above claims, whereln the body includes a socket axially

aligned with the nozele axis in commupication with the ceotral bore, the nozzle further

comprising a central orifice nsert axdally sligned with the nozzle avig,

. The nozzle of claim 8, wherein the central orifice insert 13 a divect impingement orifice

insert,

16, The nozzle of claim R, wherein the central orifice Ingert is an indirect impingement

orifice insert,

i1,  The nozzle of any one of the above claims, whergin the indirect tmpingement orifiee
insert includes at fcast one indet with a portion extending transversely with respect to the insert

axis and in fluid communication with the intemal charmber.

12, The nozzie of claim 11, wherein the al least one inlet includes a plurality of inlets of the
orifice nsert of the first type having a pair of inlets disposed about the insert axis with the

ransversely exiending portions extending in opposite directions.
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13 The nozzle of claim 12, wherein the chamber is defined by an internal wall circumsoertbed
about the insert axis, the transversely exiending poriions being disposed to discharge fhids

therefrom substantially tangentially,

i4, The nozzle of any one of the above claims, wherein the indivect impingement orifice
insert includes a cap member disposed within the nternal chamber, the at least one inlet being

disposed about the periphery of the cap meniber.

15 The nozzie of any one of the above claims, wherein the at least one inlet of the direct

impingement orifice insert extends substantially parallel to the insert axis.

16, The nozzle of any one of the above claims, wherein the plurality of orifice inserts
includes three indirect fmpingement orifice Inseris and one direct impingement orifice insert

equiangularly spaced about the nozele axis.

i7. The nozzle of any one of the above claims, wherein the nozrle 1S an open nozrle.
18, The nowzle of any one of the above claims, wherein the nozsle s an automatic nozzle, the

nozzle including a piston disposed in the central bore and a thermally responsive trigger

supporting the piston within the central bore o prevent flnid discharge from the noesle.

19, The norele of any one of the above claims, wherein the nowzle has a discharge

1)

characteristic quantificd by a K-factor of about K-factor of .1 gpn/psi'

16~
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240 A water mist nozzle comprising:

a body having a ceniral bore extending along a central longitudinal nozzle axis, the body
including a plurality of sockets formed about the central bore, each socket inchuding a lateral
hore extending between the socket and the cerdral bore along a lateral axis; and

a phurality of orifice inserts, cach orifice insert having at least one indet, al least one outlet
and an iniernal chambor exiending axially between the at least one inlet end the at least one
outlet along a central insert axig, each orifice insert being disposed in one of the plurality of
sockets so as o axially align the insert axis with the lateral bore of the socket obliguely
indersecting the cendral longitudinal nozxle axis, the plurality of orifice fuserts including onifice
inserts of a first type and orifice inserts of at least a sceond type ditferent than the first type, the
at least one inlet of the first type of orifice insert inchiding & plurality of inlets having 8 portion
extending transversely with respect to the insert axis, the at least one inlet of the second type of

orifice being coexially aligned with the insert axis.

21, The nozzle of claim 28, wherein the at leasi one outlet of the second type of orifice insert

includes a phurality of outlets surrounding the fosert axis,

22, The nozzle of claimn 21, wherein each of the phurality of outlets of the second type of
orifice insert extend obliquely with respect to the insert axis o define an included angle ranging

frowm 207-25%.

23, The nozzle of any one of claims 21-22, wherein the pharality of cutiets ot the second type

of orifice insert include four outlets.

24, The nozzle of any one of claims 20-23, wherein the at least one outlet of the first type of

grifice ingert includes an outlet axially aligned with the insert axis.

17
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25, The nozzle of any one of claims 20-24, wherein the plurality of inlets of the orifice ngert
of the first type include a pair of inlets disposed sbout the insert axis with the transversely

extending portions extend in opposite divections.

26. The nozzie of any one of claims 20-25, further comprising a cap disposed within the

internal chamber of the inserts of the first type.

27, The nozzle of any one of claims 20-26, further comprising a central orifice insert axially

aligned with the nozzle axis.
Z28. The nozzle of claim 27, wherein the central orifice insert is of the first type.

248, The nowele of ¢laim 27, wherein the central orifice insert is of the second type.

30, The nozzle of any one of claims 20-29, wherein the plurality of orifice inseris includes
thres orifice inserls of the first {ype and one orifice insert of the second type equangularly

spaced about the nozzle axis.

31, The nozele of any one of claims 20-30, wherein the second type of orifice insert defines a
nowzie orentation with respect to a ground such that the orifice insert of the second type is
oriented to the ground with the nozzle axis being disposed at an downward angle ranging from

S°-20° with vespect to a hortzontal paratiel to the ground.

32 The nozzle of any one of claims 20-31, wherein the nozzle is an open nozzle.

¥
R

The nozzle of any one of claims 20-32, wherein the nozzle i an avtomatic nozzie, the
nozele ncluding g piston disposed in the central bore and a thermally wesponsive trigger
supporting the piston within the ceniral bove to prevent fluid discharge from the nozzle.

218
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34, The nozzle of any one of claims 20-33, wherein the nozzie has a discharge charactenistic

hY
4

guantified by a K-{actor of about K-factor o Q.1 gpm/psi“ &4

lad
(21

A water mist nozzie comprising:

a body having a central bore extending slong a central longHudinal nozzle axis; and

a plurality of orifice mserts disposed about the central bore, each orifice insert having at
feast one inlet, at least one outlet and an internal chamber extending axially between the iniet and
the at least one outlet along a central insert axis, the plurality of ortfice inserts including orifice
inserts of a first {ype and orifice tnserts of at least a second type, the at least one outlet of the first
type of orifice insert being axially aligned along the insert axis, the at least one outlet of the
second type of orifice insert inchuding a plurality of outlets surrounding the insert axis, sach

extending obliguely with respect to the msert axis.

36, The nozede of olaim 35, wherein the second type of orifice insert defines a nozzle
orientation with respect to a ground such that the orifice insert of the second type is oriented to

the ground with the novele axds being disposed ol an downward angle ranging from 5°-207 with

reapect 1o a horizonial parailel to ground,

7. The nowzzle of claim 36, wherein the downward angle ranges from 87-18%,

s

38, Thenozele of any one claims 35-37, whergin the nozzle is an open nozzle.

34, The nozzle of any one of claims 35-38, whersin the nozzie is an automatic nozzle, the
nozzle including a pision disposed in the central bore and a thermally responsive trigger

supporting the piston within the central bore to prevent fhad discharge from the nozzle.
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44 The nozzle of any one of claims 35-39, wherein the plurality of outiets of the second type
of orifice insert discharges a mist with a droplet size greater than the droplet size of a mist

dischargad from the outlet of the first type of orifice.

41, A water nust nozzie comprising
a body having a central bove extending along a central longitudinal nozrle axis; and
a plurality of nozzles disposed about the ceniral bore including a pluraiity of indirect

impingement nozzles and at feast one direct impingement nozzie.

47 The nozzle of claim 41, wherein the nozzle is an open nozzle,

43, The nozzle of claim 41, wherein the nozele is an automatic nowzle, the nerele including a
piston disposed in the central bore and a thermally responsive irigger supporting the pision

within the central bore 1o prevent fluid discharge from the nowzle.

44, The nozzle of clavm any one of claims 41-43, wherein the at least one direct impingement
nozzle is configured 1o generate a mist with a droplet size greator than a droplet size of 2 mast

generated by the at least ong indirect impingement nozzle.

45, A method of water mist nozzle protection comprising:
generating a first type of fhuid mist from a fivst type of evitice insert disposed inone of a
phurality of sockets formed in a nozzle body into which a firefighting fiuid is introduced; and
generating a second type of fluid mist from a second type of orifice insert disposed in
another one of the plurality of sockets formed in the nozzle body, the second type of fluid mist

having a droplet size that is greater than the first type of fluid mist to directly impioge a firg.
g % 8 ¥E Y unping

i
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46, The method of claim 45, wherein the generaling the second type of fluld mist includes
introducing the firefighting fluid inte an inlet end through an internal chamber extending along
an insert axis of the sccond type of orifice insert; and discharging the flaid out at least one outlet

extending through a floor of the chamnber of the second type of orifics nsert,

47.  The method of claim 46, wherein discharging the fluid out at least one outlet includes

discharging the fluid out a plurality of openings.

48. The method of claim 47, wherein the discharging include discharging out of the phwality

ot openings obliquely with respect to define at an included angle ranging from 22°-22 5%

49, The methed of any one of claims 45-48, wherein generating the first type of fluid mist
inciudes introducing the firefighting fluid into an inlet and through an internal chamber with a

swirling gffect,

50, A method of water mist nozzle protection comprising:

installing at least two water mist nozzles above a ground 1o protect an area or object, each
nozzle having a pharality of orifice inserts about 2 nozzle axis with at least one orifice insert
configured for generating a first mist to address a fire with indirect tmpingement snd at least one
orifice insert facing the floor and configured for generating a second mist to address a fire with
divect impingerment; and

orienting each novele so that the nowzle axes of the al least two nozeles define an
ncluded angle ranging from 5°-20° with respect to g horizontal paraliel to ground, the incladed

angles of the at least two nozeles being different from one another.
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51, The method of claim 50, wherein each of the at least two nozzles s oriented one of 8% or

18°

S2. The method of claim 51, wherein the instailing includes spacing the at least two nozzles
five feet apart and disposed ten feet (10f1) above the ground o define a collection density of
(.12 gpan/sg £ of water between the two nozzles three foet in front and three fest offset from one

of the two nozrles.

53, The method of any one of claims 30-52, wherein the generating the second mist inchudes
generating a droplet size greater than a droplet size of the first mist, generating the second mist
includes introducing the firefighting fluid info an inlet snd through an internal chamber
exiending along an insert axis of the at least one orifice insert facing the floor; and discharging

the fhad out at least one outlet extending through a floor of the chamber,

34, The method of claim 33, wherein discharging the fluid out at feast one outlet includes

discharging the fuid out 2 plurality of apenings.

75
V4]

The method of claim 34, wherein the discharging include discharging out of the plurahiy

of openings obliguely with respect to define at an included angle ranging from 22°-22.5%,

56, The method of any one of claims 50-35, wherein gencrating the fivst mist includes
introducing the Hretighting fluid into an inlet and through an intemal chamber with a swirling

effect.
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