RESI DENTI AL FI RE SPRI NKLER Cross Reference to Rel ated Applications This
application clains the benefit of the earlier filing date of U S. Patent
Application No. 11/000, 128; filed Decenber 1, 2004, which is incorporated by
reference 5 hereininits entirety. Background of the Invention An automatic
sprinkler systemis one of the nost widely used devices for fire protection.
These systens have sprinklers that are activated once the anbi ent

tenperature in an environnment, such as a roomor a building, exceeds a
predeterm ned 10 value. Once activated, the sprinklers distribute

fire-extinguishing flui deﬁSﬁﬁEﬁTmﬁﬁ?@ $?&¥§Iﬁg%ﬁi§ui | di ng. A

sprinkler system depending on Its speéci con consi der ed

effective if i&‘ro%?ﬂ%fe?%}n%e?:{)lf?[ﬂ&ﬂr éﬁ&ﬁigﬁs“ re. Failures of such systens nay
m has

occur when the syst een rendered 1 noperative during building
alteration or di sushisapplicitivn dadms eteyefitaf dredaties fibeedate ofUSaBatentbeyond

initial systemcagpahiljty. 15 The_spti nkl er system.can be provided with a
suitable fire AP@WP“?\Q}IW 1/P0s12 aﬁ\Rg emlgeabpi/(fotl(@}x@g}s igeqrparated By Fefgenger om a
muni ci pal wat eferSiHP e tir§g.Ch supply may be separate fromthat used by a
fire departnent. Regardless of the type of supply, the sprinkler systemis

provided with a main that enters the building to supply a riser. Connected at
the riser are Bethgemindmfiths Brvertiais, preferably, an alarmto sound when water

flowwithin 20 theg sttem .S above ogeml:el ow ﬁBFredet 2 1 ne dr‘r}'ni ?u‘rﬁggal ue. At
the top of a vertical *PI8es PP TP ART § 1 95%% APy CBIpI PeE® ext ends
t hroughout  t hepdotecion. CPHER@IsyBRMs hdVel SpRinkiiérs dhatdare AchiRbtddl SrifeStheRmbiemd -

di stribution networks to systens in adjacent fire conpartnents.

Conpar t ment al i tempesgiucein anenvieongmenk sueh asiyupemond brikding eneasrs § predeterningdng| e
floor, and,vertj.cal fJ). . Y 1 ver.al .2k g nms may
sefve one 1baljl I %‘%l‘?}eg.él?ldﬁ "“8&‘8"“?5&' ]F]hgc;é Shli@ﬁ%rls 8;UI;F'|H) (?)lhe fr%{g’te\%l?é?,légnrgané#f%%%‘s’@:(’za&eﬁy t he
sprinklers. A ffthé fdohesr buildinge l igliklepsysietiepehdiag oh itk speeified|canfigigationds
sprinkler relatively close to the ceiling, or _a sprinkler can be pendent

bel ow t he br anensideisd effeelivedkis coptals or sHprIessesce Hiepfaluresoffsugh systemsmaye d

pendant spri kb R 6 SRt RN et HdndlHbd ihoBEhAN @fgggﬁp@hg%aﬁ%&@msﬂw

st andards exis esl gn an Ion o rotection system
I'n particul ar, ot theoddaparmyahzdrd has Héeninersasedbeypmridnitial system(caplitiity) descri bes,
'nits 15 The sprinkler system can be provided with a suitable fire fighting fluid or a water
| supply (e.g., a reservoir or from a municipal water supply). Such supply may be separate
from that used by a fire department. Regardiess of the type of supply, the sprinkler
system is provided with a main that enters the building to supply a riser. Connected at
the riser are valves, meters, and, preferably, an alarm to sound when water flow within
20 the system is above or below a predetermined minimum value. At the top of a vertical
riser, a horizontally disposed array of pipes extends throughout the fire
compartment in the building. Other risers may feed distribution networks to
systems in adjacent fire compartments. Compartmentalization can divide a large
building horizontally, on a single floor, and vertically, floor to floor. Thus, several
25  sprinkler systems may serve one building. ’
Ina pipihg distribution network, branch lines carry the sprinklers. A sprinkler
may extend up from a branch line, placing the sprinkler relatively close to the ceiling, or
a sprinkler can be pendent below the branch line. For use with concealed piping, a flush-
mounted pendant sprinkler may extend only slightly below the ceiling.

30 Various standards exist for the design and installation of a fire protection system.

In particular, the National Fire Protection Association ("NFPA") describes, in its
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1 Standard for the Installation of Sprinkler Systenms 13 (2002) ("the NFPA
13") along wwth Standards 13D and 13R, various design consideration and
installation paranmeters for a fire protection system NFPA 13, 13D, and 13R
recogni ze the use of residential sprinklers by requiring that such sprinkler
in a residential fire protection systemto be 5 installed based on certain
criteria for.restdential occupancies, which can include conmmercial dwelling
units (e.g., rental apartnents, |odging and room ng houses, board and care

facilities, hosghialor thelRladaltn b BpRinkir ._S‘}lsfbnﬁUGWQOZ,hO'\ﬂ%VﬁFFAfIQ'g afong with
residential sprinkler to be approved for installation under NFPA Standards,

such sprinkl er Sm@,qrdsplég%anﬂaﬁllg yariqus desigeansidergionandjpstaiation parametess fon g

ch spt " ShessdEigone naRimstas f
Rostdent i al - 1RO EsRIoRRE” REPALFL 15py ok Tetdedize WU bt bRaedi 37 Do

1626") i n or degprinklebschby deqsitifgl tHabsucH Sprirdkderan b s3iddeuiv] ifidd profeciisrkéysfem to be
Specifically, UL 1626 (Oct 2003) requires a, sprinkler, as described in Table
6.1 of Sect?$oninstalledbased pmyeqrtain ¢riterigionTesidgntial aecopansis wWhish cyeinclyieut e or

2 dosi red aver SOtmipERE aBANEE A @'er Bl Atk Rehte and beondink BoReOYRAA, 01
Tabl e 6.1 canambcansfadilities, haspitalspinbte’ ophewdisyt ed m ni mum fl ui d pressure needed

to operate a sprinkler by virtye of .a rated K-factor of (itﬂhe.s rinkler. A
rated K-factor of alngsderphqusver, gqrdw%@mal sprekley toibg appravedfos instaflationgmden, o

fl ow passage o i ; ' : f . Q P
where Qis theNfF Fgﬁt?‘g&ﬁﬂ#%wrﬁa(}]%g{l{sg&g%un&gg E)gg!rs%s%qrﬁégggﬂl R’ér@?&‘&‘é’@@ n order
for a sprinél etUniawpitss Lanirataty Ih¢ampatated ¢1U1L" pintitsdimdemsrtier’s Asbadtatoey Rytddniial

Sections 26 ang 27 of, UL 1626, the acfual Jjpi, ). pr es e, of the sprinkler,
hO\G\ever, 25 n&?_sﬂﬁ'ﬂhﬁ@f?'ﬁ i 'fﬁf%‘e%fé""t @'ﬁrgagém%%?ﬁ 6p)r‘é‘_§§ & 5% hi ch can
be cal cul at ed ygedfhrLbeasH %ﬁﬂedﬁaﬂ%ﬂﬁdﬂ?&.'%cﬁﬁﬁl?y,@ﬂ ﬂEﬁB'(Gc@zo}nj &qMEs%GZG and

the rated K-factor of the sprinkler. Further, the actual mnimumfluid flow
rate to pass t bpiklalastdesdobed onrlabbest.b oH$ectioh 6,116 F6liverr minwpug flowaate {gallensage

o 4 T, YR ah RD) HS bERVAASEE BTRpa B R Yl 01
15  a desired average density of 0.05 GPM/ft>. The minimum flow rate tabulated in Table
6.1 can be used to calculate a predicted minimum fluid pressure needed to operate a
sprinkler by virtue of a rated K-factor of the sprinkler. A rated K-factor of a sprinkler
provides a coefficient of discharge of the flow passage of the sprinkler, is defined as

follow:

20 K - factor = —JQ=-
p

where Q is the flow rate in GPM and p is
pounds per square inch gauge

In order for a sprinkler to pass actual fluid distribution tests, as described in
Sections 26 and 27 of UL 1626, the actual minimum pressure of the sprinkler, however,
25 may not be the same as the predicted minimum pressure, which can be calculated using
the given minimum flow rate of Table 6.1 in UL 1626 and the rated K-factor of the
sprinkler. Further, the actual minimum fluid flow rate to pass these distribution tests of
UL 1626 for a specified coverage area may even be higher than the tabulated minimum
flow rate given in Table 6.1 of UL 1626. Consequently, any attempt to provide for a

30 listed sprinkler (i.e., an operational sprinkler suitable for the protection of a dwelling
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30 listed sprinkler (i.e., an operational sprinkler suitable for the
protection of a dwelling 2 unit) cannot be predicted by applications of a
known fornula to known residential sprinklers. Known residential fire
sprinklers have been tested to neet these performance qualifications
required by UL 1626. When these known sprinklers are designed to be 5
installed in an actual systemaccording to the 2002 Edition of NFPA 13, 13,

and 13R (2002) rQe.: hon: a feet . eater,
novever, ¢ hos il anflot B SHEGBLEbEEAENRS Py BlowmAd R froilien Bl G
pressure, basegrigklerst s di scharge coefficient or K- factor, that places a

greater demand on the fluid p eﬁsﬂseure source than that predicted by the

- cr
appl i cation of t he XneWmretidsatial fife sprinklers havedeen g5ted jo meps these perfor@ancs: e
K-factor. 10 Eqfs : / 9 R I?.pr@( -1 Nkl can
provide the re Elf%gmrﬁ% ﬂ?l?reudrﬁmmsvér%t\@éngﬁésg&n %;;II%\/IE 0 E)éégére? Egéb%?sut???but I on
tests for & 2QGndtailed ibyn 2udl eptem eorligge the 2002 \Hditionad NRPoL 133113 candiBRei al | y
avai lable 4.9 K-factor, residential sprinkler by anoth manuf act ur er cannot.

Anot her 4.9 K32 &r alange geteatian atep of A4 sguans feet OB PRI Fe"éﬁle‘feﬁéh"@E eYIBYIL t est i ng
requirements fy i{fti&l%%@?%%]{?%s ﬁufr@@hﬁﬁ%‘f%@)&gﬁoa@&ﬁ& it Ji&h}%gtcggfﬁéi@ﬁt% flow

rates for these 162 I ng the 'sane as the requi mnimum flow
rates i n Tabl dador] thaf plateshGRéataxdemand an the dsslpressynesource thein khat piedicted By thef act or

value. A known J ar.ger _K-factor. sprinkler of -factqr, h er, operates
at a hi gher f|aawl9a&8’é°f1?féﬁ%@iﬂmd’Pi%ﬁﬂ“f{’r‘i‘@wpféﬁerﬁ?lﬁelgzﬁiaﬂé ﬁ%ﬁﬁ?‘?&%ﬁ"ﬁ%e (17 GPM)
for a covefpage ar eFopbxaiplé aa&Sbwn 3K JakGHTEsideRRAl spARkIEL caft prhviltahe RigBRSLT €

(10.8 psi) than a predicted pressure (8.6 psi) 20 based on its K-factor val ue
and permnitt ed minirnym o rates pE2EGBM to pagriv distmbstion teets for ag0Afeqs by 20 féedw t hat

there is a great amount of uncertainty i.n any.nqgtential sprinkl.er .design
hat Comnnat bRttt bt ettt otinler iy MR SR Frerdi R dedlifsgrifhiE
accordance WtyhnatheeghhictafercafhdtN A\ rdthe? A9 Kyfaclip redid dhifabbistidkdertiae
inability of known sprinklers to operate at the predicted 5 pressure val ue

for a specifi edtisfirdethaddl Ap2ntesting reuvirementstipiom & teetbyr idfapteaternge arepavith i st i ng
authority, 4t tﬂ@#!ngal %%%e.ﬁ{ep RirtiRe OF. 1296 gés{s%'eg.'g e saRle R LS e@tﬂfed%iﬁ%ﬁ]ngem 'l
sprinkler "to achieve a [ower pressure- demand-as corrparecf 0 €exXil Sltl ng

residential fificv fpesiinThisles.1 offUll Bo26e@d bt @prestaregrediaedrby the 4 €K fhdtieahles of
listing authority, such as, for exanple, the tests set forth in UL 1626 (Cct
2003), i ncl udiknemes larges K-fagter sasinkles Af 2B Ki-fagtog however, operates at a higher flow rate

(19 GPM) than the permitted minimum flow rate (17 GPM) for a coverage area of at least
324 square feet and at a higher pressure (10.8 psi) than a predicted pressure (8.6 psi)

20  based on its K-factor value and permitted minimum flow rate of 17 GPM. Thus, these
examples show that there is a great amount of uncertainty in any potential sprinkler
design that cannot be determined unless the sprinkler is built and tested in accordance
with a testing or listing authority. |

Notwithstanding the inability of known sprinklers to operate at the predicted

25 pressure value for a specified coverage area and minimum flow rate required by the
listing authority, it would nevertheless be beneficial to provide for a residential sprinkler
to achieve a lower pressure demand as compared to existing residential fire sprinklers
while meeting the performance requirements of listing authority, such as, for example,
the tests set forth in UL 1626 (Oct 2003), including vertical and horizontal fluid

30 distribution tests. The lower pressure demand of such residential fire sprinkler would |
allow a fire protection system designer to have greater leeway in residential applications

that are installed in accordance with NFPA 13, 13D, and 13R (2002) for a design
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30 distribution tests. The | ower pressure demand of such residential fire
sprinkler would allow a fire protection system designer to have greater

| eeway in residential applications that are installed in accordance with
NFPA 13, 13D, and 13R (2002) fora design 3 protection area under the NFPA
Standards. Further, the | ower pressure demand of such sprinkler would
provide a m ni num design pressure that will allow such designer to tailor

the fl t ts .d the d tecti t
Spri nki or i t PROREODEEP PGPS IE EASHIoBies Euier ot oF eCirerrs aropd of wsh n
accordance Wit %ﬁﬂﬁe@@&ﬂd Brofe e tal riifirf{m B @ﬂr@ssu&?that@ﬂﬁ aﬂg\ﬁsuchsﬂégi?édo of the

I nvention The present invention provides residential fire sprinkler that
delivers fl ui d téilopthe ffaw satenehsitreament sad emandeal tortherdesigmprotdetiingneato dwssprinkier

per T or mance ¢ oSt PEPEE otk oBh oehSeionp sutem AL sy Vo addo”
sprinkler t@ mMehidnestINFTA [£q49] 4@MBRLS of UL 1626 (or ot her I|st| ng standard)
allows the sprinkler to be I'isted so that the sprinkler qualifies as a
residential sprinkler for installation in accordance with the 2002 Edition
of NFPA 13, 13 Sumrmaryzkthedpgention Specifically, the residential fire sprinkler
enbodying a preferr t et

t he performance tes'?gl eﬁ@%ﬂ ﬁ%%org]}rog@%agg@n Fﬁ}&)sg%%%%t\r% lr%gh;ﬁ)lrd efg)éﬂrunra e

than a known r esgh@etistantlhlly lower mnfmﬂinld%mgnfm@swleaam@mdrtoteﬁ:@ﬁnmnaéms of 18
feet by 18 feet or reater Hence, the sprinkler has a mni nmum-pressure at
which it is de&sp rqwnabléﬁavlulea@eeansp@'&mm testy/foF s@tRinavsTapsareessi it i al

appl i cati ong, ‘é}{ﬂgﬁgofﬂﬂk Q}'t)rﬂﬂgc'f@sr% ﬁu%ét%s‘?inhﬁeq@ﬂ%émé bR hB% rBIheHE?WB standard)

spri nkl ers. etause pr i nkl er various m nimum oper
pressures that aéalb@sltltewpﬂnklhanblerlﬁmmsds dmat tlleslbmﬂdlerslpalnﬁdslaeaSesmntﬁabsmﬁrﬂckqmﬁm|ve

speci fied covera e ar eas, e spr.inkl rovi de vant agequ ature
that advances tifgalaignin %ﬂco Fl’éccf"Y‘F}thB%Q‘ﬁ%‘f 1‘%“}”{@ ﬁ»]én%“ E%eépsﬁf t he
present invent 'S}J&cxﬁ@alﬁﬁﬂﬂ?%dénﬁﬂ%r&Eﬁ‘irﬁc?é?%gngbdﬁhé@ é&rdealeln%mhém i ded.

The residential fire sprinkler includes a sure heat responsive
trigger, at | gaesentaneentionmas ableto meet the pteﬂohnmco ﬁests‘ﬁféll.btﬂﬁ ati3qd peresnt bower

R g SR L R A R N A
has a rated K-f@ife&iibyQR fédt ot Bsdfer. GHlentBRhE4RMMIPhdsS m&%inh'p?é&&ﬂeﬁf@l’ﬁbmﬁ‘ise the

outl et opening so as to occl ude the passageway. The heat
designed to operate at a specified coverage area in residential applications, which

minimum pressure is lower than those of known sprmklers. And because the spnnkler
has various minimum operating pressures that are lower than known residential sprinklers

20  for respective specified coverage areas, the sprinkler provides an advantageous feature
that advances the state of the fire protection art.

( In one aspect of the present invention, a pendent type residential fire sprinkler is
provided. The residential fire sprinkler includes a body, closure, heat responsive trigger,
at least one frame arm, and a deflector. The body defines a passageway between an inlet

25 and an outlet along a longitudinal axis with the outlet closer to an area to be protected
than the inlet, The passageway has a rated K-factor of at least 6. The closure is
positioned proximate the outlet opening so as to occlude the passageway. The heat
responsive trigger retains the closure to occlude the passageway. The at least one frame
arm being coupled to the body. The deflector is coupled to the at least one frame arm and

30  spaced from the outlet opening so that, when the trigger is actuated, the deflector
provides adequate fluid distribution for the protection of a dwelling unit. The deflector
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responsi ve trigger retains the closure to occlude the passageway. The at

| east one frame arm being coupled to the body. The deflector is coupled to
the at | east one frame arm and 30 spaced fromthe outl et opening so that,
when the trigger is actuated, the deflector provides adequate fluid
distribution for the protection of a dwelling unit. The deflector 4 includes
a first surface that faces the outlet and a second surface spaced apart from
the first surf.ace; a plurality of tines that extends away fromthe

| ongi t udi nal axis, the plurality of tines being disposed generally about the
| ongi t udi nal axis; ﬁ two slots forned through the first and second

surfaces. Each 1@]‘@95 2 Hest shatase thabfagesiibe autleyar;sls@rsmnﬂ sugfacq spaepdinpeshfiem e first
d d
et ' Secout i, BV PR VBB A Pt

at | east one bfarimbmmgms*p'hszedtgmeww dbdutthe longinglied me,mnertge sloeformial each
other at the first egd and the second end to d(la ne a cl ose-ended sl ot

havi ng a pol yg&nenshias firskend-secqnd Saﬁéqeﬁeﬁa%ﬁe&c s treeqmerdlyperallelrellsi on, a
pendent 1YPE I 8abank iRk eld & A kéﬁaﬁod&%ehﬁogéxeagaﬁ&dm orlgiSaRy 2 Tire

sprinkler includes a body, eat responsiv trig er, def | ect or

assenbly. The gaityallyqjemen&cuiammm\ﬂaﬁnénﬁmmemngimdinﬂl exlsammeanlemsnbhet al ong
a longitudinal _.axis w the outlet c¢loser to an are be pr.otected than
the inlet. Thef aegegaefkﬁwpagal Ao otROR R PIS SROles it 56 irthenc eis
posi ti oned _pr Qb lfiRifd'h biBke-BREALBOH e ol foRARHARLNC Passageway. The
heat responsive 15 trigger retains the clos e t'0 occlude the passageway. The
def | ect or assenbly Imsandihepaspect ofdiecpng;enmnvdnomgmtpcddenatypaxésiaieatiul fepsprmklef r om

the outl et openin t he tr er ted t he defl ector
e emnt v oriBor Eoue e S Sphrid dndindes o O, tsi: heel aoeie o
dwe(l ling unit. %ahaeﬂ&forae%ﬁm ymelasawéﬁ.es @pekagre@layww@én&mmsmm sposed

about the 1ongi dl nal axis to define an ‘outer perinmeter, and a nenber
havi ng a sl ot mggtéetlabngtaﬂorsgitudlsalaaxlsl\wsmewﬂqteloag tbangleaecsbe proteglieditian  The

Forms a ol ose. dROBEC cOTHHAREo hspret KIWGoSTat Ravite Theclobue™ BRfion™founaar y

at a second engrmastedmfdlﬂm dpRAing 8b 8¢ toRREILARHE basshgewaR OThe head sdpsiisivef t he
present invention, a residential fire sprinkler that connects to a piping

net work t o 1Br ofageer getainsshelelasure o epsbide thegassagewaa Tiha deflectarassemblyis dispossd
conpart ment s a%lo‘ﬁﬁ&l‘kfﬂgﬁj ifaf 3¢ 8%%@& éifB g%\i@%(gﬁemm tﬂgtégked}l%% WAl re

Protection AssoC andar ds 1
residential fi aetuatpd,ithkdeflector assembly provides adequate fluid distribution for the protection of

a dwelling unit. The deflector assembly includes: a plurality of tines disposed about the
longitudinal axis to define an outer perimeter, and a member having a slot whose length
20 is at least twice as large as its width. The slot extends along a second plane that intersects
the first plane. The slot forms a close-ended boundary at a first end and forms a close-
ended boundary at a second end spaced from the outer perimeter.
In another aspect of the present invention, a residential fire sprinkler that connects
to a piping network to protect a residential dwelling unit having a plurality of
25 compartments as defined in accordance with the 2002 Edition of National Fire Protection
Association Standards 13, 13D and 13R is provided. The residential fire sprinkler
includes a body, closure, heat responsive trigger, and a deflector assembly. The body
defines a passageway between an inlet and an outlet along a longitudinal axis with the
outlet closer to an area to be protected than the inlet. The closure is positioned proximate
30 the outlet opening so as to occlude the passageway. The heat responsive trigger retains
the closure to occlude the passageway. The deflector assembly distributes fluid fed to the

inlet at less than 10 pounds per square inch gauge over a coverage area of at least 324
5



I ncl udes a body, closure, heat responsive trigger, and a deflector assenbly.
The body defines a passageway between an inlet and an outlet along a

| ongi tudinal axis with the outlet closer to an area to be protected than the
inlet. The closure is positioned proximte 30 the outlet opening so as to
occl ude the passageway. The heat responsive trigger retains the closure to
occl ude the passageway. The deflector assenbly distributes fluid fed to the

inlet at | ess than fjf g gs per uare i nch gauge over a coverag ﬁ‘eea of at
| east 324 5 squipdefgtanGHh e"é‘%l% 357“695 gallopg PR MIAUE Bergmprg deet yaen efgite per

square feet wheg eﬁohav@ﬁ?ggeng%&aae@to nhftggw% ough Aelouaed to permit flow

through the outl In a further aspect e present I nvention, a
residential fire sprinaiumteraspmet ofdnpresehsinventiangs :psldgltlalaﬁmphnkler thatot ect a

residential dwelling unit .havin plurality, of 5 c artnents a efl ed in
accor dance wi t i*PAg @?‘E&EP?%‘E?%‘P ‘?tér{ﬁ%‘(deﬁf‘?léj“ﬁﬁ tingying A 1t40Y on

Standards 13 C;ﬁgﬁeﬂtg Rs befirfet G A8 fandE\Gith §i8 ROENEdibn bf N&iohal FifdPrBlection

i ncl udes a body, sure, heat responsive trigger, and a deflector assenbly.
The body defi nAssoe;amasStagbnmyl3bé31ﬂmadnlm:s|pn¢\ededaﬂaleaw®uﬁaldhesprmkg:ra

| ongi tudinal axis with the. outlet closer to an gre d .than the
ot “Tho et ostapdts by slo i, o5 rePTRYen Sest A > SaRF DR iR RAPod o
occlude the pas@e’%ﬂ@é’\@i{asszﬁ?ﬁlaf‘ﬁé{veérﬁmbﬂ@antdu'tlgwéngraelbﬁgﬂﬂmal BEs GitRaer € to
occl ude the passageway defl ector assenbly is cou% to the body so

t hat the sprl nkouslet elager beari area t9l Heddotesiedibanthd anlete Theclosurgds Q@@@nﬂﬁpnommtmf
Nat i onal 5}@ gli;r ot t| on Asso%)at I,O thSt andar ds "?‘h?’ elt31_e v R to provide a
sui tabl e densit ape'}ﬂ‘%f‘%ﬁf a‘é‘éﬁ’ %?aggabgg}ivgyo }ég f‘ﬁ’gﬁ' i g&S‘Jﬁ per
squar e i nch gauge clwlﬁé@o &dﬁﬁﬁltmaﬁﬁgwﬁ emeldéﬂecﬂdiﬁaselrrﬂ:lﬁi@@uﬁ lé&)% thélbetyso f eet
wi th a maxi nrum di stance of a generally linear side of the i\gn protection

area being no gtatthesprinkles cobe ingtglled in ageordagcs with Hher2092 ﬁéél‘m@ff HenabFise ent
| nvention, a reﬂo&%ﬁ ﬂgksolciaﬂgn S&LAER, § fﬁ‘%nd féﬁ]i%ep({‘{nﬁdé s&aﬂie@eﬂ?% fawork to
a pluralrty o conpar nt

protect a residen uni avrn S as

defined i n accomiiimas dkigh td@@r&@ﬂlﬂss&ﬁaﬁlmuﬁﬂs péa squansinclpaupe Rheteardesign 20
Associ ation Standards 13, 13D and I13R is provided. The residential fire
sprinkler i%cl Brgtestion Hesiis abeyt 490 ﬁ@lar%@attwwés m%dlﬂapgfgtﬂa gepsrallykineas 1 or

distributing fl #590@%§5%%'}fﬁ§‘¥§‘f?‘%§eﬁe% cc%@aé&%ﬁdn%ﬁ dwel ling unit so

that the sprink ance wth the 2002 Edition of
Nat i onal Fire Prot echiyena fistheraspeédt ofithBipenseiatientid, a rdsiidntial dird Sirinkter phaovi de a
suitable densit Zonfn(e)éts t% a”ﬁlgfn%g@w%?f {ogpr}otgéteasr%gcrie%tlg{ dwe?lsrfg &nrlltal'lavmg a plurality of
compartments as defined in accordance with the 2002 Edition of National Fire Protection
20 Association Standards 13, 13D and 13R is provided. The residential fire sprinkler
- includes a body, closure, heat responsive trigger, and means for distributing fluid over a
coverage area of a residential dwelling unit so that the sprinkler can be installed in
accordance with the 2002 Edition of National Fire Protection Association Standards 13‘,
13D and 13R to provide a suitable density for a minimum design pressure of less than 14
25 pounds per square inch gauge where a design prbtection area is about 400 square feet
with a maximum distance of a generally linear side of the design protection area being no
greater than 20 feet. The body defines a passageway between an inlet and an outlet along
a longitudinal axis with the outlet closer to an area to be protected than the inlet. The
closure is positioned proximate the outlet opening so as to occlude the passageway. The
30 heat responsive trigger retains the closure to occlude the passageway.
In another aspect, a method of protecting a coverage area with a fire sprinkler in a
restdential dwelling unit is provided. The dwelling unit has a plurality of compartments
6



25 pounds per square inch gauge where a design protection area is about 400
square feet wth a maxi num di stance of a generally linear side of the design
protection area being no greater than 20 feet. The body defines a passageway
between an inlet and an outlet along a longitudinal axis with the outl et
closer to an area to be protected than the inlet. The <closure is positioned
proxi mate the outl et opening so as to occlude the passageway. The 30 heat
responsive tri i C ot her
napect. a met nageEpethahg dod2 Nafn A b RHANN M AT RRARATE D0, b A6°
residential dwehd firrgptinkler has abody wdthchn ifleeardivrl dutley T thethad cén h achiebved y of

conpartments 6 as g)glgglﬁeia in the 2002 National Fi ri Prot ecti on Associ ation
Standards 13, RB#PP wig to thejpletq rae?PE‘B]FlPliﬂ%Il'éF thag d QOWUHWWQ‘W%?FWE‘W&% and
an outlet. Theg td & f a
sprinkler at Ie§§ ??\%ﬁf Q’“g@e @tﬁ\érgg‘ngg wﬁhﬂ‘g’ué el%sq %‘n% u?%“ rom
the outl et &t akoacolRagpadréaninacgedanoe withéectfonk@&snd Mmsszd mmdarcg(dck uid 5
over a coverage ea in accordance with Sections 26 and 27 of UL 1626

St andard (Cct 3). In a yet another aspect, a residential fire sprinkler
is provided. The ref %F;F [N Rt ﬁﬁ@f‘&’ of at
| east 6 a passage cou %ﬁo?]il)erghifgtffzéégdor Ziges Qﬁﬂ (fs'lgl;}l? 6%}{%25{3%1%?(1

fl ow t hrough tbmnkh:shaagaabaﬂyemit}m Kdeaoraafat kas & apaséb@e empheddandeflevtdirn UL 1626
(Cct 2003) so that -i,nc NPT“ﬂEéeagi are grovided on the body, which is
coupled to a héséf’mplé@lﬂ?éﬁ tes fjuitlow giravghdth PRSFARE Qe AOVEABSHGRM and the

def I ector  agserlandWith U 1%9@¥o&@@ob2§s¢ Pt 34 -ifih NPT%&% Bk Fovide! &N
designed in accordance with dition of NFPA 13, 13D,  and 13R Bri ef
De(s:(crl ption of thehwody; awhiichyss d_@p‘l'hbtoaagbgatpasppnmge mrggvmdngmsedmwmhea)assage

i nclor por ated her d const u t.of thi eC|f| |on illustrate
exenpl ary embof? ﬁlgﬁfj FOr AfEM h(r '?‘Sh"dya‘f?ﬂbel“gg"é@ﬁéqaw erf’ﬁ&"{;‘éeﬁ ‘i
description gi yffcsrascd willttht heodediabd SINFIES ¢35, 13D, @ tAR/en bel ow, serve to
explain the features of the invention. Figure 1is a perspective view of a
preferred enmbodi nent of the residential fire 20 sprinkler as nmounted to a
branch pipe. FiBgief Besrripfomofthgdyawingsi onal view of the sprinkler of Figure 1.
Figure 3A g a planmyl g obaidd dthindS WG drl thoBlpBafedHerdifd nd Bnbitile Ghre BF

Figure 1 as

r-1>

Q

this specification, illustrate exemplary embodiments of the invention, and, together with
the general description given above and the detailed description given below, serve to
explain the features of the invention.
Figure 1 is a perspective view of a preferred embodiment of the residential fire
20 sprinkler as mounted to a branch pipe.
Figure 2 is a cross-sectional view of the sprinkler of Figure 1.
( Figure 3A is a plan view of a fluid deflecting plate of the sprinkler of Figure 1 as
: seen by an observer directly below the sprinkler.
Figure 3B is a plan view of a 90-degree sector of the fluid deflecting plate of
25 Figure 3A. |
Figure 4A is a plan view of a sprinkler in a test room to determine a vertical water
distribution.
Figure 4B is a top plan view of a vertical water distribution of the room of Figure
4A.
30 Figure 4C illustrates a plan view of a layout for water collection pans in a

horizontal fluid distribution test in one quadrant of a coverage area.
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seen by an observer directly below the sprinkler. Figure 3B is a plan view of
a 90-degree sector of the fluid deflecting plate of 25 Figure 3A. Figure 4A
is a plan view of a sprinkler in a test roomto deternmine a vertical water
distribution. Figure 4B is a top plan view of a vertical water distribution
of the roomof Figure 4A. 30 Figure 4Cillustrates a plan view of a | ayout
for water collection pans in a horizontal fluid distribution test in one
guadrant of a coverage area. 7 Detailed Description of the Preferred

Enbodi ment Fi guetsilell-Diesiriptivat df sk £Pief@rdd ErhBodimentenbodi nents of a pendent type
residential fire sprjnkler 100 with a K-factor of at |east 6 that can be used

h
in residential appFi8Hes drisillugirate the peefegedeghpdimentsohs perdent ¥P8bodi nent
of the residentj i3 Rk Rkd: Wi O PR i tection
pi ping 10 that %ggggﬁggﬂgkgﬁgﬁgﬁr}@ﬁ&lﬁg eOr es| %gttég\agg%r"l{en 4 e?‘ 100 is
preferably a peesidentiabqpplicktions. Refetrigytodiguse 1 arprefotredlembeiimentof yheabsideptisixi s
A-A, which is general]y orthogonal over_an area to, be protected. The area to

be protected cAATMECHARdF showp moynteddp afireprotsetiop Rigingdithat sxtepds algng axis B-
SRR AR . et S e
el g uni + e Yiiia et EE 1P SRR B peddifh Sobller STIGHARG Bigniddd

i ncl ude conmmrer geadraldyabhg ads A twhifleis generalbrarthogormpaver ae atea fo beoptgientgd.and
room ng houses,_board and care facilities, hos itarlfs, notel s or, hq el,sa? to

i ndi cate one orlI§dFe tp Be Reotectqd cap b generally prlooraga gk a compapimentindhq reyiiepyal
together, as igyeMist Mgt € housekeeping unit, that normally have cooking,
living, sanitary, and 15 sleeping facilities. The residential dwelling unit
normal |y im®l udes a Aslusedhéreip, the termd'ngsaientiathis o "dwellieg uni¢'tasidefinédan NJPA Edi ti on

AR N e T T e R RN
oLt AR A B e s oy b o
13 (2002)", " NiPreigitaindicate ongor (RovRpms, ammmged for tha e of indiRdpslobving yogather,
Underwiter s Labot at % FERLRN ol AhmSAY R\ sSHand Hoidg i Ot 1 0N
15  sleeping facilities. The residential dwelling unit normally includes a plurality of
compartments as defined in the 2002 Edition of NFPA 13, 13, and 13R (2002), where
generally each compartment is a space that is enclosed by walls and ceiling. The
standards relating to residential fire protection, inc]udipg 2002 Standards 13, 13D, and
13R, as promulgated by, for example, the National Fire Protec-tion Association ("NFPA
20  Standard 13 (2002)", "NFPA Standard 13D (2002)", "NFPA Standard 13R (2002)") and
. Underwriter's Laboratory Residential fire sprinklers for Fire-Protection Service 1626
( (Oct 2003) ("UL Standard 1626 (Oct 2003)"), are incorporated herein by reference in
“ their entireties. |
As used herein, a discharge coefficient or K-factor of the sprinkier 100 is
25 quantified or rated as a flow of water @ through a passageway 26 of the body 12 of
the sprinkler 100 in gallons per minute (GPM) divided by the square root of the
pressure p of water fed into body 12 in pounds per square inch gauge (psig), where

K= -\-/-Q—— The discharge coefficient or K-factor relates in part to the shape of the
p

passageway 26 and other dimensions of the passageway 26 of the sprinkler 100.
30 The pendent residential sprinkler 100 includes a body 12 with frame arms 14
extending from a portion of the body 12. The frame arms 14 can be unitary with a boss
8



(Gct 2003) ("UL Standard 1626 (Oct 2003)"), are incorporated herein by
reference in their entireties. As used herein, a discharge coefficient or
K-factor of the sprinkler 100 is 25 quantified or rated as a flow of water Q
t hrough a passageway 26 of the body 12 of the sprinkler 100 in gallons per
m nute (GPM divided by the square root of the pressurep of water fed into
body 12 in pounds per square inch gauge (psig), where K = -2-. The discharge
coefficient or K-factor relates in part to the shape of the passageway 26
and ot her di ' : 2 | ﬂﬁ@El Kl 100, The
pendent resi gg&%ﬁagﬁ’églg%ﬂ%ﬁg?a??%@c@uﬁ%‘@ﬁa%%gp%oﬂ%gﬁy #\Wﬁa]@?%& ag'g"rlrag 14

ext endi ng fr omtractprer1iippoviad a fibid deflelting 2sserhbly 18t aMe aanutar strdctoardie unitary
wth a boss 8 34 that retains an annul ar_ structure 16 so that both the frame
arns 14 and t mecferaplyin the foxm otq plate 206 The plateRO cananclydg agenerally congavesendl y 18.

The annul ar sty i . [0 Ll f I ﬁ%ﬂ he pl ate
20 can i ncl ude({l%%géfg?é??§§%u(§qur((:eg§§él@?in¥ld%x gbh%piGF p-g}?{%% 2935 glggl&jﬁ) ev\;ll-ﬁ_la

| ongi t udi nal gtaralitk-oftindh244 britrite? fbous thellergitnding] degAvA L Twa clospletidedisidty of
tines 24A oriented about the |ongitudinal axis, A-A. Two c|ose-ended-slots 40

are | ocated at0Mpleratedatabgpii0degzeeswith respect torthe frame armgid. ahwignubs 42808 nubs
42 and two t - Qnen) | ct to
the frame ar nngﬂja nggéypp%g#é&reﬂ% lgéa%gsqoggge?%ﬁgﬁr%ﬁ%@gﬁg |gﬁ€e 2,

t he body 12 has an Refidreng tcsthe Tase-sentionaldadd wiew of Bigoter 2 alskelsbdyd2thasan &tér and

mul tiple-flat portion 12B connecteq by, 10 a transition portion 12C. The

t hr eaded pprting#;ﬁWOE‘é?FBHFtBP@FﬁiﬂegpP%‘@Pdg% a{‘éu : e-fptnpriion 1B gpnnectes Ry, o,

Nat i onal - Riooe‘aTtpa{ngi@ilgn &5%?1_"1&C?‘ﬁﬂc g'[ergidﬁi g{%?% ?éA chlGrdfeMply inPl@@fReadd Beatkd at

poytion 12B can I nclude a four-si engagenent” wth an 1n tat | ati on
tool. The bodharl2 inch NationaleRige-Thtead ENPIS saderefpraBly % meh-NEXE thradds. f Therflain
inlet 26A to an outlet 26 | o the Longi tudi nal axjs A-A over a l th of
| ese than one TEFEHT 128 seningtede SER 4% AEt Hneteagetiem Jity i insinlalion ol Thfce
surface di sposR-yabproviiRd WAtk faashBiady 20¢hat ehtefids fretnah ikl 264 tohR oQigdt! et 26B

includes a generally planar exit surface disposed about the | ongitudinal
axi s A-A.  The 368 alengtbaldngithdina axis Acdrpyeumigngth of kess then ohwinclzcThadalet 268 by a

r adi used rf.ace,rot ated,about the |ongituydinal, axi -A.tq. defi.n

ooty Bl | e A Rha R PG s Stk HRpARY Bl ot MR o | o

contiguous to Simfilaf,ithes\dle0P6R aioRidesa fdnBRBY planar exit surface disposed about the
longitudinal axis A-A.

The inlet 26A includes a compound curved portion 26C defined by a radiused

surface rotated about the longitudinal axis A-A to define a generally bellmouth shaped

20 surface. The compound curved portion 26C is contiguous to a first end of tapered linear
surface 26_D disposed about the longitudinal axis A-A to define a conic passageway

( portion 26D of a first length LP1 along the longitudinal axis A-A with a first taper angle

a with respect to the longitudinal axis A-A. The first end 26D1 of the conic passageway
portion 26D has a first diameter D1. The conic passageway portion 26D is contiguous to

25 acylindrical passageway portion 26E at a second end 26D?2 of the conic passageway 26.
The second end 26D2 of the conic passageway 26 and the cylindrical passageway portion
26E have a second diameter D2 of preferably about 86 percent of the first diameter DI
The cylindrical passageway 26 is contiguous to a flared generally planar surface portion
26F, whicﬁ is contiguous to a passageway chamfered portion 26G. The flared generally

30 planar portion has a third diameter D3 of preferably about 110 percent of the second
diameter D2. The passageway chamfered portion 26G has a taper disposed

about the longitudinal axis A-A to define a conic cylinder. The taper of the passageway
9



surface 26D di sposed about the longitudinal axis A-Ato define a conic
passageway portion 26D of a first length LP1 along the |ongitudinal axis A-A
with a first taper angle a with respect to the longitudinal axis A-A The
first end 26D1 of the conic passageway portion 26D has a first dianmeter D
The coni c passageway portion 26D is contiguous to 25 a cylindrical passageway
portion 26E at a second end 26D2 of the conic passageway 26. The second end
26D2 of the conic passageway 26 and the cylindrical passageway portion 26E
have a second dianeter D2 ochreferany about 86 percent of the first

di aneter D . TFhemiiRdineian2G basassepndigpepangleP Wit resges 6@ thedongitpdinglgyis

general |y pl anafy_xs b \Why ' At G geway
chanf er ed port?ﬁt[)#' %‘Eﬁgﬁ%eﬁgﬁg‘ﬁ“‘g’gﬁ%%@ﬁ%%f%ar‘]ar po?‘fal“})r(r% oﬁécgggﬁtﬁhi rd

di ameter D3 of apowf(el alvhys;abofitst leh@thoel Icefithe ednid fassageeayn?b isdbout®t8incH)First The
passageway. chanfered portjon 26G has a  taper (Iii)izgg)osed abaqut_ the | ongi tudi nal

2
axis A-A to defdiamete] iaho‘ﬁ)pqus‘ﬁﬂtérs?m?ﬁé'% abqyt 0.5 4nehy; gutddiamgeriss or ed
portion 26Ggha ' t id udi nal axis
A-A. Prefer gbl 33;1 P@%tﬁ)g&@gglckoaﬁ?%engg%%b %g Sggiegﬁéegkﬁtt}‘s&%‘&@tq%éat ure of |ess
t han about 0. longitotiasl axiss-A,ithesdivérgern sétohdPhngé f bhabonoss degrees sdthaespgct2b i S

about 0.8 inch; first ..dianeter D, is about 0.6. jn¢ch; second dianeter D2 is
about 0.5 inch:th¢ 'l‘?Pﬁ‘H’d_H}a:Iﬂﬁ’é‘F &Aﬁ‘di@uga@%ﬂiﬁ“ﬁ%‘% ﬂgﬁli‘? p%mgﬁl" first angle
a of about 4 d éf@x%ﬁlly%sE %a{nq%%ﬁ&mtmcrﬁ hEis bERREA At Edst Méfeﬁmt%ﬁ g.tobﬂc for

di vergent second angle P of about 45 degrees wth respect to

| ongi t udi nal axhsachiekememtdfa rated diathargexoeffiaicnt drirated K-faétot bifat peastsoapdwaoye 26 of
preferably | ess t aBl 1(1}% [Tééro inch. It is believed that at |east these
features prdvi FECEPY 3998 &chi evenent of a rated di scharge coefficient or

rated K-factor of atrhk@agét 26BaTtheBptifiklerlDoRas beprRided \ﬁ@n%ﬁluéﬁ@@WEﬁﬂ toait | et
26B of the sprinkler 100 can be provided with a plug 28 coupled to a washer

30 so that the washérrdtse thaythe pesimetes nEthe 3@shes 30 érrontignsws ta bedlaredfplanaed pl anar
surface. The plug 28.can, b rovided.wi.th.a groo 28 o_that an .ejection
Soring 32 can” g TREBNE 4 ER e BRIt e dhaRa P S iRl ek ST on
spring 32 are aruyph@tbdtif thedrbhi@ JBASHEGWD Bee EXd3HE thaejdetidt spthgB2rddouple@ td 0SS
projections of the frane arm(Fig. 2). Referring to Fifgures 1 and 2, at

| east one franeherespertivefronn aans Mom angef Hie basp peectipes of by framep armp@ig2bxi mat e
(he ou et 265, The el rlie RS il Wi Yok 1§ oy iipRGHAL® =
' fiat portion 12B proximate the outlet 26B. The at least one frame arm 14 has various
cross-sections as the arm 14 extends away from the outlet. Preferably, two frame arms 14
extend generally along the longitudinal axis and converge towards each other with a boss
20 34 disposed between the two frame arms 14. The boss 34 has a tip portion 34A facing
| the outlet 26B. The tip portion 34A is disposed at preferably about less than one inch
from the generally planar flared portion 26F of the passageway 26 and located at less than
3 inches from the inlet 26A end of the body 12. A stepped portion is provided betweeﬁ
the tip portion 34A and the tail portion 34B of the boss 34 so that the annular plate 20 can
25 be mounted thereon. The boss 34 includes a counterbore portion 34C and an internally
threaded passageway 34D. The counterbore portion 34C preferably has a diameter
of about 0.2 inches and extends along the longitudinal axis A-A of about 0.2 inches. The
internally threaded portion 34D preferably has 10-32 UNF threads that extend along the
longitudinal axis A-A of about 0.4 inches. ‘
30 A heat responsive trigger 36 can be provided between the boss 34 and the plug
28. The trigger 36 has a first trigger end 36A located in a recess of the plug 28 and a

second trigger end 36B abutting a loading screw 38. The loading screw 38 is threaded to
10



extend generally along the |ongitudinal axis and converge towards each other
with a boss 20 34 di sposed between the two frame arns 14. The boss 34 has a
tip portion 34A facing the outlet 26B. The tip portion 34A is di sposed at
preferably about |ess than one inch fromthe generally planar flared portion
26F of the passageway 26 and |ocated at |ess than 3 inches fromthe inlet
26A end of the body 12. A stepped portion is provided between the tip
portion 34A and the tail portion 34B of the boss 34 so that the annular plate

20 £an 25 be Mgl 3600 pHGnRB AL doRElBRIAAPUAL BRARE CaBlOBRLON 34C

and an interna ssageway e counterbore portion C

preferably has tlresied t@vards thebuthdi@GB s0 tht thechigger 36 ahdepltig D8Isaust @ defldctien of

| ongi tudi nal axis A-A of about, 0.2 inches. The ihﬁ%ernal |y threadeeghpﬁrt i on
p

34D pref er abl y theayasher 2 preterably 2 Beliwille fepe, Rery!linm Nicksl gvashes 30 withgy T al axis
A- A of about 0.4 i . - t ' | . Leed
bet vvce)enat ﬁg boéatg%?gﬁ%o%]ﬁgoangg&' Z‘E?Ee%ﬁe ?‘f%‘g%drd tiﬁﬁ% tﬁ% ?g{‘“‘%{‘?“y‘é‘ggﬂ end

36A | ocat edsi n balb wile&bachiatibhemprdtire’st abowl 185 osebo oy Stdep@gSFaledithei$6B abut ting
a |l oading screw 38. The |l oading screw 38 is threaded to 10 the internally

t hreaded portion 34Fheannulas ples20 can be moanted tshetail pprtion 34B ofithe dessStandaj s

t hr eaded t owar X t ' : ﬂgg i e a
defl ecti on of q’?ﬁ?%iﬁ@h%ﬁ@@&%%%@?’glﬁﬁg‘ég{syp i %Le)'#%oﬁ'léaﬁ] | ckel
washer 30 w th apnulafple@l o thedaks 3y, Altérnatively, aiv? cambéigsed tb fethinahpplateer r ed

enbodi ments, the trigger 36 is a frangible 5 bulb with an actuati.on :
t enper at ure of 208tk ess 38r about 175 degrees Fahrenheit. The annul ar plate

20 can be ngunted t g, n %iﬂg%@@%i,&@aﬁxﬂmﬁtg%ﬁﬁa&%n N oRinePPA o Lhe

teym nal end portion o s 34 can or crinped so as to retain
th annul ar plteesty2@0 bpert-treled slos 23B. arrdly¢deaboat the Bingitudinal iawis tA-Aa Préferablyed t o

retain the plate 20 to the boss 34. 10 erring to Figure 3A, the annul ar

bl ate 20 | nel udSReR HEGRAE BRRERE R InA AL oS E ASery ol Rl Srits 24
arrayed about tyagydeneH dxidknaln dighBef with o 2Rled slot€! BESpehich@ sHt24B

di sposed at an interval of about "15 degrees about a sem circular sector

bet ween t he axiisdixposed hetaleemyenepntwortineh 24 vend tandwe-cenfiguedtodiase a Tloeedpodionended
slot 24B i ; di S{))ose ¢ et wee ever%[dt WO i n(g_ﬁ n24A anag gan be tco%It'hg red to
nave a cl osBu (ROVHTBH HECEL LG Aad pen e RSK IS M RSO HACBEEL | on
proxinmate the pey iB¥eh EpenténdedSlo14H ifas twh waltaZdn PRRAIM4ANAR ebndinglgerdfilynas t wo
walls 24A 1 and 24A2 extendi ng generally '
parallel to each other and spaced over a distance "d1" of preferably about 0.06 inches.
As shown in a 90-degree sector "I" of the plate 20 in Figure 3B, the two walls
24A1 and 24A2 of the open-ended slots 24B are contiguous to a semicircular wall 24A3
20 that defines the closed end portion of the open-ended slot. The semicircular wall 24A3
for each open-ended slot includes a center located at one of a generally transverse
( distance L1 or L2 from the longitudinal axis A-A. Viewing the centers designated as "a-
" clockwise, it can be seen that the center of open-ended slot "a" is located on the Y-Y
axis at 90 degrees from the X-axis. The second center of open-ended slot "b" is at least
25 65 degrees from the X-X axis; the third center of open-ended slot "c" is about 60 degrees
from the X-X axis; the fourth center of open-ended slot "d" is about 45 degrees; the fifth
center of open-ended slot "e" is about 30 degrees; and the sixth center of open-ended slot
"I" is about 15 degrees. For each 90 degrees sector of the plate 20 there are two open-
ended slots 24B whose centers, as delineated by L1 extending to "a" and "¢", are closer to
30 the longitudinal axis A-A than the remaining open-ended slots 24B b, c, d, e, and f in
each 90 degrees sectors. For example, sector "1I" is a mirror image of sector "I" with

respect to the X-X axis so that open-ended slots 24B "j" and "1" are closer to the
1"



parallel to each other and spaced over a distance "d | " of preferably about
0.06 inches. As shown in a 90-degree sector "I" of the plate 20 in Figure 3B,
the two was 24A 1 and 24A2 of the open-ended slots 24B are contiguous to a
semcircular wall 24A3 20 that defines the closed end portion of the
open-ended slot. The semicircular wall 24A3 for each open-ended sl ot includes
a center located at one of a generally transverse distance LI or L2 fromthe
| ongi tudi nal axis A-A. Viewing the centers designated as "a- f' clockwi se, it

can be seen that th nt er ,of ehmended sl.ot "a' is_lcated on the Y-Y
axis at 90 deg@&%’i"cﬁ?ﬂgﬁﬁ“f %ﬁAﬁeﬁg’FsﬂI ﬁ%mér_éoédlﬁ‘ﬁgecafﬁfgpr& ‘Qﬁ‘hb'ﬁs"@ﬁtofgg’es}xot "p
is at |east 2545sdihof GRA-chdsIBISH24B P 23 " ark bIOsdritd tHe 16:8sMuBialQixisoRAN a1 ded
slot "c" is about 60 degrees fromthe X-X axis; the fourth center of

open- ended sl osectod*IVY"ds aminer imgeielseeteos’]" with raspedt to the dhl ewxissp thay epenesndedi s| ot
"e" is about 3 ees.. anhd th I xth .center .open-ended slot "I" is
about 15 degreggg(aggr %e?ﬂ, %Eefzﬁ%égéheslgﬁ?@?mgf;ﬂlﬁg' late 20 there are two
open- endeds sl ot s 2ffesebagardaciatigh featudds oftel tiiva2eAl, dp¢énlehd@dRoZiB)@ndo "a" and
"c", are closer to 30 the longitudinal axis A-A than the remaini ng open-ended

slots 24B b, cportionsof theframp grmebeef the deflegtas assenbly by are timomeansdompl e, sect or
n 11n H 3 e} H " 1 =) t h - i h t
open- ended si of SRS fifld, MEkBmort, ndhislhn AEFRERoN GejsppkleoB K edtnd "2

sector "I11" i fesngfeqiitdmentBafeIof 626606102003) includingfa verfabfiid ditribitiontestaxi s so
t hat open-ended slots, 24B "1" and "n" are closer to the |ongitudinal axis
A-A; and sect Blustrated in Biguren4H apd fBderevadeuscaverage arpas sych 35, fos spaanle,tld fedie vy
axis so th o] t "u" and "a" are closer to the |ongitudinal
axi,s A-A ?Thgggs gér%g&earzro:#(ﬁ&c}’zfszﬁgﬁeti‘ eatures of the tines 24A, open-ended

sl dts 24B, and por Undeshisfest, aeplormigatediySedtonal7 ¢fL Hphdaed 1626 @es2003)y 18
are the neans for distrihuting fluid. Furthernore, .the desi %n features all ow

the sprinkl er Wdest gravides 19rag arrapgemento deigming theritegtics; flyid d tiogpt amn(3)
i ncluding a vegdt 4 | | ' o bk URE | ' 4A and
4B for vari ousgé:ﬁorgltgérr Sg’ééﬁg‘fi%’gtsﬁ?ﬁ‘gﬁé@s‘ Q’P? gﬁél‘gggpr}ﬁ]:t'e,ﬁl t&%ﬁe&k&aﬂgﬁ&ﬁ{/&% f eet
and 20 feet byrélientis penddntisprinkler $0Q, detspricdderpliO0nvplgeddadeby cehtar bf acoveragef UL

St andard 1626 (CQct. 2003 the test provides f. rrangemnment,_to.determ ne
Che ver {1 o461 PEH AR Bt EhecievpesiRgets Ch.ar i 8 P SRR “BAGE BF ot ect | on
of a dwelling uhieragelafeal PEsUitBBIE fRE-HEMABTRIY sucRas WaRr issRAVEEdo R sprRRIENT -

sprinkler 100, the sprinkler 100 is placed over a center of a coverage
100 at a specified flow rate with the sprinkler 100 being tested via a one-inch internal

diameter pipe. Water collection pans of one-square foot area are placed on the floor
against the walls of the test area so that the top of the pan is six feet, ten inches below a
20 nominally eight feet height H generally flat ceiling. The duration of the test is ten
| minufes at which point the walls within the coverage area should be wetted to within
( 28 inches of the ceiling at the specified design flow rate. Where the coverage area is
square, each of the four walls must be wetted with at least five percent of the sprinkler |
flow. Where the coverage area is rectangular, each of the four walls must be wetted with
25 a proportional water amount collected that is geherally equal to 20 percent times a total
discharge of the sprinkler 1.00 at the rated flow rate of the residential fire sprinkler times
the length of the wall divided by the perimeter of coverage area CA.
Besides the utilization of the plurality of tines 24A for vertical distribution of
fluid, the dished plate 20 can be optionally provided with three other fluid flow
30 modifiers: (1) a close-ended slot 40, (2) a nub 42 oriented along an axis X-X generally
perpendicular to a plane defined by the two frame arms 14 and the longitudinal axis A-A,
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15 area CA at one-half the coverage length CL or width CW (Figures 4A and 4B)
of the <coverage area. A suitable fire-fighting fluid such as water is
delivered to the sprinkler 100 at a specified flowrate with the sprinkler
100 being tested via a one-inch internal dianmeter pipe. Water collection
pans of one-square foot area are placed on the floor against the walls of
the test area so that the top of the panis six feet, ten inches below a 20
nom nally eight feet height H generally flat ceiling. The duration of the

test is ten - mhiuisys udbudbUyehing@hie SilE atRO-X. W ik inige GPYELAGR ar ea Shoul d
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Cont 1 qur ed i ¢ 159 AdE Bbiecn RS KhakiFELOREIER. PRl .o
spaced from t heachudlese-qnded siot 40 isaahiongidogiepinigldd. pl urality of tines 24A. The
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slot is a nub 4xd%& fLenter of the nub 42 is aligned with both the close-ended polygonal slot
and a center of the through-opening 44 along axis X-X. Moreaver, as shown in Figure 1,
20  the nubs 42, close-ended polygonal slots 40 and through openings 44 are aligned about
90 degrees with respect to the frame aims 14 which are aligned along the axis B-B
( - of the fire protection piping 10. Although the close-ended slots 40 are illustrated as
being formed on the deflector 16 of the deflector assembly 18, the close-ended slots can
be provided on a separate member from the deflector 16. Similarly, the nubs 42 and
25 through-openings can also be provided on the separate member or on yet another
separate member. Preferably, the close-ended slot chamfer 40A forms a taper diverging
from the longitudinal axis A-A of about 45 degrees, the nub 42 has a diameter as long as
its length with its center located at less than one inch from the longitudinal axis A-A, and
the through-opening 44 is a generally circular through-opening 44 of about the
30 same diameter as the nub and located at less than ' inch from the longitudinal axis
A-A. Itis believed that the features of the nubs 42 allow for compliance with the

operational test of Section 22 of UL 1626 (Oct 2003) where the pendent sprinkler 100 is
13



42 can be any surface irregularity on the deflector 16 and is preferably a 15
cylindrical projection that extends towards the outlet 26B. Proximte the
first end of each close-ended slot 40 is a through-opening 44. As shown in
the plan view of the bottom surface 20B of the deflector plate 20 in Figure
3A, the center of the nub 42 is aligned wth both the cl ose-ended pol ygonal
slot and a center. of the through-opening 44 along axis X-X Moreover, as
shown in Figure 1, 20 the nubs 42, cl ose-ended polygonal slots 40 and through
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radially al ong e surflaces of the deflector has sufficient e ocity to
produce fl ow semaemtaitﬂmdtpradshres suhlstantié)lyb@msmnmrgl y, while the nubs 40 are

shown as cylindri caI ec surfac equl arity.on the defl ector
16 sufficieftly |arg¥ %'L%g‘ §“r€a1u§ ?WWS@B%& ?q'@?‘i""aliergllﬁp’iff?fra@:}'sur e of
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sprinklers |located 8 or nore directions of the plane defined by
the X-X and A- Alaessoriagd Zﬁmfamn@tmh qutlm 26 ang a second plate surface 20B facing away.

The planar workpiece can be stamped or deep drawn to provide the concave or dished
configuration where the first and second surfaces are generally parallel to a first taper
20 portion21B at a first taper angle 6, proximate a central portion 21A of the plate 20. The
‘ first taper portion 21B is contiguous to a second taper portion 21C at a second taper angle
( 0,, which is contiguous to a third taper portion 21D of the plate at a third taper angle 0.
Referring again to Figure 1, the annular plate 20 has a first plate surface 20A |
proximate the second tapered portion 21C, which includes first radius of curvature about
25  afirst centerline extending orthogonal to the longitudinal axis A-A. The annular plate
20 includes a second radius of curvature proximate the third tapered portion 21D about a
second centerline generally parallel to the first centerline. Both of the radii of curvature
for the surface 20A are disposed about the longitudinal axis.
Each of the close-ended and open-ended slots can extend from the second taper
30 portion 21C to the third taper portion 21D. The nubs 40 can be located on the third taper
portion 21D while the through-openings 44 are located at the proximate junction between

the central plate portion 21A and first taper portion 21B. Preferably, each of the first
14



the effectiveness of the fluid distribution pattern provided by the defl ector
assenbly 16. The nubs 42, however, are believed to have mninmal effects on
the fluid distribution pattern at fluid pressures substantially bel ow 100
psig. 15 Referring to Figure 1, the annular plate 20 shown here is preferably
formed froma circular generally planar workpi ece nade of bronze with a first
pl ate surface 20A facing the outlet 26B and a second plate surface 20B facing
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of the quadrantCGL dndithe wl‘dth W is generally one-half the coverage w1dth CW where each square
foot of the quadrant is covered by collection pans of one-square foot area with the top of
each collection being about eight feet below a generally flat ceiling of the coverage area

20  and the amount of fluid collected is about 0.02 gallons per minute per square foot for any
of the collection pans except that no more than four collection pans for each quadrant
receive at least 0.015 gallons per minute per square foot.

Water or a suitable fire fighting fluid is supplied to the selected sprinkler 100 at a

desired rate with the sprinkler 100 being tested via a one-inch intemal diameter pipe with

25 a T-fitting having an outlet at substantially the same internal diameter as the inlet 26A of
the selected sprinkler 100. The duration of the test is twenty-minutes and at the
completion of the test, the water collected by the collection pan CP (as delineated by the
square like grid) is measured to determine if the amount deposited complies with the
minimum density requirement for each coverage area.

30 As utilized in this test, the nub 42 is believed to allow the break up of the flow
stream extending from the outlet 26B perpendicular to the frame arms 14 in order to meet

an 8-foot spacing between sprinklers in the operational test of Section 22 of UL 1626
15



10 detailed | ayout of one quadrant is illustrated in Figure 4C. In this
quadrant, water collection pans are placed over the quadrant (e.g., quadrant
I11) of the protective area so that each square foot of the quadrant is
covered by collector pan of one-square foot area. For pendent sprinklers,
the top of the collector pan is eight feet below a generally flat ceiling of
the test area, Figure 4A. The coverage area CA is generally the product 15 of
a coverage wdth CWand length CL such as, for exanple, 18 feet by 18 feet or

20 feet by 20 The length .L e, quadr ant. . IS erall.y the
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test coverage area perpendicular to the frame arns 147 The close- ended sl ot
chanfer 40A ontaprevidea diow ratecf 32 gallanis per roinwtd at a gredsuse of lessthaml pennds feditees t o

this Cest. 'F P eLRr » dhetrutefit S 2% P A el ol with MO R ove o
col I ecti on pandfsiibunés ReRdF Tl 26 (Octt2083) rame arnms 14 and furthest to the
frame arns 14 to receive a sufficient fluid quantity to neet the
requi rements of t hi Besidesithe above described fluid distribution tests, actual fire tests can also be
performed in accordance with UL Standard 1626 (Oct 2003) for the preferred
embodiments. In particular, three tests arrangement can be utilized within a room with
20 nominally eight feet generally horizontal or flat ceiling and simulated furniture so that the
tested residential fire sprinkler 100 can limit temperatures at four different locations to
( specified temperatures. Details of these tests are shown and described in UL 1626 (Oct
2003). |
In addition to the design features the preferred embodiments that allow the
25  sprinkler 100 to meet the testing requirements of UL 1626, the annular plate 20 of the
sprinkier 100 is provided with the dished and multiple tapered portions that are believed
to allow the preferred sprinkler 100 to be used in at least three different mounting
configurations such as, for example, a pendent, recessed pendent, or concealed pendent
mounting configurations.
30 In the pendent configuration, the preferred embodiment can be installed so that

the deflector first plate surface 20A exposed to the outlet 26B is about 1.5 to 4 inches

from a ceiling. In the recessed pendent configuration, the first plate surface 20A of the
16



Further, it is believed that the features described above in relation to the
deflector assenbly 18 allows the sprinkler to provide a flow rate of 19
gallons per mnute of water 10 at a pressure of |ess than 10 pounds per
square inch gauge fed to the inlet 26A so that a sufficient density of water
I's provided to a coverage area of 18 feet by 18 feet under both the vertical
and horizontal distribution tests of UL 1626 (Oct 2003). Furthernore, the
features described above in relation.to the defl ector assenbly 18 al so al |l ow

the sprinkler déffécBi‘Qa\hiBieagaltxtfll.@Yﬁcﬁ%ﬁl At cgﬁ?%s?ﬁfa%‘@itﬁﬁéjugﬂﬂ}ﬁfs%f%tinéheE’]ErPSSUre

of | ess than 10 pounds fe o 15 the inlet a coverage area of 20 feet by
20 feet under hamtdnetvheticelalitectial. Iathk doocdaledpeedent clindigniation,itheddflestbsisof UL 1626

(Cct 2003). Besides the gbove described flyid distribution tests, actual fire
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e 10, U S R o gl ey sase
than 4.9 that oanfatioas inseach ofithedel fedtimeeto allow a % inch threaded sprinkler body with these
variations to be listed under UL 1626 (Oct 2003) at a minimum operating pressure of less
than 10 pounds per square inch gauge for a coverage area of at least 324 square feet and
installed in accordance with NFPA 13, 13D, and 13R (2002). These variations would
20 include, for example, a variation in the particular relationship of the taper angles 6, 6,,
and 63 for the dished annular plate 20 as a function of the installation; the number of tines
( 24A along with variations in the width between the tines 24A, radius of curvature and
location of the terminal portion 24A3 of each open-ended slot 24B; the nub 42 can be in a
configuration other than cylindrical while its height above the plate surface 20A may be
25 varied depending on the installation sprinklers in a design; the length or width of the
close-ended slots 40 can be smaller or larger depending on the targeting of fluid spray
below the deflector 20; the close-ended slots 40 may be offset instead of being aligned
with each other along the first axis X-X; the chamfer 40A of the close—ended.slots 40 can
be modified to provide for a different taper angle or a combination of taper angles; the
30 through-opening 44 can be in a configuration other than a right circular cone with
variation in the cross-section of the through-opening; the location of the through-opening
44 at a location other than aligned with the close-ended slots 40 or the nubs 42; the close-
17



nmounting configurations. This multiple nmounting capability of the preferred
enbodi nent is believed to be advantageous to a fire protection designer
because one type of sprinkler can be used regardl ess of the aesthetics and
functional requirenments of the system designer. 10 Although the preferred
enbodi nents are provided with a variety of features that allows the
sprinkler 100 to be listed for installation in any of the three nounting
configurations discussed above, the features described herein can be utilized
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cross-section 8resdifferentsoyningsenfigwgationsdn p gsidential figg protestiom$ysteBhitopeni ng 44

at a | ocati,pn %J\gm ey N RE . 4 ubs
42; the cl 3§e- gﬁ‘gﬁ{eaﬂ ed sﬁ?g@glmhﬁ%hg @Bﬁ%‘gﬁ@%ﬂ“‘an E%%@ﬁéss{ggﬁfo e
provi ded on a desineproetimr @éeof F2d4aqudré eeppdrigiatar! Condeqiigntlgsat 2¢bAt the enutanbs 42

can be a portion o he separate penber folded or bent towards the outlet to
provi de a surf&@‘ée iq’-%‘é@‘ﬁlaﬂﬁ siqts apghines pregyeferaplyy eans lor C}IS%\@“tmg f}“' overa

coverage area of a residential dwelling unit so that the sprinkler can be installed in.

accordance with the 2002 Edition of National Fire Protection Association Standards 13,
20 13D and 13R to provide a suitable density for a minimum design pressure of less than 14
pounds per square inch gauge where a design protection area is about 400 square feet
(:. with a maximum distance of a generally linear side of the design protection area being no
greater than 20 feet. And with the lower minimum design pressures, the preferred |
embodiments can be utilized in the design of fire protection system for coverage area of
'25 324 square feet of greater at approximately 30 pércent lower design pressure than known
residential fire sprinklers.

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

30 invention, as defined in the appended claims. Accordingly, it is intended that the present
invention not be limited to the described embodiments, but that it have the full scope
defined by the language of the following claims, and equivalents thereof.

18



rel ati onship between the dianeters D, D2, and D3 of various sections of the
fluid 5 passage 26 including the taper angles a and p; variations in the
cross-sections of each franme arm the shape of the boss 34 and its |ocation
relative to the outlet 26B; or the type of sea] 30 or plug 28 and the extent
in which the plug 28 can protrude into the fluid passage 26. Finally,
because theANSf erred enbodi nents of the sprinkler 100 are able to pass 10
all of the performance tests required by UL 1626 (Cct 2003), the preferred
enbodi mrents are able to be listed by a listing authority, such as, for
exanple, UL, for design and installation as a residential fire sprinkler, as
defined in Secti i 1 F (2002). Wth these features, the
preferred?EHbo%fﬁgg éﬁééﬁ: g%?ﬁg%gﬁPéﬁn%n any one of three different
mounting configurations, in a residential fire protection system .in 15

accor dance. i  f DRBRIETYE 4 BESS AR Y PRV FHFD)N It 2GRl HPRE) m?%vewalp%%sur es
for design protection area of 324 square feet or greater. Consequently, at

| east ¥ hewathitid autlet plosgrdo 20 arehtabre pateriedsthan theanldt, thapsssageangréhgpraibd Ke he
means for distributing fluid over a coverage area of a residential dwelling
unit so t hatortohet ls@t bNthk ®odg attllkng Hpbribh @dving Vi MCE of gRAGE NMTt thrdaiefo2ied
Edition of National Fire Protection Association Standards 13, 20 13D and 13R
to providge.poguitable density for a mninumdesign pressure of |less than 14
pounds per square inch gauge where a design protection area i s about 400
square feet wth a maxi.num di stance of a generally |inear side of the design
protection ar e%cgé’i’rﬁé’oﬁlgonggr %rgi‘%’?aq‘f ﬁ?r?uﬁﬁt %&‘é&‘? 0 ﬂﬁd%h{: RAAYBWwer mi ni num
design pressures, the preferred enbodinents can be utilized in the design of
fire protectionhejisespanyivng trigaoethaystansdhe gosurggo godudeghiapasspegetayof greater at
approximately 30 percent |ower design pressure than knowmn residential fire
spri nko er st leMhbhefrhine apn ésmgtconpleénd ihobotinst deemddingd albosed anbthir ¢reff sortkatce to
certain preferred enbodinents, nunerous nodifications, alterations, and
changes tQpr%nQﬁ$&JﬁQﬁQan@Hﬁﬁﬂﬁgﬁﬁkﬁo@Eﬁg@ﬂﬁé%QE@dM@EﬁQM&HF?B@HMHG@&frO”‘the
sphere and scope of the present 30 invention, as defined in the appended

cl ai nB. AﬁgOngngl h;iﬁdis i ntended that the present invention not be
limted to th eeI¥ Bed enbodi ments, but that it have the full scope

defined by the | anguage of the follow ng clains, and equivalents thereof. 18
CLAl VB a defléctorassembly disposed along the longitudinal axis and spaced from the outlet

so that when the trigger is actuated, the deflector assembly provides adequate fluid
15 distribution for the protection of a dwelling unit, the deflector including;
a plurality of tines disposed about the longitudinal axis to define a generally circular
outer perimeter;
a member having a slot whose length is at least twice as large as its width, the slot
extending along a second plane that intersects the first plane, the slot forming a close-ended
20 boundary at a first end and further forming a close-ended boundary at a second end spaced

from the outer perimeter.

2. The residential sprinkler of claim 1, wherein the deflector assembly further comprises

a nub disposed on the second plane between the outer perimeter and the slot.
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. Aresidential fire sprinkler conprising: a body defining a passageway
between an inlet and an outlet along a longitudinal axis 5 with the outl et
closer to an area to be protected than the inlet, the passage including a
rated K- factor of at |least 6, the body including a portion having V4 inch or
greater NPT threads forned thereon; a closure positioned proximte the

out| et so3.as tBhoesidedel spenlassafemaly wheseilhdrtmérsg@ansipyisest & pagen béthatn
retains the closure to occlude the passageway: 10 at |east one frane arm

bei ng coupl @det ?eﬁlh@tepﬁ’&yt_h@tslo@ REyigREh ARG R B HrojRAN B WaRRAhSOuilhat  a
portion of the franme armis contiguous to a first plane extending generally
parallel to the longitudinal axis; and a deflector assenbly di sposed al ong

t he | ongi tudinal axis and spaced fromthe outlet so that when the trigger is
actuated, the deflector assenbly provides adequate fluid 15 distripution for
the protedti on%i’ﬁ regidgpiéal |Sprh1§15€rn(?ft0?almhle ‘@@fql%éteérec?‘%icq“gdgﬁl& slef GOPMPriaEs 4y of

ti nes di sposed about the longitudinal axis to define a generally circul ar

out er Yer ¢hmetfersurfacerapbred vigviesgecatoshoiongtiodieall axmrgtorthatshathdnefas surfast daseas
large as its width, the slot extending along a second plane that intersects
the firstaphafiem thdguthot form ng a close-ended 20 boundary at a first end
and further form ng a cl ose-ended boundary at a second end spaced fromthe
outer perineter. 2. The residential sprinkler of claim1, wherein the

defl ector assenbly further conprises a nub disposed on the second pl ane

bet ween the outer . erjEFter a F the slot. 25 19 3. The residential sprinkler
of claimi, wher&iiFiir ‘WEWH@PGESWBP?gﬁ% a portion between the outer
perineter and the slot having an irregular surface projecting towards the
outlet. 4. Theapedi ddhingd payspganeydetwiengnanlst and anartlel dlonpe lewiyhidaleards of
the sl ot conprises a 5 chanfer surface tapered with respect to the

| ongi tdi néth texowrles olotdrad ah hrach derbenecsad thae thefialeg she pasmagefindmiihpe ravd Ket . 5.
A residential fire sprinkler conprising: a body defining a passageway between

an inlet apghranadeid 8l th@'b@ﬂ? i:ﬁ:]dd?ﬂé%& boGoA Bhvia /SinchQr dafer NPT @bl Fortmk@ser

to an area to be protected than t Inlet, the passage including a rated K-

thereon;
a closure positioned proximate the outlet opening so as to occlude the passageway;
a heat responsive trigger that retains the closure to occlude the passageway: at least
15 one frame arm being coupled to the body; and
a deflector coupled to the at least one frame arm and spaced from the outlet opening
so that when the trigger is actuated, the deflector provides adequate fluid distribution for the
protection of a dwelling unit, the deflector including:
a first surface that faces the outlet and a second surface spaced apart from the first
20 surface:;
a plurality of tines that extends away from the longitudinal axis, the plurality of tines
being disposed generally about the longitudinal axis;
two slots formed through the first and second surfaces, each slot including two
generally parallel walls between a first end and a second end to define an opening extending

25  along a first axis generally perpendicular to a plane defined by the longitudinal axis and the at

20



factor of at least 6, the body including a portion having '/4-inch or greater
NPT threads forned thereon; a closure positioned proximte the outlet
opening so as to occlude the passageway; a heat responsive trigger that
retains the closure to occlude the passageway; at |least 15 one frane arm
bei ng coupled to the body; and a deflector coupled to the at |east one frane
arm and s$@acaa ffanomarth) ehotwtd whllsogfahe sigt cswertehat towhrls chtteothet ggke filsseact uat ed,
the defl ector provides adequate fluid distribution for the protection of a

dvel | i NG aliite sctdi GHaftb QEHRY 2 LIS UslieBTlot Aatihk lpoBubAAGRIikAL; faces the outl et
and a second surface spaced apart fromthe frrst = 20 surface; a plurality of

tines that ex v fr: i ! | |.tyof tines
bei ng disposeé%ggﬂggggﬂygéﬁgﬁ%H%ﬁ%gﬁgﬁg??t%ﬁhﬁ?ég§?£®gﬁﬂgg@%%b% 8rned

t hrough the fjrst and second surfaces, each slot including two generally
paral | el PRAFIIDEHRYHIEE L WieEst end and a second end to define an opening
extending 25 along a first axis generally perpendicular to a plane defined
by thé |ongit adieneakllnkirs plandr pdrsomt 20 | east one frame arm the two walls of
t he sl ot converging towards each other at the first end and the second end

to define a clagke-gpdedpstion thavkegdvatpdlryigaplangleriitetescct @ theliirdt agiat ed
proxi mate the second end of at |east one of the two slots, the nub

projectiqgmgggﬁkgﬁgﬂpgngngg;%¥ﬁoﬁ generally first planar portion; a first

tapered porti t” ext a first taper angle with respect to the first

axis fromthe generally first planar .portiaon; a second tapered portion

oxt endi ng. T r o FHECH et poidh sbteBlRe BR e Wbt RhoRhnk AT E0B about
six tines the first taper angle; and 10 a third tapered portion extendi ng

f r om t he a8gleohdbew sy terepbe firghanst aggleindd t aper angle of about the sane
magni tude as the first taper angle, the nub being disposed on the third

t aperiéd porti anthiadhchpated ppasin onendidg fréve tsd Gesndapagd gogposed tloind taper agbond
and third tapered portions. 15 6. The residential fire sprinkler of claimb5,
wher ei n - tdrabil oh COMRI he@Stude &Y tHeMHEH & anfle Oh€hib 88ing disposed on the third

tapered portion and at least one of the slots being disposed on the second and third tapered

portions.

15 6. The residential fire sprinkler of claim 5, wherein the nub comprises a cylindrical

projection.

7. The residential fire sprinkler of claim 5, wherein each of the plurality of tines
comprises a first wall adjacent to a second wall of an adjacent tine to define an open slot

20 between the adjacent tines, the first and second walls contiguous to a terminal wall portion to
bound at least one of the slots at a position proximal the longitudinal axis and spaced apart to

define an unbounded portion distal to the longitudinal axis.

8. The residential fire sprinkler of claim 7. wherein the first end of at least one of the

25  close-ended polygonal slots is closer to the longitudinal axis and the second end is further
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7. The residential fire sprinkler of claim5, wherein each of the plurality
of tines conprises a first wall adjacent to a second wall of an adjacent
tine to define an open slot 20 between the adjacent tines, the first and
second walls contiguous to a termnal wall portion to bound at |east one of
the slots at a position proxinmal the |ongitudinal axis and spaced apart to
def i ne adroumthedorgeddimel 2¥innhdsesbrd endinthdingondiamdeticd alr faeiestenging Baaerally
residential fire sprinkler of claim;, wherein the first end of at |east one
of the 2bliglcosehendgdudindivgnal slots is closer to the |ongitudinal axis and
the second end is further i1l fromthe |ongitudinal axis. the second end

i ncluding a chanfered surface extending generally oblique to the

| ongi tudi nal axis. 9. The residential fire sprinkler of claim8, wherein each

of the fiyst d second end of, at least, one of t | ose; ende | ygonal

ol ot s corlpr 1 sabe s PAL R aguk Bletdmth suieP <5 & e ro At REOGCRBPAL

paral lel to the Ionqitudinal axi s through the deflector. 10. The residenti al
fire 3prileast @i drtheflasarmgled pabigend sttiecaneprichamallsurfagoeuryghabopt @agHs open

sl ot conprises a curved wall defined by a radius of curvature, the open slots
i ncl udi ngxendih@ gknersily parpkelad tisd lohgianihah asie doodglt hpdefdéctsd. ot , t he curved wal |
of the first type of slot being |ocated closer to the |ongitudinal axis than
the curved wall of the second type of slot, the first type of slot including
one sl ot disposed on a second axis generally perpendicular to the first and
| ongi t udi,nal [ : sl j n 0. t.he o I ; degr ees
wih respier cge TR nghERpiR B0 ARSTS. piR-RhRRp RaP b TheRBr sier o
claim 10, wherein the plurality of tines conprjses eleyen tines disposed
over an iMERFGRFOTBRISEHEGHIVES “@ﬁgﬂeé@%& Bnpaady SUBFGITEJAF ARFN %%Sémg‘\’fﬁ%%éh
sector bounded by the first axis, each of the plurality of tines extends

f r omlPhe firstrigpe ofegbwraed apordniddmpe ofcslathéie tchivied Wadlpd teaifipsorype of slof beihg

deflector. 20 12. The residential fire sprinkler of claim1l, wherein the

first sunfaes! QsRxidme tordgiadingBHaNthah arRaiueetdnodlt 610Re Beond gy el dfstot Fpdtitks of
curvature about a first centerline extending orthogonal to the |ongitudinal

axis pr O%y,ﬁ&f%tlcﬁplgc &tﬁﬂ%&ﬂ %j)%tp @%;t?dl%@& oﬁ’grsééo‘ﬁﬂ agie%gn Jﬁggﬁ?@ﬁﬁcﬂgﬁlb‘ﬁto i ﬁfs}-” vature

proxi mat et he apere on about a Ine generally
parall el a%g longitudinal axis and two slots adjacent to the one slot at about 30 degrees with respect to
the one slot.
15
11. The residential fire sprinkler of claim 10, wherein the plurality of tines comprises eleven
tines disposed over an interval of about 15 degrees about the longitudinal axis on each sector
bounded by the first axis, each of the plurality of tines extends from the first tapered portion
to the third tapered portion of the deflector.
20

12. The residential fire sprinkler of claim 11, wherein the first surface proximate the
second tapered portion having first radius of curvature about a first centerline extending
orthogonal to the longitudinal axis proximate the generally planar portion and a second radius

of curvature proximate the third tapered portion about a second centerline generally parallel
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to the first centerline, the first and second radii of curvature of the first
surface being disposed about the longitudinal axis 13. The residential fire
sprinkler of claim12, wherein the at | east one frame armfurther 5
conprises a boss having a center generally aligned with the | ongitudinal
axis, the frame arm being coupled to the deflector contiguous to a plane

or t hogoné&t the dirgieeiietline, the figst aast isecoad dadihes curatige ofi therfaist saxiase bding diFhesed
residential fire sprinkler of claim13, wherein the passageway conprises a 10
gener al | ybay khendngiomlingdasisageway with a first portion converging towards the
| ongi tudi nal axis at a convergent angle, the inlet of the passageway

i ncludes a chanfered portion and an entrance portion contiguous to the first
taper portion, the entrance portion having a first inside dianeter and a

R R S e X R e S T A R

chanfer surface 15 surrounding the IonPitudLnaI axis, the exit portion having
a thi?d aPapBicsa beps bayous a qooer gsaprgBneligrediwigh the dergiydlbeds, ta‘*ngamﬁém& hanf er
havi ng a divergent angle relative to the |ongitudinal axis of about 6 timnes
t he magnibtindeoafled kuethe dafletgenhtigungls o a phne Thtbogmsl thewth e firbtraxispudithk| er of
claim5, wherein the first surface of the deflector 20 being | ocated at one
of a pl ur@lgittidin@faxQsi tions spaced from'/4 inch to 5 inches with respect to
a ceiling over the coverage area. 23

14, The residential fire sprinkler of claim 13, wherein the passageway comprises a

10 generally cylindrical passageway With a first portion converging towards the longitudinal axis
at a convergent angle, the inlet of the passageway includes a chamfered portion and an
entrance portion contiguous to the first taper portion, the entrance portion having a first inside
diameter and a second portion proximate the outlet having a second diameter of about 86
percent of the first diameter, the outlet having an exit portion with a chamfer surface

15 surrounding the longitudinal axis, the exit portion having a third diameter of about 109
percent of the first diameter and the chamfer having a divergent angle relative to the

longitudinal axis of about 6 times the magnitude of the convergent angle.
15. The residential fire sprinkler of claim 5, wherein the first surface of the deflector

20 being located at one of a plurality of pesitions spaced from % inch to 5 inches with respect to

a ceiling over the coverage area.
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