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EXPLOSI ON SUPPRESSANT DI SPERSI ON NOZZLE Background of the Invention
1. Field of the Invention The present invention

rel ates gener MAYRPMW4the field of explosion protection 5 PCHYSHEMET and
nore particularly to an expl osi on suppressant dispersion nozzle for
connection to a pressurized suppressant vessel for discharging suppressant
material to a protected zone or rooml- . 2. '
Description of the Prior Art 10 _Many industrial and
comerci al areas are equiBXBHOSION SURRRESSANT DISPERSION NOQZZEEsyst ens f or

pr.eventing and eﬁta' i.shi expl.osi ons in protected zones or r oons.
These expl osi on Mﬂ@ware typically designed to insure a
nearly si mul taneoustl 0si on suppressant material into
the protected zones from several spaced | ocations to quickly prevent
or extingui sh an expl osi onThepgesent invention relates generaliyto the fieldief@xplosiomprote&ion
Patent No. 5,031 ' LSl rate erein. . by r.ef erenc

t her et o, t he “nec as%]%sé%cwq‘g%*ﬁ’\% %lggﬁa%‘r %@@‘fsﬁ?emg i S’Fg‘ﬁs‘%ﬂﬁ?’\ggg%fnt

to an incipient eonpbaidhtna pressurizedIuppreskat Nesdél Foradischarging dhipRéssar amterAbP6d

behi nd t he t echnol o of detecting the onset of an explosion as a
function of presBigfeEteg;zege gryoom. protected zoné. Pressure detection
techni ques are now so sensitive that detectors are 20 capabl e of
responding to sudden or increase in pressure in only a few mlliseconds.
However, in order to ZupprleseriptionefliecPriopArtbef ore the pressure rise starts
to increase al ong t\he verdticall ortion_.o{ t he ex‘%ﬁnen‘ii-al curve,
suppr essant nust be unifor industrial g, comIpeEal grepsare; ORIPREE Walh explogion

during the initigprotechidridysteinsFor pre@intihd ndERMEMERNg biflosiols ¥ protected zopes or

One type of prior art explosion protection systemincludes a plurality of

25 pressur i zeWomsp Fhesesexplosion protersion systemssarg tynieadlydesignedito insure pnewlyct ed

zone. Each storagfiyianeous release of explosion suppressant material into the protected zones from
several spaced locations to quickly pievent or extinguish an explosion.

15 As alluded to in U.S. Patent No. 5,031,701, which is incorporated herein
by reference thereto, the mechanics of delivering an e{féctive amount of a suppressant -
to an incipient explosion and in a uniform dispersion i;attem has lagged behind the
technology of detecting the onset of an explosion as a function of pressure rise in a
protected zone. Pressure detection techniques are now so sensitive that detectors are

20  capable of responding to sudden or increase in press_lit‘é :in only a few milliseconds.
However, in order to suppress an explosion before the pressure rise starts to increase
along the vertical portion of the exponential curve, 'Silppressant must be uniformly
delivered to the threatened area during the initial, ﬂatterpart of the pressure rise curve.

One type of prior art explosion protectiid_irin_': éystem includes a plurality of
25 pressurized suppressant storage vessels spaced throughoutaprotected zone. Each storage

vessel includes a rupture disc disposed across the dischgfé%-pnd of the storage vessel for

sealing the pressurized suppressant material in the stog_‘#gg?.vessel. a sensor and control
device for sensing the presence of an incipient explos:on in the protected zone, an

initiator or detonator responsive to the sensor and control devxce for rupturing the rupture



vessel includes a rupture disc disposed across the discharge end of the
‘st orage vessel for sealing the pressurized suppressant material in
the storage vessel, a sensor and control device for sensing the
presence of an incipient explosion in the protected zone, an

initiator omwalewIsst or responsi ve to the sensor and contr oCcumsszese¥ror

rupturing the rupture WO 97/ 39804
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disc in response to the detection of an ingipient explosion, and a nozzle
fdr dispersing the suppressant materi al throughout the pr ot ect ed
zone. di the dRecthRfcE o BRfioh! 4o

protection systesﬁtlsnxt &ngeao 7 i nc °ﬁ’§’é‘ ap Ural ty i fﬁﬂgéble Rol es
and/ or wi ndows Sﬁmressmmw lhgmxgbqaprﬂmahctetlzm al | si des of the
nozzl e. However, prior 0z re not tijall t 0. disperse
suppressant materi al thr%@ﬂ%fesém %‘teé’&% ﬂ@a 83\98?:%’8 Py fm"@ﬁl’ and
effective inchiflé Apirality of orifices, holes and/or windows st 'disoHagig &lppfefssahﬁﬁ’om all
advant ageous for_ an_expl osi on suppression dispersion, nozzle to

di sc Ihar ge suppsidss afitheingzzle. \dewevsh Priot ant npzzles erelmos eptimglly @alssz@htdlm?
Che nozzl e at  Skutesbhos fiGertf ROGZBACA plofQRIAn o p Sl ity S bgivg ("

effective suppmemaeron of an expl osion no matter where it occurs |n

the protected zone while_al so pernmtti the nost effjcient placenent

of the nozzl es. For example, it is ad"qﬂ?‘t “szf?‘ta“rﬁE]?P'Bg SYPRERISIAR dispersipn ¢ t
been of opti Malygdfs iPMsdhafge 3apiresshm g %h&% Q{cﬁf s'ﬁﬂéiﬁ‘rfﬁaﬁ '

di schar ge patte'r)n iecaﬁse he orlérﬂcres l es an /or w nd § equal

have been U ovianhounts pﬂmn@upmsq;emkes iall pDins equidistapt fromithemozaleahesserttiallpssur e

substantially uni gped a very of su ressa t.while at the
sanme time prowﬂb‘?sﬁ'él Weﬁ?éﬁ s £ le ﬁ?‘teﬁ é’yrsfl eplgsion g mater, o
.the protected sihefitddcfidifthé ptected 2oht viiie ¥kd permitting tameﬁteﬁthaﬁpawnem

Il lustrates the discharge pattern of a typical prior art explosion 20

suppr essant d|§€ﬂ&ﬂ@€ﬂﬂbzzle As illustrated, a |larger proportion of the
suppressant is

Prior art nozzles have not in fact been of optimal design for achieving a
15  preferred hemispherical discharge pattern because the orifices, holes and/or windows that
have been provided did not cooperate in the most efficient manner to assure substantially
unimpeded, rapid delivery of suppressant while at the same time providing a desired
hemispherical suppressant pattern at the protected site. Figure 3 of the drawings
a'ppended hereto illustrates the discharge pattern of a typical prior art explosion
20  suppressant discharge nozzie. As illustrated, a larger proportion of the suppressant is
discharged from the tip and immediate sides of the nozzle than is discharged in the zones
between the tip and sides of the nozzle. Therefore, the resultant non-uniform dischargta
pattern is not as effective as desired in suppressing explosions that originate in the area
that has been assigned to be protected by a respective explosion protection unit.
25 It is also advantageous to achieve a desired discharge pattern without
excessively diminishing the discharge rate of the suppressant out of the nozzie. For
example, a perfectly hemispherical discharge pattern is not as beneficial if the discharge
velecity of the suppressant is so low that the suppressant is not rapidly and uniformly

delivered to protected points remote from the nozzle.



di scharged fromthe tip and i medi ate sides of the nozzle than is

di scharged in the zones between the tip and sides of the nozzle.
Therefore, the resultant non-uniform di scharge pattern is not as
effective as desired in suppressing explosions that originate in the area
that has beenVQ9BMWEd to be protected by a respective expl FGTHFFPBecti on

unit. 25 It is al so advantageous to achi eve a desired
di scharge pattern w thout excessively dimnishing the discharge rate
of the suppressant out of the nozzle. For -3 exanpl e, a perfectly

hem spherical discharge pattern is not as beneficial if the discharge

vel ocity of the suppressarBrior art expldsivn sipiéssiol dispersioh a6£Ra doinst &thleve aRigh v
and uniformy ) delivered to protected points renpte fromthe nozzle.
VO 97/ 39804 discharge rate because the nozzles include orifices, holes, and/or windows having edges
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Prior art expl ostlh(g%e,{stﬁngp?e(grs% Pgrgencﬂl csupl)aerrtg ith(?nlon tZug‘nglsa:a%ot;]t(l)l ng% l?'e:%esﬁ eﬁg"&h

di scharge rate hinteafarsovitiithe flow af sppressaitodeofalie rozzlesnd thalréduce the distharyd raBoWs
havi ng edges £th t hat extend pear| ¥eqoerp ndj.cyl ar'FFS"théhe Iongliet udi nal
axis of the RozzPhe FyppIessaty tus of courseTequgesdhe effegtyg di rangs R B nozzle.
suppressant out A jllueRatePiaZig 32 sk ' : _ of
t he suppressant. This of codgsemrése%élfggssfat he ggx%%ﬁt?{‘/ag&gf{s%ﬂea&rl%gﬁﬁ%glemgf

t he nozzl e. distance from the/nezzlgatesrtnin ppings and only a shast distans st other peintsu pAgabs s ant

material to be dj . . i St anc romthe. nozzl e at |
certain points gdr}g%@ﬁ% ngﬂ-(lgl%eg{:gﬁsc ge(ﬁaﬁgpﬁt?gpﬁpnéa's eﬁﬂﬁnﬁ’,“ Suppressing
this results in  explosion thahwoald ethe cise & wim@R HemispRérital fuppreisintHalterdS

efficient in suppressing _, . an_expl osion than woul d be the case in a
more heni sph®rical suppr e SEgRPrigfArtdisparsipy nozzles have not achieved optingpl suppressans

art dispersion nfighhs fass Wle%ﬁh%%gﬁgﬁyw&?%w?ceﬁadsiffg:glet o

di scharge patterns whil'e mai ntaining hi e rates, |
difficult to determingtwhené the suppreseant sitssshoppld de pasitionedirelativetowine ahéther to

ren Yo rendy ‘rdele ARENRERE arts, Toremegy ARE RiiSpitn B 13 Boon e prsqtos °
equi p expl osi on Ppeqiip etplctonPraéction systehis ﬁﬂﬁﬂuﬁ'ﬁdﬁén@ﬂimﬁ&'&hﬁdivﬂimlisﬂﬂ%r&sﬁﬂm
0

suppr essant delivery unjts to provide adeguate overl apping

di scharge p 5% t5 erdlivery upis 10 provida aeghpte gverlapping of discharge pattems from adjacent units.
It can be readily appreciated that adding extra, overlapping storage vessels and nozzles
needlessly increases the costs of an explosion protection system.

Obi IS of the I on
In view of the foregoing inherent design and operating limitations of prior
20  art explosion supﬁressant dispersion nozzles, it is an object of the present invention to
provide an improved explosion suppression dispersion nozzle that more effectively
achieves an optimal discharge pattern of suppressant which is delivered to a protected
zone.
It is a2 more particular object of the present invention to provide a
25  dispersion nozzle that disperses suppressant into a protected zone in a nearly
hemispherical discharge pattern.
It is another object of the present invention to'provide a dispersion nozzle
that achieves an optimal discharge pattem without excessively disrupting the flow rate

of the suppressant out of the nozzle.
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Lt can be readily appreciated that adding extra, overlapping storage
vessel s and nozzl es needl essly increases the costs of an expl osion
protection system bj ects and Summary of the Invention

In view ofthe foregoing i nherent design and operating limtations of prior
20 art eXdp08YIW¥¢ suppressant di spersion nozzles, it is @Craispresvsof the
present invention to provi de an inproved expl osi on suppression

di spersion nozzle that nore effectively achi-eves an opti nmal

di scharge pattern of suppressant which is_gelivered to a protected

zone. It is a nore particular object of -the present

i nvention to provide a Zﬁviewéirﬁﬁ&f&'j&&&a%%ﬂe?oﬁjga&;-ﬂﬂfﬁegsﬁéﬁﬁdédf% faqe ant
h I SC

into a protected zone in a nearly en spheri ca arge pattern.
It is another @Bjceiptionef a prefeped smhedimentfithainventiop hereingen anmioesdexplosion

nozzl e | n td mal discharge patter.n wt hout )
excessi vel y di %ﬁ%@@?ﬁ%ﬁ&&@e with meﬁ?ﬂf’ﬁ’gpg"&ﬁb‘r’%yé?ﬂ’c‘s dievided. ¢ he
nozzl e. The explésidhBupt8dddnt dispersion nozzle broadly includes a cylindrical body section
PCT/ US97/ 05937 . _ - ' s

In view of > hePEsehtingap inletsad for aachmspide ppresmerized sunpressany storage vessed and fie

description of r ategsg T ' 10n herein, ap inproved
expl osi on dgdg&uﬁ)‘?{edéégn ?@”ﬁ%ﬁ@f’e&%ﬂ%@?%%wﬁgﬁ%ﬁﬁ% °’é£p| osi on
protection systemis proVhebedy sectionincluddsa phuglitysficiroufiféptiflySpitbd fHnaPRs Si ON
nozzl e broadly.ingcludes a cylindrical, ,bod ection 5 . presenting an inlet
end for attachf® wf?"ﬁ%‘?@é?ﬁ?'%ﬂ"%‘dﬁ @amfhs pexyding axiscnf the,mozzle.

di schar ge end, Eadubmeomwwamaﬁuﬁﬂpﬁfb%&t h ' rge
end. he body section i nclaud%g g‘:@%ﬁdr?a {5?99%?%8&?

ci rcunf er &% i arnda sependeend wyaH @xially spaced from the fisst cpwall ang proximate dwalischarpe er i al
S ereL O Al B 8 AR s e
section 10  amuil genareltycuxiahwithuhebodyseation/fos redaeing fhe Mawt réstirice S thRdged'al |
and proxi mate wn%o‘%_scharge :

The cap section includes a central orifice aligned with the longitudinal

15 axis of the nozzle for dispersing suppressant material axiélly from the nozzle and a
plurality of circumferentially spaced holes spaced radially from the central orifice for
dispersing suppressant material radially or at an angle from the tip of the nozzle.

The windows, central orifice, and holes arei_.cqoperatively positioned and
sized for achieving a nearly hemispherical discharge patterh with little loss of dispersion

20 velocity. For example, the open area of the central orifice is greater than the open area
of each of the holes. Additionally, the holes are positioned so that they circumscribe the
central orifice and are at an equal distance from the centré__l;driﬁce.

In preferred forms, the sum of the open areas of the central orifice and the
holes is at least fifteen percent of the sum of the open -areas of all the windows.

25  Additionally, the sum of the open areas of the central ori?ﬁ_‘t__:jé_, all the holes, and all the
windows is at least double the cross sectional area of -the_ft_xollow passageway of the
nozzle leading to the central orifice, surrounding holes and aischarge windows.

' By constructing an explosion suppressant dzsperslon nozzle as described

herein, numerous advantages are realized. For example, ?'lfa_:.}'é':constmcting an explosion



end. Advant ageously, each of the second end walls is sem-cylindrical in
configuration and generally coaxial with the body section for
reducing the flow resi stance of the open W ndows.

The cap section includes a central orifice aligned with the |ongitudinal 15
axis of the n¥2A78%%, dispersing suppressant material axi al P§TP¥930%8he
nozzl e and a plurality of circunferentially spaced hol es spaced
radially fromthe central orifice for di spersi ng suppressant
material radially or at an angle fromthe ti$ of the nozzle.

The wi ndows, central orifice, and holes are cooperatively positioned and
si zed for achi evisnppressartadisgersieminoptie rin cebordinse hwithy ¢hep abaverreciteii t dimendiéab

| gss of di spersiqn 20 el oci.ty. For anpl e, the ogpen area. of the
central orifice ipgmé‘?eéﬂf’e%etq‘? et“ﬂ@"ﬁ?ﬁ‘&ﬁf)(’a%’f"és a "ea’%b @%ﬁ“@f‘{ SYRPTeSIANG s
Addi tional ly, thelisRirgspaieR. R, ieRiBeAe Sishetsbidublttialg bdual dthsimtsdF sippfessant

central orifice and are at an equal distance fromthe central oriffice.
In preferred fori®pointevhicharsEenarllynguidistant fromdhe nozalent pasentially thefsame tianed

t he ha es . I, f th um of t he en areas
of all the vvinndov\Tgx.ﬁs %Wh&Wﬂ§%tieﬁ%F§$p?%§Bg gf‘ﬁ“o?"ﬁ"%‘@“&%é‘?‘#“ﬁ?%@%" gi‘”‘f‘ﬁ’e

central orifice, imtheptdetadzbmesthereb)delimihating the need to ovirapdoydesiid a BiotdcR@Tbne

doubl e the cross s&ctional area of  the holl ow passageway of the

nozzle | eading t& ﬁexte@m“ﬂmq‘#re%fh@!wwﬁﬁm% wring thg cest of the mxplogion
Wi ndows. - suppressjon system. Tlﬁ’%o@ﬂﬁ%? WCedrhflidied By Gt BF ih2 Tack HIAPH FSmR st
di spersion nozzl e ‘as descri bed hefel n, nume?ous advant ages are

real i zed. For examegseavhetpmore neazies eteirequirad toqugridesidequate nozzle patterieRap, 3ReH 4
PCT/ US97/ 0593/ . . . . .. - b-
suppressant o sp&PSt B 0 S0 sgpprsssion ugit supplisd foreach nezzis pagition: o ¢ t ed

di nensi onal par aWEAﬁdiﬁqnanhmymemhaiqu@ﬂhﬁe #abRY Sfih and\Galid Y
hem spherical suppressant _ _ __ discharge pattern. Thus, the nozzle

di sperses subst a e} #F pemipsylindrical ip configurgtionand spaxial with the body sectiony thedisoharge

whi ch are gener aldyoRfidiviibatant i %SFW’ d |2 he.sa
tinme. 5 Thi s p? ovli cl%g&t%g‘[‘lrsmhé{&g egl? ?\%@Bﬁﬁsggéﬁﬁg%ﬂeﬁl%%&sé%mo@on
no matter where pHows ¢he Bozzle to. more uniformly disperse the suppressant and to deliver the

15 suppressant to areas remote from the nozzle.

It is also to be appreciated that although the improved suppressant
discharge nozzle of this invention has been found to be especially useful for explosion
suppression applications, it also has utility in fire protection systems because as
explained, more uniform delivery of suppressant is realized, which necessarily is also a

20  desirable attribute for fire suppression equipment. Furthermore, where an explosion is
detected requiring immediate suppressant response, fast and efficient delivery of the
suppressant to the sites of the incipient explosion will tend to also extinguish any
associated fast fires. Similarly, in the case of a fire only, uniform and early delivery of
suppressant on to the fire is important in preventing spread of the fire.

25

A preferred embodiment of the present invention is described in detail

below with reference to the attached drawing figures, wherein:



in the protected zone thereby elimnating the need to overlap nozzles in a
‘protected zone to the extent previously required, thereby
sufficiently reducing the cost of the explosion suppressi on system
This cost saving is anplified by virtue of the fact that it is not just

a case wher ewp9rRIsabzz|l es are required to provi de adequat e MIAIBIHOIR t er n
overlap, there 10 must be an entire suppression unit supplied for each
nozzl e position. Additionally, by constructing the
si de di scharge windows with end walls .6- that are sem-cylindrical in
configuration and coaxial with the body section, the discharge rate
of the suppressant is notFigxressisiikl evltichddividvedf an explosish ipfotbdiRdnVHyBe@AWS .
This al so all ows the nozzle to nore unijornuy di sperse the

suppr essant andeongtmsiad;ig agcordapce Pith a prefermrdeqbgdimentpf thepresentdnyention showingh e
nozzl e. the explosi idd dibpe rﬂ&?ﬁbzh@' reciated that although
the i nproved Supgf}épsg%%r%suppresm dl schar ge nc')dz)%f’gagf this invention has been
found to be especially udig.u2 if apempestive view of the explosipup seppséssion dispersion
applicationgb it ﬁlso has utility in fire protection systens because as
expl ai ned, r eM%A®f or m del i very of suppressant is realized, which

necessarily is also a 20 Fig.3@@&&:&@9&#@%&&4&%8&:@&3&&@%&% {20t art
et ecte

equi pment. Furthernore, whéere an explosion is d requiring
i nredi at e supprexpiasion suppression: dispersion :noazlefat ftidecintervrls pff 0,/ 2@:1 6Q, land 100
suppressant to | fathe.linelol | oS iJl fend to al so _
extingui sh any ﬁ\ﬂﬁseﬂaﬁ%?sog}:tlhé%} ggh%lgsg@'g{%%?“ﬁ)%?%hﬁgr f‘/l,’ a'l‘én the case of a

fire only, uniformand edig.y4 tkch igiphicaiofepresentation D ki disciarie putefnd foNehel i 1 €
is inportant in preventing spread of the fire. 25, . Brief Description
of the DraWng PPipsionguppression dispersion nozzle of the presqnt inventiop it Bms drtervalsiof 86, t he

present inventigg} 996 hlilsctohdl frish felinitial di L e £ e to the
attached draw ng fP’Sal?rqeg,é vl\ﬁgrg{‘n: e dl%?%%%%mé&h Vel
PCT/ US97/ 05937 - 6-
Fi g. 1isasidﬁ " ' Iion protection system

Turning now to Fig. 2, an explosion suppressant dispersion nozzie 10

15  constructed in accordance with a preferred embodiment of the invention is illustrated.

As illustrated in Fig. 1, the explosion suppressant dispersion nozzle 10 is preferably used

in an explosion protection system including one or more suppressant storage vessels 12

spaced throughout a protected zone. An example of a preferred explosion protection
system is disclosed in referenced U.S. Patent No. 5,031,701.

20 In general, each storage vessel 12 contains a supply of pressurized

suppressant material such as halogenated hydrocarbon,(e.g., Du Pont’s Halon 1301 or

1211, Du Pont FE13, or Great Lakes FM 200), a powder, (e.g., sodium or potassium

bicarbonate or monoamonium phosphate), water or other suitable material. Each storage

vessel 12 is equipped with a rupture disc 14 disposed between the discharge end 28 of the

25  storage vessel 12 and the nozzle 10 for hermetically sealing the pressurized suppressant

material in the storage vessel 12. The explosion-protection system also typically includes

a sensor device (not shown) such as a pressure sensitive dévice, or an infrared detector

for sensing the presence of an explosion in the protected. zone, a control device (not

shown) responsive to the sensor device for generating electﬁcal control signals when an



constructed in accordance with a preferred enbodi nrent of the present

I nventi on show ng t he expl osi on suppression di spersion nozzle in
section; Fig. 2 is a perspective view of the
expl osi on suppressi on di spersion 5 nozzl e; Fig. 3

is a graphi caW@¥¥ent ati on of the discharge patterns for BCHPSBOSR7 ¢
expl osi on suppressi on di spersion nozzle at tinme intervals of 10, 20, 60,
and 100 mlliseconds fromthe initial discharge of a suppressant
vessel ; and Fig. 4 is &-graphical representation of
the di scharge patterns for the 10 expl osion suppression di spersion nozzle
of the present i cyplosiowis detectedpandiantinitiatat er detonadr 18 that is elé2@icaliPrespoidiv &

m.liseconds fromthe dnitial discharge.of the suppressant vessel.
Det ai | ed Descri pth%?P%ﬁ°"é&“ﬁF8¥‘é?’?‘8‘6°°EﬁﬁHaﬁ'%ﬁf“P o the rapture disc 14 in respoRse)i ng

now to Fig. 2, amo@sdeRslicbfatitifien 2RblodlbrMAhepBikeledZéieS Wkn i
constructed in accordance with a‘grefgé?ed 'enboi(’:li {r%nt %gr*eet he ﬂtﬁ?/%uﬁﬁr%%ls‘fs

i |l ustrat ed. 14 ismstuater, the suppressanymateripl flows out of the plorge vessed I pndes pressure
di spersi on nazzl ' . in_an expl osion protection
P §|Z %o the nbZ1d f(f"foﬂl tlrﬁox!lJ ﬁ)elﬂ? prso{c&,cg 68'“‘?/ ess elp s 12 P

system i ncl udi ng one or nore Suppressan spaced

t hroughout a protected zon&mﬁhgwﬂmwmmﬁﬁbﬁimﬁmi%&sﬁh%ﬁ%i0”
systemis disclo in reference , S, Patent No. 5,031,701. 20

In general , -eachiﬁgmaﬁlyén%%awgade&%%ﬁmgﬂwnwm gnnylar fange seqtiond, and a
suppressant mat egg ; 'S | on
1305 or T CSbaveitileiap dfags AT sollk PO APiRel i Brmed Bt silflbes el
(e.g., sodium or opeshersyitahle material anf arecpréferablydntegratty fonmedni um phosphat e) ,

water or othgr suitable erial. .Fac t or age ssel 12 is equi pped
with a rupt tr}?e di sc 14 drz%&oéﬂdﬁﬂg&g&?%fﬁ?ﬁg? %%ﬂ%%ﬁ‘%ﬁ&f%‘mm@twﬁo
storage vessel 1franachinient oakiproxihiitd discharye 6Rd bk bivrage Mskel 12 aifa discharge
pressuri zed suppregﬁant paterial in the storage vessel 12. The

expl osi on- pr ot ec ally spaced om e jnletend 26, &M@wassaséwayéose@@éar betwesnc e
(not _shown) - SUCh@fié ahi Al 281 dEtg s ppritiat rale R FRLEAle BRLSRL O
for sensing the presence of an explosion in 1gh protected zone, control
devi ce (not S“mtvgsm)vm.ponsi ve to the sensor device for generating
electri gal Clgnt rol signal Sm%%{i]y s?e@tion 20 includes four circumferentially spaced windows 32
presenting generally rectangular openings for allowing suppressant material to flow

laterally or radially outwardly from the passageway 30 of the body section 20. Each of

ds )

the windows 32 is defined by a pair of elongated, spaced, longitudinally extending
sidewalls 34,35 which are parallel to the longitudinal axis of the passageway 30 and
20  thereby essentially perpendicular to the outer surface of the body section 10.
A pair of opposed, elongated vanes 36,38 defining a part of each window
32 are perpendicular to opposed side walls 34,35 with end walls 36 being proximate to
the inlet end 26 of the passageway 30. The end wall 38 of each window 32 is axially
spaced from the corresponding vane 36 and is proximate to the discharge end 28 of the
25 body section 20.
End walls 36 lie in an'imaginary annulus with the transverse extent of
each vane 36 being .geherally perpendicular to the axis of passageway 30. End walls 38
lie in an imaginary cylinder which is coaxial with the longitudinal axis of passageway 30,

but of somewhat lesser diameter. As best illustrated in Fig. 1, the semi-cylindrical end
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explosion is detected, and an initiator or detonator 18 that is

el ectrically responsive to current fromthe control device for
initiating ™pee9eedof the rupture disc 14 in response PCT/USY7/a5PRT
detection of an incipient explosion in the protected zone. Wen the rupture
di sc 14 is actuated, the suppressant materi;al flows out of the
storage vessel 12 under pressure 5 to.g.he nozzle 10 for dispersion in

t He protected zone. Returning to Fig. 2, the

preferred expl GuleR8 66 VafidWw!32GhetRw it RRrioOcatde surface of the SapReftithl 4 to
includes a cylindrical body section 20, an annul ar f1ange section 22, and a

concavo- convex peesgntse seriesnof eplatively shawp; isemiscizglap zdges thak) agecoagiahwmithothe
st ai nl ess Stee'lon&ituﬁi&alax%of%&%saﬁ% e material and are preferably

integrally fornmed “I'n nore detail, the body section 20
of nozzle 10 presents anThedffktivesizedbthe open areafof achof the Wifioivs B2 isdofrelated
proxi mate dji scharge end of the storage vessel 12 and a discharge end

28 axi al | y Spacth tegpiumeefithy eippresmanbip a particylar supppessan yessiel 1 23 theareseirels -
bet ween vﬁﬁﬁn | tvesbar! éﬁ',' e @aiheter 3F She Gud&t bdficedbf %t VaGeSHAPHESSant
material fromthe pressurize suppressant vessel .

The body sect i emré{pondiog Wikesetéroaf the ipassagevay 30t ofitheynozpia cléxl the ledgahvsof3dhe

Poct i ow o O Sestashay 56, B Helrans Rk Sttt e s o I8 RO SR of '
the body secti @mb3fimerosta Wizzle 10 having Afinténiidl didfneted of 6 dﬂfdﬁ%i%gy%ygem.r of

el ongat ed, spaced, Iongitudinallx ext endi sidewal | s I ch
43 sregpacedh

n
are paral | 4t of abput 107, ghe sidewglis 3433 are spacedappseximalghink§ itgbesapart and vaneber eby

e o L i S e e o S

32 are per pendiatealofiapgroxinamhs®d6 squiee ingles.s 34,35 with end wal ls 36 being

proxi mate to t he let e 26 he pas e 30. The end | 38
of each window 32 is axial'f5mes® me’g%ggeé‘i}c*f%ﬁﬁgﬁ'é&aéép%’é’ﬁaﬁamgséﬁi 36
and is proxi Mafafe dfardult colffpalktod & Rpiited fn Pigs. 1hAd 25 SimildBSlihe 266dsiof thefder
End walls 36 lie in an |rra3| nary annulus wth the transverse extent of

4p‘§r

each vane H6 béPw§essbisideayall 34535 withwesragtive endvalls 38 aseiof arpnatg shapsq Ningovs0.
ol o v el ) B o A7 3 Bl ok 00BN 5.1
As best il ust ofiadjacentwinidgws 32. t he sem -cylindrical end
As illustrated in Fig. 1, the vane 38 of each.-ﬁg.i‘ndow 32 converges with the
interior surface of the cap section 32 to present a relativ._.‘gly sharp edge. In preferred
20  forms, the angle of convergence between the vane 38 of eaeﬁg-window 32 and the interior
concave surface of the cap section 24 is approximately 5—30degrees and generalily about
15 degrees. With this construction, the semi-cylindrical end walls 38 define relatively
sharp edges at the zones of merger thereof with the in;éﬁbr concave surface of cap
section 24 to offer relatively little disruptive resistance to ﬂow of the suppressant material
25  out of the windows 32. This results in a higher and more umform suppressant discharge
rate from the nozzle 10. |
The annular flange section 22 of nozzie IOextends radially outwardly
from the inlet end 26 of the body section 20 and is providgéfft)r attaching the nozzle 10
to a mating flange 44,46 at the discharge end of the stora'gé_: vessel 12. As best illustrated
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wal | s 38 of each window 32 nmerge with interior concave surface of the cap
section 24 to present a series of relatively sharp,

edges that ar¥O%F3B4| with the | ongi tudi nal  axi s of %ﬁ)éu SJgéégageway
30. The effective size ofthe open area of each ofthe
wi ndows 32 is correlated 5 wth the volume of the suppressant in a
particul ar suppressant vessel 12, the presstre Wi thin such vessel

12, the dianeter of the outlet orifice of the vessel 12, the
correspondi ng di ihig.dy the anmies figngeseasion2d isq@eferably islamped o boltedbetwken 4 paimfh of

Voasel 12. |'n ondah Eeenpid 4446 Bk et frdbotd s &4 MRIGF S B s Yoty o

i nternal di anet eghe gibrdge vadidl 12. passageway | ength 10 of about 10", the
sidewal I s 34,35 are spaced approximately 34 inches apart and vanes 36

are ‘spaced approxi mately mm%Fmbdoﬂmm@%WWQfM‘%@fsﬂmﬁéﬁts
an open ar ﬁg&a&
The gones of nergehgig’?ayg&gg‘(k:zaﬁé\gs é’gfepab h respectlve S e %‘fq"é @f?g

are of arcuate cseofiorgQ4dhéiodesas cehtial otifice 48 afigmgd. with ahe loAgitddingl | axis §f thehe
zones of merger 15 39 of each side |1 34,35 ?“Eyspectlve end wal ls

38 are of ar cuatRASEREHY 30,4ndMasp series of hplgs; SO cirqurp ud the fengsa gy
section 20 are |geflesd ﬁﬁ%@rﬁ%ywm%bﬂﬁl SRS, A prefedied Rlba&ifRht of

w ndows 32. | lustrated in Fig. 1, the vane 38 of
each wi ndow 32 cmbrlgespw@mwtbexghtholesuﬁet erior surface of the cap section

32 to prese arelatlvel apgl e
ofconvergen(r:ié bet ween t he v%%gﬁ%é%%&eggﬁlsgn&g% %gssandn?t&rgﬁlrﬁ%agyh@nﬂg
concave surface ﬁ&@eomﬂ&ﬂﬁlﬁﬁﬂdﬁﬂeﬂe&uﬁﬁﬁmﬁmﬁl#aﬁu@hﬁﬁﬂﬂﬁ:@ﬁzﬂﬂl‘b.
general | y about 15 degrees, constru

, th
seni -cyl i ndri cal A%ﬁawmdweovsathae@%e ?’%ﬁ‘gtﬂl Sres o the EW&’P{)@H’Q& aggd eache

zones of merger Wﬁfeeﬁﬁlesw'sébsb&’?eﬁtgé HithOfhe CRNARY Bf Wt Suipfesiint ?@Q particular
section 24 to offer relatively little disruptive resistance to ow of t he

suppressant nat esupptessagt vessaltl2othe tprassute Matbinssugh vespel 12, thesdipmeter 0f the loutiéter
and more uni,§or nyS4iRRE #R @ik 13! & MarékBonding diah@bor AP RsdadEw i 7 d e izzle
10, the length of the passageway 30, and the nature of the suppressant within the vessel
12. In one preferred embodiment of a nozzle 10 having an intemal diameter of 6" and
a passageway length of about 10", the central orifice 48 presents a diameter of
approximately 2-2.5 inches, and therefore an area of approximately 3-5 square inches and
20 each hole 50 presents a diameter of approximately 1-1.25 inches, and therefore an open
area of approximately .8-1.2 square inches. |
Advantageously, the windows 32, central orifice 48, and holes 50 are
cooperatively positioned and sized for achieving a nearly hemispherical discharge pattern
from the nozzle 10 with little loss of dispersion velocity. To achieve a hemispherical
25  discharge pattern, the nozzle 10 is formed so that the open area of the central orifice 48
is greater than the open area of each hole 50, and is preferably approximately 3-4 times
as large. Additionally, the holes 50 are positioned'so that they circumscribe the central
orifice 48 and are at an equal distance from the central orifice 48.



The annul ar flange section 22 of nozzle 10 extends radially outwardly
fromthe inlet end 26 of the body section 20 and is provided for attaching

t he nozzle 10 to a mating flange 44,46 at the discharge end of the
storage vessel 12. As best illustrated WO 97/ 39804

PCT/ US97/ 0593%0 97/39804 ' PCT/US97/08937

in Fig. 1, the annular flange section 22 is preferably clanped or bolted
bet ween a pair of cl anp assenblies 44,46 which are in turn bolted to
the flange 47 of the discharge end of -10- t he storage vessel 12.

The cap section 24 of nozzle 10 is an integral part of the discharge end 28

5 of the body section Zﬁdaitidndlls,tﬁéﬁixﬂbﬁﬁnh!re@éoﬁﬁ@é@a&ﬁr&%¥%;ﬁgxghﬁl§s

configuration. gﬂe C gals section 24 includes a central ori

aligned with th |‘~‘oﬁ3 tififterR peregntof he qombined area of gheswindeww32 8¢t ispufably a
series of hol es ) ' . d ar centr

orifice 48 and év'gg}:t%‘gvg gg{‘g'ftﬁ’wfégl'n'ﬁ‘%ga"gg‘m ?&?""@S‘P‘M@s ity O@“b?ré?’e?ﬁ'tgﬂ
embodi ment of  central onifice ABthd BolessSOpamithelwihduiv 32 igiatiehst BoUtREthS Cross f:ctional

The central orifice.48. disperses s ressant terjal axially fromthe
nozzl e 10, as(rjld Pﬁggﬂtﬁfg‘giqggwﬁ?agﬁ’éﬁ’y&p @HW@Q?Q& 9 ands prefegably-approwiragiely 66 r om
the nozzl e 10. timesasgrég. di scussed above, the effective size of the open

area of the central orifice 48 and each ~of the holes 50 is
correlated with the vol unBY eenstrieting the neazieal} inj accardpme withuhaabove-described

suppr essant vesEELmn .Wthin s essel 12, the dianeter of
thgpoutlet 15 “orl |cé%%‘%g‘ﬁ@g‘é%ﬁ%%"ﬂ'ﬁ%h&%ﬁ'&%m'ww gl ¢ ne
passageway 30 ofost bfalistharge flow rate. Fig, Wis a@ﬁﬁbﬂ@ﬁr&eﬂ&ﬁ&ﬁoﬂﬁ&ﬁ?&ﬁ%}bﬁ&? and
t he naturelf tpe uppressant within the vessel 12. In one preferred
enbodi nent @f a%é‘i&‘?’gseibﬂﬂél?il 3t ume anferxals of 10, 20, £0; and 190 ngjltiseeends from the 3
passageway | engtithe @F titiftitial difchargedF sfptstai ﬁ:@fd st 128 ThE ?%ﬁ&}iﬁu&agés%‘?t er

0

of approximately 2-2.5 inches, "and therefore an are
appr oxi mat el y 36ichasgepatiernefia$ inpkl diemneter amezie hatthahed @o praSskitet stomgelivasser er

g‘; ) ?gg |r %{ gf‘; e l Qn%'iéiné g#ﬁ%@:ﬁ?‘ 81%%2 906 BST Hhld 186end Mdicates the time interval fI-‘mm
the initial discharge, and the right legend indicates the distance traveled by the

15 suppressant afier discharge from the nozzle 10 during each time interval. As previously
noted, Fig. 3 is a similar graphical representation of the discharge pattern of a prior art
nozzle at the same time intervals and under similar operating parameters.

As illustrated in Figs. 3 and 4, the nozzle 10 of the present invention
achieves a nearly hemispherical discharge pattern, whereas the prior art nozzle has a

20 discharge pattern that is heavily concentrated near the tips and immediate sides of the
nozzle. Additionally, the nozzle 10 of the present invention disperses suppressant
approximately 4, 7, 15, and 24 feet after 10, 20, 60, and 100 milliseconds, respectively,
whereas the prior art nozzle disperses suppressant only 4, 7, 14, and 21 feet after 10, 20,
60, and 100 milliseconds, respectively.

25 The present explosion protection system may also include a cover unit 52
(see Fig. 1) that envelops the nozzle 10 for preventing the central orifice 48, holes 50 and
windows 32 from becoming clogged when the nozzle 10 is not in use. The cover unit 52
is constructed to rupture when the suppressant is discharged from the storage vessel 12

for permitting suppressant to flow mximpéded from the nozzle 10. The preferred cover



Advant ageousl y, the wi ndows 32, central orifice 48, and holes 50 are
cooperatively positioned and sized for achieving a nearly hem spheri cal

di scharge pattern fromthe nozzle 10 with little | oss of dispersion
velocity. To achieve a hem spherical 25 discharge pattern, the nozzle 10
is formed so WRAP¥4 open area of the central orifice 48  PCI/USYTESYT eat er
than the open area of each hole 50, and is preferably approximately 3-4

times as large. Additionally, the holes 50 are positioned so that
t hey circunscribe the central orificel-48 and are at an equal
di stance fromthe central orifice 48. WO 97/ 39804

PCT/ US97/ 05937 unit is disclosed in more detail in U.S. Patent No. 5,199,500, which is Réeby
Addi tionally, the sum of. the are s of the central orifice 48 and the hoI es

50 is at |east focomepptedheredn, erence theg®i ned area of the windows 32 and
i s preferably twentmuioh me%rveﬁwnlﬁ;béeﬁa SRABL W eren
Additionally, the sum of the aglgas of the © centrg?j ori:ﬁ |n(=:fe “Sem'lh

hol es 50, and t hprefimedsmebodiment iustrated sin tho atidched deaving figuee,citiismoted that
area of the Roll bod and i r.ef er abl
appr oxi mat el ? fi g@ﬁ%&%@vﬁa ?oargé apdgsgﬁsn%uons Me%erem WltﬁOIP t depart: m the

constructing thescopeaf the iiventionus eevitedinaRe vhibdd, t he above- descri bed
parameters, a nearly hems herl cal suppressant discharge pattern is
achieved with little ngthuseserjbed thenyeferredsmbogdiment of the inyentiong what

gr aphi cal represﬁ'&iﬁhb@&ﬁvﬁﬁ%eﬂi’eﬁ?@ﬁé%@tegﬁ%ingiu--—-s'l‘%ttlanstgr%?)urﬁigpﬁlfg Ning:

nozzle 10 at time intervals of 10, 20,6
time of the initial discharge of suppressant fromvessel 12. The Figure

illustrates lbhe di scharge pattern of a 6 inch dianmeter nozzle
attached to 25 liter storage vessel cont ai ni ng suppressant under
900 psi. The |l eft legend indicates the tine interval from t he

initial discharge, and the right |egend indicates the distance travel ed by
the 15 'suppressant after discharge fromthe nozzle 10 during each tine

interval. As previously noted, Fig. 3 is a simlar graphical
representation of the discharge pattern of a prior art nozzl e at the
same tinme intervals and under sim |l ar operating paraneters.

15
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25



As illustrated in Figs. 3 and 4, the nozzle 10 of the presentyp i
achi eves a nearly hem spherical discharge pattern, \/\hereasuklmgﬂmalauwnlll
nozzl e has a 20 di scharge pattern that is heavily concentrat nean e *
tips and i nmedi ate sides of the nozzle. Additionally, the nozzle 10
of the pres@97/3&nti on di sperses suppressant appr ®LrseRIsy3?4, 7,
15, and 24 feet after 10, 20, 60, and 100 m Il iseconds, respectively,
whereas the prior art nozzle disperses suppressant only 4, 7, 14, and 21
feet after 10, 20, 60, and 100 m | Lizseconds, respectively. 25

The present explosion protection systemmay al so i nclude a cover unit 52
(see Fig. 1) tHZhinsnvel ops the nozzle 10 for preventing the central orifice
48, holes 50 and Wi n%ovvs 2 from becom ng cl ogged when the nozzle 10
is not in use. The cover lurd fiozge for attachment Ja<4 pressubided sunprRssant vessok fort he
suppressant is gdchsg Q,[pfn; : AREY . ..far permtting
suppr essant to(ﬁow ?%?ﬁg%rg%d r%ﬁéﬁg{nnozzﬁég’?@%nﬁlg%wg?sé{'ged cover

WD 97/ 39804 a cylindrical body section presenting an inlet end for attachment to the vessel, a

PCT/ US97/ 05937 . . . -11-

unit is di s%l osed in nor SSHEFEE spd pxjally spaced from the fglt eud, quds hollow passageway s

her eby i ncor por at Qﬂeﬂﬁigﬂie&v&htﬂe@ﬁl@fﬁ&@@cﬁa?ﬁ’eﬁ&@fordelivcﬁnegnsg ressant,

Al t hough the invention has been described with specific refer
preferred enbodi ment il | Dnaterigh dtgm Ehe: prsssurigedc sunpregsantivasself ithpbody sedtions

not ed t hat 5 equi val iRy . i | O de herein
W t hout departing from tﬁ{e&ﬁl PB@@;@*%&%@%&%%‘%%%*‘?@%WP% t he
cl ai ns. windowsHey | dispetsingsthel asnappredsant nbeerislr Rfepdllyefiom the
enbodi nent, pf the invention, what Ls, clainmed as .new and desjred to
be prot ectbdd) by Letters PAYHESIay farhoffie windows presapiing a first gpen area; and

a cap section attached to the discharge end, the cap section including-

a central orifice aligned with the longitudinal axis of the nozzle for
dispersing the suppressant material axially from the passageway,
the central orifice presenting a second open area, and

15 a plurality of circumferentially spaced holes spaced radially from the
central orifice for dispersing the suppressant material radially

from the passageway, each of the holes presenting a third open

area,
the second open area being greater thﬁn each of the third open areas.
20
2. The nozzle as set forth in claim 1, further including an annular
flange section extending radially outwardly from the inlet end for attachment to the
storage vessel.
25 3 The nozzle as set forth in claim 1, the sum of the second and third

open areas being at least fifteen percent of the sum of the first open areas.

4, The nozzle as set forth in claim 1, the sum of the second and third

open areas being at least twenty percent of the sum of the first open areas.
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5. The nozzle as set forth in claim 1, the sum of the second and third

open areas being approximately twenty five percent of the sum of the first open areas.

6. The nozzle as set forth in claim 1, the sum of the first, second and
third open areas being at least double the cross sectional area of the hollow passageway

of the cylindrical body section.

7. The nozzle as set forth in claim 1, each of the open windows
presenting a first end wall proximate the inlet end of the body section and a second end
wall axially spaced from the first end wall and proximate the discharge end of the body
section, each of the second end walls being semi-cylindrical in configuration and coaxial
with the longitudinal axis of the passageway for reducing the flow resistance of the open

windows.

8. The nozzle as set forth in claim 7, the cap section presenting an
interior concave surface, wherein-the second end walls of the open windows merge with
the interior concave surface of the cap section to present a series of sharp, semi-circular

edges that are coaxial with the longitudinal axis of the passageway.

9. The nozzle as set forth in claim 8, wherein the second end wall of
cach open window and the interior surface of the cap section converge towards one

another at an angle of convergence of less than sixty degrees.

10.  The nozzle as set forth in claim 9, the angle of convergence
between the second end wall of each open window and the interior surface of the cap

section being less than thirty degrees.



1. A nozzle for attachnent to a pressurized suppressant vessﬂmm mu“ "I

"di schargi ng suppressant material fromthe vessel, the nozzle u; 'I'“III
a cylindrical body section presenting an inlet end for attachrenf tb thes *
vessel, a b5 di scharge end axially spaced fromthe inlet
end, and a hwObuwsssphssageway ext endi RETRISOURSIT t he

I nl et and di scharge ends for delivering suppressant

material fromthe pressurized suppressant vessel, the body section

including a plurality of circunferentiallyjgpaced generally rectangul ar
wi‘ndows for dispersing the suppressant material laterally fromthe 10

passageway, each of the vjindov éxpRSRAprdition hppafdtusiBLdischaRdn aaéb?ﬂ
a cap section attached to the di S(E:’hargtg end, lIizll{e cap sect|ong| nc rfsr?'g“-

a'central orifimatedhl iMea zone for h@%nimglmﬂchxnmmslmgsexmoslm inahe kend, dkie
di spersing the sm:%p scsant lmatterl al axially fromthe passageway,
the central orif eaE‘B gg‘é’ﬂff‘ﬁg a second open area, and 15

a plurality of circunstefagervdssel for stping adupny 6fpregsaiad sigpiessadt ynatdrialn t he
central orifice for dispersj n t he SUB" pressant material radiall

fromthe pa§sagevvay,a§¥i’é‘ﬂ'°(5‘fs°t Prsaating emf%séwﬁﬁgvpaeqsmtmtwémﬁm storage

ar ea, vessel: he second open area being greater than each of
the third open areas. 20 2. The nozzle as set forth
in claim1l, further Sensorustmsforsensimgiiht presence of an ifitipiegtexplosioh imthe pratenéd g
radially outwardly fromthe inlet end for attachnment to the storage
vessel . 25 Zone, 3. The nozzle as set forth in claima1,

the sum of the secongpsfif ﬂ:@hfs%sponswetofhﬂ%sﬁﬁﬁéﬂshﬁlrﬁtﬂmﬂ{gﬁxéfﬁﬁ;hréﬂfséﬁxen

percent of the sum of the first open areas.
The nozzl elfs set forth iTASROPSE tthe sqm@gﬁmwm%@nsfe&e“wa&mqmssam

open areas being at leaﬁmﬂt@@ﬂﬁ&'es?ﬁfe‘iﬁé@mﬂée%@&lsﬂg‘ of the first open

ar eas.
anozzle coupled with the storage vessel for dispersing the suppressant material

throughout,
the nozzle including-

15 a cylindrical body section presenting axially spaced inlet and discha:ge
ends, the body section including a plurality of circumferentially
spaced windows for dispersing the suppressant material laterally
from the nozzle, each of the windows presenting a first open area,
and

20 a cap section attached to the discharge end, the cap section including-

a central orifice aligned with the longitudinal axis of the nozzle
for dispersing the suppressant material axially from the
nozzle, the central orifice presenting a second open arez,
and

25 a plurality of circumferentially spaced holes spaced radially from

the central orifice for dispersing the suppressant material
radially from the passageway, each of the holes presenting
a third open area,
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the sum of the seco andithtrds

5. The nozzle as set forth in claim1l,

open areas being approximately twenty five percent of the sumof the first
open areas. WO93 6. The nozzl e as set FOV¥H"P3E| ai m
1, the sumof the first, second and 5 third open areas being at | east
doubl e the cross sectional area of the holl ow passageway of the
cylindrical body section. -15- 7. The nozzle as set
forth in claim1l, each of the open w ndows presenting a‘first end

wal | proximate the inlet end ofhe seeortioshen aesatbieng gremerahmesoh of tiedhitd openval |
axially spaced fromthe first end wall and proxinmate the discharge end of

t he body section, each of th&®&®cond end walls being

sem -cylindrical in configuration and coaxi al wi th the | ongitudinal
axi s of the passageway for reducing the flow resistance of the open

wi ndows. 15 12.  The8apparanibagset farthlieclaim blethehozzid-fuither achiding7

the cap secti.on presentjng an.. .interjor concave surface, wherein the
second end wal | s ?ﬁﬁ%ﬁ‘%&%&%ﬁ%ﬂﬂ‘wﬁ’é{mw&y%mﬁ?w&tm@rﬁ'&}c cave
surface of the ceihésiblagevesied. present a series of sharp, sem -circular

edges that are coaxial with the |ongitudinal axis of the passageway. 20
9. The nozzle as set forth in claim8, wherein the second end wal |l of

each open wi ndow and the il@?erifﬂénéz!i{efége?fd?ﬁxiﬁaMﬁPthﬁglﬁﬁkgg%%gﬁ%dy

t owar ds one anot her at an angle conver gence

degr ees. open areas being at least fift€n percétof thesnincof tiee fisttopbwartesis.i N cl ai m 9,
t he angle oﬁ conver gence 25 bet ween the second end wall of each open

wi ndow and t'he interior surface of the cap section being | ess than

thirty degrees. 14,  Thenozzle as set forth in claim 11, the sum of the second and third

open areas being at least twenty percent of the sum of the first open areas.

15. The nozzle as set forth in claim 11, the sum of the second and third

15  open areas being about twenty five percent of the sum of the first open areas.

16.  Thenozzle as set forth in claim 11, the sum of the first, second and
third open areas being at least double the cross sectional area of the hollow passageway
of the cylindrical body section.

20

17.  The nozzle as set forth in claim 11, each of the open windows
presenting a first end wall proximate the inlet end of the body section and a second end
wall axially spaced from the first end wall and proximate the discharge end of the body
section, each of the second end walls being semi-cylindrical in configuration and coaxial

25  with the longitudinal axis of the passageway for reducing the flow resistance of the open

windows.



PCT/ U507/ 05937 HIIIIIHHIJLIIIH Hlll H I

11. An expl osi on protection apparatus for discharging a suppfessart "
material into a zone for preventing and extinguishing explosions in the
zone, the WO93%Pbaratus conprising: a st orrgyeUsewessst f or
storing a supply of pressurized suppressant material; 5 a
rupture disc for sealing the pressurized suppressant material in the

st orage vessel ; -16- sensor neans for
sensing the presence of an incipient explosion in the protected

zone; r upt usi ng Tie Akzlcas SR dordi v elalifl 17/1Re 54 5eHon TRERR il
rupturing the rupture disc in 10 response to the sensing

of the expl osi A W%Wﬂﬁme’tﬂ@%%ﬁ%%‘md walls of the open windows merge with
material to es ca%gg 0zzl e coypl ed
with the stor aggpsl(taégsagl sper SI n(j'p aﬁgm © 5?sggtsaasn esnpatt%}éﬁ'f”aﬁem HB'

t hr oughout , edges that are coaxiabwith the! lengitudinaldixisepf thcpassageway. a
cylindrical ¢body section presenting axially spaced inlet and di scharge
ends, the body section including a plurality of circunferentially

spaced wi ndows for di spensi NQ ThéfozZ14RR & Tt in IahaBi aherknﬂttﬁerg%bén\é end wall
fromthe nozzle, each of the w ndows presenting a first open are

and 20 of each open window and the interion surface ofithd camsection chweﬂgatoymrdsﬁ;e t he
cap section in a central orifice
aligned with t%‘“ﬁongf?ﬂﬂ? coaXrreTy oﬂ%stﬁ&%ngdegrees

for dispersing the suppressant naterlal axially fromthe

nozzle, thg,central orifi, e sent | econd en area,
fo 28. prl‘ﬁe nozzle gs set? in cla?xrr)x 19, the angle of convergence

between the second end wall of each open window and the interior surface of the cap

section being less than thirty degrees.
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and 25 a plurality of circunferentially spaced
hol es spaced radially from the centra
orifice for dispersing the suppressant materi al

radi al |y fromgdersasmsageway, each of the holes presenting PCT/US97/05937

a third open area, WO 97/ 39804

PCT/ US97/ 05937 172 -15-

t he second open area bei ng great t han each of the third open

ar eas. 4. The a atus as set forth in claiml11,
the nozzle further inclyding 5} an annular ange section extendi ng
ratially outwardly fromfthe inletf end for attachmegt to the storage
vessel . 113. The nozzle as\get f@dhh in cdai m 11,
the sum ofthe second apd third open areas bei njnat| | efpst fift.een

percent of the sumof fhe first jgpen areas. 10 L Oy 14.
The nozzle as set forth in clainmjll, the sumof the seco apd thi;
open areas being at |east twentyjfpercent of the sumof th§ f|rst n

ar eas. 1%. The nozzle as set for in claim11,
the sum of the second ard third (15 open areas being about f{wenty five
percent of the sum of the\first |gpen areas.
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16. The nozzle as set forth in claim1l, the sumofthe first, second and
third open areas being at | east double the cross sectional area of the

hol | ow passageway of the cylindrical body section. 20

17. The nozzayeenseseect forth in claimll, each of the open w ndows
presenting a first end wall proximate the inlet end of the bSE§“§§@FF8h and

a second end wal | axially spaced frogyjhe first end wall and

proxi mate the di scharge end of the body section, each of the second
end walls being sem-cylindrical in configuration and coaxial 25 W th
the longitudinal axis of the passageway for reducing the flow resistance of
t he open wi ndows. WD 97/ 39804

PCT/ US97/ 05937 . - 16-

18. - The nozzle asset forth in chaim1l7, the cap section pn&senting an
interior concave surface, wherei wal | s of the, open w ndows
nmerge with the inter Hre cap se@hion to

at ‘& e coaxi al

e 19.

present a series of shar
wi th the | ongitudinal axi
The nozzle as set forth in
each open w ndow andai he_i
t owar ds one anot
degrees. 10 ol

t he angl e of converg@nce

O
0

100
M.SEC. FT.

Fig.3.
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betméen the second end wall of each open wi ndow and the interior surface ofﬂ

t he cap
25

section being |less than thi

rty degrees. 15 20
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| (54) Title: EXPLOSION SUPPRESSANT DISPERSION NOZZLE

(57) Abstract

An explosion suppressant
dispersion nozzle (10) for
dispersing suppressant material
from a pressurized suppressant
storage vessel (12) to a protected
zone or room is disclosed. The
nozzle (10) includes a cylindrical
body section (20) presenting
an inlet end (26) for attachment
to the storage vessel (12) and
a discharge end (28), and a
concavo-convex cap  section
(24) attached to the discharge
end (28). The body section
(20) includes a plurality of
circumferentially spaced windows
(32) each presenting generally
rectangular openings for
dispersing suppressant material

laterally from the nozzle (10).

The cap section (24) includes
a central orifice (48) aligned
with the longitudinal axis of
the nozzle (10) for dispersing
suppressant material axially from
the nozzle (10) and a plurality
of circumferentially spaced holes
(50) spaced radially from the
central orifice (48) for dispersing
suppressant  material  radially
from the nozzle (10). The windows (32). central orifice (48),

and holes (50) are cooperatively positioned and sized for achieving a ncarly

hemispherical discharge pattem from the nozzle (10) with little lose of dispersion velocity.




