2 8 MAR 2005 WO 02/26393 PCT/ US00/ 26568 | MPROVED FI RE FI GHTI NG NOZZLE AND
METHOD | NCLUDI NG PRESSURE REGULATI ON, CHEM CAL AND EDUCTI ON FEATURES 5
This application is a continuation-in-part of U S. Serial2ljo AR 84, 561,
a national stage application of PCT/US98/20061, filed 9/ 2519% ch in
turn was awe@omedsgpuati on-inpart of U. S. Provisional ApplpCBUS$02:3D.

60/ 080, 846 filed 4/6/98. The contents of the applications are herein

i ncorporated by reference in their entirety. 10 FI ELD OF | NVENTI ON The
invention relates to fire fighting and fire preventing nozzles and nore
particularly to nozzles for extinguishing or preventing |arge industrial

grade fires including 15 ~ flammable .liquid fires and/or for nozzles for
vapor suppression, i HEERY [ ARD regul ati ng,
educting and chem cal kfg z<‘ZLEﬂI T #@@Rods of use.
BACKGROUND OF | NVENTI O\I 2 M]g.f 5‘?,“} he instant invention
I nclude; (1) U S. Patent 4 an irected to a self

educting.foamfog nozzle; (2) US. Patent No. 5,779, 159 (WIIians)
directed”to a peripheral channeling additive fluid nozzle; and (3) U S

Pat ent Nos. 5,275 mapplﬁatﬂoﬁ‘isazaﬁmmnﬁn@ﬂoms SeiinNG. em94 551! aftigghit 0 a
chem cal and 25 fl e ct| ng nozzle. Also relevant is the

prior art of SR#e ?ttf’nﬁggzj(gff%ngqoﬁé {5/ P4 Wwhigh i turpwess fontigygtionsing 12 048:

3,684, 192 an(cjbaa BG8S. M&xglﬁml\asaﬂhutﬁﬂwsb/os&@wﬁlezr umgsam%e%éemfaétﬁ@t NOS.
Re 29,717 and 3,893,624 to Thonpson/ El khartBrass. Al so of note are U.S.

Patent No. 5,aplcatieiy srehereinincopeiatedy mifserice iy theihenisty 7/ 38757 to Baker. 30
Mai nt ai npnhg a constant di scharge pressure froma nozzle tends to yield a

constant -1
FIELD OF INVENTION

The invention relates to fire fighting and fire preventing nozzles and more

particularly to nozzles for extinguishing or preventing large industrial grade fires including

15~ flammable liquid fires and/or for nozzles for vapor suppression, and includes
improvements in pressure regulating, educting and chemical discharge features, as well .

as methods of use.

BACKGROUND OF INVENTION
20
Prior patents relevant to the instant invention include; (1) U.S. Patent No. 4,640
‘461 (Williams) directed to a self educting foam fog nozzle; (2) U.S. Patent No. 5,779,
159 (Williams) directed to a peripheral channeling additive fluid nozzle; and (3) U.S.
Patent Nos. 5,275,243; 5,167,285 and 5,312,041 (Williams) directed to a chemical and
25 fluid or duel fluid ejecting nozzle. Also relevant is the prior art of automatic nozzles,
including (4) U.S. Patent Nos. 5,312,048; 3,684,192 and 3,863,844 to McMilian/Task
Force Tips and U.S. Patent Nos. Re 29,717 and 3,893,624 to Thompson/Elkhart Brass.
Also of note are U.S. Patent No. 5,67 8,766 to Peck and PCT Publication WO 97/38757
to Baker.

30 Maintaining a constant discharge pressure from a nozzle tends to yield a constant
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*@00002* 2 8 MAR 2005 WD 02/2G393 PCT/ US00/ 26568 range and "aut hority"
for the discharge while allowing the nozzle flowrate to absorb variations
in head pressure, as it were. In certain applications, qr nﬂ@i % por
suppression, a fixed fire fighting nozzle is particul ar @ ? ifoit

sel f regul WPH%2383 di scharge at an approxi mat el y const aRCT/GRo028568et ed
pressure. The discharge pressure tends to govern what 5 is referred to as
the "authority"” of the discharge streamand to a certain extent the
streani s range. A constant discharge pressure cones closer to a consistent
delivery of a streamat a fixed range. One specific application in which a

sel f-regul at i nggeariziacthoFiyy” lHer the Giktharge Swhild afowihg #R GoRIONAE O syGhem t hat
i ncl udes nozzl es,.permanently stationed around, | Qcales 10 subject to the
iBaginheed. i

| eakage of t o¥griet prgss i WeES @eéfmnépﬂléﬁaﬁﬂﬁeﬁqfh%ﬁvéﬁ%ﬁﬂnﬁfﬁéﬁm

confi gurati ona BkedC AR Thtilg 2818 B pRLARAR RS ipﬂss'éif%@(lla%qgrdis&lﬁﬁga@ agontrol,
could be activated to provide a predeSigned curtain of water/Tog to
contain and sERPEERYelyponsiaptor targeted pesssyre. [The dissharzepressuietendniogaven whady be
optimal fsor NQRzZkRE IPading ChRh&Ryt BEIkE dischiingk W ",

constant range and aut?\ori ty as.ﬁ%pposegst%&%ag\%etﬁ% %“Eé??o‘%ﬁ?gﬁé‘!reg"zﬁ‘ 5
struct ured an#reEB@UALRee & copitangdischiptge pressure eomes claser tofd consistent delivery of 8 nor e
typical for nggeg}n%aﬁxééq,@re/fog created with approximately constant range
and authority, while oper ting_under conditions of varying head pressure,
wi || nore reli abl yorespeaficeppligationinl withenlsetfergiudating mozale may bexeselful mdinh e.
Frequently nogzl S ctured to deli,ver a pre-set | | ong-per-mnute
flow rate, g sﬁtﬁq&ﬁoél é’gttlé%l ﬁtaﬁclﬂ‘geﬁdwﬁl?s%eﬁwg@n&Etﬁtl%{ggfffb‘n§§$° t he
nozzl e. 18s t habjeetath the dexkagecof @&k Lohbhigalalv dipollbakage) adpdimdiehidy irs]tﬁlt(ij@led "
energency can vary .flow rate remains nore consistent in suc esigns than
range. Alter n‘?ft“gg‘é atign Bf\év?(l?r“ia‘?fgp" ESSUTE ORAles B°¥‘§£’g}l§‘f‘°ra‘i"‘rﬁl°?e‘§j’mralt gouldipe char ge

pressure | et sactivawd toatevideapyededigndd Mataindirwansfdgto stk RIRHpRES 8568 Whi | €
keepi ng range rmrﬁb%onstant. 25 The present invention di'sclosés an

i mproved pr eg‘?ﬁ?ré' e reHmyancaYib may }tﬁg%’ﬁﬁ’ﬁlé'ﬂr nozglegtprdischargeshsir fidwithr ge a

fire extinguis(ihdd of lesh)conbtart gl 258 la8HbAY £i®95%%,ﬂ5ﬁ§§ﬁﬁn€diﬁpﬂge range,
up to a targeted flowrate, and thereaftef to maintain relatively constant

flow ratle whituguged apdreeylated for a rlptixely panstantflgw ratecasig masatygical dorinozzlesase . A
presel ect ed Wﬁﬁbﬁggﬁateﬁﬁﬁﬁﬁiﬁf&mg‘cﬁf cﬁ&%ﬂpingf%%gnéy,m%#%ﬁlpgﬁﬁeg ximately

100 psi, but the presel ected pressure 30 col ary,
optimal |y be eoaditiensod varping bead prassixe, mélt wore rdliably pusitain 4 preselicted region fon8 MAR

2005 a fixed locale.

Frequently nozzles are structured to deliv:ar a pre-set gallons-per-minute flow rate,

20 assuming a nominal head pressure, such as 100 psi at the nozzle. As the head pressure
actually available to a nozzle in an emergency can vary, flow rate remains more consistent
in such designs than range. Alternately structuring a nozzle to target and regulate
discharge pressure lets flow rate vary with variations in delivered pressure while keeping
range more constant.

25 The present invention discloses an improved pressure regulating nozzle designed
to effectively discharge a fire extinguishing fluid at a pre-selected discharge pressure and
range, up to a targeted flow rate, and thereafter to maintain relatively constant flow rate
while discharge pressure and range are allowed to increase . A preselected discharge
pressure, for example, would likelybe approximately 100 psi, but the preselected pressure

30 could vary, and might more optimally be selected to be approximately 120 psi. Likewise
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WO 02/ 26393 PCT/ USO0/ 265G8 a targeted flowrate is selected. This selection
of targeted flowrate need only be approximte. The inventive design

combi nes the benefit value of maintaining range at |ow sup, pﬂﬁfsures
while nmaintaining flow rate at higher supply pressures, theré%ﬁ
acconmodatWa@2/p63%8 num r ange requi rements on the one hanscmibsdorssswr e easily
5 accommodati ng sel f-educting features for foam concentrates and a capacity
to throw fluid chem cals such as dry powder on the other hand, where
possi bl e. The invention includes enhanced eductive techniques, for both
peripheral and central channeling, which enhanced eduction can be

particul arly Dekphil b BULERRLAS. BAEELESIORTor WaEHd OR hBhENERY 53, S Such
as dry powder pical fire fightin nozz eS|gne o be

adj usted to owrcatﬂréat@vf&e Ha'entwad‘t}tgnmmbm@mbemﬁ@hahmfmtagmgrmgsaqdmv m nut e

to 2000 gallo thile char ressur p| cally
assuned to be&;?lgué]rg&]i%g pSI) Mlﬁ Cfgﬁ gﬁgt"‘fg’lﬁi} gg;lay TS g}é énd sel f
regul ate for pcessodatingimihimual tangs mjlui-émmtst on ViR ghe maZdvl&ledmdrg Rasily

i ncorporates a selfsad] e_or. the lik xi mat.e the ngzzle

di schazge. 1 n®% ﬁgrﬁtgp%q?'mk i%t%ﬁ'gﬂg?qaﬁ’fﬁ fﬁfm@pgnggtegﬂgﬁc@aggft? wligsed
directly or |¢lﬂnﬂcelsbﬁchasﬂqpib®eﬁﬁsith@oth¢r&aﬂ§m?éte ssigld. ect ed pressure t he

baffle is structurg d.in conbin wi.th the nozzl e hody to ueeze down"
on the effective dnvstiqn jack e§8 %P?t’fvieé%c?‘m&%" f%rbég’sﬁﬁ@h iandis up at
the baffle, seas@chatinele] which renhaaeladresaﬁ&tiom,caﬁ Be pRRCHaAY h& Ohuﬁmﬁﬁesel ected
pressure, the baffle is structured to cease squeezing down and

necessary, toPSHFFY W nélﬁpwgéh%elszec@ﬂwqwﬁ@r size of the nozzl e

di scharge orifice.A & 8l {66 WERing G8RAd AMAR schar ge
pressure reduces toé?ﬁe sel éct ed vad | ue. (gbggegﬁgﬁtgghjflsr%%edpg%a{zkgovgeé

di schar ge poaegeciiloyes, suchas SPagaélonbpemm}utbthO@Qwﬂmssmhmg@ givensertdn have
constant "aut tion achieves a hybrid
pressure regu (P%tﬁihké(pregsggf( }@vﬁvgl egtfya td& E%h 1b6l¥z)n In Bp fiamatemogale, o)y and
enbodi nent s Cﬁbleemamirmﬁelfcremdatz Ifca*spxasseretwlalesdlowmg ﬂlmausx&gd nokzzle dieﬁlgxll in the
above applic C e nce., Thi.s inyenti

Cncl udes furt o%atéa{rhos\gﬁ‘-‘a@ B?fngganﬁ% Jer e%ka%roxi aﬁ@t%ﬁg%zﬂe ggschaxi%; ngener, th e
basics df a rwlmnlﬂel,d praxsifre atesuéh ajdrmﬁiengpnmdzln‘eﬁlydﬁindhealyas desndditd lidtelova fire

flghtlngflwd t char r|f| fighting
fluid is usudl Teyec&gtpteefssurﬁﬁg ﬁﬂi’il‘f y s?’flctﬂﬁé “E)éo ‘PB&VI nt(l}e 3@?26‘2 é‘ed as

wat er her ei n,“squeezeitomint obelewﬁ'ekﬁwsﬁnﬁ@&‘th&kﬁﬁchﬂ@é&h&et SViHRR Blefdive Bufidep! | cabl e
to -3 2 8 MAR 28?1?1 8% (FFB CT/USOO/ 6568 various fire fighting
fluids. The CEbHGrHesaedAtecHRpyaditeiy: fowadhqrgrsesd a presdectadpresgirethe desi gned
i n conbi nat i afleGs StARANET to ée@setéqaeeeiﬁgqaﬁn RAQGH Aeedibary, thr il tb Phlatgagnd | ui d
pressur avai | aple fro source. Recovery ‘of pressure affects
range. %Ov E&Je TP S ?ftgﬁnﬂwg? ?J%ﬁh&s?eﬂfsca vlysfsrawge@tlnvqs,lpse@%metﬂahm f1 ow,
for the fire dishdrpditédsite rthéHsﬂ)tﬁé d%ﬁh't'i& Yalue? i}%ﬁﬁeﬂts?r?l‘% El?%oé‘ﬂ{e deRgdr 1 zed

wat er m ght be an%l cipated to vary between ozzI e
body condui t $ORRAU %Q}’héﬁtg@ @ bﬂtélwsdlwhﬁ}fgb@ndbwl l@mebnsilant “dahomtg” ami
effective, ompeactical, flow w ndow. For instance, a "two and one-half
inch" nozzle mght be adj ustable to effectively fl ow between 150 GPM and
600 GPM whi |l e a The igstautrinventidn achioves la dybridgiressire rgdl]atmgairdbw mgelhiﬁng:tl vel y
fl ow be en B w thbln c
vari at i %%f i nﬁﬁ%‘g%"%% 2 ssur%lggl%?dng‘gq’f %?Mtom&xcnozz es ﬁlemsglves%lscuszed

in detail in the above applications mcorporated herein by reference. This invention

includes further improvements in self-adjusting nozzles. To review the basics of a nozzle,
a fire fighting nozzle defines a conduit for a fire fighting fluid that terminates in a
discharge orifice. The fire fighting fluid is usually water, and while it may be treated and
30 discussed as water herein, it should be understood that nozzle technology is applicable to
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An adj ustabl e discharge orifice, automatic or manual, is designed to be
adjusted within a range of flaw effectiveness of a nozzle body. Fluid flow
rate through the nozzle may vary within a nozzle's effect‘iz\éeMLdsgw Wi ndow,
again taking into account variations in source supply and pres g

M ni mum | i WP032@M an effective fl ow wi ndow i ncl ude a 15PET/HBRAI6RT f ecti ve
"gap" size, or a mninumeffective wwdth of a typically annular discharge
orifice. Below a certain "gap" size the thickness of the wall of water

di scharged dim nishes such that the water wall tends to disintegrate and
nozzl e throw performance suffers. On the other end, a "gap" can get so

large that theafibuseile 6@EY ifhidD O EreSdohdifit ahdischdr8@bifi @O RENR drbEPNalyhere is
thus a practical, limt to the flow of water that can be 20 efficiently

fl owed t hr ougdesisnsd 31y sombipgtign tq gecqver, o, theextentiprpeficaly fre fahting:fluid pregyure

adj ust abl e di %o&aﬁslsﬁo&rthéﬁtﬁ@&um_ynla@oveﬁyragiésw@ﬁeuérﬂ%é.i gned in terms of an
adj ustabl e baffle within a conduit, any efenent of a "nozzle structure

defining at |est iHivsamenerally agticipatablegmipplyiranges in pressusaiandcflosy; foruthe firenal |

ortion, ¢n t i ﬁﬁ%‘ . i.tional
'gesi gns fsor 2?‘3@%\%%@%@%&%%@%‘3&%%@% a Jqﬂast?r\ﬁglét%ggtﬁcﬁgte{%oc aed in a
condui t wher e bethweentj psisandd 5 psi, irfozzlb bodyabhidugs dndrdisekatigesonificédsamiy bedediggatd/ er ns

gap size. The j i i SUG adi ust ment _is effectivye.,,The
range is rel atE (g%éﬁ?'%&aénﬁ%g@@ é%r{bf évgg&%:h oﬁvrvgg cf“(’:'gqor P 9 I%ﬁ/ﬂd%’g\#m ¥ the
nozzl e. A gi venzzkonight be adjustable todffectivelydlomf betveeen 50 GPMLdnd 600 GBRS whilerg a " k"
factor for a .30 nozzl.e. Elow rate.a i s¢har ge .pressure . ar el ated by
the fornula: r¥ 8e~'.1p',ngl}/\/r{‘8%° fmﬁhggq thus%g%?qﬂ/ﬁ%l"’é’ﬂgg ﬂsﬁ%ﬁ'yef@%'gggﬁéﬂ Bho/ 265G3
the f1owlo at e 16,000 GBM] bsthibaing affqeted B Wirtatiofidin kupplyepredsire baglaatity, | t can be
seen that for a co staant é flow varies with the square root of pressure.
Wth a fixed condui¥® adfystablp dischates orifice, pytematicgr mapual.dedegignedtn beadivgtedses wi t h

i ncreased  sUpRitinfr&pe of Bovr AR bl dihddzI8 BOMYC FIMMIdwEratd (RuEIRINS nodAnds” to
remain relatively constant, at |east as conpared to 5 pressure, because it

only incr ease&#¥im Withia aggers eeffeetiye flow windoxs again takingintragequat varigtions s have
aut omat i cal |y séithelipBlyl did BrSGhRr Wnifilh inf o LAUHBLRA SR WiluAPhdRIAN ©
discharge orifices are typically designed to naintain a selecte i schar ge
pressur el suc Ritgumediegive “gamy sirgcor aminimumi effectiewidth oft htypisallys anparcal |y a
means for sengi [ | . ST Lasd tructured
o adj ust ¢ he Ay St oRAOA pfowd il ARBRaH s bt BT BVEE Whelibedl )
until the sendiminighes sich thpe thevetes wall tands sopdisiniegrata ied yozle ¢hrow peddremhed

di scharge pre . " i YA ed herein throughout
because aut orragtﬁé?:s'e r%{zt-zﬁPgthg%rg?’ganngcg% g%é??éep%?%ﬁ%éeﬁ gf’?f{m%;g?d P As a
result of seni#salfgovemnis tupws (Thents thas apmctival kiyeit o ihé iflow of r wgapthatscandser owed or
wi dened t hat. . e d dischar ressure i s approxi mately the sel ected
di schar gzecoopr egéiﬁl%@%f%g%ﬂugtlhﬁémﬁlgﬁ%gr ge orifice or gap i s narrowed, fluid
flow rate through Ithe todezhmedstod atiatCeithouds adjtidatla Bistargsl 6Hiee may|vei d 1 ow
rate through the.nozzle. is, .increased., As disgussed aboye, however, if the
di scharge ori #‘f‘ﬁ'é"% Y designetlip jqrgs ﬂiﬂ“@dwa?lﬁhﬁfﬁﬁwtﬁﬂéd’?‘_“{“l‘feﬁny mept Afge nozzl e
woul d remain hézeRcbtranird deBving ai RstViR phed the @Margh Grif @ MRichidhi; %6 Suith ivhafl
di scharge pressyre wquld var rybéWI th sugpl % pressure. (Flow rate varies only
9ry§pu16 le |

with the 20 sBRFEPR i 8% S8 fpstpble elemgnty (X errelerte dmditianab designs Hrpe
net ered 35Nt 0 gorfvbdidrde, 34 FeBAMShn ?Hjttﬁﬁgﬁ;bﬁﬂfa é&%@ﬁmcoﬁl@ﬂt @he%dthe Qﬁjuﬁl%}mt a

relatively constant flowrate o streamis an advantage, as it
al l ows a net epf they baflly forwardrand heckmewhgovemes gsn size: cThers ive renge in Which besh, a

relatively copgisahine sl Lat  Jo B ' ' [ desired
in sone ci rcuﬁ@% ancéss .°H%.“(g’€ 'ﬂlle\géf?%ggql%ir}%(g@&g g%@?{)‘%%%@@%%@%@?ﬁg?‘g to
create a bettefthémagale. In a nozzle that discharges a chemical, such as a dry

powder, within a fjr i ing fluid i.f na esiyabhle tg limg fluid
flow rate to avoi nﬁ%é‘g‘?{s’%@ @E@Fﬁﬁ@“ﬁ?e Y%gr?bblgme#gm%?tlﬁeé?,t% 2% es that
adj ust 0t houtozzlenFlost raterand dis¢haced pesssure Srelrelgted by the Ssrmala0e-kifpowhidié £iscan
waste water if there is a limted supply of water.
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30 Thus, a relatively constant flow rate froma nozzle can be an advant age
in several -5 28 MAR 2005 WD 02/ 26393 PCT/ US00/ 26568 situations, but if

the supply pressure is weak, or if a nozzle is set at a fix %Oﬂé'??ﬁﬂgce from
afire, arelatively constant pressure maybe an advant age. ?

pressure t AWAY26H3 naintain range for the nozzle even t RGBSR r at e may
vary). Wthin the duration of one fire, the relative inportance of

constant pressure and of constant flow rate can shift. 5 The hybrid,
selectively automati c nozzle of the instant invention provides the best of
two worlds. The adjustable stop (or any other such adjustable neans) can be

set so that aehefswoRibd pard divchagh presBd ddi £6PRY ABoPT 1tTche Bo bepn R Yirded, as

in an automatic nozz] e for flow rates up to a given point (in a nozzle's
ef fective fl owousHa0ky)flow yaries owith thersquare foet ofpsessurgy, With feedcepndugieand

mai nt ai ned. Ho\ﬂﬁé’lﬁf%e ohhcédiﬁ&%%ggf?gsu%wsgs Htﬁﬂc{eﬁe@ s%%y@a}égsu}gﬁ&nalg%ﬁzl eis

reached, a stop or the |Iike I scharge or e to ceas

adj usting. Nowpui¢eswhilerfipw rateStends? to remain welatively ognstapt, pt leas as eomopared foui d
flow rate 4 end | Qe : | 1R, rising only in
proporti onStto ?ﬁgﬁg%?ggdg&?lg)g’??g]?é?%gwiﬁ?g?g@é@&R/éqqgsr%%mﬁ'g f oam concentrate
in a presel ected prtptemitish mnezzddsudaveoraptoneticaly| edjustatilé hdifcharge bifiews.r at e.
15 SUMVARY OF . knvention includes a selectively . automatic
fire fighting %‘glz%z aﬁ'@%%%*%@ﬁ%ﬂ "g%SQ‘L}‘ie%“rB&G’;‘/““ﬁya@ﬁSﬁae o CRINAIR £ SIS nat ng
i n a di schar gedischiafge peessufé) suddias t0lgysy dn suchbiteMaticno2flespthtR iRty picaty b Yneans

adj ustable within a rg.n%ﬁ. E{]ﬁ nozzl e body includes a stop or the Iike,

adj ust abl e to [9FRnSIngdisciiarge A pressurs And @ biasing means dpctuspd te pgiustthe disehargeTh; s
stop coulth be afifice @CinbtEhaableRIBE N Ss I *gatfg il GRRhRY  dideRrgd btkdut '@ t he
range of automatic,adjustnment of the oritice. Preferably _t%e stop or

adj ust abl e neafRProximytely thegesglseiad dinchargs presaure o(Khe avead “appioximately invsed| e

ff [ fl bi . ] « ' f
effective OV\héﬁblﬁ'ﬂ@&ﬁgﬁH&ibe%aP?etauHﬁﬁh@Rgz%ie%ejlélﬁ‘ﬂﬁrog%lt e@?#@givi\:la?" Acgﬁﬁlat%ﬁ d 1 ous

rate/ constant pressure for owrates up to ata ) at e,
at variable pféatasulbeisensingand adipstment.t discharse erifige asgaplienarawge bewidétedw r at e

i s needed. Thegd @myaht s&Bed m&?ﬂgggﬁre&up@% E%?ﬁﬁétfﬁws@eag@ di@éﬂa%%afééﬁﬁ%.c fire

fighting nozzle conprising oX1 na taining a selfe ire
fighting ¥ ui dWhes 8ieadispharge osificar er gapds ndrrawed, fllid Wowgate througihthe mezzioxz] e f or

flow up to a tapgeleds il Eapaig%@ehéé?%ﬁgﬂo% ?a?y%{'o%gh the nozzle is increased. As

discussed above, however, if the discharge orifice of the nozzle were to remain fixed, the
“k” of the nozzle would remain fixed and ﬂovy rate would “tend” to remain fixed while
discharge pressure would vary with supply pressure. (Flow rate varies only with the
20 square root of pressure.).
If a foam concentrate is to be metered into a fluid stream at a constant percent (eg
3% , or 6%), arelatively constant flow rate of the fluid stream is an advantage, as it allows
a metering device on the foam concentrate to be set. Further, a relatively constant flow
rate with a high discharge pressure may be desired in some circumstances. E.g. high
25 pressure helps some concentrate to create a better foam. In a nozzle that discharges a
chemical, such as a dry powder, within a fire fighting fluid, it may be desirable to limit
fluid flow rate to avoid unnecessary wetting of the powder. Further, nozzles that adjust
without limitation to produce a selected discharge pressure can waste water if there is a
limited supply of water.

30 Thus, a relatively constant flow rate from a nozzle can be an advantage in several
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30 pressure to rise above sel ected discharge pressure as long as the
targeted flowrate is ~ 2 8 MAR 2005 reached. The sel ectively automatic
fire fighting nozzle is also preferably a self-educting foag figommezz!e
and even nore preferably, a self-nmetering self-educting foamfog nozzle.
Expr essi onWO0dR2¢38& present invention can be found in cl CEASW/2688 6, 7, 10,
11, 17, 18, 19, 20, 21, 23, 24 and 26. BRI EF DESCRI PTI ON OF THE DRAW NGS A
better understanding 'of the present invention can be obtai ned when the
followi ng detail ed description of preferred enbodi nents are considered in
conjunction wth the follow ng draw ngs, in which: Figures | A 1B, and 1C

i |1 ustrate insigidtigisedut Fthe PRI Pleliis fodk, 8r iBRhREleiske] oY a fiRd BdtRHck Gofl I €
fighting nozzle with flow stop. Figure 2A illustrates an enbodi nent of a
sel ectively a&ﬁfﬁsr&ﬁl%;ﬂvﬁlﬁ'ﬁénsﬁngPFﬁsﬁ’& TRy beiep advenipen o(Constans peespirateads toyi t abl e

for only fOa”hﬁﬂﬂﬁirhﬁﬁféﬁﬁéﬂ&ﬂyéqenﬁo%ﬂﬂ%l“?&eﬂawggﬁgﬁifi‘cﬁﬁntﬁéhh?mﬁgi’ nt of a

selectively automatic fire fighting nozzle suit or one enbodi nent of

a cheni cal ~ apfrei arelgive impogiancesf ganstentpremuteland of oastent Sowante o wifbps
i mar 1y 11 ustr agieqgon fusidrhuorlet hi Bl lindifleion pHofad RGO T °
been sinplifi etiwerwborie: e sdiwstablestap (onanyradlesr such adipstaldly means) eanrbeastzoct s of
the Tnventi o kil 3uSAT Sldbe ofifeet Ablilol ofR bR hEHRTREALP ' O Of
for flow rates up to a given point (in a nozzle’s effective flow window). If supply
pressure goes low, range can be maintained. However, if a targeted fluid flow rate within
10 the nozzle is reached, a stop or the like causes the discharge orifice to cease adjusting.
Now discharge pressure rises with supply pressure but fluid flow rate tends to remain
approximately constant (again, rising only in proportion to the square root of the
pressure). Metering foam concentrate in a preselected proportion is thus more reliable,
with fixed flow rate.
15

SUMMARY OF THE INVENTION

The invention includes a selectively automatic fire fighting nozzle comprising a

nozzle body having a conduit terminating in a discharge orifice. The discharge orifice is

20 automatically adjustable within a range. The nozzle body includes a stop or the like,

adjustable to limit a range of automatic adjustment of the orifice. This stop could be any

adjustable means, simple or complex, for limiting the range of automatic adjustment of the

orifice. Preferably the stop or adjustable means is located upon the nozzle body and

divides a nozzle effective flow window such that the nozzle flows at variable flow

25 rate/constant pressure for flow rates up to a targeted flow rate, and flows at variable
pressure/constant flow rate as long as the targeted flow rate is needed. -

The invention includes a method for operating an automatic fire fighting nozzle

comprising (approximately) maintaining a selected fire fighting fluid discharge pressure

for fluid flowing through the nozzle for flow up to a targeted rate and allowing discharge

30 pressure to rise above selected discharge pressure as long as the targeted flow rate is
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I n general, a nozzle having an "adjustable" baffle in order to discharge
fire extinguishing fluid at a selected pressure uses a biasi ng neans
opposi ng a natural novenent of an adjustable baffle outmard§ i@ﬁ{? onse
to fluid pressure, which outward novenent tends to open the gf e size
of a discharge orifice. Mst sinply, the biasing neans biases with a
backward force equal to the force of the desired or selected fluid

pressure ybRRed. NEhd Sdl¥RElyRalothatib ifeting HeRA€ishitof prefefablyirse - sdnyaige nt
bal ances agai nst baffl e backward bias pressure at the sel ected pressure.

Forwar d b&64m fognortle eabeven morgpreferablys a s¢lfimetdningiself-eductipg Easanfog noazle.he fire
extinguishing fluid noving through and out of the discharge port In
theory, the bi agiiigssidis©F tieOdbednPRVEAIRM cebetud BIldiAg 1} BA6,.7, 00erl, ihe -7
2 8 MAR 2005 WD 02/ 26393 PCT/ US00/ 26568 adj ust ment range of the baffle

bet ween it E,dAd2(p@ilnt% 24wi@A. may be no nore than approxi mately one hal f

of an inch, presents i L as orce at. the selected
pressure. The sel ect egﬁﬁ'@éﬁww&{ﬁmmg Al ternately, an

adj ustabl e  bajfj&gheamdertndinDCofd@s i FasRe: GRkhtibm gari behsbidigsd wWhehithe t he

baf f| ehead and presenting 5 forward and backward surfaces, agai nst, which the
primary ffollewingtdetajled dhscnigtion of prefested ¢mbediments are onsidesed oeARIUDGHSN t he
chanber def{lﬂ%dfpﬁvithi;afthe baff%ielpead woul d have neans for permtting a
portion oft ORINE AraAREH TV NG f I uid to enter the chanber. In such

desi gns the efip@eliine 1Baakdvacdiypetsin cutaway alt embodimenofor d seteotivdly exceed

the effective forward pressure surface area of the baffle. The fluid
pressur e tomatic finadighting nazzlerpithellasy stops 10 expected to be at least slightly

| ess than the pressur. : ' EQRJE % f1808521e Such

tends to countﬂégurt%%g‘lﬁ%sgé?e[s%g?mﬁﬁdé&g@gg\%g?l prgggﬁjr?{la lguﬁ%éc@ gr ea e|or esent ed
' to the fdviigth Mdddhilite,t saatilafdrloaly fodm ledactingitechnigaber r ed enbodi nents herein,
exceeds the forward pressure surface area presented o.ng%egf baffle, I n such

manner the fl UFiguigi2Brillestiates apempodiment of a selectivglyautpmatic fretishting pagde o oq
and, alth ' i drive the 15 baffle
backwardséﬁ?i{glgf3 E@ﬁe%ﬂpfiﬁﬂﬁﬂ@ffﬁﬁ% ﬁﬁ%ﬁg#n{he nozzl e. Anticipating the
di f f erence betHigenes SAcant 3B dilustete avisethoflistopmstrudture for aopzle ftp dargat

di fferent source pressures, and anticipating the difference in the

ef fecti vedlé‘?r@’é‘sf B¥nted to the fluid pressures at different head
pressures and fHetawinkdre primadlsillustraive cRisBould be undebddithadirbetbfd iy at a
targeted fluid pressure. Spring nmechani sps can al ways ,be added, jt should

be under shavedeen ginplified and zigtails @mitteds it grdes ite LONNYes, GeRRiR aspecth el the nar y
fire exti.ngui.shi fl ui r the bafflehead forward and backward
surfaces.m%“hSIrl' e%mg)ég?%’acggéﬁ;al}gtcne "results in a variation of the
vol une of the defined baffle chanber, as by the bailie sliding over a fixed
pi ston, rosthirdd Mésthintm TRy Pdegrell Embadimdrtaii d from i nsi de the chanber.
Ref erence s nmade to_ the patent applications incqrporated herein é)%
reference for Inzenessh & ol bavingdem Cadiustable” haffle i qgdery t; distharserfitis
applicatigns discl ase | j PRea rakigf val ve
in order 10 %g‘f"‘grd gﬁxﬁtﬂga g@%’?ﬁ@%ﬁ%’rﬁ%Qgﬁsegaﬁ%@{%gfeﬂfgﬁfﬁdg %o | essen undue
hunti ng ahovejtehtsfmiadjusibledafiefoutredrdseinresponsd foffuid pressise; whidhrawwaide or t he
ot her side of the baffle, preferably fromwthip t affl e .chanber, when
fluid pr %%WP@ntt?%éSitégpf"rtB?ﬁ %F‘erﬁfééiéﬁg]r‘%r.ge g{]@‘ﬁ %?ﬁ?ﬁﬁﬁ’ll*m 448y causes
the baff lrﬁeah?bﬁ?ééevéjﬂ% bhdkviid Rifcé Eidéﬁ%c{ MleFerceThe QLKindAI0H séledred duidne of the
n n

baffl e | ocation e points. A nove
pressure upon the forward baffle surfaces. Hence baffle forward movement balances

against baffle backward bias pressure at the selected pressure. Forward baffle surfaces are
surfaces that the baffle presents to the fire extinguishing fluid moving through and out of
the discharge port _

In theory, the biasing force could be provided by a spring that, over the
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-S 2 8 MAR 2005 WD 02/ 26393 PCT/ US00/ 26568 outward or toward the outward
end direction will cause a decrease in the fluid pressure » g? @g baffl e.
Such decrease in fluid pressure could cause the relief valve 0 again

close, permtting again the buildup of fluid pressure upon the back side
of the bafWwoe22d@be build up of fluid pressure upon thepbaekoopssi® of the
baffl e should hel p adjust the baffle toward 5 a bal anced position where the
fluid pressure on the forward surfaces of the baffle balances the fluid
pressure on backward surfaces of the baffle, including taking into account
other biasing elenments such as a continuously "bl eeding” relief valve and

any springs ut e reli f val ves IIustrated sense
either rather %jdr“%ség%f Bigﬁ OI?%rl? ﬁ%rlegeftweé’ itS, pdRais %W%W% ? PRITPIH MRS ur e
presented to fmpvmmhttlmbﬁé mlfsufraﬁamh [AERNS ah Bsséﬂiﬁlly’lﬁtﬂﬂﬂaﬁt BidsingSforte @t tHer €

indirectly a np econdar, u pressuy ted thin a chanber
within the ba?ege?teapnfﬂsé'redl %’#’g@ t‘g‘g@ dw aﬁﬁly’b‘i”ﬁlé’fmﬂlém gns
t hat coulhd occhmfﬂdhend dobltalste dbfslgﬁaldldeﬁmngla chembR¥ ith@ahe l)}mﬂélx@icb’anﬁ%réleﬁ{ﬁ tgr f of
desi gn chaqi [in 15 One function sel ecte or
a relief 3a ﬁﬁ“% E?S”é&rfagf’sﬁ EﬁF@JgW%ﬁ’i@i extinguishing fiudespeld o

bal anced pressat, qme@detvstmmaﬁm@mﬁb%i&ﬁhéwﬁﬂﬁheﬁﬂi%@adfwﬁa DEmSAFor
direction, which could either be the noving outwardly or the noving

i nwardly t he DREFRItENS aqoptipn-of thedise extingrishing fidtp P@i@rethedgmbe!erln sugh designgher
degree of accuh@etfecAveBABEWAr gre%}@sﬂﬁﬁ‘ce%a[&tould‘%sﬁ&ﬁ lefR8d HH Qﬁ‘écp e Bfgs " eat er

speed i n achi eving bal ance. present 1 nvent e referenced
and i ncor por atRsessaggpurfaee dremef the baffe. ﬂ'baﬂhésiressqycwbuithebdﬁlednwbvdn,gs

f eat ur es jphat t I respure 1 ul ating
nozzl e, as wel &b&té&g{ﬁ#g;&gg tesg%dgl? il&g Q{}‘&’réeéglgu;ej’ée&regﬁﬂlf%& ‘538‘85 %ﬁg t hat
are useful whesnrfades. (ﬁmh@nddtqb@n@hﬂwfac@thatﬁecbhel&mrdﬁryssmwﬁ{ce aréd présefited W t hout
an automatic tion sel f-adj usting aut tjc feature
depends upon aﬁﬂge R&%ti&bﬂﬁg it ea“f’“r{jé?fg%“tﬁ%ﬂ'&?@’,’ée f“?‘@gﬂc*ﬁ?ﬁq@? ae cant
part, in requmswremrfnceanaapreﬁenteaohlﬂgiﬁaﬁnglﬂéu&hﬁaﬂie?ﬂﬁlﬂuﬁiwiﬁﬁ@ﬁéﬂﬁﬁéi bot h
to a forward and .a verse e of a bqﬁwl&%ésurfac In such _a manner the
baffl e operat€s aganl1 3§feafeﬁs Pe[araasang W‘b’i’ns‘f s A @RteRliplly diva theiced

pressur e 1fosi thafiie backWasdsagaias the flbw loﬁﬂtﬁd Wdu@ﬁfheioledl | ABIpRHY WeSiiffePerRC
agai nst both sbl des ﬁf t he baff pressure_acting in the reverse

e.
direction wi | [PeHEeen thepressyres, “‘Ftﬂ?’rt?taPQ)WltE{‘ ﬂ%eﬂ)é-mﬁo%t\ﬂﬁeﬁmb pauses pressureg and 8 VAR
2005 WO 02/ 2Ggfidpdied the@Mefed5iPe cffective areas presented to the fluid pressures at different

head pressures and flow rates, leads to a design for a “balanced baffle” at a targeted fluid

pressure. Spring mechanisms can always be added, it should be understood, to augment
20 the biasing forces provided by the primary fire extinguishing fluid pressure upon the
bafflehead forward and backward surfaces. If or when baffle adjustment results in a
variation of the volume of the defined baffle chamber, as by the baffle sliding over a fixed

piston, relief will be provided to vent fluid from inside the chamber.
Reference is made to the patent applications incorporated herein by reference for
25 more complete discussions and illustrations. Those applications disclose in particular the
use of at least one relief valve in order to heighten the accuracy and speed of balance and
to lessen undue hunting or hysteresis. A relief valve vents fluid pressure from on.e or the
other side of the baffle, preferably from within the baffle chamber, when fluid pressure
varies from target pressure. Such venting typically causes the baffle to move, as in an

30 illustrated case, outward toward one of the baffle location end points. A movement
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Preferably the reverse pressure surface of the baffle wll be larger than
the forward pressure surface of the baffle. It is recognized that the
forward pressure surface of the baffle may in fact change»q{;ﬁ ?E’ZUU?';
function of pressure and fluid flow through the nozzle ané a’fA |'e""desi gn
and nozzl ew€i02/26393l t hough it woul d be possible to desi grcawubafiztdee havi ng 5
a bal anced position where the targeted pressure forward tinmes the forward
pressure surface equals the reverse pressure tinmes the reverse pressure
surface, such a balancing technique is difficult to effect in practice.
Hence, preferred enbodi nents utilize at |east one relief valve. Preferred
enbodi nents f Lk d i val. | i SHI. in the
reverse di rec'té iﬁigﬁbﬂ ?llrilrot)’vrt'nle(%czt ger ?uetﬁﬁjg r?gé)%lly‘%%%?vsvﬁlt lréégr%(\é/{gagg Ellte'%eeﬂlf@@ree?sé’ée
pressure surf apenthebafie. fuchdesreaselinfivid pressune eouldéausdibe feiefmalveto pgairsciosee

surface. Thus,. .in..: . i N when.the, rel i valve is ] osed,
in general, tﬁglln?té@é?é@%gg%@lgggfﬂlﬁl%éﬁwﬁgp %ﬁntgﬁpﬁ‘ sﬁﬂgﬁLﬁ‘%'g‘é‘e B\“ﬁssur e
surface will g offbdpressurergpon thedadkosideai thefbafile shoukd lidpwkust thebaflemwaid t he
forward baffl rface.. Thi.s will.dictate that fqr significant. values of

f or war d pfessgrb %l&'fcﬁépos%)?ﬂhgwi dH}dé’§e€E|‘r‘E‘:?'b g™ S%f??égﬂdﬁfhefé@ﬁebmgs, t he
pressure f or watedlull prédasre o bick@hdankfaved of tHbatRNdclh ANPhRing fnfo 46BtInEBHRRr
del i verabl e pressure in the no one point near the forward target

zzle. At ol ) War (
pressure, one PBFgglpmentaguchgs a\FﬁPW%“s!Yeafeﬁd“P&) reficE valyesnd any;sprdpgs ptdlizedine on t he
reverse side ¢edekign.baffle and allowi ng the bafflehead to bal ance onto open
and adjust outward. Preferably the relief valve builds in a degree of
adj ustability suchThe, gelief WélVPseF]l“éﬂ‘atéd/aﬁnﬁe aither sathescdiregtpdber peimby Gpened
posi ti om@nd ggingh@hidP ARidSH&burd BRbdnted To aftlt \AHEce2Peald Wb A8 AN Wherei n
the target pressure tinmes the forward surface at the target pressure
equal s the revpeporsindieetlys marpsesonday fluislpressure gensatedrveithinadharoleer suithin t aki ng
into account yhe,mde o) rel | val stem Figures
|A, 1B, 1C, 2A 2B, ?ngnﬁﬁké‘%é SRRl e, o ls ek Bt bR o
i nvention, a 8weseof skilkin/the sty et largelyi beed irghien ofydesignzdheice hixk siemphieiyi sarent  of
Figures | A-C, ertﬁ%ée%% B and 3A herein are anal ogous to the enbodi nents of
Figure 3A, Figute 30 Figures 4C, 4D, 5A, SB, SC and 6, of the applications
referencEd and i ncOngfonatig slevted for a rélisfvalvie 0ol BS to Risiitin@chidvihg tARitadtibn 1 C
illustrate a pilot.valve 42 situated in.piston 26 oating bhafflehead B
noves out war dg’h%f aé’Sﬁ?‘r"g Pr&EYT9RPSHHoR Etcogs(isgqpély&@groaicbe{%%m thegame disectiprien gap

220. Figure I1#hichkoisd cigterbe e gRPing dGtwatdly ethe€mbeing Inftdly HOGaNsuehk | €
Figure 1B 30 illustrates a rgg?@ 220 suitable to flow 2,000 GPM and Figure 1C

2
i1 Tustrates ai%igR meydacilipe eagincenings bighss deangs efacoyaey3rovnd thedpbnceamivy

sui tabl e to fiviiMeds RAGnd I grddber SpecdindcRiéing bHlapgh t he nozzle body in
Fi gures from left to ri,ggtl;t. oam concentrate FC or chem cal C flows

t hr ough 2he f oam cHishressnt ifvendon, egin theipferenced gnd ineorporated BpplipationCalsas
opposed to Fi @uéiRs impdvédl s @ufint | i i ST, The
flow stop is shown u§%t v.f o? a’ za%ggia&@gﬂﬂﬂsg%%ggk&gllarzl%ﬁelHi.\%Yxsfltrxsg@é? % in

Fi gure 1C. | nPressuregeguiating sopziensaeell apenhanchdeducting andprsssupe r8fuliting designeni ent | y

o e RS R I

baffl ehead B reaches or contacts
ceases to furauanatigapeale. outward or to the ri ght. Ifwater supply and

i . i i in E | CC. . Fl t il
Perai n S3or oxi mat ah oo SisHoP el iog AaRafTeielis ShaiSippn g iabtap bai Ly | ot
val ve 10 42 ithatpdmsts,at tbastdn Sgnifivatt pait, if esspore & [Rintaerfire dighing FiGidpeesfuit6 h as 100
Si. As in preyiou zzlL.es, when t he ter s |y and pressure fromthe
g ource pr odE :rgsgnt6$ 8‘%@3‘? g%égvhrpﬁgga IFAPIES %@Fe"f& b@&lgg'l“%aF&PWaflg"l‘t%anﬂP@h%el ected
pressure, pilmfflewpbrates 4ledseinlpart bt avib-WiyiTitbh\ekiag 4 bRancEd \HEdREE padishnl | 0at i ng

baf f | ehead B,g%}/es o] or .downstream w dening the gap created between

t, ! )
the floating ’PF@?]BH‘G PEOViteS & dllid nespure do %Gﬁ@lgﬂt hothysides pf the beffleswiThe s

pattern3g pressure acting in the reverse direction will be at least a function of the forward pressure.
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15 control sleeve Sis shown, as is customary fox a fog nozzle. For clarity
the sleeve ,is always shown in the "fog" pattern position. Figures 2A and
2B illustrate enbodinents simlar to Figures |A-1 C Figure9 24mp @&’ 3A
and 3B show a flood plate 300 attached by pins 308 to floating éaf ehead
B. The f| ®8W028p¥Be can be adjusted for a foam appli cat iramuses26568 Fi gur es
2A and 3B. In this 20 instance plug 302 is attached to flood pl ate 300.
Alternately, the nozzle can be adjusted for a hydrochem cal application,
as in Figures 2B and 3A, in which case chem cal extension tube 304 is
affixed to flood plate 300. Adjustable chem cal flow chokes 306 are

r : : / . di t
usual l'y provi gegersbty Hae@re@&@%&?sgreeﬁﬁ}ﬁa&sépﬂﬂﬁ%%g vt fe 1aMe (RRZERL E%,tﬁ,g@?yl men

of Figures 2B and 3A is thus adapted to throw not on wat er
chemical . The PF8%5¢ Birface efithalitlie At is secognizad that 2l forwasd) pisssury sutfacernftie not

only water bubafpamy mmﬁ&g@anggebmnﬁg&mﬁfggegs%@gqg%%@ﬂob@ﬁhﬁ hoRe>T

illustrated in F&ﬁ%i”es' 3A a Bis s I evin osed position
for the nozzl andyatflesdesign andmpbzale size.opkhaBgh it smouldibe padsibledo désignabefldbsingn  of

the prefegred ' . Lt f.fl ehead B to.nov ut into the
posi t i ongg i | Fg)sqp?%’ki gg’ Bﬁ%& g’f‘é}grﬂéesta{g%f,%dfée,ss%&?o?ﬂrdg SS‘E‘.’ Q%Uarfiri“f’ﬁlém
preferred enmbeuifarerqualsitharsverstpreisira tifiegihe ecvarse pessureaiirfidepiush & balaicig

provi ded, -11 .8 VAR 20 02/ 26393 PCT/ USPO/ 26568, each stop . with a
different s haﬁﬁ?@%‘f?g‘? ﬁlﬂ%}ﬁ goo%f’tﬂn Bragicer Henge, prﬁgbreé P’E@%“anséﬁt‘ﬁ?ﬁg fegst
how_evelr , one shepeliefxalvd. Brefapred vinblimeaty fufthaliBzeasreltf vald 18\ia%e predsiier
equi val ent nea

r{ﬁ coul d be u]illlizegto |lace a limt on a floating
baf f| ehead or "tHEYTREIPIHOP O PF FROmendtsiparea S ioreNstse REepuLe sBrfaiée nozzl e
show i n & gur ﬁ%re%&rﬁﬁﬁ‘tﬁ%@bﬁh@ﬁﬁﬁh@%&sﬁrﬁ@ﬁc&!sﬂﬁ&m Isbr@feﬁ'e YoldRdeRts! N9

sel f-educting nozzle as disclosed nore fully in the above reterenced and
i ncor por at ed phsethe ralishvalve isi dnsed, [im sengeal, 4he averse preswry timesahe eremofthee woul d

be presumed t et ple@ufeduafifide vlll bPEERE Jﬁﬁfltgg g%%rg@%ésgﬁe Hé‘l@%ﬁg lafea %5?'@1@ as 100

psi. The operator, as in the preferre ) I'ment o ures and 3B,
will select afosyedbefflesurfapm Thsiwithdietaip thasfoysiguificantyialnesofiforomardpa¢ssure fhae
operator w || I Xty P Al B, .t ! Vi LNt h | xed. pi ston.
The 1 oati ng"bari] uhslekar s fesalioniatd I8 Btk ofiB lnd nensat it o

baf f | eneldd i stend epyrediith paximiput delivegatipressnck infthet toezik.| Avsehopoittvahr ¢t ends

t hrough the pj | haffle ¢ r.. Thereafter. if supply pressure
rises and sup% % It_dé%&%tﬁrseggz}gﬂég%aqrﬁ % %@é}%ﬁg%stlf%‘&go o&gge@a%p&ss gg’f%& nozzl e
will rise. Thevespside of the bafle endailowing tiie afitbhedietofbalaier ctitoeophh lahd B N

appr oxi mat el Y ot Rt Petférably the relief valve builds in a degree of adjustability such that the relief

valve can select a partially opened position and settle upon such position without undue

20 hunting and wherein the target pressure times the forward surface at the target pressure
equals the reverse pressure times the reverse pressure surface area taking into account the
degree of openness of the relief valve system.

Figures 1A, 1B, 1C, 2A. 2B, 3A and 3B illustrate embodiments of the instant
invention, a selectively automatic fire fighting nozzle. The embodiment of Figures 1A-C,

25 2A, B and 3A herein are analogous to the embodiments of Figure 3A, Figure 3D, Figures
4C, 4D, 5A, 5B, 5C and 6, of the applications referenced and incorporated above, The
instant Figures 1A, 1B and 1C illustrate a pilot valve 42 situated in piston 26. Floating
bafflehead B moves outward, as controlled by pilot valve 42, to the right to widen gap
220. Figure 1A illustrates a gap 220 suitable to flow 1,000 GPM while Figure 1B

30 illustrates a gap 220 suitable to flow 2,000 GPM and Figure 1C illustrates a gap 220
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Wil e there are shown and descri bed present preferred enbodi nents of the
invention, it is to be distinctly understood that the invention is not
limted thereto, but may otherw se variously enbodi ed and ?ga@%g@g Wi t hin
the scope of the follow ng clains. The foregoing disclosure®adn ription
of the inva¥92063%re illustrative and explanatory ther aafT/usamnghsssar i ous
changes in the size, shape, and materials, as well as in the details of
the illustrated system may be nade w t hout departing fromthe spirit of the
i nvention. The invention is clainmed using term nology that depends upon a
historic presunptive presentation that recitation of a single el enent

covers one or inh Aty r. NDre, and
fhe 1iker 26 TRBR0 300 4 0GR Pk B adiin B BELE-RBUS) B el 2l %} T
fi ghti ng nozzllef todight HognegacentraseB§ opchemicalC 86ws theugh thelfeantletemiiahigba i r e
fighting fluidgC | s ' i | ' L.scharge.or.ifice; the
adj ust abl e di 3&?@%2“ g‘?’r“%ﬂ: I%Z#Fﬁguéﬁgﬁgﬁeégéﬁ%ﬁ%e? %,hePB?f SPPUHEONSs ¢ hat
rel ati ;/eldyt adj;s;&tw stam?l’m‘ﬁha&ﬂc&r stop is shoamt blsmforaa/‘faamo?ﬁ}mrgpgatao si:ﬂ?dhﬁtrﬁfdﬁp’
connectedcto nQ 0 adj u o further limt wthin e
avail abl e r ané’gﬁg‘%%?a?{b eg%feﬁﬁg%??é?ﬁ‘?eﬁéﬁ% %Waﬁrégftlwe ®hrifice
ge]tg ni ggbel ema??rtib? _o]'bistoamar\u?dn&nqﬁsidel saﬁatmel?f\ﬂ?arngibamaha;aa g/\few%msieﬁv i's
efined by an ective range o us nt o e adj ust abl e di scharge
ori 11 ce and weeesth oy o 5B 5u8s netilnerd Hieseersio ficdier st pubonte oyt o
divide the f| eighsilfesy scsphfent rsksutdificreddes Be@ap Wiliemath asin ¥titedBLE FlowoW 1 at e

and at approximately constant pressure irst fraction of the flow

f f
wi ndow and at "4 WAIFRHN aPRseximaely é,OQQIGP%‘r%ik%iﬂehayg_wwawﬂl fisp.olilot valvee for a
second fy@cti @ isYresihi@d {d taWeiMt @Siﬁ%rleéelect@d ﬁ‘g s tshéhedsﬁoﬁpéip @}iﬂgﬁre&ibﬁse

fighting nozzle, conprising: a nozzle body ining a e ting fluid
conduit ter i AeEAesgVhen the waier supply andiressurs Mg the sdureegprodubea pressitiecas thear yi ng

between a mi nj e ﬂlfﬂFQ ' to
variation in 1!) %@éene%? gﬁ‘% |%§%¢c£bg£g%ssé%r£’§ﬁ§tvﬁ%§%% esftﬂé@reﬁ%?l gt?g%&ﬁ east in
part adj ust abkkambgrandifigating baffishsad Bimoves gutyardowhiteeamy widereng the gaphueeangixi num
orifice openi f Im.1l whereipn a xi mum of the

sel ectively 9%”%% gﬂ-?%{ﬁ: g’%&? #Zan%at)%% lr]rﬁ%{y gy g‘bg‘%g’é‘?ﬁ ‘ﬁ%‘"ﬂ%sf RHED 2 1 ow
wi ndow aHd wheentiohsle¢viesS isahavre aeliscowstotmaryi for b Bebenczzlst @pr elakity Sheddeye socat ed
on the nozzle_haody.to d éiﬂ.e,,a maxi num orifice opening so as to divide the
f1 ow wi ndow sﬁlg%y%/%ngﬁ © {88 ARHCPORHO 5t 4 variable flow rate and at

appr oxi mat el y consHigurts 2% & 9Briltsfrate ebddirhénts sirhiR€ to Fagure 14-1€. Fighreye A ndow

and at a vari gl r.essure and rel ativel onstant flow rate for a second
fraction of t?@ﬁ%\ﬁ%ﬂﬁ%&?& plate 1?00 attacl?éd_ypms 308 to floating bafflehead B. The

flood plate can be adjusted for a foam application, as in Figures 2A and 3B. In this
20 instance plug 302 is attached to flood plate 300. Alternately, the nozzle can be adjusted

for a hydrochemical application, as in Figures 2B and 3A, in which case chemical
extension tube 304 is affixed to flood plate 300. Adjustable chemical flow chokes 306
are usually provided with a chemical extension tube 304. The nozzle embodiment of
Figures 2B and 3A is thus adapted to throw not only water but dry chemical. The nozzle

25 embodiment of Figure 2A is adapted to throw not only water but foam concentrate. In
Figures 2A and 2B a flow stop ST illustrated in Figures 3A and 3Bis shown achieving a
full closed position for the nozzle. Alternate flow stops ST can installed, by the design
of the preferred embodiment to permit bafflehead B to move out into the positions
illustrated in Figures 1A, 1B, 1C, 3A and 3B.

30 Inthe preferred embodiment illustrated in Figure 3 a set of stops ST are provided,
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5. The apparatus of claim1 or 3 wherein the stop limts forward notion of
a floating baffle. 13 28 MAR 2005 6. A selectively automatic fire
fighting nozzle, conprising: a body portion of the nozzle deli MAm@og§ fire
fighting fluid conduit termnating in an adjustable discharge orifice; the
adj ust abl e Vv 82¢%6393ge orifice automatical ly adjustabl e w rdwusoamssesmvai | abl e
range; and adjustable neans for further limting the range of automatic
adjustnment of the orifice within the available range. 7 . A selectively
automatic fire fighting nozzle, conprising: a nozzle body defining a fire
fighting fluid conduit termnating in a variable discharge orifice, the
Ori T 1 ce aut omahlir bl Yik AfBen b Rodln VG ROAR § SARGE gob T Aiefhureff 11 UM
and a nmaxi mum openi'ng, at response t ari a on I’ fire
fighting flui dopeesne $0pa¢1dldb@reuded\néjuytahlaas lulsd:rewmgaﬁﬂaef ouivalentyneags t he

17376 or 7w e RAiR TEDbs RS Rk it S o BRPRUE 4B o 5 e

appar at us of (dbemstteammo’&;:m&ltor 7 vvherel n the nozzle is a self-netering

sel f-educting foa . A, et of I an.au |cfire
T ght i mg ROl o naheaoR shutinFigires 2 390 ok 7 AGHPAALE Ikyiod MR | he
nozzl e subj ectmetading aeiietarting mokle Py dcloged Imore dGYPINI the Gove referenced and

incorporated patent application,

In operation, the adjustable nozzle would be presumed to set to target a

preselected discharge pressure such as 100 psi. The operator, as in the preferred

10 embodiment of Figures 3 and 3B, will select a stop that approximately targets a given flow

rate. The operator will affix the stop in the position provided in the fixed piston, The

floating bafflehead will then maintain a fixed pressure until the bafflehead is stopped by

abutting the end of the flow stop that extends through the piston into the baffle chamber.

Thereafter, if supply pressure rises and supply flow is adequate, the discharge pressure at

15 the nozzle will rise. The gap will remain constant and the flow rate will remain

approximately constant. |

While there are shown and described present preferred embodiments of the

invention, it is to be distinctly understood that the invention is not limited thereto, but may
otherwise variously embodied and practiced within the scope of the following claims.

The foregoing disclosure and description of the invention are illustrative and

explanatory thereof, and various changes in the size, shape, and materials, as well asin the

details of the illustrated system may be made without departing from the spirit of the

invention. The invention is claimed using terminology that depends upon a historic

presumptive presentation that recitation of a single element covers one or more, and

recitation of two elements covers two or more, and the like.

-12-



targeting a flow rate |less than a maxi mum possible flow rate for the

.nozzl e operating at a standard supply pressure, wherein said maxi mum
possible flow rate corresponds to a maxi mum openi ng of the discharge
orifice provided by nozzle structure; maintaining approxi ma @l MAR 260§! ect ed
fire fighting fluid discharge pressure for fire fighting fluid flow ng

t hrough the nozzle for fluid flowrates up to approximtely the targeted

flow rate; apgad isanAveEhys.d di scharge pressure to rise above the sel ected
di scharge pressure while naintaining (approximately) fluid flow rate upon
reachi ng the tardet edA stlectivelyawtomatic fire fighbinRnozS camprigingret hod of

operating an automatig, &ilj 5 1619@?&?%0985?1{3&1 gggﬁ%ﬁgﬁﬁ% N@GXLRGP uPPl Y

pressures conprising: I'ow'r a maxi numflow rate
possi bl e fdnnhhetlmg)mzdneadjwstné)ﬂempnﬂraagemgi@t a standard supply pressure;
mai nt ai ni ng appr oxi ma | | flujd dlscharge pressure

el con t f| re fjght
for fire fighting fl (?dPF%We §° %H%%“%&glﬁs‘t@ BiShriyxslemends y t he

targeted fl g feltRely adfust, McbRNfidag féﬁk%ﬁéﬁbﬁ&%ep&ﬁssure to rise above
t he constant discharge pressure ¥ fire fighting fluid flowrates at or

above the targeted fl®$op,#panectedde élwnozalerhosymdﬂgstabﬂq toi fartherolimit aithin
ot art ol SANBHE Yangel fre: ralDE SPLOBHAAL BRI alstliR) dRELAIESGR ! O N0
y Sefectiv | 86{

pressure to rise y varying a an aut ona
adj ust abl e difswripeeigrents.i fi ce. 13. The net hod of claims 1.1 or 12 that
i ncl udes educting foam concentrate into the nozzle. 14. The nethod of
claim 10 or 11 that includes allowi ng pressure to rise by limting
adj ustment of arp.aut aimetdppakiuy oFdilaiai ablkerélh SC awORindb Wl is CRfined By nan

effective r e-of adjustnent of the orifi The nethod of claim 14
that incl uo%@%%wflﬁf‘n admstmen AL Qﬁtﬁd&tsgbi%‘fléﬁhﬁgé orifice and wherein the stop

is adjustably located on the nozzle body to divide the flow window such that the
nozzle flows at a variable flow rate and at approximately constant pressure for a first
fraction of the flow window and at a variable pressure and relatively constant flow

rate for a second fraction of the flow window.

3, A selectively automatic fire fighting nozzle, comprising:

a nozzle body defining a fire fighting fluid conduit terminating in a variable
discharge orifice, the orifice varying between a minimum and maximum opening at
least in part in response to variation in fire fighting fluid pressure; and

nozzle elements, at least in part adjustable, providing a selectively variable
range for the maximum orifice opening.

4, The apparatus of claim 1 wherein a maximum of the selectively
variable range for the maximum orifice opening defines a flow window and wherein
the nozzle elements include a stop adjustably located on the nozzle body to define a
maximum orifice opening so as to divide the flow window such that the nozzle flows
at a variable flow rate and at approximately constant pressure for a first fraction of the
flow window and at a variable pressure and relativély constant flow rate for a second

fraction of the flow window.

5. The apparatus of claim 1 or 3 wherein the stop limits forward motion of a

floating baffle.
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nozzle. 16. The nethod of claim 15 that includes adjustably netering foam
concentrate into the nozzle as the discharge orifice adjusts. g MAF§2 5
selectively automatic fire fighting nozzle, conprising: the nozzle ou(gy
defining a fire fighting fluid conduit termnating in an adjustable

di scharge orificeg thesadicusiaPbeiofiatic fisd ehtaig dozer, cehpriveg:at | east in
part by elenments that relatively adjust, autonmatically, over an available
range; a stop conmbedsepprtion phhemozzle defining 2 fiselfightingheidicendyjf teppinafingin 5
range of aut o&p&ti&lrgl tive adj ustnment between orifice defining elenents
within the PSR lrsgl}?dgc?og ’15 2 e MAR 2005 wherein a flow wi ndow is
defined by an effecti vihe radjugmblef diachanget weifice apfomakieallydpdivstalle ewithis civar ge
orifice and wherein the stop is adjustably |ocated on the nozzle body to
di vi de the fm‘?&aﬁ&eﬁm@ch that the nozzle flows at a variable flow Y
rate .and at approxi maidflsiabfanéind fir flFtR& diniiting the rangeiof atitoh@iie adjhistomentr at e
fraction of the flow w ndow and at a variable pressure and relatively
const ant f | of thepefigeswithin thecayadableiageer f| ow rate fraction of the flow

wi ndow. 18 . A seJectively, automatic fire fighting nozzl.e, conprising: a
body portion of the nozﬁéleaﬁﬁ%h?%ﬁn%ucférf b rloﬁ%e’fcloﬁ’ipﬂs indui t
termnating in am asdpldoap befinthgss sy Gghtdii flui€ €onduit terminating in a variable

discharge orifice, the orifice automatically varying within a variable range, between a

minimum and a maximum opening, at least in part in response to variation in fire
fighting fluid pressure; and
selectively variable means for varying the range of automatic adjustment of

the orifice.

8. The apparatus of claims 1, 3, 6 or 7 wherein the nozzle is a self-educting

foam fog nozzle.

9. - The apparatus of claims 1, 3, 6 or 7 wherein the nozzle is a self-metering

self-educting foam fog nozzle.

10. A method of operating an automatic fire fighting nozzle having an
automatically varying discharge orifice, the nozzle subject to varying supply pressures,
comprising:

targeting a flow rate less than a maximum possible flow rate for the
nozzle operating at a standard supply pressure, wherein said maximum possible flow
rate corresponds to a maximum opening of the discharge orifice provided by nozzle
structure; _
maintaining approximately a selected fire fighting fluid discharge
pressure for fire fighting fluid flowing through the nozzle for fluid flow rates up to
approximately the targeted flow rate; and '
allowing fluid discharge pressure to rise above the selected discharge
pressure while maintaining (approximately) fluid flow rate upon reaching‘the targeted

flow rate.
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"the adjustable discharge orifice defined at least in part by elenents that
relatively adjust, automatically, over an avail able range; a stop connected
to the nozzle body, adjustable to further limt range of auE([arT@I\%?
relative adjustment between orifice defining elements within th QPFI abl e
range; and wherein the stop limts forward notion of a floating baffle. 19
. A nethod of operating an automatic fire fighting nozzle subject to
varying supply pressures &eieHodsif operativg axt aitovhatig fap fgloingmara¢ subiecsel ect ed
fire fighting fluid discharge ressure for fire fighting fluid fl ow ng

t hr ough théowwméumnﬁrpmsmeacwﬁwm%t es up to a. targeted flow rate;

allow ng fluid g é}ﬂgragﬁovp'iﬁ $ddE hah Q. mbgienabaye ralkeposable doretie diosdhar ge
pressure while infaining (approximately) fluid flow rate upon reaching a

t ar get ed flwhenopereting andtandardspily BSessdrepr essure to rise , by liniting the

adj ustnent of an aut.omatical. ':M%thiﬁl‘i ' Aid Qisekdrfd pressutd fhbhi N an
avai l abl e range"gfnlé%’aﬁnn’gg?%%lﬁ{n&g}yaa%e orifi c?eéhﬁl% A ssel e%t%e,l y automatic
fire fight ifig fipleng fuid Aowpatesslessghareandosztospprodimaiely theitaigetsd firvaakei ght i ng
fluid conduit termnating in a variable discharge orifice, the adjustable
orifice autffmtically varying between a m ni nrum and a maxi num at |east in
part in responsealidwiny ftidalischargs prefsurestofrisglabiveghd ¢amstntlissharae presswéz z| e
el ements adj ustabl e to.sglectively var f Lc iust ment  of
The.di scharbas BrediS e drapreoir s aaa o e R g e T
range of adjuusidehie Shrdxliateldcantatge orifice and wherein at |east one
nozzle elenent is adjustably | ocatabl.e.on., t.h 0zzl e. v de the
e s 13, el TP Pkl

f1 ow wi ndow suckthat th owrate and at
appr oxi mat gl ¥elgcteR Vafitg dtaRRofas afitomatialig radfukable diatizsgesardicat a vari abl e

pressure and rel atively constant; tf qurate 95 AoRBLeL! Qs Sim 16

concentrate into the nozzle.

14. The method of claim 10 or 11 that includes allowing pressure to rise by
limiting adjustment of an automatically adjustable discharge orifice within an

effective range of adjustment of the orifice.

15.  The method of claim 14 that includes educting foam concentrate into the

nozzle.

16. The method of claim 15 that includes adjustably metering foam

concentrate into the nozzle as the discharge orifice adjusts.

17. A selectively automatic fire fighting nozzle, comprising:
the nozzle body defining a fire fighting fluid conduit terminating in an

adjustable discharge orifice;
the adjustable discharge orifice defined at least in part by elements that

relatively adjust, automatically, over an available range;
a stop connected to the nozzle body, adjustable to further limit a range

of automatic relative adjustment between orifice defining elements within the

available range; and
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2 8 MAR 2005 . 21. A selectively automatic fire fighting nozzle,
conprising: a nozzle body defining a fire fighting fluid congyi ar 005
termnating in a variable .discharge orifice; ' the discharge orllece,

automatically varying, in response at least in part to fire fighting fluid
pressure, over a rangevhsfeiop8ovwjadereds definedpy apeiewive range of adjugdagnt t he
range havi ng | ri gq,?ﬂ' PHINROSA 4 L usBd | e of
claim 18 mhe?%hgg’glt%&%ﬁeléglsg%a}r% dg%%ﬁg e gmantmel 'ﬁer)ﬁ; _{sgd?léus?aﬁ gfrl\(/\)/%;gr%%:i ?rlgtﬁlé on of a
fl oating bafiidzele tddy toAdinide ktedlod wirlewaduch ghaa theandzoleelows af i rveridblglbwng

nozzl e subject to, varyin upply pressures conprising: selecting..a
targeted fl Ul -WW?%%’%‘“%SE’ cl%ﬁ‘gxrﬁ&eff'ﬁ? lf?rh%&fsg?ogj@f ﬂgg'l rﬁ% %aéﬁ%,ogthe maxi mum
flow rate foffov RendoRZal 8 a VARbIERIsSIARRE irBlgtietey tdiBEneflow edétoriaRedtadt by a

. maxi mum sel ectively vari abl e opening of a discharge orifice of the nozzle;

mai nt ai ni ng Hghspilewirsafragtion ofths dowcvigdowi re fighting fluid di scharge
pressure for fing fi e f! sdicthatik G4 B ] bherifipzzl e for fluid flow
rates bel-ow and up tog?%llg&t gr’fgaet ed 1f | ow ?tg%r%; g%]ﬁocvm gﬂ?%qi d di scharge
pressure to rise abovebofepertipect the ngizale definjog pfies Sghtog Whd tenduiti nt ai ni ng

fluid flow ra | l Yk t ant —upon reaching and exceeding a
targeted.fl %#@#@g%%ﬁ@ﬁ%%@gf%ﬁ%sure torise by limting
adj ust ment of an aut ctiredjesdble/dischdiga orifibe defitied ehlagyén part by cements than a
sel ect ; vel yre\iﬁngeﬁga{dﬁxs{ %ﬂgr%at?c];ll %lvé’(sagi%gitla}b?g ra}lgce ort fi Ce 24 . A
sel ectively auto c’tire 11 gnting nozzle, cortprising: a nozzle body
defining a fire fightastap dohnbctedcotiduiotzlé body, adjustalge tonfustheti Imaithangeof ori fi ce;
- automatic relative adjustment between orifice defining elements within the available |
range; and '
| wherein the stop limits forward motion of a floating baffle.
19. A method of operating an automatic fire fighting nozzle subject to
varying supply pressures comprising:
. maintaining approximately a selected fire fighting fluid discharge
pressure for. fire fighting fluid flowing through the nozzle for fluid flow rates uptoa

targeted flow rate; _
allowing fluid discharge pressure to rise above the selected discharge pressure

while maintaining (approximately) fluid flow rate upon reaching a targeted flow rate;
and - _ |
allowing said pressure to rise by limiting the adjustment of an autbmatically
adjustable discharge orifice within an available range of adjustment of the orifice.
20. A selectively automatic fire fighting nozzle, comprising: |
a nozzle body defining a fire fighting fluid conduit terminating in a variable
discharge orifice, the adjustable orifice automatically varying between a minimum
and a maximum at least in part in response to variation'in fire fighting fluid pressure;
_ nozzle elements adjustable .to selectively vary a range of automatic édj ustment
of the discharge oriﬁée; and |
wherein a flow window is defined by a maximum range of adjustment of the
discharge orifice and wherein at least one nozzle element is adjustably locatable on
the nozzle body to divide the flow window such that the nozzle flows at a variable
flow rate and at approximately a constant pressure for lower flow rates and at a

variable pressure and relatively constant flow rate for higher flow rates.
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the discharge orifice defined at least.in part by elenents that relatively

adjust automatically, over a range; and ' a stop connect ed _tg t he Bt%zl e
body, selectively adjustable to limt a range of automatic r B MAR, _
~adj ust ment between orifice defining elenents. 25. The apparatus of claim3

wherein a fl ow wi ndow i s defined by the adj ust abl e di scharge orifice and
pn t he, nozzl e body to

wherein the stop s sel eCtﬁye%lﬁaY&?Jﬁ gczﬁrg lfg?’ﬁ%}gg% a*QBAFRE e flow rate

di vide the flow w ndow suc
and at appr oxi mat 8¢azlecndytdafitinpneiss lftghtxiﬁg)ﬂuxa dondit tehhimafingOm Hfarlbg 1 ow
e pressure and relatively constant flow rate for a

wi ndow and
second fra@%?h%r eao?k? flow w ndow. ~ ' 17 28 MAR 2005 26 . A selectively

automatic fire f|@1dlsq1ngrgn0mﬁ¢ee,automamaﬂlylwagfm@nnﬂzﬁdnee best thefartbge a fire
| or|f|ce t he di scharge

];Ir |g1t1|t ::(ralga];lt ;Hrggpggﬂﬁﬁﬁesdﬁugv%%lt%n qfﬁpgf‘”gglssdé i Ya‘??&z gé e@’é‘{‘?‘aﬂé‘ﬂy adj ustabl e
means for limti mlgmﬂmhaamgmﬂécn&uly@ﬁﬂibl@nﬁﬂmmﬁﬁ@ﬂionm the orifice. 18
22, The nozzle of claim 18 wherein at least one nozzle elemen’c limits a
forward motion of a f_loatmg baffle. .
23, A method of operating an automatic fire fighting nozzle subject
to varying supply pressures comprising: |
~ selecting .a targeted fluid flow rate for the nozzle', the target being below a
maximum flow rate for the nozzle, the maximum being defined at 'least in part by a
‘maximum selectively variable opening of a discharge,oziﬁcé of the nbzzle;
maintaining. (approximately) a selected fire fighting fluid 'discha..rge pressure
for fire ﬁghtiﬁ.g fluid flowing through the noz.zle'for fluid flow rates below and up to
the targeted flow rate; | .
allowing fluid discharge pressure to rise above the selected discharge pressure
thIe mamtammg fluid flow rate (approximately) constant upon reaching and

exceeding a targeted flow rate; and

allowing said pressure to rise by limiting adjustment of an automnatically
adjustable discharge orifice within a selectively variable range of adjustment of the

orifice. . _ _
24, A selectively automatic fire fighting nozzle, comprising:

a nozzle body defining a ﬁfe fighting fluid conduit terminating in a discharge
orifice; S

the discharge orifice defined at least in part by elements that relatively adjust
automatically, over a range; and _

a stop connected to the nozzle body, selectlvely adjustable to hrmt a range of
a.utomatxc relative adjustment between orifice defining elements.

25. - The apparatus of claim 3 wherein a flow window is defined bv
the adjustable discharge orifice and wherein the stop is selectively adjustably located
on the nozzle body to divide the flow window such that the nozzle flows at a variable
flow rate and at approximately constant pressure for a fitst fraction of the flow
window and at a variable pressure and relatively constant flow rate for a second

fraction of the ﬂéw window,
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26. A selectively automatic fire fighting nozzle, comprising;

a nozzle body defining a fire fighting fluid conduit terminating in a discharge
orifice;
the discharge orifice automatically adjustable within a range; and

selectively adjustable means for limiting the range of automatic adjustment of
the orifice.
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