1 2 OCT 2005 LIQUI D SPRAYERS Field of the invention The invention relates
to the liquid spraying technique and may be used in fire- 5 prevention
systens, as part of processing equipnent, for the burning of fuels in the
heat engineering and transport, as well as for humidifying thd 2G0T gaggent
and for spraying disinfectants and insecticides. Background of the
invention 10 Diversified types of ILKWID SPRAYERSare currently used in a
variety of fields, including the fire-fighting equipnment, as
fire-extinguishant sprayers. As an exanple, the Patent US No 5125582 (IPC
BO5B 1/ 00, published 30.06.1992) dragh ge@s iblgrspnstruction of a liquid
sprayer designed for the generation of cavitation liquid flows. The prior
art conprisedha loamtwg valaths do fthevliquit spgilyingh teheljué andentapybeausedzinl efiend a
15 cylindrical chanb zzle i.s made in éhe formof a.converqi t ube
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of a minimal section of the nozzle. On supplying the Iiquid under pressure
i nto t hedisinfeetanspend ingeasicidese converging tube of the nozzle, the liquid
flow section is contracted and the outflow velocity is increased. An
abrupt expansion of the liquid 20 flowin the diffuser results in liquid
cavitation. The |iquid cavitati omBiackgidih@dgiHeligbbntibnt he process of passage
of the liquid jet through the cylindrical chanber, where the |liquid j is
expamfed and Diwarsifigd yupaseaf HAUiRhSPAYEIS §&n eWassly. Usad 1B riaristy vfa@ﬂam lﬂelﬁémgs
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associ at e I spersion process. wever, despite the possibility
of an int enS|AfS| aademnplb,atheoﬁ’atmtoﬁsslﬁo 5088582 (IBC BO.‘»B I]J/Qmmilbhﬂﬁ:ds;m oy &99oes
not provide for the formatian of t ead ne-di s iquigd flow,
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suppressing the sources of fire. A vacuumtype sprayer head he aut hor's
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admt atnospheric air into a vacuumzone in the cylindrical head cavity.
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20 flow in the diffuser results in liquid cavitation. The liquid cavitation is intensified in the
process of passage of the liquid jet through the cylindrical chamber, where the liquid jet is
expanded and return vortex flows are generated. An annular vacuum zone is formed around a
conical jet to initiate a cavitation process and an associated liquid flow dispersion process.

However, despite the possibility of an intensified cavitation process, the prior art liquid

25  sprayer does not provide for the formation of a steady-state fine-dispersed liquid flow, that
can retain its shape and section size at the distances of up to 10 m, which is of particular
importance when the sprayer is employed for suppressing the sources of fire.

A vacuum-type sprayer head (the author’s certificate, USSR, No 994022, IPC B0O5B
1/00, published 07.02.1983) is also known, which comprises a nozzle composed of a

30 converging tube and a cylindrical head located coaxial with the nozzle. The cylindrical bead is
equipped with ejection holes formed at the side of its outlet opening to admit atmospheric air
into a vacuum zone in the cylindrical head cavity. As a result the incoming air saturates the

moving liquid flow to provide for splitting of the flow into small droplets.



Russi an Patent No 2123871 (I PC A62C 31/02, published 27.12.1998) descri bes
a head for form ng an aerosol -type water spray, which allows the dispersion
of a gas-drop jet to be inproved. The prior art sprayer (heag) conpri ses
casing having a flowthrough channel 5 2ormed as a Laval noz ﬂeOC$nﬂmﬁlet
pi pe union for supplying liquid under pressure, and a distributing grid

| ocat ed between the pipe union and an inlet section of the Laval nozzle.
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During operation of said device the liquid (water) is supplied under the pressure of
1.5 + 2.0 bar into the inlet opening of the flow-through channel and is sequentially accelerated
in a nozzle formed by the converging tube, the cylindrical portion and the diffuser. The fire-
extinguishant is ejected into the diffuser through the radial passages to be further intermixed
25  with the liquid flow. The implementation of said device allows the reach of the fire-
extinguishant to be essentially increased to thereby improve the fire-fighting effectiveness,
when known extinguishants are utilized. However, the given embodiment does not provide
for the generation of high-velocity fine-dispersed gas-drop jets. The liquid flow is used in

such devices for the most part as a carrier for an additionally introduced fire-extinguishant, for

30 example, for foam-generating additives.



whi ch nust retain the shape and size of its section at the distances of up
to 10 m and at 5 increasing the efficiency of energy cons%nzﬁwgﬁr &?e
generation of a gas-drop jet. Also the distribution of droplc tm] ion
over the section of a fine-dispersed gaszdrop jet nust be honogeneous. The
solution of the aforesaid objectives is of particular inportance in the

i npl ementation of liquid sprayers for suppressing the sources of fire. The
techni cal result which may be achi eved through the solution of the tasks
set forth 10 consists i n increasDugldshes dfitheinvergitin ng ef f ecti veness, when
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af or ggai geat ?ﬁ?%ﬂ}}#’ﬁfﬁ?’“fdf% ﬁwgyrohg?gﬁghgper sed gas-drop jets to be

generate consunption energy. A dianeter of said
cylindrical éhhgmdlspofyet having an apex angle of a cone defining the converging tube between

6° and 20° and an apex angle of a cone defining the diffuser between 8° and 90° is preferably
used. In particular, an apex angle of a cone defining the converging tube may be equal to 13°
and an apex angle of a cone defining the diffuser may be equal to 20°.

25 To enhance the steady-state flow of the gas-drop jet so that it is free from stationary and
oscillatory deviations from a predetermined orientation, inlet edges of the converging tube
defining the inlet portion of the flow-through channel and outlet edges of the diffuser defining
the outlet portion of the flow-through channel are formed rounded.

The radius of rounded edges is substantially 1+ 2.5 the radius of the cylindrical portion

30 of the flow-through channel.

The liquid sprayer may be equipped with a chamber having a cylindrical channel, whose
inlet end is joined with an outlet section of the diffuser, with the diameter of the cylindrical

channel of the chamber being not less than the diameter of the outlet section of the diffuser.



chanber is substantially 4=6 dianeters of the cylindrical portion of the
fl owthrough channel, and a |length of said channel is 10=30 di aneters of
the cylindrical portion of the flowthrough 5 channel. A grid or
perforated plate may be located at the oytlet section of the clyli00Fi8s
channel of said chanber. In this event, the gas-drop jet generated in the
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chamber arranged coaxial with a casing, on the outside thereof. At least one passage is formed
between the casing outer surface and the chamber inner surface for supplying a gas flow
under pressure toward the outlet section of the outlet portion of the flow-through channel of
said sprayer. The chamber may contain a nozzle composed of a converging tube and a
25  diffuser arranged in sequence. The nozzle inlet section is communicating with an outlet
portion of the flow-through channel of said sprayer. The use of the chamber with the nozzle
allows the energy of a cocurrent gas flow to be utilized for further splitting of liquid drops and
for increasing the reach of the fine-dispersed gas-drop jet.
The accomplishment of said objectives is also enabled by providing a liquid sprayer
30  which according to the second embodiment of the invention includes a casing having a flow-
through channel composed of an inlet portion formed as a converging tube, a cylindrical
portion and an outlet portion formed as a conical diffuser, with said portions being joined with

one another in axially aligned relationship, wherein according to the present invention a



| ength of the cylindrical portion is not |less that a radius thereof, and

the converging tube defining the inlet portion of the fl ow t nnel
i s made conoi d-shaped, with a radius of roundness of the si agzmlz;ggi

bei ng not less than a radius of the cylipdrical portion of the
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of the airf tlow around the ow gener at ed. this aimin’view,
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di ffuser and the second pl ane extending near the outlet section of said

chanber . of the chamber, as in the first embodiment of the invention. In order to reduce the losses of
energy during generation of fine-dispersed flow, the total cross-sectional area of the
perforated plate or grid holes is selected to be equal to 0.4 + 0.7 the cross-sectional area of the
cylindrical channel of said chamber.

25 The chamber wall, as in the first embodiment of the invention, may be furnished with at
least one tangential opening for ejecting gas from the outside into the cylindrical channel of
the chamber. Such embodiment allows the gas-drop jet to be stabilized and the losses of
kinetic energy of liquid flows to be reduced due to swirling of the air flow around the flow
generated. With this aim in view, the chamber wall in the preferred embodiment of the

30 invention may be equipped with at least four tangential openings, which are symmetrically
arranged by pairs in two cross-sectional planes of the cylindrical channel of said chamber, the

first plane extending near the outlet section of the diffuser and the second plane extending

near the outlet section of said chamber.



1 2 OCT 2005 6 Also the preferred enbodi nent of the |iquid sprayer may
contain a chanber arranged coaxial wth the casing on the jﬂfﬁe f] r eof
i nstead of the above described chanber. At |east one passag = fg d
between the outer surface of the casing gnd the inner surface of the
chanmber for supplying gas under pressure to the section of the outlet
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enbodi nent of the rnvention; Fig. 2 is a schematic sectional view of the
liquid spiglementagionef tha chember stidethgi ndiziehalows; as tin dht) didstrasphodimenthaf the
i nvention wth roun e S e fl t hrough. c nel .. Fi g,. i :
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the 180 fdrspsiéts endidieasing thd rdabieof the Einkidiperdel agd@pdldyer having a
cylindrical channel; Fig. 4 is a sectional viewin the plane A-A of the
chanber equi pped with a cylindrical channel and used in tw enbodi nents of

the invention (See Figs 3 and G)Efrieﬁz'&crigtiér?quthﬁg%rmég c sectional view of
the Tl

the liquid sprayer forned in accordance wt st enbodi nrent of the
i nvention w tlhetiheentivaniyeaxplainat byl thoaxamplesviof ln partaslan gmbodinieat and by2the
annual passa di S. forrred.;b. Fi % (gl is. a schematic representation of the

li qui d sBPRYRFdrrEings descbe Bp fall%¥ngi th the second embodi ment of the

i nvension. Fipg. 17isiaScRerSsNermidsentasit boika liqul eyrdfer thienddi ifl bbebrasica ¥ath the
equi pped in accordance with the second enbodi nent of the invention with a

chanber Hhastiompodiragytiofitheiigggntiohannel ; 30 Fig. 8 is a schematic sectional
oo 1 A NG SRRSO BE LIS ey b SRR ©
annul ar passagedisert of tednvention with rounded edges of the flow-through channel;
Fig. 3 is a schematic sectional view of the liquid sprayer formed in accordance with the
20 first embodiment of the invention with a chamber having a cylindrical channel;
Fig. 4 is a sectional view in the plane A-A of the chamber equipped with a cylindrical
channel and used in two embodiments of the invention (See Figs 3 and 6);
Fig. 5 is a schematic sectional view of the liquid sprayer formed in accordance with the
first embodiment of the invention with the chamber located coaxial with a casing so that an
25 annual passage is formed,;
Fig. 6 is a schematic representation of the liquid sprayer formed in accordance with the
second embodiment of the invention.
Fig. 7 is a schematic sectional view of the liquid sprayer equipped in accordance with
the second embodiment of the invention with a chamber having a cylindrical channel;
30 Fig. 8 is a schematic sectional view of the liquid sprayer equipped in accordance with

first embodiment of the invention with a chamber arranged coaxial with a casing so that an

annular passage is formed.
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.enbodi nents of the invention A liquid sprayer formecf'egc%g%f g @gpt'oet(gé pigst

enmbodi ment of the invention (See Figs 1 to 5) conprises agciaP @03l with a
f1 owt hrough channel conposed of axially aligned portions joi neg &J(C\mﬂﬁe
another. An inlet portion 2 is made in the formof a convergi ng1 u '

an 5 outl et opening joi npgeﬁ]ﬂgﬁgx%l%t%?&%ﬁgw% ?ﬁé?ﬂvl‘?;’w‘;’{ cal portion 3.

An outl et portion 4 made a coni ca user conprises an
i nl et openi rig lijqoidneaayei fhrnasl anebidetig wpheifirgt @hbodilentoflthethventivin (See Fignl 3.

gl 6 ofo 3) EBRErtr? S | HENEbAVSH GF AP et SOTPORHED AL SheastyPBhs &
cone defibbdtitii ffe Hobdt>Ah ihfet BBrioh® RAIAR 1Y rdrmd 8f £ CONREAGLBE iliPar! de
of the inlet opening of the converging tu%e to a plpe unio of a
pi pebi neutitt epdningijoinesiugopdnyinksy Sipening Die dyligdrichl porifny3. Austwglet portiondemade
punp- or, pressure-type |liquid supercharger, 6. In a preferred epbodi nent
(Seo Fi gn ths Farm o & Ebiied dIftuseseoRmses o ok oasengdeing gthy %ouﬁpe%mp%f)f i on
2 of thepf kﬁ%&{yapﬂgﬁioﬁ@nﬂgén@[ﬂ%f gl'ljet tinde gleﬁorﬂf)n i 6.7%% h%%ﬁ%éﬂé%%% t he
4 e Tounded,” wth 't

outlet 15 portion 4 are na e radi us of roundness being
equal t epthengle affetcene defining the yoriverting aibepiod 39 @l B apthangle gfih dospdeyEng may
i ncl ude & nber éo(See Fig. 3) having a cylindrical channel 8 whose

inl et oﬁﬂ"ﬁ &%s?rslsg muni cating with an outlet section of the diffuser

(outipet por tirma{l,)ngh1 As bBRferat The 5118 oF)he RAlbi Shifp e coBversing Gisd td 9

four diameters of the cylindrical portion 3 20 of the flowthrough channel.
The | engtipe vhionh® ofyal pipdhine af aclhquidehpEy reystsor. dihefliqnd supplypgydtem indudes an

of the diffuser to t out l.et section of the chanber 7 is equal to ten
di arreterpém{éjf'%ﬁ reesg%r)ff{}? edfrilﬁllcl:1 Isu%e(f(‘l;;lﬁr%er{@ of the flowthrough channel. A

perforated ghatgreferted dntisati@ent (Set Feg. WtihRt ed @R&OTIthg cfveidintr aipk idefihingahe
channel 8 and attached to an end part of the chanber 7.1%1 nmeans of. a
speci al 1Rt pagiong elthg floyy-Huguaheeltanpeland quélgt edgen of the difuser detiing Greagutist
pl atie 9 . St t . | J-ndrd

The e o A0 Rl B6inded, SERGp Ry SE RS ol LI Oy aRRRAR RO e
pl at e 9 ciyBndmdad porbndependi ng on the dianeter "D' of the cylindrical
portion 3 ig%%ccorgance with, the coa]dition: 2.<d/D<O

tangential OPEriHGS SRIEYE BaY Biohds 4 chapmber e Bie Shhries aiﬁ;ﬁ%ﬁcgr BRATTIRS i ¢
Lo, AL DL 95 Bl Ty
t he cyl iAadransdér eftthneglind@icaFobanneb® s eqyel 1dl foar diameters of the cylindrical portion 3
20  of the flow-through channel. The length of the cylindrical channel 8 measured from the outlet
section of the diffuser to the outlet section of the chamber 7 is equal to ten diameters of the
cylindrical portion 3 of the flow-through channel. A perforated plate 9 is located in the outlet
opening of the cylindrical chanﬁel 8 and attached to an end part of the chamber 7 by means of
a special nut 10. A total cross-sectional area of holes in the perforated plate 9 is 0.5 the cross-
25  sectional area of the cylindrical channel 8. The maximal size “d” of each of the flow-through
holes in the perforated plate 9 is selected depending on the diameter “D” of the cylindrical

portion 3 in accordance with the condition: 0.2 <d/D <0.7.

Eight tangential openings 11 are formed in the wall of chamber 7 for ejecting air from
the outside into the cylindrical channel 8 (See Figs 3 and 4). The tangential openings 11 are
30 arranged in two cross-sectional planes of the cylindrical channel 8. Four openings 11 are
symmetrically arranged in the cross-sectional plane of the channel 8 near the outlet section of

the diffuser (outlet portion 4), and four other openings 11 are arranged in the cross-sectional

plane of the channel 8 near the outlet section of the chamber 7.
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symmetrically arranged in the cross-sectional plane of the channel 8 near
the outlet section of the diffuser (outlet portion 4), and four other
openings 11 are arranged in the cross-sectional plane of the czh ekmg
near the outlet section of the chamber 73 | PEA/ RU H3I\/EHEHHbI1) R 0c
12005 8 The sprayer may be equi pped with a cylindrical chanmber 12 (See

Fig. 5) arra | i i i ; i i 0 i .
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tube 14 an Iquid sprayer, accor e sec

enbodb menbpmfing fgas ito b seaion( Gethe Feugst portion 8) of denfliowskough chasineh A Gowtleh a
fl owt hrough channel, conposed of sequentially joined portions Lall

O oo el COrRORE o e el b LGl e PORE 205 s B .
conoi d- shaped, [idfld §RAYE" déddedihy ]Et?th\eﬂséébna enfidtae R lof FRUAGIESR (He 1fi§§6 des

surface equal to the dianmeter of a cylindrical portion 18. A'lenglh of )t’he

cyl i ndri cainprisasta @wingslq withedloxi-throughechianheltcopiposédoof $&quentially. jGineh ortions

diameter therepf. An.outlet portjion.19 for .as _a conical diffuser has.an

nier opbih gt iR e Ao A it poBin Fyigadt 85 Fitmt 4 R EG RS

18. A0 apexversifiz aubd vatC anadiub AFoldebe ofliaf §ile Qurfhde eghal Thehs anmicierstrped

surface of the converqiﬁngltube ‘(i nlet portion 15 17) is rjhOi ned wth the
necal

surface 67lindiicakporting engdh of e cyBndricahpording |18 jeined withiike inlat pextioadgds
of the dif el ' e [ f e. fl ; nnel
are rradeb'r%ti%daelé% Eévi\r/: @%eghrégﬁdéﬁgp Bl%)hln nefégnegjf a% Eecélgééggﬁlﬁ%s?ﬁglg%%ﬁgﬁﬁ? o]
that of bheninyjdinst withlthpouddt @perifig ofl the ytindfical portion 180 Ameaperdngle of agiope

ion 20 of .a pipeline o.a,ljquid | | udi liguid
Super chaf e B Seitia oy it Sanglt Mot AlTererdrybE ontr i duner e parsen
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being equal to that of the cylindrical portion 18. referre
enbodi menf thef diffuserdiormingrth¢ SudetRiagtiony 19 of ¢heoflowahrougk gharpebsretthade wufidadser
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A perforated plate 24 is |ocated in the outlet opening of the cylindrical
channel Msludine aliguidsupercharger Znd part of the chanber 22 by neans of a

20 The outlet edges of the diffuser forming the outlet portion 19 are made rounded, with a
radius of the roundness of the edges being equal to that of the cylindrical portion 18.
In the preferred embodiment of the sprayer (See Fig. 7) the outlet opening of the
diffuser (outlet portion 19) is communicated with a chamber 22 having a cylindrical channel
23. Geometrical sizes of the cylindrical portion 18 are selected identical to those of the first
25 embodiment of the sprayer (See Fig. 3). A perforated plate 24 is located in the outlet opening
of the cylindrical channel 23 and attached to an end part of the chamber 22 by means of a
special nut 25. The sizes of holes in the perforated plate 24 are selected identical to those of
the first embodiment of the sprayer (See Fig. 3).
Eight tangential openings 26 are formed in the wall of the chamber 22 for ejecting air
30 from the outside into the cylindrical channel 23 (See Figs 7 and 4). Tangential openings 26
are arranged and oriented in the manner identical to that of the first embodiment of the

Sprayer.



special nut 25. The sizes of holes in the perforated plate 24 are sel ected
identical to those of the first enbodi nent of the sprayer (See Fig. 3).

Ei ght tangential openings 26 are formed in the wall of the chap@QET 2805 or
ejecting air 30 fromthe outside into the cylindrical channel 23 (See Figs
7 and 4). Tangential openings 26 are arranged and oriented in the manner
identical to te F;r,g(q] R
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10 Water is suppl i ed unc% pressure by a supercharger 6 via a pipeli ne@gf a

wat er supply P@ycmeéamomd)fathplsp@y@rnd%rgnsde@r&m@wcrvaﬂaweofmst embeigenhef

t he casi elivered into an inlet opening of
t he convgg‘é%%ﬁlggfss‘gdrgfég‘ﬁtq?(% m&ﬁ{gﬁﬁrﬁl\/\gere a high- velocity liquid flow

I s gaoer at ed Wateh isasupplibd nndargpressuteybypa @ﬁpdrehamgam tiaea pipelincoof 4 hatezalipplyhe
liquid flowis advancing_in the converg g tube fromthe zgne wth i gher
static pr¥¥eiie aPPRioR S|conRiCiegyAARioK ﬁ%&wgéffl& taREAo AESAI FRayer)

static pﬁ?%l%ﬁ&&e@”&oaaﬂ‘hﬁ&%peﬂw the QIR EL bk n§letab&@i\6§ zt)h%/th&”Q'hﬁglP”S
for the formation of vortex Tlows and separation o flow from
t he chanmelocitglliquidoflgye ip genceated with Bhenifeami veddcityipyofild OfVIenthevse¢tm thyreaf Tihiae
outlet e nvergi ng.tube is. sel such t hat

ot essur o 1 Fa g AT HE e PRV Enab B F5™ (Relihe it p DRR A Breesvm e
20 ofist hengatiewet Bgndnhid PreksMRAOhP LARSHHLR adbweN&alidpickdtire bedR G gHet! dgndrhior

water PS,, = 2.34.10-3 MPa at t=20C). The initial static water pressure
upstr eampmssmeTb@rﬁH@M@ the CPWBOmSSf%hquma&an af vortere flowy and separgiqnof thee
critical f| r prrent of cavitation during

out fl ow |%thﬁ§$ﬁg?§ rrt?s? é&%ﬁﬂﬁﬂ totbg The | osses of kinetic energy

occurring durlihegnayiamb zhgalcbﬂow hxeldcltguat dhef bm\ktt tehd @fighe thevecginy eutg usg;eteutad
Conver gf AT b e AU RO AN POt S QUCC B (ppgs decrensed f e valie
20  of the saturated liquid vapor pressure at the initial temperature (for water Py, = 2.34:10° MPa
at t=20°C). The initial static water pressure upstream of the converging tube is maintained at
the level not below the critical pressure sufficient for the development of cavitation during
outflow into the atmosphere (P;, = 0.23 MPa). The losses of kinetic energy -occurring during
passage of the liquid flow through the converging tube depend on the cone angle of a cone
25 forming the conical surface of the converging tube. As the cone angle increases from 6°, the
consumption of energy is initially increased to reach the maximal value at the angle of ~ 13°
and is then decreased at the angle of ~ 20°. The optimal apex angle of the cone forming the
converging tube is therefore selected between 6° and 20°.
Upon passage through the inlet portion 2 of the flow-through channel of the sprayer, the
30 liquid flow is delivered into the cylindrical portion 3, where cavitation bubbles are developed
for the period of time of ~ 10* =+ 107 5. The formation of bubbles during the passage of water
flow through the cylindrical portion 3 is ensured in case the length of the cylindrical portion

exceeds its radius to provide for predetermined time sufficient for the steady-state cavitation.



consunption of energy is initially increased to reach the maxi mal val ue at
the angle of - 13 and is then decreased at the angle of - 20. The opti nal
apex angle of the cone form ng the converging tube is therqur(ﬁjsq[]%ct ed
between 6 and 20. Upon passage through tifge inlet portion 2 of the

fl owt hrough channel of the sprayer, the 30 liquid flowis delivered into
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2 of 15he cbhewhglbod vighdittusemddfingnee dedsutlet pertion 2eofathg lfRwothrélph chanveregtads
tube defining the inlet portion 4 of the flowthrough channel @of the
sprayer . teptisaAngledthe pefversing tubsdelipig the pistigrianet ef the dloxr-thipughrdenrsdn 8
and 90. j : o 0
exceedin g? Eg%é%%ﬁ? 'hgﬁg%gé%ﬁge{nggﬁf gﬁs)egégrﬁgﬁr?ng&g qg%g‘tfﬁ%%ﬁ?ég@ %E&é%\agl e %ﬁ? ﬁg '
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proper sel ectiopn of timl tape ngl for the. converging tub nd. t he
G 1 user 5 Cncietas SR e e e BRTGIE EnbBAIGeT S Hogpe ALY fHsfing
ef f eghi ve splAibhg GakhQhe pRper sdidtdiofl oflopWinal fapbSaribsifsAthe @ ohPerbm@ thhteand the
di aneter of the diffuser outlet opening exceeding the dianeter of the

cyl i ndri €iffussbra figmeteripf the difnser pudet openimg|ie smpertatit Saeelective sphitting dfftheer
out | et liquid flow. It is advisable to use the diameter of the diffuser outlet opening exceeding the
diameter of the cylindrical portion 3 by 4 + 6 times. At a lesser diameter of the diffuser outlet
opening the effect of vortex flows appears only slightly upon the liquid flow and at a greater
25 diameter the dimensions of the sprayer are substantially increased.

The sprayer having the aforementioned sizes of the flow-through channel provides for
the formation of a high-velocity fine-dispersed gas-drop jet at the minimal losses of kinetic
energy.

When the diameter of the outlet opening of the pipe union 5 is essentially greater than

30 the diameter of the cylindrical portion 3 of the flow-through channel, use is made of a
converging tube having rounded inlet edges (See Fig. 2).

Such embodiment of the sprayer allows its dimensions to be decreased with minimal

losses of kinetic energy for friction and formation of vortex flows. Optimal radius of



opening the effect of vortex flows appears only slightly upon the liquid
flow and at a greater 25 dianeter the dinensions of the sprayer are
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t orobgal vor i®xflawing b0 accelerated liquid-gas jet through the outlet section of the diffuser
having outlet edges rounded to the optimal extent, axially symmetric toroidal vortex air flows
are formed in the diffuser. Such toroidal structures are axially elongated and do not give rise

to disturbances in the diffuser outlet portion.

When a chamber 7 with a cylindrical channel 8 (See Fig. 3) is used in the preferred
25 embodiment of the sprayer, the gas-drop jet is expanded and droplets are additionally split by
the perforated plate 9. While advancing through the channel 8, the jet is expanded and
becomes stabilized along the length of the channel which is 10 to 30 diameters of the
cylindrical portion 3 of the flow-through channel of the sprayer. At the given range of lengths
for the cylindrical channel 8, the velocity leveling is provided over the section of the gas-drop
30 jet on the one hand and the required jet velocity is maintained on the other hand. Upon
collision against the perforated plate 9, the size of droplets in the gas-drop jet is reduced on

the average by 2 + 3 times.



are formed in the diffuser. Such toroidal structures are axially el ongated
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ot her (plelg the dianmeter "d" of holes above the opti nal
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the cylilel)cal channel 8 via four tangenti aI openi ngs 11, which are
symw% ricall bu%rn[gao% ra 1ogyofqﬁle spraiyer tthe air is ejected from the outside into the cylindrical
channel 8 via four tangential openings 11, which are symmetrically arranged by pairs in two
cross-sectional planes of the cylindrical channel 8 of the chamber 7. The ejection is caused by
the reduction of the static pressure (vacuum) at the diffuser outlet end, when the gas-drop jet
is accelerated. The tangential orientation of the openings 11 formed in the chamber 7 and their
25  symmetric arrangement in the two cross-sectional planes of the chamber 7, with the first plane
extending near the diffuser outlet section and the second plane extending near the outlet
section of the chamber 7, allows the ejected air flow to be uniformly swirled around the gas-
drop jet. Tangential swirling of the incoming air reduces the effect of the perforated plate 9 on
the flow in the cylindrical channel 8 and minimizes “sticking” of the liquid in the holes of the
30 perforated plate 9. Also, said operational mode of the sprayer intensifies the process of

intermixing the liquid drops with air across the flow section and, consequently, increases the

homogeneity of drop concentration in the flow upstream of the perforated plate 9. Along with



cross-sectional planes of the cylindrical channel 8 of the chanmber 7. The
ejection is caused by the reduction of the static pressure (vacuum at the
di ffuser outlet end, when the gas-drop jet is accelerated. The tan?eibtﬂgal
orientation of the openings 11 forned in the chanber 7 and thel 2 86
symmetric arrangenent in the two cross-sectional planes of the chanmber 7,

with the first plane. extendi ng near the djffuyser outl et se¢tion and the
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Tangential swrling of the incomng air reduces the effect of the
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gas flow is generated through the outfl ow of 'gas supplied under 't he

excessi véhiepgl shpmnebfand gfsthe gys Fhowmatef thermgh the gianphae petsege §adhe ghampleriig

into,an gggg age formed between the outer surface of the sprayer
casi r%g 1ban b?gﬁgﬁnﬁéf surface of a chanber 12. The optimal ratio of the

liquid flow rAatarbhr diugied fire-dppesed ghé-aiwp fehiobighlly iemmdl whetl odtutrdit gas
flow rat f'ﬂot hrough t he annpul ar passage of the chanber is 15 between 90 and
25. A nallo8( didreReEBitarE dipsised saudigRdeide siputanequsty ageelegatedithihg, NofHEn
cocurren rebi ; -G QR.: e .
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velocity in the chanmber 12 of up to 80 ni's, the
average velocity of drops in the generated gas-drop jet was ~ 30 m/s at a distance of 3.5 m
from the outlet section of the chamber nozzle. The generated gas-drop jet had sufficiently
homogeneous distribution of drop sizes over the jet flow section: drop sizes in the central part
25  of the jet were 190 =+ 200 p, in the middle annular zone 175 + 180 p and in the peripheral
annular zone ~ 200 p and more.
Operation of the sprayer designed according to the second embodiment of the invention
(See Figs 6 to 8) is performed in the manner identical to that of the first embodiment of the
invention. It differs only in more optimized formation of a gas-drop jet at reduced longitudinal
30 dimension of the sprayer. According to the second embodiment of the invention, the inlet
portion 17 of the flow-through channel of said sprayer is made conoid-shaped, with radius of

roundness of the side surface being not less than radius of the cylindrical portion 18 of the

flow-through channel. Such construction of the inlet portion allows the losses of kinetic



average velocity of drops in the generated gas-drop jet was - 30 nis at a
distance of 3.5 m fromthe outlet section of the chanber nozzle. The
generated gas-drop jet had sufficiently honbgeneous distri bqtj@‘pfzpﬂij op
sizes over the jet flow section: drop sizes in the central part of the
jet were 190 = 200 g, in the mddle anndffar zone 175 = 180 g and in the
peri pheral annular zone - 200 g and nore. Qperation of the spraye
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portion 18 of the flowthrough channel. Such construction of the inlet

porti on ahvitationtchetetsoioslesalire ikithevicnity of tBCHiIfAGEHinld seetivar dy aofesulhthe fine-
gas-drop jet for t formation of vortex flo i.n the nvergi.ng,t.ube to be
docr easadispimed g 5o H8MoBinabRl caiilon oF AstrRoHC At 18%s 6T ne
cylindrieadrggurface of portion 18 to provide for acceleration of the
liquid flow and exclude early formation of vortex flows upstream of the

di ffuser inl dhegrnlts\pl éwigstigation seppart dgo pessitiliycel gandratinghby gneans et thoe
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concentration i enerated_at mnimal | osses. of. energy. The results of
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i nventi og.Rioat eady-state fine-dispersed liquid flow at m ninmal consunption

of energy. The flow generated retains the shape and size of its section at
the distances of up to 10 m with inproved honogeneity of the drop

conceptration distribution being provided over .;the flow section. 15
I ndu IIeri al applicability The cl ai mg'(’iylfsgr\lfgrﬁnpgﬁlb @ be enployed in

fire-preventTas &g nvensiofamhy Obe eBipdGRYS i FireGedvRARSH ,syStemsDdk Npag obf
fuel in heat engineering and transport, as well as for hum dlfyl@fgﬁ t he
envi r onnBFRCCHHRE SPHBYEHY fe Bumingc plafiel 1n Repti sngiieering ged tramyport, ay svelli #nforay

be enpl o iy DRSS . . . i .

ani £ 1 oy i BRARE e @huyghifal bl ERRIeC bl A FLEIFOZ ThERRPRM by
i n the rbermpbiyeldas pattadfSiretfightiag mean@irdthe stationary and mobile units for suppressing
20 the fires occurred in different kinds of objects: in ‘the rooms of hospitals, libraries and
museums, in the ships and planes, as well as for suppressing the sources of fire in the open

air, etc.

The claimed invention is explained through the aforementioned examples of preferred

25 embodiments, however it must be understood by those skilled in the art that in case of
industrial implementation of the invention insignificant modifications can be made as
compared to the illustrated examples of embodiments without substantial departing from the

subject matter of the claimed invention.

30



museuns, in the ships and planes, as well as for suppressing the sources of
‘fire in the open air, etc. The clained invention is explai gefl émw t he
af orenenti oned exanpl es of preferred 25 enbodi nents, however =i be
understood by those skilled in the artjthat in case of |ndpsStmkita)2/00108

i npl ementation of the invention insignificant nodifications c% bg as
conpar ed to“;ﬁmiwgl@;%m.ed exanpl es of enbodi nents without s 13 rIt.
departing fromthe subject matter of the clainmed invention. 30 1 2 OCT
2005 15 PCT/R U 02/00108 WHAT WE CLAIM 2 1 OHT 2002 1. A liquid sprayer
conpri sing sing (1) with a.flowthrough. channel co sed .of

cequenti o § & Snifirater Sorrine. FaatC it Pl ORI el IRkt o
conver g¢ i | 4 j i t b )

For mod-Schidbs.iofheR f DAL SRincANLt L fofdofiC5) RRnpths EleoRPabkubl)a
cyl i hdr ¢dmidripdrporgen (3)andsannmitlet persion l{dhformed asdicosiciludiffuwsy, iswheracteaized t s

di aneter, thereto th angl e.of the diff def i pi tlet ti
(4ot - vhdef Fisieatht MAGFER arieh, C0oSi oY e dba e ey Wbt e AR, U gi ng
tube dediafieRS, thére® theRobhé aRglE %l)fﬂ&fdigfhser defiRMploREIBUsiHi 6@ B¢ the AGw2hrofigh

liquid sprayer as claimed in claiml is characterized in'that an apex angle
of a coclannélogiseeding thogore ghglg afuthe dosvérgingewhe Glefinig d6let podioan(2ypéxthangl e
of a COﬂg ft&r?m' Pg a fliffuser is between 8 and 90. 15 3. A liquid sprayer
as cl ai HEW PHPUBREPAR™SLi s characterized in that an apex angle of a cone
forpggng a converging tube is 13 and an apex angle of a cone fornmng a
diffuser is 20. 4., Aliquid sprayer as clained in claiml is characterized
in that inl2tAdgyidspsayer peclagaediarclpimgl iswhararedrized inyhohancapey angle o a(cene of

the flo e r. r o . A Liquidespraye

cl ai m&*dip{%L n%%éo g%%ngé}gg&cﬁg?algtbg%?e %8063 ?Jriilgte%at glg%?{’ &P gﬂe %(t)”fa %‘g}é f"é‘.g?%%er

def i ni ndiffuséd is betpaehi8oand 20°.of the fl ow t hrough channel are made rounded.

6. Aliquid sprayer as clained in claim4 or 5 is characterized in that the

- ¥ adi-us—-of----25 r oundness--of--sai-d-edges-i s-1-2.-5-the radius of-eylindrical -

portion (3)30 . ' ), r ied in
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forming a converging tube is 13° and an apex angle of a cone forming a diffuser is 20°.

=

4. A liquid sprayer as claimed in claim 1 is characterized in that inlet edges of the
converging tube defining inlet portion (2) of the flow-through channel are made rounded.
20
S. A liquid sprayer as claimed in claim 1 is characterized in that outlet edges of the

diffuser defining outlet portion (4) of the flow-through channel are made rounded.

6. A liquid sprayer as claimed in claim 4 or 5 is characterized in that the radius of
25 roundness of said edges is 1+2.5 the radius of cylindrical portion (3) of the flow-through

channel.

7. A liquid sprayer as claimed in claim 1 is characterized in that it comprises a chamber
(7) with a cylindrical channel (8) whose inlet end is connected to a diffuser outlet section,
30 with diameter of cylindrical channel (8) of chamber (7) being at least equal to the diameter of

the diffuser outlet section.
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(7) with a cylindrical channel (8) whose inlet end is connected to a

di ffuser outlet section, 30 with dianeter of cylindrical channel (8) of
chanber (7) being at |east equal to the dianeter of the dlfftl ?d@i
section. |PEA/RU H3MEHEHHbIN ROCT 16 118 0 C1 2 0 0 5 8. @Qﬁ rayer
vas claimed in claim7 is characterized in that a dianmeter of cylindrical

channel (8) ef AchgiResprayer hsS cl‘lnme(f5 ifll ARt & & éﬁar&&ﬂzh{b@" irF@ﬁatp@rcﬁdlﬂ&er( %? of

the fl ow through channe A liquid sprayer as c inclaam?7

r act eeylinsliicrkrhaneg! (8) ¢fewh9mheloﬁ‘7 ) &84 - Bdtiameters of lealimdsical Bf)rtlofl (EXIEfrﬂn@ﬂoW? )

, 10 - 1S of cylindrical portion (3) of the flowthrough
channel ﬁ%@géhaaﬁ ‘3‘%. d sprayer as clained in claim7 is characterized in

that a grid or perforated 10 plate (9) is located at the outlet section of
cylindrical channel (8) of chanber (7). 11. Aliquid s&ﬁayer as claimed in
claim? 10 i s BhAriguidinraysd a5 flaimed inClaign A1is ehasagerizddnitbrial leagtbof sylimdsicels of

Cyl i nar i Corere of Mo 81 £ 10500 damcler] of e e BeRRE CAPEICHR Bpueh

i n cl ai nthannsl. characterized in that at |east one tangential opening (11)
is formed in the wall of chanmber (7) for ejecting gas fromthe outside into
cylindrical channel (8) of chanmber (7). 20 13. A liquid sprayer as clainmed

inclaimi2 g &h@&ﬁpé ﬁflre%eaﬁ' clfimbdH cBim |7ei§%7za;fa9ié'}zzec7 NGEPL i fd c?}gféﬂapﬂéd

(11) are nade in of chanber (7), which are symetrical rranged
by pa@ r splate \vis locased atshe putbat atctighad egllmmcawhannhll(&hd)f ahlaeabee(7)( 8) of

chanber (7), the first plane extending near the diffuser outlet section
and the second plane near the outlet section of chanmber (7). 25 14. A

l'iquid sprayer. Asliglidi speslet s Glamel lini daieh a0 46t @ubdc@shided ke httofa®RossSES
a chanber (12) arr 13éed coaxial to casing (1), on the outside thereof,

with at pestepalgien phbelay el peréqraigd mbatendd) eregiitbisrD-4rr Giitthe crogs-pectionafaremef ng
(1) and @}Vlddﬁ@ar Hﬂeflf(‘ﬁ; Of%fha{nggr@?anber for supplying gas under pressure

to the settion o out ron'(4) of the flowthrough channel 30 of
sai disprayer. 15. Aliquid sprayer as clainmed in claim14 is characterized

in that cha 12 :
n?f A giqu?d sprayer as claimed in claim 7 is characterized in that at least one tangential
opening (11) is formed in the wall of chamber (7) for ejecting gas from the outside into
cylindrical channel (8) of chamber (7).

20 13. A liquid sprayer as claimed in claim 12 is characterized in that at least four
tangential openings (11) are made in the wall of chamber (7), which are symmetrically
arranged by pairs in two cross-sectional planes of cylindrical channel (8) of chamber (7), the
first plane extending near the diffuser outlet section and the second plane near the outlet
section of chamber (7).

25

14. A liquid sprayer as claimed in claim 1 is characterized in that it comprises a
chamber (12) arranged coaxial to casing (1), on the outside thereof, with at least one passage
being formed between an outer surface of casing (1) and an inner surface of the chamber for
supplying gas under pressure to the section of outlet portion (4) of the flow-through channel

30  of said sprayer.

15. A liquid sprayer as claimed in claim 14 is characterized in that chamber (12)

comprises a nozzle composed of sequentially arranged converging tube (14) and diffuser (15),



canprises a nozzle conposed of sequentially arranged converging tube (14)
and diffuser (15), 1 2 OCT 2005 17 PCT/R U 02/00108 2104 T 2 wth the
‘nozzle inlet section being conmunicated with outlet portion §4cpR0ihe

fl owthrough channel of said sprayer. 16. A liquid sprayer conprising a
casing (16) with a flowthrough chanliel conposed of 5 sé’@l‘fgﬁlgﬁﬁ()ﬁgl oi ned
and axially aligned inlet portion (17) formed as a convergi W

cyl i nwith 8wl ngzaletinlohsectis) being camrountitaed pathtdutat gdk@on (4rofehe Aswatheidghuser ,
is ch ractlegizgd in that the length of cylindrical portion (18) is not

| ess Of 8210 SYPYE- but not nmore than its dianeter, thereto the
converging tube formng inlet portion (17) of the flowthrough channel s
made conoi d-shaped, with radius of roundness of the side surface being at

| east equifl 4 liquitheprayed comprigingaf casingi (h6)y withla floov-thraugh(cheined icotripesed of

fl th hannel . 17.. A liqyid | ai yred i | ai: '
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bet waglindriéd hoRibn ?}5% add an AdutleflgbdiodR19Y BmRY o8| Pdiffaser B SlRbedifed ;1
characCterized in that the conoi d-shaped surface of the converging tube is

j oi neftiat thet longth (ffeybinduidal pprtiond(18)as nobiess dhan( 8 yadiis butendtl mare thandtsgh

h | : .of 2..19 i qui d | ai med
i o1 retes PertRhF sBsrsie b ARG i pariddg ot et Do el ' ™
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~20. Aljquid sprayer as clained in claim19 is characterized in that a

i wredigs of eylindaisalportign dB) pfithedlovthrevgheehgoneli s 1 - 2 radius of
~cylindrical portion (18) of the flow through channel. 25 21. A liquid
sprayer as clainmed in claim16 is characterized in that it conprises a
chanber (PR)A lighidngrayercad ¢laididdCial claibane ey chatddteriztian @harrdneipek snglerofect ed t o
the diffuser, outlet section, wth dianeter of cylindrical channel (23) of
chanifone fomying ghe diffuser ishedween-andi 9t he  di ameter of the di ffuser outlet
section. 30 22. Aliquid sprayer as clainmed in claim2l1 is characterized in
~that —adi aneterof ~~cytindricaF—channel (23) of chanber (22)-is4~--6" "~ " =
disanet er s1®fA tighidrsprayenbs glaimhédin ¢1am) 16fis theacrbtized mhhothh cohaidrshlaped

surface of the converging tube is joined to the surface of cylindrical portion (18) of the flow-

through channel at an angle not in the excess of 2°.

19. A liquid sprayer as claimed in claim 16 is characterized in that outlet edges of the

20 diffuser forming outlet portion (19) of the flow-through channel are made rounded.

20. A liquid sprayer as claimed in claim 19 is characterized in that a radius of

roundness of diffuser outlet edges is 1 + 2 radius of cylindrical portion (18) of the flow-

through channel.
25
21. A liquid sprayer as claimed in claim 16 is characterized in that it comprises a
chamber (22) having a cylindrical channel (23), whose inlet is connected to the diffuser outlet
section, with diameter of cylindrical channel (23) of chamber (22) being at least equal to the
diameter of the diffuser outlet section.
30

22. A liquid sprayer as claimed in claim 21 is characterized in that a diameter of
cylindrical channel (23) of chamber (22) is 4 + 6 diameters of cylindrical portion (18) of the
flow-through cpannel.
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| PEA/ RU V NBMEHEHHDbI N U CT 18 1 2 OCT 2005 23. A liquid sprayer as clained
inclaim2l is char acteri zed in that a length of cylindrical channel (23)
of chanmber (22) is 10 = 30 dianeters of cylindrical portion fl%ﬁ t he
flowthrough channel . 5 24. A li quid sph8yer as clained inlcl H0H 2805 s
characterized in that a grid or perforated plate (24) is located in the
outl et section of cylindrical channel (23) of chanber (22) 25 Aliquid
sprayer as cl,ai in cIa|m24 ar act.eri edlnt
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liquid spra as clainmed in claim16 is characterized in that at |east one
t angent i %@@ﬁhrﬁgglm@)nnpb formed in the chanber wall for ejecting gas from
the oytside into 15 cylindrical channel (23) of chanber (22). 27. Aliquid
sprayer as clainmed in claim26 is characterized in that at |east four
tangential opénAngmid Sfrayaras chinme®in claiah Ry iatkhaagedzddintthe axald ooferfohasder
(22) by pairs in _ two cross-sectional planes_of cylindrical channel (23) of

chanber P29 (24A\feloeatad inige pntlgisegion czbnqirscaészl@a@ﬁali @) Hehambei(Zdi f f user

outl et section and the second plane is extending near the outlet section
of chanber (22). 28. A liquid sprayer as clained in claim16 is
characterized5i A llhmld spraynnrqsmlsmmdam claamtr is( ﬂiayaaemaadgmdthaoaxnoedl anbgsh

casi (16), an the i de th wher, ] t one as

o ST A O R R e R
chanber ¢ lTﬂdrchrctﬁMHa'(EBﬁéfc%@ﬁlb QL pressure to the section of outlet
portion (19) of the flowthrough annel . 29. A liquid sprayer as cl ai nmed

inclaim28 is characterized in that chanber (27) 30 conprises a nozzle

formed by seguenti nge be (2 di f
wherein the Aged) dobid affeld e SRy BN 1808 gl RRe i MR 1P brs,
of the flaweitl @pghing(PENREbrmed in the chamber wall for ejecting gas from the outside into

15 cylindrical channel (23) of chamber (22).

27. A liquid sprayer as claimed in claim 26 is characterized in that at least four
tangential openings (26) are symmetrically arranged in the wall of chamber (22) by pairs in
two cross-sectional planes of cylindrical channel (23) of chamber (22), wherein the first plane

20 is extending near the diffuser outlet section and the second plane is extending near the outlet

section of chamber (22).

28. A liquid sprayer as claimed in claim 16 is characterized in that it comprises a

chamber (27) arranged coaxial with casing (16), on the outside thereof, wherein at least one

25  passage is formed between the outer surface of casing (16) and the inner surface of chamber
(27) for supplying gas under pressure to the section of outlet portion (19) of the flow-through

channel.

29. A liquid sprayer as claimed in claim 28 is characterized in that chamber (27)
30 comprises a nozzle formed by sequentially arranged converging tube (29) and diffuser (30),
wherein the nozzle inlet section is communicated with outlet portion (19) of the flow-through

channel.



