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SPRAYER FOR LI QUI DS AND NOZZLE I NSERT Field OF The Invention: e_present
i nvention rel a?észtoo”/éfi‘l”éyers for spraying paint and ot her |iquiP&§PL15?9(§mOa
firsigecontainer by use of pressurized propellant gas carried by and
rel'eaS®ed froma second contai ner. Background Of The |nvention: Paint
sprayers, wherein the paint is contained in a first container and the
propellant gas is contained in a second contai ner, have advant ages over
singl e aerosol cans havi ng boSPRAYER pFraralIQamDs axND peizZLECONSERTIEd t herei n.
The latter form of packaging requires extensive inventories of aerosol cans
with various colors) and the sales of a given color of paint may not be
sufficient to warrEkgld Qf Fhejlawentionarketing and st ocki ng of aerosol
cans with that given cqlor of paint. The .sane be said for other types
of products marEet ed iﬁjha\eerp "’tﬁe%tarfsﬁvﬁ‘ngrmgxﬁﬁg@e/esoli?‘? esrpé'r?lyetrﬁpé_?rofspxgy"ng
i nsecticides, etc. v [ t wor- taer .o handshel d SReayi VSt elp
of the aforenentidne ty%[éc,1 toﬁggﬁro u%uﬁ%%oﬁ%%i ner may tbe use e ©
i nterchangeabl y W $fegidd i RNt p£ShOLTard dyPesardfi @aivit Sarkd NESL ddPr HBACHa
container is detachable fromthe remai nder of the spraying system After
sprayi ng a parti cutewomsdlantaineme of paint placed in the product
contai ner, the product container is detached and cl eaned so as to be ready
to be refilled with a different (or the sane) color or type of paint to be
next sprayed. The pr oelolan - , |v34t1__41 Z ~~ au~ 2002 PCT/ USQQ{]OSOSE -
2 container is |iRewSetetachagtefromthe spraying system so that en
the propellant has bee éjﬁﬁ? [ h Lo GOt AL ek, RV £4
cont gi ngr filled with Fﬁope I%%taly%ar%'g‘evﬂéitjét)%chgg s{agx the sprnat;laﬁg sy%taen%rsA?s
can be sees, such gysteimedadfiaCehel GRicpelleanergasi bt YoatsideyeibegodBeond
popul ar. One type of two container systemcomercially available utilizes
two side-by-side conbtaimes. chavecedaanbgeehhervesy airtgrliedgsrnquelcans l;aving
[ t the
o Phee. S ough s, noebe CBEn R eRR ot S POABE e eet Ron i i e
broduct tube creat 8578 rougrengradersmLr® FEREa Rl sliEeqrlRalaE Fepbes
pressure acting onchhg WigHi dakDohbechiOsliICtan@oRhal Beled WLAS ARAAUCHIYP of
the product tube and into the stream of propellant gas. In such systens a
very | ow product teapnopehdaninotat be |isuffitcdened Hoor waeesons thaclpdidug ti bt
the pressure is only noderately | owered over the top of the product tube.
Mbdi fi cations of tHP§kF§'§)Eganéi HEOPNIRT RF SPIPRM IRARE WREP LFRRMyeIitisRh <Piar
exit nozzle positiaoned_forward.of th op of th d tupe, _and with a
form of nozzloe insé’%t pﬁ(’)‘??‘t’i og‘g iE‘r?mt%hEé“-=l r[gagéealﬁdeg&t légkgﬁi%)y%%szz e.pr‘?EECts
propel l ant gas pasggsxkkReQUaH t BErHR3Z! @ahBsekbr ARGahbkeWas es afd st t Oyhoyes s
the pressure over the end of the product tube to cause product flowinto
t he stream of propansestigadesSuebca - Haweeér S)isi amtwiot-h cantioinzéx, ime-held
has a better product to propellant ratio, for exanple, of the approximte
order of three to mpsaybng teystens oft i Fhe g3ferenentignedsctyzie .pr shel Inneduct

i lly. are ) )
The nozzle inserts c%];xtgli%grsg{asl}rebnes u %ge:r.gte changeably with different colors or

types of paints since the product container is detachable from
the remainder of the spraying system. After spraying a
"particular color or type of paint placed in the product
container, the product container is detached and cleaned so as
to be ready to be refilled with a different (or the same)

color or type of paint to be next sprayed. The propellant
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WD 99/ 43491 - 3 21 AUG 2002 PCT/tJS99/ 03005 poorly designed and do @dtAUb 2001
create a suffici ewogmﬁgﬁm over the top of the product tube. A fﬂgﬁu%iloioxpe
of two container system has the propellant contai ner nounted piggyback on
top of the product container. Product froma tube in the bottom contai ner
can flow up through a tube in the propellant_cpntainer to an actuating
button on the tap of the propellant container. A nozzle insert in the
button, generally eRefadmiednak BEk@sins Aeshyhslle ffiionh thBaspr&pithd el dden N0
obt ai ni ng of enhanced product to propellant ratios of five or six to one
for products of thehati sden thheofprapedlanSunde syesre et wrd ivendfe tpfapehlant
still further enhanced product to propellant ratio. Summary O The

| nvention: The preS@Ht2in®Fentd oRePr GPPERENeR EABoEA mdHthofPEPREIG AT PRy &e

t havi t he above- ibed two.side-by-sid t ai ,
hi or connect ing br RGBSR R, 5YE TRTSEA DS (LT b ch® | HPL BROPFSE of Sy fH, ¥t ens

bridge, and obtai nable n%%%‘i:?fa?ﬁp&&p&léﬂ'lt:y a?ﬁt hide Ogelgﬂogx@;] %%rﬁg&%'ﬁger .

thirteen to one for products o e viscosity of water.

has a rearward portion dgre fydedogoth@cCionidihed RYSRGH! dbhm&F@itEly idy-diN@ble
i nterconnecting bridge; an internediate portion containing a venturi
constriction wth epnibigdsettwor sideeby rmidelvonitapnepel temmeadtesd coodetdned &ty a
| east two product channel s adjacent the_veaturi constriction and extending
substantial |y tranB¥iige rembeR: | ofFoPedLARF £¥P® Jbe HRrorpLAant nsanrt Llowg

a forward portion contai.ni S .expansi.on _ch er_ Wwth gn entrance dianmeter
significantly V\Dtg’é‘i‘ﬁhltr}%l%ﬁbéégoﬁﬁdPﬁtf Lﬁggdf’ﬁ% tfi“fuq&’al”gé?"ztﬂz?n &
di aneter of the ve . Lonstri.cidan. e ' c er; has e
sufficient to not Eﬁﬁﬁg{ﬁ), 3 Iﬂy |ug?up%&%heé€g€%%%bestggﬁi s’h“g% bgh%h}%““
venturi constricti enosidedt. attHEastafisyRr 68 PhOMpidpiNIte|cSre A HeNleRidl ¥t
bri dge space extends about the internedi ate portion of the nozzle insert
and al so is in fluitdegomdngitc hieberrngatiesbatlivweredppnesguianag thatipeiye such
fromthe product container and the transverse product channpels. The

transverse product *BAGNABEs 32Xt BRESFRTYi RO PY FRF war@Ud? the WhRSnRRpqduct
constriction and al d j tudi I € 0 i i Y
overlap the venturfgggﬁis(%%cﬁ%r?g téilgd#‘:c!ttt Be{lrg o%ép/ﬁ%%%%%tngi%gaéggo%%%&ehf
hal f the |ongitudi Rakesgkh r@ﬂ‘%r@?e@iaﬁb%ﬁpdlﬂﬁt s €2 YR cemisN a e SPODEN PHYaWRI
the present invention. A snoothly tapering, for exanple frustoconical,
surface surrounds thepmaptllantcoasis iict bbtaindd gbr témsamlineiufidngaritht the
outer dianeter of the tapering surface_ bei ng | ess than the entrance
di ameter of the exPARSFBFE cRENRIALY MPRFRtelyr dRrared ekt §hds ¥RnPEhehe
product chanber intQ the, gas.stre exitli t he venturi _constriction .
orifice. The ventuﬁroé‘éﬁgt??’% ion%{;gu%éfa?gmll%na%[t ﬁél"ﬁalt esﬁééce%l‘??bbrﬁ"t%ede
entrance of the expypsiRmAharRhernside et 1€ e&iit AUY AL Be8: Pl chb8 Sorward
envel ope of a cone of propellant gas exiting the constriction outl et
remai ns subst anti aldfy thguadopt @£- athel gandbban tube, canduwi eheac€oxin td¥e nozzle
expansi on chanber entrance until the cone enters the expansion chanber. |f
this cone becones |imsgst pasitiened crerkhe hiidger meak| &e ¢xd teriqzzdg .t heThe
constriction outl et vvilgh gass inppart ue into the WO 991434a | -

o] lant gas passes th

rope rough the nozzle insert and f&kewise
acts to lower the pressure over the end of the product tube to
cause product flow into the stream of propellant gas. Such a
-latter system with a nozzle insert has a better product to
propellant ratioc, for example, of the approximate order of

three to one, but there is still an excessive use of

propellant. The nozzle inserts of such systems generally are



21 AUG 2002 PCT/ US99/ 03005 transverse product channels to create edd;ﬂ A%G 2007
circuits and Iom%otggguylacuum created by the venturi constricti of} tshere Y

| owering product to propellant ratios. In the present invention, GYS99/03005
transverse product channels have areas substantially greater than the area
of the venturi constriction outlet orifice, and tor increased product flow)
may have an outer opening of a shape having both curved and |inear

conponent s fornm nperiyasesigoedrmnd do shaperedbwe anepf el arseriacumOolr6r &he
unitary nmenber in the enbodi nrent described. An alternative enbodi nent of

the present inventtan af idhiez@Foduehot®Bat ai ner pi ggyback |iquid sprayer
systen) wherein the sane _af oggdescri bed nozzle insert is chrresgondi ngl

mounted within a space? AYFRBEHUDRS e ]t ST A S¥F EeRSaR Spel Pﬁ?ﬁef’lant
cont ai ner. Propell ant, t. r ! red i t roduct re.
obt ai Inabl e of Ito he OFt earJ'%o g‘%%?‘%ﬁ?ﬁﬁgﬁg%f%’?o“ n%@%ﬁ?g?g‘éugré%%wer'

advantages of the preagit ERMENET Qb | knbaraPpsdanin f eaMdife.f OLLOWEAGy
description drawings and clains. Brief Description O The Drawi ngs: Fig. 1
is a side el evati ofhwyst of eube (b despr ayepehaad igednn iTidde-dry -&i dectuating
Separate containers and an _ interconnecting bridge; Fig. 2 is a top plan
vi ew of the intercomkast i oy bhedgerofof hehspPaPpelbiny| gontainey. ~1 MUBzzle
2002 W O 991 43441 PCT/ US991 03005 - 6 Fig. 3.i.s a |ongjtudinal _
cross-sectional viRFHE* t’-ﬁ‘etPﬁt%?%th'ecﬁ‘i%’rfg'a&ﬂ'iyd@%eﬁ?tﬂf?]sﬁFa?EP"b?uF}lg.seI-
taken along line 3:3 of Ria 2. F.Q i f afary.cross-sectional
view of a portion %?r |'g.h% blzuétsu(%r?ggniélnﬁél%ggrg%gggpégt éfi Fﬁas‘?cr%%ep’f%g“t to

nozzle insert of the,JueSsiH Fatiest 02N sAventeed swixt BbNohbes bt SF SAMMELtd NG he
bridge; Fig. 5 is a cross-sectional view of solely the nozzle insert shown
in Fig. 4, Fig. 6 vhseodiyy plfawaveew obuthespszehe wansler besBOYA £odri 4. stR11
Fig. 7 is a transverse cross-sectional view of the nozzle insert taken
along lines 7-7 of fyrter Bahsgced prgdugt| §oP¥eRAtLa@te¥ation vi ew of the
nozzle insert shown in Fig. 5; Fig. 9 is a side elevation view of an
alternative formof liquid sprayer having two separate containers nounted

one on top of the g_‘g@rx?ﬁpiﬂ whi,eheiBg.nozzl e insert of the present
i nventi on may be uSed, an Q. IS a fragnentary cross-sectional view on
an enl arged scal e of thrhd girepenti biveht Fogy. prhvildakeani émtfodi@lenitCalf a 1iquid

diametrical plane and illustrating the nozzle insert of the present
invention nounted Fprayemcevatemghavingnthe above-described two side-by-side

containers, an interconnecting bridge, a nozzle insert
positioned interiorly of the bridge, and obtainable product to
propellant —ratios of approximately thirteen to one for
products of the viscosity of water.

The nozzle insert has a rearward portion in £fluid contact
with a propellant channel in the interconnecting bridge; an
intermediate portion containing a venturi constriction with an
outlet orifice from which propellant may exit and at least two
product channels adjacent the venturi constriction and
extending substantially transverse to the longitudinal axis of
the nozzle insert; and a forward portion containing an

expansion chamber with an entrance diameter significantly



Description O Enbodinments: Figs. 1-3 illustrate generally a |iqui g SRIGYET
10 having a container 11 for material to be sprayed) such as paint, a
contai ner 12 cont™@ M HY'an aerosol propellant, and an  wo 99i £§34599/0300531
AUG 2002 PC TNS99/0300s interconnecting bridge 13. The aerosol propellant
may be in the formof a partially liquifi ed_p&opel | ant gas under
substantial pressure. Interconnecting bridge 13 is nolded of plastic and
can be snapped ont@rgept 8hBLr the. aCankeéNess lehdafertt ANt R0ak 3T 0S9he
val ve nounted at its top into a conventional aerosol nounting cup. Bridge
13 in its positiorxganeton ciabber hantailasgti Zutdychene dd axst B sdapendl by
lugs that fit wthin the conventional aerosol nmounting cup to retain the
bri dge 13 on cont diiseppt2 tha| varsum eeEaPlishrthdtli Bhe cYertixdr ddnmtgéckiom

t he bridge may snap gver the outside of the unt i n ciJg Bridge 13 al so
has a hi nged depr &3$i1BFedfefie rtTBRENHTEENP tprc@?g%a y the finger of a

user of the sprayer acfuates the 3els %I g%ve t.0 rel ease propel l.ant qgas
fromthe aerosol contal ne%nﬁinlfpri n 1gﬁsgansign erfal ¢ saﬁ%é’}"tléh?nl tﬁ’a‘a 13%e

The val ve stem of 1887 03@l vakvepbitfei NiPsdrcenidal QRN NG 1 3ntheyyia
| ower surface of depressible nenber 14, so that when nenber 14 is pressed

downwar dl y, propeldciingaatiboweithp bdrh aer epehingl vetSt €Wa ivHiAder ifdgR the
channel 15 as shown by the arrowin Fig. 3. Wien gas is released from
aerosol cont ai ner pEpduct feptsiter ward| theltgsrhese npredndt ciimmmefls15 The

an inlet of a nozzle insert 30 contained within the bridge 13._  The outl et
of a venturi consti3EVERERI PRPIHo 18 nengePtteny drondd tpRdantly i fyagReof

bridge 13 from pr thzueCt Q‘Elgi neJon%riE@?oﬁbqn%geaE t ie eggﬁr %rgge:ttg{) lgl]l_é&rly

. . v
cont ai ner havi ng screw ﬁreads to nest wmth screw %rea SO0

container 11. One &Ng-hia19f t& 1bHBe tddiRxl18Nd5e PR ke¥e lVerdthe 1 PO R0k i on,
container 11, and the other end 1/7/b of tube 17 surrounds a tubular part

WO 99/ 434al - g _ the AKE802 SHEF1F09/HWS0Q5 I of agprcdgesmataiwhi shlpar khe8
has an internal channel providing a flow path for product into the bridge
and ultimately to ¥PpudaGisgladfaBensiehe Sfenttlei PEASLEE ctFRAPIAIE el ThRE
outlet of the venturl c,onstrigti on vm'thmi:tlsn reguced ressure creates a

Y

vacuum and the ai TPIHEERCHES PRSPy PR Bt &i FRPC LY SPREELIF 0 £0Et

; ;gmafgnt ainer 11 up fhhe 15 ddieal! i dagirelle Prydichnald REEPElJturs

constriction outlet, the smaller forward ocuter diameter of the
tapering surface being less than the entrance diameter of the
expansion chamber. A smooth product flow extends from the
product chamber into the gas stream exiting the venturi
constriction orifice.

The venturi constriction outlet is longitudinally spaced
from the entrance of the expansion chamber such that the
circumference of the envelope of a cone of propellant gas
exiting the constriction outlet remains substantially equal to
©or less than the circumference of the expansion chamber
entrance until the cone enters the expansion chamber. If this
cone becomes larger in circumference, the propellant gas

exiting the constriction ocutlet will pass in part up into the



m xed and exit sprayer 10 as a spray. Referring nowto Figs. 4-8, thd héalelll
nmol ded plastic nozghgedspgert 30 is illustrated, also including ipSrusesnioos
particular interrelationship with bridge 13 as shown in Fig. 4. These
structures wll first be described, followed by a description of the nore
critical aspects thereof. Nozzle insert 30 extending along its central

| ongi tudinal axis has a rearward portion 31 containing channel 32 | eading
forwardly toward terarsvense poeduct chapnelante fareagededdy tdioe@3s and lower
cont ai ni ng an expansi on chanber 34. Internediate portion 35 of nozzle

insert 30 contains %Mo VRREWRi T&EASEA RY ofbEndV IRt T afeREY Sk thostuc thereby
channels 37. Fig. 4 illustrat eg t?e nozrzc! elilg%gq. t?,o contained within the

i nt erconnecting bri]0°d"eeri‘§gi RTRIPGF we? FSHT openi n?; T thereof. Both the
outer surfaces of nozzl g4l PSeIdrAAnNEhd &t ddH1CEnS WradSo8- 0L NILRG CAdnne1s
opening 38 are circular 1n cross sectional planes perpendicular to the
central |ongitudi nahaviXiage@t S@BZEmtiigant g30at&XaeRn 8he AFEY WShehQWA LR
described hereinafter in relation to the entrance to product channels 37.
The nozzle insert 3fomsyrilseipnsentlelt fowifidee Rodwaed Bk esfsesip papductO fand,
captured by a circunferenti al Z ~1 AUG 2002 wo 99u3aa ~ PCT|tJS99103005 _
g _ bead on the sideaNhaveorn [fteFeRPRBING PH 3 HiRaRe dJ¥irg. bptphdgurysdi 3nd

shown in Fig. 4 having the depending jubular part 18 over which is fitted
the end 17b of af orié’r‘g'?ﬂﬁ of %Te&ftfctg‘?rtfﬁ'é’ 91 eg?aesnld'lrnegc%ﬁ%&%ntsz‘ial?&' 11The

Product flows up tu}zﬁzzh?e s d Y 02188 G¥! aNdEd GAlr SRALGE3O M LPLD hS giment
bridge surrounding the nozzle insert 30. Fromthis cylindrical space 3 )
product flows into &bgctidaadi anetrically opposite product channels 37,
further described bel ow, extending to the interior of the nozzle insert 30.
This flow of product is showdtbynebhever reglwodinest g.of], theustearTitcalinventicon

surface 40 of bridge 13 serves to assist in directing the product flow
inwardly toward proBbEtizafanheF¥o3 FOREREPRTr PAEFYRATNNLLTEI (FPRBY ST ¢ SYStem,

insert 30 is of Couaﬁgréinn aXit%leFngs ?gcﬁ#%&@sgglbgéer r@zzq]%s .CDL%I}%?Jt 15is

of bridge 13. Referring now to ustrating the nozZle insSert 30

per se, it will be gbseiyehdiRhalyCubineéd Galenghannglacd? i8XER8 dsud I \Ricthdor
to convergi ng channel 50 and narrowed termi nal cylindrical channel 51

form ng the venturi ooomsprettitbe amdphivamy cortiaimerar Cowpeliletkoroopircduct
orifice 52. The dianeter of the constriction outlet orifice 52 for_the gas
propel | ant from conFathes cf2wpsesiGiiqAsdaNt PPMAHS aFe (IR irpblei efieths ogfer
cylindrical expansi on chamber %:4, as .WLIL boeneherei nafter di scussed.

Further, the forwar 8% eRBPTT FAMY 251 & sPited a particul ar distance is

the longitudinal 'direct)led r AN di& CiantUlak 28005 23 OF e AL L ROTi VU £33
surroundi ng expansi on chanber 34, also as further di scussed bel ow. 21 AUG
2001 WO 991 43441 PCWiUsX€ Qpparentlfrom the following-description, drawings and

claims.

Brief Description Of The Drawings:
Fig. 1 is a side elevation view of a liquid sprayer
having two side-by-side separate containers and an
. interconnecting bridge;
Fig. 2 is a top plan view of the interconnecting bridge

of the sprayer of Fig. 1;



It will be noted that the two product channels 37 extend generally 21 AUG 2002
laterally inwardly toward the | ongitudinal axis of nozzle insert 30.

Product channel s 89 9%mid¢hd | ongitudinally in a forward directi onPdTasw/gacs
outlet 52 to forward portion 33 of nozzle insert 30, and extend
longitudinally in a rearward direction fromgas outlet 52 to significantly
overlap the venturi constriction and its outl®et® -This anpunt of overlap is
approximately half the | ongitudinal an. of .1 he product openings 37 in the
embodi ment shown. The fil(‘)’r%\iar% $8r faacignghg%?”?ﬁé PYOHUA5pERRAGY ISy &ft i
i nwardly and rear Showy id-fddls. a rd,s ces 55
of product openi n\évgﬁg%y%%énd :‘Mobrvx}fak;ldc}%gaonfg %&(ﬂayagsgghg%'i% E%igégn °ong
and 6. Frustoconi caineraof het wise. oot hly tapering surface 56 that
surrounds channel 51 also serves as an inwardly and forwardly directed
continuation surface ofFigardnaedasirdgmesady ofothesertddnal vpenidfya poxrtion
serving to snoothly direct the product flowinwardly and forwardly to m x
with the propel |l anpfi RigxpanBPbnoehaRberlarget sedks tefidinphygate phechrtzle
openings reference.is made to Fi.g. 6. Each product fcg_gni ng 37 at its outer

opening is in part iBFEEHI aPE(i e PORYTR Ui PRYSRF IVt iHREE iV iy  the
rectangular (in then‘:é?ﬁé&%é@:‘[n&i rbe!ci:td;?cgn), the latter aspect to provide for
a

a |l arger product fFow t han wou be avai'l able with a fully circular opening
for the same given |ongrigdi paksdiar aalidsd sebit@ondl PO A8E Soléiy NEle VEW] e
of product channels 37 extending into nozzle unit 30, and Fig. 8
illustrates the frdnseendskhowtt iof Biwzl4e i nsert 30. 21 AUG 2002 WO

99/ 43441 PCT/1JS99/03005 - 11 Fig. S illustrates an alternative form of
liquid sprayer, having Bh9aef osdla prd R4 VieynPai ke BF2dEr dnsgronskown in
liquid container 61.containing the product to be sprayed. Actuating button
62 when pressed downfar 'y serves to actuate the sprayer and is shown in
eniarged detail in Fig pil. 7ulCaCralidsse LeOubdaiOfbih YpekL YAl Ld2,)
tube extending upwardly through container 60 to exit the upwardly extending
central portion 64angkrtheakes osDdnyditesst7em 64 Fpgo. thanausion 62, the
button having a central opening 65 fitting over the upwardly extending
central portion of 64a.F¥ae Pakee astiname4 «lleyatiias vieweofethphepakle insert
orifices 66 spaced gne hundred d twenty degrees around the circunference
of the valve stem E#°4¥Rd*BxFt¥ng>bel ow portion 64a, one such orifice being

shown in the cross-sect Fggc’; iEJhQ' sife %é\tiﬁeo% 08ed’ & L@l UEle Yo ve Eqrm of

conventi onal aerosol va to the propellant 1 n propellant contalner

when the val ve stemiigidepssssesr MaviHd @wob2epdY £ GRRLALAESs WdRitRabubd Q3
62 inits end opening 67 is the identical nozzle insert 30 of Figs. 5 - 8
descri bed above. Wep beff t bhe62therdemressin’' ghithe gheodwekle| dwsernnt @£ the
cylindrical space 68 surroundi ng the nozzle insert 30, and propellant flows
up circunferential I%F%nélf‘ﬁgngh%n’é?yé? iYPa%it @88 62 overl apping orifices

66 and into the rearward.end zzl e.] [t . The nozzle insert
functions exactly as degé i'belgJ aggveaiﬁi’?%?earﬁ% tS |Bg'l?F5glﬁn§ 8V & ni%Pasn
systems have been pif\rgedl VedidRd 88 @peerdld YpShovsh i &k Frdg. 99, OtbagkeRi N9 2
product to propellant ratios of the order of five or six to one for a
product of water viwadicay. dbameveical helayer apdribIudtimgeing thd Gidm@liengnédie:
nozzl e insert 30 of Figs. WO 99143441 2 i AUG 200Z PCT/ 1JS99/ 03005 - 12
4 - 8 and the butt®f itheePFgreabnipyarticn MM YR in] an Retwssitisonbytpemduct
to propellant ratios of approximately nine to one for a product of water
viscosity. A nunber of elenents of the above description and draw ngs are

believed to be si gré;;g%iiog Bkt RinBLAYmiLEs J emar kabl e product to

propel lant ratios obtarned In € present 1nvention. Referring to Figs. 4 -

8, it is presently beli enee.t 0-beilTgydatiel gehatally a liquid sprayer 10 having
a container 11 for material to be sprayed, such as paint, a

container 12 containing an aerosol propellant, and an



(a) The longitudinal space fromgas outlet orifice 52 extending for\l\ggcﬂ% 2002
to the entrance to expansi on chanber 34, beginning at circul ar edge -
needs to be di neM¥? ¥fétfsuch that the outer circunference of tHe YP9P%n
cone of propellant gas exiting orifice 52 essentially remains |ess than or
equal to the circunference of circular edge 53 until the gas has passed
forwardly into the expansion chanber 34. This is shown diagrammatically in

dotted line in Figntorcbhntdisnd Wi dge’ 89T EF0N G 2REMBSoBE ERASY dd}Pbd NS
before its forward travel reaches circul ar edge 53, the high speed gas wll

pass in part backthg ifé@nt cENsSuersartyiaadyctlichAdfields frodel 1antat gagddihder
currents and | ower the vacuum created by the venturi constriction. This of
course will | ower suhetprbilattpressynspel IRreroouniegsite dinicige (B) iSamolbird eif
orifice 52 should have a significantly - spaller dianmeter than the dianmeter
of expansi on chanBa@85ic Bﬁahci‘ﬁ Be| 89RrRRAD SBFANSPBRALRRF n&i ngCoRkPIMAR Aer
to assure. in conjunction wth.the,longitudinal space.di.scussed in (a
above, that the ciPEuRs e°r°élr‘1'(?élt31pnf.‘lllea§ggs ZV%VM%(Sde\f) 9@'%53&3? l)nto a
PCT/ US99/ 03005 - 13,,8%P2B55 9N S 10888000hg S f hLasgd »iae&ﬁeedszg&ition
di aneter of circular edge 53. Further, gas outlet orifice 52 shoul d be
sized in rel ation digekheydaBset eéoiaimeranai agy chrdalek4baoddppesiitg lugs
channels 37 to obtain the desired product to propellant ratios. (c) A

si gni fi cant anounttheit | Hitgi withhal theerdapyeptiopahsgerssolpr ndustimharnel $o
37, rearwardly fromcircular outlet aqrifice 52, is needed. As discussed
above) this overl HPHedRapthrox PREESEY 1Hal 97 t RERFHMAT Utk nal AEToativRdy. a
product openings 37 _in .the e di nen escrd bed..(d) _The rearward surfaces
55 of the product %eﬁeeﬁlldﬁﬁg §g}?83%g§t %%9’? eusét’%%or?lh(%a%’r%%r‘? ace’ S%naspur"r‘[)eurnar‘?‘r?g

channel 51, shoul dyy¥Q\W¥ed& £ SHDOOhdr¥QPUuf.| OBtiligeUER AR PHRIUG hinged
openings 37 and into the gas flow fromgas outlet orifice 52. Sharp

protrudi ng edges ademn@ssiblleceembbr aldl, 56ivhywhes wtedsedetigy ther fbnysr idf a
the product flow, resulting in a decrease in the desired product to
propel | ant ratio. W#RE fefisEBeofPEAYeSuRFRERtSE Mo ARFAsSinividive %P thelease

forward direction at | eadi ng edge 57 hax\i ng aodi metert |, ess tlpan t hat  of
the di ameter of ciPtRHr3®FgeIBI 5F “BxJASsi VH ERANTEF 342 o ¥4 WP ¢ ABEC 3@

product from produgt, £hannelsapderdomn intg:g 0P, St pR@MGXLEI RYBASE the
outlet orifice 52. (e) The product channels 37 should be of a sufficient

Size to achi eve thgeflasd) @d1peOflitd in®ops aitralt opeaiingSin the lpwedustrface
openi ngs can be enlarged as shows in Fig. 6 to have both circular and

rect angul ar conponeht Gepmessitiliccmegberr Lhedsabiat wWisnemgmbencl4f iowpressed
then be 2 i AUG 2002 WD 99143441 - 14 PCT/ i\]899103005 obtained for a

gi ven | ongi t udi nal SOYMERISH ATRIIGRE ERENAEPEE 3WP R ASTRFYer vt Hhet bF™

product tube 17 cag.pe disithe RAdNGH 1808 TholASpdSeRl!dtod 2UPRES. Of. - 158

i nches in the enbodi ne escri bed.
When gas is released from aerosol container 12, it flows

forwardly along the internal channel 15 tc an inlet of a
nozzle insert 30 contained within the bridge 13. The outlet
of a venturi constriction within nozzle insert 30 draws
product into the bridge 13 from product container 11, the
‘bridge portion over the product container having screw threads
to nest with screw threads on the top of container 11. One
end 17a of a tube 17 extends nearly to the bottom of container

11, and the other end 17b of tube 17 surrounds a tubular part



(f) The longitudinal |ength of expansion chanber 34 needs to be 21 AUG 2002
sufficiently long so as to obtain proper expansion and m xi ng of the
product and gas MAP4P&d sufficiently long so as not to adverseP§GT/HFPEIPS
the desired vacuum at product channels 37. However, the expansi on chanber
34 should not be so long so as to create frictj onal back pressure resulting
in | ess desirable spraying characteristics. (g) The dianeter of inlet 32 to

the nozzle insert;30 feedsiugebersi 2adchn patat 1o d t BE " SRIAHAI channel
dianeters in the nozzle inseft in order to obtain the desired product to

propel l ant rati ospréedshgensi @swof pathoZsre prsdidt f @hta peid | BHiage and
enbodi nent are set forth bel ow However, it should be understood that these
di mensi ons nmay vanytimatebpodenentmosicricon wetiedend tpheayeprudictenefriction
varying viscosities and other characteristics. As can be seen, however,

t hese di nensi ons &B&lefkterrBrat BHELIPE of i YRR SPTIe| FRRASF HqtderdiWitdy ehits
di mensions for the grifidces of the noztzl e igsaert 30 ddeg:%ri bed above wi ||

remain in substanttEPFFecBAEEERT® rE&TTOS Wit N 6ach other  acCSrdPAGSEBT T NS~

respective areas. . Likew : p@lt'b%' M
probably vary in ;‘)C:hgpg?%lég% %A;%tohggg%igf ioicletfg?ggé Vu\%% gglaﬁgﬁéﬁéiinwrlgl 7

~ AUG 2002 PCT/ USQ4R3Q05 iBpetRe opsidde An Thebadodeat £da Nowdea 1hntegis ke
D ameter of Channel 32: .030 inches Dianeter of Orifice 52; .0l2 inches
Di amet er of ExpansiixedCahardbexiB4spx@per ildclagsalepepy udi nal Di nensi on of
Each Channel 37: .040 inches Transverse D nension of Each Channel 37:_ .050
inches (at diameter) LESEERTSRINGSH &9 nSxds- 3108.. P> | PRV Pehdedh biastic

Gramel 2 212 Lgehes LSagLd 8 ORtel W O8GEAT k091 0800
interrelationship with bridge 13 as shown in Fig. 4. These
structures will first be described, followed by a description
of the more critical aspects thereof.

Nozzle insert 30 extending along its central longitudinal
axis has a rearward portion 31 containing channel 32 leading
forwardly toward the venturi constriction, and forward portion
33 containing an expansion chamber 34. Intermediate portion
35 of nozzle insert 30 contains the venturi constriction and
two transverse produet channels 37,

Fig. 4 illustrates the nozzle insert 30 contained within
the intercomnecting bridge 13 in a forward end opening 38
thereof. Both the outer surfaces of nozzle insert 30 and the
inner surfaces of bridge end opening 38 are circular in cross-
sectional planes perpendicular to the central longitudinal
axis of nozzle insert 30, except as otherwise shown or
described hereinafter in relation to the entrance to product

channels 37. The nozzle insert 30 may be inserted from the

forward end of sprayer 10 and captured by a circumferential



Maxi mum Qut er Di ameter Forward Portion 33: .185 inches Quter Diameterl AUG 2001
Rearward Portion 31: .095 inches Angle of Surface 56 to Longitudi nal Axis:

17 degrees Angle ¥P%difhces 55 to Transverse Axis: 11 degrees PEHBI®OHPHal
Di stance Edge 57 to Edge 53: .016 inches In the above enbodi ment of the
present invention, as shown in the draw ngs gng described, the design of

the, nnzzle insert 30 conbined with the tight fitting positioning thereof
within bridge 13 tERNeRe, si8sUlhs1i B hi ﬁgﬂ&%§; F i shed, at

t he transverse prggﬁg? %ﬁaﬁﬁels 37 of the orggrgof 4 -é%ﬁégﬂt?%%S%%%§%%(a§%
mercury, for exanpbeiddéeaivaeustibwre AbFied Mhhbisdanet Beped ML dasaiabashrt
significant design -features, results in remarkabl e product to propellant
rati os of the ordeisofvepmhdghmiaeefittidd thecend A 7bneff afoyEmmthitdbaelapradpct
the viscosity of water. This ratio is well in excess of that found in
currently avail abl E4PRilnt e¥5PRFERS W@ £RRtainer. 1AyG FXogRe W boms) 3wl tuipe 7y
S99/ 03005 - 16 like., Further, vinyl. .and.enanel paints can, be )
satisfactorily spra98d wWth si)}feaye“}rlysh&grt‘ﬁ%fpr%%%ﬁ i:’rs?vef‘i’llitgi’ﬁ1 | £ 1 prifige
appreci ated by per id L [; tepvard at| Qla s

nodi fications may %gpﬁa‘g‘?ltrlof tq ﬁg%‘%%?eeﬁtl k13(%l%){(fj,}r?toi'onllhx\?mc;n{t ?\gg% aé(};ei{)lgfrdtrilrclgaflfSrst))arﬁe
the spirit and scope, oprddiest BISNEI Dito HhAR PHESBne2¥DOLi IEHpPdokite product
therefore, to be considered as illustrative and not restrictive. vf?o

991 43441 - 17 \Mathasnelai 189d | $urghéd AgEc200€d PEELUSD9/ &30BHIiNG) Ao the
l'iquid sprayer, conprising in conbination a container for a |iquid product
to be sprayed, a vaPtesiedbnhi Het RoFALS rin®§TSr dfel | AREs AReWapf pProduct is
i nt erconnecting bri_dge nber for_physical.ly ¢conngcting the two contaipers
in side by side relsg‘?}*’%g;gysg’i‘%i %’Fﬁ"?}b% Sdig favi ﬁ@“ ‘i'%s?t"‘r?é%né“é aof {8 g
end for attachnent btrgd%ge 18" GREeaNt £ £ 0Rf Al e 1 NG SEEARY "BANSp Adaift S CELHY
end for attachnent to The product container; said bridge nenber” having an
encl osed channel tanwapdkty pswpel lpaedubeorhiheelfsi 33t emel frairdikalseaanfle EMmb
of the bridge when the val ued propellant container is actuated; a product
openi ng ext endi ng ioft pogRde bingrr: 3% dei of eRYrAecdr prialbcrummindgdtiion with
| iquid product to tlom/inio t he bri%%g frqglthegproduct container; a nozzle
i nsert positioned iYHEFPBLIJAHICRATE®r FagR® WTHA9® A3bri dge opening at the

second end of the bridog, csplth o2zl ol AR 's 81 N0 AL IALELY UL 1ORn o A

intermedi ate portion an ward portion; said nozzle 1hsert rearwar
portion containing 3 gwnnkl, it Willd xeobeRrced | OfadVd indirdchli dggnnel 32
encl osed channel ; said nozzle insert intermediate portion containing a
venturi constricti crxbendls afrrwaziddy ot f coaveéraimavhcbanprlopsl| aamd naprexwed

and at | east two product channel s adjacent the venturi constriction and _
ext endi ng subst ant i TP PREanSYer88TE 621 ne PR udPhal TSXMEPDHT FRe nyepFeri

insert; said nozzle.dnss r'%gi%}’!%{}é’h%iél ‘r%i“?;i:g{al{r}{al%;g%g%gﬁ%ﬁégﬁg@&rk ghagbel

having an entrance ccﬁnésrre_ 'S SIT _ er tl e dramneter
of the venturi consdz CtiHaN Qukle@brObEf LK€, colidridt do@X AN OB ARIRREE2 for

having a length sufficient to not substantially disrupt the vacuum
the gas propellant from container 12 is significantly smaller
than the diameter of cylindrical expansion chamber 34, as will
be hereinafter discussed. Further, the forward end of channel
51 is spaced a particular distance in the longitudinal
“direction from the circular edge 53 of forward portion 33

surrounding expansion chamber 34, also as further discussed

below.



WD 99143441 - 1B 2 '1 AUG 2002 PC T/ US99/ 03005 established by the VEhﬂNBﬂmn
constriction outlen)ﬂ£4the transverse product channels; an interjior bridge
space extendi ng Wi ¥he i nternediate portion of the nozzle i neeYVSR30P n
fluid conmuni cation with both the product opening extending into the bridge
and the at |east two transverse product channgs; said nozzle insert
transverse product channels extending longitudinally forward of said
venturi constriction ang wixtler@d Agtt@ngiddidheatvy pLeaved Fnanh@ls 37 extend
| ongitudinally overlap said venturi constriction; said venturi constriction
outl et being surrgeneeally mtexatldy snwetdly teywerd nhesiohgdeullavabgakis of
smal l er dianeter in the forward direction and its |larger dianmeter in the
rearward directi onrezZehe ImagTter3f.or Rapduett eranfelfetdr edftende lengdtidinally

surface being | ess than the‘ig%{ance diggeter of the expansi gn chanber; the
transverse product®cRahfErar haATRE Hedr 0APH L rdte e texteRYarg PREtion

parger diameter ob,saldl LaREiLNAalckack Sghd 'SalaR d18HE] BGEm AN, Sahd .
tapering surface characterized by an absence of protruding surfaces so as
to provide for snpehbwir@diGlechlitn-{ion gaAkOSE:1SRIsE VO il fAQRSIHINCEOP1ap
outl et being longitudinally spaced fromthe entrance to the expansion
chanber such that thee ventouif eromsceiotitheandvdltapeowtlet .con@hdk pimpelt adf
gas exiting the venturi constriction outlet remains substantially equal to
or less than the cveriapeie&nepropximatepaislonthhahtrgitudinad anammee the

until the cone enters the expansi on_chanber. 21 AUG 2002 WO 991 43441
PCT/ U S99/ 03005 - Pfgguf‘é) °?ﬁgli‘?|’i"/eﬁ?i il &S‘ecle&md(lf‘ﬁntm ¥Pn saf e nb9zyverd

insert transverse qreduct g{aaagg:tge{ ggg' Ludi gabl n oy eid ap, sal ¢ W%g&iy and

constriction by approxi mately ongi t'udi nal di nensi on o

product channel s. HedfwdbBelyN¥endricvh Ak Fhgsm £ lana Vher ette harsard euteices
tapering surface surrounding the venturi constriction outlet is a
frustoconi cal surfs@cef (pFodies opesntgen3df estendn fdiwaiihlar eand sandardly | ®s
insert is a unitary nmenber. (5) The invention of claim (1), wherein said
transverse productSPeMEndB| Eigsct? PR €an ErBatQTPRISH: i%H IAFhGruies: sPAGRRLY
the area of the vqpturL constr orifice

%ﬁ§i§¥1t%%2|§£f¥%#ﬂ ?Eﬁhégyeirgg ggggpgkggféfas

claim (1), mhereinagﬁfé?gdapro uct™ to prope t1"os "of “appfoxi ma
thirteen to one ark ohhairdayd Tk FHRUEEESyCEirbbeedi 86A8 AN oRbEEfade) of

The invention of claim (1), wherein each said transverse product channel

has an outer openirwprearad shapacéavihpbhoide guroded targeningar 3tonpeneits. to
smoothly direct the product flow inwardly and forwardly to mix
with the propellant in expansion chamber 34.

Further referring to product openings—3l. reference is
made to Fig. 6. Each product opening 37 at its outer opening
is in part circular (in the longitudinal direction) and in
part rectangular (in the transverse direction), the latter
aspect to provide for a larger product flow than would be
available with a fully circular opening for the same given
longitudinal direction. Fig. 7 provides a further view of

product channels 37 extending into nozzle unit 30, and Fig. 8

illustrates the front end exit of nozzle insert 30.



(8) The invention of claim (1), wherein the entrance dianmeter of they{ AUG 2002
expansi on chanber opening and the dianeter of the venturi constriction
outlet orifice ectively approximately .032 inches and j S

or miltiples  SOREM002 Wo 29143441 PCT/ U599/ 03005 - 20 thggié%?%%tg'ﬂg
expansi on chanber opening and the venturi constriction outlet orifice

having areas in a ratio of approximtely seven 40 one. (9) Aliquid

sprayer. conprising in conbination a first container for a liquid product

to be sprayed and a Rigpnd dddbatnetexamt al rernatprvepébramf ldquddsaomyekr,
contai ner being attachable to the top of said first container; a valve stem
and an act uati ngP¥ARDPHARRAEP Lt REPROHL AR CRELRABEHT6Q e Terednen o iauidr ;

said valve stem having a Iiquid product flow channel .and a prqpel]|ant .
channel, said profRTTHIT CHafRBtoRBIRG TAT BEFOEE S PHrsRarrant diirting
bUtton. I's actuat 'té]ryb%zne@ﬁénf re‘ggggnc&ﬁgﬂagh? tmeezfjersSttgogtc%hggg %‘1
ext endi ng upvvardiy through the sécond container t0 sald valve sten a
product openi ng ept&£psh Nghd i sHRmbUht eAlap§ed i st diQr ihi gugd poodusing @3
flowinto the button fromthe valve stem a propellant opening extending
into the button cateiesrligridropdukante tthidugiv theotile dxtendhng rypwaddiy

valve stem a nozzle insert positioned interiorly of the button within an
openi ng i n the bERFPHSD SEPREABRT 89 N rt*iHaiify WWRE Sl Ha Pyt potind rentral
intermedi ate portion,and_a fo rd portion; said nozzle. nse rearward
portion contai ni ﬁﬁr'él?:’?la%‘ﬁil#\r,\\af uﬂ%§°g8§nﬁ'ﬁ|§‘_é%ttsl%er’l" vz\éﬁ ﬁ‘_n§3i ggﬁr%'breﬁrhrﬁz'
channel ; sai d noggle yyisehd habsdedi aldaht | PeLo akHi B 2i¥ENLYLL the
constriction with an outlet orifice fromwhich propéllant nay exit and at

| east two productpehsang exeshantniceneayepdtiiorcefisbaact iThe aadvexsesslisg
substantially transverse to the |ongitudinal axis of the nozzle insert;
sai d nozzl e i nsepisécohaar thpee tbenirhepg®loori 8iags -6 § jsparedA\UGe 20024 R /dzd
S99/ 03005 cont ai ni ng an _expansi on chanber havi ng an entrance di ameter which

i s significantlytPSREEr deFaReE i2F r COFCPRESTRRAUNAT CORsVRERE | Bhem 64
outlet, and said p j ' I t uf.lLielent t.0 n .
substantially di ﬁép@fﬁ%?&ﬁlﬁfég?%%?gﬁgd gﬁgt e&vggkﬁ}??g%ens r?% on™
outlet at the traneversesPeedUEbnChANAESS; 1@N | OLefidds 4E tHfe SRAGRE by a
extendi ng about the internediate portion of the nozzle insert and in fluid
conmmuni cati on w thniethibhalpredasel opabveigtextbadprgrehtant hin bpt tpel axd:
the at | east two transverse product channels: said nozzle insert transverse
product channel s CeREBABPREP oWRER Uchhdalyer BFGR Hs JleREasPedehy Upptton 62.

constriction and extending_| opgitudinall wardl y to, longitudinall X
overlap said venturi g‘gﬁgt ??E’F?’O%?gswé'l é‘l}ée%‘?gé?n c‘%n)s'{L rllEfi%r%i c?tﬁ’tef‘éf’gbég ng
surrounded by an @t ehesfPOAN NodAREELBIr 8 Wdf Beerigy] Y -1 § 4 BibRE above.
dianeter in the forward direction and its larger dianeter in the rearward
direction; the swhleher buatear d 6aut és diepeé¢ssednl tthe t gpedung slléece heiag
| ess than the entrance dianeter of the expansion chanber; the trana~erse
product channel s cyddprdgicadr spages §8f AUETOURGINS X ERAINPBZIP1cinggfer30, and

di anmeter of said tapering surface, sagid rearward surfaces. and said taperjng
surface charact eﬁrfg’ﬁagﬁ‘géngéﬁgﬁ R c&ffﬁ?‘g??%%fn uref‘g_c?ﬂgf'g% cz?"f‘(?&pggy’r’ﬂe
for smooth produgh,fl-aWebNer €21 HiingSBLHe YOI Wel af8NEIEd ThlORe LI RE R8T 08
| ongitudinally spaced fromthe ~eatraace to the expansion chanber such that
t he circunferenced¥fzllehairyur] ope. of TReCabezDé phepet| ZnhcgbSneXekddrlyt hes
Z ~ AUG Z002 WD 99143441 PCTNS99103005 - 22
described above in relation to Figures 4 - 8. Similar systems
ha;re been previously used as generally shown in Fig. 9,
obtaining product to propellant ratios of the order of five or

six to one for a product of water viscosity. However, the

sprayer of Figs. 9 - 10 having the nozzle insert 30 of Figs.



venturi constriction outlet remains substantially equal to or |ess tHahAUB0l
circunference of the expansion chanber at its entrance until the cone

enters the expan¥Po¥*¥hanmber. (10) The invention of claim (9), PAR&SER0S,j d
nozzl e insert transverse product channels |ongitudinally overlap said

venturi constriction by approximately half t Iri? | ongi t udi nal di nensi on of
t he product channels. (11) The invention of claim(9), wherein the said

outer tapering suffacge syareHadblgtbheiNeatddn &9@&%&5&&9 QHt ke, | $0 nasg
frustoconi cal surface. (12) The invention of claim(9), wherein said nozzle

insert is a unitashraiendder proddrtThe propeltlant phtidaiof (E)prosidiakielySaise
transverse product channels each have an area substantially greater than
the area of the semngifagomsprrdurbnodbmater Yisedetty(14) The invention of

claim(9), wherein sprayed product toeglrFoEel | ant ratiae of approxi mately
nine to one are obtai ﬁed”?‘ﬁ‘geﬁrcﬂ%cteél nthe ofi sERRi @POYE vBeFTIiRtisp ThRd

I nvention of clai 9)_, _Wwher ei ach_sai.d transver. product channel has.  an
out er openi ng of g’]"é"ﬁ%ﬂr?es hg\r/?n%e 3?He§urt\?e ean%l%lﬁfgé:rangorrlpnonggg:é%nmgz' ﬁhe

AUG 2002 m99/43é&aﬁggll§9849399§ to propellant ratios obtained in the

present invention. Referring to Figs. 4 - 8, it is presently

believed to be important that:
{({a) The longitudinal space from gas outlet orifice 52
extending forwardly to the entrance to expansion chamber
34, Dbeginning at circular edge 53, needs to be
dimensioned such that the outer circumference of the
expansion cone of propellant gas exiting orifice 52
essentially remains less than or equal to the
circumference of circular edge 53 until the gas has
passed forwardly into the expansion chamber 34. This is
shown diagrammatically in dotted line in Fig. 5. If this
cone circumference becomes greater than this before its
forward travel reaches circular edge 53, the high speed
gas will pass in part back up into transverse product
channels 37 to create eddy currents and lower the vacuum
created by the venturi constriction. This of course will
lower the product to propellant ratios desired.
(b) Gas outlet orifice 52 should have a significantly
smaller diameter than the diameter of expansion chamber
34, both to allow for expansion and mixing and further to
assure, in conjunction with the longitudinal space

discussed in (a) above, that the circumference of the gas



- 23 (16) The invention of claim(9), wherein the entrance diameter of AU6EN02
expansi on chanber o jng and the dianeter of the venturi constriction
outlet orifice al® qgg’gjﬁécti vely approximately .032 inches and .%‘JIT%S%S’%W%SS
or multiples thereof, the expansion chanber opening and the venturi
constriction outlet orifice having areas in.ajsatio of approxi mately seven
to one. Z 1 AUG 2002 -24 (17) For use with a liquid sprayer, conprising

i n conbi nation a cont aédedndn achelbed poodiidniifidagtipr éyeshd ahvaditeckter
cont ai ner containing propellant, and an interconnecting bridge nmenber for
physi cal |y connecting ¢hectiwoutant adger §3i n Fuithley,sigde raitdtedtomprifice 52
i nproved bridge nmenber conprising a first nmeans at a first end for
attachnment to the propekrPatd RoftzrAetn Filatd@®ndonkhn Jipmeseseednerrans ooy
attachnment to the product contgi ner; said bridge r. hayi.ng _ap engl ose
channel to convey pr op‘g\’?‘ﬁlﬁ?r f3ra40ﬁﬁnfih%r?c|5‘?°stt cé“rii%nfg‘g??g %%c%’r%&qgnﬁhf)f %we%
bri dge when the val ued prapel | @ty %tlggﬂgrrg@i@é:.t uated; a product opening
extending into the briﬁge Interior adjacent iIts second end for liquid
product to flow into the)bridgeghiorime pneduet oEONMdiditfudinalOsilee 1bps &yt
positioned interiorly of the bridge wthin a bridge opening at the second
end of the bridge; sai transvérse produchashanpel s 8dr waeakrywardlyofromncircular
intermedi ate portion and a forward portion; said nozzle insert rearward
portion containing a cR¥hheF PREFIGR F2coAfuRPEdEton AF 3+ asysgehr phges. this
encl osed channel ; said_nozzle g_nsgrtroixn.tea ~é(=1di %tagfp%‘ti clréncgptgi niln a £
venturi constriction wPyR™aRP olif | BXPHTITICe Fr oM whi Ch proﬁe P&ht® mafaé‘xﬁ
and at |east two produgh.CBapagts @éy:ﬁaﬁatsﬁhw@m Wb ARl 6bLon g
extendi ng substantially transverse to the longitudinal axis of the nozzle
insert; said nozzle ingant frha-rewrthapdriuniacentai of nheapredpeat dpenifgaarer
having an entrance dianeter which is significantly |arger than the dianeter
of the venturi constri@endorheufituatasepirat, surkpramicd supreunioggbanoel 51,

expansi on chanber having a_l.ength sufficient to not bstantially_disrupt

t he vacuum est abl i shed ng?u}ﬁep S @ E’Bﬁgﬁi%ﬁci&g“r’ftog#‘ét &5°‘i%¥he product
tr-na~ rarep product CRizighisi 38R ihid Oball HAP ARGCH: XML NG, 2R
the internmediate portio of "'the nozzl e nsert-and Tn fluid comunicati on
with both the product @peni sgasyippitiridihgt dgée dWdndgeubacédessatnlicssimay
two transverse product channels; said nozzle insert transverse product
channel s ext endi ng | ongiesmditndh [eddyorverentd isarde \arducit Ebest riesul banarich

extending longitudinally rearwardly to Igongitudinally overlap said venturi
constriction; said venturdecEsAser itt £Ba d8f+Eed RAMYSurTDORTPEELHIR AnT 3ty

smoothly tapering surfage NAUNGJLS STRlLel 0L ATt Sl d i d NE LAMRLD 1o cne
direction and its larger dianeter in the rearward direction; the smalTer
forward outer diameter Qfriai@ GARGELDEh Sk f B&LIhR NGideeSy tHAaAnghe enbherse
di anmeter of the expansion chanber; the transverse product channel s having
rearward surfaces that lessst erltart cHalte dfarcher dliameseer obf ciardlampedgegs3 of
surface, said rearward surfaces and said_tapering surface characterized by
an absence of protrudi rRfRARFISEShagbet $d pFOVFIRY f e RARAUT EpfSaBCcPEPRYRF
t hereal ong; said venturi, constri,gti,on outl et being ' . longitudinally spaced
fromthe entrance to thcehw;ﬁsﬁgndgﬁ%n‘bne?c’ th SPRaf oF %’gcf’r‘%ulr’?gerg)eéﬁcgugfet
the envel ope of a cone 9f; fyQpebkl.ant gas exiting the venturi constriction
outl et remains substantially equal to or less than the circunference of the
expansi on chanber at it geentmangzodatt! chienebnel endlensld e exfpansudifiicient

chanmber. (18) The invention of claim(17), wherein said nozzle insert 2 ~
au~ 2002 6 - size to achieve the desired product to propellant ratios.

The product openings can be enlarged as shown in Fig. 6
to have both circular and rectangular components as

earlier described above. More product flow can then be



tranfl verse product channels Ibngitudinally ovsilap said venturi 21 AUG 2002
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product chan_nel 8. (19) The invention of claimi7), wherein the said outer
tapering surface W@OSH$4hldi ng~t he venturi constriction outlet i sPgT/US99/03005
frustoconi cal surface. (2U) The invention of claim(1~), wherein said

nozzle insert Hs a unitary nmenber. (21) The Envgntion of claim(17),
wherein said transverse product channels each Rave an area substantial ly

greater than the area QbehhRedCRLHI b &90SL 1&Ad A hdAnbh el iRELLELIGE- o£2
I nventi on of clain1(1~))tmhe?ein spraéed prodd%t to pro%é?%%%%gga?$o§}%%mgi

approxi mately thirteenchanf8ks B3E, @hdihNEirderO8ighekic pToahict heud 3G08hhbe
of water. (23) The invention of claim(21'), wherein each said transverse
product channel has anuseter drduny dfule slapeshaan neutbet iametsd: aofl .158
| i near conponents. (24) The invention of claim(1~), wherein the entrance
di aneter of the expansii®SheRaiBeFhepehodiment PATe Hesfstidedof the venturi

constriction outIet_oriJBce srefgﬁa¥§§Lve ylgﬁggoxi téﬂ . Q32 inches a%a
.012 inches or multipl €'t h&P&ofCRAHEEBRASI SR ERatber Rg éﬁﬁmgﬁﬁ
vent ur! constriction oydeQt @¥J fiLesdari Nern %.oin% & aJé C%:c(;)f obtain proper
approxi mately seven to one. .A&H y. Af . A@2 . AF. A ASn. AF

expansion and mixing of the product and gas and also
sufficiently long so as not to adversely affect the
desired wvacuum at product channels 37. However, the
expansion chamber 34 should not be s0 long so as to
create frictional back pressure resulting in less
degirable spraying characteristics.

(g) The diameter of inlet 32 to the nozzle insert 30

needs to be sized in relation to the remaining diameters

in the nozzle insert in order to obtain the desired
product to propellant ratios.

The dimensions of a nozzle insert for a particular
embodiment are set forth below. However, it should be
understood that these dimensions may vary for embodiments
constructed to spray products of varying viecosities and other
characteristics. As can be seen, however, these dimensions
are interrelated. It is presently believed that different
dimensions for the orifices of the nozzle insert 30 described
_above will remain in substantially constant ratios with each
other according to their respective areas. Likewise, the

length of the expansion chamber 34 will probably vary in

proportion to the orifice areas.



A LCF.AFN.A A FL.A.A 2 .ASF . A@. AH . .A h.A 3.AS3. ASFI . A R A 721 AUG 2002
A Ar. AYL. AY9+- 01 Wnt/ 0FE2) ; R}wrl ga[ UU] caU] cal] ca] cal] ca] caU] c gc
aU] ca] cRa] ca] cal] ¥8ftHe'ca] cal] ca] ca] ca] ca] c*a] cMa] c”a] ca] cral] ESTUSNPRS] ¢
a] ca] caRUags% 5! 58VZcf } xr ngb\ WQU] ca] caU] ca] caU] ca] caU] ca] cal] ca] cal] ca]ca]c
a] calU] ca] caU] ca] cal] ca U c”a] c”a
U c”aU] calU] cal] cal] ca] ca] ca] cal] ca] ca03nr Y\ gs - | wa f ZTU U] cal] cal] cal] ca] c

al] ca] ca] ca] cal] ca] caUpgakaaibed]|sm binC 2heasl send C@,&.J]r&adﬂaalﬂﬁﬁ]&%Ub@a] ca] ca]
cal] ca] cal] ca] ca- DEwxysnga] f~ZU] caU] caU] cal] caU]| calU] ca caJ ca] ca
U] ca] cal] caU] cal] cal] catipnatke adf ctidnnall] 32t)] catl € alf cxedd caU] caU] cal] cal ca

I g#@#K##$$G°/a(%\1:%&&& &Péamerer (M {QnitderSh2: ZU €12 aehrd cal] caU] cal] ca] ca]
ca] ca] cal] cal] ca
U] c*aU] caU] cal] cau] caU]D&éBfE‘aU] %%]%Bfﬁa?’&%‘]‘%%ﬁ)]%%] ca‘L9]3(?a inches
U chal] caM (())) $%) *** 2 KEb i 42, o mimens ol o7 - ch Charm .
.W. zt nhb\WQ f~ ZU] U] ca] caﬁ]gca ca ¢8 af)f caJ ca] caJca ] call ca?ca ca

Ul caU] caUl cal] cal] calj] %QLQ@LM@%Q@HLQ@M&@HL%%H&L&&M7 [ 45O HHhARAUONL
1 1f111223333) 353E3K355t 6} xsni d_ZU f " ZU] U] c] ca] ca] ca] ca] ca] ca] ca] cal] cal ca
Ul caU] caU] cal] cal] caU] caU] ca] caU] cal] cal] cal] caU] cal] cal] cal] ca] cathmatkenU
] cat 6666P7Q77788A9|V9h9] 9nP09999: :Marr:v::i:::: X

| vgkf * ZTU] U U] cal] cal] d&re4sby ea]wlcﬁa]leaé}‘éa]%aU] cad TaUnsdiesal] cal] ca] cal]
ca] cal] ca] ca] cal] cal] cal] ca] cal ca] ca] cal cal] ca

: ] U] : ] -]<<<IU]<A<g<P 3 L L llal“’{é % IngJ]a\VP%HcﬁTﬁ}c%ﬂ cal] ca] cal] cal] caU

L) cal) ca] calig-] - 5‘3‘9&%:953?%? S BCARPOODC L B VpUu caUl cal cal ¢
alU] cal caU] caU] ca] cal] qaklpeaUbeathaaidicaheal calhre] sadiad)] ca] cal] cal ca] cau
] ca] cay] ca] cal] ca] cal] ca( F* FRFUFbFoFFF@HDH H HI I | 1 JJJLKOK~Kf LsLLLLLLMVM} xr m

ga\ VUU] cal] ca] cal] cal] cangab] o8] BatfrodjonaFbaiben £al] calf4salinchlesal] cal] ca

U] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal] caMw/ NnNNN>P?P RbReRr R~RRR: SCST
UVVWV mum Outer Diameter Forward Portion 33: .185 inches
VWAKX* X| vpj d*YSnga\ VUU] C UH’ cal] ca ca] ca
] ca] ca] cal] cal] cal] ca] cga"ﬁﬂelc' g]lU%m U]aca ca? a:%:JJaU] ca* XX %]ﬂlc%
111777 ~_______aabeuAng of Surface 56 to Longitudinal Axi 17 degreesg
c, dkddTe{ vpkf [ UU] U] ca] cal] ca] ca] cal] ca] ca] ca] caU] ca] ca] ca] ca] ca] cal ca] caj
ca] ca] ca] ca] ca] cal] ca] zaldizaleakbhefaddL 53] ca] TCahtiSverse Axis: 11 degrees
Teef ff"f$f 2f Bf Kkl I I 1T # W I 1 nm m nmmmm nnnnoo}w | fa] Tkf " [ UU

Ul c*aU] ca] cal] caU] ca] c fnsifredieal cRifteaceaBRea] tal e atdamn] U] ca)-8ab)imspea
] caU] caU] ca] ca] cal] ca] cIanU] ca ca)]’ cao$0Vo0op0 n%pn]%ppé)é)pggngjrs ttvvww

ove embo event invention, as
shown in the drawings and described, the design of the.nnzzle
insert 30 combined with the tight fitting positioning thereof
within bridge 13 or button 62, results in high wvacuums being
established at the transverse product channels 37 of the order
of 40-50 centimeters of mercury, for example. The vacuum,
combined with the other aforedescribed significant design
-features, results in remarkable product to propellant ratios
of the order of approximately thirteen to one for products
having the viscosity of water. This ratio is well in excess

of that found in currently available paint sprayers and the
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considered as illustrative and not restrictive.
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container for a liquid product to be sprayed, a valved
container containing propellant, and an interconnecting bridge
member for physically connecting the two containers in side by
side relation; said bridge member having first means at a
first end for attachment to the propellant container and
second means at a second end for attachment to the product
container; said bridge member having an enclosed channel to
convey propellant from the first end to the second end of the
bridge when the valved propellant container is actuated; a
product opening extending into the bridge interior adjacent
its second end for liquid product to flow into the bridge from
the product container; a nozzle insert positioned interiorly
of the bridge within a bridge opening at the second end of the
bridge; said nozzle insert having a rearward portion, an
intermediate portion and a forward portion; said nozzle insert
rearward portion containing a channel in fluid communicatien
with said bridge enclosed channel; said nozzle insert
intermediate portion containing a venturi constriction with an
outlet orifice from which propellant may exit and at least two
product channels adjacent the venturi constriction and
extending substantially transverse to the longitudinal axis of
the nozzle insert; said nozzle insert forward portiocn
-containing an expansion chamber having an entrance diameter
which is significantly larger than the diameter of the venturi

constriction outlet orifice, and said expansion chamber having

a length sufficient to not substantially disrupt the vacuum



UU ()-@10% & ()- 10% U& ()-nyY@ 10% U& ()-'! F% 10% U ‘

U& ()-S/'0011133}"?4@1! 10 WO 10% U& ()-3.10% U& ()-'9" 10% U U& (2)1- 6“6 g.qgl/o

& ()-! 10% U&' () W 99lsbPa U UL () - G333) 353E3K3t6mM@ 1! 10 U0 1Y PCT/US99/03005

109 ()-.f10%&k ()-F¥8109%& ()-f3109%& ()- (109%& () -

- 18 -

established by the venturi constriction outlet at the
transverse product channels; an interior bridge space
extending about the intermediate portion of the nozzle insert
and in fluid communication with both the product opening
extending into the bridge and the at least two transverse
product channels; said nozzle insert transverse product
channels extending longitudinally forward of said venturi
constriction and extending 1longitudinally rearwardly to
longitudinally overlap said venturi constriction; said venturi
constriction outlet being surrounded by an outer smoothly
tapering surface having its smaller diameter in the forward
direction and its larger diameter in the rearward direction;
the smaller forward outer diameter of the tapering surface
being less than the entrance diameter of the expansion
chamber; the transverse product channels having rearward
surfaces that extend to the larger diameter of said tapering
surface, said rearward surfaces and said tapering surface
characterized by an absence of protruding surfaces so as to
provide for smooth product flow—therealong; said venturi
constriction outlet being longitudinally spaced £from the
entrance to the expansion chamber such that the circumference
of the envelope of a cone of propellant gas exiting the
venturi constriction outlet remains substantially equal to or
less than the circumference of the expansion chamber at its

entrance until the cone enters the expansion chamber.
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(2) The invention of claim (1), wherein said nozzle
insert transverse product channels longitudinally overlap said
venturi constriction by approximately half the longitudinal

dimension of the product channels.

(3) The invention of claim (1), wherein the said outer
tapering surface surrounding the venturi constriction outlet

is a frustoconical surface.

(4) The invention of claim (1), wherein said nozzle

insert is a unitary member.

(5) The invention of claim (1), wherein said transverse
product channels each have an area substantially greater than

the area of the venturi constriction outlet orifice.

(6) The invention of claim (1), wherein sprayed product
to propellant ratios of approximately thirteen to one are

obtained for products Qf the viscosity of water.

(7) The invention of claim (1), wherein each said
transverse product channel has an outer opening of a shape

having both curved and linear components.

(8) The invention of claim (1), wherein the entrance
diameter of the expansion chamber opening and the diameter of
the venturi constriction outlet orifice are respectively

approximately .032 inches and .012 inches or multiples
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thereocf, the expansion chamber opening and the venturi
constriction outlet orifice having areas in a ratio of

approximately seven to omne.

(9) A liquid sprayer, comprising in combination a first
container for a liguid product to be sprayed and a second
container containing propellant, said second container being
attachable to the top of said first container; a valve stem
and an actuating button mounted thereon at the top of the
second container; said valve stem having a liquid product flow
channel and a propellant channel, said propellant channel
being valved to said propellant when the button is actuated;
tube means for extending into the first container and
extending upwardly through the second container to said valve
stem; a product opening extending into the button interior for
liquid product to flow into the button from the valve stem; a
propellant opening extending into the button interior for
propellant to flow into the button from the valve stem; a
nozzle insert positioned interiorly of the button within an
opening in the button; said nozzle insert having a rearward
portion, an intermediate portion and a forward portion; said
nozzle insert rearward portiocn containing a channel in f£fluid
communication with said propellant channel; said nozzle insert
intermediate portion containing a venturi constriction with an
outlet orifice from which propellant may exit and at least two
product channels adjacent the venturi constriction and
extending substantially transverse to the longitudinal axis of

the nozzle insert; said nozzle insert forward portion



IH 4"10% z| z& ()- ! 4"10%| 4| & ()- NQQQ+RbRCRAReRrRuj _@1! 10 ' F10%& ) 4u6 2002
104| 104| 104| 6@0%| & ()-5-10%}| & ()-93- 10%}| & ()-!/

10% | & () - r R~RRR BOSTR}| @ 1! 10 yS10%&' () - zy PCT/US99/03005
1098 ()-ffS109%& ()-ZY%10%& ()- S10%& ()-S 10%& ()- TTUWMMW}A?] _@1! 10

&) 10%&' ()-2z3(10%& ()-!&" 109&' ()-3! & 109008&" ()-3@L0% ()- @0%& ()-V

VAKX XIXbC 1! 10 =2l

containing an expansion chamber having an entrance diameter
which is significantly larger than the diameter of the venturi
constriction outlet, and said expansion chamber having a
length sufficient to not substantially disrupt the vacuum
established by the venturi constriction outlet at the
transverse product channels; an interior button space
extending about the intermediate portion of the nozzle insert
and in fluid communication with both the product opening
extending into the button and the at least two transverse
product channels; said nozzle insert transverse product
channels extending longitudinally forward of said venturi
constriction and extending longitudinally rearwardly to
longitudinally overlap said venturi constriction:; said venturi
constriction outlet being surrounded by an outer smoothly
tapering surface having its smaller diameter in the forward
direction and its larger diameter in the rearward direction;
the smaller forward outer diameter of the tapering surface
being less than the entrance diameter of the expansion
chamber; the transwverse product channels having rearward
surfaces that extend to the larger diameter of said tapering
surface, said rearward surfaces and said tapering surface
characterized by an absence of protruding surfaces so as to
provide for smooth product flow therealong; said venturi
constriction outlet being longitudinally spaced f£rom the
"entrance to the expansion chamber such that the circumference

of the envelope of a cone of propellant gas exiting the
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less than the circumference of the expansion chamber at its

entrance until the cone enters the expansion chamber.

(10) The invention of claim (9), wherein said nozzle
insert transverse product channels longitudinally overlap said

venturi constriction by approximately half the longitudinal

dimension of the product channels.

(11) The invention of claim (9), wherein the said outer

tapering surface surrounding the venturi constriction outlet

ie a frustoconical surface.

{(12) The invention of claim (9), wherein said nozzle

insert is a unitary member.

(13) The invention of claim (9), wherein said transverse
product channels each have an area substantially greater than

the area of the venturi constriction outlet orifice.

(14) The invention of claim (9), wherein sprayed product

to propellant ratios of approximately nine to one are obtained

for products of the viscosity of water.

(1S) The invention of claim (9), wherein each said
transverse product channel has an outer opening of a shape

having both curved and linear components.
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{(16) The invention of claim (9), wherein the entrance
diameter ¢f the expansion chamber opening and the diameter of
the venturi constriction outlet orifice are respectively
approximately .032 inches and .012 inches or multiples
thereof, the expansion chamber opening and the venturi
constriction outlet orifice having areas in a ratio of

approximately seven to one.
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10% ()->}Ej 13} #or@lsewith a liquid sprayer, comprising in
combination a container for a liquid product to be sprayed, a
valved container containing propel}ant, and an interconnecting
bridge member for physically connecting the two containers in
side by side relation, an improved bridge member comprising a
first means at a first end for attachment to the propellant
container and second means at a second end for attachment to the
product container; said bridge member having an enclosed channel
to convey propellant from the first end to the second end of the
bridge when the valved propellant container is actuated; a
product opening extending into the bridge interior adjacent its
second end for liquid product to flow into the bridge from the
product container; a nozzle insert positioned interiorly of the
bridge within a bridge copening at the second end of the bridge;
said nozzle insert having a rearward portion, an intermediate
portion and a forward portion; said nozzle insert rearward
portion containing a channel in fluid communication with said
bridge enclosed channel; said nozzle insert intermediate portion
containing a venturi constriction with an outlet orifice from
which propellant may exit and at least two product channels
adjacent the venturi constriction and extending substantially
transverse to the longitudinal axis of the nozzle insert; said
nozzle insert forward portion containing an expansion chamber
having an entrance diameter which is significantly larger than

the diameter of the venturi constriction outlet orifice, and said
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at the transversge product channele; an interior bridge space
extending about the intermediate portion of the nozzle insert and
in fluid communication with both the product opening extending
into the bridge and the at least two transverse product channels;
said nozzle insert transverse product channels extending
longitudinally forward of said venturi constriction and extending
longitudinally rearwardly to longitudinally overlap said venturi
constriction; said venturi constriction outlet being surrounded
by an outer smoothly tapering surface having its smaller diameter
in the forward direction and its larger diameter in the rearward
direction; the smaller forward outer diameter of the tapering
surface being less than the entrance diameter of the expansion
chamber; the transverse product channels having rearward surfaces
that extend to the larger diameter of said tapering surface, said
rearward surfaces and said tapering surface characterized by an
absence of protruding surfaces so as to provide for smooth
product flow therealong; said venturi comnstriction outlet being
longitudinally spaced from the entrance to the expansion chamber
such that the circumference of the envelope of a cone of
propellant gas exiting the venturi constriction ocutlet remains
substantially equal to or less than the circumference of the
expangion chgmber at its entrance until the cone enters the
expansion chamber,.

(18) The invention of claim (17), wherein said nozzle insert
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(20) The invention of claim (17), wherein said nozzle insert
fis a unitary member.

(21) The invention of claim (17), wherein said transverse
product channels each have an area substantially greater than the
area of the venturi constriction outlet orifice.

(22) The invention of claim (17), wherein sprayed product to
propellant ratios of approximately thirteen to one are obtained
for products of the viscosity of water.

(23) The invention of claim (2I), wherein each said
transverse product channel has an outer opening of a shape having
both curved and linear components.

(24) The invention of claim (17), wherein the entrance
diameter of the expansion chamber opening and the diameter of the
venturi constriction outlet orifice are respectively
approximately .032 inches and .0l12 inches or multiples thereof,
the expansion chamber opening and the venturi constriction outlet

orifice having areas in a ratio of approximately seven to one.



