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1 CAPI LLARY TUBE AEROSOL GENERATOR SUWMMARY Aer osol s

are useful in a wde variety of applications. For

exanple, it is often desirable to treat respiratory

ailments with, or 5 deliver drugs by neans of,

aerosol sprays of finely diyvided particles of |iquid

and/or solid, e.g., powder, nedicanents, etc., which

are inhal ed | FASIALPRY i TBRE SERQPCfs CENERBEGR s are al so
syvmzeged for purposes such as providing desired scents to

roonms, distributing insecticides and delivering .

&@r@ﬁ01ﬁu@reaﬂéﬁqﬁw§ri@anﬁ Wigen \lietygt odspeeRllfepns- For
exampl 8, PEOVE ded:-an, ari:0sob1gensratof: ifdsbheaf fMmofir@nts with, or

capillary tube, the capillary tube conprising at
dellv?éa@FH%%ebimWﬁPnsfPévda?ﬁP%@% SﬁﬁﬁfsaﬁfoéﬂP%%Ya?%ﬂﬁ?e@héarth1es

or 1ReNnd, whergl nnoglatidized gfddeﬁ'eg dirgseharges.§,romd he which are
outlet to forn1an aerosol . In exanple enbodlnents

inhalgflsgnpe ofi BREL T '&n AEFEs Ol Aﬁéﬁ%‘?%ﬁ oFS LS (456 SP Purposes

such Qfs PCARLELAr ¥etihey dhateapid | @ohst UbE s€oMPIH iSigNg rdkcticides
| east one bend, fluid inlets, and an outlet along the

and dBé%ﬁFr%M?éPéFﬁtvoﬁ%ﬁ%IaPQeHu?¥%ﬁﬁTtexpands out of the

ot letriand AEpes: WidhRranbiepto@ided anf Qe a1 agfmesakor in the
The f|UId nlets may he Iocag%d at ends of the

forn @il IPYLEGES. TR CAlR Iy £ Gbet Wiy COWITroBY ndF eleast one
bend, th&ﬁl@nﬂzhﬁﬂﬂ, a2l engoutpitiraloents bantihewsat®dn volatilized

pl ane or t ma e coiled. The aeroso
fluldgah%%r@ffs §°%0$Fper lﬁé?sts%%r & o P Fhn f1uid
cmmn@xampaélémbdmﬂﬂénthe £l ¢ib dpdaitiets. 1§henca¢mdddﬂ”menerator in

[ t to 40 f bl
tne SERECIRY BES L RLST S,00 00T, B SLSEPLNL TS O seaoe

one Beldym fmefier ablers). 1amit ca:). 2mmile25] a1l angsecodad bend wherein

t here n aero oI gener tor onprisin
VOlat%§%| &Ffl ép%%%%ﬁngné 5P Iea:? one%bgﬁﬁes ijlamblent alr

to fommlehSﬁeandohn oubt ef lad dninltdte lperwd bandoaahedt #ingends of the
|sm Ch heatl‘iag:hetﬁg Irlmg ré’oxﬁéﬁ%{%ed%OQe than one bend,

capil 1
ﬁﬁera ur e SLﬁf I'ent 'to vo atl i ze I'nthe
e.g.,caputdaryertdshen The capel barye tubetloan-pe madebef cahled. The
aerOSSJf ecﬁ%ﬁgﬂéo& 3Qna§(eS|cSt1r[ \fﬁsge.atal ”%oﬁEEST' Qk Sl_’ﬂgguﬁ? in fluid
st ai Nl éss steel dnd 5 eati ng nmechani smcan be a
commupbyericgupplth wikd Féadds avtached Toet vepédphty atybe may be S

millil&é’pegtst a?&nn?' Jf'e(}f@i l?urlbl%gt t@t Z%ﬁﬁlSt l@rll ngncﬁ hﬁas an inner
end t

_ em t’he capi | tube to atemmrMUre
dlameé%#fQEﬂbﬁﬁmtbovbﬁﬁmnIp2@f$1@hky|0n1mheutébﬁmmary t ube.

-Elﬂe aeare%%%ld ?@E@t OLnHRY iyféheéewmf'%eafa%ér comprising a
plece and/or a source of fluid
capillary tube comprising at least one bend fluid inlets, and an

outlet along the bend and a heating mechanism which heats the
capillary tube tc a temperature sufficient to volatilize fluid In the
capillary tube. The capillary tube can be made ocf an electrically
resistive heating material such as stainiess steel and the heating
mechanism can be a power supply with leads attached to the capillary

tube to pass electrical current at least along the bend to heat the

capillary tube to a temperature sufficient to wvolatilize fluid in the

capillary tube. The aeroscl generator may further comprise a

mouthpiece and/or a source of fluid.
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| a In a third aspect, there is provided a

met hod for generating an aerosol, conprising the

steps of: supplying fluid to an aerosol generator

conprising a capillary conprising at | east one bend,

first 5 and second fluid in]lets and an outlet al ong

t he bend; and heating the capillary to heat the fluid

to a tenperature sufficient to volatilize the fluid

for i.zed d %Hgﬁf t ot a

f?u 3 g%séﬁ%‘ %g%fr5%$ﬂaén%utlefh%? thgggggél%%ﬁfﬁggratlng =
aerO#qﬁ;nlawMaeﬁoggl the exappl efenbodrmenty, &lggl to an aerosol
gener_%rt{)%I %%gl k%s%m h@ﬂ) fl‘i%rge%%ﬁlﬁﬂé‘ﬂqd 0 1aM BeH0SPk, bend, first

r|S|ng the steps of supplying fluid to an aeroso

and %ﬁﬂﬂ@ﬂaﬁéﬂl@oh¢WQQﬁ #gJa agaphFiar y2 tomse tEENPPRSI pchtheating the
caplll%@ t @ne-bend,. finsts and secapdrdduted 4 @lfQE}?e@Lndt@nrolatlllze

outfet along the bend and heating the capi]l

ube
the flguikedto tivenf Puiveleblzed ehfperat @PéhsEPPFcF%%tV?@tlhzed fluid
dlSCh\éq_‘ ati i ze theofiluid 40 char g Molgt kgeds fl Wind aesugdn .
that the WO 2007/102087PCT/ 1132007/ 001654 2
vt attameed e ed Hrgpands S8 uPT oY T e 1Gufl ETBPY L1 oenerating

an a@?@éc!ll arMOﬁw%alntghech\ém atddd zed Ehpbd, iMgXi Mg tfo an aerosol
nmbi ent atpnospheric air to forman aerosol.The out] et

gene%@ﬁr SPBPEbT (iRt BPBE R ot HEPIF§{ "andtseédhy one Pends

first lanbhdsb8bed spifdiui dnmays hehsuppbiedet Galdigy fheSbe@nthnd heating
second 5 fluid inlets at identical or different fla

the gapiddarydénbrchP 8F38i fFer éﬁPlTIIE?dé ERRPRTF Ty patricient to
volaﬂl|lQHéd§he nay:ibecsuppin ed vboat hed Iﬂl&&danﬂu(ﬂﬁﬁ:@lﬁﬁ the

fluid inlets. Aliquid may be supplied to a first

fluid inlet and a gas may be supplied to a second

fluid inlet. Fluid supplied to the capillary tube may

conpri se tobacco extracts and a in carrier solution

and/ or at |east one nedicament. BRI EF DESCRI PTI ON OF

THE DRAWNGS FIG 1 is an illustration of a fluid

vapori zi ng devi ce.
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FIG 2 is a schematic representation of a bent

capillary tube 15 portion of the device shown in FIG

1. FIG 3 provides an enlarged view of the

bent capillary tube, with FIG_ 3a providing a front

whlB¥odes> 3b providing a top view, and Fl Gpcigm2007/001654

provi 8| ng a magnified view of the outlet of the

capillary tube. FIGs. 4a-cprovi de perspect | ve Vi ews

of the bent capillary tube 20 connect ed to Jg]d b N
volabitdpel fgut Ar GtRFRCENCEr &t FBRi WE18Fi Verthgr FRpEdary tube, the
volfdifiGodd eanLh Wnihidy C@mﬂoaxﬁkﬁfentV\AatthoEﬁt@rléa air to form an

aerdﬁroggvl dlam'% %Lg ggf: 1\é:. 3{\%6&5%&1 lg to%ll\lesgl r%g rom q’%_xieeef.irst and

secdndandubd showtaddi tiilondl mﬂn‘d@dmmptsecbftq Haéiehdptrst and second

fluldaplrltll %ry tUbe n-EhE PGBE Eh—l-zl Ly {)%@e ]_Qiftegl G- ﬁientlcal or
iShet'lifed” Ml ti ends a ent capil %/

dif tegbet of LAIKG, Ghlmlruﬁjeé)Ealé@M@d f“awebnaWHﬁjlﬁﬁl ¢ pte first

and bseeng%d MI P-Elegél O:ATHE@PBE%EBRE@ EIBMENEMS@ first fluid

Provided is a fluid vaporjzing device use
inlefppaiceat | GRS BOY i REl FEPRY Serdsof @%‘n‘é‘i'dat%ldﬁd Thact.  Fluid
Sup@qyguﬁeol mglgud;aﬁlmah@nttxmapmlayabyrlngmib;e 0:ro|bpatscsag>e:racts and a
can be ssin ectrical current
Car’ill‘?ér%?]rﬁtdﬁahand???d F‘Er%‘*&g% %ﬁg lf‘zﬁl}ecriltfl ows to be at
| east partially vaporized and if desired to generate

BRIhaEn 26505k oRr &f SRbhbyanthddg bent capillary passage

nprises an arcuate passfg gortl on and an outlet 35
at FT& | et i99n 1Al eHg Athen fic dat B isaderye 2P HAEF - t o
hegis .t he {ube, s@rnghest &bﬁﬁseﬁuﬁmt Fuppliead lkypailary tube
first el ectrode ali1 one, IE gt end of the tube passes
Portgiogngt (e FHbES 58" 8edbAdel’sct rode at the other WO
20071 160 208ARAEL 1 B2 0020046548 ¢hltde bant cfart hbarywpebe, with
FIG.F's%' gL QMLNE PATR. QF ol T8l el SOUSERS GaRoPesien, and FIG.
P dlas a pressurized [iquid inlets and i s
3c movlléam apargriiey b &t ’éfbe t%‘téewﬁthﬁycatpﬁél?ﬁb&Pbe
of rheat sgepepasadicbyekesiatiancei heatdngnbr pent hepfil Dawy tube
of electricity alon thetube asthe5f|u1df|
ConTRSRRL HE | ML BHERTTHr U e TUbE-ToRaNH L ndrt or printed
ciraiitl ehrd Waeth usetbnasohlrraemosol Fendearopvilingna front view,
FIG! rl;g)ab.%vl thra%a% band- '%%dﬂd“h%%rcquﬁl@@rao%@blleleﬁg

arren avor su bstances, as the vapor exi 1
frBHfithé eoBebasheheadstitletalofnPReRaRSH| Pérgh% LH?é“ fapillazy

cub@El O8R! pkst PEQIUCREyasukdatvanar Bnhed?lSideEmultlple bends and
sur r oundi nﬂ at nospher e L? erre

zo In a \
the o REBHI et 14 e apftiarf 3 tlﬁge St i Sektet tube havirg
multigast vons . bend (or- arcuate port| on), such as a 180
bend, such that the inlet ends of the tube are .
equidistant fromthe outlet of the tube. Thus, as the

DESERAPCIEMIE THE yPREFIBERER BE9BEENT¥an one path (e.g.

tm@rdxﬁ@éd tor Quak whil Ghpbludhat raveks tLeemit heor I’H@tlicatlons

‘ends of the tube
including aeroscl generation. The device includes a bent capillary
tube or passage which can be heated by passing electrical current
;cherethrough, and through which fluid flows to be at least partially
vaporized and if desired to generate an aerosol. Preferably, the bent
capillary passage comprises an arcuate passage portion and an outlet
at a location along the arcuate passage. In order to heat the tube,

an electrical current supplied by a first electrode at one inlet end

of the tube passes along the tube to a second electrode at the other
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15 to the outlet, the bent capillary tube provides
for a very conpact structure conpared to an aerosol
generator conprising a |linear capillary tube having a
single path through which fluid travels frominlet to
out urther, conpared to an aerosol gen
w@)g%q_hﬂug?sﬁg a capillary tube having a singl e%{)c?in%ﬁommoms:&
through which fluid travels;fromzo inlet to outlet,
the pressure required to nove fluid through the two
inl¢egmdofott hee biafe - capil kidrframubeci sajowesr dt bfereRreteurres can

be tsﬁFlgﬁlte%d 44 aw ﬂl%tsgur%velrﬁl%lﬁf ab0End t et eehdf i@Wat 1east
e of aerosol, the flowrate of fluid travelin

partirldugroasert ded of 2 t REPRLbRY | §he| ot %eartes%fftefated by
resf?;ta%CS,' R¥ATinGl ewenl athe @fLOIfr|¢Iﬁ Cblbbﬁﬁ/ﬁhtpgaid’ﬁgomgh tle as the

| egs 25 of the tube, IS te nsferre
flme‘?ff](ﬂw nttF f Fiim tHE "t ﬁBgsl a}f% P4ehe © 33 I é)ggr%nté?e gy et
Wheth Susre@quusr ed tecosapogezeratool ati bn zaed)halleq,umllcm ewi nghand—held
inh Prou%b Qero %9 21n dmé&%a?\gxq{é)r bpt ngctrhestléqgng@é/ as the

e reduced. Pre Y, I cl ent eat i's
vaper amsiter regpmt c*}hVaﬁ@b?z@talﬂheofOWtFa%t | PRUFEE eftiiliiagy tube an

aerddlfl Q@nﬁrcﬁﬁgéélﬁr ¥hdYvdJee Ehf@rst 1) = fguﬂkgurﬁﬁngreﬁﬁrﬂb%ﬁhere
at the outlet. the bent capill ar be has
rmi“é ¥ halie f6RES] AmbPdimsr rerdsoPeRb l%ll‘?fdy rﬁ# FHGprises at
1ea§meorfd Wetld Mayr b@rcﬁﬁweﬂorﬂmﬂﬁ specmfascaal |380° dbkhdr entch that
ot m x wel b e nt
ggetct?W%hl %Jlje (‘:113 ofari?heq?u% Sr{g%\ftgjfgnmaﬁﬁ\?elo&tlgﬁ of the
tubaer oBwels, cmmhesbﬁgtmm;ll@asﬁ abd Bas wray besrt orwedaby (e-g-.

twoflﬁeegQ}ngh}.dlﬂw ghicglt Q1. @T+.8%RATP! ErorORBe 1 1Hh 8L s eHisObf the tube
and gas into, for exanple, the other inlet

to &hg BRtidte ttE}BebeF'arFﬁélrllagycg Hpe ]?rcgfdfiafl EQf @ very compact
str€@it-ai NEdgatrehaceo axt ragtsor gdPrator comprising a linear

07/ 102087PCT/ 1B2007/ 00165 Ob o.fl.av
Capégﬁﬁyl tHent ' HEY Be®l us‘glaetoipofc% an aé"}“é%holﬁuvl\ndt Frgfes from

inlgtesuwl buntetaer sothehavrpgpaoreganol @ptiecoatt gebetaipr comprising
a c«;‘[%ﬂ_]llaggz L&t 99%&0 S@K&le %a%t)eflﬁ.IQJu)_{]h dient @ﬂpﬁf at-HiL1s from

he= tube and the fluid are 5 gréatest at
inlgfutfetousAlt pridfe PABPSITY HEWHEFEL Y S04F fh)eldcé‘rﬁfa?qufthe two
legi her band deact Bgpiubey (‘_eb@ is | Bowairetker ablluyeve a targeted flow

di st tf h d fth d
o SO SEREL L 90 B DL S0 6L L0 LB A s grc o

of dutieéttprefiénabkyrdhad aead:hariwerofaptfbtﬁoxuhﬁt eﬁySéq‘ﬁﬁaﬂ As a
resm&% tot}e ' @E‘L?w%mdln‘ﬁ%@t @Eat@fof hﬁlﬁénkr&?&lhh& afﬁ/rchﬁﬁethe two legs

wever, fferent fluids are o fed Into each
of fhg etukendheft the EBELeTiPhIYEr £ELIGHER Y & TaBr bRp| tube into
theg@m@{@t nggg,s |etne][cggy be Qﬁ@ﬁg{@bIﬁ;tﬂ@fortﬁ@ owdlla@ti 1 ned) 1iquid
be equi di stant from each jn]|et e tuhe o
flowing df'StodP 996m B8én & IF%%IG%S?]EHI(%PEI K& eq}ect%%b may be
rednatd.be Hr@dfatae:dyl,nsudéruuea;al hpaesi i3 opsineferm@sipéet iveporize all
Lh et,gnd Lhehybe Lo the Ctlﬁnleetth fluid
of %%‘ Fﬁlrlqtﬁggi %H? Iiljl fe?%tﬁ?ﬁl d‘%%are d9| nto each ® o
arriyfseptefite oftitfe tube, in order to optinize aerosol

gener atd Qlbptl LaPBd pLBE enabl modchahab hendiffieeentn aerosol
fluids be fed at different flow rates.

The
COMREFIFPary t ubb taftbe THat BHY i PRI §OF16m arfore! SpeciFically,

difedeetr ieakidag, Cﬁﬂiﬁ}ﬁtxﬂa‘yenﬂ’atﬁix alellsucdy &% $tdi hltesgespective

I I 0 N
55 F0, B8 R SRR 0, PP L o0 s

ande@esctmayc@b Cormeantbyt Ifree@grmthemwbentoandorh@xéfrﬂpdfed one inlet
endpcﬁésﬂh%gthgé O&ﬁglhgggelrgﬂébe f'o§ ¥§£ﬁl‘eze€he '%%hé‘f‘ inlet end of the

ternative, thé tube coul'd be nmade from a
tubgon- GoRALET] v@ 6PLSE - maew Fenké PP altoPR¢fth FEtracts or
glass or silicon, with a coating or |ayer of
resi stance heating material such as-



10

15

20

25

30

35

25 platinumfor heating the tube. Specifically, the
tube could be fused silica wth heater elenent forned
by a resistive coating. Provided is an
inmprovenent to a single capillary tube arrangenment
“;g)szgﬁltogotsyaporl ze fluid wherein heat |o0ss canp®@ggdbo7@bissa
n-el'ectrical |ead nearest the capillary tube exit
and cause a dramatic declinpe in 30 tenperature al ong
the capillary tube toward the tip. To conpensate for
tobasgehfhawatr |avsetbnbnai Rewile (9edt Fp &27Th FemSEPSRlyr g1th the
resuﬁlﬂfirléchgﬂgéc)i I'Hag;!'inéoﬁr§$}§)lg§9§é aki:anpafea gualiiatry to tobacco
aerosol, the capillary m dsection may be overheat ed.
smokPhj s overheating exposes the fluid to be aerosolized
t oerBegessar thy hieghedamper atfur else-Whiscd Gad, tihe sbheid are

gre%?s%?%1}63‘&1(?2%%1{8:?%%ieaﬁwitdgggse%a%?y,sethteh%rug?al)t dlesg ra%d@f)é o&:nter of '
the 200@ 1102087 PQFA.1132007/00p86%rap1F| Guillishovls faam each inlet
end gcg_bot%lew%gge O%ntgegéelflegaﬁll@p%rqluzaﬂgcaqgvifggm I dhdnh@1£6F#de), and

of an aeroso nerator “10 for use as a hand held ,
the jqyisabererefsrshbivnast Re Jawifss| 2BRHREAAEOF N I AC| biyede 1nner

dian@téP%ﬁ%h«EEb@ﬁt fdaddiid1amdy \tgbé/.e %i%,weﬂef‘l,eatfeﬁifferent fluids are
arrangement. conprising a bent (or. hairpin) capillar
fed t e 50, 21AbufADI 8ge:C B, "W optt oHal “seRs o ti%lzéé/ncf‘emwl
gene&lawm,r 0l afiaylGe THrefeostleolther 1ibBei ocllsdesosubeabtieidistant
el ectri.cal connecti Ci ~ [ t h
g T
and/oper glté ngleheradd veol4,be hdoseirsor 115 ‘wif@dtstippl pragttons oo
resﬁéc@ggél Bh%ﬁ% t@rom the inlet ends of the tube. to the outlet.

Purther, if different fluids are fed into each inlet end of the tube,

. in order to optimize aerosol generation, it may be preferable that the

different fluids be fed at different flow rates.

The capil'lary tube can be made entirely £from an‘elect_rically
conductive material, such as stainless steel, so that as a voltage is
applied to a length of the tube, the tube 1is heated by the flow of
electrical current thtough the tube, and the fluid passing through the
tube is wvaporized. As an alternative, the tube could 128 made from a
non-conductive or semi-conductive material, such as glass or silicon,
with a coating or layer of resistance heating material such as

platinum for heating the tube. Specifically, the tube could be fused

“silica with heater element formed by‘ a resistive coating.

Provided is an improvement to a single capillary tube arrangement
used to vapbrize fluid wherein heat loss can occur at an electricai
lead nearest the capillary tube exit and cause a dramatic decline in
temperature along the capillary tube toward the tip. To compensate
for such heat loss and maintain the tip at a temperature sufficiently
high for the generation of a‘quality‘aeros‘ol, the capillary midsection
may be overheated. This overheating exposes the fluid to be
aerosolized to unnecessarily high temperatures which can, in some
cases, be .sufficient to cause thermal degradation of fluid

constituents.
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heat the bent capillary tube 20. In operation, the

valve 14 can be 1i0 opened to allow a desired vol une

the bent capillary tube 20 prior sensor 15 of a

pressure drop of fluid fromthe source 12 to enter to
wil 208 HRsg@guent to detection by the in the noubdwisaee 001654

18 caused by a snoker/patient attenpting to inhale

aerosol fromthe aerosol generator 10.As fluid is

supplied to the bent capillary tube 20, the 15

CORIG.0ll gahows eonerksiddmeRe HnpurtlUof BeRer ZpPvigege in the

_ for%l f]e.’ﬁ‘lt atelﬂgs&@njeldeﬁﬁt’oﬂ ule rouf kel eﬁntal Vhdn@ vielatidbdaaer. As

luid in the bent ca illar
shown(hel FOI0E FBIPOPS ]t%éxﬁj:fﬁ%ﬁt 100 Cgc%%.%ﬁf“ld' a valve
14, Qﬁ&&@ﬂeifﬁﬂﬂagbeﬁéﬁt capbtisany 4 uemtt goheatirphe) fdapuﬁlary tube

to a s itab erature.fo
20 R R SRt TR PBLAEH] ng g%, bt Ll e, one

contvd 1bent 6 capiludasy snibab120 candt Tive lvshartqtirad ﬁP%l%PClllarY
equ{fgr(e% gQ(jl‘ﬁea{so o'ba\mbfiﬂ ﬁﬁ%hb%oblgg@tgg bi/tkﬁ tﬂ'@r%@l‘itroller for

on his rawm ng upon the nout hpi ece
Opefﬂffeﬂael’céSOIVab@?}e?‘%{t o‘fhesh%?\moffnlﬁl & S‘é%m%élgnﬁgj??ﬁrel&lty to

heat otl'i%lat 'ﬂe‘n%efﬁﬂ)f]}:ll%rrggﬁ:ulﬁé uted smp;plopeamrmgemfaat galyeorLd can be
i nst ance e I d source ri Liver
opeReqd @ @hi¥h adéile%]é‘?% ¥ B?eooger %lcrl]e rg\lenoltﬁﬁeg% %F ¥§ % entes
thet}ﬁ)eﬁme:abemar@apubé arly prabe Qﬂo@rndnmew@etbé@}tdetectlon by the
send) rr% ary tub r%% L Gan dnel ude oRe QbulRYiecEBLRS i Bfised by a

2r s of” term ned size to accommdate a
smopenef@et:eqnm AEHenic 0eie Lol LRGP A4k e GOIA(E| Jetpsol generator

10. dur k89 AR;hnhal atign ieucle  tket B@nﬁa&ﬁpmr_@ thébe 20, the
bent capillary tube 20 30 incl udes one or nor

Conﬁliéftléﬁffnglf’ch%épgs &hﬁccf'@ﬁ'}%ﬁato owef:urrr)é:ov%d?c} to heat the

Capl¥M%rﬁth@£ AdTithelge ta veﬂanaloze\mﬁuues1dommgthaaanvaplllary
0 e cha r(s eyen fLo f 14

tub%e ond tené ﬁ ?So)llgﬁr}{ﬁgE#‘ﬂ% lls \Mt'lé)e?ﬁle%ﬁlt Iolf @leCtI'lClty

panESrue®u9bhéheh&ﬁb@¥%§y G&helﬁ@l@ﬁétatﬁ?eﬁE%V%rto a suitable

temﬁélra%ﬂggdfcho voeati filuhd 11 tfﬂﬁl@h@im@!h(iS) SuCholfdtliged fluid
vapor 35 bubbl e expands and drive the enai

' EX1F?q%HcP?9%§ﬁ1Pﬁet€ﬁaﬁﬁﬁFsC?9ﬁ afﬁegﬁent dapﬁvféﬂg {gpatitized

fluZ@ td@kabh Sa®fosC hhactpremedteinbalaingenenpecar eon his/her
und in onnonh&n%@@eﬂgus 6 491 233 t he di scl osure

drawqfng(,\hlpo% the mout

The aerosol generator shown in FIG. 1 can be modlfled to utilize
different fluid supply arrangements. For instance, the fluid source
can comprise a delivery valve which delivers a predetermined volume of
fluid to the bent capillary tube 20 and/or the bent capillary-tube 20
can include one or more metering chambers of predetermined size to
accommodate a predetermined volume of fluid to be volatilized during
an inhalation cycle. in the case where the bent capillary tube 20
includes one or more metering chambers to accommodate a volume of
fluj_d, the device can include. a valve or val\_res downstream of the
chamber (s) for preventing flow of the fluid beyond the chamber(s)
during filling thereof. 1f desired, the chamber(s) can include a
preheater arranged to heat fluid in the chamber (s} such that a wvapor
bubble expands and drives the remaining liquid from the chambers into
the bent capillary tube 20. Details of such a preheater arrangement

can be found in commonly owned US 6 491 233, the disclosure of which -
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WD 20071102087PCT/ M2007/ 001654 6 i s hereby
i ncorporated by reference. Alternatively, fluid in the
chanber (s) could be preheated to a set tenperature
belom1vapor bubbl € forration. If desired, the
Wyﬁoi{ﬁig Jgycoul d be onmitted and the fluid sourgekioseess
I nc e a delivery arrangenent such as one or nore
syringe punps whi ch supply g predeterm ned vol une of
fluid directly to the bent capillary tube 20. In_the
is basePwhérerpheatsentbst ubeidsnfitde Stamadigglyi chiyyfl in the

charrﬁ)%@qypt&é{ﬁdnﬁé eﬁfé’&'ea%é’@htca% el E&ar@gﬁﬁaﬁﬁﬁﬂbelbhevapor bubble
heati ng arrangenent can be a ortll%g of the ccgpl Idl ary fluid

formappandef L hi ﬁ@ﬂﬁéﬁt Eapi Y?Jaw ub850 PeaFPAhGE
soundt@l atd | ¢ze 1heuké qul didiavbent ai:ﬁax@ameadxﬂ asych e @k or more

The sensor can om tted or. bypass 16 {CASE ¢ o
sYTifMEr B W&éi?'b SoFPg %neraede T L|né9¥40pﬁzlr gltg'e%lprrgalnﬁz(a\i ?ﬂee Hy t

the yena rafephlalmrgalatuksa/\moch Igl ¢berézal whare cheobedt h’é‘#be is made
of %&Jl &f‘@é&ﬂ:gﬁ*}n cg)%ﬁucﬂ‘té“%&%rwf agfosel s&%ﬁ]ﬁie?ésorstla@l the

ustrate 1 is useful for aerosolization of
heatinhaleabregsaenbsers; P ug heastidrug Lot | SRR 1BEY! FHRf 148 tining

pentd€EGsQh sry t bepderd, capiddqany tbu%lﬁaﬂlaleSCthbe ugaddt on bent
vaporize other fluids such a8, r exaﬁrgp gorant
efﬂsbr

capilieg¥t P&l pdiPht SCTUHr i ta nccaé1 Snd™ ¥4 ypassel' in the
casebenhef:aplthlearagerbume aenesatomener atsor cprrptedceiapgally by a

Iu1df|owfrom in f th%&”%echérﬂﬂgbl tech
mechaBASR Bl 1Sy TR 't he Cgcrrrjf?%f Jwgl(% bressurized liquid phaue.

Altfmmdhoth@rc"e&ietie]f ianedayor U IGRUPETATAYf Tothe Ls afpsstul for

aer&%@@&g‘ﬁfonf Il dnSOUNG8S 2e8hislsS theRUgh dhg iorl. @E_Sv@f bearing
ary tube and fl ows through t he

| £9s t he
aerqs&ngé rt gb\%rtﬁféltt ﬁép)o][}tqrért tBPet i taH.B, b%,r lé? < gai'g agorlze other

flusBparaicd elaect rgde i 2xpnplé dedoatraeach |m®tcten1:ﬂe@f, paint,
t.he capilla tube. The portion of the capillary tube

lub]‘bl&?‘vé%h q e%%‘gL él ectrodes is heated as a result of

t b ledrectaeps alamurtubnt abrosw hgaairetRfh BYpdrErbif oftuid fiow

frod N8 E!t'tbc_?lebef_tl\‘ﬁgn sbligc€l ectar adesa, agshdrhery i gui dne form of a
entering the inlet ends is heated Wlthlnt%ﬂl[ ? Ohe same

pregsyrared veisyid %&d/t%epeiaﬁ%"rer&%fl?% FHOF t e Wit et *gF the

or idiereapi Flhaky sbubesanéneonestiimiigh cidnt doleww tdf tthe capillary

tub%fnp?‘%?g %%5“3' entp Ly the ee%p%b%]%%ray Agr %ﬁeiet of the

'S a S spenS| on e aer.osol can be
tubd.or Mﬂerm;fsal isgparat rﬁelegasmswr@rovwedt k& PR Eplet end

of ﬂ:l’ﬁa Q:ai»?h‘éf)})'%uﬂé a ﬁ@%‘%%@@rh Ed Itgyi gapltllﬂﬁr@el{d}b‘éobetween the
formed fromdropl ets of condensed vapor

eleq%@dsat fet PPatadhedq et FRoWrtosdt st i0ACHHEE tﬁ&rrent flowing
thrdda&le%n@brdican%tferthef thibee mmelehar:ye taleerrédee, aendsohe liquid

ent%ﬁgggg?{eg{ s(r)nﬁgtze%atlzeecp EH Qhé &k;¥8nféﬁ?{ %uggpor As

the Rrdpor2, exatilinoek vhpoputgig O(ie\theeCﬁiFrﬁéllaﬁ%st@e ind comes into

Vel B8 20andink N afinf il disht OpRed vhbbk deSIQM4T 68 aerosol.
passing through WO 2007/ 102087PCT/ 182007/ 001654 7
contga%% Lhag Veitd %‘?x 91;1 V\g / / :

If the Kapifl &9 2 t:‘t}ﬁ@ezaquhe Fheuidgrestlecant He FoRiedl &rgm solids

in EHQes?iQPéHSJ_on If the liguid is a solution of a condensable
liquid, the aerosol can be foi:med 'fr_om droplets of condensed vapor. .
If the outlet is smaller in-cross—sectioﬁ that the internal diameter
of the capillary tube, the aeroscl can be formed from atomized liquid
driven through the outlef by wvaporized liguid.

As shown in FIG. 2, a fluid wvaporizing device includes a

capillary tube 20, with a fluid from a fluid soﬁr_ce 22 passing through



i0

15

20

25

30

33

first inlet end 20a and second inlet end 20b, and
exits as a vapor fromthe outlet 20c of capillary
tube 20. Afirst electrode 23a is connected near 't he
- inlet end 20a of capillary tube 20, and a second 5
wﬁ'zﬁ&ﬁ 2 23b is connected near the inlet engra@Mornoiess
: 1 qui entering at the inlet 20a of capillary tube
20 and inlet 20b is heatedsas it passes through the
capillary tube. Sufficient heat is input to the fluid
the paasilAgry hrokgh?@ he FibeltY v aforize e FEASH2EonE Rt 20 2F
f1r§’g]elrjll E” dnaszbd S tsecbh@miha Q-alﬁ:l| @ﬁ)b, ZQﬁd ofxitthe at0a wvapor
capi | é t ube. ﬁgaln whi | e Str ed ut a%e 232 is
froq n*dtecé’tué ehbdife,® t?é‘phJe]r%é’oltug at or Ty

conr[m:rtadt hasr one: f]_lnu.b'd saurae fodr cean:hlarryl etlbefmhear@emt second

ca I b i4d bystrate an
ele(e‘ttjlg gg%y\}lse%\?nc?fe‘:tﬁ% 5ént tl}:eaﬁfl??%ry tuglg 30.FIG 3a
proviigesd ettoping e ¢he tindcbedla cdprrpelypryube3g? #4ft intet

4 ZObI $s WhLGR F | i qte%géés aEhr.fo'u(gﬁt thBl tpeNdr30aysnd sufficient

secon nI et end b, exits as a vapor fromthe N
healpuid etHHB’Gc ton tBeséiﬁlH r&aﬁlséPg bEMP 1R c’,:Bﬁl FFaF y©o¢ upporize @
10a0. s&nd 1 68t Bt eetifndead3ati sxconneetedtneaputhe i M@t of  the

end 30a of capillar ube an second_ el r
cap@slﬁryst%ne&géanh ué}lﬁeh%oti A llusgra % QF?%E q-g%cggeed above,
the | 4drdsbl af@s:ratbr amty iineWndsf IrtOlqe b}eant 20 Ehpid |sgpyce for each

t.ub s a magni fied view of the
e Or et %EP%%aggglF%gﬁfggu be. FI Gs. 4a-c
i | Fifistr aed petlsa’e@tﬁevén\ﬁ@%g% e BEnt e ARt |(§P§zliary tube

30. tUPEs . Speciddveatlya HGvida @EO\thaeser& tepiview ofube 30, in
t he bent capillary tube, which conn ed t.o

ct
whightfdnde eRFOLHY Hd Tl ety dnioRs | dPRVaP i e tngedt end 30b,
andCe;E:Qi.i;I tasCal trafBr WEL b attteorm:tt@bteﬁea%m Fd@emtﬂglrcular bend in
rovid a .sj de_ vi.ew of n4cap Igo%g tbs, h let
CEPNITER ?:b co%nec?eglt 0 eﬁ (g%t r?’gfgn cés ar | vgrvfrleﬁt:et ° inte
end c3lac wift cemid aamdteemntIoel rﬂeqi 2 #iFFORE LA TpRDVI Ped s gconnected

.neaI rQnRt s¥iew ofs ths. bends.capi J.ilafsy.rbtkbse,a whbeh ¢igw of the bent

connected to the el ectroni.cs driver ? Cpt ed clrrccllg1 outiet of

cap pdadyaRtP ot of 1er JCTREYIEGE 240 the bRt ©

the Capiilbafy tubbe are pref er abl'y connect ed to the

el 9%3 ron CS rlll\l.ltgtgrﬂre g &J:{ Q,lél tv1%%d ol?y tBe bent capillary
ctive adh ceh B ¥

con esive, or exanple, solder or
tube:on@uepme:aépmxyh"mal Hewmlﬂﬁe oIt FHRH & gheRegnt capillary

tubdf iJatied €1 reuihtceaf dot andubRblagl @sbibki the kOeth@nics driver
‘'egs of the bent cap |IIarﬁ tubﬁﬁto h at the bent

or iR (RAPYIT H6S S5AHG PRSP UBEhI fonieCof 41 HEBeAE® @ Side
viefaf ltharyerdul Q@pﬁl EarSchevat |W¢iabh yis howneaidch tpetier @ﬂ,@etronics

to FIGs, a'u 6 Jne gent ca Ji%&r tuhg 0k:El G5 ;

i rd_a lé d¥FIG. c Yprovides a
I Y§e | Rid@S S Hul e P ben gfa o
front view of the bent caplllary ‘tube, whlch is connected to the
electronics driver printed circuit card and controller. The legs of
the bent capillary tube are preferably connected to the electronics

driver printed circuit. card by a conductive adhesive, such as, for

'~ example, solder or conductive epoxy, allowing the electronics driver

printed circuit card to supply electricity to the legs of the bent
capillary tube to heat the bent capillary tube. '

Additional embodiments of the  bent capillary  tube are
schematically shewn with reference to FIGs. 5 . and 6. The bent

capillary tube of FIG. 5 includes multiple bends b5la, 5ib, 5lc,
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single outlet along the centernost bend 51b. The bent

capillary tube of FIG 6 includes a coiled tube

havi ng nul ti pl e bends 61a, 61b, 61c, 61d, 61le,

y have a single outlet in the cent esERmb007/001634

bengﬁgﬁa% 5The bent capillary tube arrangenent iIs Y

desi gned to acconmodate a variety of liquid flow

rates through the capillary tube, is highly energy
pre®ffabty ensveand providestetcaipact tiay reargemerdt dgpd Slb.  The
beml. nc!]aal Ifﬁ{%a%aglfo? G. té‘%d&?é&é?% Zc%lliecéd o{uﬂ@%av:mq multiple

e can mmto 40mm | ong, or nore
bencp‘r e?l@p a@llg/ jelng ﬁbi,zm|g¥ﬁferahby tl’ﬁ)érel Anginglg cutlet in the

centl 206t 615,40k14 he tube can be 0.1lnmto 0.5nm or nore
preferably 0.1mmto Q.2mm In inplenentin

Ca’fﬁq |b§|ﬂ{} ﬁ%‘%i'tléﬁIYnt‘HW Iaﬁﬁarr%elmen hJeS kijeer?tlg‘g%%ﬁﬂ glgcommodate a
variétqe AT NARgedet o Sryfeafl emabhyn i tieul @tredland/ orbe, is highly

: d.from anbient.air and the vapo d fraom :
eneﬁgﬁe %II%1 LPRY y 2PUbE EbT exampler - & ngangfg}"%gnﬁul atlgn jobaler

apphigteiosd, cowl thebeinserbricg @5 shmp@mlltlhéy beHe can be Smm to
40m§a95£%ar¥ﬁem§)95np§‘e@ﬁm®l eﬁﬁnmsu@ch bb@'ﬁ tlbﬁg VapRs# the inner

exit I"lary tube does not contact ‘the outer
dlalm]ﬁreﬁfac@f ofhet fapeagh ibgr ¢ - tgbeo 0-5mm, of, BoFe rREGNeGRPLY O Imm

to @fzndrl schay gﬁmﬁlre%hthﬁg G@Hél | dapt y1d15/ d1eswlaﬁseld bl FbiGler, the
as being oriented in irection thle %eing gl and/or'

bent) BRE LI (HECCapT TSR] Hoa o + BRETHEERRG O

1sopsﬂ:retil G6m O b hentC agid |aawdy .then vhher aiaszrrtnat itvem the capillary

|scarer1rna I ngt be: i t hidtihe
v SRS Lo 15 B3, UL DI LAPLARR L hee o

sup;pmttut@ﬁs b@ﬁtt lfeP EBlirly| airlyhm # NAU T EEE | 5ﬁclbu1flgqtdethe vapor

ex119Lfngt hee g@&k@fl@'ar?' ense defdsnadt byortthercaps | dfey, sGdfdte of the
as a direction that is orthogonal to the general 25

caphllang WefS-ned by the capillary. Whi |l e vari ous
enh&dlcmaet:sl&avef beescrdeser ifbed, the ¢apitidabe is disclosed in

9“{;3&9 t%%tlemﬁaﬁ@ ati Qns;;and meditigatigps glmrp@ plane of

resor be apparent to those skil _
the t¢ppidRary Suel Gaeh aitheoﬁgda% needipicath Ghe ‘é"i“Féthlér%e In the

alt@&ﬁ%&g@r eghM chhs'dﬂat:@@ Mvﬂrﬁ‘ﬁ/eﬁﬁldb@cﬂpea Otﬁntc—ﬁel&ﬁ) within the
clains appende -her et 0.

oGO 200 PBCHPE Z0GHBDTRSIOGCL A ond of portions of che

capillary or in a direction outside of the general plane defined by
the capillary, such as a direction that is orthogeonal to the general
plane defined by the capillary.

While various embodiments have beén described, it is to be.
understood that variations and modifications may be resorted to as
will be apparent to those ékilled in the art. Such variations and
modifications are to be considered within the purview and scope of the

claims appended hereto.
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1. An aerosol generator in the formof a capillary
tube, the capillary tube conprising at |east one
bend, fluid inlets, and an outlet along the bend,
wherein volatilized fluid discharges fromthe s
wBYbd-AkwokP forman aerosol. 2. The aerosol gENEBzND001654
of Cdaim1l, wherein the fluid inlets are |ocated at '
ends of the capillary tubes N 3.The aerosol generator
of Caiml, wherein the capillary tube conprises nore

"CLAMan one bend. 4. The aerosol generator of Claim1,

1. fumt h@éro%enprge&bﬁgtoac sonr aeeoffdrinquifd &n dhbdiithry tube, the
conmmunj atl on wi.th t f et 15 e
caifREY abOE ofRBFAP L ShnePel n Tiie SRRyt the e g
outlek| hioms erre bend) wﬂndﬂalrreweitéstilleﬁgd aﬁwwaglaﬁhwaﬁér from the
outld'taﬂ?tf%ﬁ:moin Qu.l.pdl lineters to 0.5 mllineters. 20
6. The aer osol generator of Caiml, wherein the
capillary tube is 10 mllimeters to 25 millinmeters
2. | 01@1% adohas @Rciangr off ameter 1pf wlerkini lche Mehers indets are
0 mllimeters. 7.An_aer os% gener at or conpri sing:
§ at |east one bend,
f|UId inlets, and an outlet along the bend; and a
i ng _nmechani sm whi.ch :h t he r u
3 eI%‘pere‘g?ture safticient tEl’tfoec\ai%’ Ié‘\tuti |§§Q¥%r?d%ﬁ1 ?aeplthaay cupe
compcrapeis lvryg theve one bend. '

4. =~ The aerosocl generator of Claim 1, further comprising a source of

liquid in fluid communication with the fluid inlets.

5. The aerosol generator of Claim 1, wherein the capillary tube is 5

‘millimeters to 40 millimeters long and has an inner diameter of 0.1

millimeters to 0.5 millimeters.

6. The aerosol generator of Claim 1, wherein the capillary tube is
10 millimeters to 25 millimeters long and has an imnner diameter of

0.1 millimetérs to 0.2 millimeters.

. An aerosol generator comprising:

a capillary tube comprising at least one bend, fluid inlets, and
an outlet along the bend; and
a heating mechanism which heats the capillary tube to a

temperature sufficient te volatilize fluid in the capillary tube.

8. The aerosol generator of Claim 7, wherein the capillary tube is
made df electrically resistive heating material  and the heating
mechanism comprises a power supply and leads attached to the capillary
tube such that current passes along the bend and heats the capillary
tube to a temperature sufficient to volatilize fluid in the capillary

tube.
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9.

308. The aerosol generator of Claim?7, wherein the
capillary tube is nmade of electrically resistive
heating material, and the heating mechani sm conpri ses
a power supply and | eads attached to the capillary

that current passes al ong the bendp@Rfh2007/001654
heats the capillary tube to a tenperature sufficient
to volatilize fluid in the,gapillary 35tube. WO
2007/ 102087PCT/ 182007/ 001654 10 9. The aerosol
gemer atserosdl O g@mergtorf urdthelClednpr i si ngtrgher  comprising  a

mou,{}gg% pi ece. 10. The aerosol generator of Caim

10.

flu qq

11.

12.

the

13.

urther conprising a source of 5fluid. 11. A
nmet hod for generating an aerosol, conprising the
St@Rs aetosSURRhYENG A yi didien an aefﬂnyalcgmgumsah@ra source of
conprising a capillary conprising at |east one bend,
rst and second fluid.inlets and 10an outl et al ong
the bend; and heating the capillary to heat the fluid
t erature suffjcje VO t
tgAfmgfrEﬁ]ng f{/ol At Zet lP{Ju%ndggr$ l %%ﬁﬂ%lﬁég%oﬁgtlg%ﬂzsgﬁ
f | wipbldisghblges o om tassodet Iﬁneéﬁt?%ec%@ﬁﬂﬂ%ﬁf tpitlary
fo&éﬂﬁ@s@ﬁ& 050010al® ode-pehhe RFEtNOGHEf s&taidnfllia inlets and
wherein the outlet is equi distant fromthe first and-
setbritiphiaddopal B¥s Pends a$3. The nmethod of O ai m 11,
whied £iiRgf | thed Icspisumibl eth t @ehtie thier SE1 PG and secoemberature
fluid.inlets at i.cal flo t T t_had
of SEHCHFRY, t?/\ln%?]g i |s¥\isuula(}i I, dfotl%i eaqﬁlgﬁﬁg Fruid,
f | sicch Itnbet‘SieatiOﬂaﬁlflelzeﬂtf]fulld\/\mf%?th@gges from the outlet of the

capillary to form an aerosol.

The method of Claim 11, wherein the outlet is equidistant from

first and second fluid inlets.

The method of Claim 11, wherein Ffluid is supplied to the first

and second fluid inlets at identical flow rates.

14.

The method of Claim 11, wherein fluid is supplied to each of the

fluid inleis at different flow rates.

15.
the

“16.

the

17.
the

18.
the

'Thé method of Claim 11, whersin identical fluids are supplied to

first and second fluid inlets.

The method of Claim 11, wherein different fluids are supplied to

first and second fluid inlets.

The method of Claim 11, wherein identical liquids are supplied to

first and second fluid inlets.

The method of Claim 11, wherein different liguids are supplied to

first and second fluid inlets.



25 15. The nmethod of Caim 11, wherein identica

fluids are supplied to the first and second fluid

inlets. 16. The nethod of Claim 11, wherein different

fluids are supplied to the first and second fluid

inlets. 30 17. The nethodlbéf C aim 11, wherein

identical liquids are supplied to the first and

second fluid inlets. 18. The nethod of C aim 11,
19mheweenmdtﬁddﬁqﬁnCManuﬂds ahersimpti bitis 35 tpeplied to

fl %%Esﬁ‘”‘haﬁ&onﬁl&“'aﬁd' n e(_t]§s 1;15$§pl£@lﬁ et had Qkcond

1 ereinaliquidis supplied to the first

flﬁiduxhhemlet and a gas is supplied to the second fluid-

inlet. _



