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CAPI LLARY TUBE AERCSOL GENERATOR SUMVARY Aerosols are
useful in a wide variety of applications. For exanple,
wo too780081 en desirable to treat respiratory aipOBRM2907/001654
with, or deliver drugs by neans of, aerosol sprays of
finely divided particl es of1|iquid and/or solid, e.g.,
powder, nedi canents, 3 are inhaled into a
patient's | unggAP%IAggng Farp@RgFgB FRERAFGR pur poses
sumMskieh as providing desired scents to roonms,
di stributing inse ci.des and dellverlng ai nt
aftG PTBTS caht. u?’?%\d{ ded i E%ef 58t Yge %?%“i'lci%lf)ﬂé For
examﬁlﬁlﬂiﬁ i &&mbhlaéylﬁaﬂae tbheréamlfés®ﬁyatdbﬁ ailments with, or
deli npri si n% | east . one ben fluid Ifetsl and an ticl
© 1}6 %{u% Hg "EABS befrd, ASHTEr i ﬁp%‘fsat‘% | iT2881Y g faed particles
of m)qaaﬂdSm@lubrofsonh@ oatiye,t amtlem X es=ddickhemindb,i eatc ai rwhich are
inha éﬁf9£n1an a H%%? The fluid th?ts ap%)h%% oratur oses
ends BC thecapi 1 ar V" e, FHERapi P ary Tube purp
such cenppirseidbre ddﬁsamednecbeml te. goqmspl uhartrblelm@slg nlrtsha@ticides
and SEIE,RlA0C Ol NG LYD 6,18y, be goi | ed. The aer osol
enerat0|gPra rlseasource of liquid in fluid
c@’mnde:catusonnweltpsdiegéharfdtqmllet she Thercapi bl eagillary tube,
rs;to.4 p rapi.y:
B R A I A e L
outlet Sehpner efieriidy Ohkrminrovol2wmizAdsdlpidvrdeends @ of the

outl@@r%%B'HQQQQV%EQB %98E5h§l99r tgagbrhaﬁ%ltégy%sol The fluid
conprising at |east one bend, fluid inlets, and an

inlepyt ey Bfohgcaltssl BéndndAdod hbat CABL Hecariudm whilsg capillary

tubehﬁ§§scg$ﬁkf§%phokérYh&ﬂ“ﬁhé(%é%dte@pératﬁfé%éiu&kh@beﬂh the same
to volatilize fluid in the capillary tube. The

plang a9 | 10 FuPEbBA A F@ihEde offCaRegPeRt rqsRaIrpjor may comprise a

sourf€Sbst ivguheatd ng et &omdlin S&CH oS WSteal mh@smamehnm The
t he heati ng nmechani sm.can be a power suggg%]fwl th | ead

capi Lt Re hetht B‘a%’hBecgp‘l"rJI]df‘S‘?tFBBet o' P¥ss P #7171 Omm Eo 25mm,

longCHhd €Rds adn lieast al angetrhefbentmt otheatminhepeapiddbaky 0. imm to
tube to a tenperature sufficient to volatilize fluid

0-2m, "t he capillary tube. The aerosol generator nay

flzm_hbepr@@mﬁi se an neublkpil egcenandoor cansowice of capillary tube
compi&giﬁg 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 to volatilize fluid in the capillary tube. The
capillary tube can be made of an electrically resistive heating
material such as stainless steel and the heating mechanism can be a
power supply with 1leads attached to the capillary tube to pass
electrical current at least along the bend to heat the capillary tube
to a temperature sufficient to volatilize fluid in the capillary tube.
The aerosol generator may further comprise a mouthpiece and/or a
source of fluid.

Further provided is a method for generating an aerosol,
comprising the steps of supplying fluid to an aerosol generator
comprising a capillary tube comprising at least one bend, first and
second fluid inlets and an outlet along the bend and heating the

capillary tube to heat the fluid to a temperature sufficient to

volatilize the fluid to form a volatized fluid, such that the



10

15

20

25

30

35

Further provided is a nethod for generating an
aerosol, conprising the steps of supplying fluid to an
w@ereaaosgener at or conpri sing a capillary tubepcT/1B2007/001654
conprising at |east one bend, first and second fluid
inlets and an outlet along the bend and heating the
illary tube to heat the fluid to a tenperature
VOlaEhf ﬁt“floe’\‘ﬁi‘ﬁ“éjtsl PPEeCt H&'Sf PHFYet P F diie 20bl Hrnvzéybe, the
volafiLﬂXﬁd SﬂD&hd|1ﬁﬁxI$§ﬂ/Qh@E||ah5@@nﬁ| dicfogptpands ot €6 form an
he outl et of the capillary the volatjlized

aeroF?Jm d ki iy ieth lasrrb?%erﬁerﬁ{)i%sﬁﬁ@ﬁ“csﬁnﬁ tiF Forianfirst and

secoA@r 05@ld e teut | et1uis meng eéabhypﬁqeuj disst@anpt firem the second
eco d flu may be suppl

i nl et
gy hETT | Aar ST SEEond T I TG FRNbL S A0 1 Gae) cal gineical or
dlffdrérfterﬂnltldfs| owmam esay Imtemtuqmahsormaiyffsermﬁplfﬂeul ds, the first

whi b |ds bes lied to . the first _and
and 588%%% uld(3 #@é % %%5 %e %ﬂ)61 §dtPO first fluid
inlefi ret fd uc_mls [ mhgt bandsu@pgaesd rray ke suppld edluia ainlet. Fluid

nd fluid inl Fl ui,d su ied to the. ca
suroER8 By HonsrPeEianbatts MM fb-iRa’ JEpEPR o dhcrs ana
carrsot (Holonianddrot/ cat akebststonee mediicament. BRI EF

DESCRI PTION OF THE DRAWNGS FIG 1 is an illustration

of a fluid vaporizing device. FIG 2 is a schematic

BRIEF e S@ BT aPN orF dHEaPREHENGSapi | | ary tube portion of the
d%‘\fbcel Sl@o% H!ﬂl\ﬂtciat%on cﬁ % f%uP&O\YA&qsiz?H%e&uxﬂ ged

vi ew of bent capillary tube, wth
pPreGi d?ngsa ¥ roftenated, TFPESTTaprovi difng denép oppewiary tube

port 89 JH Gne3gePrVisdbing & Fagnified view of the outl et
of the capillary tube. FIGs. 4a-c provide perspective

viFefis fPHedBent” cipiarPaf yv tathefcbRnReed cepibryy tube, with
FIG.eX4 endivigi h§r oughban vebectrieni 88 drévRlimkl bNt8d view, and FIG.
circuit card with a controller, wth FIG 4a providin
3¢ PEOYIURL §i BIERIEIE AbSprdvichE n%j“’r}e& aé E‘il%\ﬁapéﬁaa]ﬁf Gube -
AcIpsovisi goroticp Yee¥pedtiGs. vheafdob 5H@v\b@<dﬂldaspamajary tube
iments of the ent c Iﬁ%‘]:gb tuhe. The,

enbo
con Rt | By TbeoBe " AR BT bnddTiRF Princed
circthe dent vdapi lal a:roylttubnaxof Wik FBGL neh ugesvialiegi bedront view,

erc. L. having. mildipl e bends . PESGR BTLON.OF THE,, i

FIGs. 5 and 6 show additional embodiments of the bent capillary
tube. The bent capillary tube of FIG. 5 includes.mqltiple bends and
the bent capillary tube of FIG. 6 includes a coiled tube having
multiple bends.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Provided is a fluid vaporizing device useful for applications
including aerosol generation. The device includes a bent capillary
tube or passage which can be heated by passing electrical current
therethrough, 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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Provided is a fluid vaporizing device useful for
applications including aerosol generation. The device
wo fehuebesy a bent capillary tube or passage whigdr/mo@1654
heat ed by passing electrical current therethrough, and
t hrough which fluid flows t® be at |east partially
, vaporized and if desired to generate an aerosol.
inlepr gfdr bl yie tH&ehenf LBADI FIAF yiFasea§e L ofipl f e tayources can
be AUPUALE PaASSaAGRePONti MU antpaR Qi | gle aini@tlsoGald Oy at least
along the arcuate passage. In order to heat the tube,
partinl ol eCYHIEArdcUPr ¢ht VEEPDI PEd BY aTHUstOlel Redl odenGtated by
resiofénddlrebteng oOfont et thewpassese @r@r@t§ heldngbe hkotabe as the
.second el ectrqde at the aotherinlet end of the tube.
101 d7 R0 ror HeSaandebr CHRPT SPERSIS ot e poeta  the outlet.
Whensuppl i £d a5 BrpPsessyehdetdd @il dnatinhheed nlwich ardal $iand-held
. t least partially converted to a vapor by the . input
innafipr 1 33" BRPAT LIS PEESERRES. ant I P oI Ry 2o Ehe
vapoof eeliest firent yhal anget ke ttilze astliche di utletk f bawwsl fargmtube an
nl et ean th{gugy t he tgbe thard the aqutlet.
s proddced. as e por_enters the surroundl atmosphere.
used“as an “asr osot generator of "an P ivarlér 2 -Sudh
adnaahandfdetadl iambabémerfior EﬁH(hBMtiszgllﬁﬂﬁ cafentcemprises at
leas%lgxgrb%%{:psEatnc%%Ua%é. Ne Yapor &t s fromghhetule at oy that
he outTet of the capi Pary t'Ube an aerosol is
the gméduceddasofhéhvapobeenrtrer sauhdistantoufidimgthe outlet of the
tubeat ,e%%'t g Qeﬁ%ega iﬁqgr§np&5grﬁﬁg oEQet §H“one path (e.g.,
capi ITary tube conprises at| east onenbend or arcuate
two peyti aiyougis udh chs Tauidot beted,s $ueh tratinthesiqids of the tube
to t9RAS RNt herfubgear ecgoin i st anbef ORI hes ol ef Qfry compact
be’ 'p Y P
t he tube. Thus, as the bent "capillary tube has nore
SErueHye oﬁ@mE%&?¢-(éPg.?ntm®e¥Qﬁ£§) ORPBIRFIPTWhICERPFIing @ linear
capillaMel skl @Ryt he hnggﬁju?ﬂgﬁjpﬁjﬁﬁﬁgﬁubﬁﬁéﬂ)ﬁﬂﬁid travels from
, outlet, the bent capillary tube provides for a very o
inlegopattistr ucTirdeConfaretr b &n28efosH°lg8RBE B 6t comprising

a cafONdySitnPe andvdingah eapyld giatnt wheoh@yviwhgca Sl € ravels from
. ath t hrough ich fluid travels frominlet to outlet.
in1e POt e e S P 6 T DRSPS gbhaTarDr i TePHG: ache two
legscapi khar yettubeaghaviang auvsengbelpaéh tdratigkvehiachtargeted flow
ratefl u.&:odm;er as‘é?' S grom itnal etetteg 9 (gl egd etlg é?g’ss re the flow rate
fequire 0~ hove fﬁU|égthroug ¥ e two | egs ot 't he
of fentl capiklary tubmghs daowerldgp athtkevetabd atgetsédwer. As a
oW rate. nyerse f : t r 0
resull Pt OF SRR e ofF Pl ETEHNE RGN tug o e
of thegtgbe{tﬁpunﬁ@ itvagkfovered Awprg efficiently from the tube into

the fluid, less energy 1is required td vaporize (volatilize) liquid

erolif

flowing through the tube, and the footprint of the tube may be
reduced. Preferably, sufficient heat is transferred to vaporize all
of the 1liquid entering the bent capillary by the time the fluid
arrives at the outlet.

As the bent capillary tube has more than one inlet, an aerosol
comprising more than one fluid may be formed. More specifically,
different liquids, which may not mix well, may be fed into respective
inlet ends of the tube. Alternatively, an aerosol comprising liquid
and gas may be formed by feeding liquid into, for example, one inlet
end of the tube and gas into, for example, the other inlet end of the

tube. Further, a carrier solution containing tobacco extracts or
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result of a slower flowrate of fluid traveling
through the two |l egs of the tube, heat is transferred
woresee/1efogt ciently fromthe tube into the fl ui dpct/E82807/001654
energy is required to vaporize (volatilize) liquid
flowi ng through the tube, and the footprint of the
tube nmay be reduced. Preferably, sufficient heat is _
tobaggoniskasre FOrst Vdlrortsz 8241 PeoPSthet? | TRA™ Ent3EFPAgLt helth the

resub@fy capidsoar Mlak%int;h%rb!aﬂ@léﬂchf lacdiBhfdyesimi1dheo tobacco
outlet. As the bent capillary tube has nore than one
smok¢nl et, an aerosol conprising nore than one fluid may

beréosrmd.y, Mtige speabéiLaldey, ofi fier ebtpd | guiddsghavhirehid  are
may not mx well, may be fed into respective inlet
greatings Bt PReobabe % SPREETIUN, THR G8F b0l eeiprie; fgnter of
the ﬂf;érqyiidu anle galse,rm(}é.:@e,fpggm@ffbyﬁﬁgpohqugdﬁgqmﬁtd fd¥nOeach inlet
r exanple, one inlet end of. the tu an s i.nto,
end pf tES ARPRS. AthePHSLREFD T ST IGHACEPE { RS (AT FUFERERSS) . and
the @uthdt ipfe fephblly OfhsC@Ntdakbnée tgr tolpaceomend nacigsial to the inner

.__ortobac flavor constituents be used to_form.a :
R
fed anganekeptiielatt ehdubés taenitube, t dnt obbdeco tonwleimize aerosol

Preferably, the te rature of .t tube.and the fluid. ..
generationh, 1t ?m}ﬁ%ega %%ﬁe é% tlk e O %&F Fﬁg 8SthPldlStant

are greatest ‘a and preferab
fromj saalh theettemterodf thhetiendor negheldistber (feoy. earlg electrode
and/®f efi§lably, ﬁwo%' SBgEt §d omueachyi nf et ;end, of th%o"s%g%ns on

and preferably equidistant from each el'ectrode , an
respediaveut pathspr éfer abhy haseq ¢ndaeter Bppr dxbemattel ythe outlet.

Furtﬁé&l{a'ift Qiitflﬁéréﬁ‘{‘eﬁrlu%énﬂgrfég i_tn% hent Pr@féé lAWY of the tube,
tube. However, if different fluids are fed into each

in ofgflettcen@toni thaargbel Jenegrdérni ol lopiynPeebaRfgeble that the

difr&ener ati,ons d rrayaPeiirelerabieut hated he outlet not
be equidistant fromeach inlet end of the tube or

edqf dicePahtaFy otRfacheel Bt FeH8 SRIA6RLY héreleldpr Gdectrically

condi®ti e raeeat £d, idudndeBt E€aln1RESI kiteAS, 0db rASRECkI ¥evoltage is
aths fromthe inlet ends of the tube.to the outl et.
app i

tHerd FERHIT e et f99ds taFe TPRT ihit Be_ETh PhiEte flow of

elecenittaaf cubeehtiberoughotigertube, ophd Miize fA@iaSphssing through the

tian, it b f ble that_the diff t
e PFG GOH Fdd afodFPToFBHOFIOW r Bt es: PP ¢4 PFaFgte Trom 2

non-tamictane ber madei -enhidnet \Wwd mameahate) esteh cad Iglass 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 vaporize fluid wherein heat loss can occur at an electrical
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 aerosol, 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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conductive material, such as stainless steel, so that
as a voltage is applied to a length of the tube, the
wo pleimsheat ed by the flow of el ectrical curreot/iB2007/001654
t hrough the tube, and the fluid passing through the
tube is vaporized. A s an ajternative, the tube could
be made from a non-conductive or sem -conductive , _
matEr i 4l ShQUThPasCTHIuEeBE SF | Pcbhlid 1A ¢l Agrbie 1n the
form! 8Y€hnOhe @S 1StRNECRaNEAL i NUr LR als SUGhnas hphat i AkdNer.  as
for heating the tube. Specifically, the tube could be

showp st SeFPEal Wit1PrRERT et 0 einElBAES foriftdcBy 14 fhsilidtifyea valve

14, 6O0RGANG. Previdedtd Soapridigouesent (& alaalrpglhp caplllary tube
capi |l |l ary tube arrangenent used to_vaporize flu
20, GhBPREPIRESt Pos8nc Rt B dr S5PSah P e dr.acamtéaaler l6. The

contg@ﬁllre&Stld hienh Capkk| aﬁyt&}bllb.ﬁ €ddr rangl cavise: @ idhamahbC ancillary
ecline in tenperature g the capillary tube towa
S PG (TS COIEISAFE PO CUERPRGAr™T cee rarid R ar pLer for
operhtind i that val deenper at iy essidfdri cliserdrday shltpghyflﬁlg tthectricity to
generation of ual i t rosol, the capi
heat f38e ???ﬂf%ﬁi}%82y05gp%egfed.9%h?%?ﬁﬁﬁépﬁeafgngv%§%%s%% can be
opentdietd |alildwt @ Besbesdselluaedot of unmecessathé¢ ysdirgh 12 to enter
erat.yr |ch n sone ca be. suffi
the %Jerqp 1lilﬁe¥m@1]1 degra{jtjrltoffon o ?u%sgmlegt y cl{ecce% t1on by the

0" calt ma const it uent
sensoFl G5 1OSh@vvspJaJBsenbodthr®nt inf thef |mputiwapoei zll8ngcaused by a

smokgleyﬂ g %p}ec!{pocr ﬁgogo Osclgkogc?%ef‘r%gnorthéoagpgsoqs%enerator

| er Shown € aeroso
10. geﬁé*afbleI)lﬁnc$mHn%;ea stnu'@éel2bqﬁt'fF@Ptﬂla;YVatwhﬁ 20, the

cont%g’llé’ar h?élt gon@?&f@g%ﬂgman%%%”(ﬁl n ov@elbem:o‘(rpéed to heat the

alrpin) capillary tube 20, a nouthpiece 18, an
caplbb@lnorrallbeséﬁ§é#cq®téryd ta gohttidiizer fisid The Ewnthesitl eppillary

tubel@ol NGl Udessui Lol & 18kect bl e8he OMNEGTd O AR of electricity
anci | lary e ui pment such as a battery which cooperates

passqilt RhEpedt ot s of fletl gy otp@leat‘ionghet% W vBlU4 fhed suitable

temp8 £ASHe k@raﬂgl%@'zﬁh@gt}@i eatuiiCthyrdio .heahet he1 &Nt zed fluid
cap |IIar¥ t ube In operation, the valve 14 can be

exitgnafe@uf %IPBmﬁﬁed€§PFe8a96“Gﬁ€ PR #i0d ARGm e volatilized
fluigos &6s loh teresber whhen bemnt weapgnhbasy bybe 260rfam @ohOhis/her

draw?t subseggentotﬁ$ detgﬁgton by the sensor 15 of a

pPesHie Har YN PERE t hpi ece 18 caused by a

snmbeBé:ﬁﬁdha@bnathﬁmmndhu@ntmniFﬂnm e aanodel mbdomecheo utilize
diffg@gnoﬁso%luqenesrbgt 36 a{ﬁangemengl d I%o§uﬁ’gl aendcet,o tth%e f*i%% source

capi Iary u
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
fluid, the device can include a valve or valves downstream of the
chamber (s) for preventing flow of the fluid beyond the chamber(s)
during filling thereof. If desired, the chamber(s) can include a
preheater arranged to heat fluid in the chamber(s) such that a vapor
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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controller 16 controls the anmount of power provided to
heat the capillary tube sufficiently to volatilize
wd booizdodog7 t he bent capillary tube 20, i.e., thecT/iB2007/001654
controller 16 controls the anmount of electricity
passed through the capillary tube to heat the fluid to
, a suitable tenperature for volatilizing the fluid
is Refepgi nnCPRBOYAASS i BY zEATRTINE exi Pt AP dutPeY - of 1h@ 1n the

chamﬁ@ﬁus capiuhhary pihea20d @BdatbgtVﬁgﬁﬁérhtﬁﬁﬂ Bd1Wwd vapor bubble
fornms an_aerosol which can be inhaled erson upon

a
formptigher {ﬁa‘i’zﬁ%eﬂpoﬁh?hgaﬁiﬁ%fsﬁpl"éﬁ%dlé’e ?ﬁ‘ée’é\%?o%%‘? the fluid
sourg@eneratdh shewiddkn aF|(ﬁlﬂveQ§n akt&aﬂ@élrhef;dtedsﬂicﬂi uks |l bra@ or more

different fluid su rr enment For in t he
SY“W%uW“@&uPEb‘:}baﬁPpé’gﬁpgl1% %t%éf“ﬁ{}% y"ci}élf“Se flc‘ﬁd directly to
the Heht Vedsilaapyedeberau.nedvahemeaet theid dre thetbetbe is made
pillar be 20 and/or the bent ca illary tu
of A IREF G dnd 07 oRof B BTGV CHERbEFG SF L1 o8 steel, the
heatpm@defﬁirr@emedtsmze be aC©OIﬁ‘HD<datef atlpar eda:tlerlmryedube defining

of flud be vol at zed dur.i.ng an.in alatlon
bento SPRTLTHY ( HPCatl REFE e HantoEApIIEaryPune S00 i1 bent

capllmrd_wdmbeorm or Ther eeneder nﬁgcmaMeqsr&tit@daocompdwe&i in the

casea Vggféne f fl gOltEHEH% gkgg CfH]IlnC|$‘é%a%egal ghd%lly by a
val ves dovvnstream of 1 chanber )S for preven

mechfhpwlof syhect,| uetjectie:y@ﬁd tmt@han@er ofBgr dwluungble technlque-
Althéué ag§5§ﬁ£a&énerg%§£r?g 1ffﬁ%ﬂgggg$e{n C%Eés useful for

include a pre er arranged to heat |UI '
aeroghbiasdr opspfsiehatakdie @evrapots bubbite @(M@s ogndlavor bearing

aeroga;ie/estﬂeh%e%negmﬂgaﬂaﬂ Guicd LEAML DS CHaAMRRT Sd REPotife other
bent capillary tube 2 Details of such a preheater

fluigs r amye ntascan 98 f CUREPLA/ CORABAIR ownet G t6Cc4das,  paint,

1ubr2&htd,handi sgdigsure of whichis hereby incorporated by
reference. Alternativel y, fluid in the chanber (s)

culbgnbe CaPehEdted W5 2eSEF°L e APR? 2R AFe ™58 GRCGApDr fluid flow

fromb@bhhﬁgﬁ@rﬁﬂhh@nsohcheS|ﬁedfhlﬁﬁ %ﬁﬁMQaIBQ cOuUkdeb&orm of a
omtted and. the f) uid source 12 can i nclu l%ﬁl i ve ¥he same

presgyrigfgeta it S L/ HAEYEFEHYFE sy HER
or ssppphie &lﬂﬁedeb@fdﬁsl’)e@n\t@kﬂ%hﬂfugﬁﬂ uund dhrect |(yf tt(met lkepillary

tube?gq% fgp &g %*tUb q€9F|8 ?y CO%) ere éhelgﬁcﬁniet of the

an el e Ul Ve et &t i°4
tubesucRragestrdiynlhesspstesd | e]teme;rbeatmgpm\naieglermmeacaninlet end

ot B8 PBEIIA 9N Bhe Mol LOCK DA, SO0, el g cne
electpodntis heated as a result of the electrical current flowing
through a portion of the tube between the electrodes, and the liguid
entering the inlet ends is heated within the tube to form a vapor. As
the vapor exits from the outlet of the capillary tube and comes into
contact with the surrounding ambient air, the vapor forms an aerosol.
If the liquid is a suspension, the aerosol can be formed from solids
in the suspension. If the 1ligquid is a solution of a condensable
liquid, the aerosol can be formed from droplets of condensed vapor.
If the outlet is smaller in  cross-section that the internal diameter
of the capillary tube, the aerosol can be formed from atomized liquid
driven through the outlet by vaporized liquid.

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

capillary tube 20, with a fluid from a fluid source 22 passing through
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capillary tube 20. The sensor 15 can be omtted or

bypassed in the case where the aerosol generator 10 is
woperat®er manual | y by a mechani cal sw tch, el ep¢1/iB2807/001654

switch or other suitable technique. Al though the

aerosol generator 10 illustyvated in FIG 1 is usefu

for aerosolization of inhalable aerosols, such as drug

the §APAli3bY HWaFi AY- aer'®Sol’TUifhE bRt EApi FRRFIATybeube 20 at

flrseannabsoeb@ peedat® yapold zelethendf babdsagschxass §9ra vapor
odorants |nsect|C|des :gglnt Iubrlcants

fromaﬁaefaéf%etpe%ferﬂf CGLEAFY tiitfe Zer osbl figetierdeorindy 23a is

connkee&d vieefd uirdk firawtf cam aosi agl eapd Liadysauwbee20A and a second
[ enerall in the formof a pres§§r|zed liquid

fluid
elechhefHr? gréaef%ﬁ Wl Vot ureCot ¥ ui®d% FOm t he sanme or
sepatgted fdritiedisguicease enter Ldahbeughpiherynkebs af and inlet

t.he capillary tube and f ows .t hrough t | eg f th
200 e 3 RERGHy G5 iio TRTCFSt COFOTHE Fibocabr ey abiis | Sufficient
heatsepanapetekectmed€1U$dpp@Mtﬂgﬂtanoaaﬁhthelehbendoobaporize at

leas%h%o%%pluaagx t%?uldThe tIOQ:Of the %lebhgﬁg%tggc of the
tWEen The ef ectrodes |s eat ed as A redul £V
capiélact riudal. cagreént Fhiowi mgtthitm&ﬁraiepobhtomsofndﬂuated above,

the %Epgs$ﬁ \@%%Qaé %ﬁCtr ﬂy% %Be F §%Urgg for each

|n the "t §
1nleVawbﬁheAbsnth@nmdp@ryewﬂks fron1the out | et of the

C%ﬁbgla%¥ ﬁlyaquggfgé%Jgﬁseh éfbéaogﬁé tof“éﬂ% %Qgt c%ﬁlllary tube

surroundi ng anmbirent air, e vapor orns an aer os _
30. | fFIGhe 3ai quricdifles aasQSEeﬁsq‘fOrpftﬁéé degrgsogtapdapape tube 30, in

whichOkTE0y f£,0M,80lJdseii3et hg  susPeNSEON. add ki QUL de i Sna 30b,
a solution of a condensable liquid, the aerosol can be

and fe3i fedafr GmvaPEp| E£E™ of e oPiiESed irapiar .2 | Femtitd reutaetend in

capil SaSTBIJRr 30N ChO$SrSEClRRrbii@tzine J ahBatedli ARt @he inlet
of t capillary tube, the aerosol can be forned from

end épén?ﬁe%PH%%i@Fé 8P?%e§9¢IﬂPGu@hS?FﬁPQMﬁH%§FrB9ev%&ﬂnﬁszé@nneCted

near| tHYI th1eAS «3B0W0OLI N FIda 38 ilduddiitdsvaperbzt NgicdevitCe@he bent
.lncludes a capillary tube 20, with a fluid.froma

Caplwiﬁ-‘ﬁ %%’Gr cé“gzﬁp%sé nar‘fordc?&gﬁt Ragehpiqd é(ﬁ?%% thgpoutiet of

the Theiflatydtenéers the caplllary tube 20 at flrst i nl et

e 20a and se ond inlet end and eX| S por
P8 ad0h, ITO00 B SeSPRrEy:  BREvSobbachR, BphEPLapittary
tubeelesm¢qnﬁaca$ay1sEKHanmecpemhudearatheplvﬂen afnthObemﬁ capillary

tube,aQﬂléﬁa %Rgeé%éd %. agd eﬂ%s through the electronics driver
printed circuit card 49 with a controller 46, FIG. 4b provides a side
view of the bent capillary tube, which is connected to the electronics
driver printed circuit card and controller, and FIG. 4c provides a
front view of the bent capillary tube, which 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 shown with reference to FIGs. 5 . and 6. The bent

capillary tube of FIG. 5 includes multiple bends 5la, 51b, 5lc,
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el ectrode 23b is connected near the inlet end 20b. A
liquid entering at the inlet 20a of capillary tube 20
waepg7iiodogt 20b is heated as it passes through pdEIB2007/001654
capillary tube. Sufficient heat is input to the fluid
passi ng through the tube togvaporize at |east sonme of
the fluid as it exits fromthe outlet 20c of the
prefeapiiy drayet ghesinggai ALTWHT | 2L ast Ghel wsrrareeP huterngs >1b.  The

bent | B%Pﬁta%@ abgyeqrt Reg aeg oﬁ@lu@%QeEaEQElg@ytdﬂ%Clﬂédzgng multiple
nore than one fluid source for each inlet of the bent

bendgapid| HUp t Ghe: F1Gs.618a- Brefeipdtlvatavans epilge@uiiely in the

cent®fnddtepbgitscapillary tube 30. FIG 3a provides a top
vi ew of the bent capillary tube 30, in which fluid

efberkent ganidiary| et fd ranacmant d6cHRAPRERtt R RFconmodate a
variSOP, o AN @Xid StBsw ar¥ARONtHiREht RBeOWhbel 130f tWod is highly
sem circular bend in capillary tube 30. A first ,
enerqy o fffbee™d3a21¢ é%ﬁﬁé%?%danéﬁwpﬁﬁé iITePIgRe B0 of? inhaler

appl Cafiildnar y thib@e30inqngbra sSegontheelapt I 0ghey 38kbd Scan be 5mm to
connected near the inlet. end 30b. FlI illustr

3b gte%
40mm g orgnt 4 efiPbt PRETHEM N caplTT aly t%%‘ X |l endgdhe  inner
diamPtend dﬁstaenﬁgﬂéfééﬁibé ewimh tdheo M, ebroﬁot@epreferably 0.lmm

EBBoL S, 085 B 4950 LA EopET SR LY ger, o

bent4ac$w1mMad§S aubop awmamg@ﬁehhe b@ntpnaﬂ@mhbhyy tndhdated and/or

1sol<\3,\{| IS Cor%nectted tO 6}% Xt enadsort he%olgg r?zﬂ the capillary
ectronlcs rrver prln ed CIrC car

tubecontfool leepmdbe, Fh Grodp pfovp&k&ahansi@etvremlo¢oumm be used to
suppg)[eectﬁéapbgﬂ?r Xaélulqedr V\’m;& 1hsa0%%%ﬁg?%céag%$a§ that the wvapor

tronics dri finted cifcuit c
eXlte@mttmﬂIqaplléﬁQYFtﬂkezﬁpq§r@@¢d@9n§a¢¢o¢he\Huﬁﬁroﬁurﬁéce of the
caplPFQE GapLllary tube, which is connected to the

ectroni ¢s driver printed circuit card and ‘ . .
cOher glirestiorhect egss@fardhe Iyent tdapidaPatya¥ubes afésclosed 1in

r1c. Preter abl ¥q copnantad ito A ha rekectd Oﬂitgﬁndr‘dh\éergeﬁéhfﬁli eflane of
circuit card by a conductive adhesive, such as,

the gRBipIEY SUPUeFTGF CBnEBEL PYePRpORPS afl b n@aalﬁéary In the

alte€h&CIVOQNIGS dﬁ's\éﬁér@'lrﬁﬁ)edlr@tre%bll beCcamnd & aiiseRphyn w1thin the
electricity to the Ie&s t he bent capllla tube t
geneﬁ%btpﬁﬁ%@bQﬁtt@ﬁpﬁFﬁﬁ y2FUb& O afli thongrd eﬁﬁodﬁ?ﬁﬁﬁﬁ?s of the

capll)fahheoxbeﬂt £apitd@riynt vheésad€ of the general plane defined by
the capillary, such as a direction that is orthogonal to the general
plane defined by the capillary.

While wvarious embodiments have been described, it 1is to be
understood that variations and modifications may be resorted to as
will be apparent to those skilled 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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schematically shown wth reference to FIGs. 5 and 6 .
The bent capillary tube of FIG 5 includes nmultiple
whendsomdin, 51b, 51c, preferably have a single put/iEb07/001654
al ong the centernost bend 51b. The bent capillary tube
of FIG 6 includes a coiledotube having nmultiple bends
6la, 61b, 61c, 61d, 6le, preferably have a single
CLAIMZt1 et in the centernost bend 61c. The bent capillary
1. tube a&¥daBgempiferbsodesingnere t Goagcaymodat@a 1vary ettyibe, the
.0f liquid flow rates through the capil]ary tube, is
caplh}%ﬁﬂ yt¥£$éra@mgﬁﬁﬁlegeﬁ¥: sﬁrdvrh qu,co é% inlets, and an
outl&f r angeyeiie Hemdi, nhakesimappbligatioss, rikel healchAgges from the
nes of the capiliary tube can be 5nmmto 40mMm | ong,

z0
outlel Yo 8 Prdt &°A6FG! 10nmm to 25mm 1 ong, and the inner

di aneters of the tube can be 0.1mmto 0.5mm or nore
preferably 0.1lnmto 0.2 In ipplenent.ing,th L
2. CABPIPRFY Ho Bl PRCRnOF niaT Y, 11 RO BN Chpi LgFg inlets are
locatebetarnangefimenke cspirlefrgr abby. i nsul at ed and/ or
isolated fromanbient air and the vapor emtted from
the capillary tube. For exanple, a body of insulating
3. mAheriaglrosoll debherarsed ¢ Slupportl, t weebent thapi kharylary tube
1 & hi ”BH{ iec ch that the vapor exiting the
Comp%&éﬁ% ﬁg?ﬁ turgghgegeéé% contact the outer surface of
the capillary tube. The direction of discharge from
4. FQﬁe0§$4445ar%ehér&%éyﬂcgs%gakﬂ fjc%ufih@§ ggﬁ%%héyﬂgegtggurce of
inadirection wthin the general plane of the
liquidpin Ifapyd aemiypuid 6at tde "ard blfte pdriidopslefs -t he
capillary. In the alternative, the discharge nay
instead be in a direction within the general plane of

5.t RBecapiacdr geroRdiod PReCENER df PBPETBhSP6f cehllary tube is S

mill CRdiddsary Qo il 13idéf&d | hOURi R sOfant h@ngenaiaheter of 0.1
... plane defined by the capillary, such as a direction
mlllfTﬁﬁeﬁsstBrQH%dBﬁéFm?EF?%na general plane defined by the
capillary. Wil e various enbodi nents have been
described, it is to be under.stqod that. variations.and .
6 ORFt PRACIUn SRRy Bt r S or il So ALCRFHY B cpRATeATy tube is
10 ntidlthesesskid | 20 mnltimetars. 18ughanar hasi ens iandr diameter of

0.1 odifi g%go&§§ﬁ5eg$g}ggﬁggg3|dered within the purview

and ‘'scope o e ns appénded hereto. CLAI M5
7. 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 to volatilize fluid in the capillary tube.

8. The aerosol generator of Claim 7, wherein the capillary tube is
made of 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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1 . An aerosol generator in the formof a capillary
tube, the capillary tube conprising at |east one bend,

wa basi7dodost et s, and an outlet along the bend, Wer/m007/001654

9.

vol atilized fluid discharges fromthe outlet to form

an aerosol. 2 . The aerosoljggenerator of daim1l ,

wherein the fluid inlets are | ocated at ends of the
cipt | | aryogalbe 9eBeraThe aek osoleifenerat drrshed) arprising 2

moutm@@;gln the capillary tube conprises nore than one

10.

bend. 4 . The aerosol generator of CAaim1 , further
conprising a source of liquid in fluid commnication

M@B@ 14 fhubgnéfgﬁgﬁ5ofsclaﬁhe7a%ﬁﬁﬁ@ér@@&ﬁﬁﬁﬂ%@hgoé source of
Caiml , wherein the capillary tube is 5 mllinmeters

fluiqo 40 nmillimeters long and has an inner diameter of

11.

12.
the

13.

and

14.

0.1 millinmeters to 0.5 mllineters. 6 . The aeroso
generator of Caiml1 , wherein the capillary tube is
16 R Hh9omePar ST 285 i 11 iAT8PEP S/ I@H@’réﬁﬂn%a@eaﬁt%%é’rf

db@ﬁ?l&inéﬁfﬁhihlﬂd|dﬂnﬁé¥b8010g@nariﬂdﬂIcﬁﬁb&ﬁ81n5 a Ampillary
aer osol generator conpriSsi g a capi

tupbe: . . .
COHBFTS G at 184St OHe BEd, TFGrd T Se aduas intets and
ouhlsﬁtahpﬁgohaetmem@ndanduﬁ heat i ng mechani sm whi ch

ats. the illary tube to . a tLe rature suf|C|e
BRoRH T IToe PRETMA the BRI BBy (LBEe gl The temperature
aemaso&ugﬁnemﬂtqmlaﬁil@halMha jlmh@reonfbhm aawwﬂharyed fluid,
t ube Ie t.rica esi.s h n
matEPi %ngq%‘tﬁg lzﬁg ELy (%ﬁ§§n1cd§pr%géé’%?e e <t oF the
supphylanﬂtbeédsm&ﬁtaehedclo the capillary tube such
that current passes along the bend and heats the
capillary tube to a tenperature sufficient to
vBhat intflzed foli Gldim tiHe odprrelar yhe upetler isTipguidistant from
AELASALA0ENSLA! 97,08 ialm I L further comprising a

pi ece . The aerosol generator of daim?7 ,

further conprising a source of fluid. 11. A nethod for

gener ating adr aer0sol1, CORRLE s Nghdike &t eRpplied to the first

second fluid inlets at identical flow rates.

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

fluid inlets at different flow rates.

15.
the

16.
the

17.
the

18.
the

The method of Claim 11, wherein 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 liquids are supplied to

first and second fluid inlets.
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supplying fluid to an aerosol generator conprising a
capillary conprising at | east one bend, first and
wo eonehogt uid inlets and an outl et al ong the bprgiBaethoisss
heating the capillary to heat the fluid to a
tenperature sufficient to vplatilize the fluid to form
a vol atized fluid, such that the volatilized fluid
19. dﬂé@h@@@é§1Pﬁoﬁi%h%]dutWé@r%ﬁnﬁmélaﬁﬁ?ﬂﬁhﬁprbl$%ﬁﬁﬁéﬁe first
£1ui@e:03Q! and2a E@elgEEMQ'ii & aie Llcowherelin theet.
outlet is eqU|d|stant fromthe first and second fluid
inlets. 13. The nethod of Caim1l, wherein fluid is
20. SWPRLEiGM ¢ HBgefddishy apdasesendchhghidihgtets at
identical flowrates. 14. The nethod of Cla|w111
wWHé P ERFEFING dai sveldipllilgqdt 0SBEER off TPRe f1 ubRFaTirEt s3long 2

capi8tad fEﬁE@Jﬁe fEQW 1@ Sucil®y Thevorihod ofifdial mdds each of
wherein identjcal fluids are supplied to the first

and

oPPOgEoNENd | BPE-iHI%etdt 18 ThelMetHod 5ragf aphfi1 o at12ing at
leashergidtidhferent 1fhuidsrace ssppld adstnitdiad sesp. and

second fluid inlets. 17. The method of Caim 11,

wherein identical liquids are supplied to the first
21. amdm365@dmbﬁloﬂadminbetﬁheﬁﬁin the ﬁﬁﬁdhmigmﬁgC1§ﬂfmdhla location

wherein different uids are. su ied to the first
atonflidh GUCHARS AT b Bt 6 2P ThESRBFROEP S Ol ai m 13,

wherein a liquid is supplied to the first fluid inlet

and a gas is supplied to the second fluid inlet. 20. A

met hod of generating an aerosol conpri sing:

di scharging a volatilized systemfroma | ocation al ong

a capillary passage by introducing a volatile liquid

into each of opposite end portions of the capillary

passage and volatilizing at | east a portion of the

liquid prior to the discharging step. 21. A nethod of

Cl aim 20, wherein the discharging is froma | ocation

al ong an arcuate portion of the capillary passage.



