BENT CAPILLARY TUBE AEROSOL GENERATOR CROSS
REFERENCE TO RELATED APPLICATION This application claims
priority from U.S. provisional patent application no. 60/877 650, filed on
29th December, 2006, the entire coqtent of which is incorporated herein
by reference. BACKGROUND Aerosols are useful in a wide variety of
applications. For example, it is often desirable to treat resplratory ailments
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particles of liquid and/or solid, e.g., powder, medlcaments etc which are
inhaled into the lungs. Aerosols are also used for purposes such as
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between the fluid inlets and the bend, and an outlet along the bend. Volatilized fluid

expands out of the outlet and mixes with ambient air to form an aerosol. Electrical
resistance is preferably increased in the regions of reduced wall thickness. The fluid
inlets may be located at ends of the capillary tube. The capillary tube may comprise
more than one bend, e.g., plural bends in the same plane or the tube may be coiled.
The aerosol generator may include a source of liguid in fluid communication with the
fluid inlets. The capillary tube may be 5 millimeters to 40 millimeters, preferably 10
millimeters to 25 millimeters, long and has an inner diameter of 0.1 millimeters to 0.5
millimeters, preferably 0.1 millimeters to 0.2 millimeters. The capillary tube may have a
wall thickness of about 0.1 millimeters and the regions of reduced wall thickness may
have a wall thickness of about 0.01 millimeters -0.09 millimeters, preferably about 0.04

millimeters.



According to a second aspect, there is provided an aerosol generator
comprising: a capillary tube comprising at least one bend, fluid inlets,
regions of reduced wall thickness located between the fluid inlets and the
bend, and an outlet along the bend; and a heating mechanism which
heats the capillary tube to a temperéﬁlre sufficient to volatilize fluid in the
capillary tube. Also provided is an aerosol generator including a
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flavorant, and/or a carrier. BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an illustration of a fluid vaporizing device.



FIG. 2 is a schematic representation of a bent capillary tube 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 view, FIG. 3b providing a top
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FIG. 3 provides an entarged view of the benti capillary tube, with FIG. 3a providing a front
view, FIG. 3b providing a top view, and FIG. 3c providing a magnified view of the outlet of the
capiltary tube. '

Fi(3s. 4a-¢c provide perspective views of the bent capillary tube connected to and
extending through an electronics driver printed circuit card with a controller, with FIG. 4a
providing a top view, FIG. 4b providing a front view, and FIG. 4¢ providing an end view,

FiGs, 5§ and 6 show additional embodiments of the bent capiiiary tube. The bent
capillary tube of FIG. 5 includes muiltiple bends and the bent capillary tube of FIG. § includes a
coiled tube having multiple bends.

FIG. 7 shows an embodiment of a bent capillary tube having regions of reduced wall
thickness located betweaen the fluid inlets and the bend of the capiliary tube.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Provided is a fluid vaporizing device useful for applications including aerosol generation,
The device includes a bent {or "arcuate™) capillary iube or passage which can be heated by
passing glectrical current therethrough, and through which fluid flows to be at least partially
vaporized and if desired fo 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 infet end of the
tube, passes along the tube to a second electrode at the other inlet end of the tube. Fluid from
the same or different sources can be supplied as a pressurized liquid at the inlets and is at least

partially converted to a vapor by the input of heat generated by resisiance heating from the flow



of electricity along the tube as the fluid flows from the inlet ends through
the tube toward the outlet. When used as an aerosol generator of an
inhaler, such as a hand-held inhaler for aerosolizing medicaments or
witpMRe sesiances, as the vapor exits from the tube at the outlet/of e eod4s7
capillary tube an aerosol is produced as the vapor enters the surrounding
atmosphere. In a preferred embbdiment, the bent capillary tube

of eie@@mgriéeaﬁgatﬂeaas&@a@ hentikcaned iinakadaltepeHiRN)rsUeh fe ab8Qoward the

‘ The o tIet of the capillar be| locat t th d t
i
outéet endsof51 he turbe are%g uf%s%{ént ?rom t‘hg%ﬁlest‘% r%é'taube husEi E‘E‘aer for

aarosm% SHENET S IH E3VEE THOTEMRRh BhEPATPEE WW@%H@) hedine outlet of
the cainigh flisel ém@&mtﬁm@e@em@e efthe:tivhe iodtherautietdharbentere.

C?l? 'Q%% %@%&ﬁ?ﬁéﬁ)ﬁr @1?! %@/:198%% %?ﬁ CE%@aﬁggépﬁr%gstpeﬁg bend (curved

aeros enerator comprlsmg alinear c aving a smg e path

or aroerﬁ*@mwmcwm.waws HESEh ifi %“&ﬁ&ﬁéﬁgﬁﬁﬁﬂ‘%% %Mﬁ%ﬁf the bend,
such hatasekgeneraier tanirising aycpitanftubeHeavitiet afsimglebpatfintimozegthe bent
capaasé%h %BJ'HL% %\é@ﬁﬁ%@b@%%@g“%%@; ISR SRIPIRNE At ine inlet

through the two legs of the bent caplllar tube is lower to achieve a

ends g fisdd ol fﬁ?eoﬁf€ﬁv@%@ﬁ71tf89%‘ @%3{%‘?} RN 5Tt Aerd¥of SRR ORI VCIre
comprate ab fluidsavelingstteteg remtidiey of heaaaidistodr: Aednesulsiogle path

throuhSIOWST FIOW falrRf fluid %@qun&ﬁmpugﬁr@hgrt\%@ﬁﬁ%e@f {batubesdeenbimerator

ransferred more eff |ently from the |nt flui ergy is
COMPHgiirR 438 {?%Eﬁ%ee RIE ASG Hﬁggﬁg ﬁ‘ﬁb’e aﬁrjlu ra'“10(?5t{p'%}§'1‘t BFfrg outet
the prredsenmagabEa®aoBy e ﬂwdA&rﬂwrbm womamw@ ﬁ*agt rridfliRafRhE lower to
acnnemlet,t%aemqaf@prmgem@ne tha engdluidimayde douprdoMore flow rate of

fiuid ‘tr ve%glc%% %wereﬂt!cﬁ e u:%gt')ceha s%gwe?t IRQ( g\@%@uwgy abglctﬁgf'ﬂ% rate of fluid

spective niet Ehds Afternativ ely, an aerosol comprising
traveumaraw §B WiReas #hHvddsy Reabing MR aNIe %%@amﬁr ff&ﬁéfhﬁé%be into
the flaRd&fthaduhaonrd ges intoaforiexdnpiddhagthaniieheridoefshe tubéotprint of
the tugurt ] ‘%%Ué%rasolutlon containing tobacco extracts or tobacco flavor
constituents may be used to form an aerosol, with the resultin aerosol h
haVifgetastd R >{i?uf¥é§b@r BH R LARRAY B Al EFIGTRL LR RBIRELRGH than one
fluid f%?fmahimemememm@mmen@fcﬁﬁeme:mm@ﬁtnmay@@trmmimﬁé be fed into

respe@H&lﬂrﬁ&de% QiR igyad theeaniglf the @Bgdﬁh@}@gﬁm@g (@ nd gas may be
uidistant from each {%je t end of the tu g as,w §%%U|d|§tant fr

m
oGt SRR AR o LR o gyl

enalame er app rox ate
the otfeethidhped qfamt@eofﬁw@bem @ﬁﬁﬂféﬁ?‘%@écﬁmwrfoff*’iﬁfe?éﬁ?ﬂfﬁl%wbacm

fiavoi‘a{:@r{ﬁ%é’ﬁ@s%ﬁp Eﬂe@@&dt@ffﬂﬁ@' tuhesdrvaidetite pptinizaiagrasalsol having taste
attribgis R of ?%Qé‘cei#drﬁé{ é’n{%fa%r%b\k%&ﬂsﬁ éﬁ%ﬁ&&%&“m be equidistant from

egeinte fubeor equidistant from each electrode and/or the

elBerfotrbliiothselsamariin RIdRECEPBAYIAIRE BHIRpEaeHAhf A fHend the
outietinlel enslseatdher twbertadhe tbeitete Furtheis, dodiffetent fluidssabeidied antbof the tube
as watAd u%z%?gt ?Jom%é(ﬁ%!é&r%@e?r QQQFHH$§%€59§&| QRNSIHRIIABE B xsmate

e re erable that the different fluids be fed at different flow rates e 4 int
cavaapilaryPieb e eaRBE ThePERER) Roh 1R o BTy EANIRERGvice o fod ino
each INRtesial,Such abstainiess steptinsied hat @ bgeotiayeris pplid: torefdesigeihat the

outie%o;«m%éu gma%bﬁo't% @%@?@9}!@%’ éh@ We tube or equidistant from each electrode
2008/081344Pa/1112007/004497 4 flow of electrical cutrrent lihromcm tthe inlet ends

and/of ¥, Spii e il hREIRG thiBtgiPthB I s ValSSRZE AT ER
of thealigraativies thetiaibeFedhtn, Hediffatkatitdn aroriasbintu cave tn*e‘i end of the tube, in
orderSRIsRARALICllyesmalenakirkch anglass geailinas, mathigecaatingonlayere fed at
of resistance heating material such as platinum for heating the tube.
differg IGHCAIR? the tube could be fused silica with heater element formed by
a Fdwisthndlatydting can beggnaetrely BPAbBTIRRATCETE BRIEHRIBRIBesuch a8
stainiBRYsRedeserbesk ashavipgdhieassesionssmyregian:oftie tibenheareeatdyg by the
vapor exists, regions of the tube where at least some liquid exists, and
transition regions where liquid is vaporized (located between the outlet
and inlets). The outlet of the tube is preferably located in the region of the
tube where sufficient vapor exists to produce a desired aerosol.

Preferably, the regions of the tube where liquid enters the tube have
radiiced wall thicknece and interfacec hetween the reainone nf the t1ihe




The lengths of the regions of reduced wall thickness can be selected to
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WO 2008/081344PCT/11120071004497 6 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. Patent No. 6,491,233,

withesgdigglosuyre of which is hereby incorporated by reference.siitamrativedyso7
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include one or more metering chambers of predetermined size to accommodate a

predetermined volume of fluid to be volatilized during an inhatation cycle. In the case where the
bent capiilary tube 20 includes one or more metering chambers to accommodate a volume of
fluid, the device can inciude 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 fiuid in the chamber(s) such that & vapor bubble expands and



FIGs. 3a-b illustrate an enlarged view of the bent capillary tube 30. FIG.

3a provides a front view of the bent capillary tube 30, in which fluid enters

at first inlet end 30a and second inlet end 30b, and exits as a vapor from
wihegaptlet:30c in a semicircular bend in capillary tube 30. A frstateotroaeds’

33a is connected near the inlet end 30a of capillary tube 30, and a second

electrode 33b is connected near thefinlet end 30b. FIG. 3b illustrates a top
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While vgri_ous embodiments have been described, it is to be understood
that varlqtlons and modifications may be resorted to as will be apparent to
those skilled in the art. Such variations and modifications are to be

weehRsidgrad,within the purview and scope of the claims appentetshereto497
WO 2008/081344PCT/11B2007/004497 9 CLAIMS: 1. An aerosol

generator in the form of a capillary tibe, the capillary tube comprising at
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logated al-a iseaend p@@;@cm capitiaty thebe=corypisingtaibde aSbenk:anFIC. 4a
provadlseore ﬁ?a%gggfoclnfgé%e %he%]%r}e Mﬂﬁ!ﬁ? 0 the capdlary %B%Q@H&r%ﬁ?&xgh the

none ben rein the capillary tube is 5 to 40 millimeters

eciw ARen 28 EaS ﬁﬁ@ﬂ*ﬁ?@ﬁé&%%ﬁ@ f%ﬁr@@rrﬁﬁ"ﬁigteﬁg provides & s’wrrt view of the

bent capillary tube, which is connected to the elecironics driver printed circuil card and
confrolier, and FIG. 4c provides an end view of the bent capillary tube, which is connected to the
electronics driver printed circuit card and confroller.  The legs of the bent capiliary tube are
preferably connected to the elecironics 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 fo the legs of the bent capillary tube to heat the bent capiilary tube.

Additional embodiments of the bent capillary tube are schematically shown with reference
to FIGs. 5 and 6. The bent capillary tube of FIG. § includes muttiple bends 51a, 51, Sic,
preferably have a single outiet along the centermost bend 51h. The bent capillary tube of FIG. &
includes a coiled tube having muliiple bends 61a, 61b, 81c¢, 61d, 81e, preferably have a single
putlet in the centermost bend 61c.

The bent capillary tube arrangement is designed to accommodale & variety of figuid flow
rates through the capillary tube, is highly energy efficient and provides a compact arrangement.
in inhaler applications, the heating zones of the capillary tube can be 5 o 40 milimeters long, or
more preferably 10 to 25 millimeters long, and the inner diameters of thetubs can be 0.1 1o 0.5
millimeters, or more preferably 0.1 to 0.2 millimeters. In impiementing the capillary heater in an
inhaler, the bent capiliary tube arrangement is preferably insulated and/or isolated from ambient
air and the vapor emitted from the caplillary tube. For example, a body of insulating matenial
could be used to support the bent capiliary within a mouthpiece such that the vapor exiting the
capiliary tube does not contact the outer surface of the capiilary tube.

The direction of discharge from the capiltary is disciosed in FIG. 3 as being oriented in a
direction within the general plane of the capillary away from the end of portions of the capiitary,
In the alternative, the discharge may instead be in a direction within the general plane of the
capillary toward the end of portions of the capillary or in a direction outside of the generat plane
defined by the capiliary, such as a direction that is orthogonal to the generat plane defined by
the capiliary.

As shown in FIG. 7, a fluid vaporizing device preferably comprises a capillary tube, with

a fluid from a fiuid source entering the capillary ube at first inlet end 70a and second inlet end



6. The aerosol generator of Claim 1, further comprising a source of liquid

in fluid communication with the fluid inlets. 7. The aerosol generator of

Claim 1, wherein the capillary tube is 10 millimeters to 25 millimeters long
%Q inner diameter of 0.1 millimeters to 0.2 millimetegg; @RS o011004497

wherelin the capillary tube has a wall thickness of about 0.1 millimeters. 8.

The aerosol generator of Claim 1, wherein the regions of reduced wall

70b, g?“tl kn SaQ aavgaf%ﬁ\p’ﬁgéh ﬁlérbﬁl%toy@cb%% g?%% 'Iﬂg%tgﬁﬁé&l%%% A ﬁfst alectrical

eters. 9 e aerosol generato aim wherein the regions of
PoweTdRRSCEPIMINERIRS SRR 1 B Th R PTG 08 rﬁﬂﬁrﬁéﬁé@d slectrical
pawea@ﬁmmﬁaagﬁgwm@m@dmwaﬂuhmkmwmmu’fﬁ;@ the capiliary tube,

the wgff' HE:%F% 10 A &#g 19%5@?& IR e m%@saes% %%Q?dﬁ&.{r&{ o the

ereln the capillary tube includes two regions of r duced wa
band tﬁ@!?ﬁe%% ch\ipe) W@f@é’i@l 4%‘?}%%?6%’6%9'? ipgpossible to mcrease electrical

resistance heating in regions 75 comipared o the resistance heating in region 76 where less
liguid is present.

While various embuodiments have been described, it is 0 be undersiood that variations
and modifications may be resoried 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 hersto.



11. An aerosol generator comprising: a capillary tube comprising at

least one bend, fluid inlets, regions of reduced wall thickness located

between the fluid inlets and the bend, and an outlet along the bend; and

w8 % g echanism which heats the capillary tube to a tempeftisg oosas7

sufficient to volatilize fluid in the capillary tube. 12. The aerosol generator

of Claim 11, wherein the capillary tybe is made of electrically resistive
oL AB&Q ating material, electrical resistance is increased in the regions of

reduced wall thickness, and the heating mechanism comprises a power

supply and leads attached to the capillary tube such that current passes
1. alengdhedeadamdihiedts thencspil eyt ¢ fee aite roamitaty febsufficiefiting at least
one bﬁkﬁ%l&c@ ﬂfé'@ '%Hl%&%@‘ lanyoHingay 1o le apreas) 9@@@@&%@&&&@%@@& the

t duced wall th '
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an aec@Eiprising a mouthpiece and/or a source of fluid. 15. A method for

generating an aerosol, comprising the steps of: supplying fluid to an
aerosol generator comprs a capillar y.comp sm at lea
2. k% %éebﬁai}ﬁﬂ infét g@é |oﬁs ’dluge “C fﬁf’éﬁﬁé‘é‘g?gcg‘% sed in the

regioﬁ}etmenwtev’fmw%in‘@l@and the bend, and an outlet along the bend; and
heating the capillary to heat the fluid to a temperature sufficient to

t|||zeth fIU|dtofor | |
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4, The aerosol generator of Claim 1, wherein the capillary tube includes & first fluid iniet
located at a first end and a second fluid inlet located at a second end of the capillary tube
comprising at least one bend.

5, The aerosol generator of Claim 1, whersin the capillary tube comprises more than one
nend, and wherein the capiflary tube is 5 to 40 millimeters long and has an inner diameter of 0.1
io 0.5 millimaters.

8. The aerosol generator of Claim 1, further comprising a source of Hquid in fluid

communication with the fluid inlets.

7. The aercsct generator of Claim 1, wherein the capillary tube i5 10 millimeters to 25
miliimeters iong and has an inner diameter of 0.1 millimeters fo 0.2 millimeters, and wherein the

capiliary tube has a wall thickness of about 0.1 mitimeters.

8. The aerosol generator of Claim 1, wherein the regions of reduced wall thickness have a

wall thickness of about 0.01 miliimeters to 0.08 millimeters.

ch The aerosol generator of Claim 1, wherein the regions of reduced wall thickness have a
wall thickness of about 0.04 millimeters, and wharein the regions of reduced wall thickness are

about 5.0 millimeters to about 7.0 mitlimeters in length.

10. The aerosol generator of Ciaim 1, wherein ihe capillary ube includes two regions of

reduced wall thickness.,
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11. An aerosol generator comprising!

a capifiary tube comprising at lesst one bend, fluld inlets, regions of reduced wall
thickness located between the fluid inlets and the bend, and an outlel along the bend; and

a heating mechanism which heats the capillary tube to a temperature sufficient o

volatilize fluid in the capillary tube.

12. The aerosol generator of Claim 11, wherein the capillary tube is made of electrically
resistive heating material, slectrical resistance |s increased in the regions of reduced wall
thickness, and the heafing mechanism comprises a power supply and leads attached o the
capiflary tube such that current passes along the bend and heals the capillary tube t© a
temperature sufficient to volatilize fluid in the capillary tube.

13 The aerosol generator of Claim 12, wherein the regions of reduced wall thickness are

incated between the leads and the bend.

14, The aerosol generator of Claim 11, further comprising a mouthpiece and/or a source of
fluid.

15. A method for generating an aerosol, comprising the steps of.

supplying fiuid to an aerosel generator comprising a capillary comprising ai least one
bend, first and second fluid inlets, regions of reduced wall thickness located between the fiuid
inlets and the bend, and an outiet along the bend; and

heating the capillary to heat the fluid to a temperature sufficient o volatilize the fluid to
form a volatiized fluid, such that the volatilized fiuid discharges from the outlet of the capillary (o

form an asrosol.



