
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 content 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 respiratory ailments
with, or deliver drugs by means of, aerosol sprays of finely divided
particles of liquid and/or solid, e.g., powder, medicaments, etc., which are
inhaled into the lungs. Aerosols are also used for purposes such as
providing desired scents to rooms, distributing insecticides and delivering
paint and lubricant. SUMMARY        According to a first aspect, there is
provided an aerosol generator in the form of a capillary tube, the 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, wherein volatilized fluid discharges from the outlet to form
an aerosol.        Provided is an aerosol generator in the form of a capillary
tube. The capillary tube includes 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. 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 liquid
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.  1a 



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 temperature sufficient to volatilize fluid in the
capillary tube.       Also provided is an aerosol generator including a
capillary tube. The capillary tube includes at least one bend, fluid inlets,
regions of reduced wall thickness located between the fluid inlets and the
at least one bend, an outlet along the at least one 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, the electrical
resistance is preferably increased in the regions of reduced wall thickness,
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 volatilize fluid in the
capillary tube. Preferably, the regions of reduced wall thickness are
located between the leads and the bend. The aerosol generator may
further comprise a mouthpiece and/or a source of fluid.       According to a
third aspect, there is provided a method for generating an aerosol,
comprising the steps of: supplying fluid to an aerosol generator comprising
a capillary comprising at least one bend, first and second fluid inlets,
regions of reduced wall thickness located between the fluid inlets and the
bend, and an outlet along the bend; and heating the capillary to heat the
fluid to a temperature sufficient to volatilize the fluid to form a volatilized
fluid, such that the volatilized fluid discharges from the outlet of the
capillary to form an aerosol.       Further provided is a method for
generating an aerosol. The method includes the steps of supplying fluid to
an aerosol generator, which includes a capillary tube comprising at least
WO 2008/081344PCT/IB2007/004497 2 one bend, first and second fluid
inlets, regions of reduced wall thickness located between the fluid inlets
and the bend, 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 volatilized fluid expands out of the outlet of
the capillary tube, the volatilized fluid mixing with ambient atmospheric air
to form an aerosol. The regions of reduced wall thickness may be formed
by, for example, electro-polishing, centerless grinding, standard
machining, chemical etching, or combinations thereof. The outlet is
preferably equidistant from the first and second fluid inlets. Fluid may be
supplied to the first and second fluid inlets at identical or different flow
rates. Identical or different fluids, which may be liquids, may be supplied to
the first and second fluid inlets. A liquid 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 comprise tobacco extract, medicament, fuel, water,
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
view, and FIG. 3c providing a magnified view of the outlet of the capillary
tube.        FIGs. 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. 4c providing an end view.        FIGs. 5 and 6 show
additional embodiments of the bent capillary tube. The bent capillary tube
of FIG. 5 includes multiple bends and the bent capillary tube of FIG. 6
includes a coiled tube having multiple bends.        FIG. 7 shows an
embodiment of a bent capillary tube having regions of reduced wall
thickness located between the fluid inlets and the bend of the capillary
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
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 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 resistance heating from the flow  WO
2008/081344PCT/1132007/004497 3 



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
flavor substances, as the vapor exits from the tube at the outlet of the
capillary tube an aerosol is produced as the vapor enters the surrounding
atmosphere.       In a preferred embodiment, the bent capillary tube
comprises at least one bend (curved or arcuate portion), such as a 180
bend. The outlet of the capillary tube is located at the bend, such that the
inlet ends of the tube are equidistant from the outlet of the tube. Thus, as
the bent capillary tube has more than one path (e.g., two legs) through
which fluid travels from the inlet ends of the tube to the outlet, the bent
capillary tube provides for a very compact structure compared to an
aerosol generator comprising a linear capillary tube having a single path
through which fluid travels from inlet to outlet. Further, compared to an
aerosol generator comprising a capillary tube having a single path through
which fluid travels from inlet to outlet, the pressure required to move fluid
through the two legs of the bent capillary tube is lower to achieve a
targeted flow rate. Conversely, for a targeted flow rate of aerosol, the flow
rate of fluid traveling through each leg of the tube is slower. As a result of
a slower flow rate of fluid traveling through the two legs of the tube, heat is
transferred more efficiently from the tube into the fluid, less energy is
required to vaporize liquid flowing through the tube and the footprint of the
tube may be reduced,        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 tobacco flavor
constituents may be used to form an aerosol, with the resulting aerosol
having taste attributes of tobacco smoke generated without combustion,
Preferably, the temperature of the tube and the fluid are greatest at the
outlet and the outlet is at the center of the bend in the tube, (e.g., is
equidistant from each inlet end of the tube as well as equidistant from
each electrode), Preferably, the outlet has a diameter approximately equal
to the inner diameter of the bent capillary tube. However, if different fluids
are fed into each inlet end of the tube, in order to optimize aerosol
generation, it may be preferable that the outlet not be equidistant from
each inlet end of the tube or equidistant from each electrode and/or the
electrode not be located in identical positions on respective paths from the
inlet ends of the tube to the outlet. Further, 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
capillary tube can be made entirely from an electrically conductive
material, such as stainless steel, so that as a voltage is applied to a length
of the tube, the tube is heated by the  WO
2008/081344Pa/1112007/004497 4 flow of electrical current through the
tube, and the fluid passing through the tube is vaporized. As an
alternative, the tube could be 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.        In a preferred embodiment, the bent capillary tube
may be described as having three regions: a region of the tube where only
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
reduced wall thickness, and interfaces between the regions of the tube
having differing wall thicknesses may be found in the transition regions
where both vapor and liquid exists. However, depending on the
compound(s) from which aerosol is being formed, interfaces between the
regions of the tube having differing wall thicknesses may be located closer
to the outlet. 



The lengths of the regions of reduced wall thickness can be selected to
achieve a desired heating profile. As an example, for a capillary tube
having one bend and length 18 millimeters to 20 millimeters from electrical
lead to electrical lead, the length of each section of the capillary tube (from
the outlet of the capillary tube to each electrical lead) is 9 millimeters to 10
millimeters, and within this length, the regions of reduced wall thickness
may be 5 millimeters to 7 millimeters each.       Reduction of the wall
thickness of the capillary tube in select regions increases the amount of
heat energy transferred from the capillary tube to the fluid. Further, by
reducing the wall thickness of the capillary tube in predetermined regions,
the temperature gradient across the length of the capillary tube can be
managed. Thus, heat energy may be delivered to the aerosol formation to
form an aerosol quickly, while ensuring that the capillary tube does not
exceed predetermined temperature limits in the region of the tube where
less liquid is present. Additionally, by reducing the wall thickness of the
capillary tube in predetermined regions, the amount of electrical energy
required to raise the temperature of the capillary tube from ambient to
operating temperature can be significantly reduced.        By reducing wall
thickness, the electrical resistance is increased. As a result, less energy
and time are required to heat the tube to the operating temperature. Any
suitable fabrication technique for effectively reducing the outside diameter
of the capillary tube may be employed. Such techniques include, for
example, electro-polishing, centerless grinding, standard machining,
chemical etching, and combinations thereof. Specifically, for a 30 gauge
stainless steel capillary tube (about 0.3 millimeter outside diameter, about
0.1 millimeter inside diameter, and about 0.1 millimeter wall thickness),
selected regions of the outside diameter of  WO
20081081344PCT111320071004497 5 the capillary tube may be reduced
by electro-polishing to about 0.2 millimeters outside diameter, leaving a
wall thickness of about 0.04 millimeters.       As the capillary tube is heated
to the operating temperature of the aerosol generator and liquid begins to
flow through the tube, a given amount of energy is required to form an
aerosol from the liquid. In the regions of the capillary tube where liquid
exists and flows, a significant amount of heat energy is transferred from
the interior wall of the capillary tube into the liquid. However, the amount
of heat energy transferred from the interior wall of the capillary tube into
the liquid in the bend is limited by the amount of energy absorbed by the
liquid in forming the aerosol, with any excess heat remaining in the bend
of the capillary tube. Thus, by locating the regions of reduced wall
thickness prior to the bend, heating can be increased in those regions and
the comparatively thicker wall of the bend allows for reduced electrical
resistance in the bend as compared to the regions of reduced wall
thickness, to provide a more uniform temperature gradient across the
entire capillary tube.       FIG. 1 shows an embodiment of a fluid vaporizing
device in the form of an aerosol generator 10 for use as a hand held
inhaler. As shown, the aerosol generator 10 includes a source 12 of fluid,
a valve 14, a heater arrangement comprising a bent capillary tube 20, a
mouthpiece 18, an optional sensor 15 and a controller 16. The controller
16 includes suitable electrical connections and ancillary equipment such
as a battery which cooperates with the controller for operating the valve
14, the sensor 15 and supplying electricity to heat the bent capillary tube
20. In operation, the valve 14 can be opened to allow a desired volume of
fluid from the source 12 to enter the bent capillary tube 20 prior to or
subsequent to detection by the sensor 15 of a pressure drop in the
mouthpiece 15 caused by a person drawing (inhaling) upon the aerosol
generator 10. As fluid is supplied to the bent capillary tube 20, the
controller 16 controls the amount of power provided to heat the capillary
tube sufficiently to volatilize fluid in the bent capillary tube 20, i.e., the
controller 16 controls the amount of electricity passed through the capillary
tube to heat the fluid to a suitable temperature for volatilizing the fluid
therein. The volatilized fluid exits an outlet of the bent capillary tube 20,
and the volatilized fluid forms an aerosol which can be inhaled by a
person, drawing upon the mouthpiece 18.        The aerosol generator
shown in FIG. 1 can be modified 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 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 



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,
the disclosure of which is hereby incorporated by reference. Alternatively,
fluid in the chamber(s) could be preheated to a set temperature below
vapor bubble formation. If desired, the valve(s) could be omitted and the
fluid source 12 can include a delivery arrangement such as one or more
syringe pumps which supply a predetermined volume of fluid directly to
the bent capillary tube 20. In the case where the bent tube is made of an
electrically conductive material such as stainless steel, the heating
arrangement can be a portion of the capillary tube defining bent capillary
tube 20, arranged to volatilize the liquid in bent capillary tube 20. The
sensor 15 can be omitted or bypassed in the case where the aerosol
generator 10 is operated manually by a mechanical switch, electrical
switch or other suitable technique. Although the aerosol generator 10
illustrated in FIG. 1 is useful for aerosolization of inhalable aerosols, such
as drug or flavor bearing aerosols, the bent capillary tube can also be
used to vaporize other fluids such as, for example, odorants.       A bent
capillary tube aerosol generator may receive fluid flow from a single fluid
source. A fluid, generally in the form of a pressurized liquid and/or
predetermined volume of fluid from the same or separate fluid sources,
enters through the inlets of the capillary tube and flows through the legs of
the tube towards the outlet of the tube. A separate electrode is provided at
each inlet end of the capillary tube. The portion of the capillary tube
between the electrodes is heated as a result of the electrical current
flowing through a portion of the tube between the electrodes, and the
liquid 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 liquid 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 the
capillary tube 20. The fluid enters the capillary tube 20 at first inlet end
20a and second inlet end 20b, and exits as a vapor from the outlet 20c of
capillary tube 20. A first electrode. 23a is connected near the inlet end 20a
of capillary tube 20, and a second electrode 23b is connected near the
inlet end 20b. A liquid entering at the inlet 20a of capillary tube 20 and
inlet 20b is heated as it passes through the capillary tube, Sufficient heat
is input to the fluid passing through the tube to vaporize at least some of
the fluid as it exits from the outlet 20c of the capillary tube, Again, while
not illustrated but as indicated above, the aerosol generator may include
more than one fluid source for each inlet of the bent capillary tube.  WO
2008/081344PCT/IB2007/004497 7 



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
the outlet 30c in a semicircular bend in capillary tube 30. A first electrode
33a is connected near the inlet end 30a of capillary tube 30, and a second
electrode 33b is connected near the inlet end 30b. FIG. 3b illustrates a top
view of the bent capillary tube, and FIG. 3c provides a magnified view of
the outlet of the capillary tube.       FIGs. 4a-c illustrate perspective views
of the bent capillary tube. Specifically, FIG. 4a provides a top view of the
bent capillary tube, which is connected to and extends through the
electronics driver printed circuit card 49 with a controller 46, FIG. 4b
provides a front view of the bent capillary tube, which is connected to the
electronics driver printed circuit card and controller, and FIG. 4c provides
an end 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 51a, 51b, 51c, preferably have a
single outlet along the centermost bend 51b. The bent capillary tube of
FIG. 6 includes a coiled tube having multiple bends 61a, Sib, 61c, 61d,
61e, preferably have a single outlet in the centermost bend 61c.       The
bent capillary tube arrangement is designed to accommodate a variety of
liquid 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 to 40 millimeters long, or more
preferably 10 to 25 millimeters long, and the inner diameters of the tube
can be 0.1 to 0.5 millimeters, or more preferably 0.1 to 0.2 millimeters. In
implementing the capillary heater in an inhaler, the bent capillary tube
arrangement is preferably insulated and/or isolated from ambient air and
the vapor emitted from the capillary tube. For example, a body of
insulating material could be used to support the bent capillary within a
mouthpiece such that the vapor exiting the capillary tube does not contact
the outer surface of the capillary tube.        The direction of discharge from
the capillary is disclosed in FIG. 3 as being oriented in a direction within
the general plane of the capillary away from the end of portions of the
capillary. 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 general plane defined by the
capillary, such as a direction that is orthogonal to the general plane
defined by the capillary.        As shown in FIG. 7, a fluid vaporizing device
preferably comprises a capillary tube, with a fluid from a fluid source
entering the capillary tube at first inlet end 70a and second inlet end  WO
2008/081344PCT/1B2007/004497 8 70b, and exits as a vapor from the
outlet 70c in a bend of the capillary tube. A first electrical power lead 73a
is connected near the inlet end 70a of the capillary tube, and a second
electrical power lead 73b is connected near the inlet end 70b. In the fluid
region 75 of the capillary tube, the wall thickness of the capillary tube is
preferably reduced in regions 75, as compared to the bend region 76 of
the capillary tube. With this arrangement, it is possible to increase
electrical resistance heating in regions 75 compared to the resistance
heating in region 76 where less liquid is present. 



While various embodiments have been described, it is 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,
WO 2008/081344PCT/11B2007/004497 9 CLAIMS:  1. An aerosol
generator in the form of a capillary tube, the 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,
wherein volatilized fluid discharges from the outlet to form an aerosol.  2.
The aerosol generator of Claim 1, wherein electrical resistance is
increased in the regions of reduced wall thickness. 3. The aerosol
generator of Claim 1, wherein the fluid inlets are located at ends of the
capillary tube.  4. The aerosol generator of Claim 1, wherein the capillary
tube includes a first fluid inlet 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, wherein the capillary tube comprises
more than one bend, and wherein the capillary tube is 5 to 40 millimeters
long and has an inner diameter of 0.1 to 0.5 millimeters. 



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
and has an inner diameter of 0.1 millimeters to 0.2 millimeters, and
wherein 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
thickness have a wall thickness of about 0.01 millimeters to 0.09
millimeters.  9. The aerosol generator of Claim 1, wherein the regions of
reduced wall thickness have a wall thickness of about 0.04 millimeters,
and wherein the regions of reduced wall thickness are about 5,0
millimeters to about 7.0 millimeters in length.  10. The aerosol generator of
Claim 1, wherein the capillary tube includes two regions of reduced wall
thickness.  WO 2008/081344PCT/1132007/004497 10 



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
a heating mechanism which heats the capillary tube to a temperature
sufficient to volatilize fluid in the capillary tube.  12. The aerosol generator
of Claim 11, wherein the capillary tube is made of electrically resistive
heating 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
along the bend and heats the capillary tube to 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 located 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 fluid to an
aerosol generator comprising a capillary comprising at least one bend,
first and second fluid inlets, regions of reduced wall thickness located
between the fluid inlets and the bend, and an outlet along the bend; and
heating the capillary to heat the fluid to a temperature sufficient to
volatilize the fluid to form a volatilized fluid, such that the volatilized fluid
discharges from the outlet of the capillary to form an aerosol. 




