
WO 01/38002 PCTIUS00/25146  - - 1 5  10 AEROSOL AIRFLOW CONTROL SYSTEM AND
METHOD  This application claims benefit and incorporates by  15 reference
the entire disclosure. of U.S. provisional patent application No.
.60/154,074, filed September 13,  1999. 20 FIELD OF THE INVENTION The
present invention relates to flow control and  filtration methods and
apparatuses relating to medical  devices, drug delivery devices, food
dispensing  devices, aerosol generation devices. and the. like.. 25
BACKGROUND OF THE INVENTION Liquid atomizers are well known and come in
several  types, including aerosol, manual and ultrasonic. For  example,
there are aerosol atomizers for various 30 applications, such as dispensing
cosmetic and hygienic  products (hair spray, deodorant, etc.) and cleaning
WO 01/38002 PCTIUS00I25146  2  solutions (disinfectants, air fresheners,
etc.).  Aerosol atomizers can also be used for dispensing  medicaments
although they have significant drawbacks  when used for that purpose. 5
Ultrasonic atomizers include one type using a  



piezoelectric element to atomize a liquid medicament  deposited thereon by
manually moving a piston within a  cylinder containing the medicament to be
atomized. The 10 piston forces the liquid from an outlet in the  cylinder,
which deposits it onto the piezoelectric  atomizer, which in turn is
activated as part of the  manual medicament-dispensing operation. 15 These
existing drug delivery systems, however, suffer  from a number of
disadvantages. One problem with  existing drug delivery systems is poor
delivery  efficiency of the medication. it has been estimated  that on
average, with existing systems, only a small 20 percentage of the
medication dose which is dispensed  from a fluid reservoir actually reaches
the patient's  lungs where it can achieve the intended result. A
significant portion of the medication impacts and  sticks to the inner
surfaces of the device. This makes 25 the drug delivery device less than
optimal for  delivering expensive medication. Thus, there exists the need
for an apparatus and/or  method of improving the delivery efficiency of
fluid  30 delivery devices. WO 01/38002 PCT/US00/25146  - 3  SUMMARY OF THE
INVENTION The present invention presents new and unique methods  and
apparatuses for creating a directional and  entraining airflow over an
aerosol generation surface 5 and the internal walls of an exhaust (mouth)
piece for  



a fluid dispensing device. The present invention also presents methods and
apparatuses for directing air flow through a filtration  10 element to
limit aerosol particle size. Thus, particle  size distribution tailored to
a particular size or range of sizes of particles. The present invention is
illustrated and described in  15 conjunction with a nebulizer/inhalable
drug delivery  system. Such systems encompass dry powder generators,
nebulizers (liquid generators), propellent generators,  and the like. 20
Accordingly, in one aspect of the present invention, an  exhaust member for
an airflow control apparatus is  presented. The airflow control apparatus
includes a  aerosol generation surface and a material dispensing  member
positioned adjacent thereto. The exhaust member 25 includes a generally
circular housing having an inner  wall, a first end positioned adjacent the
aerosol  generation surface of the airflow control apparatus, an  opening
for exhausting a material entrained airflow out  of the exhaust member, a
plurality of inlets in 30 communication with ambient air and an inner
shroud  positioned adjacent the inner wall establishing a gap WO 01/38002
PCT/US00/25146  4  therebetween. The shroud includes a central opening
adjacent the aerosol generation surface. In another aspect of the present
invention, a method 5 for delivering an aerosolized material from an
exhaust  



member of an airflow control apparatus includes the  steps of discharging
an amount of a material on an  aerosol generation surface of the airflow
control  apparatus, where the aerosol generation surface is 10 positioned
adjacent a substantially closed end of the  exhaust member of the
apparatus. The method also  includes the steps of aerosolizing the material
via the  aerosol generation surface, concurrently creating a  first airflow
for sweeping over the aerosol generation 15 surface to entrain the
aerosolized material, and a  second airflow creating a layer of air between
the  first airflow and walls of the exhaust member. The  method also
includes the step of combining the first  and the second airflows
downstream from the aerosol  20 generating surface. In yet another aspect
of the present invention, a  method for delivering a dose of an aerosolized
medicament from an exhaust member of a drug delivery 25 device having an
aerosol generation surface includes  the steps of discharging a dose of a
medicament on the  aerosol generation surface of the drug delivery device,
where the aerosol generation surface is positioned adjacent a substantially
closed end of the exhaust  30 member, aerosolizing the material via the
aerosol  generation surface, concurrently creating a first WO 01/38002
PCT/USOO/25146  5  airflow for sweeping over the aerosol generation
surface to entrain the aerosolized medicament, and a  



second airflow creating a layer of air between the  first airflow and walls
of the exhaust member, and 5 combining the first and the second airflows
downstream  from the aerosol generating surface. In yet another aspect of
the present invention, a  system for delivering an aerosolized material
from an  10 exhaust member of an airflow control apparatus includes
discharging means for discharging an amount of a  material, aerosolizing
means for aerosolizing a  material, where the discharging means discharges
the  material adjacent to the aerosolizing means, airflow 15 generating
means for concurrently creating a first  airflow for sweeping over the
aerosolizing means to  entrain aerosolized material, and a second airflow
creating a layer of air between the first airflow and  walls of the exhaust
member, and combining means for 20 combining the first and the second
airflows downstream  from the aerosol generating surface. A
three-dimensional object may be used with the aspects  of the present
invention by placing it within a path of  25 an entrained airflow prior to
the airflow exiting through the opening. The three-dimensional objects may
include a cylindrical shape, a circular, ellipsoidal or  hemispherical
shape, a planer shape, an interlocking  mesh, and a cylindrical array. 30
The three-dimensional shape may also include a porous WO 01/38002
PCT/USOO/25146  6  



media. Such a porous media may establish a  predetermined particle size
based upon properties of  the porous media. Such properties include at
least one  of a thickness of the media, a pore volume of the 5 media, a
pore size of the media and a  hydrophillic/hydrophobic balance of the
media. The gap established between the shroud and the inner  wall of the
previous aspect may also be adjustable.  10 BRIEF DESCRIPTION OF THE
DRAWINGS Fig. 1A illustrates a side-schematic view of a  mouthpiece for a
flow control device according to the  present invention. 15 Fig. 1B
illustrates an end view of the mouthpiece for  the flow control device
according to the present  invention. 20 Fig. 2A illustrates a
side-schematic view of a  mouthpiece for a flow control device according to
the  present invention. Fig. 2B illustrates an end view of the mouthpiece
for  25 the flow control device according to the present  invention. Fig.
3A illustrates a side-sectional view of an  assembled mouthpiece for a flow
control device  30 according to the present invention. WO 01/38002
PCT/US00/25146  7  Fig. 3B illustrates a side-sectional view of an  



assembled mouthpiece for a flow control device  according to the present
invention. 5 Figs. 4A-F illustrate various views of an outer shroud  for
the mouthpiece for the flow control apparatus  according to the present
invention. Figs. 5A-F illustrate various views of an inner shroud  10 for
the mouthpiece for the flow control apparatus  according to the present
invention. Figs. 6A-F illustrate various views of a hemispherical  insert
for the mouthpiece for the flow control 15 apparatus according to the
present invention. Figs. 7A-F illustrate various views of a support ring
for the mouthpiece for the flow control apparatus  according to the present
invention. 20 Fig. 8 illustrates the interlocking connection between  the
hemispherical insert and the support ring according  to the present
invention. 25 Fig. 9A illustrates a side-schematic view of a  mouthpiece
for a flow control device according to the  present invention. 30 Fig. 9B
illustrates an end view of the mouthpiece for  the flow control device
according to the present WO 01/38002 PCT/US00125146  8  invention. Fig. 10
is a graph illustrating the filtering  efficiency versus particle diameter
for a mouthpiece  



5 according to the present invention. Fig. 11 is a chart illustrating the
performance of the  flow control device according to the present invention
using a cylindrical mesh as an impacting object. 10 Fig. 12 is a chart
illustrating the effects of using a  cylindrical mesh with and without an
inner shroud for  the flow control device according to the present
invention. 15 Fig. 13 is a chart illustrating the effects of the  inner
shroud at a particular distance away from the  aerosol generation surface
of the flow control device  according to the present invention. 20 Fig. 14
is a chart illustrating the efficiency versus  particle size for the flow
control device according to  the present invention. 25 DESCRIPTION OF THE
PREFERRED EMBODIMENTS An exhaust or mouthpiece 1 for connection to an
inhalable drug delivery device is presented. The  assembled mouthpiece 1
includes a housing or outer  shroud 2 having an exit or opening 22
positioned on an 30 end of the housing located away from an aerosol
generation surface 6 of a drug delivery device. The WO 01138002
PCT/US00/25146  - 9  exhaust member also includes an inner shroud 12'
having  a center opening 13, an impacting, three-dimensional  



object 4 having a radius 8 and spaced away from the  aerosol generating
surface a distance 26 (see Fig. 9A). 5 An impacting object support 10
supports the three- dimensional object within the housing. As illustrated
in the drawings, it is preferable that  the alignment of the above elements
should be indirect  10 -- i.e., it is preferably arranged such that there
is no direct path (e.g., line of sight) between the center  opening 13 and
the outer perimeter of the three- dimensional impact object, to the
diameter of the  opening 22. The indirect path forces the aerosol 15
particles to follow an airflow in order to exit the  drug delivery device.
Figs. 2A and B illustrate the use of an annular gap  between the
three-dimensional object 4, and the inner  20 walls of the housing 2,
adjacent the opening 22 at the  exit of the mouthpiece. The aerosol
generation surface may include a  piezoelectric horn which, upon
activation, aerosolizes  25 a material placed on its surface. The
three-dimensional object may be of any shape  including a cylindrical
shape, a hemispherical shape, a  planer shape, an interlocking mesh (item
24 as shown in  30 Fig. 9A), a cylindrical array and the like. A
hemispherical shape is illustrated in the figures. WO 01/38002
PCT/USOO/25146  10  With regard to interlocking cylindrical meshes, the
following may be used: PeCap(r) Polyester mesh 7-265/47,  



7-440/40, 7-855/55 or equivalents thereto. 5 The three-dimensional object
may also include a porous  media such as a porous plastic. The porous media
is  selected having appropriate properties for establishing  a
predetermined exit particle size for a medicament  airflow impacted upon
its surface. 10 The support member 10 is illustrated as a support ring
having an interlocking cam 5 for interlocking with an  associated portion
of the hemispherical impacting  object. Such a portion may include a lip or
an opening 15 for receiving the cam. Conversely, the hemispherical  object
may include an interlocking tab for being  received by a receiving portion
within the mouthpiece.  Although the present invention is illustrated using
a 20 separate support member, impacting shape, and housing,  one skilled in
the art will appreciate that all three  items may be manufactured in one
piece using  techniques, such as plastic injection molding, familiar  to
those in the art. 25 When a patient inhales through the device, airflow
generated from a series of inlets 15 located at the  back of the mouthpiece
near the aerosol generation  surface is directed towards the exit 22 of the
30 mouthpiece. However, the airflow is first forced  through a series of
gaps 11 between the inner shroud WO 01/38002 PCT/US00/25146  - 11  



and the internal wall's of the mouthpiece forming a  split airflow. One
portion of the airflow A (Figs. 1-2) achieves a 5 velocity and direction to
sweep aerosolized particles  generated off the aerosol generator surface,
entraining  them into the directional air. The other portion of  the
airflow B creates an air cushion between the  aerosol entrained air flow
and the internal walls of 10 the mouthpiece, so that aerosol particles do
not  agglomerate on the internal walls of the mouthpiece.  Both air flows,
aerosol generator sweeping and internal  surface protecting, promote mixing
and redirection of 15 the air flow and entrained aerosol toward the
mouthpiece exit as a combined airflow C. Prior to  airflow C exiting the
mouthpiece, it is swept over the  three-dimensional and/or porous media in
order to  obtain a proper targeting effect for the aerosolized 20 drug for
a particular patient therapy. The three-dimensional object and porous
medium are used  as an impaction or filtration site to limit the amount
and particle size of the entrained aerosol at the exit 25 of the
mouthpiece. As the air flow passes over and  through the object/porous
media, a predetermined  particle size is established for exiting the
device.  Airflow may also be balanced between sweeping 30 aerosolized
particles off of the aerosol generator  (airflow A) and protection of
internal surfaces WO 01/38002 PCT/US00125146  12  



(airflow B). This is accomplished by adjusting the  inlet gap 11 distances
between the inner shroud and the  internal walls of the mouthpiece, thus
allowing for  tuning of system. 5 The three dimensional impaction element
according to  the present invention functions as follows. A valve 14
retaining the fluid to be dispensed is positioned  adjacent to an
aerosolizer device 6. The valve 14 is 10 opened dispensing a solution onto
the horn which is  simultaneously activated. The horn then aerosolizes  the
solution. At the same time the valve 14 opens to  dispense solution onto
the horn, a patient inhales and  continues to inhale thereafter through the
mouthpiece 15 of the inhaler device. Ambient air enters a plurality  of
inlets 15 positioned adjacent the end of the  mouthpiece near the aerosol
generation surface. The  resulting air flow is split into two components:
one  directed at the aerosol generator (A) and the other.for 20 creating an
air cushion for protection of the internal  walls of the mouthpiece (B).
The two components of the  airflow combine downstream from the aerosol
generator  to form airflow C. Thereafter, the combined air flow  is forced
over a three dimensional object 4. 25 Particle size may be tailored to a
specific target when  using the porous media. Such porous media may include
PeCap(r) Polyester 7-200/44 and Nitex(r) Nylon 3-20/14. 30 The remainder of
the figures illustrate the  



improvements in different efficiencies for a drug WO 01/38002
PCT/US00125146  - 13  delivery apparatus according to the.present
invention.  Specifically:  Fig. 10 illustrates the filtering efficiency  5
versus particle diameter;  Fig. 11 illustrates the performance of the
exhaust  member utilizing a cylindrical mesh as an  impacting object;  Fig.
12 illustrates the effects of using a  10 cylindrical mesh with and without
the inner  shroud;  Fig. 13 illustrates the effects of the inner  shroud at
a particular distance away from the  aerosol generation surface. 15 Fig. 14
is a chart illustrating the efficiency  versus particle size for the flow
control device  according to the present invention. Other variations and
modifications of this invention  20 will be apparent to those skilled in
this art after  careful study of this application. This invention is  not
to be limited except as set forth in the following  claims. 25 WO 0158002
PCTIUS00/25146  14  WHAT IS CLAIMED IS: 1. An exhaust member for an airflow
control  



apparatus, said apparatus including a aerosol  generation surface and a
material dispensing  member positioned adjacent thereto, said exhaust
member comprising: a generally circular housing having an  inner wall; a
first end positioned adjacent said  aerosol generation surface of said
airflow  control apparatus; an opening for exhausting a material  entrained
airflow out of said exhaust member;  a plurality of inlets in communication
with ambient air; and an inner shroud positioned adjacent said  inner wall
establishing a gap therebetween,  said shroud including a central opening
adjacent to said aerosol generation surface. 2. The exhaust member
according to claim 1, wherein  said inner shroud splits an airflow created
by  applying a pressure drop across said opening of  said exhaust member,
said airflow created from  ambient air entering said inlets as a result of
said pressure drop. 3. The exhaust member according to claim 2, wherein
said split airflow comprises a first airflow  having a velocity and
direction for entraining  aerosolized particles from said aerosol
generation I IIIIIII IIIIII "III IIIII II IIII * C L M S 



WO 01/38002 PCT/US00/25146  15  surface and a second airflow having a
velocity and  direction for creating a layer of air between said  first
airflow and said inner walls of said  housing. 4. The exhaust member
according to claim 3, wherein  said airflows form a combined airflow
downstream  from said aerosol generation surface. 5. The exhaust member
according to claim 4, further  comprising a three-dimensional object placed
within a path of said combined airflow. 6. The exhaust member according to
claim 5, wherein  said three-dimensional object comprises at least  one of
a cylindrical shape, a circular shape, a  ellipsoidal shape, a
hemispherical shape, a planer  shape, an interlocking mesh, and a
cylindrical  array. 7. The exhaust member according to claim 5, wherein
said three-dimensional object comprises an  impacting hemisphere supported
within said shroud,  said hemisphere having a convex side facing said
aerosol generation surface, wherein said first  entrained airflow impacts
upon said hemisphere  prior to exiting through said opening. 8. The exhaust
member according to claim 1, further  comprising a porous media placed
within a path of  said first entrained airflow prior to said airflow i i i
IIIII IN 11111, 



L a s WO 01/38002 PCT/US00/25146  - 16  existing through said opening. 9.
The exhaust member according to claim 8, wherein  said porous media
establishes a predetermined  particle size based upon properties of said
porous  media, said properties including at least one of a  thickness of
said media, a pore volume of said  media, a pore size of said media and a
hydrophillic/hydrophobic balance of said media. 10. The exhaust member
according to claim 1, wherein  said gap between said shroud and said inner
wall  is adjustable. 11. The exhaust member according to claim 1, wherein
said dispensing member comprises a valve. 12. The exhaust member according
to claim 1, wherein  said aerosolized generation surface comprises a
piezoelectric horn. 13. A method for delivering an aerosolized material
from an exhaust member of an airflow control  apparatus, said method
comprising the steps of: discharging an amount of a material on  an aerosol
generation surface of said airflow  control apparatus, said aerosol
generation  surface positioned adjacent a substantially  closed end of said
exhaust member of said  apparatus; aerosolizing said material via said 



1 1 1 1 1 1  iiiii WO 01/38002 PCTIUSOO/25146  - 17  aerosol generation
surface; concurrently creating a first airflow  for sweeping over said
aerosol generation  surface to entrain said aerosolized material,  and a
second airflow creatinga layer of air  between said first airflow..and
walls of said  exhaust member; and combining said first and said second
airflows downstream from said aerosol  generating surface. 14. The method
according to claim 13, wherein said  airflows are created by a pressure
drop applied  across an opening on an end of said exhaust member  opposite
said substantially closed end. 15. The method according to claim 13,
further  comprising the step of directing said combined  airflow against a
three-dimensional element. 16. The method according to claim 15, wherein
said  three-dimensional element comprises any one of a  cylindrical shape,
a circular shape, an  ellipsoidal shape, a hemispherical shape, a planer
shape, an interlocking mesh, and a cylindrical  array. 17. The method
according to claim 13, further  comprising the step of directing said
combined  



airflow against a porous medium. I I" I I! I I I I' I I I I I I I I I' I' I
I I" I 14 S WO 01/38002 PCTIUS00/25146  18  18. The method according to
claim 17, wherein said  porous media establishes a predetermined particle
size based upon properties of said porous media,  said properties including
at least one of a  thickness of said media, a pore volume of said  media, a
pore size of said media and a  hydrophillic/hydrophobic balance of said
media. 19. The method according to claim 13, wherein said  aerosol
generating surface comprises a  piezoelectric horn. 20. The method
according to claim 13, wherein said  three-dimensional object comprises an
impacting  hemisphere-supported within a shroud positioned  within said
exhaust member, said hemisphere having  a convex side facing said aerosol
generation  surface, wherein said fourth airflow impacts upon  said
hemisphere prior to exiting through said  opening. 21. A method for
delivering a dose of an aerosolized  medicament from an exhaust member of a
drug  delivery device, said method comprising the steps  of: discharging a
dose of a medicament on an  aerosol generation surface of said drug  



delivery device, said aerosol generation  surface positioned adjacent a
substantially  closed end of said exhaust member of said  apparatus;
1111111 111111 liii 1111111 WO 01/38002 PCT/US00/25146  19  .::aerosolizing
said material via said  aerosol generation surface concurrently creating:a
first airflow  for sweeping over said aerosol generation  surface to
entrain said aerosolized  medicament, and a second airflow creating a
layer of air between said first airflow and  walls of said exhaust member;
and combining said first and said second  airflows downstream from said
aerosol  generating surface. 22. A system for delivering an aerosolized
material  from an exhaust member of an airflow control  apparatus,: said
apparatus including an aerosol  generating surface, said system.
comprising: discharging means for discharging an  amount of a material;
aerosolizing means for aerosolizing a  material, said discharging means
discharging  said material adjacent to said aerosolizing  means; airflow
generating means for  



concurrently creating a first airflow for  sweeping over said aerosolizing
means to  entrain aerosolized material, and a second  airflow creating a
layer of air between said  first airflow and walls of said exhaust  member;
and combining means for combining said first  I III'll lll~llc L WO
01/38002 PCT/US0O/25146  20  and-laid second airflows dbwistream from said
aerosol generating surface. IIIIIIII IIIIII"IIIII'I'IIIIII * C 14 S 


