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ABSTRACT

A CPAP flow driver is adapted to split supplied breathable fluid into a first portion delivered
to a venturi throat to generate a pressure drop to draw in ambient air to create a CPAP flow

and a second portion that is delivered to a nebulizer to drive the nebulizer.
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CPAP FLOW DRIVER FOR USING NEBULIZER WITH CPAP APPARATUS
TECHNICAL FIELD

[0001] The present disclosure relates to continuous positive airway pressure (CPAP)
apparatus, and more particularly to the integration of CPAP apparatus with a nebulizer for

administering medication.

BACKGROUND

[0002] CPAP devices, originally used for treating sleep apnea, are now also used to treat
respiratory distress. In this latter application, medication may be fed into the airflow using a
nebulizer. A nebulizer is a device having a reservoir of liquid medicament and which uses a
source of pressurized gas, such as oxygen or compressed air, to disperse the medicament into
aerosol droplets which can be inhaled by a patient. Thus, when used in combination with a
CPAP apparatus, the aerosol droplets generated by the nebulizer can be combined with the
breathable fluid delivered to the patient via the CPAP apparatus. The CPAP apparatus and
the nebulizer each require a source of pressurized breathable fluid in order to operate. Thus,
conventionally, two distinct sources of pressurized breathable fluid have been required when a
nebulizer is to be used in conjunction with a CPAP apparatus. U.S. Patent Application
Publication No. 2003/0217749 discloses an apparatus for delivering a breathable gas together
with a nebulised medicament to a patient using a single gas cylinder, but requires that two

separate lines be connected to the gas cylinder.

SUMMARY

[0003] The present disclosure describes an arrangement in which a portion of the breathable

fluid supplied to a CPAP flow driver is diverted to drive a nebulizer.

[0004] In one aspect, the present disclosure relates to a flow driver for CPAP applications.
The flow driver comprises an outer housing enclosing an interior volume, an ambient air inlet
in fluid communication with the interior volume, and a CPAP mask fluid supply outlet in
fluid communication with the interior volume and adapted to be coupled to a CPAP mask. A
guide tube extends into the interior volume and has a constriction aperture at one end thereof,

with the constriction aperture disposed inside the housing. A fluid supply inlet is in fluid
-1-
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communication with the guide tube and is otherwise isolated from the interior volume, and a
venturi throat is disposed inside the housing. The venturi throat is larger than the constriction
aperture and is arranged in fluid communication with the constriction aperture, the ambient air
inlet and the CPAP mask fluid supply outlet via the interior volume. The constriction
aperture and the ambient air inlet are disposed upstream of the venturi throat and the CPAP
mask fluid supply outlet is disposed downstream of the venturi throat. The constriction
aperture and the venturi throat cooperate to generate, for fluid flow from the constriction
aperture into the venturi throat, a pressure drop across the venturi throat to draw fluid from the
ambient air intake into the venturi throat. The flow driver is characterized in that a nebulizer
supply outlet is disposed at the end of the guide tube opposite the constriction aperture, with
the nebulizer supply outlet adapted to be coupled in fluid communication to a nebulizer inlet
for driving a nebulizer, and the guide tube is adapted to split fluid received from the fluid
supply inlet into a nebulizer supply portion and a CPAP supply portion and to guide the
nebulizer supply portion toward the nebulizer supply outlet and to guide the CPAP supply

portion through the constriction aperture toward the venturi throat.
[0005] The ambient air inlet may be adapted to removably receive a filter assembly.

[0006] The flow driver may further comprise an MDI port communicating with the interior
volume of the housing downstream of the venturi throat and upstream of the CPAP mask fluid

supply outlet.

[0007] In certain embodiments, the interior volume of the housing may be in fluid
communication with an airway pressure gauge downstream of the venturi throat and upstream
of the CPAP mask fluid supply outlet. The airway pressure gauge may be carried by the

housing.

[0008] In another aspect, the present disclosure relates to a method for operating a CPAP
mask in conjunction with a nebulizer. The method comprises supplying breathable fluid to a
guide tube, feeding a first portion of the breathable fluid from one end of the guide tube into a
venturi throat coupled in fluid communication with the CPAP mask to draw ambient air

through an ambient air inlet into the venturi throat and supply CPAP fluid to the CRAP mask
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via a venturi effect, and feeding a second portion of the breathable fluid from the other end of
the guide tube to a nebulizer coupled in fluid communication with the CPAP mask to drive

the nebulizer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] These and other features of the disclosure will become more apparent from the

following description in which reference is made to the appended drawings wherein:

FIGURE 1 is a side cross-sectional view of a first exemplary flow driver showing the flow

driver coupled to a fluid supply hose;
FIGURE 1A is a detailed side cross-sectional view of the flow driver of Figure 1;
FIGURE 2 is a top plan cross-sectional view of the flow driver of Figure 1;

FIGURE 3 is a side view of the flow driver of Figure 1 coupled to a CPAP mask via a

nebulizer adaptor and also coupled to a nebulizer;

FIGURE 3A is a side view of the arrangement shown in Figure 3 also showing use of a

metered dose inhaler with the flow driver of Figure 1;

FIGURE 4 is a side view of the arrangement shown in Figure 3 showing the flow driver of

Figure 1 in cross-section; and

FIGURE 5 is a side view of a second exemplary flow driver coupled to a CPAP mask via a

CPAP adaptor and nebulizer adaptor and also coupled to a nebulizer.

DETAILED DESCRIPTION

[0010] Reference is now made to Figures 1 and 1A, in which an exemplary flow driver 10 for
use in CPAP applications is shown in cross-section. The flow driver 10 is in many respects
similar to conventional CPAP flow drivers, and uses a venturi effect to combine incoming
pressurized breathable fluid (typically air or oxygen-enriched air) with ambient air to generate

a desired flow for delivery to a CPAP mask.
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[0011] The flow driver 10 comprises a generally tubular outer housing 12 enclosing an
interior volume 14. In the illustrated embodiment, the outer housing 12 comprises a generally
tubular inlet portion 12A and a generally tubular outlet portion 12B sealingly secured
together. An ambient air inlet in the form of a tube 16 is formed in the housing 12, in fluid
communication with the interior volume 14. The tube 16 forming the ambient air inlet is
adapted to removably receive a suitable filter assembly 18 as shown to filter any air leaving
the interior volume 14 through the tube 16 (e.g. exhaled air). The filter assembly 18 may be

conventional in structure and is not described further.

[0012] A CPAP mask fluid supply outlet 20 is formed at the end of the outlet portion 12B of
the housing 12 that is remote from the end of the outlet portion 12B of the housing 12 that is
secured to the inlet portion 12A of the housing 12. The CPAP mask fluid supply outlet 20 is
in fluid communication with the interior volume 14 and is adapted to be coupled, either
directly or indirectly, to a CPAP mask. For example, as shown in Figures 3, 3A and 4, the
CPAP mask fluid supply outlet 20 is coupled to a CPAP mask 22 by way of an intervening
nebulizer adaptor 24. The CPAP mask 22 and nebulizer adaptor 24 are of conventional

design and are not described further.

[0013] A guide tube 26 is formed in the inlet portion 12A of the housing 12, at the end thereof
opposite the end that is secured to the outlet portion 12B of the housing 12. An inlet portion
26A of the guide tube 26 extends into the interior volume 14. The guide tube 26 has a
constriction aperture 28 at the terminal end 30 of the inlet portion 26A; this end 30, and hence
the constriction aperture 28, is disposed inside the housing 12 and hence inside the interior
volume 14. A fluid supply inlet 32 is formed in the inlet portion 12A of the housing 12; the
fluid supply inlet 32 is in fluid communication with the guide tube 26 and is otherwise
isolated from the interior volume 14. In the illustrated embodiment, the fluid supply inlet 32
comprises an interior tube 34 disposed inside the inlet portion 12A of the housing 12 in fluid
communication with the inlet portion 26A of the guide tube 26 and a connector tube 36
extending outwardly from the inlet portion 12A of the housing 12, exteriorly thereof. The
connector tube 36 sealingly receives a fluid supply hose 38, and is in fluid communication

with the connector tube 36 to deliver fluid from the fluid supply hose 38 to the inlet portion
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26A of the guide tube 26 via the connector tube 36 and the interior tube 34. The fluid supply
hose 38 will be in fluid communication with a source of pressurized breathable fluid, typically

air or oxygen-enriched air, such as a pump or gas cylinder.

[0014] A venturi throat 40 is disposed inside the housing 12. As can be seen, the venturi
throat 40 is substantially larger in diameter than the constriction aperture 28. In the illustrated
embodiment, the venturi throat 40 is formed as part of the outlet portion 12B of the housing
12 and comprises a tube extending into the inlet portion 12A of the housing 12. The venturi
throat 40 is arranged in fluid communication with the constriction aperture 28, the tube 16
forming the ambient air inlet, and the CPAP mask fluid supply outlet 20, via the interior
volume 14. The constriction aperture 28 and the tube 16 forming the ambient air inlet are
disposed upstream of the venturi throat 40 and the CPAP mask fluid supply outlet 20 is
disposed downstream of the venturi throat 40. Thus, the venturi throat 40 is positioned
between the guide tube 26 and the CPAP mask fluid supply outlet 20. As can be seen, the
terminal end 30 of the guide tube 26, and hence the constriction aperture 28, is spaced from
the opening 40A of the venturi throat 40. When fluid flows from the constriction aperture 28
into the venturi throat 40, the constriction aperture 28 and the venturi throat 40 cooperate to
generate a pressure drop across the venturi throat 40. This pressure drop draws ambient fluid
F amgient (i.€. air) through the tube 16 forming the ambient air intake from outside of the

housing 12 into the interior volume 14 and then into the venturi throat 40.

[0015] The flow driver 10 differs from conventional CPAP flow drivers in that it includes a
nebulizer supply outlet 50 and can divert a portion of the breathable fluid supplied to the fluid
supply inlet 32 via the fluid supply hose 38 through the nebulizer supply outlet 50 to drive a
nebulizer 52 (Figures 3 to 4).

[0016] In the illustrated embodiment, a connection portion 26B of the guide tube 26 extends
outwardly from the inlet portion 12A of the housing 12A, exteriorly thereof, and the nebulizer
supply outlet 50 is formed by the open terminal end 54 of the connection portion 26B of the
guide tube 26. Thus, the nebulizer supply outlet 50 is disposed at the end 54 of the guide tube
26 opposite the constriction aperture 28. As can be seen in Figure 1A, the guide tube 26 is

adapted to split breathable fluid F received from the fluid supply inlet 32 into a nebulizer
-5
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supply portion FxguLizer and a CPAP supply portion Fepap and to guide the nebulizer supply
portion FgpuLizer toward the nebulizer supply outlet 50 and to guide the CPAP supply

portion Fepap through the constriction aperture 28 toward the venturi throat 40.

[0017] Referring now to Figures 3 to 4, the nebulizer supply outlet 50 is adapted to be
coupled in fluid communication to a nebulizer inlet for driving a nebulizer. In the illustrated
embodiment, the connection portion 26B of the guide tube 26 is sized to permit a
conventional nebulizer connection hose 56 to be sealingly friction fit thereon to supply
breathable fluid to a to a nebulizer inlet 58. As shown in Figures 3 to 4, the exemplary flow
driver 10 may be coupled to a CPAP mask 22 by way of an intervening nebulizer adaptor 24.
A conventional nebulizer 52 may be coupled to the nebulizer adaptor 24 in known manner,
and a conventional nebulizer connection hose 56 may be connected in fluid communication
between the nebulizer supply outlet 50 and the nebulizer inlet 58, as shown. When
pressurized breathable fluid F is supplied to the flow driver 10 from the fluid supply hose 38
via the fluid supply inlet 32, the breathable fluid F flows into the guide tube 26, which splits
the breathable fluid F into a nebulizer supply portion FngpuLizer and a CPAP supply portion
Fcpap. When the nebulizer inlet 58 is coupled (via the nebulizer connection hose 56) to
nebulizer supply outlet 50 (see Figures 3 to 4), the nebulizer supply portion Fnepurizer flows
through the connection portion 26B of the guide tube 26 to and through the nebulizer supply
outlet 50, into and through the nebulizer connection hose 56, and into the nebulizer inlet 58 to
drive the nebulizer. The CPAP supply portion Fcpap flows through the inlet portion 26A of
the guide tube 26 and then through the constriction aperture 28 toward the venturi throat 40 to
generate, via venturi effect, a primary CPAP fluid flow, consisting of a mixture of the CPAP
supply portion Fcpap and the ambient fluid Fampient. The primary CPAP fluid flow travels
through the CPAP mask fluid supply outlet 20 and into the nebulizer adaptor 24, where the
nebulizer supply portion FnepuLizer, now carrying entrained medication from the nebulizer

52, is admixed into the primary CPAP fluid flow for delivery to the CPAP mask 22.

[0018] Thus, the exemplary flow driver 10 enables and implements a method for operating
CPAP mask 22 in conjunction with a nebulizer 52. The method comprises supplying

breathable fluid F to a guide tube 26. The method further comprises feeding a first portion
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Fcpap of the breathable fluid F from one end 30 of the guide tube 26 into a venturi throat 40
coupled in fluid communication with the CPAP mask to draw ambient air through the ambient
air inlet formed by the tube 16 into the venturi throat 40 and supply CPAP fluid Fcpap to the
CPAP mask 22 via a venturi effect. The method still further comprises feeding a second
portion FnepuLizer of the breathable fluid F from the other end 54 of the guide tube 26 to

drive the nebulizer 52, which is coupled in fluid communication with the CPAP mask 22.

[0019] When the nebulizer 52 is not in use, the nebulizer connection hose 56 may be
removed from the connection portion 26B of the guide tube 26, and a removable nebulizer
supply outlet cap 62 may be friction fit over the connection portion 26B of the guide tube 26
to seal the nebulizer supply outlet 50, as shown in Figures 1 to 2. With the nebulizer supply
outlet 50 sealed, most of the incoming breathable fluid F from the fluid supply inlet 32 will
flow into the inlet portion 26A of the guide tube 26 as the CPAP supply portion Fcpap and a
small portion of the incoming breathable fluid F will enter the connection portion 26B of the
guide tube 26 as the nebulizer supply portion FygsuLizer but is inhibited from passing through
the nebulizer supply outlet 50 by the nebulizer supply outlet cap 62. In a preferred
embodiment, the nebulizer supply outlet cap 62 is connected by way of a flexible tether 64 to

a retention ring 66 that is friction fit onto the connection portion 26B of the guide tube 26.

[0020] The exemplary flow driver 10 includes a metered dose inhaler (MDI) port 70 to enable
medication from a metered dose inhaler 72 to be administered, as shown in Figure 3A. The
MDI port extends outwardly from the outlet portion 12B of the housing 12 and communicates
with the interior volume 14 of the housing 12 downstream of the venturi throat 40 and
upstream of the CPAP mask fluid supply outlet 20. The MDI port 70 comprises an MDI tube
74 whose lumen 76 tapers frustoconically inwardly toward the housing 12 to provide a
bearing surface for the valve stem 78 of the metered dose inhaler 72 (Figure 3A). Similarly to
the nebulizer supply outlet 50, the MDI port 70 may be provided with a removable MDI port
cap 80 that can be friction fit over the MDI tube 74; preferably the MDI port cap 80 is
connected by way of a flexible tether (not shown) to a retention ring 84 that is friction fit onto
the MDI tube 74.
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[0021] Referring now to Figure 2, in the illustrated embodiment the housing 12 carries an
airway pressure gauge 86 for measuring the pressure supplied to the CPAP mask 22;
adjustments can be made at the source of the breathable fluid supplied via the fluid supply
hose 38. The airway pressure gauge 86 comprises a generally tubular body 88 secured to the
housing 12. At a first end 88A of the tubular body 88, a pressure measurement tube 90
extends through and is sealed in a pressure measurement aperture 92 formed in the outlet
portion 12B of the housing 12, and a relief aperture 94 is formed through the other (second)
end 88B of the tubular body 88. Thus, the airway pressure gauge 86 is in fluid
communication with the interior volume 14 of the housing 12, downstream of the venturi
throat 40 and upstream of the CPAP mask fluid supply outlet 20. An indicator member 96 is
slidably received in the tubular body 88 and biased toward the end 88 A having the pressure
measurement tube 90 by a spring 98 acting between the indicator member 96 and the other
end 88B of the tubular body 88. When in use, a portion of the CPAP supply portion Fcpap
will pass through pressure measurement tube 90 into the tubular body 88 and push the
indicator member 96 toward the end of the tubular body 88 remote from the end having the
pressure measurement tube 90; ambient air between the indicator member 96 and the end 88B
having the relief aperture 94 escapes through the relief aperture 94. The tubular body 88 is
provided with pressure indicator markings and is at least partially transparent so that at least
part of the indicator member 96 is visible therethrough, with the position of the indicator
member 96, or of a marking thereon, being indicative of the pressure of the CPAP supply

pOI’tiOIl Fcpap.

[0022] The first exemplary flow driver 10 described above includes an MDI port 70 and an
airway pressure gauge 86, and may be used instead of a conventional CPAP adaptor, as
shown in Figures 3 to 4. Flow drivers according to the present disclosure may also be used in
conjunction with a conventional CPAP adaptor 600, as shown in Figure 5. The exemplary
CPAP adaptor 600 may be, for example, one of the CPAP adaptors forming part of the
Rescuer™ Emergency CPAP System of the type offered by BLS Systems Limited, having an
address at 1124 South Service Rd W, Oakville, Ontario, Canada L6L 5T7. The CPAP adaptor
600 shown in Figure 5 includes an anti-asphyxia valve 642, an MDI port 644, a removable
filter assembly 646 and a pressure adjustment mechanism 648 and, being conventional in

-8 -
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design, is not described further. The exemplary CPAP adaptor 600 is coupled to a CPAP
mask 22 by way of an intervening nebulizer adaptor 24 to which is mounted a nebulizer 52.
The CPAP mask 22, nebulizer adaptor 24, nebulizer 52 and nebulizer connection hose 56
shown in Figure 5 are identical to the CPAP mask 22, nebulizer adaptor 24 and nebulizer 52

shown in Figures 3 to 4 and hence the same reference numerals are used.

[0023] A second exemplary flow driver 510 is coupled to the CPAP adaptor 600 via a flexible
main hose 660. The second exemplary flow driver 510 shown in Figure 5 is similar to the
first exemplary flow driver 10 shown in Figures 1 to 4, with like reference numerals denoting
like features except with the prefix “5”. The second exemplary flow driver 510 shown in
Figure 5 differs from the first exemplary flow driver 10 shown in Figures 1 to 4 in that the
second exemplary flow driver 510 does not include an MDI port or an airway pressure gauge
since the CPAP adaptor 600 includes an MDI port 644, a removable filter 646 and a pressure
adjustment mechanism 648. Thus, the MDI port and the airway pressure gauge forming part
of the first exemplary flow driver 10 shown in Figures 1 to 4, while preferable, are optional

and may be omitted from flow drivers constructed according to the present disclosure.

[0024] As shown in Figure 5, the main hose 660 is coupled to the CPAP mask fluid supply
outlet 520 of the flow driver 510, so that the CPAP mask fluid supply outlet 520 is coupled
(indirectly via the main hose 660, CPAP adaptor 600 and nebulizer adaptor 24) to the CPAP
mask 22. As with the first exemplary flow driver 10, a conventional nebulizer connection
hose 56 may be connected in fluid communication between the nebulizer supply outlet 550 of
second exemplary flow driver 510 and the nebulizer inlet 58 of the nebulizer 52 to drive the

nebulizer 52.

[0025] 1t is to be understood that the CPAP adaptor, CPAP mask, nebulizer adaptor and
nebulizer shown and described herein are merely exemplary and are presented for illustrative
purposes only; flow drivers according to the present disclosure may be used in conjunction
with other types of CPAP adaptors, CPAP masks, nebulizer adaptors and nebulizers and no

limitation is intended or implied.
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[0026] One or more currently preferred embodiments have been described by way of
example. It will be apparent to persons skilled in the art that a number of variations and

modifications can be made without departing from the scope of the claims.

-10-



WHAT IS CLAIMED IS:

1. An apparatus comprising: a flow driver for CPAP applications, wherein the flow

driver comprises:
an outer housing enclosing an interior volume;
an ambient air inlet in fluid communication with the interior volume; and

a CPAP mask fluid supply outlet in fluid communication with the interior volume and adapted

to be coupled to a CPAP mask;

a guide tube extending into the interior volume and having a constriction aperture at one end

thereof, the constriction aperture disposed inside the housing;

a fluid supply inlet in fluid communication with the guide tube and otherwise isolated from

the interior volume;

a venturi throat disposed inside the housing, the venturi throat being larger than the
constriction aperture and arranged in fluid communication with the constriction aperture, the

ambient air inlet and the CPAP mask fluid supply outlet via the interior volume;

the constriction aperture and the ambient air inlet being disposed upstream of the venturi
throat and the CPAP mask fluid supply outlet being disposed downstream of the venturi
throat;

the constriction aperture and the venturi throat cooperating to generate, for fluid flow from the
constriction aperture into the venturi throat, a pressure drop across the venturi throat to draw

fluid from the ambient air intake into the venturi throat;

a nebulizer supply outlet is disposed at the end of the guide tube opposite the constriction
aperture, the nebulizer supply outlet adapted to be coupled in fluid communication to a

nebulizer inlet for driving a nebulizer;

-11 -
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wherein the guide tube is adapted to split fluid received from the fluid supply inlet into a
nebulizer supply portion and a CPAP supply portion and to guide the nebulizer supply portion
toward the nebulizer supply outlet and to guide the CPAP supply portion through the

constriction aperture toward the venturi throat; and

a metered dose inhaler (MDI) port communicating with the interior volume of the housing
downstream of the venturi throat and upstream of the CPAP mask fluid supply outlet and

adapted to receive an MDI dose for inhalation.

2. The apparatus of claim 1, wherein the ambient air inlet is adapted to removably

receive a filter assembly.

3. The apparatus of claim 2, wherein the interior volume of the housing is in fluid
communication with an airway pressure gauge downstream of the venturi throat and upstream

of the CPAP mask fluid supply outlet.

4. The apparatus of claim 3, wherein the airway pressure gauge is carried by the housing.

5. The apparatus of claim 1, wherein the interior volume of the housing is in fluid
communication with an airway pressure gauge downstream of the venturi throat and upstream

of the CPAP mask fluid supply outlet.

6. The apparatus of claim 5, wherein the airway pressure gauge is carried by the housing.

-12 -
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7. The apparatus of claim 1, further comprising a metered dose inhaler having a valve

stem received in the MDI port.

8. The apparatus of claim 7, wherein the MDI port comprises an MDI tube having a
lumen that tapers frustoconically inwardly toward the housing to provide a bearing surface for

the valve stem.

9. The apparatus of claim 1, wherein the MDI port comprises an MDI tube having a
lumen that tapers frustoconically inwardly toward the housing to provide a bearing surface for

a valve stem of a metered dose inhaler.

-13 -

Date Regue/Date Received 2020-09-10



CA 02908781 2015-10-16

=D

FIG. 1




CA 02908781 2015-10-16

I N B S n
_ 08~% % 8¢ _—d _
i 0L ¢t . 4 9¢ _
pe // \ |
./' m /A T~ rt _
| \ " [4! 59 !
i 9L— v8 ) 0 |
i / /.
I_ll _8¢ i ﬂnww\, \\_.\)om
| ) ) ) " avao B _
A r NGNSy
0C , g TP \IA
| 2N N — S\ 92 4 |
| gzl \ ov | | wopl|V9Z | 892} |
_ m_ g 43zInaaN g |
@ cl |
| \ _ g
ﬂ ww,\zL L 1 1 hareny 4 __
| 8l L |
| \ |
| | |
| |
| AN\ % |
. X _



CA 02908781 2015-10-16

0c

Y




CA 02908781 2015-10-16

o
_/'/i I\'\ T
T | | .
o )
< | . -
| (=) /
bbbttt VN A
- ] J
S — .
A e —/ /
& \’\\ \7 _________________ _'// ~.
\\\\ ---------- /
''''' [
T T=p
<]
]
< = B
N o —
(=]
Y m mf* |
1)

~ (]

74
\
32
\/ -
\
\
y

FIG. 3



CA 02908781 2015-10-16

VE "Old

(AAN -
\ J P
P I R 7
/ 5 _w_/__A \\/\ ~8c _9¢
/ TN -
/ y “ oY Lo N 98
N I_ﬂ,_/_.J_ N | _.j. 0L /v yo —29
L gl G H -
R IS _ Dl
N \ | 9
\ a ]
\ o vz gl N.II_/AK%N
_, __ | N | (= =, 1]
_/ __ | N 2l f o1
_ N
N g vzl 8l
: S
Ly,
ot



CA 02908781 2015-10-16

¥ "Old

/ T _A—"ge
IR /7 »L 08) 9L,
I B 85 VL vy VS
I vg 0L g 99
cN
..... R IR ) /e gl
I R N
..... == b n f& ST 892
N - . ! I . = PR .Q—-
\ oy b mﬁ\ | Bl ~ o1
| o 2 0 z1— ov— =] 9l
| e e S N 7z,
| IR
\ | _ - “ ;
_ o A
/__ _ _ “ _ “\\\\ ,\. o



CA 02908781 2015-10-16

\.
648 I
AT
646 TR
¢ R
Z s 24 TR L
4 |t | ,
o AR
= !
IR |
58 N l
- _} \H'l‘j || /
e | T
/ i [
| \
660 \ \
N
\ ~ o
\‘ i — s — -
\
N _ e
N\
512
N ™
\.\'







	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - CLAIMS
	Page 14 - CLAIMS
	Page 15 - CLAIMS
	Page 16 - DRAWINGS
	Page 17 - DRAWINGS
	Page 18 - DRAWINGS
	Page 19 - DRAWINGS
	Page 20 - DRAWINGS
	Page 21 - DRAWINGS
	Page 22 - DRAWINGS
	Page 23 - REPRESENTATIVE_DRAWING

