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A nebulizer in which the feed to the spray nozzle 1s
through a narrow space between the flat bottom of the
liquid reservoir and a flange fixed to the bottom of the
spray nozzle, where the space is narrow enough to
draw liquid toward the spray nozzle by capillary action
and aspiration at any orientation of the nebulizer be-
tween vertical and horizontal.

8 Claims, 2 Drawing Sheets
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1
NEBULIZER WITH CAPILLARY FEED

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

This is a continuation of co-pending application Ser. No.
06/876,777, filed on June 20, 1986 now abandoned.

BACKGROUND OF THE INVENTION

Nebulizers are devices used to introduce fine droplets
of liquid into a flowing stream of air that is to be in-
haled. Nebulizers are usually used to medicate a pa-
tient’s lungs. :

Among other things, an effective nebulizer must pro-
duce droplets of liquid of the right size. If the hquid
droplets are too big they plate out on equipment or even
in the trachea or bronchial tubes of the patient and as a
result insufficient medication reaches the patient’s
lungs. On the other hand, if the droplets are too small
they do not deposit in a patients lungs and are exhaled,
and the patient does not receive sufficient medication.

Most nebulizers are connected in series with a device
to supply pressurized air to the patient and the nebuliz-
ers have a reservoir or sump to contain the liquid medi-
cation. If a patient is to be given a measured amount of
liquid medication it is necessary for the nebulizer to
function so that all of the liquid medication is drained
from the reservoir. Otherwise the unused amount must
be accounted for. A device having most of the above-
noted characteristics is described in U.S. Pat. No.
3,762,409. In the nebulizer described in that patent
draining of the reservoir of liquid is accomplished by
making the reservoir acorn-shaped so that as the liquid
is consumed it is drained toward the converging bottom
point of the acorn where the liquid inlet to the nebulizer
system is located. With that arrangement substantially
all of the liquid medication is introduced into the air
supply to the patient if the nebulizer is kept vertical.

In order to minimize the amount of medication that
plates out on the walis of the equipment it is important
that the nebulizer be located close to the mouthpiece
through which a patient inhales medicated air. When a
patient using a nebulizer changes position the nebulizer
will move from a completely vertical orientation and as
a result some breaths of air are not medicated. Also,
frequently, the last few drops of liquid medication are
not introduced into the inhaled airstream and less than
the full dose of medication is provided to the patient.

SUMMARY OF THE INVENTION

This invention is a nebulizer assembly that may be
used in any orientation between vertical and horizontal
and in any position it will provide a steady and continu-
~ ous supply of liquid from the reservoir to the portion of
the nebulizer creating spray. The device of this inven-
tion is simple and may be easily molded from plastic and
therefore it can be made inexpensive enough to be dis-
posable.

The device of this invention includes all of the usual
elements of a nebulizer built in accordance with U.S.
Pat. No. 3,762,409. It includes a liquid reservoir, a spray
nozzle, and a gas nozzle positioned within the spray
nozzle and spaced from it to provide a flow path for
liquid between the reservoir and the spray nozzle. How-
ever, in the nebulizer of this invention the reservoir has

10

15

20

25

30

35

45

50

35

2

a flat bottom surface and the spray nozzle has a bottom-
flange that extends laterally from the spray nozzle and
parallel to the flat bottom of the reservoir. The flange
preferably extends almost to side wall of the reservoir
and it is spaced from the flat bottom of the reservoir less
than 0.02 inches. The flange should be as parallel as
possible with the flat bottom surface of the reservoir
and it functions best if the space between the flange and
the reservoir is from 0.02 to 0.002 inches. For liquids of
different viscosity, surface tension and other capillary
characteristics, the spacing should be changed to pro-
vide adequate flow rate. For aqueous liquids a space
about 0.005 inches is preferred.

Spacing between the flange and the bottom of the
reservoir is preferably provided with pads formed inte-
grally with the bottom of the flange. The pads could
also be formed integrally with the bottom of the reser-
voir, however, it is easier to mold the plastic flange with
pads having the proper depth than it is to mold pads on
the more complex reservoir portion of a nebulizer.

DESCRIPTION OF THE DRAWING

FIG. 1 is a sectional view of a nebulizer embodying
this invention. .

FIG. 2 is a bottom view of the spray nozzle illustrated
in FIG. 1.

FIG. 3 is a partial sectional view of the nebulizer
illustrated in FIG. 1 illustrating the lower portion of the
reservoir filled with liquid when the nebulizer is verti-
cally oriented.

FIG. 4 is the view of FIG. 3 when the nebulizer 1s

horizontally oriented.

DETAILED DESCRIPTION OF THE
INVENTION

The device of FIG. 1 is generally designated 10 and it
includes an outlet for aerosol 11, an air inlet 12 and a
main body 13. An air supply hose 15 is connected to the
air inlet 12 when the device is in use. In a preferred
embodiment, the body extends to a skirt 16 that protects
the air inlet 12.

The body 13 is usually oriented vertically in the posi-
tion shown in FIG. 1. When so oriented the lower por-
tion 17 forms a reservoir for the liquid that is to be
subdivided into the flowing airstream to form the aero-
sol. The air inlet 12 extends into the body to form a air
nozzle 18 that terminates in an orifice 20.

* Spray nozzle 21 surrounds air nozzle 18 and 1s spaced
from it by spacers 19 to provide a fluid-flow passage-
way 22 which opens into a horizontal space 23 between
the upper portion of air nozzle 18 and the upper portion
of spray nozzle 21. The upper portion of spray nozzle 21
is provided with an orifice 25 that opens into an in-
verted conical portion 26 into which a rounded diffuser
27 extends. The spacing between the conical portion 26
and the diffuser 27 is important in generating an aerosol
in which the particle size is correct. The diffuser’s posi-
tion is established by legs 28 which also hold a baffle

- plate 30 that knocks out oversized droplets of liqud
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from the aerosol and returns them to the reservoir 17.
Details of how the device illustrated in FIG. 1 functions
to produce an aerosol containing droplets of the proper
size are disclosed in U.S. Pat. No. 3,762,409.

In the device of this invention, the spray nozzle 21
terminates in a flange 31 that extends almost to the wall
surrounding the reservoir 17. The space 32 between the
flange 31 and the reservoir wall preferably is quite
small, the only limitation being that it is large enough
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for sufficient liquid to flow from the reservoir 17
toward the orifice 25 so that aerosol can be produced by
introducing subdivided liquid into the airstream.

The width of space 23 is established by the relative
lengths of air nozzle 18 and spray nozzle 21. Pads 33 on
the bottom of flange 31 not only establish the width of
capillary passageway 35 but also the width of space 23.
The baffle plate 30 performs the function of knocking
oversized droplets of liquid from the aerosol and per-
forms the further function of engaging legs 37, which
are connected to spray nozzle 21 thereby forcing the
entire spray nozzle assembly downwardly to maintain
pads 33 in contact with the flat bottom 38 of the reser-
voir. Baffle plate 30 is held in position by spacers 36 that
are located between aerosol outlet 11 and baffle plate 30
to form a rigid connection between them. The device is
made into segments that are held together with a
threaded connection generally designated 40.

In operation, the nebulizer is connected to a breath-
ing apparatus for a patient by connecting aerosol outlet
11 into a tee in an air supply line to the patient’s mouth-
piece. Devices known to the art supply air at regulated
pressure and volume to a mouthpiece through which
the patient breathes. Through means known to the art
compressed air is supplied through tube 15 and into air
inlet 12 during the inhalation cycle of the patient’s
breathing while that compressed air is cut off during the
exhalation cycle of the patient’s breathing. When com-
pressed air is supplied through tube 15 to the air inlet 12,
it passes through air nozzle 18 and through orifice 20.
Orifice 20 is somewhat smaller than orifice 25 and as a
result it creates an aspiration effect drawing liquid from
reservoir 17 through gap 32 and space 35 whereby the
liquid rises through fluid-flow passageway 22, space 23
and is drawn into the airstream passing through orifice
25. The liguid is subdivided as a result of entering the
high velocity airstream and is further subdivided when
it impinges against diffuser 27 and is forced through the
venturi-shaped passageway between rounded diffuser
27 and the inverted conical portion 26. The resultant
aerosol impinges against baffle plate 30 and as a result of
the impingement, larger droplets are coalesced and fall
back into reservoir 17 while droplets of the proper size
40 remain entrained in air, pass around baffle plate 30
and discharge through aerosol outlet 11 whereupon the
aerosol enters the air supplied to the patient for breath-
ing. The capillary passageway 35, in accordance with
this invention, is a maximum of 0.02 inches wide and 1s
preferably between 0.01 inches and 0.002 inches wide.
When the liquid in reservoir 17 is aqueous this dimen-
sion should be about 0.005 inches whereby, as will be
discussed hereinafter, the liquid in reservoir 17 is drawn
into the capillary passageway 35 by the combination of
capillary action and aspiration and is available to enter
fluid-flow passageway 22 when the device of this inven-
tion is in any orientation between vertical and horizon-
tal.

FIG. 2 is a bottom view of the spray nozzle 21 and its
attached flange 31. FIG. 2 illustrates one particular
arrangement of pads 33 on the bottom of the flange and
spacers 19 within the spray nozzle.

FIG. 3 is a partial sectional view of the device illus-
trating it with air tube connected and with liquid 1n the
reservoir. In FIG. 3 the device is vertically oriented and
it is evident that with the capillary passageway 35 com-
pletely beneath the surface of liquid, there is a continu-
ous supply of liquid to the bottom of fluid flow passage-
way 22. FIG. 4 illustrates the same partial view of the
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device of this invention in a horizontal orientation. Here
the liquid in reservoir 17 does not completely surround
capillary passageway 35. However, when capillary
passageway 35 has the critical dimensions set forth
above, it will provide enough capillary action to draw
the liquid from reservoir 17 to a level such that it may
be aspirated into fluid-flow passageway 22. The level of
liquid in the capillary space is at 45 even though the
level of liquid in the reservoir is at 46.

What is claimed is:

1. In a nebulizer having a reservoir for liquid, outlet
means from said reservoir, a gas nozzle extending along
the longitudinal axis of said reservoir, gas inlet means
connected to said gas nozzle, a liquid spray nozzle
mounted relative to said gas nozzle for nebulization of
liquid sprayed from said spray nozzle, and liquid pas-
sageway means extending between said reservoir and
said spray nozzle to provide a liquid flow path therebe-
tween, wherein the improvement in said nebulizer com-
prises:

said reservoir including a bottom wall [extending

substantially normal to said longitudinal axis and ]
formed to extend laterally across a lower side of
said reservoir to a side wall;

said passageway means including a fluid-flow conduit

extending from said spray nozzle and terminating
in an opening positioned proximate and above said
bottom wall; and

said passageway means further including a collector

flange extending laterally outwardly from said
conduit around said opening to substantially the
greatest width dimension of said reservoir and
terminating proximate said side wall with the pe-
riphery of said flange and said side wall defining an
annular collector opening, said flange being
mounted in spaced relation to said bottom wall at a
distance not more than 0.02 inches to define a capil-
lary passageway between said bottom wall and said
flange. |

2. The nebulizer as defined in claim 1, wherein said
reservoir is substantially cylindrical with a flat end pro-
viding said bottom wall,

said fluid-flow conduit is in substantially perpendicu-

lar relationship to said bottom wall, and

said flange is provided as a disk-like member extend-

ing over substantially the entire area of said bottom
wall in parallel relation thereto to define a capillary
passageway in substantially perpendicular orienta-
tion to said fluid-flow conduit. ,.

3. The nebulizer of claim 1 wherein the space be-
tween the flange and the nebulizer is between 0.02 and
0.002 inches.

4. The nebulizer of claim 3 wherein said space is
about 0.005 inches.

5. In a nebulizer having a reservoir for liguid, outlet
means from said reservoir, a gas nozzle extending along the
longitudinal axis of said reservoir, gas iniet means con-
nected to said gas nozzle, a liquid spray nozzle mounted

60 relative to said gas nozzle for nebulization of liguid sprayed
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from said spray nozzle, .and liquid passageway means ex-
tending between said reservoir and said spray nozzle to
provide a liquid flow path therebetween, wherein the im-
provement in said nebulizer comprises:
said reservoir including a bottom wall extending sub-
stantially normal to said longitudinal axis and formed
to extend laterally across a lower side of said reservoir
to side wall;
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said passageway means including a fluid-flow conduit
extending from said spray nozzle and terminating in
an opening positioned proximate and above said bot-
tom well; and

said passageway means further including a collector
flange extending laterally outwardly from said coh-
duit around said opening to substantially the greatest
width dimension of said reservoir and terminating
proximate said side wall with the periphery of said
flange and said side wail defining an annular collec-
tor opening, said flange being mounted in spaced
relation to said bottom wall at a distance not more

3

10

6

6. The nebulizer as defined in claim 5, wherein said
reservoir is substantially cylindrical with a flat end provid-
ing said bottom wall,

said fluid-flow conduit is in substantially perpendicular

relationship to said bottom wall, and

said flange is provided as a disk-like member extending

over substantially the entire area of said bottom wall
in parallel relation thereto to define a capillary pas-
sageway in substantially perpendicular orientation to
said fluid-flow conduit.

7. The nebulizer of claim 5 wherein the space between
the flange and the nebulizer is between 0.02 and 0.002

Inches.
8. The nebulizer of claim 7 wherein said space is about

than 0.02 inches to define a capillary passageway 15 0.005 inches.

between said bottom wall and said flange.
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