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(54) LOW FLOW PERCUSSIVE RESPIRATORY APPARATUS AND RELATED TREATMENT

(57) A valve assembly attached to a capacitor such
that pressurizing the capacitor to a first positive pressure
threshold induces the valve assembly to open, the pres-
surized air is released to the patient, and then as the
pressure in the capacitor drops to a second pressure
threshold the valve closes and the capacitor begins to
build pressure until the first positive pressure threshold
is achieved and the process repeats. Relative to the valve
assembly and integrated therein, is an incrementally ad-
justable index knob to vary the rate of a biasing force
performing work against the actionable valve face of the
diaphragm functional surface to set the performance of
the valve assembly, thereby increasing the potential for
correct operation across a range of oscillating rates sup-
porting a broad spectrum of patient therapies and types.
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Description

BACKGROUND

[0001] Many chronic conditions such as bronchiecta-
sis, cystic fibrosis (CF), neuromuscular disease and
chronic obstructive pulmonary disease (COPD) are as-
sociated with an increase in both the quantity and vis-
cosity of respiratory secretions. Airway inflammation,
bronchospasm and the increase in sputum volume are
constant in these patients and are responsible for an in-
crease in airway resistance and air trapping. This air trap-
ping and increased airway resistance result in hyperin-
flation and intrinsic positive expiratory pressure (PEEPi),
which are common features during acute exacerbations
of COPD patients and are responsible for increasing the
work required to breathe and respiratory muscle failure.
Other conditions are associated with a decreased ability
to clear secretions, such as those with impaired ciliary
function or cough, with the latter being very common dur-
ing mechanical ventilation, after strokes or surgical pro-
cedures, and in neuromuscular disorders. Studies have
shown that when these secretions are not adequately
cleared, complications arise such as atelectasis, mucus
plugging, and recurrent pneumonia. Inadequate mucus
clearance in patients in the intensive care unit (ICU) can
lead to poor clinic outcomes such as prolonged time on
mechanical ventilation, increase in need for tracheosto-
mies, decreased quality of life, overall worsening lung
function and an increase in mortality.
[0002] The intrapulmonary percussive valve ("IPV") is
designed to both treat active pulmonary disease and to
prevent the development of disease caused by secretion
retention. The IPV device was developed by Forrest M.
Bird in 1979. IPV is a ventilatory technique that delivers
small bursts of high flow respiratory gas into the lung at
high rates. This causes airway pressures to oscillate be-
tween a range of frequencies or cycles per minute and
the airway walls vibrate in synchrony with these oscilla-
tions. During inspiration the high frequency gas pulse
expands the lungs and vibrates and enlarges the airways.
This technique may be associated with nebulization and
has the potential to improve secretion clearance. During
the percussive bursts of air into the lungs, a continued
pressure is maintained, while a high velocity percussive
inflow opens airways and enhances intra-bronchial se-
cretion mobilization. Specific goals of therapy include
promoting the mobilization of bronchial secretions, im-
proving the efficiency and distribution of ventilation, pro-
viding an alternative delivery system for bronchodilator
therapy, providing intrathoracic percussion and vibration,
and providing an alternative system for the delivery of
positive pressure to the lungs.
[0003] Examples of an IPV are described in US
6,067,984 and US 6,766,800. The percussive respiratory
device is comprised of a functional surface area defined
by a dual area piston having a face that rests against an
interior end of a primary port associated with a fluidic

manifold, thus sealing the manifold during charging with
a fluid such as pressurized gas. The dual area piston
comprises a primary surface area defined as the area
exposed to the primary port during charging thereby de-
fining a closed position for the valve function, and a much
larger area which comprises the total area of the piston
face which is in fluid communication when the piston is
moved away from the primary port thereby defining an
open position. When the dual area piston is closed, it
prevents compressed gas from escaping and thus caus-
ing a discharge before sufficient trigger pressure is es-
tablished. During charging, the pressure in the manifold
or capacitive chamber increases until the force of the
pressure on the primary area of the dual area piston over-
comes a biasing force against the piston. Once the dual
area piston begins to open, the complete surface area
of the piston is exposed to the pressure of inrushing fluid
causing the piston to move away from the interior end of
the primary port to an open position. The manifold pres-
sure that causes the piston to move into the fully open
position is the set PIP and when in a closed position as
a residual PEEP (Positive End-Expiratory Pressure),
which is taught as being set through a range of adjusta-
bility by controlling the degree of biasing force against
the piston. Once the piston opens, it will remain open
until the manifold pressure on the surface area of the
piston drops to a value less than the force of the biasing
force. During discharge, the fluid in the manifold pass by
the piston and out of the system through an adjustable
flow restrictor used to control the rate at which discharged
gases are vented into the atmosphere, resulting in the
control of a patient discharge duration. Once the pressure
drops to a value low enough to allow the biasing force to
push the piston closed, the discharge ends, the manifold
pressure begins to rise against the primary surface of the
piston and the cycle is repeated.
[0004] While control of the biasing force can be a ready
means for altering the pressure necessary to trigger a
threshold valve, the ability to readily alter a threshold
valve’s ability to respond to both a trigger pressure and
an open state maintenance pressure by an easy manip-
ulation of the device itself has previously not been
achieved. To allow the trigger pressure and maintenance
pressure to be controlled through the ratio of the trigger
pressure to the maintenance pressure is a particular ad-
vantage when the threshold valve is to control a residual
manifold pressure relative to the trigger pressure. There
remains an unmet need for an improved method and
means for managing the cyclic rate of the valve assembly,
and in particular to manage the cyclic rate so as to impart
an oscillating or percussive quality to a continuous or
semi continuous flow of fluid, such as a therapeutic in-
haled gas, such that operation is repeatable at a known
therapeutic performance level, is attainable in terms of
both operation of one assembly over a protracted period
and for attaining equivalent defined performance be-
tween any two valve assemblies.
[0005] The percussive respiratory device illustrated in
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Fig. 7 of the ’984 Patent was sold by Vortran Medical
Technology, Inc., the assignee of the present application,
under the brand name PNEB. As described in the ’984
Patent, the device 130 comprises a nebulizer assembly
100, a pneumatic capacitor assembly 132 and a pressure
modulator apparatus 10. This device 130 is illustrated
herein in Fig. 1A in an assembled elevation view. Fig. 1B
herein shows the fluid flow path within this device 130.
This system consumes a high volume of a continuous
flow of pressurized input gas to effect operation. With
reference to Fig. 1B, as well as Figs 6A, 6B and 7 of the
’984 Patent, an input fluid, such as pressurized oxygen,
is received at gas inlet 136. Here the fluid is diverted into
two paths. The first path A (solid line) goes through chan-
nel 142 into the capacitive chamber 154. The second
path B (large dashes) splits from path A at the choke tube
144 and travels through the nebulizer assembly 100 and
to the patient via mouthpiece 104. Pressurized input gas
accumulates in the chamber 154 until the pressure over-
comes the resistance provided by spring 150 and the
percussive valve assembly 132 opens. The input gas
then exits through output 156 and path A continues into
the chamber 42 of the pressure modulator apparatus 10,
exits chamber 42 through port 134 and travels to the pa-
tient mouthpiece 104 via connectors 120 and 122. Paths
A and B merge at the patient mouthpiece. Upon patient
exhalation, the exhaled gas travels along path C (small
dashes). Path C goes from the mouthpiece 104, through
the connectors 120 and 122 and exits the device 10 via
the exhalation restrictor 20. However, paths A and C trav-
el through and share chamber 42. Because exhalation
path C is always open, a portion of the input gas traveling
along path A necessarily exits the device 10 and is not
received by the patient. Thus, for this device to properly
meet patient needs the input gas must be introduced into
the device 10 at an elevated pressure or flow rate to ac-
commodate the loss of input gas through the exhalation
restrictor 20. Accordingly, there remains an unmet need
for reducing the consumption rate of pressurized input
fluid by the device while maintaining proper oscillating
operation and performance over a broader range of func-
tional conditions within the device, for example, a system
that is more efficient or less wasteful than existing sys-
tems. A further problem with this device is that the ex-
haled fluid must pass through the same port as the in-
coming gas. The resistance created by the incoming gas
inhibits movement of the exhalation leading to a patient
potentially rebreathing or inhaling some portion of ex-
haled gas and, perhaps, exhaled fluids. Thus, there also
remains a need for an improved percussive respiratory
device that reduces resistance to patient exhalation.

SUMMARY OF THE DISCLOSURE

[0006] This disclosure is directed to means and meth-
ods for providing respiratory treatment to a patient. In
particular, a unique valve is used by which a pressure
and flow oscillation is imparted to an inspired and expired

air volume. This oscillation offers a benefit to the patient
in that occluded lung passageways, bronchial tubes and
alveoli may be reopened and breathing function restored
or otherwise improved.
[0007] According to aspects of the present disclosure,
in one embodiment a valve assembly is attached to a
capacitor such that upon pressurizing to a first positive
pressure threshold induces the valve assembly to open,
the pressurized air is released to the patient, and then
as the pressure in the capacitor drops to a second pres-
sure threshold the valve closes and the capacitor begins
to build pressure until the first positive pressure threshold
is achieved and the process repeats. In one embodiment,
the valve assembly includes a diaphragm functional sur-
face affixed to a moveable valve face and a fluidic com-
munication port, wherein the fluidic communication port
is in close proximity (and optimally in direct contact) with
the functional surface of the moveable valve face, the
contact region there between the valve assembly and
fluidic communication port describing an actionable sur-
face area. Relative to the valve assembly and integrated
therein, is an incremental index knob. By introduction of
an incremental index knob the rate of a biasing force
performing work against the actionable valve face of the
diaphragm functional surface allows for defined, repro-
ducible, and predictable performance of the valve as-
sembly, thereby increasing the potential for correct op-
eration across a range of oscillating rates supporting a
broad spectrum of patient therapies and types.
[0008] Also, according to aspects of the present dis-
closure, the diaphragm functional surface is part of a per-
cussive respiratory device. Compressed gas is delivered
directly to a pneumatic capacitor of static (fixed or ine-
lastic construction) or dynamic (variable or elastic con-
struction) response, thus charging the pneumatic capac-
itor with a fluidic pressure. During discharge, input gas
at least partially flows through the percussive respiratory
device to a patient-oriented outlet. The apparatus cycles
the pressure within the pneumatic capacitor by control-
ling at what pressure the diaphragm functional surface
is triggered to open and the degree by which the biasing
force on the diaphragm functional surface is forced to
close. Through adjustment of the input pressure and ad-
justment of an adjustable index knob, the corresponding
frequency and amplitude of the oscillatory action is finitely
and reproducibly controlled.
[0009] In a further embodiment according to aspects
of the present disclosure, the diaphragm functional sur-
face is part of a valve assembly in a percussive respira-
tory device. Compressed gas is delivered directly to a
pneumatic capacitor, thus charging the pneumatic ca-
pacitor. During discharge, all gas flows through the per-
cussive respiratory device to a patient-oriented outlet.
The diaphragm functional surface cycles the pneumatic
capacitor by controlling at what pressure charging ends
and discharge begins. The duration of charging is con-
trolled by the flow rate of incoming fluid and is affected
by the compliance of the pneumatic capacitor. The du-
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ration of discharge is controlled by action of the adjust-
able index knob upon the biasing means against the di-
aphragm functional surface. Increasing and decreasing
the position of the index knob correspondingly increases
and decreases the rate by which the discharged gas of
the pneumatic capacitor is exhausted into the patient.
With the pneumatic capacitor pressure dropping to a
specified level less than the counteracting biasing
means, the diaphragm functional surface of the percus-
sive respiratory device closes, and the pneumatic capac-
itor begins is recharged by the flow of gas. Thus, the
cycle is repeated indefinitely so long as there is at least
intermittent pressurized fluid source to the percussive
respiratory device. The diaphragm functional surface is
associated with a primary cavity of a pneumatic capaci-
tance which may be caused by the user to cycle at a
variety of frequencies and amplitudes, thus providing a
different type of ventilatory effect and therapeutic per-
formance on the patient which is in constant fluid com-
munication with the primary cavity of the percussive res-
piratory device.
[0010] In a further embodiment, the percussive respi-
ratory device comprises an entrainment valve assembly.
The entrainment valve assembly includes an entrain-
ment inlet port where by a pressurized fluid source, such
as compressed oxygen, is connected. Pressurized fluid
is conducted through the inlet port and into an entrain-
ment jet. The entrainment jet imparts a laminar flow to
the pressurized fluid whereby it is then conducted into
an entrainment outlet port. As the laminar flow is con-
ducted from the inlet port to the outlet port, a negative
pressure is created proximal to the entrainment jet. In-
cremental additional fluid is drawn in by the negative
pressure through one or more secondary inlet ports. The
degree of flow through the one or more secondary inlet
ports is defined by an entrainment mixing adjustment
which engages upon an indexing element to allow for
finite adjustment. The volume of fluid conducted through
the entrainment as inlet port plus the volume of fluid
drawn in by the secondary inlet port are intermixed and
ejected as an essentially homogenous fluid via the en-
trainment jet outlet port.
[0011] In a further embodiment, a percussive respira-
tory device including a diaphragm functional surface ex-
hibits a complete cycling rate from open to closed fluid
conditions of between about 1 and about 100 cycles per
second and, more preferably, about 10 and about 20 cy-
cles per second.
[0012] In a further embodiment, a percussive respira-
tory device including a diaphragm functional surface ex-
hibiting a cycling rate when provided pressurized air, ox-
ygen or mixtures thereof at a pressure of between about
8 and about 20 cm-water and, more preferably, at about
10 and about 18 cm-water.
[0013] In a further embodiment, a percussive respira-
tory device including a diaphragm functional surface ex-
hibits a cycling rate when provided pressurized air, oxy-
gen or mixtures thereof at a flow of between 8 and 30

liters per minute and, more preferably, between about 10
and about 25 liters per minute.
[0014] In a further embodiment, a percussive respira-
tory device including an entrainment valve assembly ex-
hibits ratio of inlet pressurized fluid to volume of incre-
mental additional fluid drawn in by the secondary inlet
port of between about 10:90 to about 90:10 and, more
preferably, between about 30:70 to about 70:30.
[0015] According to aspects of the present disclosure
a percussive respiratory device is disclosed, including an
incremental index knob, wherein the percussive respira-
tory device may be used to provide therapeutic benefit
to a patient physically located within an environment sen-
sitive to electrical, magnetic, electromagnetic, and radi-
opaque interference.
[0016] According to aspects of the present disclosure
a percussive respiratory device is disclosed, including an
entrainment valve assembly adapted for use by a singu-
lar or given patient and then disposed thereafter.
[0017] According to aspects of the present disclosure
a percussive respiratory device is disclosed, including an
adjustable index knob and an entrainment valve assem-
bly adapted for use for a singular or given patient and
then disposed thereafter. According to aspects of the
present disclosure a percussive respiratory device is dis-
closed, including an adjustable index knob with a self-
retaining locking mechanism.
[0018] Another aspect of the technology is to provide
a percussive respiratory device, including an adjustable
index knob with self-retaining locking mechanism,
wherein said self-retaining locking mechanism allows for
limitation of the number or degree of rotation available
to a user of said percussive respiratory device.
[0019] According to aspects of the present disclosure
a percussive respiratory device is disclosed, including an
adjustable index knob with a self-retaining locking mech-
anism wherein said self-retaining locking mechanism
prevents over-rotation or disassembly of incremental in-
dex knob relative to said percussive respiratory device.
[0020] In any embodiment above, an adjustable index
knob may be associated with a percussive respiratory
device and operate under a complete and repeating cycle
mode. Additionally, the assembly may be used in con-
junction with a nebulizer, providing therapeutic relief, in
addition to the delivered ventilatory support.
[0021] According to aspects of the present disclosure,
a percussive respiratory device may be used in conjunc-
tion with a nebulizer to deliver intermittent positive pres-
sure aerosolized medication to the patient at varying os-
cillation rates. Further, the nebulizer can be used in var-
ious spatial orientations relative to the percussive respi-
ratory device axis of diaphragm surface operation and in
various spatial orientations relative to the percussive res-
piratory device pneumatic capacitor.
[0022] According to aspects of the present disclosure,
a percussive respiratory device is provided which utilizes
a mouth piece having a divided lumen, wherein said di-
vided lumen allows for inhalation and exhalation volumes
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to remain independent and free of intermixing, wherein
the divided lumen allows for exhalation ventilation, and/or
wherein said divided lumen allows for countercurrent ex-
halation ventilation. A further aspect of the present dis-
closure is to provide a divided lumen mouth piece having
associated therewith one or more exterior ventilation
ports in direct communication with the exhalation aspect
of the divided lumen. A further aspect of the present dis-
closure is to provide a divided lumen mouth piece having
associated therewith an inhalation pathway and an ex-
halation pathway wherein the inhalation and exhalation
pathways are in either symmetrical or asymmetrical ori-
entation as viewed in cross-section of the divided lumen.
Another aspect according to the present disclosure is
providing a divided lumen allowing separate inhalation
and exhalation pathways without increasing the outer di-
ameter of the patient mouthpiece. A further aspect of the
present disclosure is to provide a divided lumen mouth
piece having associated therewith a nebulizer which al-
lows for direct flow of medicament upon inhalation
through a first lumen and exhaust of exhaled gas through
a contracurrent secondary lumen.
[0023] Further embodiments and aspects of the tech-
nology described herein will be brought out in the follow-
ing portions of the specification, wherein the detailed de-
scription is for the purpose of fully disclosing preferred
embodiments of the technology without placing limita-
tions thereon. These and other advantages will be ap-
parent from the disclosure of the invention(s) contained
herein. The above-described embodiments, objectives,
and configurations are neither complete nor exhaustive.
As will be appreciated, other embodiments of the inven-
tion are possible using, alone or in combination, one or
more of the features set forth above or described in detail
below. Further, the summary of the invention is neither
intended nor should it be construed as being represent-
ative of the full extent and scope of the present invention.
The present invention is set forth in various levels of detail
in the summary of the invention, as well as, in the attached
drawings and the detailed description of the invention
and no limitation as to the scope of the present invention
is intended to either the inclusion or non-inclusion of el-
ements, components, etc. in this summary of the inven-
tion. Additional aspects of the present invention will be-
come more readily apparent from the detailed descrip-
tion, particularly when taken together with the drawings.
Moreover, reference made herein to "the present inven-
tion" or aspects thereof should be understood to mean
certain embodiments of the present invention and should
not necessarily be construed as limiting all embodiments
to a particular description.

DESCRIPTION OF THE DRAWING

[0024] The accompanying drawings, which are incor-
porated in and constitute a part of the specification, illus-
trate embodiments of the invention and together with the
general description of the invention given above and the

detailed description of the drawings given below, serve
to explain the principles of these inventions:

Fig. 1A is a plan view of a percussive respiratory
device as shown and described in US
6,067,984;

Fig. 1B is a reproduction of Fig. 1A with fluid flow
paths added for purposes of explanation;

Fig. 2 is a perspective view of one embodiment
of a percussive respiratory device ac-
cording to aspects of the present disclo-
sure;

Fig. 3 is an exploded view of the device of Fig.
2;

Fig. 4 is a cross-sectional view of the embodi-
ment of Fig. 1, with the nebulizer assem-
bly omitted;

Fig. 5 is an enlarged cross-sectional view of an
alternative embodiment of a pneumatic
capacitive assembly for use in a percus-
sive respiratory device;

Fig. 6A is cross-sectional view of a representa-
tive diaphragm valve including a rigid
center piece and a connecting web;

Fig. 6B is a magnified cross-sectional view of a
representative diaphragm valve as de-
picted in FIG. 6A, including a rigid center
piece and a connecting web;

Fig. 7 is a perspective cross-sectional view of
the embodiment of Fig. 5, with the dia-
phragm valve in a closed position;

Fig. 8 is a perspective cross-sectional view of
the embodiment of Fig. 5, with the dia-
phragm valve in an open position;

Fig. 9 us a perspective view of the embodiment
of Fig. 5, with a nebulizer assembly at-
tached to the underneath or lower side
of the patient mouthpiece;

Fig. 10 is a perspective view of the embodiment
of Fig. 5, with the patient mouthpiece ro-
tated 180 degrees and separated from
the pneumatic valve assembly compared
to Fig. 9, such that a nebulizer assembly
may be connected to the top or upper
side of the mouthpiece;

Figs. 11A-C are alternative embodiments of a patient
mouthpiece with a dual lumen;

Fig. 12 A is a perspective view of one embodiment
of an entrainment device;

Fig. 12B is an elevation view of the embodiment
of Fig. 12A;

Fig. 12C is a cross-sectional view of the embodi-
ment of Fig. 12B.

[0025] While the following disclosure describes the in-
vention in connection with those embodiments present-
ed, one should understand that the invention is not strictly
limited to these embodiments. Furthermore, one should
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understand that the drawings are not necessarily to
scale, and that in certain instances, the disclosure may
not include details which are not necessary for an under-
standing of the present invention, such as conventional
details of fabrication and assembly.

DETAILED DESCRIPTION

[0026] Turning to Figs. 2 and 3, one embodiment of a
percussive respiratory device 200 according to aspects
of the present disclosure is illustrated. The device 200
includes a pneumatic valve assembly 202, a patient port
or mouthpiece 204, a waste or water trap 206, an optional
nebulizer assembly 208 and a stand 210 for hands free
use. A gas inlet port 212 supplies pressurized gas to the
pneumatic valve assembly 202 and a gas inlet port 214
separately supplies pressurized gas to the nebulizer as-
sembly 208.
[0027] The valve assembly 202 comprises a valve top
216, a valve bottom 218, a capacitor 220 and a pneu-
matically movable valve in the form of a diaphragm 222.
The valve assembly 202 further includes a pressure mod-
ulator apparatus 224 that includes an adjustable pres-
sure knob 226 rotatably connected to a pressure boss
228. A snap ring 230 may be used to lockably intercon-
nect the knob 226 to the boss 228 to prevent removal of
the knob. A compression spring 232 is disposed between
the snap ring 230 and the diaphragm 222 and applies
downward pressure on the diaphragm 222. A spring
spacer 234 may be used to maintain the position of a first
end of the spring 232 relative to the snap ring 230 and a
washer 236 may secure the opposite end of the spring
232. A connector body 240 extends outwardly from the
capacitor 220 for engaging the stand 210. As illustrated,
the stand 210 comprises a cylindrical post which nests
within connector body 240 to secure the percussive res-
piratory device in a hands-free position.
[0028] A patient mouthpiece 204 extends laterally from
and is in fluid communication with the pneumatic valve
assembly 202. A port 250 extends downwardly from the
bottom wall 252 of the mouthpiece 204. A water or waste
trap 206 is connected to the port 250 and collects fluids
released or exhaled by the patient. The nebulizer assem-
bly 208 is also in fluid communication with the mouthpiece
204 via the port 250. In one embodiment, the nebulizer
assembly 208 includes male port 254 that extends
through the water trap 206 and concentrically interfaces
with mouthpiece port 250, allowing for exhaled body flu-
ids to bypass the nebulizer assembly and be captured
by the trap 206. The trap 206 and nebulizer assembly
are removable for replacement or cleaning. The nebulizer
assembly 208 includes an upper housing 260, lower
housing 262 and an orifice assembly 264 with a baffle
266. As is known in the art, a liquid is placed in the neb-
ulizer housing and compressed air or oxygen is streamed
through the orifice assembly 264 to create an aerosol for
inhalation by a patient. The liquid placed in the housing
may optionally include a medicine for treatment of the

patient or may add moisture to gas supplied to the patient.
[0029] Turning to Fig. 4, a cross-section of one em-
bodiment of a percussive respiratory device according
to the present disclosure is shown. The knob 226 includes
a cylindrical inner wall 270 with exterior threads 272 that
interface with complimentary threads 274 on the interior
of boss 228. The cylindrical inner wall 270 further includes
an inwardly projecting annular lip 276 that engages the
top end of the spring 232. Rotating the knob 226 clock-
wise or counterclockwise compresses or decompresses
the spring 232 to alter the pressure applied to the dia-
phragm 22. By adjusting the pressure applied to the up-
per surface of the diaphragm, the pressure opposing the
opening of the diaphragm valve, the diaphragm 22 is
caused to cycle at a variety of frequencies and ampli-
tudes, thus providing a different type of ventilatory effect
and therapeutic performance on the patient via the
mouthpiece 204 which is in constant fluid communication
with the capacitor 220 of the percussive respiratory de-
vice. Although the connection between the threads 272
and 274 is a continuous helical thread arrangement, it
will be appreciated by those of skill in the art upon review
of the present disclosure that other arrangements may
be utilized, for example, discontinuous threads, slot and
notch sliding tabs, or other such mechanisms known in
the art for allowing two bodies to be affixed and adjusted
in situ, and such other mechanisms are deemed within
the scope of this disclosure.
[0030] In one embodiment, the position of the knob 226
may be continuously adjustable to provide continuous
adjustment of the pressure applied by spring 232. Alter-
natively, the snap ring 230 may optionally include a suit-
able locking or ratchet mechanism, such as a flexible tab
or spring-loaded indent, which acts upon incremental
notches within the knob 226 so as to either induce a
pause or requirement for additional torsion by the user
to cause the knob 226 to index to the next preceding notch
[0031] (either based on increasing or decreasing the
compression of biasing spring 232). The notch profile
may also be terminal in nature such that under normal
torsion loads the knob 226 and snap ring 230 cannot be
indexed further (such as at the minimum or maximum
settings of the knob 226). The incremental adjustment
for adding or subtracting torsion by the user allows for a
percussive respiratory device 10 to be set consistently
at a predefined level of therapeutic performance.
[0032] As also seen in Fig. 4, the capacitor 220 has an
outer wall 280, a lower wall 282 and an upper wall 284
that define a cavity 286. The gas inlet port 212 is in fluid
communication with the cavity 286. A primary port 290
is formed in the upper wall 284. In this embodiment, the
port 290 is generally cylindrical in shape but may have
any cross-sectional shape. The port 290 includes an up-
per surface 292 which interfaces with the lower surface
294 of the diaphragm 222. A secondary chamber 296 is
defined by the interior of the valve top 216 and the upper
wall 284 of the capacitor 220. The secondary chamber
296 is in continuous fluid communication with the interior
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of the patient mouthpiece 204 via port 298 in the side
wall of the valve top 216.
[0033] Turning to Figs. 5-8, the operation of one em-
bodiment of the pneumatic valve assembly 202 accord-
ing to aspects of the present disclosure will be described.
The diaphragm 222 is generally cylindrical in shape with
an outer wall 300 that abuts an inner surface 302 of the
valve top 216 and forms a seal or fluid barrier. The dia-
phragm 222 further includes a central body portion 304
having an upper surface 306 and a lower surface 294.
The upper surface interfaces with spring 232 and a por-
tion of the lower surface 294 abuts the upper surface 292
of the primary port 288. The central body portion 304
comprises a disk 308 that is received in a channel or
groove 310 formed in an annular ring 312. A flexible mem-
brane 314 extends between the annular ring 312 and an
inwardly projecting lip 316 formed on the inside of the
outer wall 300. The flexible membrane 314 has a size
and shape that allows the central body portion 304 to
move linearly between an upper or open position and
lower or closed position relative to outer wall 300 which
is fixed and non-movable once installed. In cross-section
the flexible member 314 is generally semi-circular but
other shapes or sizes that allow the central portion 304
to move relative to the stationary outer wall 33 are within
the scope of this disclosure.
[0034] Fig. 7 illustrates the pneumatic valve assembly
202 in a closed position and Fig. 8 illustrates the valve
assembly 202 in the open position. With reference to Fig.
7, the lower surface 294 of the central portion 304 of the
diaphragm 222 abuts the upper surface 292 of the pri-
mary port 288 of the capacitor 220. The port 298 in the
side wall of the valve top 216 is open to the mouthpiece
204 but the diaphragm 222 is blocking the port 288 due
to the force applied against the upper surface 306 of the
central portion 304 of the diaphragm 222 by the spring
232. Because gas is being continuously supplied to the
capacitor cavity 286 through inlet port 212 the pressure
within the cavity 286 builds. At some level, the pressure
inside cavity 286 overcomes the force applied by the
spring 232 and the central portion 304 of the diaphragm
is forced up and away from the upper surface 292 of the
port 288. As illustrated in Fig. 8, the flexible portion 314
of the diaphragm 222 is deformed to accommodate the
movement of the central portion 304 from the closed to
the open position. The central portion 304 will move from
the open to the closed position upon the gas pressure
within the cavity 286 decreasing below the pressure ap-
plied by the spring 232. Once the diaphragm moves to
the closed position, pressure within the cavity 286 will
again increase and the cycle will repeat itself. The fre-
quency and amplitude of the movement of the diaphragm
is dependent upon the pressure applied by the spring
232, which is adjustable, and the pressure of the incom-
ing gas supply. Thus, trained personnel may adjust the
frequency and amplitude of the gas supplied to a patient
to achieve desired medical objectives.
[0035] In one embodiment, the diaphragm 222 exhibits

a complete cycling rate of between about 1 and about
100 cycles per minute and more preferably a cycling rate
of between about 10 and about 20 cycles per minute.
According to aspects of the present disclosure, the dia-
phragm exhibits a cycling rate when provided pressu-
rized air, oxygen or mixtures thereof at a pressure of be-
tween about 8 and about 20 cm-water and more prefer-
ably a cycling rate when provided pressurized air, oxygen
or mixtures thereof at a pressure preferably between
about 10 and about 18 cm-water. According to aspects
of the present disclosure, the diaphragm exhibits a cy-
cling rate when provided pressurized air, oxygen or mix-
tures thereof at a flow of between about 8 and about 30
liters per minute and more preferably a flow of preferably
between about 10 and about 25 liters per minute.
[0036] Figs. 9-10 illustrate the reversible nature of the
mouthpiece 204 according to aspects of the present dis-
closure. The mouthpiece is generally symmetrically de-
signed such that the port 250 may be oriented on the
bottom (Fig. 9) or the top (Fig. 10). In turn, this provides
flexibility when utilizing nebulizers. Some nebulizers are
designed for a bottom position, for example, VixOne neb-
ulizer sold by Westmed, Inc., Tucson, Arizona. And other
nebulizers, for example, Aerogen Solo manufactured by
Aerogen, Galway, Ireland are designed for a top or upper
position. A friction fit connection scheme allows the
mouthpiece 204 to be secured to the outer wall of the
valve top 216 in either orientation. Stepped shoulders
320 and 322 protrude or extend from the side wall of the
valve top 216. These shoulders are positioned within a
protruding perimeter wall 324 and a channel 326 is
formed between the perimeter wall 324 and the shoulders
320 and 322. In contrast, the open end of the mouthpiece
204 that mates with the valve top 216 comprises a pe-
rimeter edge or lip 328 and an inner shoulder 330 as best
seen in Figs 7 and 8.
[0037] Another feature of a percussive respiratory de-
vice according to aspects of the present disclosure is the
multiple pathway or multiple lumen design of the mouth-
piece 204. As seen in Fig. 10, for example, the mouth-
piece 204 has a proximal body portion 332 that interfaces
with a patient and a distal body portion 334 that interfaces
with the valve assembly 202. The proximal body portion
332 is reduced in overall size relative to the distal body
portion 334 to ergonomically accommodate and interface
with the mouth of a patient. As seen in Figs. 11A-C, the
proximal end 332 of the mouthpiece 204 includes multiple
fluid flow pathways or lumens. A first lumen 340, centrally
located, delivers input gas to the patient. One or more
second lumens 342, located outside or peripheral to the
central lumen 340, transport exhalation from a patient
and vent it to atmosphere. As illustrated in Figs. 7 and 8,
the outer lumens 342 form a channel 344 along the inte-
rior of the proximal body portion 332. In the embodiment
of Fig. 11A, an exit hole or port 348 in the proximal body
portion 332 is in fluid communication with each outer lu-
men 342 and provides an exit path to atmosphere for
exhalation. As illustrated in Fig. 11B, a slot 348 optionally
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may be formed in the proximal body portion 332 in fluid
communication with the channel 344 to allow exhalation
to exit the mouthpiece. In Figs. 11A and 11B, the outer
lumens 340 are oriented in opposite corners of the prox-
imal body portion 332. In the embodiment of Fig. 11C,
the lumens are oriented on opposite sides of the proximal
body portion 332. It should be appreciated that the outer
lumens may comprise other shapes than illustrated, that
there may be one, two, three or more outer lumens and
the outer lumens need not be positioned at the outer pe-
rimeter of the proximal body portion 332. For example,
outer lumen(s) 342 may be oriented on one side of the
proximal body portion 332 and the inhalation lumen 340
oriented on the opposite side. The single input lumen 340
may also comprise multiple lumens. In addition, the walls
of the lumens may be configured by shape, orientation
and/or surface texture to create with turbulence or lami-
nar flow of the input gas and exhalation to optimize treat-
ment for any given patient.
[0038] In operation, a patient receives treatment of a
fluidic source through the first lumen, with the first lumen
being of a size and geometry so as to not create an ex-
cessively high flow or pressure of the fluid which might
cause undue physiological harm. Upon exhalation or ex-
haust of the fluid from the patient, the fluid is directed
through the second lumen and away from the patient via
an exteriorly associated exhalation port 346 or slot 344.
The exhalation port or slot may be in direct communica-
tion with the ambient environment of the patient, or may
route through a secondary process, such as a gas scav-
enging system or a filter, so as to reclaim or extraction
one or more fractions of the exhaust flow. It is within the
prevue of the present disclosure that the first and second
lumens may be in a circumferential, "side by side", or
alternate relationship, and that either or both lumens may
have the same or different geometries, and may be fur-
ther divided into one or more secondary routings or sub-
lumens that provide the same or alternate flows of the
same or different fluidic sources.
[0039] A further element of the present invention com-
prises a variable entrainment valve assembly 450 illus-
trated in Figs. 12A-C. The entrainment valve assembly
450 includes an entrainment gas inlet port 456 where by
a pressurized fluid source in connected, for example, an
air compressor or pressurized oxygen tank (not shown).
Pressurized fluid is conducted through the inlet port 456
and through an entrainment jet 458. The entrainment jet
458 imparts a laminar flow to the pressurized fluid where-
by it is conducted into an entrainment outlet port 452.
According to aspects of the present disclosure, in at least
one embodiment, outlet port 452 is in fluid communica-
tion with an inlet port of a percussive respiratory device,
for example port 212 shown in Fig. 2. As the laminar flow
is conducted from the inlet port 456 to the outlet port 452,
a negative pressure is created proximal to the entrain-
ment jet 458. Fluid is drawn in by the negative pressure
through one or more secondary inlet ports 460. The de-
gree of flow through the one or more secondary inlet ports

460 is defined by an entrainment mixing adjustment 454
which engages upon an indexing element 462 exterior
to entrainment gas outlet port 452 to allow for finite ad-
justment. The volume of fluid conducted through the en-
trainment gas inlet port 456 plus the volume of fluid drawn
in by the secondary inlet port 460 are intermixed and
ejected as an essential homogenous fluid via the entrain-
ment jet outlet port 452. Gas entrainment valve assembly
450 is designed such that indexing the assembly by ro-
tation of the entrainment mixing adjustment 454 either
increases or decreases the volume of atmosphere which
can be drawing into the assembly. In one embodiment,
the indexing element the indexing element ranges from
fully closed to fully open in about 360 degrees or less
rotation about said entrainment jet. Alternatively, the in-
dexing element 462 ranges from fully closed to fully open
in about 270 degrees or less rotation, or in about 180
degrees or less of rotation, or in about 90 degrees or less
of rotation.
[0040] Representative relative fluidic mixing ratios in-
clude those shown in Table 1.

[0041] According to aspects of the present disclosure,
in one embodiment, the entrainment valve 450 exhibits
a ratio of pressurized fluid to volume of fluid drawn in by
the secondary inlet port of between about 10:90 to about
90:10 and more preferably a ratio of pressurized fluid to
volume of fluid drawn preferably in by the secondary inlet
port of between about 30:70 to about 70:30. Accordingly,
with the entrainment valve operatively connected to a
percussive respiratory device, the volume or rate at which
compressed gas is supplied to the percussive respiratory
device may be decreased without loss of functionality.
For example, a percussive respiratory device in combi-
nation with a nebulizer typically requires a flow of about
25 to 30 liters per minute (LPM) to function properly.
When an entrainment valve of the type described herein,
e.g., valve 450, is connected to the inlet port 212 of a
capacitor 220, flow requirements can decrease to ap-
proximately 10-12 LPM with room air added to the input
gas through ports 458. This allows potentially for less
consumption of supplied input gas and also increases
the use of the percussive respiratory device outside of
hospitals, nursing homes and other medical facilities al-
lowing the device to be used in private settings and res-

Table 1

Rotation Angle Travel (in)

25 0.014

45 0.025

90 0.05

135 0.075

225 0.125

270 0.15
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idences where high flow rate input gas sources are not
readily available. Instead, the percussive respiratory de-
vice may be used with a smaller compressor capable of
satisfying the lower flow rate requirements. Lower flow
rate compressors are more readily available, including
from most home healthcare companies, are less expen-
sive that high flow rate compressors and are typically
covered by private insurance.
[0042] It is within the purview of the present invention
that the individual components of the percussive respi-
ratory device may be constructed from thermoplastic
and/or thermoset polymers, nonferrous metals, ferrous
metals, glass, and the combinations thereof. The present
invention is not constrained to the mode or method of
individual component manufacture, such as by molding
or machining, or by the means such components are
combined into the apparatus depicted, such as by adhe-
sives (gluing), thermal welding (i.e. ultrasonic), or me-
chanical retention (screws, interlocking tabs, clasps).
[0043] As used herein, the singular terms "a," "an," and
"the" may include plural referents unless the context
clearly dictates otherwise. Reference to an object in the
singular is not intended to mean "one and only one" un-
less explicitly so stated, but rather "one or more."
[0044] As used herein, the term "set" refers to a col-
lection of one or more objects. Thus, for example, a set
of objects can include a single object or multiple objects.
[0045] As used herein, the terms "substantially" and
"about" are used to describe and account for small vari-
ations. When used in conjunction with an event or cir-
cumstance, the terms can refer to instances in which the
event or circumstance occurs precisely as well as in-
stances in which the event or circumstance occurs to a
close approximation. When used in conjunction with a
numerical value, the terms can refer to a range of varia-
tion of less than or equal to 610% of that numerical value,
such as less than or equal to 65%, less than or equal to
64%, less than or equal to 63%, less than or equal to
62%, less than or equal to 61 %, less than or equal to
60.5%, less than or equal to 60.1 %, or less than or
equal to 60.05%. For example, "substantially" aligned
can refer to a range of angular variation of less than or
equal to 610°, such as less than or equal to 65°, less
than or equal to 64°, less than or equal to 63°, less than
or equal to 62°, less than or equal to 61°, less than or
equal to 60.5°, less than or equal to 60.1°, or less than
or equal to 60.05°.
[0046] Additionally, amounts, ratios, and other numer-
ical values may sometimes be presented herein in a
range format. It is to be understood that such range for-
mat is used for convenience and brevity and should be
understood flexibly to include numerical values explicitly
specified as limits of a range, but also to include all indi-
vidual numerical values or sub-ranges encompassed
within that range as if each numerical value and sub-
range is explicitly specified. For example, a ratio in the
range of about 1 to about 200 should be understood to
include the explicitly recited limits of about 1 and about

200, but also to include individual ratios such as about
2, about 3, and about 4, and sub-ranges such as about
10 to about 50, about 20 to about 100, and so forth.
[0047] Although the description herein contains many
details, these should not be construed as limiting the
scope of the disclosure but as merely providing illustra-
tions of some of the presently preferred embodiments.
Therefore, it will be appreciated that the scope of the
disclosure fully encompasses other embodiments which
may become obvious to those skilled in the art.
[0048] All structural and functional equivalents to the
elements of the disclosed embodiments that are known
to those of ordinary skill in the art are expressly incorpo-
rated herein by reference and are intended to be encom-
passed by the present claims. Furthermore, no element,
component, or method step in the present disclosure is
intended to be dedicated to the public regardless of
whether the element, component, or method step is ex-
plicitly recited in the claims. No claim element herein is
to be construed as a "means plus function" element un-
less the element is expressly recited using the phrase
"means for". No claim element herein is to be construed
as a "step plus function" element unless the element is
expressly recited using the phrase "step for".
[0049] The foregoing Detailed Discussion has been
presented for purposes of illustration and description.
The foregoing is not intended to limit the invention to the
form or forms disclosed herein. For example, various fea-
tures are grouped together in one or more embodiments
for the purpose of streamlining the disclosure. This meth-
od of disclosure is not to be interpreted as reflecting an
intention that the claimed invention requires more fea-
tures than are expressly recited in each claim. Rather,
as the following claims reflect, inventive aspects lie in
less than all features of a single foregoing disclosed em-
bodiment. Thus, the following claims are hereby incor-
porated into this Detailed Description, with each claim
standing on its own as a separate preferred embodiment
of the invention.
[0050] The inventive percussive respiratory apparatus
comprises a pneumatic valve assembly having a hous-
ing, a diaphragm positioned in the housing that moves
between a first position and a second position, a first
fluidic communication port, wherein the diaphragm abuts
and closes the fluidic communication port when in the
first position and is spaced from the first fluidic commu-
nication port in the second position, and a second fluidic
communication port spaced from the first fluidic commu-
nication port; a biasing member positioned on a first side
of the diaphragm and applying a force on the diaphragm
to move the diaphragm from the second position to the
first position; an adjustable knob associated with the bi-
asing member to vary the force applied by the biasing
member on the diaphragm; a gas receiving chamber in
fluidic communication with the first fluidic communication
port; a patient interface in fluid communication with the
second fluidic communication port, wherein the patient
interface includes a divided lumen having at least a first
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pathway adapted to provide an inhalation fluid and at
least a second pathway adapted to channel exhalation
fluid away from a patient; wherein when the diaphragm
moves from the first position gas within the gas receiving
chamber moves through the first and second fluidic com-
munication ports to the patient interface through at least
the first pathway, when the diaphragm is in the first po-
sition, no gas exits the receiving chamber, and at least
the second pathway is configured to receive gas exhaled
from a patient.
[0051] The receiving chamber can be a pneumatic ca-
pacitor and can have a static repeatable response or a
dynamic variable response.
[0052] The adjustable knob can allow for finite control
of the movement of the diaphragm to create an oscillating
movement in terms of frequency of cycling, amplitude of
each cycle, and the combinations thereof.
[0053] The diaphragm can exhibit a complete cycling
rate of between about 1 and about 100 cycles per minute.
The diaphragm can exhibit a cycling rate when the gas
receiving chamber is provided pressurized gas at a pres-
sure of between about 8 cm-water and about 20 cm-water
(respectively between about 8 mbar and about 20 mbar).
The diaphragm can exhibit a cycling rate when provided
pressurized gas at a flow of between about 8 and about
30 liters per minute.
[0054] The apparatus can further comprise an entrain-
ment valve assembly in fluid communication with the gas
receiving chamber, and having a third fluidic communi-
cation port drawing fluid into the entrainment valve as-
sembly from a source external to the entrainment valve
assembly.
[0055] The entrainment valve can create a negative
pressure which induces additional fluid to be draw into
the apparatus.
[0056] The entrainment valve assembly can exhibit ra-
tio of pressurized fluid to volume of fluid drawn in by the
third fluidic communication port of between about 10:90
to about 90:10.
[0057] The apparatus can further comprise a nebulizer
assembly in fluid communication with the patient inter-
face.
[0058] The patient interface can be repositionable to
allow the nebulizer assembly to be repositioned relative
to the apparatus itself.
[0059] The patient interface can include a fourth fluidic
communication port for operative association with the
nebulizer assembly, and wherein repositioning the pa-
tient interface repositions the fourth fluidic communica-
tion port.
[0060] The at least one second pathway can comprise
at least one ventilation port.
[0061] The at least first and at least second pathways
can be in symmetrical orientation as viewed in cross-
section of the divided lumen.
[0062] The entrainment valve assembly, can com-
prise: a pressurized fluid source; an entrainment gas inlet
port; an entrainment jet; the third fluidic communication

port; a secondary fluid source; and an entrainment outlet
port; wherein the pressurized fluid source flows through
the entrainment gas inlet port and into the entrainment
jet, wherein the entrainment jet imparts a laminar flow on
the pressurized fluid, wherein the laminar flow of pres-
surized fluid leaves the entrainment valve assembly
through the entrainment outlet port, wherein the laminar
flow creates a negative pressure proximal to the entrain-
ment jet and before the entrainment outlet port, and
wherein the negative pressure causes fluid to be drawn
in through the secondary inlet port and to become en-
trained into the laminar flow of the pressurized fluid
source.
[0063] The entrainment valve assembly can further
comprise an indexing element, wherein the indexing el-
ement allows for the ratio of entrainment of secondary
fluid source to said pressurized fluid source to be finitely
controlled. The indexing element can circumscribe the
entrainment jet. The indexing element can range from
fully closed to fully open in about 270 degrees or less
rotation about the entrainment jet.
[0064] The pressurized fluid and said secondary fluid
source can leave the entrainment valve assembly as an
essentially homogenous fluid mixture.
[0065] The secondary fluid source can be ambient air.

Claims

1. A percussive respiratory apparatus, comprising:

a pneumatic valve assembly having a housing,
a diaphragm positioned in the housing that
moves between a first position and a second
position, a first fluidic communication port,
wherein the diaphragm abuts and closes the flu-
idic communication port when in the first position
and is spaced from the first fluidic communica-
tion port in the second position, and a second
fluidic communication port spaced from the first
fluidic communication port;
a biasing member positioned on a first side of
the diaphragm and applying a force on the dia-
phragm to move the diaphragm from the second
position to the first position;
an adjustable knob associated with the biasing
member to vary the force applied by the biasing
member on the diaphragm;
a gas receiving chamber in fluidic communica-
tion with the first fluidic communication port;
a patient interface in fluid communication with
the second fluidic communication port, wherein
the patient interface includes a divided lumen
having at least a first pathway adapted to provide
an inhalation fluid and at least a second pathway
adapted to channel exhalation fluid away from
a patient;
wherein when the diaphragm moves from the
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first position gas within the gas receiving cham-
ber moves through the first and second fluidic
communication ports to the patient interface
through at least the first pathway, when the di-
aphragm is in the first position, no gas exits the
receiving chamber, and at least the second path-
way is configured to receive gas exhaled from
a patient.

2. The apparatus according to claim 1, characterized
in that the receiving chamber is a pneumatic capac-
itor and has a static repeatable response or a dy-
namic variable response.

3. The apparatus according to claim 1 or 2, character-
ized in that the adjustable knob allows for finite con-
trol of the movement of the diaphragm to create an
oscillating movement in terms of frequency of cy-
cling, amplitude of each cycle, and the combinations
thereof.

4. The apparatus according to any of claims 1 to 3,
characterized in that the diaphragm exhibits a com-
plete cycling rate of between about 1 and about 100
cycles per minute.

5. The apparatus according to any of claims 1 to 4,
characterized in that the diaphragm exhibits a cy-
cling rate when the gas receiving chamber is provid-
ed pressurized gas at a pressure of between about
8 and about 20 cm-water.

6. The apparatus according to any of claims 1 to 5,
characterized in that the diaphragm exhibits a cy-
cling rate when provided pressurized gas at a flow
of between about 8 and about 30 liters per minute.

7. The apparatus according to any of claims 1 to 6,
characterized in that the apparatus further com-
prises an entrainment valve assembly in fluid com-
munication with the gas receiving chamber, and hav-
ing a third fluidic communication port drawing fluid
into the entrainment valve assembly from a source
external to the entrainment valve assembly.

8. The apparatus according to claim 7, characterized
in that the entrainment valve creates a negative
pressure which induces additional fluid to be draw
into the apparatus.

9. The apparatus according to claim 7 or 8, character-
ized in that the entrainment valve assembly exhibits
ratio of pressurized fluid to volume of fluid drawn in
by the third fluidic communication port of between
about 10:90 to about 90:10.

10. The apparatus according to any of claims 1 to 9,
characterized in that the apparatus further com-

prises a nebulizer assembly in fluid communication
with the patient interface.

11. The apparatus according to claim 10, characterized
in that the patient interface is repositionable to allow
the nebulizer assembly to be repositioned relative to
the apparatus itself.

12. The apparatus according to any of claims 1 to 11,
characterized in that the patient interface includes
a fourth fluidic communication port for operative as-
sociation with the nebulizer assembly, and wherein
repositioning the patient interface repositions the
fourth fluidic communication port.

13. The apparatus according to any of claims 1 to 12,
characterized in that the at least one second path-
way comprises at least one ventilation port.

14. The apparatus according to any of claims 1 to 13,
characterized in that the at least first and at least
second pathways are in symmetrical orientation as
viewed in cross-section of the divided lumen.

15. The apparatus according to any of claims 7 to 14,
characterized in that the entrainment valve assem-
bly, comprises:

(a) a pressurized fluid source;
(b) an entrainment gas inlet port;
(c) an entrainment jet;
(d) the third fluidic communication port;
(e) a secondary fluid source; and
(f) an entrainment outlet port;
(g) wherein the pressurized fluid source flows
through the entrainment gas inlet port and into
the entrainment jet, wherein the entrainment jet
imparts a laminar flow on the pressurized fluid,
wherein the laminar flow of pressurized fluid
leaves the entrainment valve assembly through
the entrainment outlet port, wherein the laminar
flow creates a negative pressure proximal to the
entrainment jet and before the entrainment out-
let port, and wherein the negative pressure
causes fluid to be drawn in through the second-
ary inlet port and to become entrained into the
laminar flow of the pressurized fluid source.

16. The apparatus according to any of claims 7 to 15,
characterized in that the entrainment valve assem-
bly further comprises an indexing element, wherein
the indexing element allows for the ratio of entrain-
ment of secondary fluid source to said pressurized
fluid source to be finitely controlled.

17. The apparatus according to claim 16, characterized
in that the indexing element circumscribes the en-
trainment jet.
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18. The apparatus according to claims 16 or 17, char-
acterized in that the indexing element ranges from
fully closed to fully open in about 270 degrees or less
rotation about the entrainment jet.

19. The apparatus according to any of claims 15 to 18,
characterized in that the pressurized fluid and said
secondary fluid source leave the entrainment valve
assembly as an essentially homogenous fluid mix-
ture.

20. The apparatus according to any of claims 15 to 19,
characterized in that the secondary fluid source is
ambient air.
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