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(54) Title: NOZZLE ASSEMBLY FOR LIQUID DROPLET BASED INTERPROXIMAL CLEANER

FIG. 1

(57) Abstract: The cleaning apparatus includes a source of gas under pressure
(12) and a source of fluid (14), along with associated gas (26) and fluid (34)
chambers, adapted for successive single uses. A user-operated metered valve (22)
connects the gas reservoir to the gas chamber, while a liquid pump (30) and a
one-way valve (32) connects the liquid reservoir to the liquid chamber. When gas
is released from the gas reservoir, it expands rapidly from the valve into the gas
chamber, resulting in pressure therein sufficient to open a one-way valve (34)
connecting the gas chamber to the liquid chamber. The gas in the liquid chamber
forces liquid therein through a liquid line (15) to a connecting point with a gas
stream line (13) from the gas chamber. The interaction of the fluid with the gas
stream results in a spray of liquid droplets (17) which are directed out of the gas
stream line exit oritice (16) to the teeth for cleaning.
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NOZZLE ASSEMBLY FOR LIQUID DROPLET BASED
INTERPROXIMAL CLEANER

This invention relates generally to liquid droplet interproximal cleaning
devices, and more specifically concerns an assembly for injecting liquid into a gas stream to
produce the liquid droplets.

The use of gas assisted devices to produce a stream of liquid droplets for use
in oral care, i.e. teeth cleaning, is generally known. Such devices are particularly effective
for interproximal, i.c. interdental, cleaning as an alternative to flossing, which is problematic
for many users. In operation of such devices, however, the breakup of a fluid stream into
droplets by interaction with the gas stream is often chaotic and difficult to fully predict and
control. Further, there is typically significant energy loss in the system due to inefficiencies
in transporting the fluid droplets by the gas stream from their point of generation to the
outlet/orifice of the nozzle portion of the device. The volume of gas required for droplet
transportation increases the total amount of gas needed, without that volume of gas
contributing directly to the effectiveness of droplet cleaning, thereby reducing the usage time
of the device for a given amount of gas.

Hence, it is desirable to have a more efficient and effective system for
producing fluid droplets using a gas stream.

Accordingly, an oral care cleaning apparatus for cleaning teeth using liquid
droplets is disclosed herein, comprising: a reservoir of compressed gas; a reservoir of liquid;
a gas chamber and a one-way metered valve for selectively permitting a selected amount of
gas into the gas chamber from the gas reservoir; a liquid chamber to which an amount of
liquid is moved; a one-way valve connecting the gas chamber and the liquid chamber, such
that when the gas in the gas chamber, expanding as it leaves the metered valve, reaches a
certain pressure, the one-way connecting valve opens, permitting a small amount of gas into
the liquid chamber to move the liquid therein along a liquid connecting line from the liquid
chamber; and a gas line extending from the gas chamber, terminating in an exit orifice,
wherein the liquid connecting line connects with the gas line prior to the exit orifice,
resulting in a stream of liquid droplets when the liquid encounters the stream of gas, the
resulting droplets exiting from the gas line at the exit orifice.

The drawing is a schematic view of an interproximal cleaning appliance

including a nozzle assembly which is the subject of this application.
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The figure shows a fluid droplet interproximal teeth cleaning
appliance/apparatus, generally at 10. The appliance includes a gas reservoir 12 which can
contain compressed gas such as CO; or other gas. The compressed gas in reservoir 12 could
also be in a liquid state or a combination of liquid or gas. The reservoir is typically in the
form of a replaceable cartridge. The tecth cleaning appliance 10 also includes a liquid
reservoir 14 which can contain water or other liquid, including mouthwash or other oral
treatment solutions. In general operation, a high velocity gas stream present in a gas stream
line 13 (produced as described below) interacts with fluid present in liquid line 15 to
produce a spray of liquid droplets 17 which exit the apparatus at a nozzle orifice 16, directed
toward the interproximal or other areas of the teeth for cleaning. The user positions the
nozzle orifice within the mouth such that the liquid droplets impact the desired area of the
teeth. Generally, the liquid droplets will be traveling at a velocity in the range of 60 m/s as
they exit from the orifice 16, and with a size in the range of 0.1 to 50 microns.

In more detail, extending from gas reservoir 12 is a small connecting line 20
which connects to a metering valve 22 which is controlled by a user-operated button or
similar element 24. The metering valve holds a volume of gas for a single use. The gas
exiting from metering valve 22 as it expands is directed to a gas chamber 26. Typically, in
the embodiment shown, each operation of button 24 by an operator will produce a burst of
gas with a volume of approximately 10 ml, although this amount can vary.

Liquid in reservoir 14 is moved by a pump 30 through a one-way valve 32 to a
liquid chamber 34. Liquid pump 30 can be operated separately by a user, independently of
the release of gas, or the pump can be connected to be responsive to the operation of button
24 by a user as well, i.e. gas can be moved into chamber 26 and fluid can be pumped into
liquid chamber 34 by a user’s single action. A single use of liquid is approximately 0.1 ml.

As indicated above, gas from reservoir 12 will expand as it moves into
metering valve 22 and then chamber 26. The expanding gas will produce a pressure in
chamber 26. The expanding gas will produce increased pressure in chamber 26. The
increasing pressure will open a one-way valve 38 which connects gas chamber 26 and liquid
chamber 34. In the embodiment shown, this pressure will be about 10 bar. A small amount
of gas (approximately 1%) in gas chamber 26 will move through valve 38 into liquid

chamber 34, forcing liquid therein through liquid connecting line 15 to a connecting point 39
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with gas stream line 13. Typically, the liquid line will have an internal diameter of
250 pm to 1 mm, while the gas line will have a diameter of approximately 2 mm.

The remainder of the gas in gas chamber 26 from the single use of gas
produced by activation of button 24 will stream from chamber 26 through gas stream line
13, which terminates at exit orifice 16. The pressure in the gas stream is typically
approximately 10 bar, with a gas velocity in the range of 100-300 m/s. In the embodiment
shown, liquid connecting line 15 will meet with gas line 13 at point 39 near nozzle exit
orifice 16, typically 1-10 mm away from the orifice.

The moving liquid will intersect the gas stream in line 13, resulting in the
generation of liquid droplets in conventional fashion. The resulting droplets will then exit
through orifice 16, directed to the dental regions for cleaning. As indicated above, the speed
of the droplets typically will be in the range of 60 m/s when they exit orifice 16.

The advantage to the above system is that nearly all the gas in chamber 26 is
used to produce the liquid droplets, when liquid in line 15 intersects the gas stream in line
13, with resulting improved efficiency. Since the liquid line connects with the gas line close
to the nozzle exit, it is not necessary for the gas stream to transport the liquid droplets for an
extended distance. In the embodiment shown, the gas chamber and the liquid chamber with
the connecting one-way value are located in what can be referred to as a nozzle portion of
the apparatus. However, these members can be located further to the rear of the apparatus,
such as in the handle.

Accordingly, a new nozzle system is disclosed which utilizes a small portion
of a high pressure gas stream to pressurize a liquid chamber to force liquid therein along a
connecting line to a point near the nozzle orifice where it intercepts the gas stream, which is
moving at a high velocity, to produce fine liquid droplets for dental cleaning, particularly
interproximal cleaning.

Although a preferred embodiment of the invention has been disclosed for
purposes of illustration, it should be understood that various changes, modifications and
substitutions may be incorporated in the embodiment without departing from the spirit of the

invention which is defined by the claims which follow.
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Claims:

1. An oral care cleaning apparatus for cleaning teeth using liquid
droplets, comprising:

a reservoir of compressed gas (12);

a reservoir of liquid (14);

a gas chamber (26) and a one-way metered valve (20) for selectively
permitting a selected amount of gas into the gas chamber from the gas reservoir;

a liquid chamber (34) to which an amount of liquid is moved;

a one-way valve (38) connecting the gas chamber and the liquid chamber,
such that when the gas in the gas chamber, expanding as it leaves the metered valve, reaches
a certain pressure, the one-way connecting valve opens, permitting a small amount of gas
into the liquid chamber to move the liquid therein along a connecting line (15) from the
liquid chamber; and

a gas line (13) extending from the gas chamber, terminating in an exit orifice
(16), wherein the connecting line connects with the gas line prior to the exit orifice, resulting
in a stream of liquid droplets when the liquid encounters the stream of gas, the resulting
droplets exiting from the gas line at the exit orifice.

2. The oral care apparatus of claim 1, wherein connection between
the liquid line and the gas line is within the range of 1-10 mm from the exit orifice.

3. The oral care apparatus of claim 1, wherein the gas in the gas
reservoir is in a gaseous state.

4. The oral care apparatus of claim 1, wherein the gas in the gas
reservoir is in a liquid state or a combination of liquid and gas.

5. The oral care apparatus of claim 1, wherein the metered valve
receives a defined volume of gas upon operation thereof by a user.

6. The oral care apparatus of claim 5, wherein the defined volume
of gas is approximately 10 ml from the exit orifice.

7. The oral care apparatus of claim 1, including a pump (30) and a
one-way valve (32) between the liquid reservoir and the liquid chamber, wherein operation

of the pump results in a single use volume of liquid being moved into the liquid chamber.
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8. The oral care apparatus of claim 7, including a control
member (24) which when operated permits gas to move into the metered valve and then into
the gas chamber and also results in liquid being pumped into the liquid chamber.

9. The oral care apparatus of claim 1, wherein the amount of gas
directed into the liquid chamber to move the liquid through the liquid connecting line for a
single use of the apparatus is in the range of 1% of the gas present in the gas chamber.

10. The oral care apparatus of claim 1, wherein the amount of gas
for a single use is approximately 10 ml, and wherein the amount of liquid for a single use is

approximately 0.1 ml.
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