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(57) Cette mvention concerne un dispositif ultrasonore
permettant de pulvénser des liquides. Ce dispositif est
constitue d’au moins une uniteé de pulverisation (1) dans
laquelle un transducteur ultrasonore (2), dirnige
approximativement vers le haut, est situ¢ dans le fond de
chaque unite (1). Le dessus de chaque unite (1) est ouvert
(couvert par du gaz). Ce dispositif se caractérise par le
fait qu'un reservoir (3) est reli€ a toutes les unites (1),
qu’un dispositif maintient un niveau minimum de liqude
dans chaque unit¢ pendant la pulvérisation, qu’une
alimentation ¢lectrique haute-fréquence est connectée a
chaque transducteur (2) et qu’un dispositif permet de
faire circuler dans le réservorr, le liquide a pulvérnser,
qu passe par chaque transducteur, revient ensuite
dans le réservorr.
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(57) The present invention relates to an ultrasonic device
for atomizing liquids. This device 1s comprised of at least
one atomization unit (1) wherein an approximately
upward directed ultrasonic transducer (2) 1s located at the
bottom of each unit (1) and the top of each unit (1) 1s
open (covered by gas), and 1s characterized by a reservoir
(3) connected to all of the unmits (1), means for
maintaining a mmimum liquid level 1n each unit during
atomization, a high frequency electric supply connected
to each transducer (2), and means (6) for circulating the
liquid to be atomized through the reservoir (3), across
each transducer (2), and back to the reservoir (3).
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(87) Abstract

(54) Title: ULTRASONIC ATOMIZING DEVICE WITH LIQUID CIRCULATING LINE

| The present invention relates to an ultrasonic device for atomizing liquids. This device is comprised of at least one atomization unit
(1) wherein an approximately upward directed ultrasonic transducer (2) is located at the bottom of each unit (1) and the top of each unit (1)
1s open (covered by gas), and is characterized by a reservoir (3) connected to all of the units (1), means for maintaining a minimum liquid
level in each unit during atomization, a high frequency electric supply connected to each transducer (2), and means (6) for circulating the
liquid to be atomized through the reservoir (3), across each transducer (2), and back to the reservoir (3).
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AN ULTRASONIC DEVICE FOR ATOMIZING LIQUIDS

FIELD OF THE INVENTION

The present invention generally relates to an ultrasonic device for atomizing
liqmds. More specifically the present invention relates to an ultrasonic device for
atomizing liquids having at least one atomization unit, a reservoir connected to all
of the umts, means for mamtaining the liqud level in each unit, a high frequency
electric supply comnected to each transducer, and means for circulating
(accelerating) the liquud from the reservoir, across each transducer, and back to the

reservolr, wherein each unit is characterized by having a lower (10) and an upper

(9) outlets for removing setteling impurities and floating impurities respectively.

BACKGROUND OF THE INVENTION

The standard ultrasonic devices for atomizing liquids are normally comprised of a
single atomization umit wheremn an upward directed liquid covered ultrasonic
transducer is located at the bottom of the unit and the top of the unit is open
(covered by a gas). These known devices have numerous operational problems
which prevent them from being used in many applications. These problems exist
because each element of the standard known device presents specific operational
limitations.

Firstly, ultrasonic transducers will almost instantaneously thermally over heat if
exposed to air (or gas) during operation. Movement of the standard devices may
result in tipping of the liquid level above the transducer such that the transducer

may become exposed to air or gas. Placing of a sufficient (taller) column of liquid
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above the transducer may help to solve the device mobility problem, but it

adversely effects the operational efficiency of the transducers.

Secondly, the vibrating surface of ultrasonic transducers are adversely effected by
accumulated percipitates and tmpurity coatings (deposits) caused by the liquid

environment. These coatings often deteriorate transducer efficiency and create a

thermal insulation layer which eventually results in the transducer thermally

overheating.

Impurities in liquids have many sources. Often impurities may be mntially present
in the liquid. Impurities may enter into the liquid through contact with the air (or

gas). Sometimes impurities are a result of interactions between the liquid and

components of the device (e.g. pumps, gaskets, etc.). Furthermore impurities may
be produced by the interaction process with the transducer (e.g. from the ultrasonic
waves, chemical interactions, or electrolysis). These impurities often aggregate, and

further contribute to the accumulation of coatings (deposits) on the transducers.

Thirdly, use of multiple transducers within the same atomization unit (t0 increase

the atomization rate and output) results in liquid turbulence effects on the

transducers (including destructive electrical etching phenomena).

The device of the present invention overcomes the above mentioned disadvantages,

allows device location transfer (without risking transducer exposure), and prevents

impurity accumulation.

Furthermore, most known atomization devices produce a broad statistical

distribution of droplet sizes. This has disadvantages in applications requiring ultra-
accurate delivery systems (e.g. medicines, disinfectants, fungicides, etc.). One

embodiment of the device of the present invention is especially for allowing
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production of a narrow statistical distribution of about 0.5 to 5.0 micron diameter
droplets.

US 3901443 describes an ultrasonic wave nebulizer comprising a nebulizer chamber
containing a liquid, a piezoelectric transducer mounted at the chamber base and a pair of
transistors that oscillate the transducer. The nebulizing chamber has means for adjusting the
surface level of the liquid to a predetermined value. However, although US 3901443
solves overcomes some of the disadvantages mentioned above, it does not provide a
solution for the critical problem associated with impurnities. Moreover US 3901443 relates
to only one transducer in one nebulizing chamber and not to the posibility of a number of

units operating simultaneously. For devices of more than one operating unit, more

complicated solutions are needed.

SUMMARY OF THE INVENTION

The present invention relates to an ultrasonic device for atomizing liquids. This device 1s

comprised of at least one atomization unit (wherein an approximately upward directed

ultrasonic transducer is located at the bottom of each unit and the top of each unit is open
(covered by gas), a reservoir connected to all of the units, means for maintaining a
minimum kquid level in each unit during atomization, a high frequency electric supply
connected to each transducer, and means for circulating the liquid (to be atomized) through

the reservoir, across each transducer, and back to the reservoir, wherein each unit is

characterized by having a lower (10) and an upper (9) outlets for removing setteling
impurities and floating impurities respectively.

DETAILED DESCRIPTION OF THE INVENTION

In the context of the present invention a “transducer” relates to any immersed transducer,

mechanical component, electrical component, or electronic component whereby vibrations

of above 800 KHz result in the production of droplets, or in the atomization of the imersion

lhiquid, or in the production of an aerosal. Furthermore, in the context of the present

invention, an "upward directed" ultrasonic transducer relates to the essential trajectory

direction of the resultant droplets, atomization, or aerosal. In the context of the present
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invention "approximately upward" relates to small angle deviations from true upward,

where these small angles are never null.

The present invention relates to an ultrasomic device for atomizing liquids,
especially useful for producing a narrow statistical distribution of about 0.5 to 5.0

micron diameter droplets. This device contains at least one atomization unit,

wherein an approximately upward directed ultrasonic transducer is located at the

bottom of each unit and the top of each unit 1s open (covered by gas).

Benefits are denived by onenting the transducer into the approximately upward
direction imnstead of a true (exact) upward direction. The primary benefit relates to
the return trajectory of escaping heavy droplets. These heavy droplets do not have
sufficient momentum to continue indefinitely in an upward (airborne) direction, and
thus fall back on the liquid in the unit. When the transducer is oriented exactly
upwards, the fall back trajectory of the heavy droplets returns the droplets directly
back to the area of the hqud surface from where transducer pressured droplets
emerge. This fall back temporarly interferes with the emergence of new droplets,
thus adversely effecting the efficiency of aerosol particle production (atomization).
When the transducer is oriented in the approximately upward direction (slightly
skew), the fall back trajectory of the heavy droplets is not identical to the
emergence trajectory of these same particles. Thus the efficiency of the transducer
1s only effected by nominal losses associated with the oblique angle of
approximately upward.

Embodiments of the device of the present invention have from one atomization unit

to about 100 atomization units. The preferred embodiment of the device of the

present invention has from about 12 to about 36 atomization units.

In the context of the present invention “"pipes” relates to tubes, ducts, conduits,

tunnels, passages, or the like.
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The device of the present invention 1s characterized by a reservoir connected to all
of the units by pipes, means for maintaining a minimum liquid level mn each umt
during atomization, a high frequency electric supply connected to each transducer,

and means for circulating the liquid to be atomized through the reservoir and

through the pipes and across each transducer.

‘According to the preferred embodiment of the device of the present invention, the

operational frequency range of the electricity supplied to the transducers 1is above

200 KHz. This frequency range has been found to be much more effective for the

production of ultra-small aerosol atomization droplets (0.5 to 5.0 micron diameter).

Transducer operating life is dependent on the minimization of accumulated
impurity and percipitate buildup on it's vibrating surface. These impurities and
percipatates may also be caused by operational interactions between the transducer

and the liquid. The primary mechanism of the present invention for preventing the

accumulation of coatings (deposits) on the transducer surface 1s by circulating the

~ liquid across each transducer (preventing impurities from settling on the

transducer).

In the preferred embodiment of the device of the present invention, floating
impurities, settling impurities, percipatates, or filterable impurities are removed
from the liquid at the reservoir. The choice of which type or how many types of

impurities (or percipatates) are removed (and also their method of removal) 1s

functionally determined according to the nature of the liquid being atomized.

The physical adsorption and adhesion properties of liquid borne impurities
(residues) and percipatates are strongly dependent on the flow rate of the hqud.
Insolubility, settling and floating processes arc optimal in sedentary reservoirs

(having no traversing liquids).
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Operationally, in the preferred embodiment of the device of the present invention
the reservoir is divided into two sections such that any liquid (passing from a unit
and through the reservoir) passes through both sections, and such that the flow rates
of the liquid entering each section are different The using of two liquid velocities
at different speeds improves the impurity and percipatate removal processes by

allowing each process to be performed in the reservoir section most appropriate.

There are many possible means for maintaining a minimum liquid level in each unit
during atomization. These means include the use of liquid level sensors (e.g. floats,

electrodes, etc.) and controlled refilling liquid flow valves for each umnit.

According to the preferred embodiment of the device of the present invention, the

means for maintaining a minimum liquid level in each unit during atomization is
comprised of the plurality of units having aligned heights with the reservoir (such
that a maintained liquid level in the reservoir provides a predetermined liquid level
in the units), and maintaining the liquid level in the reservoir by a mlet valve
controlled by a liquid level sensor (such that lowering of the liquid level in the
reservoir activates the sensor which in turn causes the valve to open whereby

additional liquid is added to the reservoir umtil the reservoir's hquid level 1s

restored).

In the context of the present invention "aligned heights” relates to the equalization
of the hydrostatic pressure between the reservoir and the units. This equalization
may be performed either by physically matching the liquid levels at the same

elevation, or by using a pump to compensate for differences in elevation.

According to the preferred embodiment of the device of the present invention the

electric supply connected to each transducer has a sensor connected to the electric
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supply. This sensor 1s for automatically turning off the electric supply whenever 1t

is detected that the liquid level in the reservoir 1s below a predetermined height.

Furthermore, the electric supply connected to each transducer has a sensor
comnected to the electric supply. This sensor is for automatically turning oft the

electric supply whenever a sensor detected that the angle of reservoir's surface 1s

outside of predetermined limuts.

Another feature of the preferred embodiment of the device of the present invention

comprised of a common vapor chamber attached to the top of all of the atomization
units, an air pump attached to the chamber (for continuously providing a supply of
high velocity air (or gas) Into and through the chamber), and an open topped
vertical cylinder or cone connected to the chamber (such that the air (or gas) and

the vapor in the chamber tangentially enters into the bottom of the cylinder or

cone).

Operationally the droplets in the produced vapor are carried away from the top ot
the atomization units by the high velocity air (or gas). When these droplets enter
into the spiral path in the cylinder (or cone), the heavier (larger) droplets collide
with the cylinder (or cone) and fall back along the cyclone wall (for eventual return

to the reservoir).

The present invention will be further described by Figures 1 through 3. These
figures are solely intended to illustrate and clarify in detail selected embodiments of

the invention and are not intended to limit the scope of the invention 1 any manner.
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Figure 1 illustrates a profile cross section view of a liquid circulation path through a

partial device of a basic embodiment type.

Figure 2 illustrates a profile cross section view of a liquid circulation path through a

partial device of the preferred embodiment type.

Figure 3 illustrates a profile cross section view of a liquid circulation path through
another partial device of the preferred embodiment type.

Figure 1 illustrates a profile cross section view of a liquid circulation path through a
partial device of a basic embodiment type. Parts of an ultrasonic device for
“atomizing liquids are shown, including a plurality of atomization units (1) wherein
an approximately upward directed ultrasonic transducer (2) s located at the bottom
of each unit and the top of each unit is open (covered by gas), and characterized by
a reservoir (3) connected to all of the units by pipes (4) (5), and a pump (6) for
circulating the liquid to be atomized through the reservoir and through the pipes and

across each transducer.

Operationally, liquid is pumped from the central region of the reservoir (where both
floating and settling impurities are minimum) through the liquid dispersion pipe (4).
This pumped liquid is directed in each unit across the surface of each transducer.
The kinetic energy of this pumped liquid minimizes settling type impunties from
resting on the transducer. These settling type impurities are carried away with the
flowing liquid's current. The floating type impurities simultaneously rise to the
surface of the liqud.

Defining the surface of the liquid (in each unit) is a liquid overflow pipe (3) outlet.
The overflow liquid carries both the floating type impurities and those settling type
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impurities which have been carried this far in the flowing liquid's current. Ths
overflow liquid completes the circulation by returning to the reservoir. Thus

impurities tend to concentrate in the reservoir rather than in the unit or on the

transducer.

Figure 2 illustrates a profile cross section view of a liquid circulation path through a
partial device of the preferred embodiment type. Parts of an ultrasonic device for
atomizing liquids are shown, including a plurality of atomization units (1) wherein
an approximately upward directed ultrasonic transducer (2) is located at the bottom
of each unit and the top of each unit is open (covered by gas), and characterized by
a reservoir (3) (7) connected to all of the units by pipes (4) (5), and a pump (6) for
c'irculating the liquid to be atomized through the reservoir and through the pipes and

across each transducer.

Each unit contains a liquid inlet (back flow preventing) orifice (8) which directs the

' pﬁmped liquid at the transducer's surface, a surface overflow outlet (9) for draining

floating type impurities, and a bottom outlet (10) for draining settlement type
impurities. Orifice (8) has a much larger diameter than orifice (10).

Functionally, the reservoir is divided into two sections such that any liqud (passing
from a unit and through the reservoir) passes through both sections, and such that
the velocities of the liquid entering each section are different. Here the reservoir 1s

divided into a common reservoir section (3) and a unit specific reservoir section (7).

The unit specific reservoir section contains two inlets being the extension of the

outlets (9) (10) from the unit, and an outlet (11) to the .common Teservolr section.
Functionally the unit specific reservoir serves as a means for maintaining a

minimum liquid level in each unit during atomization, when seen in conjunction
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with unit inlet orifice (8). This minimum hquid level is at the height of outlet (11)

with respect to the unit. Furthermore, failure of new liquid to enter into the umnit

through orifice (8) results i a back flow of liquid from reservoir section (7)
through orifice (10) mnto umit (1).

Figure 3 illustrates a profile cross section view of a liquid circulation path through
another partial device of the preferred embodiment type. Parts of an ultrasonic
device for atomizing liquids are shown, including one of a plurality of atomization
units (1) wherein an approximately upward directed ultrasonic transducer (2) 1s

located at the bottom of the unit and the top of the umt 1s open (covered by gas),
and characterized by a reservoir (3) (7) connected to all of the units by pipes (4)
(5), and a pump (6) for circulating the liquid to be atomized through the reservolr

and through the pipes and across each transducer.

The unit contains a liquid inlet (back flow preventing) orifice (8) which directs the

pumped liquid at the transducer’s surface, a surface overflow outlet (9) for draimng
floating type impurities, and a bottom outlet (10) for draining settlement type

Functionally, the reservoir is divided into two sections such that any liquid (passing
from a unit and through the reservoir) passes through both sections, and such that
the velocities of the liquid entering each section are different. Here the reservoir 1s

divided into a common reservoir section (3) and a unit specific reservoir section (7).

The unit specific reservoir section contains two mlets being the extension of the
outlets (9) (10) from the umit, and two outlets (11) (12) to the common reservoir
section. Outlet (12) is of very small diameter, and only ettects the liquid level 1n
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reservoir section (7) when the device of the present invention is turned off for a

long time - whereby most of the residual liquid in the unit will drain to the common

reservoir (3).

Functionally the upper outlet (11) serves as a means for maintaining a mMinimum
liquid level in each unit during atomization, even when seen in conjunction with
similar upper outlets for other units (not shown) which share the common upper
overflow wall (13). This minimum liquid level 1s at the height of outlet (11) with
respect to the unit. The common upper overflow wall is around all or part of the
plurality of atomizing units. Thus all of the atomizing units sharing a common
upper overflow wall are effectively operating in a common liquid reservoir
whenever the overflow condition from some of these units is occurring. In the umt,

failure of new liquid to enter will result in liquid in the reservoir section (7) back

flowing through outlet (10) into the unit.
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CLAIMS
1. An ultrasonic device for atomizing liquds, compnsing at least one

atomization unit (1) wherein an approximately upward directed ultrasonic
transducer (2) is located at the bottom of each unit and the top of each umit 1s open,
a reservoir connected to all of the umits (3), means for maintaining a minimum
liquid level 1n each unit during atomization, an electric supply connected to each
transducer, and means for circulating the liquid from the reservoir (6), across each
transducer, and back to the reservoir, wherein each atomizing unit is characterized

by having a lower (10) and an upper (9) outlets for removing setteling impurities
and floating impurities respectively.

2. A device according to claim 1 wherem the operational frequency range

of the electricity supplied to the transducers 1s above 800 KHz.

3. A device according to claim 1 wheremn the reservoir 1s divided into two
sections (7) and (3), such that any liquid passing from a umit and through the
reservoir passes through both sections, and such that the flow rates of said hiquid

entering each section are different.

4. A device according to claim 1 wherein the means for maintaining a
minimum liquid level in each unit during atomization is comprised of the plurality
of units having aligned heights with the reservoir such that a maintained liqud
level in the reservoir provides a predetermined liquid level in the units, and the
liquid level in the reservoir is maintained by a inlet valve controlled by a Liqud
level sensor, such that lowering of the hquid level in the reservoir activates said

sensor which in turn causes said valve to open whereby additional liquid is added to

the reservoir until said reservoir's liquid level 1s restored.
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5. A device according to claim 1 wherein the electric supply connected to
each transducer has a sensor connected to the electric supply, and said sensor 1s for

automatically turning off electric supply whenever the detects that the liquid level

in the reservoir is below a predetermined height.

6. A device according to claim 1 wherein the electric supply connected to

each transducer has a sensor connected to the electric supply, and said sensor is for

automatically turning off said electric supply whenever the sensor detects that the
angle of liquid in the reservorr is outside of predetermined limuits.

7. A device according to claim 1 having from about 12 to about 36
atomization units.
8. A device according to claim 1 having an mertia separation cyclone for

removing droplets of greater than about 5.0 micron diameter from the produced
vapor, comprising a common vapor chamber attached to the top of all of the
atomization units, an air pump attached to said chamber for continuously providing
a supply of high velocity air into and through said chamber, and an open topped
vertical cylinder or cone connected to said chamber such that the air and vapor

said chamber tangentially enters into the bottom of the cylinder or cone.
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