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Description

Technical field

This invention relates generally to the art of
atomizing liquid material by ultrasonic vibration,
and particularly to an ultrasonic injecting method
and injection nozzle suitable for use on a fuel
injecting valve for internal combustion engines
such as diesel engines, gasoline engines and gas
turbine engines, and external combustion
engines such as burners for boilers, heating
furnaces, heating apparatus and the like, and also
for a spray head for drying and producing pow-
dered medicines. While this invention is useful as
an injection nozzle or as an apparatus for atomiz-
ing liquid material in various applications such as
described above the invention will be more par-
ticularly described hereinafter with respect to a
fuel injecting nozzle particularly for use with
internal combustion engines such as diesel and
gasoline engines. This invention is not, however,
to be regarded as so limited. It is also to be noted
that the term “liquid material” is intended to
mean not only a liquid such as liquid fuel but also
various solutions or suspensions such as liquid
for producing medicines as well as water or other
liquid for use with a humidifying or spraying
apparatus.

Background art

Various attempts have heretofore been made to
supply liquid fuel in atomized form into a com-
bustion or precombustion chamber of an internal
combustion engine such as diesel or gasoline
engine in order to reduce soot and enhance fuel
economy. One of the most common methods is to
inject liquid fuel under pressure through the
outlet port of an injection nozzle. In such injection
it is known that atomization of liquid fuel is
promoted by imparting ultrasonic vibrations to
the liquid fuel.

There have heretofore been developed two
mechanisms for atomizing liquid by ultrasonic
waves—{1) the cavitation mechanism and (2} the
wave mechanism. The cavitation mechanism is
unsuitable for application to an injection valve
because of difficulty in controlling the degree of
atomizing. The wave mechanism includes the
capillary system and the liquid film system. In the
capillary system an ultrasonic vibrating element
has a capillary aperture formed therethrough.
Liquid fuel is introduced through the inlet port of
the capillary aperture while the ultrasonic vibrat-
ing element is subjected to vibration, whereby the
liquid fuel is spread through the outlet of the
capillary aperture in a film form over the bottom
surface of the vibrating element and then injected
in an atomized state. In the liquid film system, an
ultrasonic vibrating element is formed on its
forward end with a portion flared as in the form of
a poppet valve. Liquid fuel is delivered to and
spread over the face portion in a film form and
then injected in an atomized state.

As is understood from the foregoing, it has
been heretofore considered that the mechanism
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by which liquid is atomized by means of an
ultrasonic vibrating element is based on either
cavitation or wave motions caused after the liquid
is transformed into a film, and particularly that
wave motions in film are indispensably required
to effect atomization of liquid in a large quantity.
Accordingly, the arrangements as described
above have been hitherto proposed.

However, in actuality the injection nozzles
hitherto proposed have so small capacity for
spraying that they are unsuitable for use as an
injection nozzle for internal combustion engines
such as diesel or gasoline engines which require a
large amount of atomized fuel.

FR—A—2,180,753 describes an injection nozzie
for atomizing fuel in a fuel injection system for an
engine. The ultrasonic injection method involves
vibrating a vibrating element by means of ultra-
sonic vibration generating means, the vibrating
element being formed at its forward end with an
edged portion, and delivering fuel to and along
said edged portion to atomize the fuel.

Summary of the invention

According to this invention, an ultrasonic vibra-
tion method of atomizing a liquid material by
vibrating a vibrating element by means of ultra-
sonic vibration generating means comprises
forming an edged portion at the forward end of
said vibrating element and delivering a liquid
material to and along said edged portion to
atomize the liquid material and is characterized in
that said liquid material is delivered to and along
a single surface of said edged portion which is
formed with at least two successive steps, in that
the flow of liquid material along said edged
portion is dammed at two or more of the step
edges across which the liquid material is
delivered in succession, and in that the liquid
material is delivered across each of said step
edges in the form of a film.

Using the method of this invention, liquid fuel
may be atomized in a large quantity for injection
into an internal combustion engine.

The vibrating element may be continuously
vibrated and the delivery of the liquid material to
the edged portion of the vibrating element may
be either intermittently or continuously effected,
thereby eliminating the time lag involved in
initiating vibration of the vibrating element which
is a defect of conventional uitrasonic injection
nozzles for internal combustion engines where
the vibrating element is vibrated only when it is
required to inject liquid fuel.

The present invention is applicable to the con-
tinuous burning of fuel in a fuel burner and also to
spraying for spray drying to produce powdered
medicines for example, and for humidifying.

Thus the present invention is useful not only in
relation to internal combustion engines such as a
diesel engine, gasoiine engine, gas turbine
engine and the like, but also in relation to external
combustion engines such as burners for boilers,
heating furnaces, heating apparatus and the like
for atomizing liquid fuel in a uniform manner and
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in a large quantity to thereby provide for attaining
complete combustion in a short time, resulting in
preventing or reducing emission of soot as well
as improving fuel economy.

The method of the present invention is capable
of not only atomizing liquid in a large amount but
also atomizing liquid even at a low flow rate at
which the prior art is unable to effect atomizing, to
thereby enhance fuel efficiency.

The present invention includes an ultrasonic
injection nozzle for performing the method of the
invention as hereinbefore defined comprising an
ultrasonic vibration generating means, an elon-
gated vibrating element connected at one end to
said ultrasonic vibration generating means and
having an edged portion at its other end, and
valve means defining a supply passage for deliv-
ering liquid material to an along said edged
portion characterized in that said edged portion is
formed with a succession of at least two steps
along a single surface to which the liquid material
is delivered from said supply passage, and in that
said valve means comprises a needle valve slid-
ably mounted on said vibrating element adjacent
its edged portion, a needle valve holder adapted
to hold said needle valve for slidable movement,
said needle valve holder co-operating with said
needle valve to define a supply passage for the
liquid material, and spring means normally urg-
ing said needle valve toward said holder to close
said liquid material supply passage.

Specific embodiments of the present invention
will now be described by way of example and not
by way of limitation with reference to the accom-
panying drawings.

Brief description of the drawings

Fig. 1 is an elevation in part in cross-section of
an ultrasonic injection nozzle according to the
present invention;

Figs. 2 and 3 are front views of alternative forms
of the edged portion at the forward end of the
vibrating element;

Fig. 4 is an enlarged view illustrating the oper-
ation of the edged portion; and

Fig. 5 is a front view of a hollow needle vaive of
the nozzle shown in Fig. 1.

Referring to the accompanying drawings and
first to Fig. 1, the ultrasonic injection nozzle 1
according to this invention includes a generally
cylindrical elongated housing 4 having a central
bore 2 extending centrally therethrough.
Threaded to an external thread 6 on the upper
portion of the housing 4 is the lower mounting
portion of a vibrator holder 8 which has a through
bore 12 extending centrally therethrough
coaxially with and in longitudinal alignment with
the central bore of the housing 4.

Avibrating element or vibrator 14 is mounted in
the through bore 12 of the vibrator holder 8 and
the central bore 2 of the housing 4. The vibrating
element 14 comprises an upper body portion 16,
an elongated cylindrical vibrator shank 18 having
a diameter smaller than that of the body portion
16, and a transition portion 20 connecting the
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body portion 16 and shank 18. The body portion
16 has an enlarged diameter collar 22 there-
around which is clamped to the vibrator hoider 8
by a shoulder 24 formed on the inner periphery of
the vibrator 8 adjacent its upper end and an
annular vibrator retainer 30 fastened to the upper
end face of the vibrator holder 8.

The shank 18 of the vibrating element 14
extends downwardly or outwardly beyond the
housing 4. The forward end of the vibrating
element 14, that is, the forward end of the shank
portion 18 is formed with an edged portion 32 as
will be described in more detail hereinafter. A
sleeve-like needle valve 34 is slidably mounted on
that portion of the vibrating element 14 extending
beyond the housing 4.

The needle valve 34 is generally of hollow
cylindrical shape, and comprises an upper
reduced-diameter portion 36 adjacent its upper
end, a central large-diameter portion 38, a tapered
portion 40 sloping from the large-diameter por-
tion 38, a smail-diameter portion 42 connected to
the tapered portion 40, and a tapered forward end
portion 44 sloping from the small-diameter por-
tion 42. The extreme end of the tapered forward
end portion 44 is disposed adjacent the edged
portion 32 of the vibrating element 14. On the
other hand, the upper reduced-diameter portion
36 of the hollow needle valve 34 extends
upwardly beyond an annular shoulder 46 extend-
ing radially inwardly from the lower end portion
of the housing 4.

The hollow needle vaive 34 is housed in a
needle valve holder 50 which is detachably
secured to the housing 4 by means of a holder
sheath 52 which is affixed to the outer periphery
of the holder 50. The inner configuration of the
needle valve holder 50 comprises a large--
diameter bore portion 54 in which the central
large-diameter portion 38 of the hollow needle
valve 34 is adapted to slidably move, a sloped
portion 56 complementary to the tapered portion
40 of the needle valve 34, a small-diameter bore
portion 58, and a sloped forward end portion. The
small-diameter bore portion 58 and sloped for-
ward end portion 60 cooperate with the small-
diameter portion 42 and sloped forward end
portion 44 of the hollow needle valve 34 to define
a liquid fuel supply passage 62.

The needle valve holder 50 is formed around its
sloped portion 56 with an annular fuel reservoir
64 opening radially inwardly which is in com-
munication with a fuel supply passage 66 extend-
ing through the wall of the needle valve holder 50.
Said fuel supply passage 66 is in communication
with a fuel inlet passage 68 extending through the
wall of the housing 4, which inlet passage 68 is in
turn connected with a fuel inlet port 70 of the
housing 4.

The needle valve hoider 50 is formed around
the upper part of the large-diameter bore portion
54 of the needle valve holder 50 with an annular
radially inwardly opening return fuel sump 72
which is connected with a fuel outlet port 78 via a
fuel return passage 74 and a fuel outlet passage
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76 formed through the walls of the needle valve
holder 50 and the housing 4, respectively.

A compression spring 80 is disposed in an
annular space defined between the peripheral wall
of the central bore 2 in the housing 4 and the outer
periphery of the vibrator shank 18. The lower end
of the compression spring 80 acts against the top
end face of the upper reduced-diameter portion 36
of the hollow needle valve 34 via an annular spring
retainer 82 while the upper end of the spring abuts
against the bottom surface of an injection pressure
regulating member 84 which is a cylindrical
member disposed in the space between the peri-
pheral wall of the central bore 2 in the housing 4
and the outer periphery of the vibrator shank 18
and screw threadedly connected to the inner
periphery of the housing 4. Thus, the spring
pressure on the needle valve 34 may be adjusted
by rotating the injection pressure regulating
member 84 relative to the housing 4.

The operation of the ultrasonic injection nozzle 1
will now be described below.

In operation, liquid fuel is introduced through
the fuel inlet port 70 and supplied through the fuel
inlet passage 68 and the fuel supply passage 66
into the fuel reservoir 64 which is closed by the
tapered portion of the hollow needle valve 34
urged downwardly by the spring 80. Con-
sequently, the pressure in the reservoir 64 is built
up as it is continuously supplied with liquid fuel.
When the pressure in the fuel reservoir 64 reaches
a certain level, the hollow needle valve 34 is
caused to move upward against the biasing force
of the spring 80.

The upward movement of the hollow needle
valve 34 causes the fuel reservoir 64 to be opened
to the fuel supply passage 62, which is thus
supplied with the liquid fuel. From the fuel supply
passage 62, the fuel is delivered to the edged
portion 32 formed on the forward end of the
vibrating element 14.

The edged portion 32 of the vibrating element 14
may be in the form of a staircase including three
concentric steps having progressively reduced
diameters as shown in Fig. 1, or it may comprise
two or five steps as shown in Figs. 2and 3. Thus the
edged portion 32 is formed around or along its
outer periphery with an edge or edges. While the
edged portion 32 as shown in Figs. 1to 3is of a
stepped configuration having progessively
reduced diameters, the steps of the edged portion
32 may have progressively increased diameters or
steps of progressively reduced and then pro-
gressively increased diameters. Further, as shown
in Fig. 4, the geometry such as the width (W) and
height (h) of each step is such that the edge of the
step may act to render the liquid fuel filmy and to
dam the liquid flow.

According to the researches and experiments of
the inventors, in the case of atomizing liquid in a
large quantity it has been found that the height (h)
and width (W) of each step of the edged portion
must be kept at a specific range, that is, under the
condition as follows:
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0.2 mm=h=N4 (1)
0.2 mm=W=M4 {2)

wherein A is the length of the ultrasonic waves.

In a preferred embodiment of this invention the
height (h} and width (W) of each step are 1=h/
W=10. Particularly in the vibrating element having
the configuration as shown in Fig. 3 the height (h)
is preferably less than 4 mm. The wave length (A)
of the ultrasonic waves varies with the materials
used for the vibrating element such as Inconel,
titanium, etc. and is usually in the range of 5 to 50
cm.

Further, the output of the ultrasonic oscillator for
vibrating the vibrating element is substantially 10
W and the amplitude and frequency of the vibrat-
ing element are 30 to 70 mm and 20 to 50 kHz,
respectively. In addition the diameter (D) of the
vibrating element is preferably in the range of A/10
to M4. The flow rate of the liquid to be processed
increases as the amplitude and diameter (D) are
larger.

The vibrating element 14 is continuously vib-
rated by ultrasonic vibration generating means
100 operatively connected to the body portion 16,
so that the liquid fuel is atomized and injected
outwardly asitis delivered to the edged portion 32.
To ensure uniform injection around the injection
nozzle, the small-diameter portion 42 of the hollow
needle valve 34 is formed with a plurality of, say,
two diametrically opposed angularly extending
grooves 43 (see Fig. 5). It has been found that such
arrangement causes turbulence to be produced in
the fuel supply passage as well asimparting a swirl
to the fuel being injected to thereby eliminate
uneven injection. In addition, such an arrange-
ment may also serve to promote separation of the
spray of fuel off the edges of the edged portion 32
as well as to enhance the atomization.

An example of various parameters and dimen-
sions applicable to the ultrasonic injection nozzle
as described hereinabove with reference to the
accompanying drawings is as follows:

Qutput of ultrasonic vibration generating
means: 10 watts.

Amplitude of vibration of vibrating element: 34
um.

Frequency of vibration of vibrating element: 38
Khz.

Geometry of edged portion 32 of vibrating
element:—

Width (W) of edged portion: 0.5 mm.

First step: 7 mm in diameter.

Second step: 6 mm in diameter.

Third step: 5 mm in diameter.

Fourth step: 4 mm in diameter.

Fifth step: 3 mm in diameter.

Height (h) of each step: 2 mm

Type of fuel: Gas oil.

Flow rate of fuel: 1~0.06 cm?® per injection.

Injection pressure of fuel: 1~70 kg/cm?.

Temperature of fuel: Normal temperature.

Material for vibrating element: Titanium (or
iron).

B
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Notes:

(1) It is advantageous to make the amplitude of
vibration of the vibrating element as great as
possible.

{2) The vibrating element should have a fre-
quency of vibration higher than 20 Khz.

(3) The injection pressure of fuel should be made
to approach the pressure in the engine chamber.

A portion {surplus) of the fuel supplied to the fuel
reservoir 64 flows through a narrow clearance
space measured in microns (um) between the
hollow needle valve 34 and the needle valve holder
50 to be collected into the return fuel sump 72, and
is then returned to the fuel outlet 78 through the
fuel return passages 74 and 76.

The fuel outlet 78 is connected via a suitable
conduit (not shown)} with the fuel tank so that the
excess fuel is recirculated to the tank.

Asthe pressure in the fuel reservoir 64 drops, the
hollow needle valve 34 is moved downward under
the action of the spring 80 to close the fuel
reservoir 64, so that the delivery of fuel to the
edged portion 32 of the vibrating element 14 is
interrupted, and the fuel injection from the nozzle 1
is discontinued.

Mistiming in fuel injection due to a time lag in
initiation of vibration is avoided since the vibrating
element 14 may be kept in operation irrespective
of the fuel supply.

As indicated above, the injection nozzie being
described with reference to the accompanying
drawings is capable of providing a large amount of
injection at 0.06 cm?® per injection which makes it
possible to put the nozzle to practical use as an
injection nozzie for an internal combustion engine.
This is 500 to 1,000 times as high as the flow rate as
was reported to be possible with the prior art
ultrasonic injection nozzle. The vibration element
14 having the edged portion 32 is so arranged
adjacent the outlet port of the injection nozzle
whereby a very compact ultrasonic injection
nozzle is provided.

The present invention is also applicable to a
burner for continuous combustion in which the
flow rate may be in the order of 100 I/hr.

This invention may aiso be used as a spray
drying apparatus for producing powdered
medicines.

In addition to the provision for atomization of
liquid in a large quantity as described above, this
invention is also characterized in that it is capable
of providing generally uniform distribution in
atomized particles with an average particle radius
in the order of 10 to 30 um.

Industrial applications

As is understood from the foregoing, the present
invention provides an ultrasonic injecting method
and injecting nozzle capable of not only atomizing
aliquid material in a uniform manner and in a large
quantity but also atomizing a liquid material even
at a low flow rate, on either an intermittent or a
continuous basis.

Accordingly the ultrasonic injecting method and
injection nozzle according to this invention is
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suitable for use on internal combustion engines
such as a diesel engine, gasoline engine, gas
turbine engine and the like, for use on external
combustion engines such as burners for boilers,
heating furnaces, heating apparatus and the like,
or for use on a spraying or humidifying apparatus.

Claims

1. Ultrasonic vibration method of atomizing a
liquid material by vibrating a vibrating element
(14) by means of ultrasonic vibration generating
means (100), comprising forming an edged por-
tion (32) at the forward end of said vibrating
element, and delivering a liquid material to and
along said edged portion to atomize the liquid
material characterized in that said liquid material is
delivered to and along a single surface of said
edged portion which is formed with at least two
successive steps, in that the flow of liquid material
along said edged portion is dammed at two or
more of the step edges across which the liquid
material is delivered in succession, and in that the
liquid material is delivered across each of said step
edges in the form of a film.

2. A method according to claim 1, wherein said
vibrating element is continuously vibrated, and
the delivery of the liquid material to the edged
portion of the vibrating element is either intermit-
tently or continuously effected.

3. A method according to claim 1 or 2, wherein
said liquid material is liquid fuel for use in an
internal combustion engine such as a diesel
engine, gasoline engine or the like, or an external
combustion engine such as a burner or the like.

4. A method according to claim 1 or 2, wherein
said liquid material is a suspension from which
powdered medicine is to be produced.

5. An ultrasonic injection nozzle for performing
the method of any preceding claim comprising an
ultrasonic vibration generating means (100), an
elongated vibrating element {14) connected at one
end to said ultrasonic vibration generating means
and having an edged portion (32) at its other end,
and valve means (34) defining a supply passage
(62) for delivering liquid material to and along said
edged portion (32) characterized in that said edged
portion (32) is formed with a succession of at least
two steps along a single surface to which the liquid
material is delivered from said supply passage (62)
and in that said valve means comprises a needle
valve (34) slidably mounted on said vibrating
element {14) adjacent its edged portion (32), a
needle valve holder (50) adapted to hold said
needle valve {34) for siidable movement, said
needle valve holder (50) co-operating with said
needle valve (34) to define a supply passage (62)
for the liquid material, and spring means (80)
normally urging said needle valve (34) toward said
holder (50) to close said liquid material supply
passage (62).

6. An injection nozzle according to claim 5
wherein said at least two steps are formed around
the outer periphery of said vibrating element.

7. An injection nozzle according to claim 6,
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wherein the height (h) and width (W) of each step
are as follows:

0.2 mm=h=MN4
0.2 mm=W=M4

where A is the wave length of the ultrasonic
waves.

8. An injection nozzle according to claim 7,
wherein the relation between the height (h) and
the width (W) is as follows:

1=h/W=10

9. A vibrating element for use in an ultrasonic
injection nozzle as claimed in claims 5, 6, 7 or 8
said element being formed, at one end, around its
outer periphery with a multistepped edged por-
tion (32) consisting of a succession of at least two
steps in the form of a staircase.

10. A vibrating element according to claim 9,
wherein the steps of said multistepped, edged
portion (32) have a progressively decreasing dia-
meter towards said one end of the element.

11. A vibrating element according to claim 9 or
10 wherein the height (h) and width (W) of each
step are as follows:

0.2 mm=h=N4
0.2 mm=W=M4

where A is the wave length of the ultrasonic
waves.

12. A vibrating element according to claim 11,
wherein the relation between the height (h) and
the width (W} is as follows:

1=h/W=10
Patentanspriiche

1. Ultraschallschwingungsverfahren zum Zer-
stduben eines Flissigmaterials, indem ein
Schwingungselement (14) mittels einer Ultra-
schallschwingungen erzeugenden Einrichtung
{100} in Schwingungen versetzt wird, wobei ein
Kantenbereich (32) am vorderen Ende des
Schwingungselements gebildet und ein Fliissig-
material zu und entlang dem Kantenbereich zur
Zerstdubung des Fliissigmaterials gefordert wird,
dadurch gekennzeichnet, dal? das Fliissigmaterial
zu und entlang einer einzigen Oberfldche des
Kantenbereichs geférdert wird, die mit zumindest
zwei aufeinanderfoilgenden Stufen ausgebildet
ist, da® der Strom des Flissigmaterials entlang
dem Kantenbereich an zwei oder mehreren der
Stufenkanten, (ber die das Fllissigmaterial nach-
einander gefordert wird, gestaut wird und daf
das Fllissigmaterial Gber jede der Stufenkanten in
der Form eines Films gefordert wird.

2. Verfahren nach Anspruch 1, bei dem das
Schwingungselement kontinuierlich in Schwin-
gungen versetzt und die Férderung des Fliissig-
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materials zu dem Kantenbereich des Schwin-
gungselements entweder intermittierend oder
kontinuierlich durchgefiihrt wird.

3. Verfahren nach Anspruch 1 oder 2, bei dem
das Flissigmaterial ein fliissiger Kraftstoff zur
Verwendung in einem Verbrennungsmotor, wie
einem Dieselmotor, einem Benzinmotor oder dgl.,
oder einer Kraftmaschine mit duferer Verbren-
nung, wie einem Brenner oder dgl., ist.

4. Verfahren nach Anspruch 1 oder 2, bei dem
das Flissigmaterial eine Suspension ist, aus der
pulverige Arzneimittel hergestellt werden sollen.

5. Ultraschalleinspritzdiise zur Durchfiihrung
des Verfahrens nach einem der vorhergehenden
Anspriiche, bestehend aus einer Einrichtung (100)
zum Erzeugen von Ultraschallschwingungen,
einem langgestreckten Schwingungselement
{14), das an einem Ende mit der Einrichtung zum
Erzeugen der Ultraschallschwingungen verbun-
den ist und einen Kantenbereich (32) an seinem
anderen Ende aufweist, und aus einer Ventilein-
richtung (34), die einen Zufithrkanal (62) zur For-
derung von Fllissigmaterial zum und entlang dem
Kantenbereich (32) bildet, dadurch gekennzeich-
net, daR der Kantenbereich {32) mit einer Folge
von zumindest zwei Stufen entlang einer einzigen
Oberflache ausgebildet ist, der das Fliissigmate-
rial vom Zuflihrkanal (62) zugeférdert wird, und
daB die Ventileinrichtung ein gleitbar am Schwin-
gungselement (14) nahe dessen Kantenbereich
{32) angebrachtes Nadelventil (34) umfal3t, ein
Nadelventilhalter (50} zur Abstiitzung des Nadel-
ventils (34) fir eine Gieitbewegung geeignet ist,
der Nadelventilhalter (50} mit dem Nadelventil
(34) zur Bildung eines Zufiihrkanals (62) fiir das
Flissigmaterial zusammenwirkt und eine Feder-
einrichtung (80} normalerweise das Nadelventil
(34) zum Halter (50} hin fir ein SchlieRen des
Flussigmaterialzufiihrkanals (62} driickt.

6. Einspritzdiise nach Anspruch 5, bei der
zumindest zwei Stufen um den AuRenumfang des
Schwingungselements gebildet sind.

7. Einspritzdiise nach Anspruch 6, bei der die
Hohe (h) und die Breite (W) jeder Stufe wie folgt
bemessen sind:

0,2 mm=h=N4
0,2 mm=W=N4

wobei A die Wellenldnge der Ultraschallwellen ist.

8. Einspritzdiise nach Anspruch 7, bei der das
Verhéltnis zwischen der Héhe (h) und der Breite
(W) wie folgt ist:

1=h/W=10

9. Schwingungselement zur Verwendung in
einer Ultraschalleinspritzdiise nach Anspruch 5, 6,
7 oder 8, wobei das Element an einem Ende auf
seinem AuBenumfang mit einem mehrstufigen
Kantenbereich (32) ausgebildet ist, der aus einer
Folge von zumindest zwei Stufen in Form einer
Treppe besteht.

10. Schwingungselement nach Anspruch 9, bei
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dem die Stufen des mehrstufigen Kanenbereichs
(32) einen zu dem einen Ende des Elements hin
fortschreitend kleiner werdenden Durchmesser
aufweisen.

11. Schwingungselement nach Anspruch 9 oder
10, bei dem die Hohe (h) und die Breite (W) jeder
Stufe wie folgt bemessen sind:

0,2 mm=h=N4
0,2 mm=W=N4

wobei A die Wellenlange der Ultraschallwellen ist.

12. Schwingungselement nach Anspruch 11,
bei dem das Verhiltnis zwischen der Hohe (h) und
der Breite (W) wie folgt ist:

1=h/W=10
Revendications

1. Procédé de pulvérisation d'un liquide par
vibrations ultrasonores en faisant vibrer un
élément vibrant (14) au moyen d'un générateur
de vibrations ultrasonores (100), consistant a
former une portion a arétes (32) & I'extrémité
antérieure de I'élément vibrant et a fournir un
liquide vers et le long de cette portion & arétes,
afin de pulvériser ce liquide, caractérisé en ce que
le liquide est fourni vers et le long d’une surface
unique de cette portion & arétes qui est formée
avec au moins deux gradins successifs, en ce que
I’écoulement du liquide le long de cette portion a
arétes est endigué a I'endroit d’au moins deux
arétes des gradins entre travers desquelles le
liquide est fourni successivement, et en ce que le
liquide est fourni sous la forme d'un fiim en
travers de chacune des arétes des gradins.

2. Procédé suivant la revendication 1 caracté-
risé en ce qu’on fait vibrer continuellement I'élé-
ment vibrant et on effectue la fourniture du
liquide vers la portion a arétes de |'élément
vibrant soit d'une maniére intermittente soit
d’une maniére continue.

3. Procédé suivant I'une quelconque des reven-
dications 1 ou 2 caractérisé en ce que le liquide
est un combustible liquide destiné a étre utilisé
dans un moteur 3 combustion interne, tel qu’un
moteur diesel, un moteur a essence ou un moteur
similaire, ou bien dans un appareil & combustion
externe tel qu’un brileur ou similaire.

4, Procédé suivant I'une quelconque des reven-
dications 1 ou 2 caractérisé en ce que le liquide
est une suspension a partir de laquelle doit étre
produit un médicament pulvérulent.

5. Injecteur ultrasonore pour la mise en oeuvre
du procédé suivant I'une quelconque des revendi-
cations précédentes, comprenant un générateur
de vibrations ultrasonores (100), un élément
vibrant allongé (14) relié, & 'une de ses extré-
mités, a ce générateur de vibrations ultrasonores
et comportant une portion & arétes (32) a son
autre extrémité, et une vanne (34) définissant un
passage d’alimentation (62) pour fournir un
liquide vers et le long de la portion & arétes (32),
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caractérisé en ce que la portion 3 arétes (32) est
formée avec une succession d'au moins deux
gradins le long d’une surface unique vers laquelle
est fourni le liquide a partir du passage d’alimen-
tation (62) et en ce que la vanne comprend un
clapet en forme d'aiguille (34) monté a coulisse-
ment sur I'élément vibrant {14), au voisinage de
sa portion a arétes (32), un support (50) pour le
clapet a aiguille lequel est adapté de maniere a
maintenir le clapet a aiguille (34) tout en permet-
tant son mouvement de coulissement, ce support
(50) du clapet a aiguille coopérant avec le clapet a
aiguille (34) pour définir un passage d'alimenta-
tion (62) pour le liquide, et des moyens élastique
(80) sollicitant normalement le clapet a aiguille
(34) en direction du support (50) afin de fermer le
passage d'alimentation du liquide (62).

6. Injecteur suivant la revendication 5 caracté-
risé en ce qu’au moins deux gradins sont formés
autour de la périphérie externe de I'élément
vibrant.

7. Injecteur suivant la revendication 6 caracté-
risé en ce que la hauteur (h) et la largeur (W) de
chaque gradin sont définis comme suit:

0,2 mm=h=N4
0,2 mm=W=MN4

ol A est la longueur d’onde des ondes ultraso-
nores.

8. Injecteur suivant la revendication 7 caracté-
risé en ce que la relation entre la hauteur (h) et la
largeur (W) est la suivante:

1=h/W=10

9. Elément vibrant destiné a étre utilisé dans un
injecteur ultrasonore tel que revendiqué dans la
revendication 5, 8, 7, ou 8, cet éiément étant
formé, 3 une extrémité, autour de sa périphérie
externe, avec une portion 3 arétes (32) a plusieurs
gradins, constituée par une succession d'au
moins deux gradins réalisés sous la’ forme d'un
escalier.

10. Elément vibrant suivant la revendication 9
caractérisé en ce que les gradins de la portion a
arétes (32), a plusieurs gradins, ont un diamétre
allant en diminuant progressivement en direction
de V'extrémité de I'élément.

11. Elément vibrant suivant la revendication 9 ou
10 caractérisé en ce que la hauteur (h) et la largeur
(W) de chaque gradin sont définis comme suit:

0,2 mm=h=M4
0,2 mm=W=N4

ol A est la longueur d'onde des ondes ultraso-
nores.

12. Elément vibrant suivant la revendication 11
caractérisé en ce que la relation entre la hauteur
{h) et la largeur (W) est la suivante:

1=h/W=10
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