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(54) Air-assisted ultrasonic atomizer

(57)  The presentinvention is related to a method for
atomising a liquid, comprising the steps of

* providing an ultrasonic atomiser comprising a me-
chanical amplifier (2) having a free end that consti-
tutes an atomising surface (4), and a liquid feeding
channel (7) supplying liquid to said atomising sur-
face (4),

e fixing said ultrasonic atomiser in a case (5) by
means of a fixing strap (6) provided with gas pas-
sages (10), said case (5) not being in contact with
said mechanical amplifier (2),

* inducing an gas flow around said ultrasonic atom-
iser directed towards a series of holes in said atom-
ising surface (4), and

e atomising liquid on said atomising surface (4).
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Description

Field of the invention

[0001] The present invention is related to an air-as-
sisted ultrasonic atomiser with an increased flow rate of
the liquid to be atomised, an improved atomisation qual-
ity and a controlled and reduced spray drop size distri-
bution.

State of the art

[0002] Ultrasonic atomisers composed of piezoelec-
tric elements efficiently tied against a mechanical am-
plifier are well known. The mechanical amplifier allows
increasing the acoustic wave energy generated by the
piezoelectric elements up to a sufficient intensity level
to initiate and maintain the atomisation process. Ultra-
sonic atomisers can be classified in two main categories
according to the drop-formation physical mechanism.
[0003] The first category refers to ultrasonic atomis-
ers for which the drop production is mainly controlled by
the disintegration of a liquid jet thanks to a capillary-
wave instability. These waves appear in a liquid subject
to a flow that stays in contact with a vibrating solid sur-
face. This solid surface is often constituted of an internal
part of a small channel made in the mechanical ampli-
fier, the mechanical vibrations being parallel to the liquid
flow. Atomisation occurs as soon as the liquid leaves the
channel (see e.g. patent US-A-5687905). The present
invention does not concern this type of ultrasonic atom-
isers.

[0004] The second category refers to ultrasonic atom-
isers characterised by droplet production based on the
disintegration of a mass of ligaments resulting from a
square-pattern of surface wave instability. This process
takes place on an atomising surface that can have dif-
ferent shapes : conical, spherical, flat with or without a
plateau.... When the liquid arrives on the atomising sur-
face, it almost instantaneously spreads under vibration
effect and forms a film whose thickness is a function of
the flow rate. The liquid film is subject to transverse vi-
brations and a square wave pattern develops on its in-
terface. The liquid feeding can be ensured through a
channel made in the mechanical amplifier up to the at-
omising surface or through an external tube that ends
very near the atomising surface. In any case the re-
quired injection pressure is very small. Sindayihebura,
Bolle, Cornet and Joannes (J. Acoust. Soc. Am. 103 (3),
1998, pp. 1442-1448) developed a mathematical model
allowing a precise determination of the optimum dimen-
sions of the second category ultrasonic atomisers ac-
cording to a given frequency.

[0005] Although these ultrasonic atomisers produce
sprays much finer than classical mechanical injectors,
the resulting spray drop size distribution might not be as
narrow as expected. As a matter of fact, big drops are
sometimes produced. The presence of these drops
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makes the atomiser inappropriate for some domestic or
industrial applications. Furthermore, it has been ob-
served that the variation of the liquid flow rate might be
accompanied by non-negligible variations of the spray
characteristics and drop size distribution. The increase
of the flow rate induces a coarse atomisation and higher
energy consumption. Such behaviour limits the possible
use of these atomisers in domestic or industrial applica-
tions requiring very low flow rates only.

Aims of the invention

[0006] The present invention aims to provide a low
frequency ultrasonic atomiser with a significantly in-
creased flow rate of the liquid to be atomised, an im-
proved atomisation quality and a controlled and reduced
spray drop size distribution, overcoming the drawbacks
of the state of the art solutions.

Sunmary of the invention

[0007] The present invention relates to a method for
atomising a liquid, comprising the steps of

* providing an ultrasonic atomiser comprising a me-
chanical amplifier having a free end that constitutes
an atomising surface, and a liquid feeding channel
supplying liquid to said atomising surface,

e fixing said ultrasonic atomiser in a case by means
of a fixing strap provided with gas passages, said
case not being in contact with said mechanical am-
plifier,

* inducing a gas flow around said ultrasonic atomiser
directed towards a series of holes in said atomising
surface, and

e atomising liquid on said atomising surface.

[0008] Advantageously the gas flow is induced by an
injection pressure below 1 bar. Preferably the gas flow
is an airflow.

[0009] In a typical embodiment the ultrasonic atomis-
er operates at a frequency below 400 kHz.

[0010] In a second object the invention relates to a
device for atomising a liquid. The device comprises an
ultrasonic atomiser operating at a frequency below 400
kHz, said atomiser comprising a mechanical amplifier
having a free end that constitutes an atomising surface,
and a liquid feeding channel that supplies liquid to the
atomising surface. The device further comprises a fixing
strap confining the ultrasonic atomiser in a case, where-
by there is no contact between the case and the me-
chanical amplifier. The fixing strap comprises gas pas-
sages and the atomising surface comprises a series of
holes through which gas flows.

[0011] Advantageously the gas flow is an airflow.
[0012] Said case is typically shaped as a twyer.
[0013] In a preferred embodiment the liquid feeding
channel is positioned inside the ultrasonic atomiser. In
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an alternative embodiment the liquid feeding channel is
external to the ultrasonic atomiser.

[0014] In another object the invention relates to a hu-
midification device, comprising a device for atomising a
liquid as described before.

Short description of the drawings

[0015] Fig. 1 represents a side section of the atomis-
ing system according to the present invention.

[0016] Fig. 2 represents a side section of an alterna-
tive embodiment of the atomisation system.

[0017] Fig. 3 represents the atomising surface of the
systems presented in Figs. 1 and 2.

[0018] Fig. 4 represents a side section.

[0019] Fig. 5 represents the atomising surface of the
systems presented in Fig. 4.

[0020] Fig. 6, 7, 9 represent alternatives of the atom-
isation systems presented in Figs. 1, 2 and 4. A liquid
feeding system external to the atomiser mainly charac-
terises such alternatives.

[0021] Fig. 8 represents the atomising surface of the
atomisers shown in Figs. 6 and 7.

[0022] Fig. 10 represents the atomising surface of the
atomiser shown in Fig. 9.

[0023] Fig. 11 represents the volume-based drop-size
distribution for a liquid flow rate of 0.4 I/h.

[0024] Fig. 12 represents the volume-based drop-size
distribution for a liquid flow rate of 0.65 I/h.

Detailed description of the invention

[0025] Actual challenge in ultrasonic atomisation
technology is the increase of liquid flow rate to levels
suitable for use in large scale industrial applications.
The ultrasonic atomiser described in the present inven-
tion is suited for air treatment applications, especially
the ones that need high liquid flow rates like humidifica-
tion. Many other industrial and domestic applications do
exist like the atomisation of fuel in internal combustion
engines and in burners and the diffusion of specific lig-
uids in artificial snow production systems.

[0026] The ultrasonic atomiser of low frequency (less
than 400 kHz) disclosed in the invention belongs to the
second category of ultrasonic atomisers as described in
the prior art. The problems of the prior art solution are
overcome thanks to an adequate and efficient airflow,
generated through a series of small orifices made in the
atomising surface of the atomiser. The airflow is induced
by a very small injection pressure (AP; < 1 bar). Unex-
pectedly a small dimension fan or a deviation of a small
air fraction passing through the ventilation shaft suffices
to produce the required effect.

[0027] This air flow technique allows to decrease the
contacts between ligament ends whose rupture induces
the drop formation process, to limit drop impacting and
to have a better evacuation of the drops in the atomising
surface vicinity. Other advantages comprise :
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* significant increase of the atomised liquid flow rate
while keeping a very good atomisation quality with-
out increased energy consumption,

e production of liquid sprays finer than those pro-
duced by the classical second-category ultrasonic
atomisers : for example, at a working frequency of
55 kHz, the measured diameter of the biggest drop-
lets in the sprays is equal to 150 um for a non-air-
assisted ultrasonic atomiser and equal to 98 um for
an air-assisted ultrasonic atomiser at an injection
air pressure of about 200 mbar, and

* possibility to control the spray angle acting to the
air flow direction.

[0028] Figure 1 presents the downstream part of an
air assisted ultrasonic atomiser. The ultrasonic atomiser
itself is made of a pair of piezoelectric elements (1), a
mechanical amplifier (2) and a support (3) that sand-
wiches the piezoelectric elements against the amplifier.
The free end of the mechanical amplifier constitutes the
atomising surface (4). It comprises a series of holes of
small dimension (9) through which a high fraction of the
air flows. The liquid feeding is realised thanks to the use
of a channel of small diameter (7) made in the mechan-
ical amplifier (2) (Fig. 1 to 5) or in contact with the atom-
ising surface (4) and supplying liquid to said surface
(Fig. 6 to 10). A fixing-strap (6) fixes the ultrasonic at-
omiser in a case (5) that confines the airflow. The atom-
iser fixing-strap is symmetrically perforated (8) in order
to make air passages (10). The confining case can ad-
vantageously be shaped as a twyer. Its internal geom-
etry is designed such that the airflow is directed towards
the holes at the atomising surface. It is important that
no contact exists between the twyer (confining case (5))
and the mechanical amplifier (2). Thus, the downward
part of the twyer and the atomising surface delimit an
annular gap of a very small thickness ('d" in Fig.1). This
allows minimising the gas flow-rate that issues from this
gap. The positioning of the atomiser in the confining
case is realised in order to ensure a symmetric gas flow
around the ultrasonic atomiser.

[0029] Several embodiments can be envisaged. As
discussed above, in Fig.1 the twyer only leaves a very
narrow gap with the confining case. Some channels to
pass the air can be foreseen. The atomising surface (4)
is shown in Fig.3, together with the holes (9) of small
dimension and the outlet of the liquid feeding channel
(7). Figure 2 the airimmediately passes to the atomising
surface. In Fig. 4 the confining case is shaped different-
ly, giving rise to an atomising surface with less holes, as
can be seen in Fig.5.

[0030] Figures 6, 7 and 9 represent embodiments
wherein the liquid feeding channel is positioned other-
wise. For these cases no hole in the middle of the atom-
ising surface is needed for supplying the liquid.

[0031] Some results with a 55 kHz ultrasonic atomiser
are discussed now.

The maximum water flow rate (q,) of a 55 kHz atomiser
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not air assisted is equal to 1.1 I/h. With an air flow in-
duced by an injection pressure of 200-mbar (AP; air =
200 mbar), the maximum liquid flow rate (q,) increases
up to 4.2 I/h. Figures 11 and 12 show volume-based
drop-size distribution obtained for two different liquid-
flow rates, 0.401/h and 0.65 I/h, respectively. In both cas-
es the air injection pressure is equal to 200 mbar. It can
be seen that the resulting spray is much finer when the
atomisation is air assisted.

Claims

1.  Method for atomising a liquid, comprising the steps
of

e providing an ultrasonic atomiser comprising a
mechanical amplifier (2) having a free end that
constitutes an atomising surface (4), and a lig-
uid feeding channel (7) supplying liquid to said
atomising surface (4),

e fixing said ultrasonic atomiser in a case (5) by
means of a fixing strap (6) provided with gas
passages (10), said case (5) not being in con-
tact with said mechanical amplifier (2),

* inducing a gas flow around said ultrasonic at-
omiser directed towards a series of holes in
said atomising surface (4), and

e atomising liquid on said atomising surface (4).

2. Method for atomising a liquid as in claim 1, charac-
terised in that said gas flow is induced by an injec-
tion pressure below 1 bar.

3. Method for atomising a liquid as in claim 1, charac-
terised in that said gas flow is an airflow.

4. Method for atomising a liquid as in claim 1, charac-
terised in that said ultrasonic atomiser operates at
a frequency below 400 kHz.

5. A device for atomising a liquid, comprising an ultra-
sonic atomiser operating at a frequency below 400
kHz, said atomiser comprising a mechanical ampli-
fier (2) having a free end that constitutes an atom-
ising surface (4), and a liquid feeding channel (7)
supplying liquid to said atomising surface (4), said
device further comprising a fixing strap (6) confining
said ultrasonic atomiser in a case (5), said case not
being in contact with said mechanical amplifier (2),
characterised in that said fixing strap (6) compris-
es gas passages (10) and said atomising surface
(4) comprises a series of holes through which gas
flows.

6. Thedevice for atomising a liquid as in claim 5, char-
acterised in that said gas flow is an airflow.
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7.

10.

The device for atomising a liquid as in claim 5, char-
acterised in that said case (5) is shaped as atwyer.

The device for atomising a liquid as in claim 5, char-
acterised in that said liquid feeding channel (7) is
positioned inside said ultrasonic atomiser.

The device for atomising a liquid as in claim 5, char-
acterised in that said liquid feeding channel (7) is
external to said ultrasonic atomiser.

A humidification device, comprising a device for at-
omising a liquid as in any of claims 5 to 9.
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