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Description

TECHNICAL FIELD

[0001] The present invention relates to a washing ma-
chine, more particularly to a washing machine equipped
with an air bubble generator having contraction/enlarge-
ment exhaust nozzles for providing fine air bubbles of a
very small diameter.

BACKGROUND ART

[0002] In general, washing machines are classified in-
to two categories. The first one of the two categories
includes a whirl-type washing machine in which washing
articles are washed by a vortex flow of washing water
formed in a washer tub when a pulsator is rotated. The
second one includes a drum-type washing machine.
The drum-type washing machine has a rotary drum a
portion of which lies in the washing water. In such a ro-
tary drum, the washing articles are put in the rotary
drum. When the rotary drum is rotated, the washing ar-
ticles in the rotary drum strike each other, so that the
washing articles are washed. (see e.g. EP 0 735 178)
[0003] In order to enhance washing efficiency of the
drum-type washing machine, an air bubble generator for
the drum-type washing machine is proposed. FIG. 1 is
a schematic view of a conventional drum-type washing
machine with an air bubble generator, FIG. 2 is an en-
larged perspective view of the rotary drum of FIG. 1, and
FIG. 3 is an enlarged perspective view of the air bubble
generator of FIG. 1.
[0004] Hereinafter, the conventional drum-type wash-
ing machine with an air bubble generator will be de-
scribed with reference to accompanying drawings.
[0005] In the vortex-flow type washing machine as
shown in FIG. 1, the washer tub 20 is mounted to be
rotated in the reservoir 10. An air bubble generator 30
is mounted on the bottom of the reservoir 10. Air is sup-
plied through an inlet 35 by an air pump(not shown). A
pulsator 23 for generating the vortex flow is mounted to
be rotated on the washer tub 20. An air bubble passage-
way 25 is formed in the bottom of the washer tub 20. An
outlet 15 is formed in the bottom of the reservoir, that is,
under the air bubble generator 30.
[0006] The drum type washing machine as shown in
FIG. 2 has a housing 40 and a reservoir 50 mounted in
the housing 40 for accommodating washing water. A ro-
tary drum(hereinafter, called "a drum") 60 has a plurality
of through-holes 64 for washing water to flow in and out
of the drum 60. The drum 60 includes traverse slits 68
for washing water to flow in the drum 60, and the
traverse slits 68 are formed in the surface of the drum
60 in parallel with the shaft(not shown) of the drum 60.
A part of the drum 60 lies in the washing water. An air
bubble generator 70 is mounted on the bottom of the
reservoir 50. The air bubble generator 70 is supplied
with compressed air through a conduit 75.

[0007] FIG. 3 shows an air bubble generator capable
of being applied to the washing machines of FIGS. 1
and 2.
[0008] The air bubble generator includes an inlet 84
adapted to be connected with an air pump (not shown)
and a case 80 in which water flow-out portions 88 are
formed in a slantedly opposite manner and opposite to
the inlet 84. A porous member 85 is mounted in the case
80 between the inlet 84 and the water flow-out portions
88. Air flowing in through the air pump moves into the
washing water through the porous member 85. The air
flowing out of the porous member 85 is converted into
fine air bubbles. An air bubble-generating plate(herein-
after, called "a plate") 90 having a plurality of outlets 94
is closely contacted with the water flow-out portions 88.
An elastic plate 98 is further provided, one end of which
is fixed on an upper end of the plate 90 so that air bub-
bles from the plate 90 are prevented from moving further
up. As the air bubble generator is operated, the other
end of the elastic plate 98, which is movable, is opened
by air bubbles flowing out of the outlets 94. Each of the
outlets 94 is in a cylindrical shape with a uniform diam-
eter from the bottom to the top thereof.
[0009] Operations of the conventional air bubble gen-
erator as mention above will be described hereinafter.
[0010] As the air bubble generator is operated, com-
pressed air flowing in through the inlet 84 is converted
into fine air bubbles by the porous member 85, as shown
in FIGS. 1 and 2. The fine air bubbles are dispersed into
washing water through the outlets 94. The dispersed air
bubbles serve to wash washing articles such as clothing
by moving into the reservoir 20 or 50.
[0011] However, in the air bubble generator, some air
bubbles may block the outlets 94 or may break since air
bubbles may have a larger diameter than the outlets
have. Accordingly, less air bubbles may be produced
from the plate, so that less air bubbles flow into the res-
ervoir and washing efficiency is deteriorated. Further, air
bubbles move nearer to the washing water surface by
buoyancy of the washing water. At this time, the water
pressure with respect to the air bubbles becomes less,
so that the size of an air bubble becomes larger enough
to distort the shape of the air bubble. Accordingly, the
washing efficiency can be obtained by fully generating
fine air bubbles.

DISCLOSURE OF INVENTION

[0012] In order to solve the drawbacks to the conven-
tional air bubble generator, it is the first object of the
present invention to provide a washing machine
equipped with an air bubble generator in which outlets
are formed to fully generate air bubbles in a fine diam-
eter.
[0013] It is the second object of the present invention
to provide a washing machine equipped with an air bub-
ble generator enabling more air bubbles to flow in the
reservoir.
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[0014] It is the third object of the present invention to
provide a washing machine equipped with an air bubble
generator capable of enhancing washing efficiency.
[0015] In order to achieve the above objects, the fol-
lowing considerations should be taken.
[0016] Firstly, each of the outlets has a small diameter
for providing air bubbles of a fine diameter into washing
water in the reservoir. However, although a small diam-
eter of an outlet is theoretically preferable, a much small-
er diameter with respect to the height of the air bubble
generator prevents air from flowing out of the outlet
since a water membrane is formed in the outlet.
[0017] Secondly, more air bubbles must flow into the
washing water in the reservoir in order to enhance wash-
ing efficiency. To do so, air bubbles of a small diameter
are preferable at an early stage when air bubbles flow
in the reservoir. As air flows out of a porous member in
the washing water, a flowing-out rate of the air influenc-
es on a size of an air bubble. That is, when the flowing-
out rate is high, the diameter of an air bubble may be-
come larger before an air bubble rises up, since air is
continuously supplied or since air bubbles are incorpo-
rated together. However, when the flowing-out rate is
low, air bubbles are intermittently generated, so that a
diameter of each of the air bubbles may become smaller.
Such flowing-out rate can be controlled by varying a ra-
tio between flowing-out and flowing-in areas.
[0018] A washing machine equipped with an air bub-
ble generator comprises an air bubble-generating plate
in which outlets of a contraction/enlargement exhaust
nozzle type are formed.
[0019] The outlets are constituted with outer outlets
and inner outlets. The outer outlets are formed along
edge portions of the air bubble-generating plate, and the
inner outlets are formed in the inner portions of the air
bubble-generating plate. A diameter of each of the outer
outlets is smaller than a diameter of each of the inner
outlets. Each of the outlets has a cylindrical shape and
includes a flow-in portion for receiving the compressed
air, a contraction portion communicating with the flow-
in portion and for contracting the received air, and an
enlargement portion communicating with the contrac-
tion portion and for enlarging the contracted air. The
flow-in portion, the contraction portion, and the flow-out
portion are aligned in a coaxial line. A diameter of the
flow-out portion is smaller than a diameter of the flow-
in portion, but larger than a diameter of the contraction
portion. A height of the contraction portion is larger than
a height of the flow-out portion, but smaller than a height
of the flow-in portion.
[0020] The following effects may be obtained by a
washing machine equipped with an air bubble generator
according to the embodiment of the present invention.
[0021] Firstly, dynamic resistance and flow-out pres-
sure with respect to air bubbles become low since out-
lets are formed in a contraction/enlargement exhaust
nozzle type.
[0022] Secondly, a water membrane in an outlet is

prevented so that air bubbles flow out of the outlet well
since the height of the contraction portion of a small di-
ameter is very small compared to the width of the air
bubble generator.
[0023] Thirdly, fine air bubbles can be generated
since the outlets have a contraction portion of a small
diameter.
[0024] Fourthly, generation of air bubbles from the
outer side of the air bubble-generating plate can be sup-
pressed since the diameters of the outer outlets are
smaller than those of the inner outlets. Accordingly,
more air bubbles can be generated from the inner side
of the air bubble-generating plate.
[0025] Fifthly, more air bubbles flow into the reservoir.
Accordingly, washing efficiency is enhanced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] These and other objects and features of the
present invention can be understood through the follow-
ing embodiment with reference to the accompanying
drawings, in which:

FIG. 1 is a partly cross-sectioned view of an air bub-
ble generator for a conventional washing machine,
especially showing arrangement of a rotary tube, a
drain pipe, and the air bubble generator;
FIG. 2 is an arrangement view of a rotary drum and
an air bubble generator in a conventional washing
machine;
FIG. 3 is an enlarged cross-sectioned view of a con-
ventional air bubble generator;
FIG. 4 is a vertically cross-sectioned view of an air
bubble-generating plate for an air bubble generator
according to an embodiment of the present inven-
tion;
FIG. 5 is a vertically enlarged cross-sectioned view
of outlets of the air bubble-generating plate of FIG.
4; and
FIG. 6 is a vertically cross-sectioned view of an air
bubble-generating plate for an air bubble generator
according to another embodiment of the present in-
vention.

BEST MODE FOR CARRYING OUT OF THE
INVENTION

[0027] A washing machine equipped with an air bub-
ble generator according to an embodiment of the
present invention will be described hereinafter with ref-
erence to FIGS. 4-6.
[0028] An air bubble generator according to an em-
bodiment of the present invention includes an inlet 410
and a case 400. The inlet 410 is connected to an air
pump(not shown), and the case 400 has slanted water
flowing-out portions 450 opposite to the inlet 410. A po-
rous member 430 is mounted in the case 400. The po-
rous member 430 plays a role of a border wall between
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the air and washing water. The air from the air pump is
converted into fine air bubbles by the porous member
430. An air bubble-generating plate 100 has outlets 200
and 300 and is closely contacted with the slanted water
flowing-out portions 450. An elastic plate 150 is further
provided, one end of which is fixed on an upper end of
the plate 100, so that air bubbles from the plate 100 are
restrained from moving further up. As the air bubble gen-
erator is operated, the other end of the elastic plate 150,
which is movable, is opened by air bubbles flowing out
of the outlets 200 and 300.
[0029] In order to obtain the objects of the present in-
vention, the diameters of the outlets 200 and 300 are
formed to be small enough for obtaining fine air bubbles
which flow into the washing water in the reservoir at an
early stage. Even though small diameters of the outlets
200 and 300 are theoretically preferable, much smaller
diameters compared to a length of movements of air
bubbles, that is, a length from the porous member 430
to the air bubble-generating plate 100, prevent air from
flowing out of the outlets 200 and 300, since air mem-
branes are formed in the outlets 200 and 300. Further,
as air bubbles flow out of the outlets 200 and 300, the
air bubble flow-out rate has an influence on the sizes of
air bubbles. Since the air bubble flow-out rate is reverse-
ly proportional to a cross-sectioned area of the outlets
200 and 300, the air bubble flow-out rate may be con-
trolled by varying a ratio of an air bubble flow-in area
and an air bubble flow-out area. Accordingly, the diam-
eter of an outlet 200 or 300 is basically smaller that that
of an air bubble which are intended to be generated, and
small dynamic resistance and flow-out pressure with re-
spect to the air bubble are preferable. In order to reduce
the dynamic resistance and flow-out pressure, each of
the outlets 200 and 300 is preferably formed in a way of
contraction and enlargement in its diameter, that is, in a
type of a contraction/enlargement exhaust nozzle. In a
low-moving fluid stream, as the diameter of an outlet is
excessively enlarged, an air bubble may become large
since the fluid stream is expanded or because of sub-
sequent water stream. Accordingly, a precaution should
be taken when enlarging the outlet 200 or 300. In view
of the above, an outlet of a contraction/enlargement ex-
haust nozzle type is required. However, such type of
nozzle may be hardly obtained, so that an outlet is
formed with different diameters therein substantially as
in a contraction/enlargement exhaust nozzle.
[0030] The air bubble-generating plate 100 includes
inner outlets 200 and outer outlets 300. Each of the inner
outlets 200 has a first flow-in portion I1, a first contrac-
tion portion C1, and a first flow-out portion O1. The first
flow-in portion I1 is formed in a cylindrical shape of a
diameter D11 and a height H11. The first contraction por-
tion C1 is communicated with the first flow-in portion I1.
Therefore, the diameter of the first flow-in portion I1 is
contracted to a diameter of the first contraction portion
C1 at the time of their communication. The first contrac-
tion portion C1 is formed in a cylindrical shape of a di-

ameter D12 and a height H12. The first flow-out portion
O1 is formed in a cylindrical shape of a diameter D13
and a height H13. The first contraction portion C1 is
communicated with the first flow-out portion 01. There-
fore, the diameter of each of the outlets 200 is enlarged
as the first contraction portion C1 is communicated with
the first flow-out portion O1. The height H12 of the first
contraction portion C1 is larger than that of the first flow-
out portion O1, but smaller than that of the first flow-in
portion I1. The diameter D13 of the first flow-out portion
O1 is larger than that of the diameter D12 of the first
contraction portion C1, but smaller than that of the di-
ameter D11 of the first flow-in portion I1.
[0031] Each of the outer outlets 200 has a second
flow-in portion I2, a second contraction portion C2, and
a second flow-out portion 02. The second flow-in portion
I2 is formed in a cylindrical shape of a diameter D21 and
a height H21. The second contraction portion C2 is com-
municated with the second flow-in portion 12. Therefore,
the diameter of the second flow-in portion 12 is contract-
ed to a diameter of the second contraction portion C2 at
the time of their communication. The second contraction
portion C2 is formed in a cylindrical shape of a diameter
D22 and a height H22. The second flow-out portion 02
is formed in a cylindrical shape of a diameter D23 and
a height H23. The second contraction portion C2 is com-
municated with the second flow-out portion 02. There-
fore, the diameter of each of the outlets 300 is enlarged
as the second contraction portion C2 is communicated
with the second flow-out portion 02. The height H22 of
the second contraction portion C2 is larger than that of
the second flow-out portion 02, but smaller than that of
the second flow-in portion 12. The diameter D23 of the
second flow-out portion 02 is larger than that of the di-
ameter D22 of the second contraction portion C2, but
smaller than that of the diameter D21 of the second flow-
in portion 12.
[0032] Comparing the inner outlets 200 and the outer
outlets 300, the height of the first flow-in portion I1 is the
same as that of the second flow-in portion I2. The diam-
eter D11 of the first flow-in portion I1 is larger than the
diameter D21 of the second flow-in portion I2. The
height of the first contraction portion C1 is the same as
that of the second contraction portion C2. The diameter
D12 of the first contraction portion C1 is larger than the
diameter D22 of the second contraction portion C2. The
height of the first flow-out portion 01 is the same as the
height of the second flow-out portion 02. The diameter
D13 of the first flow-out portion 01 is larger than the di-
ameter D23 of the second flow-out portion 02.
[0033] For a concrete embodiment, it is assumed that
desirable diameters of air bubbles range from 1mm to
2mm and the height of the air bubble generator is
1.5mm. At this time, required diameters of the outlets
range from 0.6mm to 0.8mm. According to the above
condition, the first and second flow-in portions I1 and I2
have the same height of 0.7mm. The diameter D11 of
the first flow-in portion I1 is 1.6mm. The diameter D21
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of the second flow-in portion I2 is 1.4mm. The first and
second contraction portions C1 and C2 have the same
height of 0.5mm. The diameter D12 of the first contrac-
tion portion C1 is 0.8mm. The diameter D22 of the sec-
ond contraction portion C2 is 0.6mm. The first and sec-
ond flow-out portions O1 and 02 have the same height
of 0.3mm. The diameter D13 of the first flow-out portion
O1 is 1.2mm. The diameter D23 of the second flow-out
portion 02 is 1mm.
[0034] The following effects may be obtained by a
washing machine equipped with an air bubble generator
according to the embodiment of the present invention.
[0035] Firstly, dynamic resistance and flow-out pres-
sure with respect to air bubbles become low since out-
lets are formed in a contraction/enlargement exhaust
nozzle type.
[0036] Secondly, a water membrane in an outlet is
prevented so that air bubbles flow out of the outlet well
since the height of the contraction portion of a small di-
ameter is very small compared to the width of the air
bubble generator.
[0037] Thirdly, fine air bubbles can be generated
since the outlets have a contraction portion of a small
diameter.
[0038] Fourthly, generation of air bubbles from the
outer side of the air bubble-generating plate can be sup-
pressed since the diameters of the outer outlets is small-
er than those of the inner outlets. Accordingly, more air
bubbles can be generated from the inner side of the air
bubble-generating plate.
[0039] Fifthly, more air bubbles flow into the reservoir.
Accordingly, washing efficiency is enhanced.

Claims

1. A washing machine equipped with an air bubble
generator for generating air bubbles from com-
pressed air and for dispersing the generated air
bubbles into washing water in a washer tub, char-
acterized in that the air bubble generator compris-
es an air bubble-generating plate (100) in which out-
lets (200/300) of a contraction/enlargement ex-
haust nozzle type are formed.

2. The washing machine as claimed in claim 1, where-
in the outlets (200/300) are constituted with outer
outlets (300) and inner outlets (200), the outer out-
lets being formed along edge portions of the air bub-
ble-generating plate (100), the inner outlets being
formed in the inner portions of the air bubble-gen-
erating plate, a diameter of each of the outer outlets
being smaller than a diameter of each of the inner
outlets.

3. The washing machine as claimed in claim 1, where-
in each of the outlets has a cylindrical shape and
includes a flow-in portion (J1, J2) for receiving the

compressed air, a contraction portion (C1, C2) com-
municating with the flow-in portion and for contract-
ing the received air, and an enlargement portion
(O1, O2) communicating with the contraction por-
tion and for enlarging the contracted air, the flow-in
portion, and the contraction portion, and the flow-
out portion being aligned in a coaxial line.

4. The washing machine as claimed in claim 3, where-
in a diameter of the flow-out portion (O1, O2) is
smaller than a diameter of the flow-in portion (J1,
J2), but larger than a diameter of the contraction
portion (C1, C2).

5. The washing machine as claimed in claim 3, where-
in a height (H12, H22) of the contraction portion is
larger than a height (H13, H23) of the flow-out por-
tion, but smaller than a height of the flow-in portion
(H11, H12).

Patentansprüche

1. Eine mit einem Luftblasenerzeuger ausgestattete
Waschmaschine zum Erzeugen von Luftblasen aus
Druckluft und zum Zerstreuen der erzeugten Luft-
blasen in Waschwasser in einem Waschbottich, da-
durch gekennzeichnet, dass der Luftblasener-
zeuger eine Luftblasen erzeugende Platte (100), in
der Auslässe (200/300) einer Art Verengungs /Er-
weiterungs-Schubdüse gebildet sind, beinhaltet.

2. Waschmaschine gemäß Anspruch 1, wobei die
Auslässe (200/300) mit äußeren Auslässen (300)
und inneren Auslässen (200) gebildet sind, wobei
die äußeren Auslässe entlang der Kantenabschnit-
te der Luftblasen erzeugenden Platte (100) gebildet
sind, wobei die inneren Auslässe in den inneren Ab-
schnitten der Luftblasen erzeugenden Platte gebil-
det sind, wobei ein Durchmesser jeder der äußeren
Auslässe kleiner als ein Durchmesser jeder der in-
neren Auslässe ist.

3. Waschmaschine gemäß Anspruch 1, wobei jeder
der Auslässe eine zylindrische Form aufweist und
einen Einfließabschnitt (J1, J2) zum Empfangen
der Druckluft, einen Verengungsabschnitt (C1, C2),
der mit dem Einfließabschnitt in Verbindung steht
und zum Verengen der empfangenen Luft und ei-
nen Erweiterungsabschnitt (O1, O2), der mit dem
Verengungsabschnitt in Verbindung steht und zum
Erweitern der verengten Luft umfasst, wobei der
Einfließabschnitt und der Verengungsabschnitt und
der Abfließabschnitt in einer koaxialen Linie ausge-
richtet sind.

4. Waschmaschine gemäß Anspruch 3, wobei ein
Durchmesser des Abfließabschnitts (O1, O2) klei-
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ner als ein Durchmesser des Einfließabschnitts (J1,
J2), aber größer als ein Durchmesser des Veren-
gungsabschnitts (C1, C2) ist.

5. Waschmaschine gemäß Anspruch 3, wobei eine
Höhe (H12, H22) des Verengungsabschnitts größer
als eine Höhe (H13, H23) des Abfließabschnitts,
aber kleiner als eine Höhe des Einfließabschnitts
(H11, H12) ist.

Revendications

1. Une machine à laver munie d'un générateur de bul-
les d'air destiné à générer des bulles d'air à partir
d'air comprimé et destiné à disperser les bulles d'air
générées dans de l'eau de lavage dans un bac de
lavage, caractérisée en ce que le générateur de
bulles d'air comporte une plaque génératrice de bul-
les d'air (100) dans laquelle sont formées des sor-
ties (2001300) de type en tuyère d'échappement à
contraction/détente.

2. La machine à laver telle que revendiquée dans la
revendication 1, dans laquelle les sorties (200/300)
sont constituées de sorties externes (300) et de sor-
ties internes (200), les sorties externes étant for-
mées le long de portions de bord de la plaque gé-
nératrice de bulles d'air (100), les sorties internes
étant formées dans les portions internes de la pla-
que génératrice de bulles d'air, un diamètre de cha-
cune des sorties externes étant inférieur à un dia-
mètre de chacune des sorties internes.

3. La machine à laver telle que revendiquée dans la
revendication 1, dans laquelle chacune des sorties
a une configuration cylindrique et comprend une
portion d'admission (J1, J2) destinée à recevoir fair
comprimé, une portion de contraction (C1, C2)
communiquant avec la portion d'admission et des-
tinée à contracter l'air reçu, et une portion de déten-
te (O1, O2) communiquant avec la portion de con-
traction et destinée à détendre l'air contracté, la por-
tion d'admission, la portion de contraction et la por-
tion d'évacuation étant alignées dans une ligne
coaxiale.

4. La machine à laver telle que revendiquée dans la
revendication 3, dans laquelle un diamètre de la
portion d'évacuation (O1, O2) est inférieur à un dia-
mètre de la portion d'admission (J1, J2), mais su-
périeur à un diamètre de la portion de contraction
(C1, C2).

5. La machine à laver telle que revendiquée dans la
revendication 3, dans laquelle une hauteur (H12,
H22) de la portion de contraction est supérieure à
une hauteur (H13, H23) de la portion d'évacuation,

mais inférieure à une hauteur de la portion d'admis-
sion (H11, H12).
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