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(57) ABSTRACT

A spraying apparatus includes a spraying apparatus main
body, a liquid introduction portion, a gas-liquid spout por-
tion, a gas introduction portion, a liquid inlet, a first gas inlet
passage, a second gas inlet passage, and a spout. The first gas
inlet passage is provided at at least one place of the annular
gas introduction portion so as to communicate with the gas
flow passage and the gas-liquid mixer, and allows a gas flow
flowing through the gas flow passage to enter the gas-liquid
mixer. The second gas inlet passage has a gas inlet having a
predetermined area ratio, is provided on a downstream side
of the first gas inlet passage of the gas introduction portion,
and communicates with the gas flow passage and the gas-
liquid mixer.
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FIG. 5
OPENING HEIGHT [mm] SEC%R[\]ES\S//:JS'I&E); . PARTICL[ELE]I]AMH ER NO!S}%{;/]ALUE
0 (RELATED ART) 0 (RELATED ART) 8.5 76
0.05 0.25 8.8 74
0.1 0.5 8.5 73
0.2 1.0 8.7 72
0.3 1.5 8.8 72
0.4 2.0 9.1 71
0.5 2.5 9.4 70
0.6 3.0 10.2 69
FIG. 6
OPENING HEIGHT {mm] SEC'?)T\]E[?(?AA;IS\} E)EFT . PARTICL[EH:‘If\METER NOIS[IZI;/}ALUE
0 (RELATED ART) 0 8.5 76
2.25 0.125 8.5 76
4.50 0.250 8.8 75
6.75 0.375 8.9 75
9.0 0.500 8.8 75
11.3 0.625 9.1 73
13.5 0.750 8.1 73
15.8 0.875 9.8 72
18.0 1.000 8.6 72
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FIG. 7A
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SPRAYING APPARATUS
BACKGROUND

1. Technical Field

[0001] The present disclosure relates to a spraying appa-
ratus of a two-fluid nozzle type which atomizes a liquid
using a gas.

2. Description of the Related Art

[0002] A nozzle for atomizing a liquid is widely used in a
space/material cooling apparatus, a humidifying apparatus, a
chemical solution dispensing apparatus, a combustion appa-
ratus, a dust control apparatus, or the like. The atomizing
nozzle can be broadly divided into a single-fluid nozzle for
atomizing a liquid by spouting the liquid from a micro
aperture and a two-fluid nozzle for atomizing a liquid by
using a gas such as an air, nitrogen, or steam. In general, the
two-fluid nozzle is superior to the single-fluid nozzle in
atomization performance because the two-fluid nozzle atom-
izes a liquid using energy of a gas.

[0003] As an example of the two-fluid nozzle for atomiz-
ing the liquid, for example, there is a two-fluid nozzle
described in Japanese Patent Unexamined Publication No.
2017-170422. As illustrated in FIG. 8, the two-fluid nozzle
described in Japanese Patent Unexamined Publication No.
2017-170422 includes spraying apparatus main body 310a,
inner 1id 313, and outer lid 314. Gas-liquid mixer 315 is
formed of inner lid 313, annular portion 324, and outer lid
314. Spraying apparatus 310 further includes spraying appa-
ratus lid fixer 317.

[0004] In spraying apparatus 310, a liquid flow is intro-
duced from an inner end surface 313a side of inner lid 313.
A gas flow is introduced from a surface opposite thereto to
collide with the liquid flow. A gas-liquid mixed fluid flow
advances to spout portion 316 while circulating around an
inner surface of annular portion 324, and thereby atomiza-
tion of the liquid in gas-liquid mixer 315 is promoted.
Therefore, it is possible to provide a spraying apparatus
capable of spraying a liquid having a small particle diameter,
which is quickly vaporized and has little wetting or the like.

SUMMARY

[0005] A spraying apparatus includes a spraying apparatus
main body, a liquid introduction portion, a gas-liquid spout
portion, a gas introduction portion, a liquid inlet, a first gas
inlet passage, a second gas inlet passage, and a spout.
[0006] The spraying apparatus main body has a liquid flow
passage and a gas flow passage.

[0007] The liquid introduction portion is on a central axis
of the spraying apparatus main body, is disposed at a tip of
a cylindrical portion forming the liquid flow passage on an
inside thereof, and covers an opening of the cylindrical
portion.

[0008] The gas-liquid spout portion is disposed at a tip of
the spraying apparatus main body, covers the liquid intro-
duction portion, and covers an opening of the gas flow
passage.

[0009] The gas introduction portion has an annular shape,
is positioned between the liquid introduction portion and the
gas-liquid spout portion, and is in contact with the liquid
introduction portion and the gas-liquid spout portion.
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[0010] The liquid inlet is provided at at least one place in
a position distant from the central axis of an end surface of
the liquid introduction portion on a downstream side, com-
municates with a gas-liquid mixer surrounded by the liquid
introduction portion, the gas introduction portion, and the
gas-liquid spout portion, and allows a liquid flow flowing
through the liquid flow passage to enter the gas-liquid mixer.
[0011] The first gas inlet passage is provided at at least one
place of the annular gas introduction portion so as to
communicate with the gas flow passage and the gas-liquid
mixer, and allows a gas flow flowing through the gas flow
passage to enter the gas-liquid mixer.

[0012] The second gas inlet passage has a gas inlet having
apredetermined area ratio, is provided on a downstream side
of the first gas inlet passage of the gas introduction portion,
and communicates with the gas flow passage and the gas-
liquid mixer.

[0013] The spout is provided in the gas-liquid spout por-
tion, communicates with the gas-liquid mixer, and spouts an
atomized liquid in the gas-liquid mixer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a sectional view of a spraying apparatus
in an embodiment;

[0015] FIG. 2 is an enlarged sectional view of a gas-liquid
mixer in the spraying apparatus illustrated in FIG. 1;
[0016] FIG. 3A is an enlarged perspective view of a gas
introduction portion in

[0017] FIG. 2;

[0018] FIG. 3B is a view of the gas introduction portion as
viewed from arrow 3B illustrated in FIG. 3A;

[0019] FIG. 3C is a view of the gas introduction portion as
viewed from arrow 3C illustrated in FIG. 3A;

[0020] FIG. 3D is a view of the gas introduction portion as
viewed from arrow 3D illustrated in FIG. 3A;

[0021] FIG. 4A is an enlarged sectional view of a gas-
liquid mixer in a spraying apparatus in a comparative
example;

[0022] FIG. 4B is a sectional view which is taken along
line 4B-4B of the spraying apparatus illustrated in FIG. 4A;
[0023] FIG. 5 is a diagram illustrating a correlation table
between an area ratio of a second gas inlet passage, a particle
diameter, and a noise value in a case where an opening
height is changed;

[0024] FIG. 6 is a diagram illustrating a correlation table
between an area ratio of the second gas inlet passage, a
particle diameter, and a noise value in a case where a sum
of an opening length is changed;

[0025] FIG. 7Ais a view of the gas introduction portion as
viewed from arrow 3C illustrated in FIG. 3A and illustrates
a state where gas inlets are uniformly formed on an inner
peripheral surface of a circular through-hole of the gas
introduction portion;

[0026] FIG. 7B is a view of the gas introduction portion as
viewed from arrow 3C illustrated in FIG. 3A and illustrates
a state where the gas inlets are respectively formed in a
symmetrical positional relationship with respect to a central
axis;

[0027] FIG. 7C is a view of the gas introduction portion as
viewed from arrow 3C illustrated in FIG. 3A and illustrates
a state where the gas inlet is formed at one place on an inner
periphery of the gas introduction portion; and

[0028] FIG. 8 is a sectional view illustrating a schematic
configuration of a spraying apparatus of the related art.
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DETAILED DESCRIPTIONS

[0029] In the configuration of the two-fluid nozzle of the
related art described in Japanese Patent Unexamined Pub-
lication No. 2017-170422, noise of 75 dB or more (when
measuring the noise with A characteristic) may occur due to
collision between air and water required for producing a
liquid atomized to a particle diameter of 10 um or less, or a
flow generated at the time of spraying. If the particle
diameter of the liquid is 10 pm or less and if the noise at the
time of spraying can be reduced, the spraying apparatus can
be used in a quiet environment such as indoors or as a
countermeasure against heat. In a case where the two-fluid
nozzle of the related art is used in the application described
above, a countermeasure to reduce noise, such as shielding
noise or keeping a nozzle spray position away from a user
is required. Therefore, in the related art, a location or use of
the nozzle is limited.

[0030] Hereinafter, exemplary embodiments of the disclo-
sure will be described with reference to the drawings.
[0031] The exemplary embodiments relate to spraying
apparatus 10 that atomizes and sprays a liquid by using a
gas. An example of the gas includes air, nitrogen, oxygen,
inert gas, or the like, which can be appropriately selected
according to a purpose of use. An example of the liquid
includes, water, ozone water, a chemical solution having a
sterilizing and sterilizing function, a paint, a fuel oil, or the
like, which can be appropriately selected according to the
purpose of use.

[0032] In describing the embodiment of the disclosure, a
configuration of spraying apparatus 10 will be described
first.

[0033] FIG. 1 is a sectional view of spraying apparatus 10
in the embodiment of the disclosure. Spraying apparatus 10
includes at least spraying apparatus main body 20, liquid
introduction portion 30, gas introduction portion 40, and
gas-liquid spout portion 50. Liquid introduction portion 30,
gas introduction portion 40, and gas-liquid spout portion 50
constitute gas-liquid mixer 60. Spraying apparatus 10 may
further include gas-liquid spout fixer 70.

[0034] Liquid flow passage 21 which is disposed along a
direction of central axis 11 at a center portion of a columnar
member is formed in spraying apparatus main body 20.
Furthermore, cylindrical gas flow passages 22 which are
disposed along the direction of central axis 11 are formed
with a gap around liquid flow passage 21. Liquid flow
passage 21 and gas flow passages 22 are sectioned by
cylindrical portion 23 positioned at the center portion as a
part of spraying apparatus main body 20. Only a tip side of
liquid flow passage 21 is illustrated and a liquid supply port
(not illustrated) of a rear end is connected to, for example,
a pump or the like connected to a liquid tank via a water
supply pipe. Also, only a tip side of gas flow passage 22 is
illustrated and a gas supply port (not illustrated) of a rear end
is connected to, for example, an air source or the like
configured of an air compressor via a gas supply pipe.
[0035] Liquid introduction portion 30 is disposed at a tip
of spraying apparatus main body 20 and covers a tip opening
of liquid flow passage 21. Liquid inlet 32 penetrating in the
direction of central axis 11 is formed at at least one place
distant from central axis 11 of liquid introduction portion 30
in a radial direction.

[0036] Liquid inlet 32 is formed of a hole (through-hole)
penetrating an end surface of liquid introduction portion 30
along central axis 11. Liquid flow 61 flowing through liquid
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flow passage 21 passes through the through-hole (liquid inlet
32) and enters gas-liquid mixer 60. Liquid inlet 32 commu-
nicates with circular through-hole 40c¢ of annular gas intro-
duction portion 40, for example, on an upstream side of
gas-liquid mixer 60. Liquid inlet 32 is a through-hole
positioned in the vicinity of inner peripheral surface 40a of
circular through-hole 40c. At least one through-hole is
disposed in liquid introduction portion 30. For example, as
illustrated in FIGS. 3B and 4B, two through-holes are
disposed in liquid introduction portion 30 with an interval of
180 degrees. Liquid flow passage 21 and gas-liquid mixer 60
communicate with each other through the through-holes,
and a liquid flowing through liquid flow passage 21 enters
gas-liquid mixer 60. Columnar projection portion 31 pro-
truding along central axis 11 toward gas-liquid mixer 60 is
provided on an end surface of liquid introduction portion 30
on a downstream side. Projection portion 31 is disposed
closer to the central axis than liquid inlet 32, but it is
particularly necessary.

[0037] Gas-liquid spout portion 50 is a member having a
cross section of substantially Q shape and is disposed at the
tip of spraying apparatus main body 20. Gas-liquid spout
portion 50 covers liquid introduction portion 30 and gas
introduction portion 40, and covers gas flow passage 22 to
form a cylindrical gap. Therefore, gas introduction portion
40 is sandwiched and fixed between gas-liquid spout portion
50 and liquid introduction portion 30 along the central axis.
Although gas introduction portion 40 and liquid introduction
portion 30 are described as separate members, the disclosure
is not limited thereto and gas introduction portion 40 and
liquid introduction portion 30 may be integrally formed as
one member.

[0038] Tubular flow passage 53 that causes the gas-liquid
mixed fluid to exit and spout 52 that communicates with
tubular flow passage 53 to spout the gas-liquid mixed fluid
are formed at tip portion 51 of gas-liquid spout portion 50.
Tapered truncated conical straightening passage 54 commu-
nicating with tubular flow passage 53 is formed on an inner
surface of tip portion 51.

[0039] Gas-liquid spout fixer 70 holds and fixes gas-liquid
spout portion 50 with the end surface of spraying apparatus
main body 20. Gas-liquid spout portion 50 may be directly
fixed to the end surface of spraying apparatus main body 20
without gas-liquid spout fixer 70.

[0040] FIG. 2 is an enlarged sectional view of gas-liquid
mixer 60 in spraying apparatus 10 in the embodiment. A
diagonally shaded thick arrow illustrated in FIG. 2 includes
a direction of the flow of the liquid in spraying apparatus 10.
Thick white arrows indicate the direction of the gas in
spraying apparatus 10.

[0041] Gas introduction portion 40 is formed by an annu-
lar member. First gas inlet passage 41 and second gas inlet
passage 42 communicating with gas flow passage 22 and
gas-liquid mixer 60 are formed in gas introduction portion
40. First gas inlet passage 41 and second gas inlet passage
42 are formed by cutting out a part of gas introduction
portion 40. In gas introduction portion 40, circular through-
hole 40c¢ penetrates in the axial direction and circular
through-hole 40¢ forms a part of gas-liquid mixer 60.
[0042] FIG. 3A illuminates an enlarged perspective view
of gas introduction portion 40 in FIG. 2. FIG. 3B illustrates
a view of gas introduction portion 40 which is taken in a
direction of arrow 3B illustrated in FIG. 3A as viewed from
an upstream side to a downstream side. FIG. 3C illustrates
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a view of gas introduction portion 40 which is taken in a
direction of arrow 3C illustrated in FIG. 3A as viewed from
the downstream side to the upstream side. FIG. 3D illus-
trates a view of gas introduction portion 40 which is taken
in a direction of arrow 3D illustrated in FIG. 3A. Here, the
upstream side is a side on which spraying apparatus main
body 20 is formed and the downstream side is a side on
which spout 52 is formed in FIG. 1.

[0043] First gas inlet passage 41 is formed of a first gap
which is formed to extend along a direction (for example, an
orthogonal direction) intersecting the direction of central
axis 11 between liquid introduction portion 30 and an end
portion of gas introduction portion 40 on an upstream side
and communicates with gas flow passage 22 and gas-liquid
mixer 60. Specifically, first gas inlet passage 41 is formed of
a groove which is formed by cutting out at least one place
(for example, two places in FIG. 3A) in a rectangular
cross-sectional shape having groove width 43 and groove
height 44 at a portion on a rear end side (in other words, the
upstream side) of annular gas introduction portion 40 (see
FIG. 3D). The groove communicates with circular through-
hole 40¢ and is disposed along a tangential direction of inner
peripheral surface 40a of annular gas introduction portion
40. A part of the end surface on the upstream side of a
portion other than first gas inlet passage 41 of annular gas
introduction portion 40 is in contact with the end surface on
the downstream side of liquid introduction portion 30.
[0044] With the configuration described above, first gas
flow 63 entering from first gas inlet passage 41 intersects
liquid flow 61 entering from liquid inlet 32 in gas introduc-
tion portion 40, and flows along an inner periphery of gas
introduction portion 40. In FIG. 3B, two first gas inlet
passages 41 are formed with an interval of 180 degrees with
respect to the center of gas introduction portion 40, and each
first gas inlet passage 41 is disposed at a position intersecting
with liquid inlet 32.

[0045] Second gas inlet passage 42 is formed of second
gap 42a and third gap 425.

[0046] Second gap 42a is formed to extend along the
direction of central axis 11 between gas-liquid spout portion
50 and an outer surface (for example, an outer peripheral
surface) of gas introduction portion 40, and communicates
with gas flow passage 22. A diameter of gas introduction
portion 40 is formed smaller than a diameter of recessed
portion 50q having a cross section of substantially € shape
of gas-liquid spout portion 50, and a part of second gas flow
64 from gas flow passage 22 to gas-liquid mixer 60 is
formed in second gap 42a between the inner peripheral
surface of recessed portion 50a and the outer peripheral
surface of gas introduction portion 40.

[0047] Third gap 425 is formed to extend along a direction
(for example, the orthogonal direction) intersecting the
direction of central axis 11 between gas-liquid spout portion
50 and the end portion of gas introduction portion 40 on the
downstream side, and communicates with second gap 42a
and gas-liquid mixer 60.

[0048] Specifically, second gas inlet passage 42 is formed
by cutting out a portion of gas introduction portion 40 on a
tip side (in other words, the downstream side) along a radial
direction with central axis 11 as a center having predeter-
mined opening height 46 along central axis 11 and opening
length 47 along the direction orthogonal to central axis 11 to
communicate with circular through-hole 40c¢ (see FIG. 3D).
In other words, second gas inlet passage 42 is partitioned in
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a circumferential direction by partition wall 405 standing
along the direction of the central axis so as to extend along
the radial direction of gas introduction portion 40. An end
surface of partition wall 406 on the downstream side is in
contact with the inner surface of recessed portion 50a of
gas-liquid spout portion 50. That is, in second gas inlet
passage 42, on the downstream side of first gas inlet passage
41, second gas flow 64 passes through second gap 42a
between the inner peripheral surface of recessed portion 50a
and the outer peripheral surface of gas introduction portion
40 in a direction parallel to central axis 11. Thereafter, a flow
direction of second gas flow 64 is changed to a center side
in third gap 425b. Second gas flow 64 enters central axis 11,
that is, an inside of circular through-hole 40¢ through gas
inlet 45 in third gap 425 (see FIG. 3A). As described above,
each portion is disposed so that second gas flow 64 flows.
Here, gas inlet 45 indicates a surface on inner peripheral
surface 40a of gas introduction portion 40 where second gas
flow 64 enters gas-liquid mixer 60, and, in the embodiment,
forms a curved surface along inner peripheral surface 40a of
gas introduction portion 40.

[0049] As described above, gas-liquid mixer 60 commu-
nicates with liquid inlet 32, first gas inlet passage 41, second
gas inlet passage 42, and tubular flow passage 53. Spout 52
communicates with gas-liquid mixer 60 via tubular flow
passage 53.

[0050] Liquid inlet 32 penetrates liquid introduction por-
tion 30 along the direction of central axis 11 on the upstream
side of gas-liquid mixer 60.

[0051] First gas inlet passage 41 has a shape having a
rectangular cross-sectional shape by cutting out gas intro-
duction portion 40 along a direction intersecting central axis
11 on the upstream side of gas-liquid mixer 60.

[0052] Second gas inlet passage 42 is disposed on the
downstream side of first gas inlet passage 41 on the down-
stream side of gas-liquid mixer 60, and has a shape obtained
by cutting out inner peripheral surface 40a of gas introduc-
tion portion 40 with a predetermined opening height 46
along the direction intersecting central axis 11.

[0053] Tubular flow passage 53 penetrates gas-liquid
spout portion 50 along the direction of central axis 11 on the
downstream side of gas-liquid mixer 60.

[0054] In such a configuration, as illustrated in FIG. 2, the
liquid supplied on spraying apparatus 10 becomes liquid
flow 61 flowing through liquid flow passage 21 from a liquid
supply port (not illustrated) to the tip side of the apparatus
with respect to spraying apparatus main body 20. Liquid
flow 61 is supplied on gas-liquid mixer 60 through liquid
inlet 32 in liquid introduction portion 30. The gas supplied
on spraying apparatus 10 becomes gas flow 62 flowing
through gas flow passage 22 from a gas supply port (not
illustrated) to the tip side of the apparatus with respect to
spraying apparatus main body 20. Gas flow 62 branches into
first gas flow 63 and second gas flow 64 in the vicinity of gas
introduction portion 40 in gas flow passage 22, and branched
flows are respectively supplied on gas-liquid mixer 60. First
gas flow 63 is supplied on the upstream side of gas-liquid
mixer 60 and second gas flow 64 is supplied on the down-
stream side of gas-liquid mixer 60.

[0055] When first gas flow 63 along the direction inter-
secting the direction of central axis 11 and liquid flow 61
along the direction of central axis 11 are supplied on
gas-liquid mixer 60, the flows are mixed with each other in
gas-liquid mixer 60 and the liquid is atomized. A turbulence
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inside gas-liquid mixer 60 generated by the collision of first
gas flow 63 and liquid flow 61 is straightened by second gas
flow 64 in the vicinity of tip portion 51. Here, second gas
flow 64 is directed in the direction intersecting the direction
of central axis 11 and to the center. Occurrence of noise is
suppressed by reducing the turbulence generated when the
liquid is spouted from spout 52 to the outside of spraying
apparatus 10. Therefore, spraying apparatus 10 can effi-
ciency atomize the liquid to a particle diameter of 10 pm or
less by the gas, suppress the turbulence generated on the
inside thereof, and reduce noise during spraying.

[0056] In spraying apparatus 10 of the embodiment, gas
introduction portion 40 forming gas-liquid mixer 60 has a
cylindrical shape having inner diameter R1 of 6.0 mm and
height H1 of 1.9 mm (see FIG. 1). Spout 52 of gas-liquid
spout portion 50 has a diameter of 1.0 mm, tubular flow
passage 53 has a diameter of 1.0 mm and a length of 1.0 mm,
and truncated conical straightening passage 54 has a diam-
eter of 3.0 mm on a wide side, a diameter 1.0 mm on a
narrow side, and a length of 2.0 mm. A diameter of liquid
inlet 32 is 0.6 mm. First gas inlet passage 41 has a rectan-
gular the cross-sectional shape having groove width 43 of
2.0 mm and groove height 44 of 1.0 mm (see FIG. 3D), and
is formed at two places at positions symmetrical with respect
to central axis 11 (see FIG. 2). Second gas inlet passage 42
is formed at eight places (see FIG. 3C) and gas inlet 45 at
all eight places has opening height 46 of 0.3 mm and
opening length 47 of 2.0 mm (see FIG. 3D).

[0057] Spraying apparatus 10 was supplied with a com-
pressed air, which is an example of the gas, pressurized by
0.2 MPa (gauge pressure) and water, which is an example of
the liquid, pressurized by 0.23 MPa (gauge pressure). A
Sauter average particle diameter of the water atomized under
the above conditions was evaluated by a laser diffraction
technique and a noise value by a sound level meter. A
measurement according to the laser diffraction technique
was carried out at a position of 300 mm away from the tip
of spraying apparatus 10 and a measurement of the noise
value was carried out at a position of 1000 mm away from
the tip of spraying apparatus 10. The result was that the
Sauter average diameter was 8.6 um and the noise value was
69 dB (A characteristic).

[0058] FIG. 4A is an enlarged sectional view of gas-liquid
mixer 60 in spraying apparatus 101 in a comparative
example, and FIG. 4B is a sectional view which is taken
along line 4B-4B in FIG. 4A. Spraying apparatus 101 of the
comparative example is formed of gas introduction portion
40A where second gas inlet passage 42 is removed from the
structure of the embodiment. Therefore, there is no mecha-
nism for straightening a turbulence generated by collision of
first gas flow 63 and liquid flow 61 in gas-liquid mixer 60,
and the noise value during spraying increases.

[0059] When spraying apparatus 101 of the comparative
example was measured under the above conditions, a par-
ticle diameter was 8.5 um and the noise value was 76 dB (A
characteristic).

[0060] That is, when comparing a case where second gas
inlet passage 42 is provided as illustrated in FIG. 2 and a
case where second gas inlet passage 42 is not provided as
illustrated in FIG. 4A, the former is more likely to reduce the
noise during spraying by substantially 7 dB (A characteris-
tic).

[0061] Next, in gas introduction portion 40 illustrated in
FIGS. 3A, 3B, 3C, and 3D, a correlation between a ratio of
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a sum of areas of gas inlets 45 of second gas inlet passages
42 to a sum of flow passage cross-sectional areas of first gas
inlet passages 41, the particle diameter, and the noise value
was examined.

[0062] Here, the flow passage cross-section of first gas
inlet passage 41 indicates a projection surface when the first
gas inlet passage is projected in the flowing direction of the
first gas flow and, in a case of the embodiment, has a
rectangular shape. Gas inlet 45 is a surface where second gas
flow 64 enters gas-liquid mixer 60, and the surface becomes
a curved surface along inner peripheral surface 40a of gas
introduction portion 40. Here, the area ratio is referred to as
an area ratio of second gas inlet passage 42. In the exami-
nation, the area and the area ratio of gas inlet 45 of second
gas inlet passage 42 are changed by changing opening height
46 of second gas inlet passage 42 without changing the
shape of first gas inlet passage 41.

[0063] Specifically, first gas inlet passage 41 has a rect-
angular the cross-sectional shape having groove width 43 of
2.0 mm and groove height 44 of 1.0 mm (see FIG. 3D), and
the flow passage is provided at two places at the positions
symmetrical with central axis 11 (see FIGS. 3A and 3B).
That is, the sum of the flow passage cross-sectional areas of
first gas inlet passages 41 is 4.0 mm?>. The area of second gas
inlet passage 42 was changed by changing opening height 46
of'second gas inlet passage 42 connected to inner peripheral
surface 40a of gas introduction portion 40 in a range of 0.05
mm or more and 0.6 mm or less. In gas introduction portion
40, gas inlet 45 having opening length 47 of 2.0 mm is
provided at eight places (see FIG. 3C). In this case, the sum
of the areas of gas inlets 45 of second gas inlet passages 42
varies in a range of substantially 1.0 mm® or more and 12.0
mm? or less, and the area ratio of second gas inlet passage
42 varies in a range of 0.25 or more and 3.0 mm or less.
[0064] A correlation between the area ratios, the particle
diameters, and the noise values of spraying apparatus 10 of
a case where opening height 46 is changed and second gas
inlet passage 42 of spraying apparatus 101 of the compara-
tive example is illustrated in FIG. 5.

[0065] When comparing when the area ratio is 0 with the
comparative example, if the area ratio is 0.25 or more, there
is a noise reduction effect of substantially 2 dB (A charac-
teristic) and as the area ratio increases, the noise value
decreases.

[0066] On the other hand, as the area ratio increases, the
particle diameter increases, and if the area ratio is 3.0, the
particle diameter becomes the maximum of 10.2 um.
[0067] As described above, it is preferable that a total area
of gas inlet 45 of second gas inlet passage 42 is 0.25 or more
with respect to the flow passage cross-sectional area of first
gas inlet passage 41 from a viewpoint of the noise value.
From a viewpoint of the particle diameter, atomized mist
having an area of 2.5 or less to the flow passage cross-
sectional area of first gas inlet passage 41 and a particle
diameter of 10 um or less is preferable.

[0068] Therefore, when considering the conditions of both
the noise value and the particle diameter, it is preferable that
the area ratio, that is, a ratio of a sum of the areas of gas
inlets 45 of second gas inlet passages 42 to a sum of the flow
passage cross-sectional areas of first gas inlet passages 41 is
0.25 or more and 2.5 or less.

[0069] The correlation between the ratio of a sum of areas
of gas inlets 45 of second gas inlet passages 42 to a sum of
flow passage cross-sectional areas of first gas inlet passages
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41 of gas introduction portion 40 illustrated in FIGS. 3A,
3B, 3C, and 3D, the particle diameter, and the noise value
were examined by changing opening length 47.

[0070] Specifically, second gas inlet passage 42 was
formed at one to eight places, opening height 46 was 0.3
mm, and opening length 47 of each gas inlet 45 was 2.25
mm. That is, a sum of opening lengths 47 is changed in a
range of 2.25 mm or more and 18.0 mm or less, and in this
case, a sum of areas of gas inlets 45 of second gas inlet
passages 42 is changed in a range of substantially 0.05 mm?
or more and 0.4 mm? or less, and an area ratio of second gas
inlet passage 42 is changed in a range of 0.125 or more and
1.0 or less.

[0071] Measurement was performed on spraying appara-
tus 10 having the configuration described above under the
same conditions as those described above. A correlation
between the area ratios, the particle diameters, and the noise
values of second gas inlet passages 42 of spraying apparatus
10 in a case where opening length 47 is changed and
spraying apparatus 101 of the comparative example is
illustrated in FIG. 6. When comparing with the comparative
example (without second gas inlet passage 42) as a reference
value, it was confirmed that there was a noise reduction
effect by 1 dB (A characteristic) or more under a condition
that the area ratio is 0.25 or more, and there was a noise
reduction effect by 3 dB (A characteristic) or more under a
condition that the area ratio is 0.625 or more. The noise
value becomes the minimum of 72 dB (A character) under
a condition of 1.0, and the noise reduction effect of 4 dB (A
characteristic) could be confirmed.

[0072] As described above, the area ratio of gas inlet 45 is
preferably 0.25 or more and is more preferably 0.625 or
more.

[0073] As a result of the examination described above, if
the sum of the areas of gas inlets 45 are equal, the same noise
reduction effect is obtained even in a case where opening
heights 46, opening lengths 47, and the number of forming
places of gas inlets 45 are different. For example, instead of
forming gas inlet 45 at eight places as illustrated in FIG. 7A,
even if gas inlet 45 having opening height 46 being doubled
are formed at four places as illustrated in FIG. 7B, the sum
of the areas of gas inlets 45 in FIG. 3D is the same. As
illustrated in FIG. 7C, even in a case where gas inlet 45
having opening height 46 being doubled and opening length
47 being quadrupled is formed at one place, the sum of the
areas of gas inlets 45 in FIG. 3D is the same. Therefore, in
the spraying apparatus illustrated in FIGS. 7B and 7C, the
same noise reduction effect as that of the spraying apparatus
illustrated in FIG. 7A is obtained. However, when atomized
liquid is spouted from spout 52, it is preferable to spout the
liquid more uniformly. Therefore, the spraying apparatus
illustrated in FIGS. 7A and 7B is preferable to the spraying
apparatus illustrated in FIG. 7C. In the spraying apparatus
illustrated in FIG. 7B, each gas inlet 45 is formed in a
symmetrical positional relationship with respect to central
axis 11. In the spraying apparatus illustrated in FIG. 7A, gas
inlets 45 are uniformly formed on the inner periphery of gas
introduction portion 40. As described above, it is preferable
that all second gas flows 64 enter toward central axis 11.
[0074] Note that arbitrary embodiments or modified
examples of the various embodiments or the modification
examples are combined, so that it is possible to achieve the
respective effects thereof. In addition, combinations of the
embodiments, combinations of the examples, or combina-
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tions of the embodiments and the examples are possible, and
combinations of features in different embodiments or
examples are also possible.

[0075] As described above, according to the spraying
apparatus of the disclosure, it is possible to provide the
spraying apparatus spraying the liquid with a small particle
size and reducing noise generated during spraying. There-
fore, the spray apparatus of the disclosure can be used for
more various applications.

[0076] The spraying apparatus of the disclosure is a spray-
ing apparatus capable of atomizing a liquid with fine and low
noise. The spraying apparatus can be widely used for
cooling or humidifying a space or a substance, spraying
chemical solution, burning, dust control, or the like.

What is claimed is:

1. A spraying apparatus comprising:

a spraying apparatus main body that has a liquid flow
passage and a gas flow passage;

a liquid introduction portion that is on a central axis of the
spraying apparatus main body, is disposed at a tip of a
cylindrical portion forming the liquid flow passage on
an inside thereof, and covers an opening of the cylin-
drical portion;

a gas-liquid spout portion that is disposed at a tip of the
spraying apparatus main body, covers the liquid intro-
duction portion, and covers an opening of the gas flow
passage;

an annular gas introduction portion that is positioned
between the liquid introduction portion and the gas-
liquid spout portion, and is in contact with the liquid
introduction portion and the gas-liquid spout portion;

a liquid inlet that is provided at at least one place in a
position distant from the central axis of an end surface
of the liquid introduction portion on a downstream side,
communicates with a gas-liquid mixer surrounded by
the liquid introduction portion, the gas introduction
portion, and the gas-liquid spout portion, and allows a
liquid flow flowing through the liquid flow passage to
enter the gas-liquid mixer;

a first gas inlet passage that is provided at least one place
of the annular gas introduction portion so as to com-
municate with the gas flow passage and the gas-liquid
mixer, and allows a gas flow flowing through the gas
flow passage to enter the gas-liquid mixer;

a second gas inlet passage that is provided on a down-
stream side of the first gas inlet passage of the gas
introduction portion, communicates with the gas flow
passage and the gas-liquid mixer, and has a gas inlet
having a predetermined area ratio; and

a spout that is provided in the gas-liquid spout portion,
communicates with the gas-liquid mixer, and spouts an
atomized liquid in the gas-liquid mixer.

2. The spraying apparatus of claim 1,

wherein the liquid inlet is formed of a through-hole on an
end surface of the liquid introduction portion along the
central axis, and allows the liquid flow flowing through
the liquid flow passage to pass through the through-
hole to enter the gas-liquid mixer,

wherein the first gas inlet passage is formed of a first gap
that is formed to extend along a direction intersecting
a direction of the central axis between the liquid
introduction portion and an end portion of the gas
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introduction portion on an upstream side, and commu-
nicates with the gas flow passage and the gas-liquid
mixer,

wherein the second gas inlet passage is formed of a
second gap and a third gap,

wherein the second gap is formed to extend along a
direction of the central axis between the gas-liquid
spout portion and an outer surface of the gas introduc-
tion portion and communicates with the gas flow pas-
sage, and

wherein the third gap is formed to extend along a direction
intersecting the direction of the central axis between the
gas-liquid spout portion and an end portion of the gas
introduction portion on a downstream side, and com-
municates with the second gap and the gas-liquid
mixer.

3. The spraying apparatus of claim 1,

wherein the predetermined area ratio is a ratio of a sum of
areas of the gas inlets of the second gas inlet passages
to a sum of flow passage cross-sectional areas of the
first gas inlet passages, and is 0.25 or more and 2.5 or
less.

4. The spraying apparatus of claim 2,

wherein the predetermined area ratio is a ratio of a sum of
areas of the gas inlets of the second gas inlet passages
to a sum of flow passage cross-sectional areas of the
first gas inlet passages, and is 0.25 or more and 2.5 or
less.
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