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Description
BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

[0001] The present invention relates to an air nozzle
for injecting air at high pressure.

DESCRIPTION OF THE RELATED ART

[0002] For example, an air nozzle for blowing air onto
aworkpiece inaproduction line to remove foreign matters
such as dust, chips, and moisture attached to the work-
piece has been known. When such an air nozzle is used
at high pressure, noise is generated.

[0003] Various techniques have been proposed to re-
duce noise generated by an air nozzle. For example, JP
S58-024182 B2 discloses a fluid nozzle in which a noise-
reducing element made of mesh wire fabric is disposed
in a centrally located bore of the nozzle, and a passage
connecting the centrally located bore of the nozzle to an
outer surface thereof is provided. In this fluid nozzle, a
back pressure is created on an upstream side of the
noise-reducing element, creating a laminar air flow that
flows along the outer surface of the nozzle. Drawing in
ambient air, this laminar air flow merges with an air
stream flowing through the centrally located bore of the
nozzle.

[0004] According to the fluid nozzle, because the air
stream passing through the centrally located hole of the
nozzle passes through the noise-reducing element, the
noise is reduced to some extent. Further, because the
ambient air induced by the laminar air flow smoothly
merges with the air stream passing through the centrally
located bore of the nozzle, noise is reduced to some ex-
tent.

SUMMARY OF THE INVENTION

[0005] Itis known that when high-pressure air is intro-
duced into a tapered nozzle, the air becomes choked in
the nozzle and the air is ejected from the tapered nozzle
without fully expanding to the atmospheric pressure. This
underexpanded jet has a shock cell structure in which
shock waves and expansion waves appear alternately.
The noise generated when high-pressure air is ejected
from the tapered nozzle is closely related to the under-
expanded jet. However, air nozzle technology focusing
on the underexpanded jet has not yet been sufficiently
developed. The technique disclosed in JP S58-024182
B2 did not take the underexpanded jet into consideration.
[0006] The present invention has been made under
such circumstances. It is an object of the present inven-
tion to provide an air nozzle capable of reducing, as much
as possible, noise caused by an underexpanded jet while
ensuring a necessary impingement pressure.

[0007] Disclosed is an air nozzle in which a shaft core
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portion is connected to a tubular portion via a connecting
portion, wherein the shaft core portion is inserted into a
small-diameter hole provided at the distal end of the tu-
bular portion, the shaft core portion protrudes from the
distal end of the tubular portion, and an annular air ejec-
tion port is configured by a gap existing between the wall
surface of the small-diameter hole and the outer surface
of the shaft core portion.

[0008] According to the air nozzle of the presentinven-
tion, an annular air ejection port is formed by the gap
existing between the wall surface of the small-diameter
hole of the tubular portion and the outer surface of the
shaft core portion, and the shaft core portion protrudes
from the distal end of the tubular portion, whereby noise
can bereduced while anecessary impingement pressure
is acquired.

[0009] The above and other objects, features, and ad-
vantages of the present invention will become more ap-
parent from the following description when taken in con-
junction with the accompanying drawings, in which a pre-
ferred embodiment of the present invention is shown by
way of illustrative example.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010]

FIG. 1 is a cross-sectional view of an air nozzle ac-
cording to afirstembodiment of the presentinvention
cut along a plane including an axis of the air nozzle.
FIG. 2 is a view of the air nozzle of FIG. 1 as viewed
in a direction along the axis of the air nozzle.

FIG. 3 is a view showing a state in which the air
nozzle of FIG. 1 has been attached to a pipe.

FIG. 4A is an external view of a known single-hole
nozzle, and FIG. 4B is an external view of a known
silencing nozzle.

FIG. 5 is a graph comparing the air nozzle of the
present invention with a known single hole nozzle
and a known silencing nozzle in terms of noise level.
FIG. 6 is a graph comparing the air nozzle of the
present invention with a known single hole nozzle
and a known silencing nozzle in terms of impinge-
ment pressure.

FIG. 7 is a graph showing the relationship between
an axial length of an axial core portion of the air noz-
zle and the noise level.

FIG. 8 is a graph showing the relationship between
the axial length of the shaft core portion of the air
nozzle and the impingement pressure.

FIG. 9 is a cross-sectional view of an air nozzle ac-
cording to a second embodiment of the present in-
vention cut along a plane including an axis of the air
nozzle.

FIG. 10 is a cross-sectional view of an air nozzle
according to a third embodiment of the present in-
vention cut along a plane including an axis of the air
nozzle.
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FIG. 11 is a view showing a state in which the air
nozzle of FIG. 10 is attached to a manifold by a one-
touch fitting.

FIG. 12 is a cross-sectional view of an air nozzle
according to a fourth embodiment of the present in-
vention cut along a plane including an axis of the air
nozzle.

FIG. 13 is a view of the air nozzle shown in FIG. 12
as viewed from the direction along the axis of the air
nozzle.

FIG. 14 is an external view of an air nozzle according
to a fifth embodiment of the present invention.

FIG. 15 is a cross-sectional view of the air nozzle
shown in FIG. 14 cut along a plane including the axis
of the air nozzle.

FIG. 16 is a view of the air nozzle shown in FIG. 14
as viewed from the direction along the axis of the air
nozzle.

FIG. 17 is a diagram showing an example in which
the air nozzle of FIG. 1 is applied to a blow gun.

DETAILED DESCRIPTION OF THE INVENTION
(First Embodiment)

[0011] Anairnozzle 10 according to a firstembodiment
of the present invention will be described with reference
to FIGS. 1 to 3. In the following description, when terms
related to the directions of up, down, left, and right are
used, they refer to directions in the drawings only for the
sake of convenience and do not limit an actual arrange-
ment in any way.

[0012] As shown in FIG. 1, the air nozzle 10 is consti-
tuted by a tubular portion 12, a shaft core portion 20, and
a connecting portion 22. The shaft core portion 20 has a
uniform outer diameter and is connected to the tubular
portion 12 via the connecting portion 22 that is disk-
shaped. The tubular portion 12, the shaft core portion 20,
and the connecting portion 22 are all made of metal. The
connecting portion 22 is formed integrally with the shaft
core portion 20. The tubular portion 12 that is cylindrical
has an air inflow port 14 at its left end and a small-diam-
eter hole 16 at its right end (distal end). The tubular por-
tion 12 has a male screw portion 18 on its outer periphery.
[0013] The shaft core portion 20 is inserted into the
small-diameter hole 16 of the tubular portion 12. An an-
nular air ejection port 26 is constituted by a gap existing
between the wall surface of the small-diameter hole 16
of the tubular portion 12 and the outer surface of the shaft
core portion 20. The left end of the shaft core portion 20
is connected to the center of the connecting portion 22.
The shaft core portion 20 protrudes outward from the
right end (distal end) of the tubular portion 12 by a pre-
determined length. The distal end of the shaft core portion
20 has a flat surface. The connecting portion 22 is fixed
to the tubular portion 12 by being press-fitted into the
tubular portion 12.

[0014] AsshowninFIGS. 1 and 2, the connecting por-
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tion 22 has a plurality of through holes 24 serving as air
flow paths. The plurality of through holes 24 are arranged
at equal angles around an axis X of the air nozzle 10. In
this embodiment, a total of four through holes 24 are ar-
ranged but the number of through holes 24 is arbitrary.
As shown in FIG. 3, with a nut 27, the air nozzle 10 is
connected and fixed to a pipe 28 for guiding high-pres-
sure air.

[0015] The air flowing into the air inflow port 14 of the
air nozzle 10 through the pipe 28 passes through the
plurality of through holes 24 of the connecting portion 22
and is then ejected into the atmosphere from the annular
air ejection port 26. Air flowing in from the air inflow port
14 at a pressure equal to or higher than a predetermined
pressure is not fully expanded up to the atmospheric
pressure and is ejected from the air ejection port 26. That
is, air flowing in from the air inflow port 14 at a pressure
equal to or higher than the predetermined pressure be-
comes an underexpanded jet flow and is ejected from
the air ejection port 26. This underexpanded jet is guided
to the outer surface of the shaft core portion 20 and flows
around the shaft core portion 20. Thus, it is considered
that the vibration of the air is effectively attenuated and
noise is reduced.

[0016] The area of the air flow path (the total cross-
sectional area of the plurality of through holes 24) at the
connecting portion 22 is at least three times as large as
the area of the air ejection port 26. As a result, the flow
velocity of the air ejected from the air ejection port 26 can
be sufficiently increased. The length of a protruding por-
tion of the shaft core portion 20 protruding outward from
the right end of the tubular portion 12 (hereinafter, "axial
length of the shaft core portion 20") is preferably 3 mm
or more and 15 mm or less. The reason for this will be
described later.

[0017] Next, the noise level and the impingement pres-
sure of the air nozzle 10 based on experimental results
will be described in comparison with a known single-hole
nozzle 30 and a known silencing nozzle 32. As shown in
FIG. 4A, the single-hole nozzle 30 to be compared is a
tapered nozzle having a single ejection port 30a. As
shown in FIG. 4B, the silencing nozzle 32 to be compared
is a nozzle having four ejection ports 32a, and the four
ejection ports 32a are arranged at equal angles around
the axis of the nozzle.

[0018] The outer diameter of the shaft core portion 20
of the air nozzle 10 used is 3 mm. The inner diameter of
the small diameter hole 16 of the tubular portion 12 of
the air nozzle 10 used is about 3.6 mm. Therefore, the
area of the air ejection port 26 of the air nozzle 10 is about
4 mm2. The inner diameter of the ejection port 30a of the
single-hole nozzle 30 used is 2 mm. The inner diameter
of each ejection port 32a of the silencing nozzle 32 used
is 1 mm. That is, the area of the ejection port 30a of the
single-hole nozzle 30 and the area of the four ejection
ports 32a of the silencing nozzle 32 were set to be equal
to the area of the air ejection port 26 of the air nozzle 10.
Regarding the axial length of the shaft core portion 20 of
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the air nozzle 10, seven types of 1 mm, 3 mm, 5 mm, 7.5
mm, 10 mm, 15 mm, and 20 mm were prepared.
[0019] FIG. 5 shows noise levels measured for the air
nozzle 10, the single-hole nozzle 30, and the silencing
nozzle 32. The horizontal axis represents a gauge pres-
sure of the air measured at the air inlet port of the nozzle
(units: MPa). The vertical axis represents the noise level
(unit: dB) measured at a predetermined position in the
45° direction with respect to the axis of the nozzle ac-
cording to the noise measurement method specified in
JISB8379. Hereinafter, the gauge pressure of the air
measured at the air inlet port of the nozzle is called "im-
mediately preceding pressure".

[0020] As shown in FIG. 5, the noise level of the air
nozzle 10 increases as the immediately preceding pres-
sure increases from 0.1 MPa to 0.6 MPa. It can be eval-
uated that the noise level of the air nozzle 10 is approx-
imately 10 dB or more lower than that of the single-hole
nozzle 30 except when the axial length of the shaft core
portion 20 is 1 mm, and the noise level of the air nozzle
10 is approximately the same as that of the silencing
nozzle 32. It is considered that the air nozzle 10 gener-
ates an underexpanded jet when the immediately pre-
ceding pressure is 0.1 MPa or more.

[0021] FIG. 6 shows impingement pressures meas-
ured for the air nozzle 10, the single-hole nozzle 30, and
the silencing nozzle 32. The horizontal axis indicates the
immediately preceding pressure (units: MPa). The verti-
cal axis represents the impingement pressure (unit: kPa)
measured at a position at a predetermined distance from
the ejection port of the nozzle. When the impingement
pressure is measured, a plate (not shown) to which a
pressure sensor has been attached is prepared, and the
plate is disposed vertically below the ejection port of the
nozzle in such a way that the distance from the ejection
port of the nozzle to the pressure sensor is 40 mm.
[0022] As shownin FIG. 6, the impingement pressure
of the air nozzle 10 increases as the immediately pre-
ceding pressure increases from 0.1 MPato 0.6 MPa. The
impingement pressure of the air nozzle 10 is greatest
when the axial length of the shaft core portion 20 is 3
mm. It can be evaluated that the impingement pressure
of the air nozzle 10 is sufficiently larger than that of the
silencing nozzle 32 except when the axial length of the
shaft core portion 20 is 20 mm.

[0023] According to the above results of the experi-
ments, it can be said that the axial length of the shaft
core portion 20 of the air nozzle 10 is preferably not less
than 3 mm and not more than 15 mm in order to reduce
noise as much as possible and to acquire a necessary
impingement pressure. FIG. 7 is a graph showing clearly
the relationship between the axial length of the shaft core
portion 20 and the noise level by replacing the immedi-
ately preceding pressure with the axial length of the shaft
core portion 20 in the results of the experiments on the
air nozzle 10. FIG. 8 is a graph showing clearly the rela-
tionship between the axial length of the shaft core portion
20 and the impingement pressure by replacing the im-
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mediately preceding pressure with the axial length of the
shaft core portion 20 in the results of the experiments on
the air nozzle 10.

[0024] In the above experiments, the outer diameter
of the shaft core portion 20 was set to 3 mm and the inner
diameter of the small-diameter hole 16 of the tubular por-
tion 12 was set to about 3.6 mm. However, the outer
diameter of the shaft core portion 20 and the inner diam-
eter of the small-diameter hole 16 of the tubular portion
12 can be set to various values. As the outer diameter
of the shaft core portion 20 and the inner diameter of the
small-diameter hole 16 of the tubular portion 12 increase,
itis thought that a preferable numerical range of the axial
length of the shaft core portion 20 also increases.
[0025] The air nozzle 10 can be applied to a blow gun
or various types of valve. FIG. 17 shows an example in
which the air nozzle 10 is applied to a blow gun 34. When
the operator grasps a handle 36 of the blow gun 34 and
pulls a lever 38, air can be ejected from the air nozzle 10
toward the workpiece.

[0026] According to the air nozzle 10 of the present
embodiment, the annular air ejection port 26 is constitut-
ed by the gap existing between the wall surface of the
small-diameter hole 16 of the tubular portion 12 and the
outer surface of the shaft core portion 20, and the shaft
core portion 20 protrudes from the distal end of the tubular
portion 12. Since the underexpanded jet ejected from the
annular air ejection port 26 flows around the shaft core
portion 20, it is possible to reduce noise while impinge-
ment pressure required for the air nozzle 10 is acquired.

(Second Embodiment)

[0027] Next, an air nozzle 40 according to a second
embodiment of the present invention will be described
with reference to FIG. 9. With respect to the air nozzle
40 according to the second embodiment, components
identical or equivalentto those of the air nozzle 10 already
described are denoted by the same reference numerals.
[0028] The tubular portion 12 of the air nozzle 40 is
constituted by a first tubular portion 12a made of resin
and a second tubular portion 12b made of metal. The
first tubular portion 12a is fixed to the second tubular
portion 12b by press fitting. The shaft core portion 20 and
the connecting portion 22 are integrally formed with the
first tubular portion 12a by resin molding using, for ex-
ample, a 3D printer.

[0029] The shaft core portion 20 is connected to the
first tubular portion 12a via the connecting portion 22 that
is disk-shaped. The second tubular portion 12b has the
airinflow port 14 atits leftend, and the first tubular portion
12a has the small-diameter hole 16 at its right end. The
second tubular portion 12b has the male screw portion
18 on its outer periphery. The shaft core portion 20 is
inserted into the small-diameter hole 16 of the first tubular
portion 12a. The annular air ejection port 26 is constituted
by a gap existing between the wall surface of the small-
diameter hole 16 of the first tubular portion 12a and the
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outer surface of the shaft core portion 20. The shaft core
portion 20 projects outward from the right end (distal end)
of the first tubular portion 12a.

[0030] The connecting portion 22 has a plurality of
through holes 24 serving as air flow paths. As in the case
of the first embodiment, the area of the air flow path (the
total cross-sectional area of the plurality of through holes
24) at the connecting portion 22 is at least three times
as large as the area of the air ejection port 26. A prefer-
able numerical range for the axial length of the shaft core
portion 20 is the same as that in the first embodiment.
[0031] In the air nozzle 40 according to the present
embodiment, the annular air ejection port 26 is constitut-
ed by the gap existing between the wall surface of the
small-diameter hole 16 of the first tubular portion 12a and
the outer surface of the shaft core portion 20, and the
shaft core portion 20 protrudes from the distal end of the
firsttubular portion 12a. Therefore, itis possible to reduce
noise while a necessary impingement pressure is ac-
quired. Further, since the shaft core portion 20 and the
connecting portion 22 are integrally formed with the first
tubular portion 12a by resin molding, the air flow path
structure can be accurately reproduced in comparison
with the case where the connecting portion 22 is a sep-
arate member from the tubular portion 12.

(Third Embodiment)

[0032] Next, an air nozzle 50 according to a third em-
bodiment of the present invention will be described with
reference to FIGS. 10 and 11. With respect to the air
nozzle 50 according to the third embodiment, compo-
nents identical or equivalent to those of the air nozzle 10
already described are denoted by the same reference
numerals.

[0033] The air nozzle 50 is constituted by the tubular
portion 12, the shaft core portion 20, and the connecting
portion 22. The tubular portion 12, the shaft core portion
20, and the connecting portion 22 are integrally formed
by resin molding using, for example, a 3D printer. An
annular air ejection port 26 is constituted by a gap existing
between the wall surface of the small-diameter hole 16
of the tubular portion 12 and the outer surface of the shaft
core portion 20. The shaft core portion 20 projects out-
ward from the right end (distal end) of the tubular portion
12.

[0034] The connecting portion 22 has a plurality of
through holes 24 serving as air flow paths. As in the case
of the first embodiment, the area of the air flow path (the
total cross-sectional area of the plurality of through holes
24) at the connecting portion 22 is at least three times
as large as the area of the air ejection port 26. A prefer-
able numerical range for the axial length of the shaft core
portion 20 is the same as that in the first embodiment.
As shown in FIG. 11, the air nozzle 50 is attached to a
manifold 54 via, for example, a one-touch fitting 52.
[0035] In the air nozzle 50 according to the present
embodiment, the annular air ejection port 26 is formed
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by the gap existing between the wall surface of the small-
diameter hole 16 of the tubular portion 12 and the outer
surface of the shaft core portion 20, and the shaft core
portion 20 protrudes from the distal end of the tubular
portion 12. Therefore, it is possible to reduce noise while
a necessary impingement pressure is acquired. Further,
since the tubular portion 12, the shaft core portion 20,
and the connecting portion 22 are integrally formed by
resin molding, the air flow path structure can be accu-
rately reproduced in comparison with the case where the
connecting portion 22 is a separate member from the
tubular portion 12.

(Fourth Embodiment)

[0036] Next, an air nozzle 60 according to a fourth em-
bodiment of the present invention will be described with
reference to FIGS. 12 and 13. With respect to the air
nozzle 60 according to the fourth embodiment, compo-
nents identical or equivalent to those of the air nozzle 10
already described are denoted by the same reference
numerals.

[0037] The air nozzle 60 is constituted by the tubular
portion 12, the shaft core portion 20, and the connecting
portion 22. The tubular portion 12, the shaft core portion
20, and the connecting portion 22 are all made of resin
and are integrally molded by a 3D printer or injection
molding. The connecting portion 22 is constituted by a
plurality of blade portions 62 extending radially from the
outer periphery of the shaft core portion 20 to the inner
periphery of the tubular portion 12. In this embodiment,
a total of three blade portions 62 are arranged at equal
angular intervals around the axis X of the air nozzle 60.
However, the number of the blade portions 62 is arbitrary.
[0038] The shaft core portion 20 has a uniform outer
diameter and is connected to the tubular portion 12 via
a plurality of blade portions 62. An annular air ejection
port 26 is constituted by a gap existing between the wall
surface of the small-diameter hole 16 of the tubular por-
tion 12 and the outer surface of the shaft core portion 20.
The shaft core portion 20 projects outward from the right
end (distal end) of the tubular portion 12.

[0039] The air flow path 64 at the connecting portion
22 is defined by the inner surface of the tubular portion
12, the side surfaces of the blade portions 62, and the
outer surface of the shaft core portion 20 (see FIG. 13).
As in the case of the first embodiment, the area of the air
flow path at the connecting portion 22 is three times or
more larger than the area of the air ejection port 26. A
preferable numerical range for the axial length of the shaft
core portion 20 is the same as that in the first embodi-
ment.

[0040] According to the air nozzle 60 of the present
embodiment, the annular air ejection port 26 is formed
by the gap existing between the wall surface of the small-
diameter hole 16 of the tubular portion 12 and the outer
surface of the shaft core portion 20, and the shaft core
portion 20 protrudes from the distal end of the tubular
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portion 12. Therefore, it is possible to reduce noise while
a necessary impingement pressure is acquired. Further,
since the connecting portion 22 is constituted by the blade
portions 62 extending radially from the outer periphery
of the shaft core portion 20 to the inner periphery of the
tubular portion 12, a flow path having a large area can
be easily acquired at the connecting portion 22.

(Fifth Embodiment)

[0041] Next, an air nozzle 70 according to a fifth em-
bodiment of the present invention will be described with
reference to FIGS. 14 to 16. With respect to the air nozzle
70 according to the fifth embodiment, components iden-
tical or equivalent to those of the air nozzle 10 already
described are denoted by the same reference numerals.
[0042] The air nozzle 70 is constituted by the tubular
portion 12, the shaft core portion 20, the connecting por-
tion 22, and a protective portion 74. The tubular portion
12, the shaft core portion 20, the connecting portion 22,
and the protective portion 74 are all made of resin and
are integrally molded by injection molding. The connect-
ing portion 22 is constituted by a plurality of blade portions
72 extending radially from the outer periphery of the shaft
core portion 20 to the inner periphery of the tubular por-
tion 12. The width of the blade portion 72 (the length
along the axis X of the air nozzle 70) is not constant but
becomes smaller in the vicinity of the shaft core portion
20.

[0043] The shaft core portion 20 is connected to the
tubular portion 12 via a plurality of blade portions 72. An
annular air ejection port 26 is constituted by a gap existing
between the wall surface of the small-diameter hole 16
of the tubular portion 12 and the outer surface of the shaft
core portion 20. The shaft core portion 20 projects out-
ward from the right end (distal end) of the tubular portion
12. In this embodiment, the two blade portions 72 extend
in opposite directions from the shaft core portion 20 (see
FIG. 16). However, the number of the blade portions 72
is arbitrary.

[0044] The protective portion 74 is constituted by a
flange portion 76 and a plurality of projecting pieces 78.
The annular flange portion 76 extends outward from the
outer periphery of the tubular portion 12. The projecting
pieces 78 project rightward from the end surface of the
flange portion 76. The projecting pieces 78 are disposed
around the shaft core portion 20 projecting from the tu-
bular portion 12 and separated from the shaft core portion
20 by a predetermined distance. The projecting pieces
78 extend slightly to the right from the distal end of the
shaft core portion 20 (see FIG. 15). The plurality of pro-
jecting pieces 78 are arranged at equal angular intervals
around the axis X of the air nozzle 70.

[0045] The gapsbetween the adjacent projecting piec-
es 78 are of such a size that a human finger cannot enter
the gaps. Since the plurality of projecting pieces 78 are
arranged around the shaft core portion 20, the shaft core
portion 20 is prevented from coming into contact with one
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or more external entities, and there is no concern that
the shaft core portion 20 is damaged. Further, when the
operator uses the apparatus to which the air nozzle 70
is applied, there is no possibility that the operator comes
into contact with the shaft core portion 20, and the safety
of the operator improves. In this embodiment, a total of
four projecting pieces 78 are arranged, but the number
of projecting pieces 78 may be three or more.

[0046] An air flow path 80 at the connecting portion 22
is defined by the inner surface of the tubular portion 12,
the side surfaces of the blade portions 72, and the outer
surface of the shaft core portion 20 (see FIG. 16). As in
the case of the first embodiment, the area of the air flow
path at the connecting portion 22 is three times or more
larger than the area of the air ejection port 26. A prefer-
able numerical range for the axial length of the shaft core
portion 20 is the same as that in the first embodiment.
[0047] According to the air nozzle 70 of the present
embodiment, the annular air ejection port 26 is formed
by the gap existing between the wall surface of the small-
diameter hole 16 of the tubular portion 12 and the outer
surface of the shaft core portion 20, and the shaft core
portion 20 protrudes from the distal end of the tubular
portion 12. Therefore, it is possible to reduce noise while
a necessary impingement pressure is acquired. Further,
since the connecting portion 22 is constituted by the blade
portions 72 extending radially from the outer periphery
of the shaft core portion 20 to the inner periphery of the
tubular portion 12, a flow path having a large area can
be easily acquired at the connecting portion 22. Further,
since the plurality of projecting pieces 78 are disposed
around the shaft core portion 20, the protection of the
shaft core portion 20 and the safety of the operator can
be achieved.

Claims

1. An air nozzle (10, 40, 50, 60, 70) in which a shaft
core portion (20) is connected to a tubular portion
(12) via a connecting portion (22), wherein
the shaft core portion is inserted into a small-diam-
eter hole (16) provided at a distal end of the tubular
portion, the shaft core portion protrudes from the dis-
tal end of the tubular portion, and an annular air ejec-
tion port (26) is formed by a gap existing between a
wall surface of the small-diameter hole and an outer
surface of the shaft core portion.

2. The air nozzle according to claim 1, wherein
the connecting portion is disk-shaped and includes
a plurality of through holes (24) serving as air flow
paths.

3. The air nozzle according to claim 1, wherein
the connecting portion includes a blade portion (62,
72) extending radially from an outer periphery of the
shaft core portion to an inner periphery of the tubular
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portion, and an air flow path at the connecting portion
is defined by an inner surface of the tubular portion,
a side surface of the blade portion, and the outer
surface of the shaft core portion.

The air nozzle according to claim 1, wherein

a length of a protruding portion of the shaft core por-
tion that protrudes from the distal end of the tubular
portion is 3 mm to 15 mm.

The air nozzle according to claim 1, wherein

the connecting portion made of metal is integrally
formed with the shaft core portion made of metal and
is connected and fixed to the tubular portion made
of metal.

The air nozzle according to claim 1, wherein

the tubular portion includes a first tubular portion
(12a) made of resin and a second tubular portion
(12b) made of metal, and the shaft core portion and
the connecting portion are integrally formed with the
first tubular portion by resin molding.

The air nozzle according to claim 1, wherein

the tubular portion, the shaft core portion, and the
connecting portion are integrally formed by resin
molding.

The air nozzle according to claim 1, wherein

a protective portion (74) that prevents the shaft core
portion from coming into contact with an external en-
tity.

The air nozzle according to claim 8, wherein

the protective portion includes a flange portion (76)
and a plurality of projecting pieces (78), the flange
portion expands outward from an outer periphery of
the tubular portion, the projecting pieces project from
the flange portion, and the projecting pieces are ar-
ranged around the shaft core portion projecting from
the tubular portion at a predetermined distance from
the shaft core portion.

The air nozzle according to claim 1, wherein

an area of an air flow path at the connecting portion
is at least three times as large as an area of the air
ejection port.
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