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(54) FAN DEVICE

(57) A fan apparatus 1, which comprises a main
body 3 having a dual tube composed of an outer tube
11 and an inner tube 13 and being rotatably supported
by supporting members 7, and vanes 9 protruding from
the outer surface of the outer tube 11 in the outward ra-
dial direction, the fan apparatus 1 being provided with
inlet holes 29 to draw cooling air into the main body 3
and outlet holes 35 to discharge the cooling air to the
outside, wherein the outer tube 11 has outer slits 21
formed in the outer surface thereof so as to communi-
cate with the inside of the vanes 9, the inner tube 13 has
inner slits 19 in positions such that each inner slit cor-
responds to each outer slit 21 in the outer surface there-
of, and the cooling air that is sent into the inner tube 13
is supplied inside the vanes 9 through the inner slits 19
and the outer slits 21, and after passing through the
space between the outer tube 11 and the inner tube 13,
the air is discharged from the outlet holes 35.

Fig. 2

Printed by Jouve, 75001 PARIS (FR)



1 EP 1 400 700 A1 2

Description

TECHNICAL FIELD

[0001] The presentinvention relates to a fan appara-
tus used for cooling a high-temperature chamber, such
as in a tunnel kiln, a single kiln or the like.

BACKGROUND OF THE INVENTION

[0002] A kiln used in the ceramics industry for obtain-
ing calcined products, including roof tiles, pottery and
the like, comprises an inlet line communicatably opened
to the outside. The inlet line is provided with a fan.ap-
paratus to draw outside air of room temperature into a
kiln furnace to cool the calcined products baked using
a burner or the like.

[0003] In a kiln having such a structure, the tempera-
ture inside the kiln furnace reaches 900°C to 1250°C.
On the other hand, the cooling air drawn into the kiln
furnace is room temperature, resulting in a drawback as
described below. Specifically, since the temperature of
the cooling air is extremely low compared to that inside
the kiln furnace, a slight change in the flow rate of the
inlet air leads to an abrupt change in the temperature
inside the kiln furnace, thus it is difficult to maintain the
temperature inside the kiln furnace within a predeter-
mined range. In some cases, this results in calcined
products that are cooled below the predetermined tem-
perature and causes cracks to appear in the calcined
products. In order to resolve the above drawback, it is
preferable that the temperature of the cooling air be kept
relatively high, i.e., 500°C to 750°C. However, there has
been no known fan apparatus which has satisfactory
heat resistance against such high-temperature air.
[0004] An object of the present invention is to provide
a fan apparatus having excellent heat resistance.

DISCLOSURE OF THE INVENTION

[0005] To achieve the above object, according to the
presentinvention, a fan apparatus comprises a rotatably
supported main body having a dual tube composed of
an outer tube and an inner tube, and vanes protruding
from the outer surface of the outer tube in an outward
radial direction. The fan apparatus is provided with inlet
holes to draw cooling air into the main body and outlet
holes to discharge the drawn cooling air to the outside.
The outer tube is provided with outer openings in the
outer surface formed in a manner so as to communicate
with the inside of the vanes. The inner tube is provided
with inner openings in the outer surface in positions such
that each inner opening corresponds to each outer
opening. The fan apparatus is structured such that after
the cooling air that is sent into the inner tube through
the inlet holes is supplied inside the vanes through the
inner openings and the outer openings, the cooling air
passes through a space between the outer tube and the
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inner tube, and is discharged to the outside through the
outlet holes.

[0006] It is preferable that the fan apparatus further
comprise a guiding member to guide the air supplied in-
side the vanes to flow along the inner surface of the
vanes.

[0007] Itis more preferable that the fan apparatus fur-
ther comprise at least one radiating member disposed
on the surface of the main body somewhere between at
least one end of the main body and one of the vanes, a
cover to cover the heat radiating member or members,
and a cooling unit to supply a cooling medium inside the
cover.

[0008] Itis also preferable that air-cooling fins be pro-
vided on at least one of the inner surfaces of the outer
tube, the inner tube and the vane.

[0009] Itis particularly preferable that a first induction
board spirally extending in the axial direction be ar-
ranged in the inner tube and a second induction board
spirally extending in the axial direction be arranged in
the space between the outer tube and the inner tube,
and, by rotating the first and the second induction
boards in a manner united with the main body, the air
inside the inner tube be guided to the center of the inner
tube along the axial direction and the air in the space
between the outer tube and the inner tube be guided to
the end portions of the outer tube along the axial direc-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

Fig. 1is a perspective view showing a fan apparatus
according to a first embodiment of the present in-
vention.

Fig. 2 is a cross-sectional view of Fig. 1 taken in the
direction of the arrows along the line A-A.

Fig. 3 is a cross-sectional view of Fig. 2 taken in the
direction of the arrows along the line B-B.

Fig. 4 is a cross-sectional view showing another ex-
ample of a fan apparatus according to the first em-
bodiment.

Fig. 5 is a cross-sectional view showing a fan ap-
paratus according to a second embodiment of the
present invention.

Fig. 6 is a cross-sectional view showing another ex-
ample of a main body and a vane of a fan apparatus
according to the present invention.

Fig. 7 is a cross-sectional view showing another ex-
ample of a casing of a fan apparatus according to
the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0011] A first embodimentin which a fan apparatus of
the invention is applied to a single kiln for use in the ce-
ramics industry will be described below in more detail
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with reference to Figs. 1to 3. Fig. 1 is a perspective view
showing the fan apparatus of the present invention. Fig.
2 is a cross-sectional view of Fig. 1 taken in the direction
of the arrows along the line A-A. Fig. 3 is a cross-sec-
tional view of Fig. 2 taken in the direction of the arrows
along the line B-B. In these figures, the airflow is shown
by the arrows with thin lines.

[0012] Inasinglekiln, the fan apparatus of the present
embodiment is disposed in an inlet line which makes the
air inside a kiln furnace communicate with the outside
air. The fan apparatus serves to draw air into the kiln
furnace for quenching the calcined products. In this em-
bodiment, it is preferable that the air drawn into the kiln
furnace to quench the calcined products have a temper-
ature within the range of 500°C to 750°C. This is be-
cause, in the single kiln, the temperature inside the kiln
furnace during the calcining process reaches as high as
900°C to 1250°C, and when air of room temperature,
for example, which is considerably colder than the air
inside the kiln furnace, is drawn into the kiln furnace, the
abrupt change in the temperature may cause cracks to
appear in the calcined products.

[0013] The fan apparatus is made of a material having
high heat resistance, such as stainless steel or the like.
As shown in Fig. 1, the fan apparatus comprises a main
body 3 having supporting members 7 attached to its
ends, a driving axis 8 united with the main body 3 while
penetrating through the main body 3 and having its ends
projected, and four vanes 9 mounted on the outer sur-
face of the main body 3. As described below, a portion
of the main body 3 that includes the vanes 9 is disposed
in a casing 10 (shown by dotted lines in the figure) and
outside air drawn into the casing 10 is sent out of the
casing 10 by the fan apparatus 1.

[0014] The fan apparatus 1 is structured so that the
length of the main body 3 is about 2.5 m and the height
of the vanes 9 is about 0.4 m. The above described sup-
porting members 7 are rotatably fitted to ball bearings 5
provided in an inlet line (not shown) and the fan appa-
ratus 1 is rotated by a motor (not shown) mounted on
the driving axis 8.

[0015] As shown in Fig. 2, the main body 3 is com-
posed of a dual tube comprising an outer tube 11 and
an inner tube 13 both having a tubular shape, with the
ends of the inner tube 13 protruding from the outer tube
11. The vanes 9, which have substantially U-shaped
cross-sections, are attached at 90-degree intervals to
the outer surface of the outer tube 11. The driving axis
8 is slotted in the center of the inner tube 13, and four
plate-shaped separators (guiding members) 17 are at-
tached to the driving axis 8 radially in positions such that
each separator corresponds to one of the vanes 9.
[0016] Four inner slits (inner openings) 19 extending
in the axial direction are provided on the outer surface
of the inner tube 13 every 90 degrees. Similarly, on the
outer surface of the outer tube 11, four outer slits (outer
openings) 21 extending in the axial direction are formed
in positions corresponding to the inner slits 19. By at-
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taching edge portions 19a and 21a of the inner slits 19
and the corresponding outer slits 21 to 9a of the vanes
9, the annular space formed between the outer tube 11
and the inner tube 13 is partitioned into four outer tube
passages 23. The end portions 9b of the other side of
the vanes 9 are attached to edge portions 21b of the
outer slits 21, and therefore the outer slits 21 are com-
pletely covered by the vanes 9.

[0017] The separators 17 extend to inside the vanes
9 through the inner slits 19 and the outer slits 21. To one
side of the separators 17, the periphery portions 19b of
the inner slits 19 are attached. Thus, the inside of the
inner tube 13 is partitioned into four inner tube passages
25. In each vane 9, a vane passage 27 communicating
with the inner tube passage 25 and the outer tube pas-
sage 23 is formed to make the cooling air described later
to flow therein. The cooling air is guided by the separator
17 extending in the vane passage 27 so as to flow along
the inner surface of the vane 9. As described above, in
the present embodiment, the inner tube passage 25, the
vane passage 27 and the outer tube passage 23 are
communicated to each other so that the cooling air pass-
es trough them.

[0018] As shown in Fig. 3, in each of the supporting
members 7 fixed to both ends of the inner tube 13, four
inlet holes 29 are formed in the position corresponding
to one of the inner tube passages 25 and an air com-
pressor (not shown) is connected to the supporting
member 7 having a rotary joint 31 in between. The cool-
ing air pumped by the air compressor is introduced into
each inner tube passage 25 through the inlet holes 29.
[0019] Asshowninthe figure, to both ends of the outer
tube 11, covering members 33 are mounted to cover
both ends of the annular space. In these covering mem-
bers 33, four outlet holes 35 are formed such that the
position of each one corresponds to one of the outer
tube passages 23 to discharge the air inside the outer
tube 11 outside.

[0020] As shown in Figs. 1 and 3, the casing 10 is
structured so as to have an inside diameter slightly
greater than the largest outer diameter of the fan appa-
ratus 1 and a tubular shape slightly shorter than the out-
er tube 11, and, in both ends of the casing 10, holes 37
are formed by projections of the ends of the outer tube
11. In the outer surface of the casing 10, between the
end portion of the vane 9 and the end portion of the outer
tube 11, a pair of inlet ports 38 are formed to draw in
outside air. Between the pair of inlet ports 38, a ventila-
tion port 39 is formed to send the air inside the casing
10 out. In addition, on the inside surface of the casing
10, between the inlet port 38 and the ventilation port 39,
an annular partition 40 having a slightly greater inside
diameter than the outer diameter of the outer tube 11 is
formed. The air drawn through the inlet port 38 is intro-
duced toward the vane 9 through the space between the
outer tube 11 and the partition 40, and then sent out of
the casing 10 through the ventilation port 39 using the
rotation of the vanes 9.
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[0021] The operation of the fan apparatus 1 having
the above-described structure will be explained below.
Upon completion of the calcining process for obtaining
calcined products, as shown in Fig. 1, the calcined prod-
ucts are quenched by sending the air drawn into the cas-
ing 10 into the kiln furnace by rotary driving the main
body 3 with a motor. During this process, the airflow
drawn into the kiln furnace can be controlled by regulat-
ing the motor speed.

[0022] Ifthe air compressor described above is turned
on at the same time, air is sent into the inner tube pas-
sages 25 from both sides of the main body 3 through
the supporting members 7. As shown in Fig. 2, the air
flows in an outward radial direction from the inner tube
passage 25 through the inner slits 19 and is guided into
the vane passages 27 by the separators 17. The air
drawn into the vane passages 27 flows along the inner
surfaces of the vanes 9 while being guided by the sep-
arators 17. Thereby, the vanes 9 are directly cooled from
inside. As shown in Fig. 3, the air passed through the
vane passages 27 cools the outer tube 11 while passing
thorough the outer tube passages 23, and then is dis-
charged from the fan apparatus 1 through the outlet
holes 35.

[0023] As described above, the fan apparatus 1 ac-
cording to the present embodiment allows the main
body 3 and the vanes 9 of the fan apparatus 1, which
are used under a high temperature, to be directly cooled,
since the cooling air is pumped into the main body 3 from
the air compressor and drawn into the vane passages
27 and the outer tube passages 23 through the inner
tube passages 25. As aresult, the heat resistance of the
fan apparatus 1 can be greatly improved. This improved
heat resistance prevents a decrease in the strength of
the fan apparatus when used under a high temperature
and enables the fan apparatus 1 to be rotated at high
speed. This makes it possible to send a sufficient vol-
ume of air into the kiln furnace.

[0024] Specifically, according to the fan apparatus 1
of the present embodiment, the effect for cooling the
vanes 9 can be greatly improved owing to the above-
mentioned distinctive structure. In other words, in the
inner tube 13, a plurality of inner slits 19 extending in
the axial direction are formed such that the position of
each one corresponds to one of the vanes 9. Thereby,
the cooling air drawn in the axial direction from both
ends of the inner tube 13 can be sent outward in a radial
direction through the inner slits 19. As a result, it is pos-
sible to reliably send the air in the direction of each vane
9. Furthermore, the air sent through the inner slits 19 is
led into the vane passages 27 by the separators 17 and
guided so as to flow along the inner surfaces of the
vanes 9. Therefore, the entire surface of the vanes 9
can be sufficiently cooled from inside by the air. Here,
for example, air of room temperature can be used as the
cooling air.

[0025] According to the present embodiment, the
cooling air is circulated in the main body 3 and inside
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the vanes 9 by feeding the cooling air under pressure
using the air compressor; however, for example, by ar-
ranging the inner tube 13 and the outer tube 11 as de-
scribed below, a large volume of cooling air can be cir-
culated.

[0026] As shown in Fig. 4, inside the inner tube 13, a
pair of first screw boards (first induction boards) 34 fixed
to the driving axis 8 are arranged on both sides of the
separator 17 in a manner such that they extend from
one end of the inner tube 13 to one end of the separator
17. The two first screw boards 34 have helix directions
opposite to each other, and their outer edges are fixed
to the inner surface of the inner tube 13. Therefore, if
the main body 3 rotates in a predetermined direction,
the first screw boards 34 also rotate as a unit with it.
Accordingly, it generates airflow directed from both ends
of the inner tube 13 to the separator 17. Thereby, the air
fed into the inner tube 13 from the air compressor is
guided in the direction of the separator 17, and a large
volume of cooling air is reliably sent in the vane passage
27.

[0027] Inthe annular space formed between the inner
tube 13 and the outer tube 11, similar to inside the inner
tube 13, a pair of second screw boards (second induc-
tion boards) 36 are formed in a manner such that they
have helix directions opposite to each other. The second
screw boards 36 are fixed to the outer surface of the
inner tube 13 and their outer edge is attached to the in-
ner surface of the outer tube 11. Each of the .second
screw boards 36 has a helix direction opposite to that of
the first screw board 34 provided in the inner tube 13
located inside the outer tube 11. Therefore, if the second
screw boards 36 rotate in a predetermined direction to-
gether with the main body 3, airflow is generated in a
direction opposite to that in the inner tube 13, i.e., from
the separator 17 to both ends of the outer tube 11. The
air passed through the vane passages 27 and the outer
tube passages 23 is guided to both ends of the outer
tube 11 and a large volume of cooling air is reliably re-
leased from outlet holes 35.

[0028] Thus, by providing the first and the second
screw boards 34 and 36 in the inner tube 13 and the
space between the outer tube 11 and the inner tube 13,
respectively, itis possible to draw a large volume of cool-
ing air into the main body 3 and inside the vanes 9. As
a result, the cooling ability of the fan apparatus 1 can be
greatly improved.

[0029] In the first embodiment, only the main body 3
and the vanes 9 are cooled by the cooling air; however,
heatin the main body 3 may be conducted to the bearing
5, the rotary joint 31 and the motor through the
supporting .members 7 and the driving axis 8. In order
to prevent this, heat resistance of the entire fan appara-
tus should be further improved by providing a cooling
device as described below. A second embodiment ac-
cording to the present invention will be explained below
with reference to Fig. 5. Fig. 5 is a cross-sectional view
of a fan apparatus of the second embodiment. In this
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figure, the airflow is shown by the arrows with thin lines
as described above, and the flow of the cooling water
described below is shown by the arrows with bold lines.
[0030] The second embodiment is different from the
above-described first embodiment in that it is equipped
with a cooling device. In other respects, the second em-
bodiment has the same structure as in the first embod-
iment, and therefore those elements that are identical
to the elements of the first embodiment are identified
with the same numerical symbols, and repetitious ex-
planation will be omitted.

[0031] As shown in Fig. 5, the fan apparatus 51 ac-
cording to the second embodiment is provided with cool-
ing devices 53 on both ends of the main body 3 to re-
lease the heat conducted in the direction from the main
body 3 toward the supporting members 7. These cooling
devices 53 each comprise a heat radiating member 55
disposed between the inner tube 13 and the supporting
member 7, a cover 57 covering the heat radiating mem-
ber 55, and a pump 59 and a tank 60 circulating the cool-
ing water (cooling medium) to be supplied inside the
cover 57. Here, the pump 59 and the tank 60 in the
present embodiment serve as the cooling unit of the
present invention.

[0032] The heatradiating members 55 each comprise
a connecting member 61 connecting the end portion of
the inner tube 13 with the supporting member 7, and air-
cooling fins 63 composed of doughnut-shaped disks
fixed to the connecting member 61. The heat radiating
effect can be improved by increasing the surface area
of the heat radiating member 55 by providing the air-
cooling fins 63. In the connecting member 61, commu-
nicating holes 58 connecting the inlet holes 29 in the
supporting member 7 with the inner tube 13 are formed
such that the position of each one corresponds to one
of the inlet holes 29.

[0033] The cover 57 is formed in a tubular shape and
structured so as to cover the bearing 5 and the heat ra-
diating member 55, with one end portion thereof being
attached to the outer surface of the bearing 5. In the
upper portion of the cover 57, a supply hole 57a is
formed to receive the cooling water sent from the pump.
In the lower portion thereof, a discharge hole 57b is
formed to discharge the cooling water to the outside.
The cooling water drained through the discharge hole
57b is first sent back to the tank 60 and is then fed into
the cover 57 again by the pump 59.

[0034] The operation of the fan apparatus 51 having
the above-described structure will be described below.
When the motor and the air compressor are turned on,
the driving axis 8, the supporting members 7, the heat
radiating members 55 and the main body 3 are rotated
in a united manner and the sending of ventilation air into
the kiln furnace is initiated. The air pumped from the air
compressor is drawn into the inner tube passages 25 of
the inner tube 13 through the supporting members 7 and
the connecting members 61, and thereby the main body
3 and the vanes 9 are cooled. On the other hand, in the
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cooling device 53, the cooling water pumped from the
pump 59 is fed into the cover 57 and cools the connect-
ing members 61 and the air-cooling fins 63. Here, the
air-cooling fins 63 rotate with the main body 3 in a united
manner, and the cooling water is thereby evenly dis-
charged to the air-cooling fins 63, enhancing the heat
radiating effect.

[0035] As described above, an effect similar to that of
the first embodiment can be obtained by the present em-
bodiment. In addition, both ends of the main body 3 are
cooled by the cooling devices 53 and this prevents heat
from being conducted from the main body 3 to the bear-
ing 5 and the rotary joint 31a. As a result, deformation
of the bearings 5 and the rotary joints 31, and a malfunc-
tion of the motor can be prevented. If the bearings 5
were to be deformed, the rotational accuracy of the fan
apparatus 51 would be lowered. This could make it im-
possible to supply an appropriate amount of air or cause
a malfunction. Therefore, providing the cooling device
53 of the present embodiment is especially advanta-
geous.

[0036] In the present embodiment, each of the heat
radiating members 55 is disposed between the support-
ing member 7 and the inner tube 13; however, for ex-
ample, the heat radiating member 55 can be united with
the supporting member 7 in a manner such that a portion
of the supporting member 7 functions as a heat radiating
member to directly cool the supporting member 7. It is
also possible to obtain the same effect described above
by disposing the heat radiating members 55 on the sur-
face of the main body 3 somewhere between the vanes
9 and the ends of the main body 3, for example, on some
portion of the inner tube 13 protruding from the outer
tube 11. The air-cooling fins 63 in the heat radiating
member 55 are not essential and can be provided, if
necessary, depending on the heat radiating capability
required. Furthermore, according to the present embod-
iment, the cooling water is circulated between the pump
59 and the heat radiating member 55; however, it can
be structured such that the cooling water is not circulat-
ed but simply ejected toward the heat radiating member
55. However, from a viewpoint of the effective use of
water, the structure of the present embodiment is pref-
erable in which the cooling water is collected by the
pump. Alternately, air can be used instead of water as
a cooling medium.

[0037] It is to be understood that the scope of the
present invention is not limited to the embodiments de-
scribed above and various changes and modifications
may be made to the invention without departing from the
spirit and scope thereof. For example, as shown in Fig.
6, air-cooling fins 71 can be arranged on the inner sur-
faces of the outer tube 11, the inner tube 13 and the
vanes 9 to cool the fan apparatus with enhanced effi-
ciency. Such an arrangement can increase the surface
area of the outer tube passages 23, the inner tube pas-
sages 25 and the vane passages 27 and enhance the
heat radiating effect thereof, resulting in further im-
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proved heat resistance of the fan apparatus. Note also
that, it is not absolutely necessary to provide the air-
cooling fins 71 in all of the passages 23, 25 and 27 de-
scribed above, and they can be disposed on the inner
surfaces of only one or two of the passages.

[0038] Itis also possible to have a structure in which
not only the fan apparatus 1 but also the casing 10 is
cooled. For example, as shown in Fig. 7, the casing 10
is formed as a dual tube comprising an outer tube 81
and an inner tube 83, and, in the outer surface of the
outer tube 81, an inlet hole 85 and a discharge hole 87
are formed, wherein the inlet hole 85 draws in the cool-
ing air from outside and the discharge hole 87 discharg-
es the used cooling air to the outside. This arrangement
allows the cooling air to circulate between the outer tube
81 and the inner tube 83, and the casing 10 is thereby
made cool. As shown in the enlarged view of the figure,
it is also possible to provide air-cooling fins 89 on the
inner surface of the outer tube 81 and the outer surface
of the inner tube 83. This arrangement enhances the
heat radiating effect, and the casing 10 is thereby made
cool in a more efficient manner.

[0039] Inthe above embodiments, four each of the in-
ner tube passages 25, outer tube passages 23 and
vanes 9 are provided. However, the number of inner
tube passages 25, outer tube passages 23 and vanes
9 is not limited to four and can be selected depending
on the operating conditions of the fan apparatus. Fur-
thermore, the shapes of the outer tube 11 and the inner
tube 13 are not limited to tubular shapes, and they can
have polygonal cross-sections. In addition, the length of
the main body 3 and the height of the vanes 9 are not
limited within the range described above, and can be
selected depending on the performance required in the
fan apparatus. It is also possible to make the outer tube
11 and the inner tube 13 have the same length.

[0040] In the above embodiments, both ends of the
fan apparatus 1 are rotatably supported; however, it is
also possible to build it in a manner such that only one
of the ends is supported or the cooling air is drawn in
from one end thereof. In this case, the cooling device is
mounted on only that end.

[0041] Inthe above embodiments, the inner and outer
openings are formed out of the slits extending in the ax-
ial direction. However, it is also possible, for example,
to arrange a plurality of holes in a line along the axial
direction. Furthermore, the screw boards 34 and 36 dis-
posed in the main body 3 are not limited to the ones
described above and their lengths and shapes, etc., can
be selected depending on the specifications of the fan
apparatus.

[0042] In addition, the structure of the casing 10 is not
limited to the above embodiments, and the shape and
dimensions of the casing, the positions and dimensions
of the inlet ports, the ventilation ports and the partitions
are selected depending on the size and required spec-
ifications of the fan apparatus.

[0043] In the above embodiments, the fan apparatus
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of the present invention is applied to a single kiln for use
in the ceramics industry; however, its usage is not lim-
ited to this. For example, the fan apparatus can be ap-
plied to a tunnel kiln in which a cart carrying products to
be calcined is made to pass through a preheating zone,
a calcining zone, a quenching zone and a cooling zone
to obtain the calcined products. In this case, the fan ap-
paratus can be disposed in the inlet line, which introduc-
es the cooling air into the quenching zone. The fan ap-
paratus can be applied not only to the above kilns but
also to any high-temperature chambers including heat
treatment furnaces, heating furnaces or like industrial
furnaces, which are used under high temperatures or
which carry gases of high temperature.

[0044] As described above, in the fan apparatus ac-
cording to the present invention, the cooling air drawn
into the inner tube passes through the inside of the
vanes and the outer tube, and then is discharged from
the main body. Therefore, the air directly cools the vanes
and the main body of the fan apparatus, which is used
under high temperatures. As a result, the heat resist-
ance of the fan apparatus can be greatly improved. Fur-
thermore, the improved heat resistance can prevent a
decrease in the strength of the fan apparatus under high
temperatures. Therefore, the fan apparatus can be ro-
tated at high speed and generate sufficient airflow.
[0045] In the present invention, the cooling effect of
the vanes can be greatly improved by having the struc-
ture as described below. Specifically, the inner openings
are formed in the outer surface of the inner tube in po-
sitions such that each inner opening corresponds to one
of the vanes, and the air introduced into the inner tube
along the axial direction can thereby be discharged out-
ward in a radial direction through the inner openings. As
a result, the air drawn into the inner tube can be reliably
sent in the direction of the vanes. Furthermore, the air
sent from the inner tube is guided by guiding members
so as to flow along the inner surfaces of the vanes, and
therefore the entire surface of the vanes can be ade-
quately cooled from the inside.

[0046] If the fan apparatus is structured in a manner
such that a heat radiating member is provided on the
surface of the main body somewhere between at least
one of the ends of the main body and the vanes, and
such that a cooling medium is supplied to the heat radi-
ating member, it is possible to prevent the heat of the
main body from being conducted outward in a radial di-
rection.

Claims
1. A fan apparatus comprising:
a rotatably supported main body having a dual

tube composed of an outer tube and an inner
tube; and
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vanes protruding from the outer surface of the
outer tube in an outward radial direction,

the main body being provided with inlet holes
to draw cooling air into the main body and outlet
holes to discharge the drawn cooling air to the
outside,

the outer tube being provided with outer open-
ings in the outer surface thereof formed in a
manner so as to communicate with the inside
of the vanes,

the inner tube being provided with inner open-
ings in the outer surface thereof in positions
such that each inner opening corresponds to
each outer opening,

the fan apparatus being structured such that af-
ter the cooling air that is sent into the inner tube
through the inlet holes is supplied inside the
vanes through the inner openings and the outer
openings, the cooling air passes through a
space between the outer tube and the inner
tube and is discharged to the outside through
the outlet holes.

The fan apparatus according to claim 1, which fur-
ther comprises a guiding member to guide the air
supplied inside the vanes to flow along the inner
surface of the vanes.

The fan apparatus according to claim 1, which fur-
ther comprises at least one heat radiating member
disposed on the surface of the main body some-
where between at least one end of the main body
and one of the vanes, a cover to cover the heat ra-
diating member or members, and a cooling unit to
supply a cooling medium inside the cover.

The fan apparatus according to claim 1, wherein air-
cooling fins are provided on at least one of the inner
surfaces of the outer tube, the inner tube and the
vane.

The fan apparatus according to claim 1, which fur-
ther comprises a first induction board spirally ex-
tending in the axial direction in the inner tube and a
second induction board spirally extending in the ax-
ial direction in the space between the outer tube and
the inner tube,

being structured such that, by rotating the first and
the second induction boards in a manner united with
the main body, the airinside the inner tube is guided
to the center of the inner tube along the axial direc-
tion and the air in the space between the outer tube
and the inner tube is guided to the end portions of
the outer tube along the axial direction.
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