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Provided is a turbofan (200). The turbofan (200) comprises a main plate (115) rotating by a fan motor (120)
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Description

[0001] The present disclosure relates to a turbo fan.
[0002] Turbo fans may be used in ceiling type air con-
ditioners that are used in homes or companies. Herein-
after, such a ceiling type air conditioner will be described
as an example.

[0003] In general, ceiling type air conditioners are de-
vices that are buried in an indoor ceiling to discharge air
heat-exchanged after suctioning indoor air from the ceil-
ing into an indoor space. In such a ceiling type air con-
ditioner, air may be suctioned through a suction hole de-
fined in a central portion of the ceiling type air conditioner,
and then, the suctioned air may be heat-exchanged by
a heat exchanger disposed within the ceiling type air con-
ditioner. The air-conditioned air may be discharged into
the indoor space through a discharge part disposed on
a circumferential portion of the ceiling type air conditioner
to adjust a temperature and moisture of the indoor space.
[0004] Particularly, the air suctioned through the suc-
tion hole may be guided in movement by a turbo fan dis-
posed within the ceiling type air conditioner. That is, the
turbo fan may introduce air in an axial direction with re-
spect to the turbo fan to discharge in a radius direction
of the turbo fan.

[0005] Fig. 1 is a perspective view of a turbo fan ac-
cording to a related art.

[0006] Referring to Fig. 1, a turbo fan 1 according to a
related art may include a main plate 10 rotating by power
provided from a motor, a plurality of blades 20 radially
arranged on the main plate 10 and integrated with the
main plate 10, and a shroud 30 coupled to ends of the
blades 20 to face one surface of the main plate 10.
[0007] Also, the turbo fan 1 may further include a hub
11 accommodating the motortherein, a boss part 12 hav-
ing a shaft hole in a central portion of the hub 11 so that
the motor is shaft-coupled to the shaft hole, and a vent
part 13 defined in a surface of the hub 11 to cool the
motor. The vent part 13 may introduce cold air into the
motor therethrough to decrease a temperature of the mo-
tor.

[0008] The air suctioned into the turbo fan 1 through a
suction hole 33 may be discharged to the outside of the
turbo fan 1 through a discharge hole 34. The discharge
hole 34 may be defined as a space between the plurality
of blades 20.

[0009] When the blades 20 rotate in a counterclock-
wise direction in Fig. 1, air flowing along a back surface
of each of the blades 20 may be discharged to the outside
through the discharge hole 34. However, the air flowing
along the blades 20 may be spaced and delaminated
from surfaces of the blades 20. The delamination phe-
nomenon may cause noises when the turbo fan 1 oper-
ates.

[0010] Also, in recent years, with the large-scaled air-
conditioning system, an air volume required for the air-
conditioning system may be increasing more and more.
Also, due the increase of the air volume of the air-condi-
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tioner system, aflow nose of air passing through the turbo
fan 1isincreasing. As a result, user’s inconvenience may
occur by the noise generated from the turbo fan 1.
[0011] Embodiments provide a turbo fan that is capa-
ble of reducing an air flow noise generated when a turbo
fan operates.

[0012] Inoneembodiment, aturbofanincludes:amain
plate rotating by a fan motor providing power; and a plu-
rality of blades having one ends connected to the main
plate, the plurality of blades being disposed along a cir-
cumferential direction on the main plate, wherein each
of the plurality of blades includes: a first curved part
curved in one direction with respect to an extension part;
and a second curved part curved in the other direction
with respect to the extension part, wherein a plurality of
projections protruding in one direction from the one end
of the blade and a plurality of grooves protruding in the
other direction are alternately disposed on the first and
second curved parts.

[0013] The first and second curved parts are disposed
on rear end of the blade, and the extension part is defined
as a virtual line straightly extending from an upper portion
of the rear end of the blade up to a lower portion of the
rear end of the blade.

[0014] Theturbofanfurtherincludesashroudconnect-
ed to the other end of the blade to guide an inflow of air
into the blade, wherein the blade comprises a first contact
point atwhich the main plate and the rear end of the blade
meets each other; and a second contact point at which
the shroud and the rear end of the blade meet each other,
wherein the extension part is defined as a virtual line
straightly extending from the first contact point up to the
second contact point.

[0015] The blade further comprises a crossing part de-
fined as a point at which the extension part and the rear
end of the blade meet each other, wherein the crossing
part is defined as a boundary between the first curved
part and the second curved part.

[0016] The crossing part is defined as a central point
ofthe extension part, and thefirst curved part has alength
equal to that of the second curved part.

[0017] The turbo fan further comprises: an outer cir-
cumferential surface that is a virtual line connecting the
plurality of projections to each other; and an inner cir-
cumferential surface that is a virtual line connecting the
plurality of grooves to each other, wherein the outer cir-
cumferential surface and the inner circumferential sur-
face are disposed parallel to each other.

[0018] The outer circumferential surface and the inner
circumferential surface have the same curvature.
[0019] A vertical distance between the outer circum-
ferential surface and the inner circumferential surface is
constant.

[0020] The blade comprises a protrusion protruding
from the inner circumferential surface toward the inner
circumferential surface to constitute one surface of the
blade and a hollow disposed between the protrusions,
wherein the protrusion and the hollow are alternately dis-
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posed with respect to each other.

[0021] The turbo fan further comprises a rotation shaft
providing a rotation center of the main plate, wherein the
blade comprises a blade front end disposed adjacent to
the rotation shaft and a blade rear end disposed spaced
from the rotation shaft, wherein the plurality of projections
and the plurality of grooves are disposed on the blade
rear end.

[0022] The plurality of projections and the plurality of
grooves protrude from the blade front end toward the
blade rear end.

[0023] The plurality of curved parts protrude in a direc-
tion perpendicular to the protruding direction of the plu-
rality of projections.

[0024] Each of the plurality of projections and the plu-
rality of grooves has a predetermined curvature.

[0025] Each of the plurality of projections and the plu-
rality of grooves has a tip.

[0026] In another embodiment, a turbo fan includes: a
main plate rotating by a fan motor providing power; a
rotation shaft providing a rotation center of the main plate;
a plurality of blades having a blade front end disposed
adjacent to the rotation shaft and a blade rear end dis-
posed spaced from the rotation shaft, the plurality of
blades being disposed in a circumferential direction on
the main plate; and an extension part defined as a virtual
line straightly extending from an upper portion of the
blade rear end to a lower portion of the blade rear end,
wherein each of the blades includes: a first curved part
curved in one direction with respect to the extension part;
a second curved part curved in the other direction with
respect to the extension part; a first flow part defined as
a space between the extension part and the first curved
part; and a second flow part defined as a space between
the extension part and the second curved part.

[0027] The blade further comprises a crossing part de-
fined as a point at which the extension part and the blade
rear end meet each other, wherein the crossing part is
defined as a boundary between the first flow part and the
second flow part.

[0028] The details of one or more embodiments are
set forth in the accompanying drawings and the descrip-
tion below. Other features will be apparent from the de-
scription and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029]

Fig. 1 is a perspective view of a turbo fan according
to a related art.

Fig. 2 is a perspective view illustrating an indoor unit
of a ceiling type air conditioner according to an em-
bodiment.

Fig. 3 is a cross-sectional view illustrating the indoor
unit of the ceiling type air conditioner according to
an embodiment.

Fig. 4 is a perspective view of a blade according to
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an embodiment.

Fig. 5 is a front view of a part of the blade according
to an embodiment.

Fig. 6a and 6b are a view illustrating various shapes
of a delamination delay part according to an embod-
iment.

Fig. 7 is a view illustrating a relationship between an
air volume and a noise when the blade according to
an embodiment is applied to the ceiling type air con-
ditioner.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0030] Reference will now be made in detail to the em-
bodiments of the present disclosure, examples of which
are illustrated in the accompanying drawings.

[0031] In the following detailed description of the pre-
ferred embodiments, reference is made to the accompa-
nying drawings that form a part hereof, and in which is
shown by way of illustration specific preferred embodi-
ments in which the invention may be practiced. These
embodiments are described in sufficient detail to enable
those skilled in the art to practice the invention, and it is
understood that other embodiments may be utilized and
that logical structural, mechanical, electrical, and chem-
ical changes may be made without departing from the
spirit or scope of the invention. To avoid detail not nec-
essary to enable those skilled in the art to practice the
invention, the description may omit certain information
known to those skilled in the art. The following detailed
description is, therefore, not to be taken in a limiting
sense.

[0032] A turbo fan may be used in home appliance of
homes or companies or factory machines. For example,
the turbo fan may be used in a ceiling type air conditioner.
Hereinafter, the ceiling type air conditioner to which the
turbo fan is applied will be described as an example.
[0033] Fig. 2is aperspective view illustrating an indoor
unit of a ceiling type air conditioner according to an em-
bodiment, and Fig. 3 is a cross-sectional view illustrating
the indoor unit of the ceiling type air conditioner according
to an embodiment.

[0034] Referringto Figs. 2 and 3, a ceiling type air con-
ditioner according to the current embodiment may in-
clude an outdoor unit (not shown) installed in an outdoor
space, an indoor unit 100 installed in an indoor space,
and arefrigeranttube (not shown) connecting the outdoor
unit (not shown) to the indoor unit 100 to allow a refrig-
erant to flow therethrough.

[0035] The indoor unit 100 may include a case 105
defining an outer appearance thereof, a turbo fan 200
disposed within the case 105, a fan motor 120 coupled
to the turbo fan 200 to provide power, and a heat ex-
changer 130 disposed outside the fan motor 120.
[0036] The case 105 may include a main body 101
defining side surfaces thereof and a front panel 102 cou-
pled tothe main body 101 to define afront surface thereof.
[0037] Also, the mainbody 101 is installed in an indoor
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ceiling. The main body 101 may have an opened lower
portion to communicate with a suction hole 150 defined
in the front surface of the front panel 102. Although the
main body 101 is installed in the indoor ceiling in consid-
eration of space availability or a sense of beauty, the
installation space of the main body 101 is not limited
thereto. Forexample, the main body 101 may be installed
in an indoor sidewall.

[0038] Thefrontpanel 102 may be detachably coupled
to the lower portion of the main body 101. Also, the front
panel 102 may be exposed to the indoor space so that
air is suctioned into or discharged from the indoor unit
100. The front panel 102 may cover the opened portion
of the main body 101. For example, the front panel 102
may have a square plate shape to cover the opening of
the main body 101. Also, the front panel 102 may include
a suction hole 150 through which indoor air is suctioned
and discharge holes 140 through which air is discharged
into the indoor space.

[0039] Thesuction hole 150 may be defined ina central
portion of the front panel 102. Also, the discharge holes
140 may be symmetrically defined in four sides of the
suction hole 150. The suction hole 150 may have a grill
structure. Each of the discharge holes 140 may have a
rectangular structure with a predetermined width and
length. However, each of the suction hole 150 and the
discharge hole 140 are not limited to a shape thereof.
[0040] Also, a filter 190 for removing various foreign
substances contained in the air suctioned into the main
body 101 through the suction hole 150 may be provided
inside the front panel 102.

[0041] The turbo fan 200 may include a hub 112 con-
nected to a rotation shaft of the fan motor 120, a main
plate 115 rotating by the fan motor 120, a plurality of
blades 400 having one ends connected to the main plate
115 and arranged at a predetermined distance along a
circumferential direction on the main plate 115, and a
shroud 300 facing the main plate 115 to connect the other
ends of the plurality of blades 400 to each other. The
shroud 300 may guide an inflow of air into the suction
hole 150 when the turbo fan 200 rotates.

[0042] Theturbofan200maybedisposedona position
corresponding to the suction hole 150 to improve suction
efficiency of the air suctioned into the main body 101.
Particularly, in Fig. 3, the turbo fan 200 may be disposed
to correspond to a vertical direction of the suction hole
150.

[0043] Also, the turbo fan 200 may blow the indoor air
suctioned through the suction hole 150 toward the heat
exchanger 130.

[0044] The heat exchanger 130 may surround the out-
side of the turbo fan 200. For example, the heat exchang-
er 130 may have a square structure corresponding to a
shape of each of the side surfaces of the main body 101.
The heat exchanger 130 may heat-exchange the air suc-
tioned into the main body 101 through the turbo fan 200.
[0045] Particularly, when the ceiling type air condition-
er operates in a cooling mode, air passing through the
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heat exchanger 130 may decrease in temperature. On
the other hand, when the ceiling type air conditioner op-
erates in a heating mode, air passing through the heat
exchanger 130 may increase in temperature.

[0046] A drain plate 131 accommodating condensed
water generated when the refrigerant passing through
the heat exchanger 130 is heat-exchanged with the in-
door air may be disposed under the heat exchanger 130.
Also, a drain tube (not shown) for discharging the con-
densed water collected in the drain plate 131 to the out-
side may be connected to the drain plate 131.

[0047] A guide passage 180 for guiding a flow direction
of air may be defined in an outer portion of the inside of
the main body 101. Particularly, the guide passage 180
may guide the air heat-exchanged by the heat exchanger
130 toward the discharge hole 140.

[0048] A vane 141 for controlling the flow direction of
the air may be disposed in the discharge hole 140. The
vane 141 may be rotatable at a predetermined angle.
Also, the vane 141 may be inclined outward from the front
surface of the front panel 102. This is done for providing
wind having a uniform wind speed to all indoor portions.
However, the rotation direction of the vane 141 is not
limited thereto. Also, the vane 141 is not limited to an
arrangement, configuration, and operation method there-
of.

[0049] Whentheturbofan 200 operates, airintroduced
into the turbo fan 200 may be discharged to the outside
through a space defined between the plurality of blades
400. That is, the air may flow along surfaces of the plu-
rality of blades 400. However, the air flowing along the
blades 400 may be spaced and delaminated from the
surfaces of the blades 400. The delamination phenom-
enon may cause noises when the turbo fan 200 operates.
Thus, in each of the blades 400 according to the current
embodiment, a protrusion 530 may be disposed on arear
end of the blade 400.

[0050] Hereinafter, a detailed structure of the blade
400 will be described.

[0051] Fig. 4 is a perspective view of the blade accord-
ing to an embodiment.

[0052] Referring to Fig. 4, the blade 400 according to
the current embodiment may include a blade front end
410 disposed adjacent to the hub 112 and a blade rear
end 420 spaced from the hub 112. Thus, the air intro-
duced into the turbo fan 200 along the suction hole 150
may move from the blade front end 410 toward the blade
rear end 420. Also, the air introduced into the turbo fan
200 may move along the surface of the blade 400.
[0053] A plurality of curved part may be disposed on
the blade rear end 420. The plurality of curved parts may
include a first curved part 421 curved in one direction
with respect to an extension part 500 and a second
curved part 422 curved in the other direction with respect
to the extension part 500. The extension part 500 may
be defined as a virtual line extending from an upper end
of the blade rear end 410 up to a lower end of the blade
rear end 420.
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[0054] Particularly, when a point at which the main
plate 115 and the blade rear end 420 meet each other is
referred to as a first contact point 450, and a point at
which the shroud 300 and the blade rear end 420 meet
each other is referred to as a second contact point 460,
the extension part 500 may be defined as a virtual line
defined to straightly extend from the first contact point
450 up to the second contact point 460.

[0055] Each ofthe first curved part421 and the second
curved part 422 may have a curved surface with a pre-
determined curvature. For example, the first curved part
421 may protrude in a left direction with respect to the
extension part 500. Also, the second curved part 422
may protrude in a right direction with respect to the ex-
tension part 500. However, each of the first and second
curved parts 421 and 422 is not limited to the protruding
direction thereof. For example, the first curved part 421
may protrude in the right direction with respect to the
extension part 500, and the second curved part 422 may
protrude in the left direction with respect to the extension
part 500.

[0056] The blade according to the currentembodiment
may further include a crossing part 425 defined as a point
at which the extension part 500 and the blade rear end
420 meet each other. The crossing part 425 may be de-
fined as a boundary point between the first curved part
421 and the second curved part 422. For example, in Fig.
4, the first curved part 421 may be disposed at an upper
side with respect to the crossing part 425, and the second
curved part 422 may be disposed at a lower side with
respect to the crossing part 425.

[0057] Thefirstcurved part421 and the second curved
part 422 may have the same length. That is, the crossing
part 425 may be disposed at a central point of the exten-
sion part 500. However, each of the first and second
curved parts 421 and 422 is notlimited to the length there-
of.

[0058] Afirstflow part 502 may be disposed in a space
between the first curved part 421 and the extension part
500. Similarly, a second flow part 504 may be disposed
in a space between the second curved part 422 and the
extension part 500. Thus, the first and second flow parts
502 and 504 may guide a flow direction of air flowing from
the blade front end 410 up to the blade rear end 420.
Thus, the air flow delamination phenomenon occurring
at a side of the blade rear end 420 may be delayed.
[0059] A plurality of projections 523 protruding in one
direction from the blade rear end 420 and a plurality of
grooves 424 protruding in the other direction from the
blade rear end 420 may be disposed on the blade rear
end 420.

[0060] The plurality of projections 423 and the plurality
of grooves 424 may be perpendicular to the protruding
direction of the curved part 421. That is, the plurality of
projections 423 and the plurality of grooves 424 may pro-
trude from the blade front end 410 toward the blade rear
end 420.

[0061] Hereinafter, a detailed structure of the blade
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rear end 420 will be described.

[0062] Fig. 5 is a front view of the blade according to
an embodiment.

[0063] Referring to Fig. 5, a delamination delay part
600 for delaying the delamination of the air flowing along
the surface of the blade 400 from the surface of the blade
400 may be disposed on the blade rear end 420. The
delamination delay part 600 may be defined as a space
between a surface connecting the plurality of projections
423 disposed on the blade 400 to each other and a sur-
face connecting the plurality of grooves 424 defined in
the blade 400 to each other.

[0064] When the surface connecting the plurality of
projections 423 to each other is referred to as an outer
circumferential surface 510, and the surface connecting
the plurality of grooves 424 to each other is referred to
as an inner circumferential surface 520, each of the outer
and inner circumferential surfaces may have a curved
line with a predetermined curvature.

[0065] The outer and inner circumferential surfaces
510and 520 may be disposed parallel to each other. That
is, the outer circumferential surface 510 and the inner
circumferential surface 520 may have the same curva-
ture. Thus, all of the flow lamination phenomena of air
passing through an upper end of the blade 400 and air
passing through a lower end of the blade 400 may be
delayed.

[0066] The delamination delay part 600 disposed on
the upper end of the blade 400 may have a width L equal
to that L’ of the delamination delay part 600 disposed on
the lower end of the blade 400. That is, a vertical distance
between the projection 423 and the groove 424 may be
constant.

[0067] Also, the delamination delay part 600 may fur-
ther include a protrusion 530 protruding from the inner
circumferential surface 520 toward the outer circumfer-
ential surface 510 with respect to the blade rear end 420
and a hollow 540 disposed between the protrusions 530
and defined as a hollow space. The protrusion 530 may
constitute a portion of the surface of the blade 400. That
is to say, the protrusion 530 may be defined as a portion
of the surface of the blade 400 defined between the outer
circumferential surface 510 and the inner circumferential
surface 520. The protrusion 530 and the hollow 540 may
be alternately disposed with respect to each other.
[0068] An eddy may be generated in the hollow 540.
Thus, since the air flowing from the blade front end 410
to the blade rear end 420 is guided toward the protrusion
530 by the eddy, the air flow delamination phenomenon
occurring at the blade rear end 420 may be delayed.
[0069] Fig. 6 is a view illustrating various shapes of a
delamination delay part according to an embodiment.
[0070] Referringto Fig. 6A, the blade rear end 420 may
have a shape with a predetermined curvature. Also, the
delamination delay part 600 according to the currentem-
bodiment may include a plurality of projections 423 and
aplurality of grooves 424. The plurality of projections 423
may include a first projection and a second projection
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disposed adjacent to the first projection. If a distance be-
tween the first projection and the second projection is
referred to as a distance A, and a length of the blade rear
end 420 is referred to as a length B, a value of distance
Allength B may range from about 0.05 to about 0.15.
However, a ratio of the distance between the first and
second projections and a length of the blade rear end
420 is not limited to the above-described value.

[0071] Also, if a height of the projection 423 with re-
spect to the inner circumferential surface 520 is referred
to as a height C, and a vertical distance from the blade
front end 410 to the blade rear end 420 is referred to as
a vertical distance D, a value of height C/vertical distance
D may range from about 0.06 to about 0.20. However, a
ratio of the height of the projection 423 and the vertical
distance from the blade front end 410 to the blade rear
end 420 is not limited to the above-described value.
[0072] Also, the shape of the blade rear end 420 is not
limited to the curved line having the predetermined cur-
vature.

[0073] Referring to Fig. 6b, the projection 623 may
have one end having a tip shape with atip point. Similarly,
the groove 624 may also have the tip shape. Alternatively,
the projection 423 the projection 423 may have a curved
line shape with a predetermined curvature, and the
groove 624 may have a tip shape.

[0074] Fig. 7 is a view illustrating a relationship be-
tween an air volume and a noise when the blade accord-
ing to an embodiment is applied to the ceiling type air
conditioner.

[0075] Referringto Fig. 7, when the ceiling type air con-
ditioner to which the blade according to the related art is
applied operates, a relationship between a wind volume
and a noise may be expressed as a dotted line N of Fig.
7. Also, when the ceiling type air conditioner to which the
blade according to the related art is applied operates, a
relationship between a wind volume and a noise may be
expressed as a solid line M of Fig. 7.

[0076] Thatis, if it is assumed that the wind volume of
air discharged from the ceiling type air conditioner is the
same, a noise generated when the ceiling type air con-
ditioner to which the blade according to the current em-
bodiment is applied operates may be less than that gen-
erated when the ceiling type air conditioner to which the
blade according to the related art is applied operates.
[0077] Thatis,inthe blade 400 according to the current
embodiment, a plurality of curved parts 421 and 422 may
be disposed on the blade rear end 420, and a delamina-
tion delay part 600 for delaying the air flow delamination
may be disposed on each of the curved parts 421 and
422. Particularly, a plurality of projections 423 and a plu-
rality of grooves 424 may be disposed on the plurality of
curved parts 421 and 422 to delay the air flow delamina-
tion phenomenon occurring at the blade rear end 420.
[0078] Although embodiments have been described
with reference to a number of illustrative embodiments
thereof, it should be understood that numerous other
modifications and embodiments can be devised by those
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skilled in the art that will fall within the spirit and scope
of the principles of this disclosure. More particularly, var-
ious variations and modifications are possible in the com-
ponent parts and/or arrangements of the subject combi-
nation arrangement within the scope of the disclosure,
the drawings and the appended claims. In addition to
variations and modifications in the component parts
and/or arrangements, alternative uses will also be ap-
parent to those skilled in the art.

Claims
1. A turbo fan comprising:

a main plate rotating by a fan motor providing
power; and

a plurality of blades having one ends connected
to the main plate, the plurality of blades being
disposed along a circumferential direction on the
main plate,

wherein each of the plurality of blades compris-
es:

a first curved part curved in one direction
with respect to an extension part; and

a second curved part curved in the other
direction with respect to the extension part,
wherein a plurality of projections protruding
in one direction from the one end of the
blade and a plurality of grooves protruding
in the other direction are alternately dis-
posed on the first and second curved parts.

2. The turbo fan according to claim 1, wherein the first
and second curved parts are disposed on rear end
of the blade, and
the extension partis defined as a virtualline straightly
extending from an upper portion of the rear end of
the blade up to a lower portion of the rear end of the
blade.

3. The turbo fan according to claim 1 or 2, further com-
prising a shroud connected to the other end of the
blade to guide an inflow of air into the blade,
wherein the blade comprises:

a first contact point at which the main plate and
the rear end of the blade meets each other; and
a second contact point at which the shroud and
the rear end of the blade meet each other,
wherein the extension part is defined as a virtual
line straightly extending from the first contact
point up to the second contact point.

4. The turbo fan according to any one of preceding
claims, wherein the blade further comprises a cross-
ing part defined as a point at which the extension
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part and the rear end of the blade meet each other,
wherein the crossing part is defined as a boundary
between the first curved part and the second curved
part.

The turbo fan according to claim 4, wherein the
crossing part is defined as a central point of the ex-
tension part, and

the first curved part has a length equal to that of the
second curved part.

The turbo fan according to any one of preceding
claims, further comprising:

an outer circumferential surface that is a virtual
line connecting the plurality of projections to
each other; and

an inner circumferential surface that is a virtual
line connecting the plurality of grooves to each
other,

wherein the outer circumferential surface and
the inner circumferential surface are disposed
parallel to each other.

The turbo fan according to claim 6, wherein the outer
circumferential surface and the inner circumferential
surface have the same curvature.

The turbo fan according to claim 6, wherein a vertical
distance between the outer circumferential surface
and the inner circumferential surface is constant.

The turbo fan according to claim 6, wherein the blade
comprises:

a protrusion protruding from the inner circumfer-
ential surface toward the inner circumferential
surface to constitute one surface of the blade;
and

a hollow disposed between the protrusions,
wherein the protrusion and the hollow are alter-
nately disposed with respect to each other.

The turbo fan according to any one of preceding
claims, further comprising a rotation shaft providing
a rotation center of the main plate,

wherein the blade comprises:

a blade front end disposed adjacent to the rota-
tion shaft;

and

a blade rear end disposed spaced from the ro-
tation shaft,

wherein the plurality of projections and the plu-
rality of grooves are disposed on the blade rear
end.

The turbo fan according to claim 10, wherein the plu-
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rality of projections and the plurality of grooves pro-
trude from the blade front end toward the blade rear
end.

The turbo fan according to claim 11, wherein the plu-
rality of curved parts protrude in a direction perpen-
dicular to the protruding direction of the plurality of
projections.

The turbo fan according to claim 12, wherein each
of the plurality of projections and the plurality of
grooves has a predetermined curvature.

The turbo fan according to claim 12, wherein each
of the plurality of projections and the plurality of
grooves has a tip.
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