wo 2016/195371 A1 [N I NP0 0O RO

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/195371 Al

8 December 2016 (08.12.2016) WIPO I PCT

(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
F24F 1/00 (2011.01) F04D 29/30 (2006.01) kind of national protection available): AE, AG, AL, AM,
F04D 25/08 (2006.01) F04D 29/00 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

21) Tat tional Application Number- BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

1) International Application Number: CTKR2016/005792 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

HN, HR, HU, ID, IL, IN, IR, IS, KE, KG, KN, KP, KZ,

(22) International Filing Date: LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG, MK,

1 June 2016 (01.06.2016) MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PA,
. . PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC, SD,

(25) Filing Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

(26) Publication Language: English TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(30) Priority Data: (84) D.esignated. States (unle.ss othefﬂwise indicated, for every
2015-112862 3 June 2015 (03.06.2015) JP kind Of regzonal p}"OleCllOI’l avazlable): ARIPO (BW, GH,
10-2016-0058135 12 May 2016 (12.05.2016) KR GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,

(71) Applicant: SAMSUNG ELECTRONICS CO., LTD. TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
[KR/KR]; 129, Samsung-ro, Yeongtong-gu, Suwon-si, DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
Gyeonggi-do 16677 (KR). LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK,

(72) Inventor: NAKAGAWA, Suguru; ¢/o Samsung R&D In- él\\/{; Ff(Il{\/)[, ?/[?P{\/I(RBFI,\IEJ,S;F,TCDG"}SL CM, GA, GN, GQ,
stitute Japan, 2-7, Sugasawa-cho, Tsurumi-ku, Yoko- > > > - NE, SN, TD, TG).
hama-shi, Kanagawa 230-0027 (JP). Published:

(74) Agent: SELIM INTELLECTUAL PROPERTY LAW —  with international search report (Art. 21(3))

FIRM; 10F and 11F, Taewoo Bldg., 285, Gangnam-daero,
Seocho-gu, Seoul 06729 (KR).

(54) Title: TURBO FAN AND AIR CONDITIONER HAVING THE SAME

(57) Abstract: Disclosed herein are a turbo fan, which is
capable of implementing high efficiency of ventilation
and reducing noise by providing a bended portion being
bended in a reverse direction against a rotational direction
of a wing between a leading edge and a tailing edge there-
of to reattach an air separation generated at a negative
pressure surface of the wing, and an air conditioner hav-
ing the same. The air conditioner includes the turbo fan,
wherein the turbo fan includes a main plate having a disc
shape and on which a rotational shatt is mounted, a side
plate provided to be separated from the main plate along
an axial direction of the rotational shaft and having a ring
shape in which an opening is provided at a center portion
of the side plate, and a wing fixed between the main plate
and the side plate and provided in plural numbers along a
circumferential direction of the main plate, and wherein a
bended portion, which is bended in a reverse direction
against a rotational direction of the wing, is provided at
the wing between a portion of a leading edge of the wing
coming in contact with the side plate and a tailing edge of
the wing.
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Description

Title of Invention: TURBO FAN AND AIR CONDITIONER

HAVING THE SAME
Technical Field

Embodiments of the present disclosure relate to a turbo fan and an air conditioner

having the same.

Background Art

Generally, a turbo fan is used in a ventilation device including an air conditioner and
the like, and includes a main plate of a disc shape mounted at a rotational shaft of a
motor, a side plate provided to be spaced apart from the main plate in an axial direction
of the rotational shaft, and a plurality of wings fixed between the main plate and the
side plate and provided in a circumferential direction of the main plate.

An opening for suctioning air is provided at a center portion of the side plate, and air
suctioned through the opening is discharged through an empty area between the side
plate and the main plate.

For the purpose of high efficiency and low noise of ventilation, each wing of the
turbo fan is bended in a reverse direction against a rotational direction of the wing in
an outermost diameter direction of a leading edge thereof, and such a bended shape
may promote a reattachment of an air separation (escape) which occurs at a negative
pressure surface.

It has been known that an air separation occurring at a negative pressure surface is
easily generated at a contact portion between the side plate and a leading edge of each
wing because air suctioned through the opening of the side plate is greatly turned at the
contact portion to cause a highly unstable flow of the air.

However, since a bended portion of each wing of the turbo fan is located at the
contact portion between the side plate and the leading edge of each wing and each
wing is not bended toward a downstream side from the contact portion, there is a
problem in which an air separation occurring at the contact portion between the side

plate and the leading edge of each wing is not reattached.
Disclosure of Invention

Technical Problem

Therefore, it is an aspect of the present disclosure to provide a turbo fan capable of
implementing high efficiency of ventilation and reducing noise thereof by providing a
bended portion being bended in a reverse direction against a rotational direction of a
wing between a leading edge and a tailing edge thereof to reattach an air separation

generated at a negative pressure surface of the wing, and a ventilation device having
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the same.
Solution to Problem

In accordance with one embodiment of the present disclosure, an air conditioner
includes a turbo fan including, a main plate having a disc shape and on which a ro-
tational shaft is mounted, a side plate provided to be separated from the main plate
along an axial direction of the rotational shaft and having a ring shape with an opening
at a center portion of the side plate, and a plurality of wings fixed between the main
plate and the side plate along a circumferential direction of the main plate, wherein
each wing of the plurality of wings includes a leading edge having a portion coming in
contact with the side plate, a trailing edge, and a bended portion, which is bended in a
reverse direction against a rotational direction of the wing between the portion of the
leading edge of the wing coming in contact with the side plate and the tailing edge of
the wing.

For each wing of the plurality of wings, the leading edge has a main plate contact
portion at which the leading edge and the main plate come in contact with each other
the main plate contact portion having a first curved shape in which a first curvature
variation is small, the leading edge has a side plate contact portion at which the leading
edge and the side plate come in contact with each other , the side plate contact portion
having a second curved shape in which a second curvature variation is small, and

the bended portion may be between the main plate contact portion and the side plate
contact portion.

For each wing of the plurality of wings, the tailing edge may be provided to have a
straight line shape inclined toward an axial direction of the turbo fan, or a curve shape
waved in an axial direction.

A hub at which the rotational shaft is mounted may be provided at the main plate,
and the main plate and the side plate may be molded with a resin material.

Air may be suctioned through the opening provided in the side plate, and the air
suctioned through the opening may be discharged through an empty area between the
side plate and the main plate.

The side plate may be provided to have an outer diameter equal to that of the main
plate, and to have a shape of which an inner diameter is decreased as it goes toward an
inner side in a direction away from the main plate.

Each wing of the plurality of wings may be configured to have a convexly curved
shape in the rotational direction of the wing, and to include a positive pressure surface
which is an outer circumferential surface in the rotational direction of the wing and a
negative pressure surface which is a rear surface opposite to the positive pressure

surface.
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The main plate may include a faceplate part facing the side plate, and the leading
edge and the tailing edge of each wing of the plurality of wings may be formed from
the faceplate part to an inner circumferential surface of the side plate.

For each wing of the plurality of wings, a distance between a main plate contact
portion at which the leading edge and the main plate come in contact with each other
and the rotational shaft may be less than a radius of the opening, and a distance
between a side plate contact portion at which the leading edge and the side plate come
in contact with each other and the rotational shaft may be greater than the radius of the
opening.

For each wing of the plurality of wings, the tailing edge may be fixed to an outer
edge portion of the main plate and an outer edge portion of the side plate.

For each wing of the plurality of wings, the main plate contact portion and the side
plate contact portion may be provided to have a curved shape having no bended
portion, and the bended portion may be provided between the main plate contact
portion and the side plate contact portion.

For each wing of the plurality of wings, each of the positive pressure surface of the
wing and the negative pressure surface thereof may be bended in a reverse direction
against the rotational direction of the wing at the bended portion.

For each wing of the plurality of wings, the positive pressure surface and the negative
pressure surface may be provided to have a front end bending modulus being constant
from the leading edge to the bended portion and a rear end bending modulus being
constant from the bended portion to the tailing edge, and the front end bending
modulus and the rear end bending modulus may be provided to have bending moduli
different from each other.

For each wing of the plurality of wings, the positive pressure surface and the negative
pressure surface may be provided to have a front end bending modulus being con-
tinuously varied from the leading edge to the bended portion and a rear end bending
modulus being continuously varied from the bended portion to the tailing edge, and the
front end bending modulus and the rear end bending modulus may be provided to have
bending moduli different from each other.

For each wing of the plurality of wings, when a separation distance between outer
edges of the main plate and the side plate along a direction of the rotational shaft is hO
and a height of the wing from the main plate along the direction of the rotational shaft
is h1, the wing may be bended in the reverse direction against the rotational direction
of the wing in a range of the height h1 satisfying 0.2<h1/h0<0.8.

For each wing of the plurality of wings, a diameter direction length Ra from the ro-
tational shaft to the leading edge, a diameter direction length Rb from the rotational

shaft to the tailing edge, and a diameter direction length Rc from the rotational shaft to
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the bended portion may satisfy 0.3<(Rc-Ra)/(Rb-Ra)<0.7.

For each wing of the plurality of wings, a wing angle fa formed between an extended
direction of the wing at the leading edge and a tangential direction of a rotational orbit
of the leading edge, and a wing angle [3c formed between an extended direction of the
wing at the bended portion and a tangential direction of a rotational orbit of the bended
portion may satisfy 0.6< [3c/Ba<0.9.

Also, in accordance with one embodiment of the present disclosure, a ventilation
device includes a turbo fan including, a main plate having a disc shape and on which a
rotational shaft is mounted, a side plate provided to be separated from the main plate
along an axial direction of the rotational shaft and having a ring shape with an opening
at a center portion of the side plate, and a plurality of wings fixed between the main
plate and the side plate along a circumferential direction of the main plate, wherein
each wing of the plurality of wings includes a leading edge having a portion coming in
contact with the side plate, a trailing edge, and a bended portion, which is bended in a
reverse direction against a rotational direction of the wing between the portion of the
leading edge of the wing coming in contact with the side plate and the tailing edge of
the wing.

For each wing of the plurality of wings, the leading edge has a main plate contact
portion at which the leading edge and the main plate come in contact with each other
the main plate contact portion having a first curved shape in which a first curvature
variation is small, the leading edge has a side plate contact portion at which the leading
edge and the side plate come in contact with each other , the side plate contact portion
having a second curved shape in which a second curvature variation is small, and the
bended portion may be between the main plate contact portion and the side plate
contact portion.

Additionally, in accordance with one embodiment of the present disclosure, a turbo
fan includes a main plate having a disc shape and on which a rotational shaft is
mounted, a side plate provided to be separated from the main plate along an axial
direction of the rotational shaft and having a ring shape with an opening at a center
portion of the side plate, and a plurality of wings fixed between the main plate and the
side plate along a circumferential direction of the main plate, wherein each wing of the
plurality of wings includes a leading edge having a portion coming in contact with the
side plate, a trailing edge, and a bended portion, which is bended in a reverse direction
against a rotational direction of the wing between the portion of the leading edge of the
wing coming in contact with the side plate and the tailing edge of the wing.

For each wing of the plurality of wings, the leading edge has a main plate contact
portion at which the leading edge and the main plate come in contact with each other

the main plate contact portion having a first curved shape in which a first curvature
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variation is small, the leading edge has a side plate contact portion at which the leading
edge and the side plate come in contact with each other, the side plate contact portion
having a second curved shape in which a second curvature variation is small, and the
bended portion is between the main plate contact portion and side plate contact portion.
Advantageous Effects of Invention

In accordance with the embodiments of the present disclosure, high efficiency of
ventilation and low noise may be implemented and work efficiency at the positive
pressure surface of the wing may be improved.

Brief Description of Drawings

FIG. 1 is a perspective view illustrating an air conditioner according to one em-
bodiment of the present disclosure;

FIG. 2 is a perspective view schematically illustrating a turbo fan according to one
embodiment of the present disclosure;

FIG. 3 is a cross-sectional view perpendicular to an axial direction of the turbo fan
according to one embodiment of the present disclosure;

FIG. 4 is a cross-sectional view cutting in the axial direction of the turbo fan
according to one embodiment of the present disclosure;

FIG. 5 is a diagram for describing a bended portion provided at a wing of the turbo
fan according to one embodiment of the present disclosure;

FIG. 6 is a cross-sectional view illustrating a main plate contact portion and a side
plate contact portion which are provided at the wing according to one embodiment of
the present disclosure;

FIG. 7 is a cross-sectional view illustrating the bended portion provided at the wing
according to one embodiment of the present disclosure;

FIGS. 8 and 9 are graphs illustrating effectiveness of the turbo fan according to one
embodiment of the present disclosure;

FIG. 10 is a diagram for describing an air separation portion and an air reattachment
portion at the wing according to one embodiment of the present disclosure; and

FIGS. 11 and 12 are diagrams illustrating a turbo fan according to another em-

bodiment of the present disclosure.

Mode for the Invention

Hereinafter, one embodiment of a turbo fan provided in an air conditioner according
to the present disclosure will be described with reference to the accompanying
drawings.

A turbo fan 100 according to the present embodiment is used in a ventilation device,
for example, an air conditioner 1 and the like. As shown in FIGS. 1 and 2, the air con-

ditioner 1 is fit in and installed on a ceiling (not shown) through an opening thereof,
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and includes a main body 3 of a polyhedral box shape of which a lower surface is
opened, and a ceiling panel 5 mounted at a lower end of the main body 3.

The turbo fan 100 is provided inside the main body 3, a suction inlet 7 through which
outside air is suctioned is provided at a center portion of the ceiling panel 5, and a
discharge outlet 9 through which air is discharged is provided at outer side peripheries
of the suction inlet 7.

The turbo fan 100 includes a main plate 10 of a disc shape at which a rotational shaft
C of a motor (not shown) is mounted, a side plate 20 provided in a ring shape when
viewed from a plane at an opposite position spaced apart from the main plate 10
toward an axial direction of the rotational shaft C, and a plurality of wings 30 provided
between the main plate 10 and the side plate 20 to be fixed therebetween.

With such a configuration, the main plate 10, the side plate 20, and each of the wings
30 of the turbo fan 100 are integrally rotated around the rotational shaft C, and the
turbo fan 100 suctions air along the axial direction through an opening O formed at the
side plate 20 and discharges the suctioned air along a diameter direction between the
main plate 10 and the side plate 20.

The main plate 10 has a hub that is a fixing unit 11 at which the rotational shaft C of
the motor is mounted, and may be configured with, for example, a resin product
fabricated to align a central axis of the hub with the rotational shaft C.

The side plate 20 is a so-called shroud (a cover ring) in which the opening O formed
at the center portion thereof is provided as the suction inlet for suctioning air, and an
empty area between outer edges of the side plate 20 and the main plate 10 is provided
as the discharge outlet.

The side plate 20 of the present embodiment may be configured with, for example, a
resin product which is set to have an outer diameter the same as that of the main plate
10, has a shape bended in a direction away from the main plate 10 and an inner
diameter which is decreased as it goes toward an inner side of the resin product, and is
fabricated to align a center axis of the side plate 20 with the rotational shaft C.

Also, the side plate 20 is not limited to the shape described above, and it may be a
flat plate of a ring shape when viewed from the plane, for example.

As shown in FIGS. 2 to 5, the wing 30 is configured to be rotated around the ro-
tational shaft C and also to have a convexly curved shape to a rotational direction R of
the wing 30 to extrude air from a positive pressure surface 31, which is an outer cir-
cumferential surface of the rotational direction R, toward the diameter direction.

Also, each of the positive pressure surface 31 and a negative pressure surface 32 is
herein convexly curved to the rotational direction R.

The turbo fan 100 of the present embodiment includes a plurality of wings 30, for

example, resin products, having a shape the same as each other, and each of the wings
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30 is arranged along a circumferential direction in a regular interval centering on the
rotational shaft C and also is fixed to the main plate 10 and the side plate 20 through,
for example, laser fusion.

A leading edge 3a and a tailing edge 3b of each wing 30 are formed from a faceplate
part 12 of the main plate 10 facing the side plate 20 to an inner circumferential surface
21 thereof.

In particular, when viewed from the plane, a part of the leading edge 3a is installed at
an inner side as compared to the opening O of the side plate 20, and in the present em-
bodiment, a main plate contact portion P, which is a contact portion of the leading edge
3a and the main plate 10, is located at an inner side as compared to the opening O, and
also a side plate contact portion Q, which is a contact portion of the leading edge 3a
and the side plate 20, is located at an outer side as compared to the opening O.

Also, when viewed from the plane, the tailing edge 3b is installed to be overlapped
with the outer edges of the main plate 10 and the side plate 20. That is, the tailing edge
3b is fixed to an outer edge portion of the main plate 10 and an outer edge portion of
the side plate 20.

However, the wing 30 of the present embodiment is provided to have a shape which
is more bended in the reverse direction against the rotational direction R of the wing 30
toward an outer diameter direction as compared to a leading edge outer end 35 of the
leading edge 3a in an outermost diameter direction.

In other words, each of the wings 30 is provided to have a shape bended in the
reverse direction against the rotational direction R thereof between the leading edge 3a
and the tailing edge 3b, and herein is more bended in the reverse direction against the
rotational direction R of the wing 30 in the outer diameter direction as compared to the
side plate contact portion Q which is the contact portion of the leading edge 3a and the
side plate 20 as described above.

In particular, each of the wings 30 includes a bended portion 3c at which a bending
modulus is discontinuously varied between the leading edge 3a and the tailing edge 3b,
and the positive pressure surface 31 and the negative pressure surface 32 are bended at
the bended portion 3c in the reverse direction against the rotational direction R of each
of the wings 30.

Specifically, the positive pressure surface 31 and the negative pressure surface 32
have a front end bending modulus, which is constantly or continuously varied, from
the leading edge 3a to the bended portion 3c and also a rear end bending modulus,
which is constantly or continuously varied, from the bended portion 3c to the tailing
edge 3b, and the front end bending modulus and the rear end bending modulus are
configured to have bending moduli or variation rates different from each other.

Also, in order to configure each of the wings 30 as described above, a central line
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(so-called as a camber line) passing center points of the positive pressure surface 31
and the negative pressure surface 32 may be bended in the reverse direction against the
rotational direction R of the wing 30 at the bended portion3c to vary a bending
modulus of the central line before and after the bended portion 3c.

The bended portion 3c is located at the outer diameter direction as compared to the
opening O of the side plate 20 when viewed from the plane, and herein, as shown in
FIG. 5, when a diameter direction length Ra is a length from the rotational shaft C to
the leading edge 3a, a diameter direction length Rb is a length from the rotational shaft
C to the tailing edge 3b, and a diameter direction length Rc is a length from the ro-
tational shaft C to the bended portion 3c in a cross section perpendicular to the axial
direction, the bended portion 3c is installed to satisfy Equation 1 as follows.

[Equation 1]

0.3<(Rc-Ra)/(Rb-Ra)<0.7

Also, in the cross section perpendicular to the axial direction, a wing angle fa and a
wing angle (¢ of each of the wings 30 according to the present embodiment are
configured to satisfy Equation 2 as follows, wherein the wing angle a is an angle
formed between an extended direction of the wing 30 at the leading edge 3a and a
tangential direction of a rotational orbit at the leading edge 3a, and the wing angle fc is
an angle formed between an extended direction of the wing 30 at the bended portion 3¢
and a tangential direction of a rotational orbit at the bended portion 3c.

[Equation 2]

0.6<pc/Pa<0.9

Here, as shown in FIG. 3, the bended portion 3c described above is formed only
between a main plate lateral end 33 of each of the wings 30 and a side plate lateral end
34 thereof instead of being formed at the main plate lateral end 33 and the side plate
lateral end 34.

That is, as shown in FIGS. 2 and 6, in each of the wings 30 of the present em-
bodiment, the main plate contact portion P coming in contact with the main plate 10
and the side plate contact portion Q coming in contact with the side plate 20 are not
bended at all to form a curved shape having a less curvature variation, and, as shown in
FIGS. 2 and 7, a predetermined section along the axial direction between the main
plate contact portion P and the side plate contact portion Q is provided as the bended
portion 3c of the bended shape having a large curvature variation in the reverse
direction against the rotational direction R of the wing 30.

In particular, as shown in FIG. 4, when a separation distance between the outer edges
of the main plate 10 and the side plate 20 along the axial direction is hO and a height
length of the wing 30 from the main plate 10 along the axial direction is h1, each of the

wings 30 is bended in a reverse direction against a rotational direction in a range of the
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height length h1 satisfying Equation 3 as follows.

[Equation 3]

0.2<h1/h0<0.8

Next, in the turbo fan 100 of the present embodiment, when (Rc-Ra)/(Rb-Ra) is
varied in the range of Equation 1 described above, a ratio variation between a static
pressure efficiency and a reference static pressure efficiency 10 is shown in FIG. 8.
Here, a graph shown in FIG. 8 represents a ratio of the static pressure efficiency when
the reference static pressure efficiency 10 is the static pressure efficiency in a case that
(Rc-Ra)/(Rb-Ra) is 0.3.

As shown in the present graph, when (Rc-Ra)/(Rb-Ra) is 0.5 in the range of Equation
1 described above, it can be seen that the static pressure efficiency becomes a
maximum.

Also, when [3c/Pa is varied in the range of Equation 2 described above, a ratio
variation between a static pressure efficiency and a reference static pressure efficiency
nb is shown in FIG. 9. Here, a graph shown in FIG. 9 represents a ratio of the static
pressure efficiency when the reference static pressure efficiency nb is the static
pressure efficiency in a case that Bc/Pa is 0.6.

As shown in the present graph, when c/Pa is 0.75 in the range of Equation 2
described above, it can be seen that the static pressure efficiency becomes a maximum.
Also, in a case of fc/Pa<0.6, an air separation occurs at the positive pressure surface 31
and air flowing toward the diameter direction comes in contact from the bended
portion 3c to the tailing edge 3b, so that this contact portion from the bended portion
3c to the tailing edge 3b serves as resistance. Moreover, in a case of c/Ba>0.9, a load
of the positive pressure surface 31 of the bended portion 3c at the leading edge 3a
could not be increased so that ventilation efficiency may not be improved.

With such a turbo fan 100 configured according to the present embodiment, each of
the wings 30 has been more bended in the reverse direction against the rotational
direction R of the wing 30 toward the outer diameter direction as compared to the
leading edge outer end of the leading edge 3a located in the outermost diameter
direction, and the bended portion 3c is located more outward in the outer diameter
direction as compared to the side plate contact portion Q at which the leading edge 3a
and the side plate 20 come in contact with each other, so that, as shown in FIG. 10, air
may be reattached at the negative pressure surface 32 to a downstream side as
compared to the bended portion 3c of each of the wings 30 to implement high ef-
ficiency and low noise of ventilation.

In addition, each of the negative pressure surface 32 of the wing 30 and the positive
pressure surface 31 thereof is more bended in the reverse direction toward the outer

diameter direction as compared to the leading edge outer end 35, so that the air being
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separated is reattached to the negative pressure surface 32 of the wing 30 and also a
boost performance at the positive pressure surface 31 is improved, thereby improving
work efficiency of each of the wings 30.

Also, the main plate lateral end 33 and the side plate lateral end 34 of each of the
wings 30 are not bended, so that a stress concentration generated at the main plate
contact portion P at which each of the wings 30 and the main plate 10 come in contact
with each other or the side plate contact portion Q at which each of the wings 30 and
the side plate 20 come in contact with each other may be reduced and a mechanical
strength of the turbo fan 100 with respect to a centrifugal force may be secured upon
being rotated.

In addition, the main plate 10, the side plate 20, and each of the wings 30 are the
resin products so that a weight of turbo fan 100 may be lightened.

As shown in FIG. 11, a tailing edge 41 of a wing 40 may be provided to have a
straight line shape inclined toward an axial direction, or, as shown in FIG. 12, a tailing
edge 51 of a wing 50 may be provided to have a curve shape waved in an axial
direction.

The wings 40 and 50 shown in FIGS. 11 and 12 are adjustable in a wind direction
according to a specification of the turbo fan 100, and are the same as the wing 30
shown in FIG. 2 except the shape of the tailing edge 3b thereof and also have effec-
tiveness identical to that of the wing 30.

In addition, the present disclosure is not limited to the embodiments described above.

For example, in the wing 30 of the embodiment described above, although the main
plate contact portion P at which the leading edge 3a and the main plate 10 come in
contact with each other is installed at the inner side as compared to the opening O of
the side plate 20 when viewed from the plane, it may be installed to be located at an
outer side as compared to the opening O of the side plate 20 when viewed from the
plane.

Also, in the wing 30 of the embodiment described above, although the side plate
contact portion Q at which the leading edge 3a and the side plate 20 come in contact
with each other is installed at the outer side as compared to the opening O of the side
plate 20 when viewed from the plane, the leading edge 3a may come in contact with an
inner edge portion of the side plate 20.

Additionally, in the wing 30 of the embodiment described above, although the tailing
edge 3b is installed to be overlapped with the outer edges of the main plate 10 and the
side plate 20, a part or all of the tailing edge 3b may be installed to be located at the
inner side as compared to the outer edges of the main plate 10 and the side plate 20.

Moreover, in the embodiments described above, although the outer diameter of the

main plate 10 and the outer diameter of the side plate 20 are set as the same size, they
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[87]

[88]

may be set as sizes different from each other.

Furthermore, in the embodiments described above, although the main plate 10, the
side plate 20, and each of the wings 30 are the resin products, a material thereof may
be changed to various materials, for example, metal and the like.

Although the present disclosure has been described above with reference to the ac-
companying drawings by focusing on "the turbo fan and the ventilation device having
the same" having a specific shape and direction, numerous other modifications and al-
terations can be devised by those skilled in the art and these should be construed as

falling within the spirit and scope of the principles of the present invention.
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Claims

An air conditioner comprising:

a turbo fan including:

a main plate having a disc shape and on which a rotational shaft is
mounted;

a side plate provided to be separated from the main plate along an axial
direction of the rotational shaft and having a ring shape with an
opening at a center portion of the side plate; and

a plurality of wings fixed between the main plate and the side plate
along a circumferential direction of the main plate,

wherein each wing of the plurality of wings includes

a leading edge having a portion coming in contact with the side plate,

a trailing edge, and

a bended portion, which is bended in a reverse direction against a ro-
tational direction of the wing between the portion of the leading edge of
the wing coming in contact with the side plate and the tailing edge of
the wing.

The air conditioner of claim 1, wherein, for each wing of the plurality
of wings:

the leading edge has a main plate contact portion at which the leading
edge and the main plate come in contact with each other, the main plate
contact portion having a first curved shape in which a first curvature
variation is small,

the leading edge has a side plate contact portion at which the leading
edge and the side plate come in contact with each other, the side plate
contact portion having a second curved shape in which a second
curvature variation is small, and

the bended portion is between the main plate contact portion and the
side plate contact portion.

The air conditioner of claim 1, wherein air is suctioned through the
opening provided in the side plate, and the air suctioned through the
opening is discharged through an empty area between the side plate and
the main plate.

The air conditioner of claim 3, wherein the side plate is provided to
have an outer diameter equal to that of the main plate, and a shape in
which an inner diameter is decreased as it goes toward an inner side in

a direction away {rom the main plate.



WO 2016/195371

[Claim 5]

[Claim 6]

[Claim 7]

[Claim 8]

[Claim 9]
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[Claim 11]

[Claim 12]

13
PCT/KR2016/005792

The air conditioner of claim 1, wherein each wing of the plurality of
wings is configured to have a convexly curved shape in the rotational
direction of the wing, and to include a positive pressure surface which
is an outer circumferential surface in the rotational direction of the
wing and a negative pressure surface which is a rear surface opposite to
the positive pressure surface.

The air conditioner of claim 5, wherein the main plate includes a
faceplate part facing the side plate, and the leading edge and the tailing
edge of each wing of the plurality of wings are formed from the
faceplate part to an inner circumferential surface of the side plate.

The air conditioner of claim 6, wherein, for each wing of the plurality
of wings, a distance between a main plate contact portion at which the
leading edge and the main plate come in contact with each other and
the rotational shaft is less than a radius of the opening, and a distance
between a side plate contact portion at which the leading edge and the
side plate come in contact with each other and the rotational shaft is
greater than the radius of the opening.

The air conditioner of claim 7, wherein, for each wing of the plurality
of wings, the tailing edge is fixed to an outer edge portion of the main
plate and an outer edge portion of the side plate.

The air conditioner of claim 7, wherein, for each wing of the plurality
of wings, the main plate contact portion and the side plate contact
portion are provided to have a curved shape having no bended portion,
and the bended portion is provided between the main plate contact
portion and the side plate contact portion.

The air conditioner of claim 5, wherein, for each wing of the plurality
of wings, each of the positive pressure surface of the wing and the
negative pressure surface thereof is bended in a reverse direction
against the rotational direction of the wing at the bended portion.

The air conditioner of claim 10, wherein, for each wing of the plurality
of wings, the positive pressure surface and the negative pressure
surface are provided to have a front end bending modulus being
constant from the leading edge to the bended portion and a rear end
bending modulus being constant from the bended portion to the tailing
edge, and the front end bending modulus and the rear end bending
modulus are provided to have bending moduli different from each
other.

The air conditioner of claim 10, wherein, for each wing of the plurality
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of wings, the positive pressure surface and the negative pressure
surface are provided to have a front end bending modulus being con-
tinuously varied from the leading edge to the bended portion and a rear
end bending modulus being continuously varied from the bended
portion to the tailing edge, and the front end bending modulus and the
rear end bending modulus are provided to have bending moduli
different from each other.

The air conditioner of claim 1, wherein, for each wing of the plurality
of wings, when a separation distance between outer edges of the main
plate and the side plate along a direction of the rotational shaft is hO
and a height of the wing from the main plate along the direction of the
rotational shaft is h1, the wing is bended in the reverse direction against
the rotational direction of the wing in a range of the height h1 satisfying
0.2<h1/h0<0.8.

The air conditioner of claim 1, wherein, for each wing of the plurality
of wings, a diameter direction length Ra from the rotational shaft to the
leading edge, a diameter direction length Rb from the rotational shaft to
the tailing edge, and a diameter direction length Rc from the rotational
shaft to the bended portion satisfy 0.3<(Rc-Ra)/(Rb-Ra)<0.7.

The air conditioner of claim 1, wherein, for each wing of the plurality
of wings, a wing angle Pa formed between an extended direction of the
wing at the leading edge and a tangential direction of a rotational orbit
of the leading edge, and a wing angle [3c formed between an extended
direction of the wing at the bended portion and a tangential direction of
a rotational orbit of the bended portion satisfy 0.6< fc/Ba<0.9.
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