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Description

[0001] The disclosure relates to centrifugal fans for re-
frigerators. More particularly, the disclosure relates to a
centrifugal fan for a refrigerator that provides air cooled
by an evaporator to a refrigerating compartment or a
freezing compartment.

[0002] In general, a refrigerator may cool food or pre-
vent spoilage by providing cold air using a refrigeration
cycle device including a compressor, a condenser, an
expansion mechanism, and an evaporator. A refrigerator
is a device that stores food for a long time in a fresh state
using cold air.

[0003] In the refrigerator, a centrifugal fan for a refrig-
erator is installed on the flow path, which blows air into
the refrigerating compartment and freezing compartment
after forcing the air to flow from the refrigerating compart-
ment and the freezing compartment through an evapo-
rator.

[0004] FIG. 17isacross-sectional view of arefrigerator
according to the prior art.

[0005] AsshowninFIG. 17, therefrigerator 10 typically
includes an outer case 11 with a front opening, an inner
case 12 disposed in the outer case 11, a storage com-
partment (e.g., a refrigerating compartment or a freezing
compartment) disposed in the inner case 12, and a door
disposed on the front surface of the outer case 11 to open
and close the storage compartment.

[0006] In this case, the refrigerator 10 includes an
evaporator 14 formed on a side of the storage compart-
ment to heat-exchange the refrigerant and air to generate
cold air, a cold air flow path 16 disposed between the
outer case 11 and the inner case 12, a refrigerator cen-
trifugal fan 17 for circulating the cold air from the evap-
orator 14 to the storage compartment through the cold
air flow path 16, and a motor 15 for providing power to
the refrigerator centrifugal fan 17.

[0007] On the other hand, to increase the internal ca-
pacity of the refrigerator, it is necessary to reduce the
size of the evaporator, the cold air flow path, and the
refrigerator centrifugal fan for the refrigerator.

[0008] When the size of the evaporator that generates
cold air decreases, the number of cooling fins of the evap-
orator increases to increase the heat exchange amount
per unit area, and when the cold air flow path narrows,
the flow path resistance increases two times or more un-
der the same flow rate condition. Thus, the centrifugal
fan for refrigerator requires more than twice the work.
[0009] Thediameter ofaturbo fan, as disclosed in prior
document 1 (Korean Patent No. 10-0389395) and prior
document 2 (Korean Patent No. 10-1577875), is gener-
ally about 110 mm to 140 mm, and the rotation speed is
about 1200 rpm. Here, the turbo fan may mean a fan in
which blades are convexly formed in the rotation direction
of the fan.

[0010] If the diameter of the fan is reduced to 85mm,
the rotational speed of the fan is inversely proportional
to the third power of the diameter of the fan according to
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the law of similarity of the fan, so that the rotational speed
of the fan increases up to 2600 rpm.

[0011] Further, as mentioned above, when the number
of cooling fins is increased and the flow path is narrowed,
so thatthe flow path resistance is increased by more than
two times, the rotational speed of the fan is excessively
increased according to the law of similarity of the fan.
[0012] More noise may be caused due to aerodynamic
or vibration resultant from the excessive increase in the
rpm of the fan.

[0013] Further, such excessive increase in rpm may
also shorten the lifespan of such components as the mo-
tor and oil-impregnated bushing bearing.

[PRIOR TECHNICAL DOCUMENTS]
[0014]

(PatentDocument 1) Korean Patent No. 10-0389395
B (published on June 27, 2003)

(PatentDocument 2) Korean PatentNo. 10-1577875
B (published on December 28, 2015)

[0015] The disclosure aims to provide a centrifugal fan
for a refrigerator capable of reducing the number of ro-
tations of the fan while increasing the internal capacity
of the refrigerator.

[0016] Thedisclosure alsoaimsto provide acentrifugal
fan for a refrigerator that reduces noise due to aerody-
namic or vibration generated by an increase in the rota-
tion speed of the fan.

[0017] Thedisclosure alsoaimsto provide acentrifugal
fan for a refrigerator capable of increasing the lifespan
of components of the refrigerator.

[0018] The disclosure also aims to provide a high-effi-
ciency refrigerator centrifugal fan capable of increasing
the discharge pressure under the same flow rate condi-
tion.

[0019] The disclosure aims to provide a centrifugal fan
for a refrigerator that may maximize discharge pressure
efficiency under the same flow rate condition.

[0020] The disclosure aims to provide a centrifugal fan
for a refrigerator capable of preventing interference of a
product that may occur when injection molding is used.
[0021] Thedisclosure alsoaimsto provide acentrifugal
fan for a refrigerator capable of reducing the number of
rotations of the fan under the same flow rate and pressure
condition by reducing the length of the blade cord.
[0022] To achieve the foregoing objects, according to
an embodiment, a centrifugal fan for a refrigerator com-
prises a hub coupled to a rotation shaft, and a plurality
of blades disposed radially about the rotation shaft on
the hub, wherein the blades are formed to be entirely
concave along a rotational direction.

[0023] Thus, itis possible to increase the internal ca-
pacity of the refrigerator while maintaining a low number
of rotations as compared with the conventional turbo fan.
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[0024] Itis also possible to reduce noise due to aero-
dynamic force or vibration generated by an increase in
the number of rotations of the fan.

it is also possible to increase the lifespan of the compo-
nents of the refrigerator by reducing the number of rota-
tions of the fan.

[0025] The blades may meet an equation expressed
as:0.67<D/Dp<0.77 (where, D, is a distance between an
inner end of the blades and a center area of the rotation
shaft, and Dg is a distance between an outer end of the
blades and the center area of the rotation shaft).

[0026] Preferably, the blades may meet an equation
expressed as: D|/Dy=0.72 (where, D, is a distance be-
tween an inner end of the blades and a center area of
the rotation shaft, and Dy is a distance between an outer
end of the blades and the center area of the rotation
shaft).

[0027] Therefore, itis possible to enhance the efficien-
cy of the refrigerator centrifugal fan by increasing the
discharge pressure under the same flow rate condition.
[0028] The blades may meet an equation expressed
as: 0.25<L3/L2<0.3 (where, L3 is a maximum camber
amount of the blades, and L2 is a chord length of the
blades).

[0029] Preferably, the blades may meet an equation
expressed as: L3/L2=0.275 (where, L3 is a maximum
camber amount of the blades, and L2 is a chord length
of the blades).

[0030] Therefore, itis possible to enhance the efficien-
cy of the refrigerator centrifugal fan by increasing the
discharge pressure under the same flow rate condition.
[0031] The blades may meet an equation expressed
as: 044<L4/L2<0.58 (where L4 is a maximum camber
position of the blades, and L2 is the chord length of the
blades).

[0032] Preferably, the blades may meet an equation
expressed as: L4/L2=0.51 (where L4 is a maximum cam-
ber position of the blades, and L2 is the chord length of
the blades).

[0033] Therefore, itis possible to enhance the efficien-
cy of the refrigerator centrifugal fan by increasing the
discharge pressure under the same flow rate condition.
[0034] An inner diameter of a suction-side end of the
blades may be smaller than an inner diameter of a hub-
side end of the blades.

[0035] Thus, itis possible to prevent interference that
may arise when injection molding is used.

[0036] A predetermined angle may be formed between
a chord line of a hub-side end of the blades and a chord
line of a suction-side end of the blades.

[0037] For example, the predetermined angle formed
between the chord line of the hub-side end of the blades
and the chord line of the suction-side end of the blades
may range from 18.7 degrees to 21 degrees.

[0038] Preferably, the predetermined angle formed be-
tween the chord line of the hub-side end of the blades
and the chord line of the suction-side end of the blades
may be 19.8 degrees.

10

15

20

25

30

35

40

45

50

55

[0039] Therefore, itis possible to enhance the efficien-
cy of the refrigerator centrifugal fan by increasing the
discharge pressure under the same flow rate condition.
[0040] A radial outer end of the blades may be dis-
posed in the rotational direction, as compared with an
inner end of the blades.

[0041] Therefore, it is possible to reduce the number
of rotations under the same flow rate and pressure con-
ditions by reducing the length of the blade chord.
[0042] To achieve the foregoing objects, according to
an embodiment, a centrifugal fan for a refrigerator com-
prises a hub coupled to a rotation shaft, and a plurality
of blades disposed radially about the rotation shaft on
the hub, wherein a predetermined angle is formed be-
tween a chord line of a hub-side end of the blades and
a chord line of a suction-side end of the blades.

[0043] Therefore, itis possible to enhance the efficien-
cy of the refrigerator centrifugal fan by increasing the
discharge pressure under the same flow rate condition.
[0044] The predetermined angle formed between the
chord line of the hub-side end of the blades and the chord
line of the suction-side end of the blades may range from
18.7 degrees to 21 degrees.

[0045] Preferably, the predetermined angle formed be-
tween the chord line of the hub-side end of the blades
and the chord line of the suction-side end of the blades
may be 19.8 degrees.

[0046] Therefore, it is possible to maximize the effi-
ciency of the refrigerator centrifugal fan under the same
flow rate condition.

[0047] The blades may be formed to be entirely con-
cave in the rotational direction.

[0048] Therefore, itis possible to enhance the efficien-
cy of the refrigerator centrifugal fan by increasing the
discharge pressure under the same flow rate condition.
[0049] The blades may meet an equation expressed
as:0.67<D/Dy<0.77 (where, D, is a distance between an
inner end of the blades and a center area of the rotation
shaft, and Dq is a distance between an outer end of the
blades and the center area of the rotation shaft).

[0050] The blades may meet an equation expressed
as: 0.25<L3/L2<0.3 (where, L3 is a maximum camber
amount of the blades, and L2 is a chord length of the
blades).

[0051] The blades may meet an equation expressed
as: 044<L4/L2<0.58 (where L4 is a maximum camber
position of the blades, and L2 is the chord length of the
blades).

[0052] Therefore, itis possible to enhance the efficien-
cy of the refrigerator centrifugal fan by increasing the
discharge pressure under the same flow rate condition.
[0053] A radial outer end of the blades may be dis-
posed in the rotational direction, as compared with an
inner end of the blades.

[0054] Therefore, it is possible to reduce the number
of rotations under the same flow rate and pressure con-
ditions by reducing the length of the blade chord.
[0055] The disclosure may provide a centrifugal fan for
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arefrigerator capable of reducing the number of rotations
of the fan while increasing the internal capacity of the
refrigerator.

[0056] The disclosure may provide a centrifugal fan for
a refrigerator that reduces noise due to aerodynamic or
vibration generated by an increase in the rotation speed
of the fan.

[0057] The disclosure may provide a centrifugal fan for
a refrigerator capable of increasing the lifespan of com-
ponents of the refrigerator.

[0058] Thedisclosure may provide a high-efficiency re-
frigerator centrifugal fan capable of increasing the dis-
charge pressure under the same flow rate condition.
[0059] The disclosure may provide a centrifugal fan for
a refrigerator that may maximize discharge pressure ef-
ficiency under the same flow rate condition.

[0060] The disclosure may provide a centrifugal fan for
a refrigerator capable of preventing interference of a
product that may occur when injection molding is used.
[0061] The disclosure may provide a centrifugal fan for
arefrigerator capable of reducing the number of rotations
of the fan under the same flow rate and pressure condi-
tion by reducing the length of the blade cord.

BRIEF DESCRIPTION OF THE DRAWINGS

[0062] A more complete appreciation of the disclosure
and many of the attendant aspects thereof will be readily
obtained as the same becomes better understood by ref-
erence to the following detailed description when consid-
ered in connection with the accompanying drawings,
wherein:

FIG. 1 is a cross-sectional view illustrating a refrig-
erator according to an embodiment of the disclosure;
FIG. 2 is a cross-sectional view illustrating a blower
according to an embodiment of the disclosure;

FIG. 3 is a perspective view illustrating a refrigerator
centrifugal fan according to an embodiment of the
disclosure;

FIG. 4 is a plan view illustrating a refrigerator cen-
trifugal fan according to an embodiment of the dis-
closure;

FIG. 5 is a cross-sectional view illustrating a refrig-
erator centrifugal fan according to an embodiment
of the disclosure;

FIG. 6 is an enlarged view of part A of FIG. 4;

FIG. 7 is a view schematically illustrating a blade
according to an embodiment of the disclosure;

FIG. 8 is a graph illustrating the discharge pressure
according to the diameter ratio of a blade according
to an embodiment of the disclosure;

FIG. 9 is a graph illustrating the discharge pressure
according to the maximum camber amountof ablade
according to an embodiment of the disclosure;

FIG. 10 is a graph illustrating the discharge pressure
according to the maximum camber position of a
blade according to an embodiment of the disclosure;
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FIG. 11is aperspective view illustrating a refrigerator
centrifugal fan according to another embodiment of
the disclosure;

FIG. 12 is a plan view illustrating a refrigerator cen-
trifugal fan according to another embodiment of the
disclosure;

FIG. 13 is an enlarged view of part B of FIG. 12;
FIG. 14 is a cross-sectional view illustrating a refrig-
erator centrifugal fan according to another embodi-
ment of the disclosure;

FIG. 15is a graph illustrating the discharge pressure
according to an angle between a cord line at a hub-
side end of a blade and a cord line at a suction-side
end according to another embodiment of the disclo-
sure;

FIG. 16 is a graph illustrating the discharge pressure
according to the flow rate of a centrifugal fan for a
refrigerator according to the prior art and according
to an embodiment of the disclosure; and

FIG. 17 is a cross-sectional view of a refrigerator
according to the prior art.

[0063] Hereinafter, embodiments of the disclosure are
described in detail with reference to the accompanying
drawings. The same reference denotations may be used
to refer to the same or similar elements throughout the
disclosure and the drawings, and no duplicate description
is given.

[0064] It will be understood that when an element or
layerisreferred to as being "on,""connected to," "coupled
to," or "adjacent to" another element or layer, it may be
directly on, connected, coupled, or adjacent to the other
element or layer, or intervening elements or layers may
be present.

[0065] When determined to make the subject matter
of the disclosure unclear, the detailed description of the
known art or functions may be skipped. The accompa-
nying drawings are provided merely for a better under-
standing of the disclosure and the technical spirit or the
scope of the disclosure are not limited by the drawings.
[0066] As used herein, the term "disclosure" may be
replaced with other terms, such as "document,” "specifi-
cation," or "description."

[0067] FIG. 1is across-sectional view illustrating a re-
frigerator according to an embodiment of the disclosure.
[0068] Referring to FIG. 1, a refrigerator 10 according
to an embodiment of the disclosure may include an outer
case 11, an inner case 12, a door 13, an evaporator 14,
a cold air flow path 16, a blower 100, and a motor 15.
However, some of the components may be excluded, or
the refrigerator 10 may include more components.
[0069] The outer case 11 may have a front opening
and an inner space. The outer case 11 may form the
exterior of the refrigerator 10. The outer case 11 may be
formed overall in a hexahedral shape with a front opening
but, without limitations thereto, the outer case 11 may be
formed in other various shapes.

[0070] The inner case 12 may be disposed inside the
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outer case 11. The inner case 12 may be spaced apart
from the outer case 11. The inner case 12 may include
an inner space. A storage compartment may be formed
in the inner space of the inner case 12. The storage com-
partment may be referred to as a refrigerator compart-
ment or a freezer compartment. There may be provided
a plurality of storage compartments. The plurality of stor-
age compartments may be maintained in different tem-
perature zones. One of the plurality of storage compart-
ments may be a refrigerating compartment, and the other
may be a freezing compartment.

[0071] The door 13 may be disposed on the front sur-
face of the outer case 11. The door 13 may be selectively
opened and closed by a user. A plurality of doors 13 may
be provided according to the number of storage compart-
ments.

[0072] The evaporator 14 may be disposed between
the outer case 11 and the inner case 12. The evaporator
14 may be disposed on one side or rear of the storage
compartment. The evaporator 14 may be disposed under
the cold air flow path 16. The evaporator 14 may be dis-
posed under the blower 100. The evaporator 14 may be
disposed in a lower portion of the refrigerator 10. The
evaporator 14 may generate cold air by exchanging air
supplied fromthe storage compartmentwith arefrigerant.
The cold air generated by the evaporator 14 may be pro-
vided to the blower 100.

[0073] A plurality of evaporators 14 may be provided.
One of the plurality of evaporators may cool the refriger-
ating compartment, and the other may cool the freezing
compartment. Alternatively, both the refrigerating com-
partment and freezing compartment may be cooled by
one evaporator.

[0074] Therefrigerator 10 according to anembodiment
of the disclosure may include a refrigeration cycle device
including a compressor (not shown) for compressing the
refrigerant, a condenser (not shown) for condensing the
refrigerant compressed by the compressor, an expan-
sion mechanism for expanding the refrigerant condensed
by the condenser, and the evaporator 14 to which the
refrigerant expanded by the expansion mechanism is
provided.

[0075] The cold air flow path 16 may be disposed be-
tween the outer case 11 and the inner case 12. The cold
air flow path 16 may be disposed on one side or rear of
the storage compartment. The cold air flow path 16 may
extend in upper and lower directions or a vertical direc-
tion. The cold air flow path 16 may provide a flow path
through which cold air flows. One side of the cold air flow
path 16 may be connected to the blower 100 and the
other side may be connected to the storage compart-
ment. The cold air flow path 16 may be disposed over
the blower 100. The cold air flow path 16 may be disposed
over the evaporator 14.

[0076] The blower 100 may be disposed between the
outer case 11 and the inner case 12. The blower 100
may be disposed under the cold air flow path 16. The
blower 100 may be disposed in a lower portion of the
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cold air flow path 16. The blower 100 may be disposed
in front of the motor 15. The blower 100 may be coupled
with the motor 15. The blower 100 may be disposed over
the evaporator 14. The blower 100 may flow cold air gen-
erated by the evaporator 14 to the storage compartment
through the cold air flow path 16.

[0077] The motor 15 may be coupled to the blower 100.
The motor 15 may drive the blower 100 through external
power. The motor 15 may be disposed behind the blower
100. The motor 15 may be disposed over the evaporator
14. The motor 15 may be disposed under the cold air
flow path 16.

[0078] Referringto FIGS. 1and 17, the internal capac-
ity of the refrigerator 10 according to an embodiment of
the disclosure may be increased in volume V as com-
pared to the internal capacity of the refrigerator according
to the prior art. Accordingly, the sizes of the blower 100
and the evaporator 14 may be reduced, and the cold air
flow path 16 may be narrowed. This is described below
in greater detail.

[0079] FIG. 2 is a cross-sectional view illustrating a
blower according to an embodiment of the disclosure.
[0080] Referring to FIG. 2, the blower 100 according
to an embodiment of the disclosure may include a hous-
ing 120, a motor 150, and a centrifugal fan 200 for a
refrigerator, but some of the components may be omitted,
or the blower 100 may include more components.
[0081] The housing 120 may include a suction port
120a through which cold air generated by the evaporator
14 is sucked, and a discharge port 120b for discharging
the refrigerant passing through the refrigerator centrifu-
gal fan 200. The housing 120 may be fixed to the motor
150. The centrifugal fan 200 for a refrigerator may be
rotatably disposed in the housing 120. The housing 120
may form a flow path for cold air and air.

[0082] A bell mouth 110 may extend from the housing
120. The bell mouth 110 may be formed in a rea center
area of the housing 120. The inner diameter of the bell
mouth 110 may increase toward the centrifugal fan 200
for a refrigerator. Further, the blower 100 may include a
convex portion 110a formed to be convex towards the
centrifugal fan 200 for a refrigerator between the bell
mouth 110 and the housing 120.

[0083] Themotor150 may be driven by external power.
The motor 150 may be coupled to the housing 120. The
rotation shaft of the motor 150 may be coupled to the
centrifugal fan 200 for a refrigerator. The centrifugal fan
200 for a refrigerator may be rotated in one direction ac-
cording to the rotation of the rotation shaft of the motor
150. The motor 150 may be understood as identical to
the motor 15 described above in connection with FIG. 1.
[0084] The centrifugal fan 200 for a refrigerator may
be disposed in the housing 120. The centrifugal fan 200
for arefrigerator may be rotatably connected to the motor
150. The centrifugal fan 200 for a refrigerator may rotate
in one direction according to the rotation of the rotation
shaft of the motor 150. The centrifugal fan 200 for a re-
frigerator may be disposed in front of the motor. A detailed
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configuration of the centrifugal fan 200 for a refrigerator
will be described later.

[0085] A shroud (not shown) may be installed to intro-
duce the air and refrigerant to be introduced through the
suction port 120a and to guide the air through the dis-
charge port 120b.

[0086] FIG. 3is a perspective view illustrating a refrig-
erator centrifugal fan according to an embodiment of the
disclosure. FIG. 4 is a plan view illustrating a refrigerator
centrifugal fan according to an embodiment of the dis-
closure. FIG. 5 is a cross-sectional view illustrating a re-
frigerator centrifugal fan according to an embodiment of
the disclosure; FIG. 6 is an enlarged view of part A of
FIG. 4. FIG. 7 is a view schematically illustrating a blade
according to an embodiment of the disclosure; FIG. 8 is
a graph illustrating the discharge pressure according to
the diameter ratio of a blade according to an embodiment
of the disclosure. FIG. 9 is a graph illustrating the dis-
charge pressure according to the maximum camber
amount of a blade according to an embodiment of the
disclosure. FIG. 10 is a graph illustrating the discharge
pressure according to the maximum camber position of
a blade according to an embodiment of the disclosure.
[0087] ReferringtoFIGS. 3to 7, the centrifugal fan 200
for a refrigerator according to an embodiment of the dis-
closure may include a hub 210, a blade 230, a connecting
member 220, and a coupling part 240. However, the re-
frigerator centrifugal fan 200 may include more or less
components according to an embodiment.

[0088] The hub 210 may be disposed in the housing
120. The hub 210 may be rotatably coupled to the motor
150. The hub 210 may be coupled to the rotation shaft
of the motor 150. The hub 210 may rotate in one direction
according to the rotation of the rotation shaft of the motor
150. The blade 230 may be disposed on the hub 210.
[0089] The hub 210 may include a first area 212. The
blade 230 may be disposed in the first area 212. The
blade 230 may be disposed on the front surface of the
first area 212. The first area 212 may be formed flat. The
first area 212 may be disposed adjacent to the motor 150
as compared to a second area 214. The first area 212
may be disposed behind the second area 214.

[0090] The hub 210 may include the second area 214.
The second area 214 may extend from the first area 212.
The second area 214 may have curvature. The second
area 214 may be formed to be convex in the opposite
direction or forward of the motor 150. The second area
214 may be formed in a semicircular shape. The second
area 214 may have an infection point. Thus, it is possible
to guide the air or refrigerant sucked through the suction
port 120a toward the blade 230 disposed in the first area
212 while improving the suction efficiency of the cold air.
[0091] Theblade 230 may be disposed on the hub 210.
The blade 230 may be disposed in the first area 212 of
the hub 210. The blade 230 may be disposed on the front
surface of the first area 212 of the hub 210. The blade
230 may be spaced apart from the center area of the hub
210. The blade 230 overall may have curvature. The
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blade 230 may have no inflection point. The width of the
blade 230 may be constant. Here, the width of the blade
230 may mean the minimum distance between the pres-
sure surface 233 and the negative pressure surface 232.
[0092] The blade 230 may include a leading edge 231
disposed radially inward of the centrifugal fan 200 for a
refrigerator, a trailing edge 234 disposed radially outward
of the centrifugal fan 200 for a refrigerator, the pressure
surface 233 connecting the leading edge 231 and the
trailing edge 234 and disposed along the rotation direc-
tion of the refrigerator centrifugal fan 200, and the neg-
ative pressure surface 232 connecting the leading edge
231 and the trailing edge 234 and disposed in the oppo-
site direction of the rotation direction of the refrigerator
centrifugal fan 200. The pressure surface 233 has a high-
er pressure than the atmospheric pressure, thus pushing
out the air. The negative pressure surface 232 is the op-
posite surface of the pressure surface 233 and may have
a pressure lower than the atmospheric pressure. The
leading edge 231 may contact the cold air introduced
through the suction port 120a, and the trailing edge 234
may discharge the cold air toward the discharge port
120b.

[0093] In one embodiment of the disclosure, the mini-
mum distance between the center of the leading edge
231 and the center of the trailing edge 234 is defined as
a chord length L2, the virtual straight line connecting the
center of the leading edge 231 with the center of the
trailing edge 234 is defined as a chord line, and the line
connecting the midpoints of the pressure surface 233
and the negative pressure surface 232 is defined as a
camber line L1. When the virtual line perpendicular to
the chord line is connected to the camber line L1, the
height at the maximum camber is defined as the maxi-
mum camber amount L3, and the distance from the cent-
er of the leading edge 231 to the maximum camber is
defined as the maximum camber position L4.

[0094] The blade 230 may be formed overall concave
in the rotation direction. For example, with reference to
FIG. 4, when the centrifugal fan 200 for a refrigerator
rotates clockwise, the blade 230 may be concave clock-
wise or convex counterclockwise. The trailing edge 234,
which is the radially outer end of the centrifugal fan 200
for a refrigerator, of the blade 230 may be disposed more
in the rotational direction than the leading edge 231,
which is the radially inner end. For example, when the
centrifugal fan 200 for a refrigerator rotates clockwise as
viewed in FIG. 4, the trailing edge 234 may be disposed
more clockwise or to the right than the leading edge 231.
[0095] In this case, the length L2 of the cord may be
shorter than that of the conventional turbofan, and the
number of blades 230a, 230b, and 230c may be in-
creased. Thus, it is possible to reduce the number of
rotations of the centrifugal fan for a refrigerator under the
same flow rate and discharge pressure conditions as
compared to the turbo fan according to the prior art.
[0096] It is also possible to increase the internal ca-
pacity of the refrigerator 10 (V in FIG. 1) and maintain
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the centrifugal fan 200 for a refrigerator at a lower rota-
tional speed than the turbo fan according to the prior art.
[0097] It is therefore possible to reduce noise due to
aerodynamic force or vibration generated by an increase
in the number of rotations of the centrifugal fan 200 for
a refrigerator. Further, it is possible to increase the
lifespan of such components of the refrigerator 10 as the
motor 150 and oil-impregnated bushing bearing by re-
ducing the number of rotations of the centrifugal fan 200
for a refrigerator.

[0098] There may be formed a plurality of blades 230
including blades 230a, 230b, and 230c. The plurality of
blades 230a, 230b, and 230c may be disposed radially
with respect to the rotation shaft of the motor 150. The
plurality of blades 230a, 230b, and 230c may be disposed
radially with respect to the central area of the hub 210.
The plurality of blades 230a, 230b, and 230c may be
spaced apart from each other in the circumferential di-
rection.

[0099] A connecting member 220 may be coupled to
the front surface of the blade 230. The connecting mem-
ber 220 may be coupled to an outer surface or a trailing
edge of the blade 230. The connecting member 220 may
be connected to the plurality of blades 230. The connect-
ingmember 220 may be shaped as a circular band orring.
[0100] A coupling part 240 may be formed on the hub
210. The coupling part 240 may be formed in a central
area ofthe hub 210. The coupling part 240 may be formed
in the central area of the second area 214 of the hub 210.
The coupling part 240 may be coupled to the rotation
shaft of the motor 150.

[0101] The blade 230 may satisfy Equation 1 below.

[Equation 1]
0.67<Dy/D0<0.77

where D, is the distance between an inner end or leading
edge 231 of the blade 230 and a center area of the rota-
tion shaft of the motor 150, and Dy is the distance be-
tween an outer end or trailing edge 234 of the blade and
the center area of the rotation shaft of the motor 150.
[0102] Referring to FIG. 8, when a ratio of the distance
D, between the innerend or leading edge 231 of the blade
230 and the central region of the rotation axis of the motor
150 to the distance Dy between the outer end or the
trailing edge 234 of the blade 230 and the center area of
the rotational shaft of the motor 150 ranges from 0.67 to
0.77, the discharge pressure of the refrigerator centrifu-
gal fan 200 falls within 5% of the maximum value and,
when the ratio is not more than 0.67 and not less than
0.77, the discharge pressure of the refrigerator centrifu-
gal fan 200 may sharply decrease. Accordingly, itis pos-
sible to increase the discharge pressure of the centrifugal
fan 200 for a refrigerator under the same flow rate con-
dition and increase the efficiency of the centrifugal fan
200 for a refrigerator.

10

15

20

25

30

35

40

45

50

55

[0103] The blade 230 may satisfy Equation 2 below.

[Equation 2]
0.67<Dy/D0<0.72

where D, is the distance between an inner end or leading
edge 231 of the blade 230 and a center area of the rota-
tion shaft of the motor 150, and Dg is the distance be-
tween an outer end or trailing edge 234 of the blade and
the center area of the rotation shaft of the motor 150.
[0104] Likewise, referring to FIG. 8, when a ratio of the
distance D, between the inner end or leading edge 231
of the blade 230 and the central region of the rotation
axis of the motor 150 to the distance Dg between the
outer end or the trailing edge 234 of the blade 230 and
the center area of the rotational shaft of the motor 150 is
0.72, the discharge pressure of the refrigerator centrifu-
gal fan 200 may be at its maximum. Accordingly, it is
possible to maximize the discharge pressure of the cen-
trifugal fan 200 for a refrigerator under the same flow rate
condition and maximize the efficiency of the centrifugal
fan 200 for a refrigerator.

[0105] The blade 230 may satisfy Equation 3 below.

[Equation 3]
0.25<1.3/1.2<0.3

where L3 is the maximum camber amount of the blade
230, and L2 is the cord length L2 of the blade 230.

[0106] ReferringtoFIG.9, whenaratio ofthe maximum
camber amount L3 of the blade 230 to the cord length
L2 of the blade 230 ranges from 0.25 to 0.3, if the dis-
charge pressure of the refrigerator centrifugal fan 200
falls within 5% of the maximum value and, when the ratio
is not more than 0.25 and not less than 0.3, the discharge
pressure of the refrigerator centrifugal fan 200 may
sharply decrease. Accordingly, it is possible to increase
the discharge pressure of the centrifugal fan 200 for a
refrigerator under the same flow rate condition and in-
crease the efficiency of the centrifugal fan 200 for a re-

frigerator.

[0107] The blade 230 may satisfy Equation 4 below.
[Equation 4]
L3/L2=0.275

where L3 is the maximum camber amount of the blade
230, and L2 is the cord length L2 of the blade 230.

[0108] Likewise, referring to FIG. 9, when the ratio of
the maximum camber amount L3 of the blade 230 to the
cord length L2 of the blade 230 is 0.275, the discharge
pressure of the centrifugal fan 200 for a refrigerator is at
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its maximum. Accordingly, it is possible to maximize the
discharge pressure of the centrifugal fan 200 for a refrig-
erator under the same flow rate condition and maximize
the efficiency of the centrifugal fan 200 for a refrigerator.
[0109] The blade may satisfy Equation 5 below.

[Equation 5]
044<L4/1.2<0.58

where L4 denotes the maximum camber position L4 of
the blade 230, and L2 denotes the cord length L2 of the
blade 230.

[0110] Referring to FIG. 10, when a ratio of the maxi-
mum camber position L4 of the blade 230 to the cord
length L2 of the blade 230 ranges from 0.44 to 0.58, the
discharge pressure of the refrigerator centrifugal fan 200
falls within 5% of the maximum value and, when the ratio
is not more than 0.44 and not less than 0.58, the dis-
charge pressure of the refrigerator centrifugal fan 200
may sharply decrease. Accordingly, it is possible to in-
crease the discharge pressure of the centrifugal fan 200
for a refrigerator under the same flow rate condition and
increase the efficiency of the centrifugal fan 200 for a

refrigerator.

[0111] The blade 230 may satisfy Equation 6 below.
[Equation 6]
L4/1.2=0.51

where L4 denotes the maximum camber position L4 of
the blade 230, and L2 denotes the cord length L2 of the
blade 230.

[0112] Likewise, referring to FIG. 10, when the ratio of
the maximum camber position L4 of the blade 230 to the
cord length L2 of the blade 230 is 0.51, the discharge
pressure of the centrifugal fan 200 for a refrigerator is at
its maximum. Accordingly, it is possible to maximize the
discharge pressure of the centrifugal fan 200 for a refrig-
erator under the same flow rate condition and maximize
the efficiency of the centrifugal fan 200 for a refrigerator.
[0113] FIG. 11 is a perspective view illustrating a re-
frigerator centrifugal fan according to another embodi-
ment of the disclosure. FIG. 12 is a plan view illustrating
a refrigerator centrifugal fan according to another em-
bodiment of the disclosure. FIG. 13 is an enlarged view
of part B of FIG. 12. FIG. 14 is a cross-sectional view
illustrating a refrigerator centrifugal fan according to an-
other embodiment of the disclosure. FIG. 15 is a graph
illustrating the discharge pressure according to an angle
between a cord line at a hub-side end of a blade and a
cord line at a suction-side end according to another em-
bodiment of the disclosure.

[0114] Referring to FIGS. 11 to 14, the centrifugal fan
200 for a refrigerator according to another embodiment
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of the disclosure may include a hub 210, a blade 250, a
connecting member 220, and a coupling part 240. How-
ever, the refrigerator centrifugal fan 200 may include
more or less components according to an embodiment.
[0115] A configuration not described below may be ap-
preciated as substantially identical to the detailed con-
figuration of the centrifugal fan 200 for a refrigerator ac-
cording to an embodiment of the disclosure.

[0116] The inner diameter Dy of a suction port
(120a)-side end of the blades 250 may be smaller than
the inner diameter D, of a hub-side end. The blade 250
of the centrifugal fan 200 for a refrigerator may be man-
ufactured by injection molding. In general, such a molded
structure has two bodies, i.e., an upper body and a lower
body, and when the two bodies are assembled together,
an inner space corresponding to the shape of the cen-
trifugal fan 200 for a refrigerator is formed. When a liquid
resin (e.g., plasticresin) is pressed into the internal space
and then cooled, the shape of the centrifugal fan 200 for
a refrigerator is solidified. In the case of such injection
molding, an under-cut occurs, causing interference be-
tween components. As the inner diameter Dy of the suc-
tion port (120a)-side end of the blades 250 is formed to
be smaller than the inner diameter D, of the hub-side
end, it is possible to prevent inter-component interfer-
ence due to an under-cut.

[0117] A predetermined angle may be formed between
the chord line CL1 at the suction-side end of the blade
250 and the chord line CL2 at the hub-side end. For ex-
ample, the angle between the chord line CL1 at the suc-
tion-side end of the blade 250 and the chord line CL2 at
the hub-side end may range from 18.7 degrees to 21
degrees.

[0118] Referring to FIG. 15, when the angle between
the chord line CL1 at the suction-side end of the blade
250 and the chord line CL2 atthe hub-side end may range
from 18.7 degrees to 21 degrees, the discharge pressure
of the refrigerator centrifugal fan 200 may fall within 5%
of the maximum value, and when the angle is not more
than 18.7 degrees or not less than 21 degrees, the dis-
charge pressure of the refrigerator centrifugal fan 200
may sharply decrease. Accordingly, it is possible to in-
crease the discharge pressure of the centrifugal fan 200
for a refrigerator under the same flow rate condition and
increase the efficiency of the centrifugal fan 200 for a
refrigerator.

[0119] Preferably, the angle between the chord line
CL1 at the suction-side end of the blade 250 and the
chord line CL2 at the hub-side end may be 19.8 degrees.
[0120] Similarly, referring to FIG. 15, when the angle
between the chord line CL1 at the suction-side end of
the blade 250 and the chord line CL2 at the hub-side end
is 19.8 degrees, the discharge pressure ofthe refrigerator
centrifugal fan 200 may be at its maximum. Accordingly,
it is possible to maximize the discharge pressure of the
centrifugal fan 200 for a refrigerator under the same flow
rate condition and maximize the efficiency of the centrif-
ugal fan 200 for a refrigerator.
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[0121] FIG. 16 is a graph illustrating the discharge
pressure according to the flow rate of a centrifugal fan
for a refrigerator according to the prior art and according
to an embodiment of the disclosure.

[0122] The graph for the prior art shows the results of
a test performed using a conventional turbo fan with a
diameter of 110 mm and a rotation speed of 1950 rpm,
and the graph, according to an embodiment, shows the
results of a test performed using the refrigerator centrif-
ugal fan 200 with a diameter of 85 mm and a rotation
speed of 1790 rpm.

[0123] It may be identified that the centrifugal fan 200
for a refrigerator according to an embodiment of the dis-
closure, despite the reduced diameter and number of ro-
tations as compared with the conventional turbo fan, may
increase the discharge pressure relative to the same flow
rate.

[0124] It is thus possible to increase the internal ca-
pacity of the refrigerator 10 (V) while reducing the number
of rotations of the centrifugal fan 200 for a refrigerator.
Therefore, it is possible to reduce noise due to aerody-
namic or vibration and increase the lifespan of such com-
ponents as the motor 150 and oil-impregnated bushing
bearings.

[0125] Some ofthe above-described embodiments are
interpreted as excluding or distinguishing from other em-
bodiments. The components or functions in some em-
bodiments described above may be used together or
combined with the components or functions in other em-
bodiments.

[0126] For example, component A described in con-
nection with a particular embodiment and the drawings
may be combined or merged with component B de-
scribed in connection with another embodiment and the
drawings. In other words, a combination of components,
although not explicitly described, may be rendered pos-
sible unless stated as impossible.

[0127] Thus,the above description should be interpret-
ed not as limiting in all aspects but as exemplary. The
scope of the disclosure should be determined by reason-
able interpretations of the appended claims and all equiv-
alents of the disclosure belong to the scope of the dis-
closure.

[Legend of reference numbers]
[0128]

10: refrigerator 11: outer case

12: inner case 13: door

14: evaporator 15: motor

16: cold air flow path 100: blower

110: bell mouth 120: housing

200: refrigerator centrifugal fan 210: hub
220: connecting member 230, 250: blade
240: coupling part
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Claims

1.

A centrifugal fan (200) for a refrigerator (10), com-
prising:

a hub (210) coupled to a rotation shaft; and
aplurality of blades (230a, 230b, 230c) disposed
radially about the rotation shaft on the hub (210),
wherein the blades (230) are formed to be en-
tirely concave along a rotational direction.

The centrifugal fan of claim 1, wherein the blades
(230) meet an equation expressed as:

0.67<Dy/D0<0.77

wherein D, is a distance between an inner end (231)
of the blades (230) and a center area of the rotation
shaft, and Dg is a distance between an outer end
(234) of the blades (230) and the center area of the
rotation shaft.

The centrifugal fan of claim 2, wherein the blades
(230) meet an equation expressed as:

DiDo=0.72

wherein D, is a distance between an inner end (231)
of the blades (230) and a center area of the rotation
shaft, and Dg is a distance between an outer end
(234) of the blades (230) and the center area of the
rotation shaft.

The centrifugal fan of any one of claims 1 to 3, where-
in the blades (230) meet an equation expressed as:

0.25<L3/L2<0.3

wherein L3 is a maximum camber amount of the
blades (230), and L2 is a chord length of the blades
(230).

The centrifugal fan of claim 4, wherein the blades
(230) meet an equation expressed as:

L3/L2=0.275

wherein L3 is a maximum camber amount of the
blades (230), and L2 is a chord length of the blades
(230).

The centrifugal fan of any one of claims 1to 5, where-
in the blades (230) meet an equation expressed as:
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0.44<L4/L.2<0.58

wherein L4 is a maximum camber position of the
blades (230), and L2 is the chord length of the blades
(230).

The centrifugal fan of claim 6, wherein the blades
(230) meet an equation expressed as:

L4/L2=0.51

wherein L4 is a maximum camber position of the
blades (230), and L2 is the chord length of the blades
(230).

The centrifugal fan of any one of claims 1to 7, where-
in an inner diameter of a suction-side end of the
blades (230) is smaller than an inner diameter of a
hub-side end of the blades (230).

The centrifugal fan of any one of claims 1 to 8, where-
in a predetermined angle is formed between a chord
line (CL2) of a hub-side end of the blades (230) and
achordline (CL1) of a suction-side end of the blades
(230).

The centrifugal fan of claim 9, wherein the predeter-
mined angle formed between the chord line (CL2) of
the hub-side end of the blades (230) and the chord
line (CL1) of the suction-side end of the blades (230)
ranges from 18.7 degrees to 21 degrees.

The centrifugal fan of claim 10, wherein the prede-
termined angle formed between the chord line (CL2)
of the hub-side end of the blades (230) and the chord
line (CL1) of the suction-side end of the blades (230)
is 19.8 degrees.

The centrifugal fan of any one of claims 1 to 11,
wherein a radial outer end (234) of the blades (230)
is disposed in the rotational direction, as compared
with an inner end (231) of the blades (230).

A centrifugal fan (200) for a refrigerator (10), com-
prising:

a hub (210) coupled to a rotation shaft; and
aplurality of blades (250a, 250b, 250c) disposed
radially about the rotation shaft on the hub (210),
wherein a predetermined angle is formed be-
tween a chord line (CL2) of a hub-side end of
the blades (250) and a chord line (CL1) of a suc-
tion-side end of the blades (250).

The centrifugal fan of claim 13, wherein the prede-
termined angle formed between the chord line (CL2)
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of the hub-side end of the blades (250) and the chord
line (CL1) of the suction-side end of the blades (250)
ranges from 18.7 degrees to 21 degrees.

The centrifugal fan of claim 14, wherein the prede-
termined angle formed between the chord line (CL2)
of the hub-side end of the blades (250) and the chord
line (CL1) of the suction-side end of the blades (250)
is 19.8 degrees.
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