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to the side of the front plate (308).
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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority benefit of Chi-
nese Patent Application No. 201811389839.3, entitled
"CENTRIFUGAL FAN, AIR DUCT SYSTEM, AND AIR
CONDITIONER?", filed on November 20, 2018 in the Chi-
na National Intellectual Property Administration, the en-
tirety of which is incorporated by reference herein.

TECHNICAL FIELD

[0002] The present application relates to the technical
field of air conditioning, in particular, to a centrifugal fan,
an air duct system, and an air conditioner.

BACKGROUND

[0003] A volute of a centrifugal fan serves to concen-
trate air flowing out from an impeller, guide an air flow,
and convert a part of the kinetic energy of the air into a
static pressure by means of diffusing. As the impeller
rotates, a gas flow caused by the impeller periodically
impacts a volute tongue, and the gas flow periodically
passes through a minimum gap between a blade and the
volute tongue, resulting in a periodical rotation noise. A
conventional volute of the centrifugal fan is generally in
a form of a straight volute, and a radius of the volute is
constant. For example, a volute of a centrifugal fan used
in an air conditioner has the following structure. An im-
peller is disposed in the volute. The volute includes a
front plate, a side plate, a base plate, and a volute tongue.
An air inlet is provided on the front plate. The base plate
and the front plate face each other. An impeller axis is
perpendicular to a plane where the base plate is located.
A longitudinal symmetry plane of the volute tongue is
parallel to the impeller axis. The longitudinal symmetry
plane refers to a plane which equally divides the volute
tongue into two symmetrical parts along a direction from
an end having the air inlet to an end having the base
plate. The volute tongue gap with such a structure, i.e.,
a minimum gap between an outer periphery of the impel-
ler on a cross-section perpendicular to the impeller axis,
i.e., a top end of the blade, and the volute tongue, is
constant along a direction of the impeller axis. Therefore,
because the volute tongue gap is constant along the di-
rection of the axis, a periodic peak noise is generated
due to a superposition of noises with a same frequency,
resulting in a relatively large noise of rotation of the cen-
trifugal fan having such a structure.

[0004] For an air conditioner using a centrifugal fan in
the related art, some type of centrifugal fan has two air
outlets having relatively large air blowing rates, so that
the total blowing rate of the air conditioner is increased.
However, the noise is correspondingly increased with the
increase of the total blowing rate of the air conditioner.
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SUMMARY

[0005] Therefore, the technical problem to be solved
in the present application is how to overcome a defect of
a relatively large noise of the centrifugal fan in the prior
art, and thus a centrifugal fan, an air duct system, and
an air conditioner, which have a relatively small noise,
are provided.

[0006] To solve the above-described technical prob-
lem, the present application provides a centrifugal fan
including a volute body and a centrifugal fan blade dis-
posed in the volute body. The volute body includes a
base plate, a front plate, and a side plate disposed be-
tween the base plate and the front plate. An air inlet of
the centrifugal fan blade is disposed in the front plate. A
volute tongue is defined by the side plate. The volute
tongue is inclined from a side of the base plate toward a
side of the front plate, and a volute tongue gap is gradually
reduced from the side of the base plate to the side of the
front plate. A volute tongue gap C at the front plate is
smaller than a volute tongue gap D at the base plate, and
a difference between the volute tongue gap D and the
volute tongue gap C is E.

[0007] E is 4% to 6% of a diameter of an impeller of
the centrifugal fan blade.

[0008] A curved surface of the volute tongue includes
aconic curved surface. Radii of circular arcs correspond-
ing to a volute tongue gap of the volute tongue are grad-
ually reduced from the side of the base plate to the side
of the front plate.

[0009] The radii of the volute tongue are from 15 mm
to 20 mm.

[0010] A diffuser section side surface of a centrifugal
air duct of the centrifugal fan is inclined from the side of
the base plate toward the side of the front plate. A tangent
line passing through a center of the centrifugal fan blade
and tangent to a circular arc of the volute tongue located
at the base plate is defined as a first tangent line. A tan-
gent line passing through the center of the centrifugal fan
blade and tangent to a circular arc of the volute tongue
located at the front plate is defined as a second tangent
line. An angle formed between projections of the first tan-
gent line and the second tangent line projected onto a
plane perpendicularto an axial direction of the centrifugal
fan blade is an inclined angle f.

To<p<120.

[0011] L5 denotes a volute opening degree of the air
duct of the centrifugal fan. L6 denotes a diffuser section
outlet distance of the centrifugal air duct. A ratio of L6 to
L5 is M, and 2<M<3.

[0012] The present application further provides an air
duct system including:

[0013] anairductbody including a side-A air outlet and
a side-B air outlet;

[0014] a plurality of centrifugal fans disposed on the
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air duct body and between the side-A air outlet and the
side-B air outlet. The centrifugal fans include at least one
first centrifugal fan, the first centrifugal fan is provided
with two first air ducts, which are a first side-A air ductin
communication with the side-A air outlet and a first side-
B air duct in communication with the side-B air outlet,
and the centrifugal fan is the above-described centrifugal
fan.

[0015] Two said centrifugal fans are provided and in-
clude the first centrifugal fan and a second centrifugal
fan. The second centrifugal fan has a second air duct.
The second centrifugal fan is disposed proximally to a
side A. The first centrifugal fan is disposed proximally to
a side B. The second air duct is in communication with
the side-A air outlet.

[0016] A flow guiding chamber is provided at a side of
the second centrifugal fan, and the first side-A air duct
of the first centrifugal fan communicates with the side-A
air outlet by the flow guiding chamber.

[0017] A volute body of the first centrifugal fan is
aligned with the volute body of the second centrifugal fan.
[0018] The present application further provides an air
conditioner including the above-described air duct sys-
tem.

[0019] The technical solutions of the present applica-
tion have the following advantages:

1. In the centrifugal fan provided by the present ap-
plication, as the volute tongue gap is gradually re-
duced from a side of the base plate to a side of the
front plate, interferences between an air flow at the
outlet of the centrifugal fan blade and the static volute
body are different due to different spatial distances,
and different noise frequency spectrums are gener-
ated, thereby effectively decreasing the aerodynam-
ic noise of the centrifugal fan, avoiding the whistling
sound caused by the resonance effect of the same
frequency noises, improving the sound quality of the
centrifugal fan, and effectively decreasing the total
amount of noises of the centrifugal fan.

2. In the centrifugal fan provided by the present ap-
plication, the diffuser section side surface of the cen-
trifugal air duct of the centrifugal fan is inclined from
a side of the base plate toward a side of the front
plate, the tangent line passing through the center of
the centrifugal fan blade and tangent to the circular
arc of the volute tongue located at the base plate is
defined as the firsttangentline, the tangentline pass-
ing through the center of the centrifugal fan blade
and tangent to the circular arc of the volute tongue
located on the front plate is defined as the second
tangent line, the angle formed between projections
of the first tangent line and the second tangent line
projected onto the plane perpendicular to the axial
direction of the centrifugal fan blade is the inclined
angle B, and the diffuser section side surface is in-
clined from the side of the base plate toward the side
of the front plate, such that the generation of an eddy

10

15

20

25

30

35

40

45

50

55

of the gas flow at this location, which will influence
the normal flow, can be avoided.

3. In the centrifugal fan provided by the present ap-
plication, the volute opening degree of the air duct
of the centrifugal fan is L5, the centrifugal air duct
diffuser section outlet distance is L6, the ratio of L6
to L5 is M, and 2<M<3, such that it can be ensured
that the air blowing rate of the centrifugal fan reaches
an optimal value.

4. The air duct system provided by the present ap-
plication includes: the air duct body including the
side-A air outlet and the side-B air outlet, and the
plurality of centrifugal fans disposed on the air duct
body and located between the side-A air outlet and
the side-B air outlet. The centrifugal fans include at
least one first centrifugal fan. The first centrifugal fan
is provided with two first air ducts, i.e., the first side-
A air ductin communication with the side-A air outlet
and the first side-B air duct in communication with
the side-B air outlet, respectively, and the centrifugal
fan is the above-described centrifugal fan. The first
centrifugal fan is provided with the two first air ducts,
i.e., the first side-A air duct in communication with
the side-A air outlet and the first side-B air duct in
communication with the side-B air outlet, respective-
ly, therefore the side-A air outlet can have a suction
effect on the blowing air from the first side-A air duct,
and the side-B air outlet can have a suction effect
on the blowing air from the first side-B air duct. The
air blowing rate at the side-A air outlet is relatively
large, and the air blowing rate at the side-B air outlet
is relatively large, so the total air blowing rate of the
air duct system is relatively large. Moreover, since
the centrifugal fan is the centrifugal fan as described
above, the noise of the centrifugal fan is relatively
small, therefore, the air duct system not only increas-
es the total air blowing rate but also decreases the
noise.

5. In the air duct system provided by the present
application, two centrifugal fans are provided, and
include the first centrifugal fan and the second cen-
trifugal fan. The second centrifugal fan has the sec-
ond air duct. The second centrifugal fan is disposed
proximally to the side A, and the first centrifugal fan
is disposed proximally to the side B. The second air
duct is in communication with the side-A air outlet,
and the air blowing rate at the side-A air outlet of the
air duct system is increased, thereby increasing the
total air blowing rate of the air duct system.

6. In the air duct system provided by the present
application, the flow guiding chamber is provided at
the side of the second centrifugal fan to communi-
cate the first side-A air duct of the first centrifugal fan
with the side-A air outlet. Since a pressure distribu-
tion in the flow guiding chamber can be affected by
the blowing air from the second centrifugal fan, a
negative pressure is formed, and has a suction effect
on the blowing air from the first side-A air duct of the
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firstcentrifugal fan, thereby increasing an air blowing
rate at the side-A air outlet.

7. In the air duct system provided by the present
application, the volute body of the first centrifugal fan
is aligned with the volute body of the second centrif-
ugal fan, therefore the structure of the air duct system
is compact and the occupied volume of the air duct
system occupies small space.

8. The air conditioner provide by the present appli-
cation includes the above-described air duct system,
and the air conditioner has a relatively large air blow-
ing rate and generates relatively small noises.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] In order to clearly illustrate specific embodi-
ments of the present application or technical solutions in
the prior art, the following drawings, which are to be re-
ferred in the description of the specific embodiments or
the prior art, will be briefly described below. Obviously,
the drawings in the following description are only some
embodiments of the present application, and a person of
ordinary skill in the art can obtain other drawings accord-
ing to these drawings without any creative work.

FIG. 1 is a front view of an air duct system provided
in a first embodiment of the present application;
FIG. 2 is a side view of the air duct system shown in
FIG. 1;

FIG. 3is a cross-sectional view of the air duct system
shown in FIG. 1;

FIG. 4 is a schematic structural view of a centrifugal
fan provided in the first embodiment of the present
application;

FIG. 5is aschematic structural view of the centrifugal
fan provided in the first embodiment of the present
application;

FIG. 6 is a front view of the air duct system provided
in a second embodiment of the present application;
FIG. 7 is a cross-sectional view of a side view of FIG.
6;

FIG. 8 is a schematic structural view, in a front ele-
vation direction, of the volute structure provided in a
fourth embodiment;

FIG. 9 is a schematic structural view, in a rear ele-
vation direction, of the volute structure shown in FIG.
8;

FIG. 10 is a cross-sectional view of the centrifugal
fan provided in the fourth embodiment;

FIG. 11 is an exploded view of the centrifugal fan
provided in the fourth embodiment;

FIG. 12is a cross-sectional view of a heat exchanger
fan assembly provided in a fifth embodiment;

FIG. 13isacross-sectional view of the heatexchang-
er fan assembly provided in the fifth embodiment;
FIG. 14 is a side view of the heat exchanger fan
assembly provided in the fifth embodiment.
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Description of reference numerals:

[0021] 100-base plate, 101-side plate, 102-fixing end,
103-receiving chamber, 104-motor bracket, 105-first
ring-shaped reinforcing rib, 106-first connection reinforc-
ingrid, 107-connecting post, 108-second ring-shaped re-
inforcing rib, 109-second connection reinforcing rid, 110-
motor, 111-reinforcing block, 112, nut with washer, 113-
volute body, 200-centrifugal fan blade, 201-heat ex-
changer, 300-first centrifugal fan, 301-second centrifugal
fan, 302-side-A air outlet, 303-side-B air outlet, 304-first
side-A air duct, 305-first side-B air outlet, 306-second air
duct, 307-flow guiding chamber 307, 308-front plate, 309-
volute tongue, 310- diffuser section side surface, 311-
first side plate, 312-second side plate.

DETAILED DESCRIPTION

[0022] The technical solutions of the present applica-
tion will be described clearly and completely below with
reference to the accompanying drawings. Apparently,
the described embodiments are merely some rather than
all of the embodiments of the present application. All oth-
er embodiments obtained by a person of ordinary skill in
the art based on the embodiments of the present appli-
cation without creative efforts shall fall within the protec-
tion scope of the present application.

[0023] It should be understood that in the description
of the present application, the orientations or the location
relationship indicated by the terms such as "center", "up-
per", "lower", "left", "right", "vertical", "horizontal", "inner",
"outer", and the like are based on the orientations or the
location relationship shown in the drawings, and are
merely used for conveniently describing the present ap-
plication and simplifying the description, rather than in-
dicating orimplying thatthe referred device or component
definitely has a particular orientation, is constructed and
operated in a particular orientation, and thus are not to
be understood to limit the scope of the present applica-
tion. In addition, terms "first," "second," and "third," are
merely used for description and should not be understood
to indicate or imply relative importance.

[0024] It should be understood that in the description
of the presentapplication, unless expressly specified and
defined otherwise, the terms "installation", "connect" and
"connection” should be understood broadly, for example,
may be a fixed connection or a detachable connection
or an integrative connection, or a mechanical connection
or an electric connection, or a direct connection or an
indirect connection by means of an intermediate media,
or a communication within two elements. For a person
of ordinary skill in the art, the specific meanings of the
abovetermsinthe present application can be understood
in particular.

[0025] Moreover, the technical features involved in dif-
ferent embodiments of the present application described
below can be combined with each other as long as no
conflict is constituted between each other.
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First Embodiment

[0026] This embodiment provides a centrifugal fan, in-
cluding a volute body 113 and a centrifugal fan blade 200
disposed inside the volute body 113. As shown in FIGS.
4 and 5, the volute body 113 includes a base plate 100,
a front plate 308, and a side plate 101 disposed between
the base plate 100 and the front plate 308. An air inlet of
the centrifugal fan blade 200 is disposed in the front plate
308. A volute tongue 309 is defined by the side plate 101.
The volute tongue 309 is inclined from a side of the base
plate 100 toward a side of the front plate 308, and a volute
tongue gap is gradually reduced from the side of the base
plate 100 to the side of the front plate 308. A volute tongue
gap C atthe front plate 308 is smaller than a volute tongue
gap D at the base plate 100, and a difference between
the volute tongue gap D and the volute tongue gap C is
E. E is 4% to 6% of a diameter of an impeller of the cen-
trifugal fan blade 200. A curved surface of the volute
tongue 309 is a conic curved surface. Radii of circular
arcs corresponding to the volute tongue gap of the volute
tongue 309 are gradually reduced linearly from the side
of the base plate 100 to the side of the front plate 308.
The radii of the volute tongue 309 are from 15 mm to 20
mm. A diffuser section side surface 310 of a centrifugal
air duct of the centrifugal fan is inclined from the side of
the base plate 100 toward the side of the front plate 308.
Atangentline, which passes through a center of the cen-
trifugal fan blade 200 and is tangent to a circular arc of
the volute tongue 309 located at the base plate 100, is
defined as afirst tangent line. A tangent line, which pass-
es through the center of the centrifugal fan blade 200 and
istangentto acircular arc of the volute tongue 309 located
atthe front plate 308, is defined as a second tangent line.
An angle formed between projections of the first tangent
line and the second tangent line projected onto a plane
perpendicular to an axial direction of the centrifugal fan
blade 200 is aninclined angle 3, where 7°<3.<12°. In this
embodiment, the side plate 101 includes a first side plate
311 arranged vertically and a second side plate 312 in-
clined relative to the first side plate 311. L5 denotes a
volute opening degree of the air duct of the centrifugal
fan, and is a minimum distance from the centrifugal fan
blade to the first side plate 311. L6 denotes a diffuser
section outlet distance of the centrifugal air duct, and is
a minimum distance from the volute tongue 309 to the
second side plate 312. Aratioof L6 to L5is M, and 2<M<3.
As the volute tongue gap is gradually reduced from the
side of the base plate 100 to the side of the front plate
308, interferences between an air flow at the outlet of the
centrifugal fan blade 200 and the static volute body 113
are different due to different spatial distances, and differ-
ent noise frequency spectrums are generated, thereby
effectively decreasing the aerodynamic noise of the cen-
trifugal fan, avoiding a whistling sound caused by the
resonance effect of the same frequency noises , improv-
ing the sound quality of the centrifugal fan, and effectively
decreasing the total amount of noises of the centrifugal
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fan.

[0027] The presentembodimentfurther provides an air
duct system, including an air duct body and a plurality of
centrifugal fans disposed on the body. The centrifugal
fans each adopt the centrifugal fan described above. As
shown in FIGS. 1 to 3, the air duct body includes a side-
A air outlet 302 and a side-B air outlet 303. In this em-
bodiment, the side A is an upper side, and the side B is
a lower side. The centrifugal fans include a first centrif-
ugal fan 300 and a second centrifugal fan 301. The first
centrifugal fan 300 is provided with two first air ducts, i.e.,
afirst side-A air duct 304 in communication with the side-
A air outlet 302 and a first side-B air duct 305 in commu-
nication with the side-B air outlet 303, respectively. The
second centrifugal fan 301 has a second air duct 306.
The second centrifugal fan 301 is disposed proximally to
the side A, and the first centrifugal fan 300 is disposed
proximally to the side B. The second air duct 306 is in
communication with the side-A air outlet 302. A flow guid-
ing chamber 307 is provided at a side of the second cen-
trifugal fan 301 to communicate the first side-A air duct
304 of the first centrifugal fan 300 with the side-A air outlet
302. As shown in FIG. 2, the volute body 113 of the first
centrifugal fan 300 is aligned with the volute body 113 of
the second centrifugal fan 301.

[0028] Since a pressure distribution in the flow guiding
chamber 307 can be affected by the blowing air at the
side-A air outlet 302 of the second centrifugal fan 301, a
negative pressure is formed, and has a suction effect on
the blowing air from the first side-A air duct 304 of the
first centrifugal fan 300, thereby increasing an air blowing
rate at the side-A air outlet 302. It has been demonstrated
that under the same conditions, compared with the first
centrifugal fan 300 having only one air duct in the prior
art, such a first centrifugal fan 300 having two air ducts
has an air blowing rate increased by 150m3/h to 200m3/h.
Moreover, since the centrifugal fan adopts the centrifugal
fan as described above, the noise of the centrifugal fan
is relatively small. Therefore, the air duct system not only
increases the total air blowing rate but also decreases
the noise.

[0029] In an alternative embodiment, more than two
centrifugal fans are disposed on the air duct body, and
one or more centrifugal fans are configured as the first
centrifugal fan 300 having two air ducts.

Second Embodiment

[0030] This embodiment is distinguished from the
above embodiment in that: the side A is a lower side,
while the side B is an upper side. As shown in FIGS. 6
and 7, the first centrifugal fan 300 located at the upper
side has two air ducts, i.e., the first side-A air duct 304
in communication with the side-A air outlet 302 and a first
side-B air duct 305 in communication with the side-B air
outlet 303, respectively. The second centrifugal fan 301
located at the lower side has the second air duct 306,
and the second air duct 306 is in communication with the
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side-A air outlet 302.

[0031] The first centrifugal fan 300 may blow air up-
ward and downward simultaneously, and the second
centrifugal fan 301 may blow air downward, thereby in-
creasing the total air blowing rate, while the mutual inter-
ference between air flows, occurring when both the upper
and lower centrifugal fans blow air upward and down-
ward, is avoided. When applied to the field of air condi-
tioning, in the working condition of heating, a proportion
of the downward air blowing rate is relatively large, the
"blanket-like" heating effect can be improved, and the
accumulation of the hot air in an upper region in a room
can be avoided, thereby increasing the comfort of the
human body and providing a more comfortable experi-
ence for the user. When applied to the field of frozen
storage and the like, especially when a majority of articles
to be stored are located at a bottom in a room, such an
air duct system can be used in the working condition of
refrigeration, and a larger proportion of the downward air
blowing rate can improve the bottom-up stepwise "per-
vading-type" refrigeration effect significantly.

Third Embodiment

[0032] This embodiment provides an air conditioner
having the air duct system provided in the first embodi-
ment 1 or the second embodiment. The air conditioner
has a relatively large air blowing rate and makes a rela-
tively small noise.

Fourth Embodiment

[0033] As shown in FIGS. 8 and 9, this embodiment
provides a volute structure including a volute body 113.
The volute body 113 includes a base plate 100 and a
side plate 101 disposed on the base plate 100. A receiv-
ing chamber 103, configured to mount a fixing end 102
of a motor 110, and a connecting member, configured to
connect a motor bracket 104, are disposed in a region
on the base plate 100, and the region is surrounded by
the side plate 101.

[0034] Inthe volute structure of thisembodiment, a mo-
tor mounting plate and the volute body 113 are directly
integrated together, therefore not only a development
cost for additionally developing and manufacturing a new
mould is saved, but also a manual transfer and a process
of screw fixation for the newly added parts are omitted,
thereby increasing the mounting efficiency. Moreover, af-
ter the motor mounting plate and the volute body 113 are
integrated together, an abnormal sound problem caused
by the friction between the motor mounting plate and the
volute body will not occur, thereby improving the user’'s
experience and enhancing the comfort.

[0035] In order to ensure that the fixing end 102 of the
motor is stably and reliably mounted in the receiving
chamber 103, one end of the receiving chamber 103 is
arranged to protrude from an inner side wall of the base
plate 100. The base plate 100 is further provided with a
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first reinforcing structure thereon to reinforce the protrud-
ing end of the receiving chamber 103.

[0036] More specifically, in this embodiment, the first
reinforcing structure preferably includes a first ring-
shaped reinforcing rib 105 arranged to surround the re-
ceiving chamber 103, and a first connection reinforcing
rid 106 which has one end connected to a side wall of
the protruding end of the receiving chamber 103 and an-
other end connected to the first ring-shaped reinforcing
rib 105. Such a reinforcing structure can reliably reinforce
the protruding end of the receiving chamber 103 in four
directions of the front, the rear, the left, and the right di-
rections, thereby preventing the fixing end 102 from shak-
ing in the receiving chamber 103.

[0037] The connecting member may have various
structures. In this embodiment, the connecting member
preferably includes a plurality of connecting posts 107.
The connecting posts are disposed on the inner side of
the base plate 100, surround the receiving chamber 103
and protrude from the inner wall. The connecting posts
107 each are provided with a threaded hole, and are lo-
cated at an outer side of the first ring-shaped reinforcing
rib 105. Four feet of the motor bracket are screwed onto
four connecting posts 107 by means of screws, respec-
tively.

[0038] Furthermore, in order to ensure that the motor
bracket 104 is stably and reliably connected to the base
plate, the base plate 100 is further provided with a second
reinforcing structure thereon for reinforcing the connect-
ing posts 107.

[0039] More specifically, the second reinforcing struc-
ture includes:

a second ring-shaped reinforcing rib 108 arranged
to be concentric with the first ring-shaped reinforcing
rib 105;

second connection reinforcing ribs 109 disposed at
two sides of each of the connecting posts 107, re-
spectively, where one side of each of the second
connection reinforcing ribs 109 disposed at either
side is connected to the first connection reinforcing
rid 106, and another side of each of the second con-
nection reinforcing ribs 109 disposed at either side
is connected to the second connection reinforcing
rib 109;

a plurality of third connection reinforcing ribs, which
are connected between the connecting post 107 and
the first ring-shaped reinforcing rib 105, between the
connecting post 107 and the second ring-shaped re-
inforcing rib 108, and between the connecting post
107 and the second connection reinforcing rib 109
disposed at each side, respectively.

[0040] Such a reinforcing structure can reliably rein-
force the connecting post 107 in the four directions of the
front, the rear, the left, and the right directions, thereby
preventing the connecting post 107 from shaking under
an external force.
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[0041] Furthermore, a plurality of reinforcing blocks
111 are further disposed on the base plate 100, surround
the second ring-shaped reinforcing rib 108, and are
spaced from each other. The reinforcing blocks 111 are
arranged to reinforce the base plate 100.

[0042] Preferably, a side of each of the reinforcing
blocks 111 is connected to an outer wall of the second
ring-shaped reinforcing rib 108. In this case, the reinforc-
ing blocks 111 can simultaneously reinforce the second
ring-shaped reinforcing rib 108, ensuring the stability and
the reliability of the connecting posts.

[0043] As shown in FIGS. 10 and 11, a centrifugal fan
of this embodiment includes a centrifugal fan blade 200,
the motor 110 and the motor bracket 104. The centrifugal
fan furtherincludes the above-described volute structure.
The fixing end 102 of the motor 110 is mounted in the
receiving chamber 103. An output shaft of the motor 110
passes through the motor bracket 104 and is connected
to the centrifugal fan blade 200. The motor bracket 104
is connected to the connecting member to fix the motor
110 onto the volute structure. In this embodiment, the
centrifugal fan has the above-described volute structure,
therefore the generation of the abnormal sound is avoid-
ed, the user’s experience is good, and the comfortability
is high.

[0044] An air conditioner of this embodiment has the
above-described centrifugal fan. Not only the generation
of the abnormal sound is avoided, but also the comfort
is high, and the development cost is low.

[0045] An assembling process of the centrifugal fan of
this embodiment is as follows.

[0046] The fixing end 102 provided with an anti-vibra-
tion rubber of the motor 110 is mounted into the receiving
chamber 103 on the volute structure, then the output shaft
ofthe motor 110 goes through a through hole of the motor
bracket 104, and the motor bracket 104 is fixedly con-
nected onto the base plate 100 of the volute structure,
sothat the fixing end 102 is pressed against the receiving
chamber 103, thereby locking the motor 110. The cen-
trifugal fan blade 200 is mounted onto the output shaft
of the motor 110, and finally a nut 112 provided with a
washer is screwed into the output shaft of the motor 110
to lock the centrifugal fan blade 200.

Fifth Embodiment

[0047] As shown in FIGS. 12 to 14, in a specific em-
bodiment, a heat exchanger fan assembly includes a
centrifugal fan and a heat exchanger 201. The centrifugal
fan includes a centrifugal fan blade 200 having a diameter
L2. The heat exchanger 201 is disposed at an air inlet
side of the centrifugal fan. The heat exchanger 201 has
a width L1. In order to enable the heat exchanger 201 to
be wholly within a flow field driven by the centrifugal fan
blade 200 and to fully exchange heat with the air, L2>L1
needs to be satisfied. A ratio of the width of the heat
exchanger 201 to the diameter of the centrifugal fan blade
200 is F. In order to ensure the heat exchanging area of
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the heat exchanger 201, in this embodiment, 0.8<F<1.
In this embodiment, in order to increase a contact area
of the heat exchanger 201 with the air, the heat exchang-
er 201 adopts a bent heat exchanger 201. A surface of
the heat exchanger 201 proximate to the centrifugal fan
blade 200 is a downward concave surface, and the width
L1 of the heat exchanger 201 is defined as a distance
between two endpoints of the concave surface in a di-
rection parallel to an end portion of the centrifugal fan
blade 200. A distance from a lowest point of concave
surface to the air inlet side of the centrifugal fan blade
200 is L3, and L3 <L2. A ratio of L2 to L3 is G, in order
to enable the air to smoothly pass through the heat ex-
changer 201 while ensuring an optimal surface air speed
of the heat exchanger 201, 1.5<G<1.77 needs to be sat-
isfied. The concave surface is a curved surface. As
shown in FIG. 2, an air inlet angle of the centrifugal fan
blade 200 is a, 135°<a<145°, and o is defined as an
angle between two straight lines connecting a center of
the centrifugal fan blade 200 and two ends of a diameter
of an end face of the centrifugal fan blade 200, respec-
tively. In this case, an effective heat exchanging area of
the heat exchanger 201 is ensured. A height of the heat
exchanger covered by the centrifugal fan blade is L4, and
L4 =2 X [L3 X tan(a | 2)] is satisfied, therefore the
effective heat exchanging area of the heat exchanger
201 is a product of L4 and the width L1 of the heat ex-
changer 201.

[0048] More specifically, in a working process, air en-
ters in-between space of the heat exchanger 201 and
the centrifugal fan blade 200, exchanges heat with the
heat exchanger 201, and then is drawn by the centrifugal
fan and discharged from an upper end of the centrifugal
fan. The ratio of the width of the heat exchanger 201 to
the diameter of the centrifugal fan blade 200 satisfies
0.8<F<1, and the ratio of L2 to L2 satisfies 1.5<G<1.77,
thus an optimal wind field is formed under the cooperation
between the centrifugal fan and the heat exchanger 201,
the air uniformly exchanges heat with the heat exchanger
201, and the capacity of the heat exchanger 201 is be
fully utilized.

[0049] In an alternative embodiment, the heat ex-
changer 201 does not adopt the bent heat exchanger,
and the width of the heat exchanger 201 is defined as a
distance between two endpoints of the heat exchanger
201 proximate to the centrifugal fan blade 200 and in the
direction parallel to the end of the centrifugal fan blade
200.

[0050] This embodiment further provides an air condi-
tioner including the above-described heat exchanger fan
assembly. Since the heat exchanging performance of the
heat exchanger 201 is relatively good, the air conditioner
also has a relatively good performance.

[0051] Obviously, the above-described embodiments
are merely examples made for illustrating clearly, but not
intended to limit the embodiments. For a person of ordi-
nary skill in the art, other variations or modifications in
different forms can also be made on the basis of the
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above description. All embodiments are not necessarily
illustrated exhaustively herein. Obvious variations or
modifications that are thus introduced are still within the
scope of protection of the present invention.

Claims

1. Acentrifugal fan, characterized by comprising a vo-
lute body (113) and a centrifugal fan blade (200) dis-
posed inside the volute body (113), wherein the vo-
lute body (113) comprises a base plate (100), a front
plate (308), and a side plate (101) disposed between
the base plate (100) and the front plate (308); an air
inlet of the centrifugal fan blade (200) is disposed in
the front plate (308); a volute tongue (309) is defined
by the side plate (101); the volute tongue (309) is
inclined from a side of the base plate (100) toward
a side of the front plate (308), and a volute tongue
gap is gradually reduced from the side of the base
plate (100) to the side of the front plate (308); a volute
tongue gap C at the front plate (308) is smaller than
a volute tongue gap D at the base plate (100); and
a difference between the volute tongue gap D and
the volute tongue gap C is E.

2. The centrifugal fan of claim 1, characterized in that
E is 4% to 6% of a diameter of an impeller of the
centrifugal fan blade (200).

3. The centrifugal fan of claim 2, characterized in that
a curved surface of the volute tongue (309) is a conic
curved surface, and radii of circular arcs correspond-
ing to the volute tongue gap of the volute tongue
(309) are gradually reduced from the side of the base
plate (100) to the side of the front plate (308).

4. The centrifugal fan of claim 3, characterized in that
the radii of the volute tongue (309) are from 15 mm
to 20 mm.

5. The centrifugal fan of claim 3, characterized in that
a diffuser section side surface (310) of a centrifugal
air duct of the centrifugal fan is inclined from the side
of the base plate (100) toward the side of the front
plate (308); a tangent line passing through a center
of the centrifugal fan blade (200) and tangent to a
circular arc of the volute tongue (309) located at the
base plate (100) is defined as a first tangent line; a
tangent line passing through the center of the cen-
trifugal fan blade (200) and tangent to a circular arc
of the volute tongue (309) located at the front plate
(308) is defined as a second tangent line; and an
angle formed between projections of the first tangent
line and the second tangent line projected onto a
plane perpendicular to an axial direction of the cen-
trifugal fan blade (200) is an inclined angle .
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6.

10.

1.

12.

The centrifugal fan of claim 5, characterized in that
7°<B<12°.

The centrifugal fan of claim 6, characterized in that
L5 denotes a volute opening degree of the air duct
of the centrifugal fan; L6 denotes a diffuser section
outlet distance of the centrifugal air duct ; a ratio of
L6 to L5 is M, and 2<M<3.

An air duct system, characterized by comprising:

an air duct body comprising a side-A air outlet
(302) and a side-B air outlet (303);

a plurality of centrifugal fans disposed on the air
duct body and between the side-A air outlet
(302) and the side-B air outlet (303); wherein
the centrifugal fans comprises at least one first
centrifugal fan (300); the first centrifugal fan
(300) is provided with two first air ducts, com-
prising a first side-A air duct (304) in communi-
cation with the side-A air outlet (302) and a first
side-B air duct (305) in communication with the
side-B air outlet (303); and the centrifugal fan is
the centrifugal fan of any one of claims 1 to 7.

The air duct system of claim 8, characterized in that
two centrifugal fans are provided, and the two cen-
trifugal fans comprise the first centrifugal fan (300)
and a second centrifugal fan (301); the second cen-
trifugal fan (301) has a second air duct (306); the
second centrifugal fan (301) is disposed proximally
to a side A; the first centrifugal fan (300) is disposed
proximally to a side B; and the second air duct (306)
is in communication with the side-A air outlet (302).

The air duct system of claim 9, characterized in that
a flow guiding chamber (307) is provided at a side
of the second centrifugal fan (301), and the first side-
A air duct (304) of the first centrifugal fan (300) com-
municates with the side-A air outlet (302) by the flow
guiding chamber (307).

The air duct system of claim 10, characterized in
that a volute body (113) of the first centrifugal fan
(300) is aligned with the volute body (113) of the
second centrifugal fan (301).

An air conditioner, characterized by comprising the
air duct system of any one of claims 8 to 11.
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