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(54) CENTRIFUGAL FAN AND AIR CONDITIONING DEVICE

(57) Provided is a centrifugal fan including a main
plate 2, a shroud 3 having a fan inlet port 3a, and a plu-
rality of vanes 4 provided between the main plate and
the shroud, wherein the shroud has a shroud main body
section 11 and an extension part 9, the extension part is
a portion extending from a shroud outer peripheral end
section 8 of the shroud main body section to an upstream

side when viewed in a direction parallel to an axis of ro-
tation 5, a radially outside surface of the shroud main
body section and a radially inside surface of the extension
part constitute a concave rounded surface 30, and the
direction of recess of the concave rounded surface is
towards the upstream side when viewed in the direction
parallel to the axis of rotation.
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Description

[Technical Field]

[0001] The present invention relates to a centrifugal
fan and an air-conditioning device.

[Background Art]

[0002] Conventionally, modifications have been made
to the shape of a centrifugal fan in order to achieve a low-
noise, high-efficiency air blower. The noise and loss of a
centrifugal fan increase in accordance with the distur-
bance and velocity of an air flow, and therefore in order
to achieve low noise and high efficiency, it is necessary
to reduce the disturbance of the air flow arising at the
periphery of the vanes and to alleviate local high-velocity
flows.
[0003] For example, PTL1 discloses a centrifugal fan
which is configured in such a manner that an outer pe-
ripheral section of a shroud which is positioned on an
outlet side of the centrifugal fan is inclined to an inlet side,
and the flow passage area of any cross-section in the
circumferential direction is greater than the cross-sec-
tional area of the blade inlet in the circumferential direc-
tion at the position where a blade inflow section of a
shroud inner peripheral section intersects with the
shroud. By adopting a configuration of this kind for the
centrifugal fan, it is intended that the outlet flow of the
centrifugal fan is directed towards the outlet port of the
air blower main body, and the velocity of the outlet flow
from the centrifugal fan is reduced by the velocity of the
flow at the outer peripheral section of the shroud, thereby
reducing the impact on the housing side walls of the air
blower.
[0004] Furthermore, PTL2 discloses a centrifugal fan
which is configured in such a manner that a smallest sec-
tion where the cross-sectional area is smallest is formed
at an intermediate point of an air flow passage surround-
ed by a main plate, blades and a shroud, and the cross-
sectional area of the air flow passage increases gradually
from the smallest section to the outer peripheral section
of the shroud. By adopting a configuration of this kind in
a centrifugal fan, it is intended that the flow velocity de-
creases gradually from the smallest section and the oc-
currence of disturbance in the flow of air is suppressed
in the vicinity of the outer peripheral section of an impeller.
[0005] Furthermore, PTL3 discloses a centrifugal fan
in which a guide section extending to an inlet side is
formed in an outside portion of a shroud in the radial
direction.

[Citation List]

[Patent Literature]

[0006]

[PTL1]
Japanese Patent Application Publication No.
2000-120582 (principally, Fig. 2 and Fig. 4)
[PTL2]
Japanese Patent Application Publication No.
2012-207600 (principally, Fig. 4)
[PTL3]
W/O 98/58213 (principally, Fig. 1 and Fig. 9)

[Summary of Invention]

[Technical Problem]

[0007] Here, the air flow blown out from the centrifugal
fan is a high-velocity flow and therefore an eddy occurs
due to velocity differential at the periphery of the outlet
port. In particular, in an air-conditioning device in which
a heat exchanger is disposed immediately after the out-
let, or an air blower provided with a flow passage which
causes an air flow blown out in a centrifugal direction to
make a U turn and be directed to the inlet side, an eddy
caused by a velocity differential between the main flow
and the slower air flow on the upper surface of the shroud
increases the air passage resistance by closing off the
outlet flow passage, thus leading to increased power con-
sumption of the fan and increased noise due to increase
in the velocity of the air flow passing through the narrow
flow passage.
[0008] Furthermore, when the width and/or height of
the air flow passage between the vanes is increased in
the vicinity of the inlet port, as in PTL1 or PTL2, then a
pressure gradient occurs due to the sudden internal ex-
pansion, and the flow on the side of the shroud where
the flow velocity is slower becomes more liable to sepa-
rate. The eddy caused by this separation closes off the
flow passage between the vanes, and hence there is a
risk of increase in the power consumption due to the in-
crease in the air passage resistance, and deterioration
in the noise due to the increased velocity of the outlet flow.
[0009] Furthermore, in the shroud disclosed in PTL3,
an instable eddy is generated by the guide section, de-
pending on the shape thereof, and there is a risk that the
eddy will close off the flow passage.
[0010] The present invention was devised in view of
the foregoing, an object thereof being to provide a cen-
trifugal fan capable of suppressing increase in air pas-
sage resistance.

[Solution to Problem]

[0011] In order to achieve the object described above,
the present invention is a centrifugal fan including a main
plate, a shroud having a fan inlet port, and a plurality of
vanes provided between the main plate and the shroud,
wherein the shroud has a shroud main body section and
an extension part, the extension part is a portion extend-
ing from a shroud outer peripheral end section of the
shroud main body section to an upstream side when
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viewed in a direction parallel to an axis of rotation, a ra-
dially outside surface of the shroud main body section,
and a radially inside surface of the extension part con-
stitute a concave rounded surface, and a direction of re-
cess of the concave rounded surface is towards the up-
stream side when viewed in the direction parallel to the
axis of rotation.
[0012] A configuration may be disposed in which a plu-
rality of projections extending in the radial direction are
formed on the concave rounded surface.
[0013] A configuration may be adopted wherein the
plurality of projections are inclined in such a manner that,
in plan view, the portion of each projection on the outside
in the radial direction is positioned rearwards in a direc-
tion of rotation of the centrifugal fan, with respect to the
portion of the projection on the inside in the radial direc-
tion.
[0014] A configuration may be adopted wherein a front
end of the extension part is positioned towards the inner
side in the radial direction than a portion of the extension
part on the side of the shroud outer peripheral end sec-
tion. Furthermore, in order to achieve the objects, the
present invention provides an air-conditioning device in-
cluding a centrifugal fan relating to the present invention
as described above, and a heat exchanger disposed on
the outside of the centrifugal fan.
[0015] A configuration may be adopted, wherein an
end section of the heat exchanger on the side of an air-
conditioning device outlet port is closer to the air-condi-
tioning device outlet port than an inlet-side end section
of the centrifugal fan is, when viewed in a direction par-
allel to an axis of rotation.

[Advantageous Effects of Invention]

[0016] According to the present invention, it is possible
to suppress increase in the air passage resistance.

[Brief Description of Drawings]

[0017]

[Fig. 1]
Fig. 1 is a perspective diagram of a centrifugal fan
according to a first embodiment of the present inven-
tion.
[Fig. 2]
Fig. 2 is a cross-sectional diagram of the centrifugal
fan in Fig. 1.
[Fig. 3]
Fig. 3 is a drawing showing the internal structure of
an air-conditioning device relating to a first embodi-
ment of the present invention.
[Fig. 4]
Fig. 4 is a diagram showing the internal structure of
the air-conditioning device in Fig. 3, viewed in the
direction of arrow IV in Fig. 3.
[Fig. 5]

Fig. 5 is a diagram showing a view of the flow relating
to the centrifugal fan according to the first embodi-
ment.
[Fig. 6]
Fig. 6 is a diagram showing a view of the flow relating
to the centrifugal fan according to a first illustrative
example.
[Fig. 7]
Fig. 7 is a diagram showing a view of the flow relating
to the centrifugal fan according to a second illustra-
tive example.
[Fig. 8]
Fig. 8 is a diagram of a similar mode to Fig. 2, relating
to the portion near the extension part of a first mod-
ification of the first embodiment.
[Fig. 9]
Fig. 9 is a diagram of a similar mode to Fig. 5, relating
to the first modification of the first embodiment.
[Fig. 10]
Fig. 10 is a diagram of a similar mode to Fig. 5, re-
lating to the second modification of the first embod-
iment.
[Fig. 11]
Fig. 11 is a diagram of a similar mode to Fig. 1, re-
lating to a second embodiment of the present inven-
tion.
[Fig. 12]
Fig. 12 is a plan diagram illustrating a flow on the
side of a concave rounded surface, relating to the
second embodiment.
[Fig. 13]
Fig. 13 is a perspective diagram of a centrifugal fan
according to a third embodiment of the present in-
vention.
[Fig. 14]
Fig. 14 is a plan diagram of the centrifugal fan in Fig.
13.
[Fig. 15]
Fig. 15 is a diagram illustrating a flow in a case where
productions on the concave rounded surface extend
along a radial direction.
[Fig. 16]
Fig. 16 is a diagram of a similar mode to Fig. 15,
relating to a third embodiment of the present inven-
tion.
[Fig. 17]
Fig. 17 is a diagram of a similar mode to Fig. 5, re-
lating to a fourth embodiment of the present inven-
tion.

[Description of Embodiments]

[0018] Embodiments of a centrifugal fan and an air-
conditioning device according to the present invention
are described below with reference to the accompanying
drawings. Parts which are the same or corresponding
below are labelled with the same reference numerals.

3 4 
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First Embodiment

[0019] Fig. 1 is a perspective diagram showing a cen-
trifugal fan relating to a first embodiment of the present
invention, and Fig. 2 is a cross-sectional diagram of the
centrifugal fan in Fig. 1. Fig. 3 is a diagram showing an
internal structure of an air-conditioning device relating to
a first embodiment, and Fig. 4 is a diagram showing an
internal structure of the air-conditioning device in Fig. 3,
viewed in the direction of the arrow IV in Fig. 3.
[0020] The centrifugal fan 1 is provided with a main
plate 2, a shroud 3 and a plurality of vanes 4. The main
plate 2 and the shroud 3 face each other in the direction
of extension of an axis of rotation 5, and are disposed at
an interval apart in the direction of extension of the axis
of rotation 5. A plurality of vanes 4 extend in the direction
of extension of the axis of rotation 5, between the main
plate 2 and the shroud 3, and couple together the main
plate 2 and the shroud 3. The vanes may have a hollow
internal structure in order to reduce the weight thereof.
[0021] The centrifugal fan 1 is supported rotatably, and
the main plate 2, the shroud 3 and the plurality of vanes
4 rotate in a unified fashion. A fan inlet port 3a for taking
in air is formed in a central portion of the shroud 3. When
the centrifugal fan 1 rotates in the direction of rotation 6
due to driving by the motor 15 (see Fig. 3), then air on
the side of the shroud 3 is sucked into the region between
the shroud 3 and the main plate 2, via the fan inlet port
3a, as indicated by the air flow 7, the pressure of the air
is raised as the air passes between the plurality of vanes
4, and the air passes through the fan outlet port 22 and
is blown out to the outside of the centrifugal fan 1.
[0022] As shown in Fig. 2, the shroud 3 is configured
such that an end section of a shroud main body section
11 which constitutes the fan outlet port 22 in conjunction
with the main plate 2 (in other words, the shroud outer
peripheral end section 8) is positioned towards the outer
side in the radial direction and closer to the main plate
2, than an end section of the shroud main body section
11 which constitutes the fan inlet port 3a (in other words,
the inlet-side end section 28) is.
[0023] The shroud 3 also has a ring-shaped extension
part 10. This extension part 10 is a portion which extends
from the shroud outer peripheral end section 8, which is
the outermost end portion of the shroud main body sec-
tion 11, to the upstream side (to the side of the fan inlet
port 3a), in a direction parallel to the axis of rotation 5.
When viewed in plan view from the direction of the axis
of rotation 5, the ring-shaped extension part 10 surrounds
the shroud main body section 11.
[0024] Furthermore, the radially outside surface of the
shroud main body section 11 and the radially inside sur-
face of the extension part 10 constitute a concave round-
ed surface. This concave rounded surface 30 is config-
ured by a single circular arc, or by a combination of a
plurality of circular arcs, when viewed in a longitudinal
cross-section including the axis of rotation 5 (as seen in
Fig. 5 which is one cross-section of a longitudinal cross-

section of this kind). The direction of the recess in the
concave rounded surface 30 is towards the upstream
side (the side of the fan inlet port 3a) in a direction parallel
to the axis of rotation 5.
[0025] Moreover, an air-conditioning device 100 pro-
vided with the centrifugal fan 1 is also described here.
As shown in Fig. 3 and Fig. 4, the air-conditioning device
100 has the abovementioned centrifugal fan 1, and a
motor 15 which causes the centrifugal fan 1 to rotate, in
the center of the interior of a unit which is configured by
a ceiling plate 13 and side plate 14. Fig. 4 is a perspective
view which prioritizes a view of the internal configuration
of the unit.
[0026] Furthermore, in the unit, a heat exchanger 16
which carries out heat exchange with the air flowing out
from the centrifugal fan 1 is provided on the outside
(downstream side) of the centrifugal fan 1. The heat ex-
changer 16 is disposed so as to surround the centrifugal
fan 1. Furthermore, the heat exchanger 16 is disposed
so as to follow the main four surfaces of the side plates
14, and extends so as to form substantially a quadrilateral
shape.
[0027] In the case of embedded installation in the ceil-
ing 103, a cosmetic plate 17 facing into the room 102 is
provided on the lower side of the unit. An air-conditioning
device inlet port 18 and a plurality of air-conditioning de-
vice outlet ports 19 are provided in the center of the cos-
metic plate 17. The air-conditioning device inlet port 18
occupies the central region of the axis of rotation 5 and
the periphery thereof, and the air-conditioning device out-
let port 19 occupies the region peripheral to the air-con-
ditioning device inlet port 18. An air flow directing vane
20 is provided on the air-conditioning device outlet port
19 to control the direction of the discharged air flow.
[0028] Fig. 3 illustrates the flow of air 21 as viewed in
the whole of the air-conditioning device 100 which is con-
figured in this way. The air in the room 102 is sucked
inside the unit from the air-conditioning device inlet port
18, by the rotation of the centrifugal fan 1. The air flow
that flows in from the fan inlet port 3a of the centrifugal
fan 1, while flowing between the vanes, receives energy
from the vanes 4 and the pressure thereof is thereby
raised, while the orientation of the air flow is changed
from the fan axis direction towards the outside in the ra-
dial direction, and the air is blown out from the fan outlet
port 22. Upon passing through the heat exchanger 16,
the air flow blown out in a rotating fashion by the centrif-
ugal fan 1 is regulated in temperature, principally, and is
blown out from the air-conditioning device outlet port 19
to the room 102.
[0029] The first embodiment and embodiments indi-
cated below describe an air-conditioning device as one
example of an air blower in which a flow of air sucked in
from a device inlet port (fan inlet port) is made to perform
a U turn in the centrifugal fan and the air flows to the
device outlet port (in the present embodiment, the air-
conditioning device outlet port) in the same direction as
on the upstream side of the device inlet port (fan inlet
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port).
[0030] Moreover, the action of the centrifugal fan 1 is
described here with reference to Fig. 5, Fig. 6 and Fig.
7. Fig. 5 is a diagram showing a view of the flow relating
to the centrifugal fan according to the first embodiment.
Fig. 6 is a diagram showing a view of the flow relating to
a centrifugal fan according to a first illustrative example,
and Fig. 7 is a diagram showing a view of the flow relating
to a centrifugal fan according to a second illustrative ex-
ample. Fig. 5, Fig. 6 and Fig. 7 all show only the centrif-
ugal fan, the bell mouth 41 and the heat exchanger 16,
and omit the interior of the unit, in order to aid under-
standing.
[0031] Firstly, as shown in Fig. 6, in the centrifugal fan
51 according to the first illustrative example which does
not have an extension part in the outer peripheral end
section of the shroud that configures the fan outlet port
22, an eddy 23 generated by the flow 7 which exits from
the fan outlet port 22 towards the air-conditioning device
outlet port 19 expands further to the outer side in the
radial direction, beyond the outer diameter of the centrif-
ugal fan 1. Therefore, a flow passage width 24 in the
region sandwiched between the eddy 23 and the heat
exchanger 16, which is the effective air flow path, is nar-
row and consequently, the air passage resistance when
the flow 7 passes is increased.
[0032] Furthermore, as shown in Fig. 7, in a virtual cen-
trifugal fan 61 according to a second illustrative example
in which a peripheral wall section 61a that is simply folded
back on the fan inlet port 3a side is formed on the outer
peripheral end section of the shroud, the flow 7 blown
out from the fan outlet port 22 subsequently flows along
the peripheral wall section 61a due to the Coanda effect,
and furthermore, a flow that has separated from the pe-
ripheral wall section 61a generates an eddy 23 due to a
velocity differential with respect to the air on the inner
side in the radial direction, between the shroud and the
bell mouth. Due to the eddy 23 which is generated in this
way, it is difficult to obtain a flow that reaches to the sur-
face of the main body section of the shroud and to the
vicinity of the corner section 61b of the base portion of
the peripheral wall section 61a, as indicated by reference
numeral 23a. Therefore, the eddy 23 is not readily con-
tained on the inner side of the peripheral wall section 61a
in the radial direction, and expands towards the outer
side in the radial direction, beyond the outer diameter of
the centrifugal fan 1. Therefore, similarly to the case of
the first illustrative example in Fig. 6, there is a problem
in that the flow passage width 24 is narrow, and conse-
quently, the air passage resistance upon passing of the
flow 7 is large.
[0033] On the other hand, in the first embodiment, as
described above, an extension part 10 is provided which
extends to the fan inlet port 3a side when viewed in the
direction parallel to the axis of rotation 5, on the outer
peripheral end section 8 of the shroud which constitutes
the fan outlet port, and the shroud constituting surface
12 from the front end 9 of the extension part 10 to the

shroud main body section 11 is formed by a concave
rounded surface 30 which is recessed towards the side
of the fan inlet port 3a as viewed in the direction parallel
to the axis of rotation 5. Consequently, although, initially,
the flow 7 which is blown out from the fan outlet port 22
generates an eddy 23, similarly to the case in Fig. 7 de-
scribed above, the eddy 23 thus generated flows along
the shroud constituting surface 12 which is the concave
rounded surface 30, and is readily contained to the inside
of the extension part 10 in the radial direction. Conse-
quently, the flow passage width 24 can be kept large in
the region sandwiched between the eddy 23 and the heat
exchanger 16, and increase in the air passage resistance
of the flow 7 can be suppressed. Furthermore, since the
eddy can be contained in the concave region, then it is
possible to reduce the size of the eddy and disturbance
can be reduced.
[0034] As described above, according to the centrifu-
gal fan and air-conditioning device according to the first
embodiment, it is possible to achieve reduced noise by
suppressing disturbance and reducing the outlet air flow
velocity, as well as reducing the power consumption of
the motor by reducing the air passage resistance.
[0035] Next, Fig. 8 and Fig. 9 illustrate a first modifica-
tion of the first embodiment. Fig. 8 is a diagram of a similar
mode to Fig. 2, relating to the portion near the extension
part of the first modification. Fig. 9 is a diagram of a similar
mode to Fig. 5, relating to the first modification.
[0036] As disclosed in PTL3 described above, when
there is a sharp angle between the guide section and the
main body of the shroud, then the eddy becomes instable
on the inside of the guide section in the radial direction,
becomes more liable to leak out from the shroud, and
may possibly close off the flow passage.
[0037] On the other hand, in the first modification
shown in Fig. 8 and Fig. 9, if the curvature of the concave
rounded surface, which is constituted by the radially out-
side surface of the shroud main body section 11 and the
radially inside surface of the extension part 10, is repre-
sented as pa, and the curvature of the curved surface,
which is constituted by the shroud outer peripheral end
section 8 on the fan outlet port side of the shroud main
body section 11 and the radially outside surface of the
extension part 10, is represented as pb, then a configu-
ration is adopted in which ρa is smaller than pb. In other
words, the concave rounded surface has a more gentle
curve than the curved surface which is constituted by the
shroud outer peripheral end section on the outlet port
side, and the extension part (a corner-shaped surface is
included as one mode of the curved surface). Therefore,
the eddy 23 generated flows smoothly along the consti-
tuting surfaces, and the eddy can be stabilized without
leaking to the outside of the shroud. More specifically,
the air flow which is blown out after passing between the
vanes flows in a tight spiral from the shroud main body
section to the extension part due to the Coanda effect,
does not readily expand to the outside in the radial direc-
tion and therefore is not liable to close off the flow pas-
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sage between the fan and the heat exchanger.
[0038] Moreover, a second embodiment of the first em-
bodiment is shown in Fig. 10. Fig. 10 is a diagram of a
similar mode to Fig. 5, relating to the second modification.
This second modification is characterized in that the outer
diameter Rsh of the shroud outer peripheral end section
8 is made larger than the outer diameter RO of the main
plate 2, in the configuration shown in Fig. 1 to Fig. 7 de-
scribed above, or the configuration shown in Fig. 8 and
Fig. 9. Therefore, the concave region constituted by the
radially outside surface of the shroud main body section
11 and the radially inside surface of the extension part
10 becomes wider, the eddy generated between the fan
and the heat exchanger is retained readily within the con-
cave region, and a broad flow passage can easily be
guaranteed.
[0039] The first modification and the second modifica-
tion are both similar to the configuration of the first em-
bodiment illustrated in Fig. 1 to Fig. 7, apart from the
portion described above.

Second Embodiment

[0040] Next, a second embodiment of the present in-
vention will be described. Fig. 11 is a diagram of a similar
mode to Fig. 1, relating to a second embodiment of the
present invention. The second embodiment is similar to
the first embodiment described above, with the exception
of the part described below.
[0041] In the centrifugal fan 101 of the second embod-
iment, a plurality of projections 125 are formed in the
shroud 3 on the concave rounded surface 30 which is
constituted by the radially outside surface of the shroud
main body section 11 and the radially inside surface of
the extension part 10. These projections 125 extend from
the front end 9 of the extension part 10 to the vicinity of
the fan inlet port 3a of the shroud main body section 11.
Furthermore, the plurality of projections 125 extend from
the inside to the outside in the radial direction, and in
particular, in the specific example shown in Fig. 11, the
projections 125 extend in a radiating fashion following
the radial direction, when viewed in plan view from the
direction of the axis of rotation 5.
[0042] In this way, in the second embodiment, similarly
to the first embodiment, it is possible to reduce the blow-
ing air flow velocity, and it is possible to achieve a cen-
trifugal fan which reduces the power consumption by re-
duction of the air passage resistance, and which reduces
noise through reduction of the disturbance and the flow
velocity.
[0043] Moreover, in the second embodiment, the fol-
lowing advantages are obtained. As shown in Fig. 4, the
air blower and air-conditioning device are surrounded by
a square-shaped heat exchanger, and since the mode
of the air passage is not axially symmetrical, then the air
passage resistance varies depending on the location, the
flow volume and velocity of the air flowing between the
vanes varies, and therefore variations occur in the outlet

flow. As shown in Fig. 12, firstly, in the area 131 where
the centrifugal fan 101 and the heat exchanger 16 are
separated, the outlet flow velocity is fast, and the rotating
flow which constitutes the generated eddy 23 is fast, and
therefore a stable eddy is formed, and the eddy 23 is
essentially easy to contain within the concave rounded
surface 30. On the other hand, in the area 132 where the
centrifugal fan 101 and the heat exchanger 16 are in close
proximity, the outlet flow velocity becomes slower, the
velocity differential between the upper portion of the
shroud and the outlet flow velocity becomes smaller, the
rotational flow constituting the generated eddy 23 be-
comes slower, and the eddy may not be stable. In this
respect, in the second embodiment, by providing a plu-
rality of projections 125 on the concave rounded surface
30, the rotating flow constituting the eddy is regulated to
flow along the projections 125, the eddy becomes less
liable to twist, and in particular, in the area 132 where
the centrifugal fan 101 and the heat exchanger 16 are in
close proximity, a high effect in containing the eddy 23
within the concave rounded surface 30 is obtained.

Third Embodiment

[0044] Next, a third embodiment of the present inven-
tion will be described. Fig. 13 and Fig. 14 are a perspec-
tive diagram and a plan diagram of a centrifugal fan re-
lating to the third embodiment of the present invention.
The third embodiment is similar to the second embodi-
ment described above, with the exception of the part de-
scribed below.
[0045] In the centrifugal fan 201 of the third embodi-
ment, a plurality of projections 225 are formed in the
shroud 3 on the concave rounded surface 30 which is
constituted by the radially outside surface of the shroud
main body section 11 and the radially inside surface of
the extension part 10. These projections 225 extend from
the front end 9 of the extension part 10 to the vicinity of
the fan inlet port 3a of the shroud main body section 11.
Furthermore, the plurality of projections 225 extend from
the inside towards the outside in the radial direction and
furthermore, extend at an inclination with respect to the
radial direction, in plan view. In other words, the plurality
of projections 225 are inclined in such a manner that, in
plan view, the portions of the projections 225 on the out-
side in the radial direction are positioned to a greater
extent towards the opposite side to the direction of rota-
tion 6 (rearwards in the direction of rotation) of the cen-
trifugal fan 201, compared to the portions thereof on the
inside in the radial direction.
[0046] In the third embodiment of this kind, similarly to
the first embodiment, it is possible to achieve reduced
noise by suppressing disturbance and reducing the outlet
air flow velocity, as well as reducing the power consump-
tion of the motor by reducing the air passage resistance.
[0047] Moreover, in the third embodiment, the follow-
ing advantages are obtained. Since the centrifugal fan
201 blows out an air flow while rotating, then the rotating
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flow generated by the concave rounded surface 30 is
constituted as an eddy which has an axis in the circum-
ferential direction of the fan. In other words, the rotating
flow has a component which advances in the direction
of rotation of the fan, due to friction with the concave
rounded surface 30. Here, if the plurality of projections
extend in the radial direction in plan view, then as shown
in Fig. 15, the flow 227b when the flow 227a originating
on the inner side of the shroud in the radial direction
reaches the vicinity of the extension part on the outer
side in the radial direction is in an advanced position in
the direction of rotation 6, and the rotating flow constitut-
ing the eddy is twisted obliquely. Therefore, the flow as-
sumes a longitudinal eddy state 223A wherein the flow
advances while rotating in the central axis direction of
the eddy. The air flow 228 peripheral to the eddy becomes
wrapped in the direction of rotation, and hence there is
a risk of decrease in the outlet of air to the heat exchanger
side.
[0048] On the other hand, by inclining the plurality of
projections 225 as in the third embodiment, then as
shown in Fig. 16, the flow 227b when the flow 227a orig-
inating on the inner side of the shroud in the radial direc-
tion reaches the vicinity of the extension part on the outer
side in the radial direction advances to the opposite side
from the direction of rotation of the fan. In other words,
due to the combination of the direction of rotation of the
fan and the direction of travel of the flow, the rotating flow
constituting the eddy 223B becomes less liable to twist
and the longitudinal eddy state is alleviated. Consequent-
ly, the air flow peripheral to the eddy is restricted from
becoming wrapped up in the direction of rotation, and it
is possible to ensure a suitable flow rate of air to the heat
exchanger.

Fourth Embodiment

[0049] Next, a fourth embodiment of the present inven-
tion will be described. Fig. 17 is a diagram of a similar
mode to Fig. 5, relating to a fourth embodiment of the
present invention. The fourth embodiment is similar to
the first to third embodiments described above, with the
exception of the part described below.
[0050] The centrifugal fan 301 according to the fourth
embodiment has an extension part 310 which extends
to the upstream side from the shroud outer peripheral
end section 8 of the shroud main body section, and the
front end 9 of this extension part 310 is positioned to-
wards the inner side in the radial direction than the portion
of the extension part 310 on the side of the shroud outer
peripheral end section 8, as shown in Fig. 16.
[0051] In the fourth embodiment of this kind, similarly
to the first embodiment, it is possible to achieve reduced
noise by suppressing disturbance and reducing the outlet
air flow velocity, as well as reducing the power consump-
tion of the motor by reducing the air passage resistance.
[0052] Furthermore, according to the fourth embodi-
ment, since the front end of the extension part is posi-

tioned towards the inner side in the radial direction than
the portion of the extension part on the side of the shroud
outer peripheral end section, then the eddy which is cre-
ated in the region enclosed by the extension part and the
shroud main body section is formed further towards the
inside in the radial direction, and therefore a broader air
passage width can be ensured in the extension part and
the heat exchanger. Consequently, it is possible to
achieve a centrifugal fan which restricts power consump-
tion by reducing the air passage resistance.

Fifth Embodiment

[0053] Next, a fifth embodiment of the present inven-
tion will be described. The characteristic feature of the
fifth embodiment is that the end section 29 of the heat
exchanger 16 on the side of the air-conditioning device
outlet port is closer to the air-conditioning device outlet
port 19 than the inlet-side end section 28 of the centrifugal
fan is, when viewed in a direction parallel to the axis of
rotation 5. The abovementioned characteristic feature of
the fifth embodiment can also be applied to any of the
configurations of the first to fourth embodiments, and is
depicted in Fig. 5 and Fig. 17 relating to the description
given above. By the characteristic feature of this kind, it
is possible to further enhance the effects of the first to
fourth embodiments.
[0054] The contents of the present invention have been
described above with reference to preferred embodi-
ments, but it would be obvious to a person skilled in the
art that various modifications can be made on the basis
of the basic technical concepts and teachings of the
present invention.
[0055] For example, the present invention is not limited
to an air-conditioning device provided with a heat ex-
changer, and can be applied widely to air blower which
has a wall on the outside of the outlet port in the radial
direction, and which discharges the air flow that has been
sucked in after causing the air flow to make a U turn.
[0056] Furthermore, the shape of the concave rounded
surface which is constituted by the extension part and
the shroud main body section is an example of a shape
capable of forming a stable eddy, but the present inven-
tion is not limited to this and the rounded surface can
also be configured as a rounded surface in which a plu-
rality of circular arcs are joined together tangentially, in
accordance with the length of the extension part. In other
words, the present invention can also be applied to an
air blower which is provided with a centrifugal fan accord-
ing to the present invention as described above, and a
motor which drives the centrifugal fan.

[Reference Signs List]

[0057]

1, 101, 201, 301 Centrifugal fan
2 Main plate
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3 Shroud
3a Fan inlet port
5 Axis of rotation
6 Direction of rotation
8 Shroud outer peripheral end section
10, 310 Extension part
11 Shroud main body section
16 Heat exchanger
19 Air-conditioning device outlet port
28 Inlet-side end section
29 End section on air-conditioning de-

vice inlet port side
25, 125, 225 Projection
30 Concave rounded surface
100 Air-conditioning device

Claims

1. A centrifugal fan comprising: a main plate; a shroud
having a fan inlet port; and a plurality of vanes pro-
vided between the main plate and the shroud,
wherein the shroud has a shroud main body section
and an extension part,
the extension part is a portion extending from a
shroud outer peripheral end section of the shroud
main body section to an upstream side when viewed
in a direction parallel to an axis of rotation,
a radially outside surface of the shroud main body
section,
and a radially inside surface of the extension part
constitute a concave rounded surface, and
a direction of recess of the concave rounded surface
is towards the upstream side when viewed in the
direction parallel to the axis of rotation.

2. The centrifugal fan according to claim 1, wherein,
when a curvature of the concave rounded surface is
expressed as ρa, and a curvature of a curved surface
constituted by the shroud outer peripheral end sec-
tion of the shroud main body section and the radially
outside surface of the extension part is expressed
as pb, then ρa is smaller than pb.

3. The centrifugal fan according to claim 1 or 2, wherein
an outer diameter Rsh of the shroud outer peripheral
end section is greater than an outer diameter RO of
the main plate.

4. The centrifugal fan according to claims 1 to 3, where-
in a plurality of projections extending in the radial
direction are formed on the concave rounded sur-
face.

5. The centrifugal fan according to claim 4, wherein the
plurality of projections are inclined in such a manner
that, in plan view, the portion of each projection on
the outside in the radial direction is positioned rear-

wards in a direction of rotation of the centrifugal fan,
with respect to the portion of the projection on the
inside in the radial direction.

6. The centrifugal fan according to any one of claims 1
to 5,
wherein a front end of the extension part is positioned
towards the inner side in the radial direction than a
portion of the extension part on the side of the shroud
outer peripheral end section.

7. An air-conditioning device comprising: the centrifu-
gal fan according to any one of claims 1 to 6; and a
heat exchanger disposed on the outside of the cen-
trifugal fan.

8. The air-conditioning device according to claim 7,
wherein an end section of the heat exchanger on the
side of an air-conditioning device outlet port is closer
to the air-conditioning device outlet port than an inlet-
side end section of the centrifugal fan is, when
viewed in a direction parallel to an axis of rotation.
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