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WITH SAID SCROLL CASING

(567)  Ascroll casing accommodates a cross-flow fan,
thereby forming an airflow passage, and includes a scroll
section having, as an upstream end, an approach point
at which the scroll section most closely approaches the
fan in the scroll casing, and forms an upstream side of
the airflow passage. A region between the upstream end
of the scroll section and a downstream end of the scroll
section is divided into three regions in the flow direction
of airflow in the airflow passage. In the three regions, the
distance between the center of rotation of the fan and
the scroll section increases at different change rates from
the upstream end to the downstream end as the scroll
section is viewed at a section perpendicular to an axis of
rotation of the fan. Where the three regions are a first
region, a second region, and a third region in this order
from an upstream side in the flow direction of the airflow,
the change rate of the second region is the smallest.

SCROLL CASING, AND AIR-BLOWING DEVICE AND AIR-CONDITIONING DEVICE PROVIDED

FIG. 1

AIRFLOW
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Description
Technical Field

[0001] The presentdisclosure relates to a scroll casing
that accommodates a fan, and to an air-sending device
and an air-conditioning apparatus which include the scroll
casing.

Background Art

[0002] An air-sending device includes a cross-flow fan
provided with a plurality of blades arranged annularly.
Also, the air-sending device includes an air-sending sec-
tion provided with a scroll casing that accommodates the
cross-flow fan. In the air-sending section, the scroll cas-
ing defines an airflow passage. In the airflow passage,
air is sent when the cross-flow fan is rotated. A scroll
casing of such a type of air-sending section includes a
scroll section that spirally guides an airflow generated by
the cross-flow fan, and is formed to have a logarithmic
spiral shape from the start of the scroll of the scroll section
to the end of the scroll thereof (see, for example, Patent
Literature 1).

[0003] The logarithmic spiral shape of a scroll casing
disclosed in Patent Literature 1 is the following shape as
the scroll casing is viewed in a cross section perpendic-
ular to the axis of rotation of a cross-flow fan. The loga-
rithmic spiral shape is a shape in which the distance be-
tween the scroll casing and the center of rotation of the
cross-flow fan continuously increases at a constant
change rate from the start of the scroll to the end of the
scroll. In Patent Literature 1, the scroll casing is formed
to have the above shape, to thereby reduce noise.

Citation List
Patent Literature

[0004] PatentLiterature 1: Japanese Unexamined Pat-
ent Application Publication No. 2000-220592

Summary of Invention
Technical Problem

[0005] The technique of the scroll casing of Patent Lit-
erature 1 is intended to reduce noise, and thus still has
room for improvement in reduction of a fan input.
[0006] The present disclosure is applied to solve the
above problem, and relates to a scroll casing that can
reduce afan input, and an air-sending device and an air-
conditioning apparatus that include the scroll casing.

Solution to Problem

[0007] A scroll casing according to an embodiment ac-
commodates a cross-flow fan and thereby forms an air-
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flow passage, and includes a scroll section having, as an
upstream end, an approach point at which the scroll sec-
tion most closely approaches the cross-flow fan in the
scroll casing, the scroll section forming an upstream side
of the airflow passage. A region between the upstream
end of the scroll section and a downstream end of the
scroll section is divided into three regions in a flow direc-
tion of airflow that passes through the airflow passage.
The three regions are regions in which a distance be-
tween a center of rotation of the cross-flow fan and the
scroll section increases at different change rates from
the upstream end of the scroll section to the downstream
end of the scroll section as the scroll section is viewed
at a section perpendicular to an axis of rotation of the
cross-flow fan, and where the three regions are a first
region, a second region, and a third region in this order
from an upstream side in the flow direction of the airflow,
the change rate of the second region is the smallest.
[0008] An air-sending device according to another em-
bodiment of the present disclosure includes: the above
scroll casing; and the cross-flow fan accommodated in
the scroll casing.

[0009] An air-conditioning apparatus according to still
another embodiment of the present disclosure includes:
the above air-sending device; a housing that houses ac-
commodate the air-sending device; and a heat exchang-
er provided at a position where airflow generated by the
air-sending device passes through.

Advantageous Effects of Invention

[0010] According to the embodiments of the present
disclosure, itis possible to reduce the volume of air to be
blown out from the blades in the second region, and as
a result, reduce the torque applied to the blades in the
second region and thus reduce the fan input.

Brief Description of Drawings
[0011]

[Fig. 1] Fig. 1 is a schematic sectional view of an air-
conditioning apparatus including a scroll casing ac-
cording to Embodiment 1.

[Fig. 2] Fig. 2 is a schematic sectional view of an air-
sending device according to Embodiment 1.

[Fig. 3] Fig. 3illustrates the shape of the scroll casing
according to Embodiment 1 in comparison with an
existing scroll casing.

[Fig. 4] Fig. 4 is a graph indicating, regarding in the
scroll casing according to Embodiment 1, a relation-
ship between the position of the casing and a dis-
tance L in the casing, in comparison with the existing
scroll casing.

[Fig. 5] Fig. 5 is a diagraph indicating the distribution
of an air volume in an outlet region of the cross-flow
fan in the case where the existing scroll casing is
applied to a wall-mounted air-conditioning indoor
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unit.

[Fig. 6] Fig. 6 is a diagram indicating the distribution
of a fan input in an outlet region of the cross-flow fan
in the case where the existing scroll casing is applied
to the wall-mounted air-conditioning indoor unit.
[Fig. 7] Fig. 7 is a diagram indicating the distribution
of the volume of air to be blown out from space be-
tween the blades in the outlet region of the cross-
flow fanin the case where the scroll casing according
to Embodiment 1 is applied to the wall-mounted air-
conditioning indoor unit, in comparison with the ex-
isting scroll casing.

[Fig. 8] Fig. 8 is a diagram indicating the distribution
of the fan input in the outlet region of the cross-flow
fan in the case where the scroll casing according to
Embodiment 1 is applied to the wall-mounted air-
conditioning indoor unit, in comparison with the ex-
isting scroll casing.

[Fig. 9] Fig. 9 is a schematic diagram illustrating air-
flow in the case where the existing scroll casing is
applied to the wall-mounted air-conditioning indoor
unit and the volume of air is small.

Description of Embodiments

[0012] An air-conditioning apparatus including a scroll
casing according to an embodiment of the present dis-
closure will be described with reference to the drawings,
etc. It should be noted that in figures including Fig. 1
which will be referred to below, relative relationships in
size between components, the shapes of the compo-
nents, etc., may differ from those of actual ones. In ad-
dition, in each of the figures, components that are the
same as or equivalent to those in a previous figure or
previous figures are denoted by the same reference
signs. The same is true of the entire text of the specifi-
cation.

Embodiment 1
Air-conditioning Apparatus

[0013] Fig. 1 is a schematic sectional view of an air-
conditioning apparatus including a scroll casing accord-
ing to Embodiment 1.

[0014] An air-conditioning apparatus 100 includes a
heat exchanger 10, an air-sending device 20 that gener-
ates airflow and sends the airflow to the heat exchanger
10, and a housing 50 that houses the heat exchanger 10
and the air-sending device 20. In the top of the housing
50, an air inlet 51 is formed to allow air to be sucked into
the housing 50. In a lower portion of a front side of the
housing 50, an air outlet 52 is formed to allow air to be
blown out from the housing 50. At the air outlet 52, an
airflow direction louver 53 is provided to freely change
the direction of the flow of air that is blown out from the
air outlet 52. In the housing 50, the heat exchanger 10
is located on an upstream side of a flow passage that
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extends from the air inlet 51 to the air outlet 52, and the
air-sending device 20 is located on a downstream side
of the flow passage.

[0015] The air-conditioning apparatus 100 sucks air-
flow that is generated by driving the air-sending device
20, from the air inlet 51 into the housing 50, causes heat
exchange to be performed between the sucked airflow
and refrigerant in the heat exchanger 10, and thereafter
blows out this airflow from the air outlet 52 into an indoor
space, to thereby adjust the temperature of the indoor
space. In the following, "upstream" means an upstream
side in the flow direction of airflow in the air-conditioning
apparatus 100, and "downstream" means a downstream
side of the airflow in the air-conditioning apparatus 100.
A dashed arrow in Fig. 1 indicates the airflow in the air-
conditioning apparatus 100. It should be noted that Fig.
1 illustrates an example in which the air-conditioning ap-
paratus is a wall-mounted air-conditioning indoor unit.
However, the air-conditioning apparatus is not limited to
the wall-mounted air-conditioning indoor unit, but may
be, for example, a ceiling-suspended air-conditioning in-
door unit.

Configuration of Air-sending Device 20

[0016] The air-sending device 20 includes a cross-flow
fan 30 that generates airflow, and an air-sending section
40 that accommodates the cross-flow fan 30. The cross-
flow fan 30 is configured such that impellers are stacked
in a direction along the axis of rotation of the cross-flow
fan. Each of the impellers includes a plurality of blades
31 that are annularly arranged with reference to the cent-
er O of rotation of the axis of rotation, and a support plate
(not illustrated) on which the plurality of blades 31 are
provided and which supports the plurality of blades 31
together. The cross-flow fan 30 is rotated in a direction
indicated by a solid arrow in Fig. 1, and sucks airflow
from space between blades 31 located close to the heat
exchanger 10 and blow out airflow from space between
blades 31 located close to a scroll casing 41 of the air-
sending section 40. The scroll casing 41 will be described
later.

[0017] The entire circumference of the cross-flow fan
30 is divided into two regions, that is, a region located
close to the heat exchanger 10 (on the front side) and a
region located close to the air-sending section 40 (on the
back side). An inlet region 70 of the cross-flow fan 30,
through which airflow is sucked, is the region located
close to the heat exchanger 10 (on the front side), which
is one of the above two regions. In contrast, an outlet
region 80 of the cross-flow fan 30, through which airflow
is blown out, is the above region located close to the air-
sending section 40 (on the back side), which is the other
of the two regions. A blowing start position S indicated
by a dotted circle in Fig. 1 is the position of an upstream
end portion of the outlet region 80 in a circumferential
range thereof. A blowing end position E indicated by an-
other dotted circle in Fig. 1 is the position of adownstream
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end portion of the outlet region 80 in the circumferential
range.

[0018] The air-sending section 40 includes the scroll
casing41, arear guide42, aside wall 43, and a discharge
portion 44. The scroll casing 41 accommodates the
cross-flow fan 30 to thereby form an airflow passage 45.
The scroll casing 41 adjusts the flow of air blown out from
the cross-flow fan 30. An upstream end P1 of the scroll
casing 41 is an approach point at which the scroll casing
41 mostly closely approaches the cross-flow fan 30. A
downstream end P2 of the scroll casing 41 forms part of
a circumferential wall of the air outlet 52 in the housing
50. The scroll casing 41 has a scroll portion 41a and a
discharge portion 41b.

[0019] The scroll portion 41a is configured to spirally
guide airflow generated by the cross-flow fan 30. The
scroll portion 41a is a wall portion that is formed to extend
from a height position located upstream of the height po-
sition of the center O of rotation of the cross-flow fan 30
to a position located downstream of the height position
of the center O of rotation, through the back side of the
cross-flow fan 30. An upstream end P1 of the scroll por-
tion 41a coincides with the upstream end P1 of the scroll
casing 41. A downstream end P3 of the scroll portion 41a
is located downstream of the height position of the center
O of rotation. The upstream end P1 of the scroll portion
41a s a scroll start portion of the scroll portion 41a. The
downstream end P3 of the scroll portion 41a is a scroll
end portion of the scroll portion 41a. The discharge por-
tion 41b is located downstream of the scroll portion 41a.
From the discharge portion 41b, airflow which passes
through the scroll portion 41a is discharged. The dis-
charge portion 41b is a wall portion that is formed to ex-
tend from the downstream end P3 of the scroll portion
41a toward the air outlet 52 of the housing 50.

[0020] The rear guide 42 is a wall portion that extends
to a position located upstream of the upstream end P1
of the scroll casing 41. The side wall 43 is a wall portion
that is located opposite to the scroll portion 41a, with the
cross-flow fan 30 interposed between the side wall 43
and the scroll portion 41a, and is located at a height po-
sition which is located downstream of the height position
of the center O of rotation. The side wall 43 is formed
along an outer circumferential surface of the cross-flow
fan 30. At a downstream end portion of the side wall 43,
a tongue portion 43a is formed to serve as an airflow
narrowing portion which narrows airflow. The discharge
portion 44 is a wall portion that is formed to extend from
the tongue portion 43a of the side wall 43 toward a dis-
charge opening of the air-sending section 40. The dis-
charge opening of the air-sending section 40 corre-
sponds to a discharge opening of the air-sending device
20, and also to the air outlet 52 of the housing 50. It is
not indispensable that the discharge opening of the air-
sending section 40 corresponds to the air outlet 52 of the
housing 50. A member that smoothly connects the dis-
charge opening of the air-sending section 40 and the air
outlet 52 of the housing 50 may be provided between the
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discharge opening of the air-sending section 40 and the
air outlet 52 of the housing 50. The discharge portion 44
is formed opposite to the discharge portion 41b of the
scroll casing 41.

[0021] The scroll portion 41a of the scroll casing 41
and the rear guide 42 form an upstream side of the airflow
passage 45. The discharge portion 44 and the discharge
portion 41b of the scroll casing 41 form a downstream
side of the airflow passage 45. The downstream side of
the airflow passage 45 serves as a discharge airflow pas-
sage 46 through which airflow blown out from the cross-
flow fan 30 is guided to the outside. The discharge airflow
passage 46 is an enlarged airflow passage whose cross-
sectional area increases from the upstream side toward
the downstream side.

Operation of Air-sending Device 20

[0022] In the air-sending device 20, as the cross-flow
fan 30 rotates, air is sucked into the cross-flow fan 30
from the space between the blades 31 in the inlet region
70. The air sucked into the cross-flow fan 30 is outwardly
blown out from the space between the blades 31 in the
outlet region 80 in the radial direction of the cross-flow
fan 30. The airflow outwardly blown out from the cross-
flow fan 30 in the radial direction flows along the scroll
portion 41a of the scroll casing 41. Thereafter, this airflow
is discharged to the discharge airflow passage 46 and
blown out from the discharge airflow passage 46 into the
indoor space through the discharge opening of the air-
sending section 40 (the air outlet 52 of the housing 50).

Fan Input Reduction Effect

[0023] The air-sending device 20 including the scroll
casing 41 according to Embodiment 1 has a fan input
reduction effect. It will be described how the air-sending
device 20 is configured to obtain the above effect.
[0024] Fig. 2 is a schematic sectional view of the air-
sending device according to Embodiment 1. The shape
of the scroll casing 41 will be described with reference
to Fig. 2.

[0025] The scroll portion 41a is divided into three re-
gions in the flow direction of air that flows through the
airflow passage 45. The three regions are regions in
which the distance L between the center O of rotation
and the scroll portion 41a increases at different change
rates o from the upstream end P1 of the scroll portion
41a to the downstream end P3 of the scroll portion 41a
as the scroll portion 41a is viewed at a section perpen-
dicular to the axis of rotation. That is, the scroll portion
41aincludes the three regions having the above different
change rates a. These three regions will hereinafter be
referred to as a first region A, a second region B, and a
third region C in this order from the upstream side in the
flow direction of airflow. The first region A, the second
region B, and the third region C continuously extend in
this order.
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[0026] Furthermore, blades 31 of the cross-flow fan 30
that are associated with the first region A will be referred
to as "blades 31 in the first region A." In this case, the
blades 31 of the cross-flow fan 30 that are associated
with the first region A mean blades 31 located within a
region which has a fan-shaped section and is defined by
a line connecting an upstream end of the first region A
and the center O of rotation, a line connecting a down-
stream end of the first region A and the center O of rota-
tion, and the first region A, as the scroll portion 41a is
viewed at the section perpendicular to the axis of rotation.
Similarly, blades 31 of the cross-flow fan 30 that are as-
sociated with the second region B will hereinafter be re-
ferred to as "blades 31 in the second region B"; and
blades 31 of the cross-flow fan 30 that are associated
with the third region C will hereinafter be referred to as
"blades 31 in the third region C."

[0027] The upstream end of the first region A is the
upstream end P1 of the scroll portion 41a at which part
of the scroll portion 41a most closely approaches the
cross-flow fan 30 as described above. The downstream
end of the first region A coincides with the upstream end
of the second region B. The upstream end of the second
region B is located upstream of the height position of the
center O of rotation. The downstream end of the second
region B is located downstream of the height position of
the center O of rotation. The downstream end of the sec-
ond region B coincides with the upstream end of the third
region C. The upstream end of the third region C is lo-
cated upstream of the height position of the tongue por-
tion 43a of the side wall 43. The downstream end of the
third region C is located downstream of the height posi-
tion of the tongue portion 43a of the side wall 43.
[0028] Where regarding the scroll portion 41a, a1 is
the change rate o of the first region A, a2 is the change
rate o of the second region B, and o3 is the change rate
o of the third region C, in the scroll casing 41, the change
rate a2 of the second region B is set lower than the
change rate a of the first region A and the change rate
a3 of the third region C. That is, the change rate o2 of
the second region B is the lowest in the scroll portion
41a; and the change rate a3 of the third region C is higher
than the change rate a1 of the first region A. To sum up,
the scroll casing 41 satisfies the relationship "a2<a1
<a3".

[0029] Fig. 3 illustrates the shape of the scroll casing
according to Embodiment 1 in comparison with an exist-
ing scroll casing. In Fig. 3, a curved dotted line on the
back side of the scroll casing 41 (on the right side in Fig.
3) indicates the existing scroll casing. The existing scroll
casing has a constant change rate in the scroll section.
Fig. 4 is a graph indicating, regarding the scroll casing
according to Embodiment 1, a relationship between the
position of the casing and the distance L in the casing,
in comparison with the existing scroll casing. In the graph
of Fig. 4, the slope of each of lines indicates the change
rate .. Figs. 3 and 4 are diagrams obtained in the case
where the change rate of the first region A is equal to that
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of the first region A in the existing scroll casing.

[0030] Inthe scroll portion 41ain Embodiment 1, since
the change rate o2 of the second region B is the lowest,
as indicated in the graph of Fig. 4, the slope of part of
the line that is associated with the second region B is
gentler than the slopes of parts of the line that are asso-
ciated with the first region A and the third region C. Also,
in the graph, the slope of the part of the line that is asso-
ciated with the second region B is gentler than that in the
second region B of the existing scroll casing. That is, the
change rate a2 of the second region B is less than that
of the second region B of the existing scroll casing in the
case where the change rate a1 of the first region A is
equal to that of the first region A of the existing scroll
casing. The change rate a2 of the second region B is
lower than that of the second region B of the existing
scroll casing, whereby the position of the second region
B as indicated in Fig. 3 is closer to the cross-flow fan 30
than that of the existing scroll casing which is indicated
by the dotted line.

[0031] The position of the second region B in the scroll
portion 41a is set such that it is effective to reduce the
fan input. This point will be described next with reference
to Figs. 5 and 6.

[0032] Fig. 5is a diagram indicating the distribution of
an air volume in the outlet region of the cross-flow fan in
the case where the existing scroll casing is applied to a
wall-mounted air-conditioning indoor unit. In Fig. 5, the
horizontal axis represents the position in the outlet re-
gion, and the vertical axis represents the air volume
[m3/min]. Fig. 6 is a diagram indicating the distribution of
afan inputin the outlet region of the cross-flow fan in the
case where the existing scroll casing is applied to the
wall-mounted air-conditioning indoor unit. In Fig. 6, the
horizontal axis represents the position in the outlet re-
gion, and the vertical axis represents the fan input [W].
The fan input [W] is the amount of input power that is
calculated by multiplying by an angular velocity, a torque
applied to the blades at each of position between the
start position of blowing and the end position thereof in
the outlet region of the cross-flow fan.

[0033] An intermediate region as indicated in each of
Figs. 5 and 6 is an intermediate portion of the existing
scroll section in the airflow direction. In this intermediate
region, the air volume in the airflow passage between
the cross-flow fan and the scroll section is relatively large,
and a high pressure loss occurs when airflows blown out
from the blades mix with each other. Since the pressure
loss is relatively high, the fan input in the intermediate
region is relatively high as indicated in Fig. 6. In Embod-
iment 1, the change rate a of the intermediate region,
where the pressure loss increases, is set to a small value
as described above, to thereby reduce the fan input as
described below. That is, in Embodiment 1, the interme-
diate region where the pressure loss increases is set as
the second region B.

[0034] In the wall-mounted air-conditioning indoor unit
as illustrated in Fig. 3, the air outlet 52 of the housing 50
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is provided in the lower portion of the front side of the
housing 50, and the air-sending device 20 is used, with
the discharge opening of the air-sending section 40 lo-
cated to face downward. In the case where the air-send-
ing device 20 is used in such a manner, the scroll portion
41ais formed to extend in an up-down direction. Specif-
ically, the scroll portion 41a is formed to extend from a
height position located upstream of the height position
of the center O of rotation of the cross-flow fan 30 to a
height position located downstream of the height position
of the center O of rotation, through the back side of the
cross-flow fan 30. In the case where the scroll portion
41a is formed in such a manner, the region where the
pressure loss increases is located in the vicinity of the
height position of the center O of rotation. Accordingly,
the secondregion B is provided in the vicinity of the height
position of the center O of rotation as illustrated in Fig.
2, specifically, in such a manner as to extend across the
height position of the center O of rotation of the cross-
flow fan 30.

Advantages of Scroll Casing 41

[0035] Next, the Advantages of the scroll casing 41
according to Embodiment 1 will be described.

[0036] As illustrated in Fig. 3, as is clear from the com-
parison between the solid line indicating the second re-
gion B in Embodiment 1 and the dotted line indicating
the second region B of the existing scroll casing, the sec-
ond region B of Embodiment 1 is closer to the outer cir-
cumference of the cross-flow fan 30 than that of the ex-
isting scroll casing and the space between the cross-flow
fan 30 and the second region B is thus reduced. As the
space between the cross-flow fan 30 and the second
region B is reduced, a static pressure in this space in-
creases, and the volume of air to be blown out from the
blades 31 (which will hereinafter be referred to as "inter-
blade blowing air volume") in the second region B de-
creases. Since the inter-blade blowing air volume in the
second region B decreases, it is possible that the torque
applied to the blades 31 in the second region B is re-
duced, thus decreasing a resistance against rotation of
the cross-flow fan 30. It is therefore possible to reduce
the fan input required to drive the cross-flow fan 30.
[0037] Fig. 7 is a diagram indicating the distribution of
the volume of air to be blown out from the space between
the blades in the outlet region of the cross-flow fan in the
case where the scroll casing according to Embodiment
1is applied to a wall-mounted air-conditioning indoor unit,
in comparison with the existing scroll casing. In Fig. 7,
the horizontal axis represents the position in the outlet
region, and the vertical axis represents the air volume
[m3/min]. Fig. 8 is a diagram indicating the distribution of
the fan input in the outlet region of the cross-flow fan in
the case where the scroll casing according to Embodi-
ment 1 is applied to a wall-mounted air-conditioning in-
door unit, in comparison with to the existing scroll casing.
In Fig. 8, the horizontal axis represents the position in
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the outlet region, and the vertical axis represents the fan
input [W]. The fan input [W] is the amount of input power
that is calculated by multiplying by an angular velocity, a
torque applied to the blades 31 at each of positions be-
tween the start position of blowing and the end position
thereof in the outlet region 80.

[0038] Inthescrollcasing 41 according to Embodiment
1, asindicated by adownward arrow in Fig. 7, itis possible
toreduce the inter-blade blowing air volume in the second
region B, that is, the inter-blade blowing air volume in the
intermediate region, whereas the air volume in the inter-
mediate region in the existing scroll casing is large. As a
result, as indicated in Fig. 8, the fan input based on the
torque applied to the blades 31 in the second region B
can be reduced, as compared with the existing scroll cas-
ing.

[0039] It should be noted that the inter-blade blowing
air volume in the second region B is reduced, and ac-
cordingly the inter-blade blowing air volume in the third
region C increases as indicated by an upward arrow in
Fig. 7. This raises a concern that the pressure loss in the
third region C may increase. However, since the space
between the cross-flow fan 30 and the third region C is
larger than the space between the cross-flow fan 30 and
the second region B, the pressure loss in the third region
C is lower than the pressure loss in the second region B.
Accordingly, the amount of an increase in the fan input
that is caused by the increase in the inter-blade blowing
air volume in the third region C is not large, and the fan
input in the third region C is substantially the same as
that of the existing scroll casing as indicated in Fig. 8.
Therefore, the fan input reduction effect in the second
region B is high, and the fan input in the entire fan is thus
reduced. In such a manner, the change rate a2 of the
second region B is the smallest in the scroll portion 41a,
whereby the fan input in the entire fan can be reduced.
[0040] Itis described above that the inter-blade blow-
ing air volume in the second region B is reduced, and
accordingly the inter-blade blowing air volume in the third
region C increases. However, further for the following
reason, the inter-blade blowing air volume in the third
region C increases. Specifically, since the change rate
a3 of the third region C is higher than the change rate
a1 ofthe firstregion A, the inter-blade blowing air volume
in the third region C increases.

[0041] The change rate a3 of the third region C is high-
er than the change rate o1 of the first region A, whereby
alarge space is secured between the third region C and
the cross-flow fan 30, and the static pressure is low. Ac-
cordingly, the inter-blade blowing air volume in the third
region C increases. The upstream end of the third region
C (the downstream end of the second region B) is pro-
vided upstream of the height position of the tongue por-
tion 43a of the side wall 43, and it is ensured that the
length of the third region C in the airflow direction is great-
er than in the case where the upstream end of the third
region C is provided downstream of the height position
of the tongue portion 43a of the side wall 43. ltis therefore
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possible to ensure that a region in which the inter-blade
blowing air volume increases is large.

[0042] Itis possible to obtain the following advantages
(A) and (B) by increasing the inter-blade blowing air vol-
ume in the third region C.

(A) As the inter-blade blowing air volume in the third
region C increases, the volume of airflow from the
third region C toward the air outlet 52 of the housing
50 increases. The volume of airflow from the third
region C toward the air outlet 52 of the housing 50
increases, as a result of which after the airflow is
blown out from the outlet region 80 of the cross-flow
fan 30, the volume of circulating flow that passes
through the space between the tongue portion 43a
and the cross-flow fan 30 and then re-flows toward
the inletregion 70 decreases. It should be noted that
the circulating flow causes a decrease in the volume
of airflow to be blown out from the air outlet 52. Thus,
since the volume of circulating flow can be de-
creased, the fan input can be reduced.

(B) Since the third region C is close to the air outlet
52 of the housing 50, as the inter-blade blowing air
volume in the third region C increases, a dynamic
pressure increases at an opening of the discharge
airflow passage 46 that defines the air outlet 52 of
the housing 50. When the dynamic pressure increas-
es at the opening of the discharge airflow passage
46, a static pressure recovery amount increases
which is the amount of a dynamic pressure to be
recovered as a static pressure in the discharge air-
flow passage 46, thereby enabling the cross-flow fan
30 to achieve high performance.

[0043] The change rate a1 of the first region A and the
change rate a3 of the third region C are individually set
depending on the shape of the cross-flow fan 30 to be
installed. For example, the change rate a1 of the first
region A and the change rate a3 of the third region C are
individually set depending on the installation angle or oth-
er factors of the blades 31 of the cross-flow fan 30. The
installation angle of the blades 31 is defined as an angle
formed between a center line in the blade thickness of a
trailing edge-side end portion of the blade 31 (which is a
downstream end portion in the flow direction) and a cir-
cumferential arc that connects trailing edge ends of the
plurality of blades 31. This installation angle affects an
outflow angle of airflow to be blown out from the space
between the blades 31. The installation angle of each of
the blades 31 may be also defined as an angle between
the center line in the blade thickness of the trailing edge-
side end portion of the blade 31 and a line extending in
the radial direction of the impeller. It is conceivable that
optimum values of the change rate a1 of the first region
A and the change rate .3 of the third region C are present
as values at which the fan input can be minimized at a
set air volume, and which vary depending on the shape
of the cross-flow fan 30. Therefore, by setting the change
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rate a1 of the first region A and the change rate o3 of the
third region C to respective optimum values, itis possible
to form the scroll casing in such an optimum shape as to
minimize the fan input at a set air volume.

Advantages of Scroll Casing 41 at Small Air Volume

[0044] In the air-conditioning apparatus 100, the air
volume of airflow that passes through the inside of the
housing 50 may be decreased to a small air volume, be-
cause, for example, dust is deposited at the air inlet 51
of the housing 50 or for other reasons. The advantages
of the scroll casing 41 at a small air volume will be de-
scribed below.

[0045] Inthescroll casing 41 according to Embodiment
1, the change rate a1 of the first region A is higher than
the change rate 02 of the second region B, thereby re-
ducing the probability that the outlet region of the cross-
flow fan 30 will move in the opposite direction to the ro-
tation direction. As a result, the fan input reduction effect
can be obtained. This point will be described in compar-
ison with the existing scroll casing in which the change
rate is constant.

[0046] Fig. 9is a schematic diagram illustrating airflow
in the case where the existing scroll casing is applied to
a wall-mounted air-conditioning indoor unit and the vol-
ume of air is small.

[0047] When the air volume of airflow that passes
through the inside of a housing 500 is reduced to a small
air volume, the airflow in an existing scroll casing 410
cannot overcome a pressure loss in the discharge airflow
passage 46, and thus moves closer to the scroll casing
410 (the back side). As a result, an outlet region 800 of
a cross-flow fan 300 moves in the opposite direction to
the rotation direction. That is, as is clear from the com-
parison of Fig. 9 with Fig. 1, the blowing start position S
and the blowing end position E as indicated in Fig. 9 shift
in the opposite direction to the rotation direction of the
axis of rotation relative to the blowing start position S and
the blowing end position E as indicated in Fig. 1.
[0048] When the outletregion of the cross-flow fan 300
shifts in the opposite direction to the rotation direction,
part of the airflow blown out from the outlet region of the
cross-flow fan 300 flows toward a rear guide 420 (upward
in Fig. 9), not toward a scroll section 410a (downward in
Fig. 9). The air that flows toward the rear guide 420 col-
lides with air that flows directly from a heat exchanger
110 located above the top of the fan toward the rear guide
420, thereby causing a loss. Furthermore, air that flows
from the outlet region 800 of the cross-flow fan 300 to-
ward the rear guide 420 becomes airflow that reenters
the cross-flow fan 30 (an arrow 60 in Fig. 9), thereby
causing a loss. When the loss is caused, the fan input
required to ensure a set air volume increases.

[0049] In the existing scroll casing 410, at a small air
volume, the outlet region 800 of the cross-flow fan 300
moves in the opposite direction to the rotation direction,
thereby generating a circulating flow at the blowing end
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position E as described as follows. Airflow blown out from
the space between blades 310 in the outlet region of the
cross-flow fan 300 passes along with a reverse flow from
an air outlet 520 toward a tongue portion 430a, through
the space between the tongue portion 430a and the
cross-flow fan 300, and then becomes a circulating flow
that flows back toward an inlet region 700 of the cross-
flow fan 30 (anarrow 61 in Fig. 9). Since such a circulating
flow is generated, the fan input required to ensure a set
air volume increases.

[0050] By contrast,in Embodiment 1, since the change
rate a1 of the first region A is higher than the change rate
a2 ofthe secondregion B, itis possible to ensure a certain
inter-blade blowing air volume in the first region A (see
Fig. 2), and reduce movement of the outlet region 800 of
the cross-flow fan 300 in the opposite direction to the
rotation direction at a small air volume. It is therefore
possible to reduce the flow of air from the cross-flow fan
30 toward the rear guide 420, and thus also reduce a
loss caused by generation of a flow of air from the cross-
flow fan 30 toward the rear guide 420, and reduce an
increase in the fan input.

[0051] Furthermore, in Embodiment 1, since the inter-
blade blowing air volume in the third region C increases,
it is possible to obtain the following advantage (C) at a
small air volume.

(C) Because of an increase in the inter-blade blowing air
volume in the third region C, the volume of airflow from
the discharge airflow passage 46 toward the air outlet 52
increases. Itis therefore possible to reduce backflow from
the air outlet 52 toward the tongue portion 43a at a small
air volume, and thus reduce the volume of circulating flow
that flows back toward the inlet region 70 of the cross-
flow fan 30. As a result, the fan input can be reduced.
[0052] It should be noted that the above description
refers to by way of example the case where the scroll
casing 41 is applied to the wall-mounted air-conditioning
indoor unit; however, also in the case where the scroll
casing 41 is applied to other types of indoor units, it is
possible to obtain similar advantages to those in the
above case.

Advantages

[0053] The scroll casing 41 according to Embodiment
1 accommodates the cross-flow fan 30 and thereby forms
the airflow passage 45. The scroll casing 41 has the scroll
portion 41a that has, as the upstream end P1, an ap-
proach point at which the scroll portion 41a most closely
approaches the cross-flow fan 30 in the scroll casing 41,
and forms an upstream side of the airflow passage. A
region between the upstream end P1 of the scroll portion
41a and the downstream end P3 of the scroll portion 41a
is divided into three regions in the flow direction of air
that flows through the airflow passage 45. The three re-
gions are regions in which the distance between the cent-
er of rotation of the cross-flow fan 30 and the scroll portion
41a increases at different change rates a from the up-
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stream end P1 of the scroll portion 41a to the downstream
end P3 of the scroll portion 41a as the scroll portion 41a
is viewed at a section perpendicular to the axis of rotation
of the cross-flow fan. In the scroll casing 41, the three
regions are located as the first region A, the second re-
gion B, and the third region C in this order from the up-
stream side in the flow direction of airflow, and the change
rate a2 of the second region B is the lowest.

[0054] Because the above configuration is provided, it
is possible to reduce the volume of air to be blown out
from the blades 31 in the secondregion B, and as aresult,
reduce the torque applied to the blades 31 in the second
region B and thus also reduce the fan input. Particularly,
in the second region B, a relatively high pressure loss
occurs when airflows blown out from the blades 31 mix
with each other. It is therefore possible to reduce the
torque applied to the blades 31 in this second region B,
thereby reducing the fan input in the entire fan.

[0055] The change rate a1 of the first region A and the
change rate a3 of the third region C are individually set
depending on the shape of the cross-flow fan 30, such
that the fan input is minimized at a set air volume.
[0056] Therefore, the scroll casing can be formed to
have such an optimum shape as to enable the fan input
to be minimized at a set air volume.

[0057] The scroll casing 41 according to Embodiment
1 satisfies the relationship "a2<a1<a3", where a1 is the
change rate of the first region A, a2 is the change rate
of the second region B, and .3 is the change rate of the
third region C.

[0058] In such a manner, since the change rate a2 of
the second region B is set smallest in the scroll portion
41a, the air volume of air to be blown out from the blades
31 in the second region B can be reduced. The space
between the second region B and the cross-flow fan 30
is a region where a pressure loss easily increases to a
relatively high level. Thus, the volume of air in this region
can be reduced, whereby the fan input reduction effect
due to reduction of the torque applied to the blades 31
in the second region B is high. As a result, the fan input
in the entire fan can be reduced.

[0059] Since the change rate a3 of the third region C
is higher than the change rate a1 of the first region A,
the inter-blade blowing air volume in the third region C
increases. The above advantages (A), (B), and (C) are
obtained because of an increase in the inter-blade blow-
ing air volume in the third region C.

[0060] Furthermore, since the change rate a1 of the
first region A is higher than the change rate a2 of the
second region B, it is possible to ensure a certain inter-
blade blowing air volume in the first region A (see Fig.
2), and reduce movement of the outlet region 80 of the
cross-flow fan 30 in the opposite direction to the rotation
direction at a small air volume. It is therefore possible to
reduce the flow of air from the cross-flow fan 30 toward
the rear guide 42. As a result, it is possible to reduce a
loss caused by generation of a flow of air from the cross-
flow fan 30 toward the rear guide 42, and reduce an in-
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crease in the fan input.

[0061] Inthe scrollcasing41 according to Embodiment
1, the scroll portion 41a is formed to extend from a height
position located upstream of, in the air flow, the height
position of the center O of rotation of the cross-flow fan
30, to a height position located downstream of, in the air
flow, the height position of the center O of rotation. The
second region B is provided to extend across the height
position of the center O of rotation of the cross-flow fan 30.
[0062] By virtue of the above configuration, it is possi-
ble to reduce a torque applied to the blades 31 that pass-
es through a region where a relatively high pressure loss
occurs when airflows blown out from the space between
the blades 31 mix with each other, and thus reduce the
fan input.

[0063] The scroll casing 41 according to Embodiment
1 includes the side wall 43 which is located opposite to
the scroll casing 41, with the cross-flow fan 30 interposed
between the side wall 43 and the scroll casing 41, and
the upstream end P1 of the third region C is located up-
stream of the height position of the tongue portion 43a
of the side wall 43.

[0064] By virtue of the above configuration, the inter-
blade blowing air volume in the third region C increases,
and the above advantages (A), (B), and (C) can thus be
obtained.

[0065] The air-sending device 20 in Embodiment 1 in-
cludes the scroll casing 41 described above and the
cross-flow fan 30. The air-conditioning apparatus 100 in
Embodiment 1 includes the above air-sending device 20,
the housing 50 which houses the air-sending device 20,
and the heat exchanger 10 which is provided at a position
where airflow generated by the air-sending device 20
passes through.

[0066] By virtue of the above configuration, the air-
sending device 20 and the air-conditioning apparatus 100
can reduce the fan input.

[0067] The configurations described above regarding
the above embodiment are merely examples, and can
be combined with other well-known techniques, and also
be partially omitted and modified without departing from
the gist of the embodiment.

Reference Signs List

[0068] 10: heat exchanger, 20: air-sending device, 30:
cross-flow fan, 31: blade, 40: air-sending section, 41:
scroll casing, 41a: scroll portion, 41b: discharge portion,
42: rear guide, 43: side wall, 43a: tongue portion, 44:
discharge portion, 45: airflow passage, 46: discharge air-
flow passage, 50: housing, 51: air inlet, 52: air outlet, 53:
airflow direction louver, 60: arrow, 61: arrow, 70: inlet
region, 80: outlet region, 100: air-conditioning apparatus,
110: heat exchanger, 300: cross-flow fan, 310: blade,
410: scroll casing, 410a: scroll section, 420: rear guide,
430a: tongue portion, 500: housing, 520: air outlet, 700:
inlet region, 800: outlet region, A: first region, B: second
region, C: third region, E: blowing end position, L: dis-
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tance, O: center of rotation, P1: upstream end, P2: down-
stream end, P3: downstream end, S: blowing start posi-
tion

Claims

1. A scroll casing that accommodates a cross-flow fan
and thereby forms an airflow passage, and compris-
es:

a scroll section having, as an upstream end, an
approach point at which the scroll section most
closely approaches the cross-flow fan in the
scroll casing, the scroll section forming an up-
stream side of the airflow passage,

wherein a region between the upstream end of
the scroll section and a downstream end of the
scroll section is divided into three regions in a
flow direction of airflow that passes through the
airflow passage,

the three regions are regions in which a distance
between a center of rotation of the cross-flow
fan and the scroll section increases at different
change rates from the upstream end of the scroll
section to the downstream end of the scroll sec-
tion as the scroll section is viewed at a section
perpendicular to an axis of rotation of the cross-
flow fan, and where the three regions are a first
region, a second region, and a third region in
this order from an upstream side in the flow di-
rection of the airflow, the change rate of the sec-
ond region is the smallest.

2. The scroll casing of claim 1, wherein the change rate
of the first region and the change rate of the third
region are individually set depending on a shape of
the cross-flow fan, such that a fan input is minimized
at a set air volume.

3. The scroll casing of claim 1 or 2, wherein a2<a.1<03
is satisfied, where a1 is the change rate of the first
region, a2 is the change rate of the second region,
and a3 the change rate of the third region.

4. The scroll casing of any one of claims 1 to 3, wherein

the scroll section is formed to extend from a
height position located upstream of, in the flow
direction of the airflow, a height position of the
center of rotation of the cross-flow fan to a po-
sition downstream of, in the flow direction of the
airflow, the height position of the center of rota-
tion, through a side of the cross-flow fan, and
the second region is provided to extend across
the height position of the center of rotation of the
cross-flow fan.
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The scroll casing of claim 4, including a side wall
located opposite to the scroll casing, with the cross-
flow fan interposed between the side wall and the
scroll casing,

wherein an upstream end of the third region is locat-
ed upstream of a height position of a tongue portion
of the side wall.

An air-sending device comprising: the scroll casing
of any one of claims 1 to 5; and the cross-flow fan.

An air-conditioning apparatus comprising: the air-
sending device of claim 6; a housing that houses the
air-sending device; and a heat exchanger provided
ataposition where airflow generated by the air-send-
ing device passes through.
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FIG. 1
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