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(54) CEILING EMBEDDED-TYPE AIR CONDITIONING APPARATUS

(57) In an in-ceiling type air conditioner containing
an air blower 9 and a heat exchanger 11 surrounding
the air blower which are mounted in a housing 1, the
heat exchanger 11 is bent in a polygonal shape, and a
part 11D of the heat exchanger 11 protrudes to the hous-
ing 1 side at least at the position corresponding to the
one side 1D of the housing 1. A drain pan 13 formed by
integrally molding a resin frame for a drain pan sheet
and foamed styrol is disposed below the heat exchanger
11, and a suction hole is formed substantially at the cent-
er of the drain pan so as to face a suction port of the air
blower. A boss 61 which penetrates through the foamed
styrol 53 is formed in the resin frame so as to face the
surface of the resin frame at the opposite side to the
foamed styrol 53, and a bell mouth 14 of the air blower
is fixed to the boss 61.
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Description

Field of the Invention

[0001] The present invention relates to an in-ceiling
type air conditioner having a heat exchanger disposed
so as to surround an air blower, and particularly to an
in-ceiling type air conditioner in which a space for ac-
commodating various kinds of equipment such as a pipe
group, a train pump, an electrical part box, etc. therein
can be effectively used, and further these kinds of equip-
ment can be easily secured.

Background Art

[0002] There has been generally known an in-ceiling
type air conditioner in which a heat exchanger is dis-
posed so as to surround an air blower provided in the
main body (housing) of the air conditioner, blow-out
ports for air-conditioned air are disposed so as to face
the outside space of the heat exchanger, air from the air
blower is heat-exchanged through the heat exchanger
and the air-conditioned air thus heat-exchanged is
blown out from the blow-out ports into a room.
[0003] This type of air conditioner is designed so that
various kinds of equipment such as a pipe group of the
heat exchanger, an electrical part box, a drain pump,
etc. are accommodated in a narrow space in the hous-
ing, and thus some determinate restriction is imposed
on a bending shape of the heat exchanger. On the other
hand, it has been required to achieve the largest power
possible in the heat exchanger by increasing the heat
transfer area of the heat exchanger as much as possi-
ble.
[0004] A drain pan formed by integrally molding a res-
in frame for a drain pan sheet and foamed styrol is dis-
posed below the heat exchanger of this type of in-ceiling
air conditioner, and an air suction hole is formed sub-
stantially at the center of the drain pan so as to face an
air suction port of an air blower. In this type of air con-
ditioner, it is general that insert fittings are embedded in
the foamed styrol face at the opposite side to the resin
frame and a resin bell mouth of the air blower, the elec-
trical part box, etc. are fixed to the insert fittings by
screws.
[0005] However, the construction as described above
has a problem that the insert fittings must be embedded
in the foamed styrol face and thus workability is low. Fur-
thermore, the suction hole is formed in the foamed sty-
rol, and such a construction causes the foamed styrol
to expose to the surrounding of the suction hole. There-
fore, there is also a problem that a corner portion of the
foamed styrol is liable to be chipped while the air condi-
tioner is carried.
[0006] Therefore, a first object of the present inven-
tion is to provide a heat exchanger which can be effi-
ciently accommodated in a narrow space of a housing
to thereby increase a heat-transfer area, and an in-ceil-

ing type air conditioner using the heat exchanger.
[0007] Furthermore, a second object of the present in-
vention is to solve the above problem, and provide a
train pan to which equipment such as a bell mouth of an
air blower, an electrical part box, etc. can be simply se-
cured, and an in-ceiling type air conditioner using the
drain pan.

Summary of the Invention

[0008] In order to attain the above objects, according
to a first aspect of the present invention, there is provid-
ed an in-ceiling type air conditioner having an air blower
and a heat exchanger surrounding the air blower which
are mounted in a housing, wherein the heat exchanger
is bent in a polygonal shape, and a part of the heat ex-
changer protrudes to the housing side.
[0009] According to a second aspect of the present
invention, in the above in-ceiling type air conditioner, the
part of the heat exchanger protrudes to the housing side
at least at the position corresponding to one side of the
housing, whereby at least two equipment accommodat-
ing spaces are formed by the one side of the housing
and the part of the heat exchanger.
[0010] According to a third aspect of the present in-
vention, in the above in-ceiling type air conditioner, a
pipe group of the heat exchanger and a drain pump are
respectively disposed in the two equipment accommo-
dating spaces.
[0011] According to a fourth aspect of the present in-
vention, in the above in-ceiling type air conditioner, the
heat exchanger is bent in a substantially pentagonal
shape so as to contain the part of the heat exchanger
which protrudes to the housing side.
[0012] According to a fifth aspect of the presents in-
vention, in the above in-ceiling type air conditioner,
bending start and end positions of the heat exchanger
bent in the polygonal shape are joined to each other by
a width-narrow pipe plate.
[0013] According to a sixth aspect of the present in-
vention, in the above in-ceiling type air conditioner, an
auxiliary heater is disposed between the heat exchang-
er and the air blower is further disposed, and electrical
parts of the auxiliary heater are mounted on the pipe
plate for joining the bending start and end positions of
the polygonal heat exchanger.
[0014] According to a seventh aspect of the present
invention, in the above in-ceiling type air conditioner, the
respective corner portions of the polygonal heat ex-
changer are bent by using a common bending roller jig.
[0015] According to an eighth aspect of the present
invention, in the above in-ceiling type air conditioner, the
part of the heat exchanger protruding to the housing side
is overlapped with an air blow-out port disposed so as
to face an outer space of the heat exchanger .
[0016] According to a ninth aspect of the present in-
vention, in the above in-ceiling type air conditioner, a
drain pan formed by integrally molding a resin frame for
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a drain pan sheet and foamed styrol is disposed below
the heat exchanger, a suction hole facing a suction port
of the air blower is formed substantially at the center of
the drain pan, a boss which penetrates through the
foamed styrol is formed in the resin frame so as to face
the surface of the resin frame at the opposite side to the
foamed styrol, and a bell mouth of the air blower is fix-
able to the boss.
[0017] According to a tenth aspect of the present in-
vention, in the above in-ceiling type air conditioner, an
electrical part box is fixable to the boss.
[0018] According to an eleventh aspect of the present
invention, in the above in-ceiling type air conditioner, a
reinforcing rib is formed so as to surround the boss.
[0019] According to a twelfth aspect of the present in-
vention, in the above in-ceiling type air conditioner, a
suction hole reinforcing rib is formed in the resin frame
so as to surround a suction hole formed in the foamed
styrol.
[0020] According to a thirteenth aspect of the present
invention, in the above in-ceiling type air conditioner, the
suction hole reinforcing rib extends around a lead wire
guide recess hole formed around the suction hole.
[0021] According to a fourteenth aspect of the present
invention, there is provided a heat exchanger disposed
so as to surround an air blower in a housing and bent in
a polygonal shape, wherein a part thereof protrudes to
the housing side at the position corresponding to at least
one side of the housing.
[0022] According to a fifteenth aspect of the present
invention, in the above heat exchanger, the heat ex-
changer is bent in a pentagonal shape so as to contain
the part protruding to the housing side.
[0023] According to a sixteenth aspect of the present
invention, in the above heat exchanger, bending start
and end positions of the heat exchanger bent in the po-
lygonal shape are joined to each other by a width-narrow
pipe plate.
[0024] According to a seventeenth aspect of the
present invention, in the above heat exchanger, the re-
spective corner portions of the polygonal heat exchang-
er are bent by using a common bending roller jig.
[0025] According to a eighteenth aspect of the
present invention, there is provided a drain pan dis-
posed below a heat exchanger of an air conditioner and
formed by integrally molding a resin frame for a drain
pan sheet and foamed styrol, wherein a boss which pen-
etrates through the foamed styrol is formed in the resin
frame so as to face the surface of the resin frame at the
opposite side to the foamed styrol, and appending parts
are fixable to the boss.
[0026] According to a nineteenth aspect of the
present invention, in the above drain pan, a reinforcing
rib is formed around the boss.
[0027] According to a twentieth aspect of the present
invention, in the above drain pan, a suction hole rein-
forcing rib is formed in the resin frame so as to surround
a suction hole formed in the foamed styrol.

[0028] According to a twenty first aspect of the
present invention, in the above in-ceiling type air condi-
tioner, the suction hole reinforcing rib extends around a
lead wire guide recess hole formed around the suction
hole.

Brief Description of the Drawings

[0029]

Fig. 1 is a cross-sectional view showing an embod-
iment of an in-ceiling type air conditioner and a heat
exchanger according to the present invention.
Fig. 2 is a plan view showing the main body of the
air conditioner from which a drain pan is detached.
Fig. 3 is a perspective view showing a heat ex-
changer.
Fig. 4 is a plan view showing the main body of the
air conditioner in which the drain pan is mounted.
Fig. 5 is a cross-sectional view of Fig. 4 which is
taken along V-V.
Fig. 6A is a plan view of a resin frame, and Fig. 6B
is a cross-sectional view of Fig. 6A which is taken
along B-B.

Best Modes for carrying out the Invention

[0030] An embodiment according to the present in-
vention will be described hereunder with reference to
the accompanying drawings.
[0031] As shown in Fig. 1, an in-ceiling type air con-
ditioner according to this embodiment has a box-shaped
main body formed of sheet metal and hung from the ceil-
ing by hanging bolts 2. The air conditioner main body 1
is opened downwardly, and when it is embedded in the
ceiling, this opening side faces a room to be air-condi-
tioned. A motor 5 is fixed in the air conditioner main body
1, and a vane wheel 7 is secured to the shaft of the motor
5, thereby constituting an air blower 9. A polygonally-
bent heat exchanger 11 is disposed so as to surround
the air blower 9, and a drain pan 13 is disposed at the
lower side of the heat exchanger 11. A bell mouth 14 is
secured to the drain pan 13.
[0032] A decorative panel 21 is secured to the lower
surface of the air conditioner main body 1, an air suction
port 22 and an air blow-out port 23 are formed in the
decorative panel, and a filter 25 is mounted at the inside
of the suction port 22.
[0033] Fig. 2 is a plan view showing the air conditioner
main body 1 when the drain pan 13 is removed. In this
embodiment, the heat exchanger 11 is designed to be
bent in a substantially pentagonal (polygonal) shape
and disposed in the air conditioner main body 1.
[0034] Three sides 11A, 11B and 11C of the heat ex-
changer 11 extend substantially in parallel to three sides
1A, 1B, 1C of the air conditioner main body (housing),
and the remaining part 11D of the heat exchanger 11 is
disposed so as to face one side 1D of the housing 1 and
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designed so as to protrude in a triangular shape toward
the one side 1D of the housing 1. As shown in Fig. 3,
the heat exchanger 11 is constructed by doubly stacking
fin-and-tube type heat exchangers in the air flow direc-
tions of solid-line arrows. Each of the corner portions A,
B, C, D of the heat exchanger is bent by the same roller
(not shown9 having a radius R which is set in a bending
roller jig to thereby complete the pentagonal (polygonal)
heat exchanger. In the heat exchanger 11, a bending
start position (one end of the heat exchanger) 11K and
a bending end position (the other end of the heat ex-
changer) 11L are joined to each other through a width-
narrow tube plate.
[0035] Referring to Fig. 2, a space in which a pipe
group 27 of the heat exchanger and a drain pump 28
are disposed is required to be secured in the outer space
of the heat exchanger 11, and also a space in which a
bell mouth 14 and an electrical part box 45 are disposed
is required to be secured in the inner space of the heat
exchanger 11. In addition, when the heat exchanger 11
is disposed in a narrow space inside the housing 1,
some determinate restriction is imposed on the bending
shape of the heat exchanger 11, and also it has been
required to achieve large heat-exchange power by in-
creasing the heat-transfer area at maximum.
[0036] In this embodiment, the part 11D of the heat
exchanger 11 is designed so as to protrude to the hous-
ing 1 side (that is, the part 11D is protruded outwardly).
Therefore, as compared with the construction that this
part is not protruded (that is, all the sides are flat), the
heat-transfer area can be increased. In addition, the
pipe group 27 and the drain pump 28 are dispersively
disposed in the relatively large spaces S1, S2 at both
the sides of the protruded portion, so that these equip-
ment can be efficiently accommodated.
[0037] Furthermore, the bending start position 11K
and the bending end position 11L of the heat exchanger
11 are approached to each other to reduce the interval
therebetween, and joined to each other by the width-
narrow pipe plate 11M. Therefore, as compared with the
construction that the ends of the heat exchanger 11 are
joined to each other by a width-broad pipe plate, the
heat-transfer area of this embodiment can be increased
more greatly.
[0038] In the above construction, when the heat ex-
changer 11 is bent, the same roller of R in radius is used
to bend the heat exchanger. Therefore, exchange of the
roller is not required, and the manufacturing process of
the heat exchanger 11 is simplified, so that the manu-
facturing cost can be reduced.
[0039] Fig. 4 is a plan view showing a state where the
drain pan 13 is mounted in the air conditioner main body
1 shown in Fig. 1. The air conditioner main body 1 (in-
dicated by a one-dotted chain line in Fig. 4) has sub-
stantially rectangular inner blow-out ports 41 at four
sides, and the inner blow-out ports 41 intercommunicate
with the blow-out ports 23 of the decorative panel 21
shown in Fig. 1. A projecting portion 13A projecting into

the inner blow-out port 41 is formed integrally with the
drain pan 13 at the position corresponding to the part
11D of the heat exchanger 11.
[0040] In this construction, the part 11D of the heat
exchanger 11 protruded to the housing 1 side is slightly
overlapped with the blow-out port 23 corresponding to
the outside space of the heat exchanger 11, and thus
the projecting portion 13A of the drain pan 13 which cor-
responds to the part 11D faces the blow-out port 23. The
projecting portion 13A can achieve such a large effect
that the heat-transfer area can be increased by protrud-
ing the part 11D so as to be overlapped with the blow-
out port 23.
[0041] In this embodiment, auxiliary heaters 43 as in-
dicated by broken lines are disposed as shown in Fig.
2 between the heat exchanger 11 and the air blower 9.
In this case, the electrical parts of the auxiliary heaters
43 are mounted on the pipe plate 11M for joining the
bending start position 11K and the bending end position
11L of the heat exchanger 11. Accordingly, an extra sup-
porting member for supporting the electrical parts of the
auxiliary heaters 43 is not needed, and thus the manu-
facturing cost can be reduced.
[0042] As shown in Figs. 2 and 4, the part 11D of the
heat exchanger 11 is protruded in a triangular shape to-
ward the housing 1 side, and thus the shape of the elec-
trical part box 45 is set to be substantially elbowed in
conformity with the shape of the part 11D.
[0043] This type of electrical part box 45 is generally
linearly designed. This construction makes the electrical
part box 45 protrude greatly into the bell mouth 14, and
thus reduces the air suction area of the air blower 9. In
this embodiment, the electrical part box 45 is designed
to be substantially elbowed in conformity with the shape
of the part 11D of the heat exchanger 11, so that the
electrical part box 45 does not protrude into the bell
mouth 14, and thus a large air suction area can be se-
cured for the air blower 9.
[0044] Next, the structure of the drain pan described
above will be described.
[0045] Fig. 5 is a cross-sectional view of the drain pan
13 of Fig. 4 which is taken along V-V.
[0046] The drain pan 13 is constructed by integrally
molding a resin frame 51 of a drain pan sheet which con-
stitutes the substantially overall upper surface area of
the drain pan 13 and is unevenly shaped in a predeter-
mined form to have a thickness of about 2mm, and
foamed styrol 53 mainly serving as a heat-insulating
member constituting the overall shape of the drain pan
13.
[0047] An air suction hole 55 which the air suction port
of the air blower 9 faces is formed substantially at the
center of the drain pan 13, and the bell mouth 14 of the
air blower 9 is fitted in the suction hole 55. The bell
mouth 14 is fixed to the drain pan 13 by using plural
screws 56 as shown in Fig. 4. Furthermore, the electrical
part box 45 is fixed to the drain pan 13 by using plural
screws 58.
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[0048] Fig. 6A is a plan view of the resin frame 51 for
the drain pan sheet, and Fig. 6B is a cross-sectional
view of Fig. 6A which is taken along B-B.
[0049] Screw reception bosses 61 are integrally
formed with the resin frame 51 of about 2mm in thick-
ness so that the bosses penetrate through the foamed
styrol 53 and the heads thereof face the surface of the
resin frame 51 at the opposite side to the foamed styrol
53 as shown in Figs. 5, 6A and 6B, the number of the
screw reception bosses 61 being set to be equal to the
number of screws 56 and 58. The screws 56 for fixing
the bell mouth 14 and the screws 58 for fixing the elec-
trical part box 45 are screw-fixed to the screw reception
bosses 61 integrally formed with the resin frame 51 as
shown in Fig. 6B, for example.
[0050] With the above construction, it is not needed
to carry out the work of embedding in the foamed styrol
the insert fittings for screw-fixing the bell mouth 14 and
the electrical part box 45, and thus the fixing work effi-
ciency of these elements can be enhanced.
[0051] Furthermore, as shown in Figs. 6A and 6B, re-
inforcing ribs 63 are formed around the bosses 61 to
reinforce the bosses 61 and the resin frame 51. The res-
in frame 51 is provided with a suction hole reinforcing
rib 64 so as to surround the suction hole 55 formed in
the foamed styrol 53, thereby reinforcing the suction
hole 55 of the foamed styrol. A substantially U-shaped
lead wire guide recess hole 65 for drawing out lead wires
of the auxiliary heaters 43 (Fig. 2). A recess hole rein-
forcing rib 67 is formed so as to extend around a recess
hole 65, and the recess hole reinforcing rib 67 is inte-
grally formed with the resin frame 51.
[0052] In this construction, the bosses 61, the suction
hole reinforcing rib 64, the recess hole reinforcing rib
67, etc. are integrally formed with the resin frame 51,
thereby enhancing the mechanical strength of the drain
pan 13.
[0053] The present invention is not limited to the
above embodiment. For example, in the above embod-
iment, the shape of the heat exchanger is set to the sub-
stantially pentagonal shape. However, the shape of the
heat exchanger is not limited to this shape. The shape
of the heat exchanger may be arbitrarily selected in ac-
cordance with the size of various kinds of equipment to
be accommodated, the number of the equipment, etc.
insofar as the heat-transfer efficiency is enhanced.

Industrial Applicability

[0054] According to the in-ceiling type air conditioner
of the present invention, the heat exchanger can be ef-
ficiently accommodated in the narrow space in the hous-
ing, and also the heat transfer area can be increased.
Furthermore, the space formed between the heat ex-
changer and the housing and the space formed in the
heat exchanger are used to efficiently accommodate
various kinds of equipment such as the pipe group, the
drain pump, the electrical part box, etc. in compact spac-

es. Still furthermore, the air blower, the bell mouth, the
electrical part box, etc. can be simply secured to the
drain pan.

Claims

1. An in-ceiling type air conditioner having an air blow-
er and a heat exchanger surrounding the air blower
which are mounted in a housing, wherein the heat
exchanger is bent in a polygonal shape, and a part
of the heat exchanger protrudes to the housing side.

2. The in-ceiling type air conditioner according to claim
1, wherein the part of the heat exchanger protrudes
to the housing side at least at the position corre-
sponding to one side of the housing, whereby at
least two equipment accommodating spaces are
formed by the one side of the housing and the part
of the heat exchanger.

3. The in-ceiling type air conditioner according to claim
2, wherein a pipe group of the heat exchanger and
a drain pump are respectively disposed in the two
equipment accommodating spaces.

4. The in-ceiling type air conditioner according to claim
1, wherein the heat exchanger is bent in a substan-
tially pentagonal shape so as to contain the part of
the heat exchanger which protrudes to the housing
side.

5. The in-ceiling type air conditioner according to claim
1, wherein bending start and end positions of the
heat exchanger bent in the polygonal shape are
joined to each other by a width-narrow pipe plate.

6. The in-ceiling type air conditioner according to claim
5, wherein an auxiliary heater is disposed between
the heat exchanger and the air blower is further dis-
posed, and electrical parts of the auxiliary heater
are mounted on the pipe plate for joining the bend-
ing start and end positions of the polygonal heat ex-
changer.

7. The in-ceiling type air conditioner according to claim
1, wherein the respective corner portions of the po-
lygonal heat exchanger are bent by using a com-
mon bending roller jig.

8. The in-ceiling type air conditioner according to claim
1, wherein the part of the heat exchanger protruding
to the housing side is overlapped with an air blow-
out port disposed so as to face an outer space of
the heat exchanger .

9. The in-ceiling type air conditioner according to claim
1, wherein a drain pan formed by integrally molding
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a resin frame for a drain pan sheet and foamed sty-
rol is disposed below the heat exchanger, a suction
hole facing a suction port of the air blower is formed
substantially at the center of the drain pan, a boss
which penetrates through the foamed styrol is
formed in the resin frame so as to face the surface
of the resin frame at the opposite side to the foamed
styrol, and a bell mouth of the air blower is fixable
to the boss.

10. The in-ceiling type air conditioner according to claim
9, wherein an electrical part box is fixable to the
boss.

11. The in-ceiling type air conditioner according to claim
9, wherein a reinforcing rib is formed so as to sur-
round the boss.

12. The in-ceiling type air conditioner according to claim
9, wherein a suction hole reinforcing rib is formed
in the resin frame so as to surround a suction hole
formed in the foamed styrol.

13. The in-ceiling type air conditioner according to claim
12, wherein the suction hole reinforcing rib extends
around a lead wire guide recess hole formed around
the suction hole.

14. A heat exchanger, characterized in that the heat
exchanger is disposed so as to surround an air
blower in a housing and bent in a polygonal shape,
and a part thereof protrudes to the housing side at
the position corresponding to at least one side of
the housing.

15. The heat exchanger according to claim 14, wherein
the heat exchanger is bent in a pentagonal shape
so as to contain the part protruding to the housing
side.

16. The heat exchanger according to claim 14, wherein
bending start and end positions of the heat ex-
changer bent in the polygonal shape are joined to
each other by a width-narrow pipe plate.

17. The heat exchanger according to claim 14, wherein
the respective corner portions of the polygonal heat
exchanger are bent by using a common bending
roller jig.

18. A drain pan disposed below a heat exchanger of an
air conditioner and formed by integrally molding a
resin frame for a drain pan sheet and foamed styrol,
wherein a boss which penetrates through the
foamed styrol is formed in the resin frame so as to
face the surface of the resin frame at the opposite
side to the foamed styrol, and appending parts are
fixable to the boss.

19. The drain pan according to claim 18, wherein a re-
inforcing rib is formed around the boss.

20. The drain pan according to claim 18, wherein a suc-
tion hole reinforcing rib is formed in the resin frame
so as to surround a suction hole formed in the
foamed styrol.

21. The in-ceiling type air conditioner according to claim
20, wherein the suction hole reinforcing rib extends
around a lead wire guide recess hole formed around
the suction hole.
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