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(54) BIDIRECTIONAL-BLOW-OUT, CEILING-EMBEDDED AIR CONDITIONER

(57) A ceiling-mounted air conditioner, which has a
rectangular shape in a planar view, is provided with: a
decorative panel having an indoor outlet along each of
the opposite long sides and a product main body that
incorporates a mechanical fan and two heat exchangers.
The heat exchangers are arranged to sandwich the me-

chanical fan between the two indoor outlets in a planar
view. The intermediate portions in the longitudinal direc-
tion of the branched heat exchangers are arranged par-
allel to the indoor outlets, and both ends of the branched
heat exchangers are bent at differing angles with respect
to the intermediate portions towards the mechanical fan.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a two-way ceil-
ing-mounted air conditioner, specifically to a configura-
tion of a heat exchanger.

BACKGROUNDART

[0002] Known conventional types of ceiling-mounted
air conditioners include four-way and two-way (double
flow type) air conditioners. Four-way air conditioners are
provided with a decorative panel installed on a ceiling
surface and outlets formed in the decorative panel along
its four sides. Two-way air conditioners are provided with
outlets in a decorative panel along its two opposite sides.
For a two-way ceiling-mounted air conditioner to achieve
harmony with the design of a room, the decorative panel
has a rectangular shape in a planar view and the indoor
outlets are placed along the long sides of the rectangular
shape in many cases.
[0003] A conventional example of such a two-way ceil-
ing-mounted air conditioner is disclosed in Patent Doc-
ument 1. This conventional example will now be de-
scribed with reference to Fig. 9. As illustrated in Fig. 9,
the air conditioner includes a rectangular-parallelepiped-
shaped product main body 101 having a rectangular
shape in a planar view, and a heat exchanger 102 and
a turbo fan 103 accommodated in the product main body
101. The heat exchanger 102 is typically made up of two
branch heat exchangers 104. The two branch heat ex-
changers 104 are each located inside a side wall extend-
ing in a longitudinal direction of the product main body
101. The turbo fan 103 is located between the two branch
heat exchangers 104. The turbo fan 103 is arranged sub-
stantially on a center line 105 extending in the longitudinal
direction of the product main body 101. The two branch
heat exchangers 104 are bent at an obtuse angle at the
middle of the product main body 101 in the longitudinal
direction in a planar view. The two obtuse-angle bends
face each other across the center line 105. By bending
the heat exchanger 102 in this manner, the total longitu-
dinal lengths of the branch heat exchangers 104 are in-
creased, leading to an increase in heat exchange area
of the heat exchanger 102.

PRIOR ART DOCUMENTS

Patent Document

[0004]

Patent Document 1: Japanese Laid-Open Patent
Publication No. 2003-287239

SUMMARY OF THE INVENTION

Problems that the Invention is to Solve

[0005] There is still room for improvement, however,
in the viewpoint of increasing the heat exchange area of
the heat exchanger 102. In other words, by changing the
shapes of the two branch heat exchangers 104 in the
conventional air conditioner described above, the total
longitudinal length of the branch heat exchangers 104
can be further increased. To increase the heat exchange
area by increasing the total longitudinal length of the
branch heat exchangers 104, it is important to design the
shape and the structure of the branch heat exchangers
such that productivity is not lowered.
[0006] Accordingly, it is an objective of the present in-
vention to provide a two-way ceiling-mounted air condi-
tioner including a heat exchanger having an increased
heat exchange area, while maintaining the productivity.

Means for Solving the Problems

[0007] To achieve the foregoing objective and in ac-
cordance with one aspect of the present invention, a two-
way ceiling-mounted air conditioner having a rectangular
shape in a planar view is provided. The air conditioner
includes a decorative panel and a rectangular-parallele-
piped-shaped product main body. The decorative panel
has indoor outlets configured to blow out temperature-
controlled air into an interior of a room and an indoor inlet
configured to draw in indoor air. The rectangular-paral-
lelepiped-shaped product main body accommodates a
mechanical fan and heat exchangers. The indoor outlets
in the decorative panel are two in number and are formed
along opposite long sides of the decorative panel. The
mechanical fan is a centrifugal fan located in the product
main body such that the mechanical fan has a rotation
axis oriented in a vertical direction. The heat exchangers
include two branch heat exchangers each located be-
tween one of the two indoor outlets and the mechanical
fan such that the mechanical fan is located between the
branch heat exchangers in a planar view. Each of the
two branch heat exchangers is divided into a first end
portion, an intermediate portion, and a second end por-
tion in a longitudinal direction. At the first end portion, a
refrigerant passage of the branch heat exchangers is
connected to an external refrigerant pipe. At the second
end portion, the refrigerant passage is turned. The inter-
mediate portion is arranged in parallel with the indoor
outlets. The first end portions and the second end por-
tions are bent toward the mechanical fan, and the first
end portions and the second end portions are bent at
different angles in relation to the intermediate portion.
[0008] In the configuration described above, the end
portions of each of the branch heat exchangers are bent
toward the mechanical fan. Thus, the total longitudinal
length of the branch heat exchangers are increased in
comparison with the conventional two-way ceiling-
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mounted air conditioner described above, leading to an
increase in heat exchange area of the branch heat ex-
changers. Additionally, the bend angles of the end por-
tions from the intermediate portion of each of the branch
heat exchangers can be set to any angles in considera-
tion of the dimensions of the product main body, the re-
lationship between the length for a bender used for bend-
ing each of the branch heat exchangers to grip on and
the bending lengths of the end portions of each of the
branch heat exchangers, convenience of a pipe connec-
tion operation on the branch heat exchangers, and the
like. Manufacturing disadvantages to the branch heat ex-
changers are averted in this manner.
[0009] In the above described ceiling-mounted air con-
ditioner, in relation to a longitudinal extension line of the
intermediate portion of the corresponding branch heat
exchanger, each first end portion is preferably bent at a
bend angle not more than forty-five degrees.
[0010] With the configuration described above, a braz-
ing operation to connect flow dividing pipes onto the
branch heat exchangers is facilitated. This is because
the brazing operation is performed as described below.
A brazing jig is used to temporarily assemble the two
branch heat exchangers. Subsequently, brazing is per-
formed on the pipes at one of the branch heat exchang-
ers, and then brazing is performed on the pipes at the
other branch heat exchanger. For brazing, it is necessary
to position the branch heat exchangers as temporarily
assembled so that the pipes to be brazed are oriented in
the vertical direction. For example, to connect the flow
dividing pipes at the first end portions of the two branch
heat exchangers, it is necessary to reposition the branch
heat exchangers, as temporarily assembled, together
with the brazing jig so that the ends of the heat exchange
tubes protruding at the first end portions are oriented in
the vertical direction for each of the two branch heat ex-
changers. The first end portions each have a bend angle
not more than forty-five degrees. The bend angle is de-
fined in relation to an extension line of the intermediate
portion of each of the branch heat exchangers in the lon-
gitudinal direction. This allows for a small angle change
needed to reposition the brazing jig and thus facilitates
the positioning operation. Additionally, the frequency at
which one of the branch heat exchangers that has been
connected to the pipes blocks the brazing operation on
the other branch heat exchanger is reduced.
[0011] In the above described ceiling-mounted air con-
ditioner, in relation to the longitudinal extension line of
the intermediate portion of the corresponding branch
heat exchanger, the second end portion is preferably
bent at a bend angle larger than the bend angle of the
first end portion in relation to the longitudinal extension
line of the intermediate portion.
[0012] Through the configuration described above, the
total longitudinal length of the branch heat exchangers
can be increased. Because of this, the heat exchange
areas of the branch heat exchangers can be increased,
leading to an increase in heat exchange area of the heat

exchanger.
[0013] In the above described ceiling-mounted air con-
ditioner, the first end portion of each of the branch heat
exchangers is preferably connected to flow dividing pipes
from a flow divider. In a planar view, the flow dividing
pipes are preferably arranged in a substantially triangular
region formed by an outermost straight line and two lead-
er lines. The outermost straight line is formed by con-
necting outermost positions, in the longitudinal direction
of the product main body, of the first end portions of the
two branch heat exchangers. The two leader lines are
each drawn from an edge of an air passing portion at the
first end portion of the corresponding branch heat ex-
changer toward the opposite branch heat exchanger at
a right angle to an air passing plane. Connection pipes
to allow communication of the refrigerant passage are
attached at more than one location on the first end portion
of each of the branch heat exchangers in order to set the
refrigerant passage in each of the branch heat exchang-
ers to a predetermined length and in a predetermined
arrangement. Thus, the outermost straight line for the
heat exchanger is defined as a line connecting the out-
ermost positions of these connection pipes in the two
opposite branch heat exchangers.
[0014] In the configuration described above, the flow
dividing pipes from the flow divider are arranged in a tri-
angular region formed by the outermost straight line and
two extension lines, each of which is an extension of the
end surface of the first end portion of each of the branch
heat exchangers toward the opposite branch heat ex-
changer, in a planar view. Thus, the flow dividing pipes
in a bundle do not block air flows passing through the
branch heat exchangers. The flow dividing pipes from
the flow divider are arranged so that, in a planar view,
the pipes do not protrude outside the outermost straight
line, which connects the outermost positions, in the lon-
gitudinal direction of the product main body, of the first
end portions of the branch heat exchangers 41. Thus,
the air conditioner can be made compact.
[0015] In the above described ceiling-mounted air con-
ditioner, the heat exchanger is preferably configured to
allow a plurality of refrigerant outlet pipes from the two
branch heat exchangers to be connected to one header.
[0016] In the configuration described above, only a sin-
gle header is needed instead of two headers, which would
be normally needed for the two branch heat exchangers.
Thus, the space needed for the header is minimized,
thereby making the air conditioner compact.
[0017] In the above described ceiling-mounted air con-
ditioner, the mechanical fan is preferably located closer
to the second end portion in the longitudinal direction of
the product main body.
[0018] Through the configuration described above, the
space between the mechanical fan and the first end por-
tions is made larger than the space between the mechan-
ical fan and the second end portions. The larger space
can be utilized effectively as a space for purposes such
as connection and wiring between an electric component
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box and electric components. Electric components, such
as a drain pump, are often connected to parts near the
first end portions in particular. Thus, the larger space
between the mechanical fan and the first end portions is
advantageous for the connection of such electric com-
ponents.
[0019] In the above described ceiling-mounted air con-
ditioner, the mechanical fan is preferably one of two me-
chanical fans, which are spaced in the longitudinal direc-
tion of the product main body, and a midpoint between
the two mechanical fans is closer to the second end por-
tion.
[0020] In the configuration described above, the two
mechanical fans are positioned closer to the second end
portions in the product main body. Thus, the space be-
tween one of the two mechanical fans and the first end
portions is made larger than the space between the other
mechanical fan and the second end portions. The larger
space can be utilized effectively as a space for purposes
such as connection and wiring between an electric com-
ponent box and electric components. This is particularly
convenient for the connection of electric components,
such as a drain pump, which is often arranged near the
first end portions.

EFFECTS OF THE INVENTION

[0021] The present invention allows the total longitu-
dinal length of the branch heat exchangers to be in-
creased in comparison with the conventional two-way
ceiling-mounted air conditioner, leading to an increase
in heat exchange area of the branch heat exchangers.
Additionally, the end portions of each of the branch heat
exchangers are bent to have different bend angles. Thus,
the bend angles of the end portions from the intermediate
portion can be set to any angles in consideration of the
dimensions of the product main body, the relationship
between the length for a bender for each of the branch
heat exchangers to grip on and the bending lengths of
the end portions of each of the branch heat exchangers,
convenience of a pipe connection operation on the
branch heat exchangers, and the like. Manufacturing dis-
advantages to the branch heat exchangers are averted
in this manner.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]

Fig. 1 is an external perspective view of a two-way
ceiling-mounted air conditioner according to a first
embodiment of the present invention;
Fig. 2 is a cross-sectional plan view of the arrange-
ment of devices in a product main body for the ceil-
ing-mounted air conditioner illustrated in Fig. 1;
Fig. 3 is a cross-sectional side view of the arrange-
ment of the devices in the ceiling-mounted air con-
ditioner illustrated in Fig. 1;

Fig. 4 is an enlarged view of a heat exchanger at its
end portion at which pipe connection is made in the
ceiling-mounted air conditioner illustrated in Fig. 1;
Fig. 5 is a diagram viewed along arrow V in Fig. 4;
Fig. 6 is a perspective view of the heat exchanger
as attached to a brazing jig;
Fig. 7 is an explanatory diagram showing conditions
for brazing at first end portions at which external re-
frigerant pipes are to be connected on the heat ex-
changer in Fig. 6;
Fig. 8 is a cross-sectional plan view of the arrange-
ment of devices in a product main body for a two-
way ceiling-mounted air conditioner according to a
second embodiment of the invention; and
Fig. 9 is a cross-sectional plan view of the arrange-
ment of the devices in a product main body for a
conventional two-way ceiling-mounted air condition-
er.

MODES FOR CARRYING OUT THE INVENTION

First Embodiment

[0023] A first embodiment of the present invention will
now be described with reference to Figs. 1 to 7.
[0024] A two-way ceiling-mounted air conditioner ac-
cording to the first embodiment constitutes an indoor unit
for a split-type air conditioner.
[0025] As illustrated in Figs. 1 and 3, the two-way ceil-
ing-mounted air conditioner has a rectangular shape in
a planar view and includes a decorative panel 10 and a
product main body 20 coupled to an upper surface of the
decorative panel 10. The decorative panel 10 is attached
to the bottom of the product main body 20 and engaged
with a ceiling material 1 (see
[0026] Fig. 3). The product main body 20 is attached
to a building structural member (not shown) located in a
space above the ceiling such that the product main body
20 is suspended from the building structural member.
Although the product main body 20 and the decorative
panel 10 both have rectangular shapes in a planar view,
the product main body 20 has a somewhat smaller shape
than the decorative panel 10 as in the conventional air
conditioner.
[0027] As illustrated in Figs. 1 and 3, the decorative
panel 10 has indoor outlets 11 along its two opposite long
sides for blowing out temperature-controlled air into the
interior of a room. The decorative panel 10 has elongated
indoor inlets 12 inside the indoor outlets 11 for drawing
in the indoor air.
[0028] As illustrated in Fig. 2, the product main body
20 includes a rectangular-parallel-piped box-shaped
main body casing 21, and a mechanical fan 30 and a
heat exchanger 40 accommodated in the main body cas-
ing 21.
[0029] The mechanical fan 30 is a centrifugal fan, or
more specifically a turbo fan, which is located in the prod-
uct main body 20 such that the mechanical fan 30 has a
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rotation axis oriented in the vertical direction. As illustrat-
ed in Fig. 2, the mechanical fan 30 is arranged such that,
in a planar view, its rotation axis is on a center line CL
extending in a longitudinal direction of the product main
body 20. The mechanical fan 30 is configured to be ro-
tated clockwise, as marked by an arrow in Fig. 2, by a
drive motor 32 attached to a top panel of the main body
casing 21. As illustrated in Fig. 3, the mechanical fan 30
has a lower surface defined by a shroud 33. The me-
chanical fan 30 is configured to draw in the air through
an opening at the inner circumference side of the shroud
33 and blow out the air with increased pressure from the
outer circumference of an impeller 31. The mechanical
fan 30 includes a bell mouth 34 in communication with
the opening at the inner circumference side of the shroud
33. The bell mouth 34 is configured to communicate
through an air filter 22 located thereunder in the product
main body 20 with an inner space 13 between the dec-
orative panel 10 and the air filter 22 and with the indoor
inlets 12.
[0030] The heat exchanger 40 includes two branch
heat exchangers 41 each arranged between one of the
two indoor outlets 11 and the mechanical fan 30 in a
planar view. The branch heat exchangers 41 are located
at the blow-out side of the mechanical fan 30.
[0031] The branch heat exchangers 41 are plate fin
coils each including substantially U-shaped heat ex-
change tubes 42 (see Fig. 4) constituting a refrigerant
passage and plate fins 43 attached to the heat exchange
tubes 42. As is understandable from Figs. 4 and 5, the
branch heat exchangers 41, each of which has two rows
and sixteen stages, each have a seven-path refrigerant
passage.
[0032] As illustrated in the cross-sectional plan view in
Fig. 2, the branch heat exchangers 41 each have an in-
termediate portion 41a arranged in parallel with the in-
door outlets 11 and end portions bent toward the me-
chanical fan 30, or in other words, toward the center line
CL. In the description below, the end portion of each of
the branch heat exchangers 41 to which external refrig-
erant pipes are connected is referred to as a first end
portion 41 b, and the end portion that is opposite to the
first end portion 41b and at which the refrigerant passage
in the branch heat exchanger 41 is turned is referred to
as a second end portion 41 c. As described above, the
branch heat exchangers 41 are each divided into the first
end portion 41 b, which is bent toward the mechanical
fan 30, the intermediate portion 41a, and the second end
portion 41c, which is bent toward the mechanical fan 30.
[0033] The first end portion 41b has a bend angle α in
relation to an extension line of the intermediate portion
41 a in the longitudinal direction, and the second end
portion 41c has a bend angle β in relation to an extension
line of the intermediate portion 41a in the longitudinal
direction. The bend angles α and β are preferably ninety
degrees from the viewpoint of increasing the total longi-
tudinal length of the branch heat exchangers 41. The
bend angles α and β are, however, set smaller than ninety

degrees and differently from each other in order to satisfy
required manufacturing conditions.
[0034] The bend angle α of the first end portion 41 b
of each of the branch heat exchangers 41 is set to ap-
proximately forty-five degrees to facilitate a brazing op-
eration on the pipes to the heat exchange tubes 42. Since
the intermediate portion 41a is arranged substantially
parallel with the center line CL, the bend angle α is the
same as an angle from the center line CL to an extension
line of the first end portion 41 b.
[0035] The bend angle β of the second end portion 41c
of each of the branch heat exchangers 41 is set such that
the second end portion 41c, which is bent, has a length
greater than a required length for a bender used for bend-
ing the second end portion 41c to grip on and that the
second end portion 41c forms a maximum angle from
the longitudinal extension line of the intermediate portion
41 a. In this embodiment, the bend angle β of the second
end portion 41c is approximately sixty degrees. The bend
angle α of the first end portion 41 b, which is bent, is forty-
five degrees as described above, and thus the first end
portion 41 b sufficiently provides the required length for
the bender to grip on. Since the intermediate portion 41
a is arranged substantially parallel with the center line
CL, the bend angle β of the second end portion 41 c is
the same as an angle from the center line CL to an ex-
tension line of the second end portion 41 c.
[0036] The product main body 20 includes a drain pan
50 below the heat exchanger 40.
[0037] A groove portion 51 is formed in a portion of the
drain pan 50 immediately below the branch heat ex-
changers 41 to receive drain water from the branch heat
exchangers 41. The drain pan 50 also serves as a par-
tition member to separate the blow-out side of the me-
chanical fan 30 from the draw-in side thereof. The portion
of the drain pan 50 that serves as the partition member
is referred to as a partition portion 52 herein. As illustrated
in Fig. 3, the partition portion 52 has a round hole 53
formed therein at a position at which the bell mouth 34
is attached, such that the air filter 22 is in communication
with the bell mouth 34. As illustrated in Figs. 2 and 3, the
partition portion 52 has elongated square holes 54
formed therein below the space between each of the
branch heat exchangers 41 and a side wall so as to be
in communication with the indoor outlets 11 in the deco-
rative panel 10.
[0038] A configuration in the proximity of the first end
portions 41 b of the branch heat exchangers 41 will now
be described.
[0039] As illustrated in Fig. 2, in the proximity of the
first end portions 41 b of the branch heat exchangers 41,
devices are located, such as one that forms a refrigerant
circuit external to the heat exchanger 40, one that is re-
lated to the connection of refrigerant pipes to an outdoor
unit (not shown), and one that discharges the drain water.
Specifically, a flow divider 61 to divide the flow of liquid
refrigerant delivered from the outdoor unit, a plurality of
flow dividing pipes 62 to deliver the refrigerant divided
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by the flow divider 61 to the branch heat exchangers 41,
a plurality of refrigerant outlet pipes 63 to allow the gas
refrigerant to flow out from the branch heat exchangers
41, and a header 64 to collect the refrigerant outlet pipes
63 are located in the proximity of the first end portions
41 b of the heat exchanger 40. Additionally, a liquid re-
frigerant pipe joint 65 and a gas refrigerant pipe joint 66
for connecting connection pipes (not shown) to the out-
door unit are attached to a side panel of the main body
casing 21. Furthermore, a level sensor 67 to detect the
level of the drain water collected in a collecting portion
of the drain pan 50, a drain pump 68 to pump out the
drain water, a discharge pipe 68a to discharge the drain
water pumped by the drain pump 68, and a pipe joint 69
to connect the discharge pipe 68a to an external drain
pipe are located therein.
[0040] Since the branch heat exchangers 41 each
have a seven-path refrigerant passage, seven flow divid-
ing pipes 62 from the flow divider 61 are connected to
each of the branch heat exchangers 41. In a planar view,
the flow dividing pipes 62 are arranged in a substantially
triangular region formed by two leader lines 46 and 47
drawn from the branch heat exchangers 41 and an out-
ermost straight line 45 formed by connecting the outer-
most positions, in the longitudinal direction of the product
main body 20, of the first end portions 41 b of the branch
heat exchangers 41.
[0041] Connection pipes to allow communication of the
refrigerant passage are attached to more than one loca-
tion on the first end portion 41 b of each of the branch
heat exchangers 41 in order to set the refrigerant pas-
sage in each of the branch heat exchangers 41 to a pre-
determined length and in a predetermined arrangement.
Thus, the outermost straight line 45 for the heat exchang-
er 40 is defined as a line connecting the outermost posi-
tions of these connection pipes on the two opposite
branch heat exchangers 41. More specifically, substan-
tially U-shaped bent pipes 48 to connect the heat ex-
change tubes 42 constituting the refrigerant passage are
attached to more than one location on the first end portion
41b of each of the branch heat exchangers 41 in order
to set the refrigerant passage to the predetermined length
and in the predetermined arrangement. The outermost
straight line 45 for the heat exchanger 40 represents a
line connecting points at the outermost positions of the
bent pipes 48.
[0042] The two leader lines 46 and 47 are each drawn
from an edge of an air passing portion at the first end
portion 41b of each of the branch heat exchangers 41
toward the opposite branch heat exchanger 41 at a right
angle to an air passing plane. In this embodiment, the
edge of the air passing portion at the first end portion 41b
corresponds to a tube plate 41d located at the first end
portion 41 b of each of the branch heat exchangers 41.
More specifically, the leader lines 46 and 47 each repre-
sent a line extending from the surface of each of the tube
plates 41d.
[0043] Each of the branch heat exchangers 41, which

has a seven-path refrigerant passage, is configured to
allow seven refrigerant outlet pipes 63 to extend there-
from. As illustrated in Fig. 5, the refrigerant outlet pipes
63 extending from the first end portion 41b of each of the
branch heat exchangers 41 are connected at ends there-
of to the one header 64. In the present invention, the flow
dividing pipes 62 and the refrigerant outlet pipes 63 are
the pipes that are external to the branch heat exchangers
41 and connected to the refrigerant passage in each of
the branch heat exchangers 41.
[0044] The mechanical fan 30 is located at a position
in the product main body 20 closer to the second end
portions 41 c and away from the first end portions 41b of
the branch heat exchangers 41. Because of this, the
space between the mechanical fan 30 and the first end
portions 41 b of the branch heat exchangers 41 is larger
than the space between the mechanical fan 30 and the
second end portions 41c of the branch heat exchangers
41. An electric component box 71 is arranged in this larg-
er space below the partition portion 52. The utilization of
this space allows electric components, such as the drain
pump 68 and the level sensor 67 described above, lo-
cated in the proximity of the first end portions 41b of the
branch heat exchangers 41 to be connected to electric
components located in an electric component box 71.
[0045] Operation of the two-way ceiling-mounted air
conditioner with the configuration described above will
be described below.
[0046] Air conditioning operation of the ceiling-mount-
ed air conditioner according to the embodiment will now
be described.
[0047] The air conditioning operation of the ceiling-
mounted air conditioner is performed by operating a com-
pressor mounted in the non-depicted outdoor unit and
the mechanical fan 30 housed in the product main body
20. In the air conditioning operation, the indoor air flows
as marked with hollow arrows in Fig. 3. Specifically, the
indoor air is drawn in from the indoor inlets 12 through
the inner space 13 above the decorative panel 10 and
through the air filter 22 to be drawn in by the mechanical
fan 30. The air is then blown out from the outer circum-
ference of the mechanical fan 30 to be divided into the
two opposite branch heat exchangers 41. The tempera-
ture of the air is controlled by passing through the branch
heat exchangers 41. The temperature-controlled air is
blown out through the elongated square holes 54 formed
in the side portions of the drain pan 50 and then from the
indoor outlets 11 into the interior of the room.
[0048] For a cooling operation performed as the air
conditioning operation, the liquid refrigerant delivered
from the outdoor unit (not shown) through the liquid re-
frigerant pipe joint 65 flows as marked by solid arrows in
Fig. 4 to be divided by the flow divider 61 evenly to the
flow dividing pipes 62. The liquid refrigerant divided by
the flow divider 61 flows through the flow dividing pipes
62 into the refrigerant passages of the branch heat ex-
changers 41. While passing through the refrigerant pas-
sages, the liquid refrigerant is vaporized through heat

9 10 



EP 2 827 071 A1

7

5

10

15

20

25

30

35

40

45

50

55

exchange with the indoor air to turn to a gas refrigerant.
The gas refrigerant passes through the refrigerant outlet
pipes 63 to be collected in the header 64 and then is
returned through the gas refrigerant pipe joint 66 to the
outdoor unit. For a heating operation performed by the
air conditioner configured as a heat pump system, the
refrigerant is allowed to flow in the reverse direction, a
detailed description of which will be omitted here.
[0049] The heat exchanger offers improved perform-
ance in such air conditioning operations over the con-
ventional example described above. This is due to the
intermediate portions 41 a of the branch heat exchangers
41 arranged in parallel with the indoor outlets 11 and the
first end portions 41b and the second end portions 41c
of the branch heat exchangers 41 bent toward the me-
chanical fan 30. They allow the total longitudinal length
of the branch heat exchangers 41 mountable in the prod-
uct main body 20 to be increased longer than those in
the conventional example, thereby increasing the heat
exchange area of the heat exchanger 40.
[0050] A pipe connection operation performed on the
heat exchanger 40 with the configuration described
above will now be described. The pipe connection oper-
ation on the heat exchanger 40 mainly involves the braz-
ing operation of the flow dividing pipes 62 and the refrig-
erant outlet pipes 63 onto the heat exchange tubes 42
at the first end portions 41 b of the branch heat exchang-
ers 41.
[0051] As illustrated in Fig. 6, a brazing jig 80 is used
to temporarily assemble the two branch heat exchangers
41 into positions identical with those as assembled in the
product main body 20.
[0052] The brazing jig 80 includes an outer member
81 to support the heat exchanger 40 at four locations
from outside and an inner member 82 to press the inter-
mediate portion 41a of each of the branch heat exchang-
ers 41 against the outer member 81. As illustrated in Fig.
6, the outer member 81 includes a plane supporting wall
81 a to support the bottom of the heat exchanger 40, side
supporting walls 81b to support the intermediate portions
41a of the two branch heat exchangers 41 at two opposite
locations, and a curved end portion supporting wall 81c
to support the second end portions 41c of the two branch
heat exchangers 41 simultaneously. The side supporting
walls 81b and the end portion supporting wall 81c are
coupled to the plane supporting wall 81a. The inner mem-
ber 82 includes pressing walls 82a to press the interme-
diate portions 41 a against the side supporting walls 81b
of the outer member 81 from inside and urging members
82b to urge the pressing walls 82a outward.
[0053] The two branch heat exchangers 41 are tem-
porarily assembled using the brazing jig 80 in a manner
described below. The second end portions 41c of the
branch heat exchangers 41 are coupled with each other.
The coupled branch heat exchangers 41 are then fitted
in the outer member 81 of the brazing jig 80 as illustrated
in Fig. 6 so that the branch heat exchangers 41 form a
shape identical with that as housed in the product main

body 20. The urging members 82b of the inner member
82 are then operated to allow the pressing walls 82a to
press the intermediate portions 41 a of the branch heat
exchangers 41 against the side supporting walls 81b of
the outer member 81. As a result, the intermediate por-
tions 41a of the branch heat exchangers 41 are each
held between one of the side supporting walls 81b of the
outer member 81 and one of the pressing walls 82a of
the inner member 82. The heat exchanger 40 is tempo-
rarily assembled using the brazing jig 80 in this manner.
[0054] The end portions of the heat exchanger 40 as
temporarily assembled are then brazed. To facilitate the
brazing in a reliable manner, the brazing is performed on
one of the branch heat exchangers 41 and then on the
other branch heat exchanger 41.
[0055] For example, as illustrated in a section of the
diagram to the left in Fig. 7, at the left one of the branch
heat exchangers 41, the tube plate 41 d of its first end
portion 41 b is retained horizontally so that the axes of
the heat exchange tubes 42 to be brazed are oriented in
the vertical direction. This facilitates reliable brazing of
the flow dividing pipes 62 and the refrigerant outlet pipes
63 onto the heat exchange tubes 42 of the first end portion
41b of the left one of the branch heat exchangers 41.
When the brazing on the left one of the branch heat ex-
changers 41 is finished, the heat exchanger 40 as tem-
porarily assembled is rotated together with the brazing
jig 80 as illustrated in a section of the diagram to the right
in Fig. 7, so that the brazing is performed on the right one
of the branch heat exchangers 41 in a similar manner to
the left one of the branch heat exchangers 41.
[0056] It is convenient to perform brazing in the brazing
jig 80 also on other pipes and devices that are around
the first end portions 41b of the branch heat exchangers
41 and are to be brazed before the assembly into the
product main body 20. For example, to braze the refrig-
erant outlet pipes 63 of the branch heat exchangers 41
onto the header 64, the heat exchanger 40 as temporarily
assembled is rotated together with the brazing jig 80 so
that the axes of the refrigerant outlet pipes 63 at brazing
locations are oriented in the vertical direction, in a manner
similar to that described above. This facilitates reliable
brazing of the refrigerant outlet pipes 63 onto the header
64.
[0057] The ceiling-mounted air conditioner according
to the embodiment with the configuration described
above is capable of achieving advantages as described
below.

(1) The total longitudinal length of the branch heat
exchangers 41 can be increased in comparison with
the conventional two-way ceiling-mounted air con-
ditioner described above, leading to an increase in
heat exchange area of the branch heat exchangers
41.
(2) The bend angle α of the first end portion 41 b and
the bend angle β of the second end portion 41c of
each of the branch heat exchangers 41 are different
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from each other. Thus, the bend angles α and β of
the end portions can be set to any angles in consid-
eration of the dimensions of the product main body
20, the relationship between the length for a bender
for each of the branch heat exchangers 41 to grip on
and the bending lengths of the end portions of each
of the branch heat exchangers 41, convenience of
the pipe connection operation on the branch heat
exchangers 41, and the like. Manufacturing disad-
vantages to the branch heat exchangers are averted
in this manner.
(3) The bend angle α of the first end portion 41 b of
each of the branch heat exchangers 41 is not more
than forty-five degrees. This facilitates positioning
the heat exchanger 40 as temporarily assembled so
that the axes of the heat exchange tubes 42 to be
brazed are oriented in the vertical direction. This fa-
cilitates the brazing operation to connect the flow
dividing pipes 62 onto the branch heat exchangers
41.
(4) The bend angle β of the second end portion 41c
of each of the branch heat exchangers 41 is set to
an angle larger than the bend angle α of the first end
portion 41 b. This is advantageous for maximization
of the total longitudinal length of the branch heat ex-
changers 41. By increasing the total longitudinal
length of the branch heat exchangers 41, the heat
exchange area of the branch heat exchangers 41
can be increased, thereby increasing the heat ex-
change area of the heat exchanger 40.
(5) The flow dividing pipes 62 from the flow divider
61 are arranged in a triangular region formed by the
outermost straight line 45 and the two leader lines
46 and 47. The outermost straight line 45 is formed
by connecting the outermost positions, in the longi-
tudinal direction of the product main body 20, of the
first end portions 41 b of the branch heat exchangers
41. The two leader lines 46 and 47 are each drawn
from the edge of the air passing portion at the first
end portion 41b of each of the branch heat exchang-
ers 41 toward the opposite branch heat exchanger
41 at the right angle to the air passing plane. Thus,
the flow dividing pipes 62 in a bundle do not block
the air flow passing through the branch heat ex-
changers 41.
(6) The plurality of flow dividing pipes 62 (fourteen
of them to be specific) from the flow divider 61 is
arranged such that the pipes do not protrude outside
the outermost straight line 45 in the longitudinal di-
rection in a planar view. Thus, the air conditioner can
be made compact.
(7) Since all of the plurality of refrigerant outlet pipes
63 (seven of them from each of the branch heat ex-
changers 41 to be specific) from the branch heat
exchangers 41 are connected to the one header 64,
only a single header 64 is needed instead of two
headers that would be normally needed for the two
branch heat exchangers 41. Thus, the space needed

for the header 64 can be minimized, thereby making
the air conditioner compact.
(8) The mechanical fan 30 is located at position in
the product main body 20 closer to the second end
portions 41c of the branch heat exchangers 41. Be-
cause of this, the space between the mechanical fan
30 and the first end portions 41b can be made larger
than the space between the mechanical fan 30 and
the second end portions 41c. Thus, the larger space
can be utilized effectively as a space for purposes
such as connection and wiring between the electric
component box 71 and electric components. This
space is particularly convenient for the connection
of electric components, such as the drain pump 68
and the level sensor 67, which are often located near
the first end portions 41b of the branch heat exchang-
ers 41.

Second Embodiment

[0058] A second embodiment will now be described
with reference to Fig. 8. In a two-way ceiling-mounted air
conditioner according to the second embodiment, a dec-
orative panel 10 and a product main body 20 have lon-
gitudinal dimensions larger than those in the first embod-
iment, so that two mechanical fans 30 are provided for
improved performance. Other configurations are identi-
cal to those in the first embodiment. The two-way ceiling-
mounted air conditioner according to the second embod-
iment will be described with emphasis on differences
from the first embodiment. Identical components to those
in the first embodiment are indicated with identical refer-
ence numerals, and their description will be omitted or
simplified.
[0059] In the ceiling-mounted air conditioner according
to the second embodiment, the dimensions of a main
body casing 21, the decorative panel 10, and a drain pan
50 are changed to increase the longitudinal dimension
of the product main body 20 for improved performance
as described above. Additionally, branch heat exchang-
ers 41 have longitudinal dimensions larger than those in
the first embodiment to correspond to the longitudinal
dimensions of the product main body 20. More specifi-
cally, intermediate portions 41a of the branch heat ex-
changers 41 have dimensions larger than those in the
first embodiment. First end portions 41 b and second end
portions, which are bent, have dimensions identical with
those in the first embodiment.
[0060] In the ceiling-mounted air conditioner according
to the second embodiment, the two mechanical fans 30
are located in the product main body 20 with a longitudinal
distance therebetween to improve the performance. A
partition wall 35 is located between the two mechanical
fans 30 to partition a space at the blow-out side of the
mechanical fans 30. The midpoint between the two me-
chanical fans 30 is positioned closer to the second end
portions 41c.
[0061] Because of the configuration described above,
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the ceiling-mounted air conditioner according to the sec-
ond embodiment achieves advantages described below
in addition to the advantages in the first embodiment de-
scribed in (1) to (7) above.

(9) The two mechanical fans 30 are arranged with
their midpoint positioned closer to the second end
portions 41c in the product main body 20. Thus, the
space between one of the two mechanical fans 30
and the first end portions 41 b is larger than the space
between the other mechanical fan 30 and the second
end portions 41c. Because of this, the space of the
first end portions 41b can be utilized effectively as a
space for purposes such as connection and wiring
between an electric component box 71 and electric
components. This space is particularly convenient
for the connection of electric components, such as
a drain pump 68 and a level sensor 67, which are
often located near the first end portions 41b of the
branch heat exchangers 41.

Modifications

[0062] The two-way ceiling-mounted air conditioner
according to the invention is not limited to the embodi-
ments described above, and modifications as described
below are also viable. The modifications as described
below may also be combined as appropriate.

· Although the plate fin coils each including the sub-
stantially U-shaped heat exchange tubes 42 and the
plate fins attached to the heat exchange tubes 42
are described as a specific example of the heat ex-
changers 40 in the first and second embodiments
described above, other types of heat exchanger for
air may be used. For example, other types of heat
exchanger include a micro-channel heat exchanger
including micro-channels constituting a refrigerant
passage.
· The bend angle α of the first end portions 41b in
the first and second embodiments are most prefer-
ably forty-five degrees from the viewpoint of maxi-
mizing the total longitudinal length of the branch heat
exchangers 41 and facilitating the brazing operation
on pipes at the first end portions 41 b. The bend
angle α, however, may be another angle. The bend
angle α is preferably not more than forty-five degrees
from the viewpoint of improving the workability of
brazing on the pipes.
· The bend angle β of the second end portions 41c
in the first and second embodiments is preferably as
close to ninety degrees as possible as long as the
second end portions 41c each provide a length for
a bender to grip on. Thus, the bend angle β in the
embodiments described above is not limited to sixty
degrees.

· In the first and second embodiments described

above, the mechanical fan(s) 30 is/are positioned at
a position in the product main body 20 closer to the
second end portions 41c. When an electric compo-
nent box is located between the mechanical fan(s)
30 and the first end portions 41 b, such positioning
of the mechanical fan(s) 30 in the product main body
20 is preferable since an increase in internal air flow
resistance due to wiring or the like for the electric
component box does not occur. The invention, how-
ever, is not limited thereto.
· In the first and second embodiments described
above, the flow dividing pipes 62 from the flow divider
61 are arranged in a triangular region formed by the
outermost straight line 45 and the two leader lines
46 and 47. The outermost straight line 45 is formed
by connecting the outermost positions, in the longi-
tudinal direction of the product main body 20, of the
first end portions 41b of the branch heat exchangers
41. The two leader lines 46 and 47 are each drawn
from the edge of the air passing portion at the first
end portion 41 b of each of the branch heat exchang-
ers 41 toward the opposite branch heat exchanger
41 at the right angle to the air passing plane. The
invention, however, is not limited thereto. If the flow
dividing pipes 62 are arranged in the triangle as de-
scribed above, the internal air flow resistance due to
the flow dividing pipes 62 is prevented from increas-
ing.
· In the first and second embodiments described
above, the indoor inlets 12 are formed into elongated
shapes similar to those of the indoor outlets 11 and
positioned inside the indoor outlets 11 at the lower
surface of the decorative panel 10. The indoor inlets
12, however, may extend over a substantially entire
area inside the indoor outlets 11.
· The decorative panel 10 in the first and second
embodiments described above has a lower surface
formed into a plane. The invention, however, is not
limited thereto. For example, the short sides of the
decorative panel 10 may have middle portions pro-
truding downward. These protruding portions may
form a plane surface thereon extending all along the
long side of the decorative panel 10. Inclined surfac-
es may be formed at both sides of the plane surface
and extend all along the long sides of the plane sur-
face. The indoor inlet 12 may extend over the sub-
stantially entire area of the plane surface in the mid-
dle, and indoor outlets 11 may be provided in the
inclined surfaces formed at both sides of the plane
surface.

Claims

1. A two-way ceiling-mounted air conditioner having a
rectangular shape in a planar view, the air condition-
er comprising:
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a decorative panel having indoor outlets config-
ured to blow out temperature-controlled air into
an interior of a room and an indoor inlet config-
ured to draw in indoor air; and
a rectangular-parallelepiped-shaped product
main body accommodating a mechanical fan
and heat exchangers, the air conditioner being
characterized in that
the indoor outlets in the decorative panel are two
in number and are formed along opposite long
sides of the decorative panel,
the mechanical fan is a centrifugal fan located
in the product main body such that the mechan-
ical fan has a rotation axis oriented in a vertical
direction,
the heat exchangers include two branch heat
exchangers each located between one of the
two indoor outlets and the mechanical fan such
that the mechanical fan is located between the
branch heat exchangers in a planar view,
each of the two branch heat exchangers is di-
vided into a first end portion, an intermediate
portion, and a second end portion in a longitu-
dinal direction, wherein
at the first end portion, a refrigerant passage of
the branch heat exchangers is connected to an
external refrigerant pipe,
at the second end portion, the refrigerant pas-
sage is turned, and
the intermediate portion is arranged in parallel
with the indoor outlets, and
the first end portions and the second end por-
tions are bent toward the mechanical fan, and
the first end portions and the second end por-
tions are bent at different angles in relation to
the intermediate portion.

2. The ceiling-mounted air conditioner according to
claim 1, characterized in that, in relation to a lon-
gitudinal extension line of the intermediate portion
of the corresponding branch heat exchanger, each
first end portion is bent at a bend angle not more
than forty-five degrees.

3. The ceiling-mounted air conditioner according to
claim 2, characterized in that, in relation to the lon-
gitudinal extension line of the intermediate portion
of the corresponding branch heat exchanger, the
second end portion is bent at a bend angle larger
than the bend angle of the first end portion in relation
to the longitudinal extension line of the intermediate
portion.

4. The ceiling-mounted air conditioner according to any
one of claims 1 to 3, characterized in that
the first end portion of each of the branch heat ex-
changers is connected to flow dividing pipes from a
flow divider, and

in a planar view, the flow dividing pipes are arranged
in a substantially triangular region formed by an out-
ermost straight line and two leader lines, wherein the
outermost straight line is formed by connecting out-
ermost positions, in the longitudinal direction of the
product main body, of the first end portions of the
two branch heat exchangers, the two leader lines
are each drawn from an edge of an air passing por-
tion at the first end portion of the corresponding
branch heat exchanger toward the opposite branch
heat exchanger at a right angle to an air passing
plane.

5. The ceiling-mounted air conditioner according to any
one of claims 1 to 4, characterized in that the heat
exchanger is configured to allow a plurality of refrig-
erant outlet pipes from the two branch heat exchang-
ers to be connected to one header.

6. The ceiling-mounted air conditioner according to any
one of claims 1 to 5, characterized in that the me-
chanical fan is located closer to the second end por-
tion in the longitudinal direction of the product main
body.

7. The ceiling-mounted air conditioner according to any
one of claims 1 to 5, characterized in that the me-
chanical fan is one of two mechanical fans, which
are spaced in the longitudinal direction of the product
main body, and a midpoint between the two mechan-
ical fans is closer to the second end portion.
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