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Description
FIELD
[0001] Embodiments according to the present inven-

tion relate to a ceiling installation type air conditioner com-
prising a heat exchanger.

BACKGROUND

[0002] An indoor unit of a ceiling installation type air
conditioner (i.e., ceiling-installed air conditioner) is in-
stalled in ceiling space such that the indoor unit is sus-
pended from the characteristics of a beam provided on
an attic or is buried in the attic. The inside of the indoor
unit is partitioned with a partition plate into a heat ex-
change chamber and a blower chamber. A heatexchang-
erisdisposed inthe heatexchange chamber, and a blow-
er for sending air to the heat exchanger is disposed in
the blower chamber.

[0003] The heat exchanger includes plural heat trans-
fer tubes through which refrigerant flows and plural fins
that are thermally connected to the heat transfer tubes.
The heat exchanger is in the form of a flat plate as a
whole. Further, the heat exchanger is accommodated in
the heat exchange chamber in the state of being largely
inclined with respect to the blower in order to efficiently
receive the air sent from the blower and to minimize the
height dimension of the indoor unit.

[0004] EP 2722609 A1, EP 2402669 A2, and US 4,
000,779 A disclose air conditioners.

Prior Art Document
Patent Document

[0005] Patent Document 1: Japanese Unexamined
Patent Application Publication No. 2006-343043

SUMMARY
Problems to be solved by Invention

[0006] Since the heat exchanger in the form of a flat
plate is disposed in the heat exchange chamber so as to
be inclined in the conventional air conditioner, much
wasted space is inevitably generated inside the heat ex-
change chamber, which causes increase in depth dimen-
sion. The outer dimension of the heat exchange chamber
increases in proportion to capacity. Thus, larger space
isrequired inside the heat exchange chamber as capacity
of the heat exchanger increases. These factors hinder
downsizing of the indoor unit.

[0007] Further, since the heat exchanger in the form
of a flat plate is disposed in the heat exchange chamber
so as to be inclined in the conventional air conditioner,
the distance from the blower greatly differs between the
front end portion and the rear end portion of the heat
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exchanger in the conventional air conditioner. Thus, de-
pending on a location of the heat exchanger, the volume
of air passing through the heat exchanger easily varies.
Variation in volume of the air passing through the heat
exchanger degrades performance of the heat exchanger.
Hence, the conventional air conditioner leaves room for
improvement in order to fully demonstrate the perform-
ance of the heat exchanger.

[0008] To achieve the above object, an aspect of the
present invention provides a ceiling-mounted air condi-
tioner that is compact and has high heat exchange effi-
ciency.

Means for solving Problem

[0009] To achieve the above object, the present inven-
tion provides a ceiling installation type air conditioner ac-
cording to claim 1.

[0010] It may be desired that the plate-shaped fins has
a substantially parallelogram shape.

[0011] It may be desired that a long side of the plate-
shaped fins of the first heatexchange section on the blow-
er chamber side is in contact with a short side of the plate-
shaped fins of the second heat exchange section on the
air outlet side without any gap, and a short side of the
plate-shaped fins of the first heat exchange section on
the air outlet side is in contact with a short side of the
plate-shaped fins of the third heat exchange section on
the air outlet side without any gap.

[0012] It may be desired that the first heat exchange
section is closest to the air outlet out of the first heat
exchange section, the second heat exchange section,
and the third heat exchange section, and number of the
heat transfer tubes provided for the first heat exchange
section is larger than the number of the heat transfer
tubes provided for each of the second heat exchange
section and the third heat exchange section.

[0013] It may be desired that an interval at which the
plate-shaped fins of the first heat exchange sections are
arranged is narrower than an interval at which the plate-
shaped fins of each of the second heat exchange section
and the third heat exchange section are arranged.
[0014] It may be desired that slits are provided only in
the plate-shaped fins of the first heat exchange section.
[0015] It may be desired that a pipe diameter of the
heat transfer tubes of the first heat exchange section is
larger than a pipe diameter of the heat transfer tubes of
the second heat exchange section and the third heat ex-
change section.

[0016] It may be desired that the first heat exchange
section, the second heat exchange section, and the third
heat exchange section are integrally formed.

[0017] It may be desired that the second heat ex-
change section is disposed at an upper portion of the
heat exchange chamber, the third heat exchange section
is disposed at alower portion of the heat exchange cham-
ber, and angle difference is provided in such a manner
that an inclination angle of the second heat exchange
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section is smaller than an inclination angle of the third
heat exchange section.

[0018] According to the invention, the first heat ex-
change sectionis inclined in such a manner that an upper
end portion of the first heat exchange section is posi-
tioned on a windward side of a lower end portion of the
first heat exchange section.

[0019] It may be desired that an end portion of a short
side of the plate-shaped fins of the third heat exchange
section on a side of the air outlet is protruded toward the
air outlet more than an end portion of a short side posi-
tioned at a lower portion of the plate-shaped fins of the
first heat exchange section.

[0020] It may be desired that a shortest distance be-
tween the air outlet and an end portion on a side of the
air outlet of a short side positioned at a lower portion of
the plate-shaped fins of the first heat exchange section
is longer than a shortest distance between the air outlet
and an end portion on a side of the air outlet of a short
side positioned at a lower portion of the plate-shaped fins
of the third heat exchange section.

BRIEF DESCRIPTION OF DRAWINGS

[0021] Several embodiments are shown in the draw-
ings. However, only the tenth embodiment is in accord-
ance with the invention.

[0022]

Fig. 1 is a perspective view of a ceiling installation
type air conditioner according to a first embodiment.
Fig. 2 is an exploded bottom view illustrating the in-
side of the ceiling installation type air conditioner ac-
cording to the first embodiment.

Fig. 3 is a schematic side cross-sectional view of the
ceiling installation type air conditioner according to
the first embodiment.

Fig. 4 is an enlarged cross-sectional view illustrating
a part of fins and heat transfer tubes constituting a
heat exchanger of the ceiling installation type air con-
ditioner according to the first embodiment.

Fig. 5is a schematic view illustrating a shape of each
fin constituting the heat exchanger of the ceiling in-
stallation type air conditioner according to the first
embodiment.

Fig. 6 is a schematic side cross-sectional view of the
ceiling installation type air conditioner according to
a second embodiment.

Fig. 7 is a view illustrating shapes of fins constituting
the heat exchanger of the ceiling installation type air
conditioner according to a third embodiment.

Fig. 8 is a schematic side cross-sectional view of the
ceiling installation type air conditioner according to
the third embodiment.

Fig. 9 is a view illustrating shapes of fins constituting
the heat exchanger of the ceiling installation type air
conditioner according to a fifth embodiment.

Fig. 10 is a schematic side cross-sectional view of
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the ceiling installation type air conditioner according
to a sixth embodiment.

Fig. 11 is a schematic side cross-sectional view of
the ceiling installation type air conditioner according
to a seventh embodiment.

Fig. 12is aview illustrating shapes of fins constituting
the heat exchanger of the ceiling installation type air
conditioner according to the seventh embodiment.
Fig. 13 is a schematic side cross-sectional view of
the ceiling installation type air conditioner according
to an eighth embodiment.

Fig. 14 is a schematic side cross-sectional view of
the ceiling installation type air conditioner according
to a ninth embodiment.

Fig. 15 is a schematic side cross-sectional view of
the ceiling installation type air conditioner according
to a tenth embodiment.

Fig. 16 is a schematic diagram illustrating configu-
ration of the heat exchanger of the ceiling installation
type air conditioner according to the tenth embodi-
ment.

Fig. 17 is an enlarged schematic view illustrating
configuration of the heat exchanger of the ceiling in-
stallation type air conditioner according to the tenth
embodiment.

DETAILED DESCRIPTION

[0023] Hereinbelow, embodiments will be described.
Only the tenth embodiment is in accordance with the in-
vention.

(First Embodiment)

[0024] The ceiling installation type air conditioner of
the first embodiment will be described with by referring
to Fig. 1 to Fig. 5.

[0025] Fig. 1 illustrates the ceiling installation type air
conditioner 1 of the embodiment. An indoor unit 2 of the
ceiling installation type air conditioner 1 is installed, e.g.,
on an attic of a building. The attic of the embodiment is
defined as ceiling space between a ceiling plate and a
beam of the building.

[0026] The indoor unit 2 is formed in the shape of a
rectangular flat box having a depth dimension D, a width
dimension W, and a height dimension H. In addition, the
indoor unit 2 includes a metallic housing 20. The housing
20 is an outer periphery of the indoor unit 2. The housing
20 includes a top plate 21, afirst side plate 22a, a second
side plate 22b, a first bottom plate 23a, a second bottom
plate 23b, afrontframe 24, arearframe 25, and a partition
plate 26.

[0027] As shown in Fig. 2 and Fig. 3, the partition plate
26 of the ceiling installation type air conditioner 1 accord-
ing to the embodiment partitions the interior of the hous-
ing 20 into two chambers that are a blower chamber 3
and a heat exchange chamber 4.

[0028] The blowerchamber 3 has anairinlet 27 formed
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in the rear frame 25. A blower 5 is accommodated in the
blower chamber 3. As shown in Fig. 2 and Fig. 3, the
blower 5 includes a fan motor 51, fan cases 52a and 52b,
and multi-blade fans 53a and 53b housed inside the fan
cases 52a and 52b. Respective suction ports 54a and
54b are provided on both side surfaces of the fan cases
52a and 52b. The partition plate 26 is provided with blow-
out ports 55a and 55b.

[0029] The fan motor 51 includes two rotating shafts
51a and 51b that are coaxially protruded from both side
surfaces thereof. The multi-blade fans 53a and 53b are
attached to the respective rotating shafts 51a and 51b.
[0030] The heat exchange chamber 4 includes a ma-
chine room 6 and an air outlet 28 formed in the front frame
24. The machine room 6 is partitioned from the heat ex-
change chamber 4 with a machine-room partition plate
61, and accommodates a drain pump and a refrigerant
distributor.

[0031] The blower chamber 3 and the heat exchange
chamber 4 are connected to each other via the blower
5. Specifically, both are spatially connected with each
other such that air in the blower chamber 3 can flow into
the heat exchange chamber 4 through the blower 5.
[0032] In addition, a heat exchanger 7 and a drain pan
8 are disposed in the heat exchange chamber 4 as shown
in Fig. 3. In other words, the heat exchanger 7 and the
drain pan 8 are housed in the heat exchange chamber 4
of the housing 20. The heat exchanger 7 extends in the
width direction of the indoor unit 2 (i.e., in the width di-
rection of the housing 20), and is interposed between the
machine-room partition plate 61 and the side plate 22a.
[0033] As shown in Fig. 3, the drain pan 8 is disposed
below the heat exchanger 7. The drain pan 8 is a heat
insulating material such as expanded polystyrene. The
drain pan 8 supports the heat exchanger 7 from the lower
side, and receives drain water dripping from the heat ex-
changer 7. Thelower surface of the drain pan 8 is covered
with the first bottom plate 23a. In addition, the drain pan
8 cooperates with a heat insulating material 9 to surround
the heat exchanger 7. The heat insulating material 9 is
disposed above the heat exchanger 7, and is provided
on the inner surface of the top plate 21 and in the heat
exchange chamber 4.

[0034] The heat exchanger 7 of the embodiment in-
cludes a first heat exchange section 7A, a second heat
exchange section 7B, and a third heat exchanging portion
7C. The first heat exchange section 7A, the second heat
exchange section 7B, and the third heat exchange sec-
tion 7C are disposed so as to protrude toward the air
outlet 28 in a convex shape.

[0035] The first heat exchange section 7A stands in-
side the heat exchange chamber 4 so as to face sub-
stantially parallel to the partition plate 26 and the blowout
ports 55a and 55b of the blower 5. Out of the first heat
exchange section 7A, the second heat exchange section
7B, and the third heat exchange section 7C, the first heat
exchange section 7A is the closest to the air outlet 28 in
the embodiment.
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[0036] The second heat exchange section 7B is locat-
ed at the upper portion of the heat exchange chamber 4,
and extends in the depth direction of the indoor unit 2 so
as to be separated away from the blower 5 in a cross-
sectional view. In addition, the second heat exchange
section 7B is inclined slightly downward as separating
from the blower 5. In other words, the second heat ex-
change section 7B is inclined slightly downward as it ap-
proaches the air outlet 28. The front end (i.e., the side of
the air outlet 28) of the second heat exchange section
7B is spatially continuous with the upper end of the first
heat exchange section 7A.

[0037] The third heat exchange section 7C is posi-
tioned at the lower portion of the heat exchange chamber
4, and extends in the depth direction of the indoor unit 2
so as to be separated away from the blower 5 in a cross-
sectional view. In addition, the third heat exchange sec-
tion 7C is inclined slightly upward as separating from the
blower 5. In other words, the third heat exchange section
7C is inclined slightly upward as it approaches the air
outlet 28. The front end (i.e., the side of the air outlet 28)
of the third heat exchange section 7C is spatially contin-
uous with the lower end of the first heat exchange section
TA.

[0038] In other words, the heat exchanger 7 includes:
the first heat exchange section 7A that stands so as to
face the blowout ports 55a and 55b and the partition plate
26; the second heat exchange section 7B that extends
obliquely upward from the upper end of the first heat ex-
change section 7A toward the blower 5; and the third
heat exchange section 7C that extends obliquely down-
ward from the lower end of the first heat exchange section
7A toward the blower 5.

[0039] Thus, when the indoor unit 2 is viewed from the
side, the first to third heat exchange sections 7A, 7B, and
7C of the first embodiment are combined so as to be
substantially in the form of an angled bracket or a gate.
That is, the heat exchanger 7 is disposed so as to have
a convex shape protruding toward the leeward side with
respect to wind sent from the blower chamber 3, and is
disposed so as to have a substantially concave shape
recessed toward the windward side.

[0040] In addition, it can be said that the first to third
heat exchange sections 7A, 7B, and 7C are disposed in
a substantially trapezoidal shape including a smaller
base (a top) and a pair of leg portions when the indoor
unit 2 is viewed from the side. The first heat exchange
section 7Ais disposed at the portion (side) corresponding
to the smaller base and the second and third heat ex-
change sections 7B and 7C are disposed at the respec-
tive portions (sides) corresponding to the pair of leg por-
tions in such a manner that the substantially trapezoidal
shape isformed as awhole with its longer portion opened.
[0041] As shown in Fig. 4, the heat exchanger 7 of the
ceiling installation type air conditioner 1 according to the
embodiment is a fin-tube type heat exchanger that is a
combination of plate-like fins and heat transfer tubes.
Each of the first to third heat exchange sections 7A, 7B,
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and 7C of the embodiment includes plural elongated fins
71 and plural heat transfer tubes 72 through which a re-
frigerant flows.

[0042] As shown in Fig. 5, the fins 71 of the ceiling
installation type air conditioner 1 according to the em-
bodiment are, e.g., a quadrilateral plate made of alumi-
num and has a pair of long sides 71L and a pair of short
sides 71S. The long sides 71L are parallel to each other.
The shortsides 71S are parallel to each other, and extend
obliquely so as to intersect the long sides 71L. In other
words, the fins 71 have a parallelogram shape in which
two pairs of opposite sides are parallel to each other.
[0043] Further, the fins 71 are provided with plural en-
gagement holes 73. The engagement holes 73 have a
cylindrical flange portion that is pierced by, e.g., applying
a burring process to the fins 71 and rises from the fins
71. Forinstance, the engagement holes 73 are arranged
in eight rows in the direction along the long sides 71L of
the fins 71 and in three columns in the direction along
the short sides 71S of the fins 71.

[0044] As shown in Fig. 4, the fins 71 are arranged in
one row atintervals in the width direction W of the indoor
unit 2. In other words, the fins 71 are arranged at intervals
in the width direction of the housing 20. The respective
tips of the flange portions rising from each fin 71 butts
against the adjacent fin 71 so as to coaxially match the
engagement holes 73 of the adjacent fin 71. Thus, ven-
tilation passages 74 through which air flows are provided
between the adjacent fins 71.

[0045] The heat transfer tubes 72 are, e.g., copper
tubes that are excellent in thermal conductivity. Each of
the heat transfer tubes 72 includes a straight pipe portion
extending straight in the width direction of the indoor unit
2 and a bent pipe portion bent substantially in a U shape.
The respective straight pipe portions of the heat transfer
tubes 72 continuously penetrate the engagement holes
73 of the fins 71. As a result, the heat transfer tubes 72
are thermally connected to the fins 71. The heat transfer
tubes 72 are integrated with the fins 71 by continuously
penetrating the adjacent fins 71.

[0046] In addition, as shown in Fig. 3, one of the short
sides 71S of each fin 71 of the first heat exchange section
7A and the short side 71S of each fin 71 of the second
heat exchange section 7B on the side of the air outlet 28
are disposed so as to be in contact with each other without
any gap in the first embodiment.

[0047] Further, the long side 71L of the fins 71 of the
first heat exchange section 7A on the side of the blower
chamber 3 and the short side 71S of the third heat ex-
change section 7C on the side of the air outlet 28 are
arranged so as to be in contact with each other without
any gap in the embodiment. Alternatively, the other short
side 71S of the fin 71 of the first heat exchange section
7A and the long side 71L of the third heat exchange sec-
tion 7C on the side of the blower chamber 3 are arranged
so as to be in contact with each other without any gap.
[0048] When the fan motor 51 rotates the multi-blade
fans 53a and 53b of the embodiment, the multi-blade
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fans 53a and 53b suck air in the blower chamber 3 from
the suction ports 54a and 54b of the fan cases 52a and
52b and discharge the sucked air from the blowout ports
55a and 55b of the fan cases 52a and 52b.

[0049] Thus, the air in the building room is sucked into
the blower chamber 3 from the air inlet 27 of the housing
20 via a non-illustrated duct or a suction grill of the ceiling
board. The air sucked into the blower chamber 3 is blown
out from the blowout ports 55a and 55b toward the heat
exchanger 7 via the fans 52a and 52b.

[0050] Since the first heat exchange section 7A of the
heat exchanger 7 stands so as to face the blowout ports
55a and 55b inside the heat exchange chamber 4, a ma-
jor portion of the air blown out from the blowout ports 55a
and 55b toward the heat exchange chamber 4 flows
through the interval between the fins 71 of the first heat
exchange section 7A (i.e., through the ventilation pas-
sages 74).

[0051] The rest of the air blown out toward the heat
exchange chamber 4 flows through the interval between
the fins 71 of the second heat exchange section 7B ex-
tending obliquely upward from the upper end of the first
heat exchange section 7A towards the blower 5 (i.e.,
through the ventilation passages 74), and further flows
through the interval between the fins 71 of the third heat
exchange section 7C extending obliquely downward
from the lower end of the first heat exchange section 7A
toward the blower 5 (i.e., through the ventilation passag-
es 74).

[0052] As aresult, the heat exchanger 7 converts the
inhaled air into cold or warm air by heat exchange be-
tween the air blown out from the blowout ports 55a and
55b and the refrigerant flowing through the heat transfer
tubes 72. The air subjected to the heat exchange is de-
livered from the air outlet 28 to the inside of the room
through a blow duct.

[0053] The heat exchanger 7 of the embodiment com-
bines the first to third heat exchange sections 7A, 7B,
and 7C in a substantially trapezoidal shape and is three-
dimensionally bent into a steric shape. Thus, the dimen-
sion of the heat exchanger 7 along the depth direction of
the heat exchange chamber 4 can be shortened as com-
pared with the case where the conventional straight heat
exchanger is disposed so as to be inclined in the heat
exchange chamber.

[0054] Additionally, the first heat exchange section 7A
stands inside the heat exchange chamber 4 in the em-
bodiment. Thus, the dimension of the heat exchanger 7
along the depth direction of the heat exchange chamber
4 in the embodiment can be shortened by the difference
between the distance from the open ends of the blowout
ports 55a and 55b to the front end of the first heat ex-
change section 7A and the distance from the open ends
of the blowout ports 55a and 55b to the rear end of the
second heat exchange section 7B, as compared with the
case where the conventional straight heat exchanger is
disposed so as to be inclined in the heat exchange cham-
ber. As a result, the depth dimension of the heat ex-
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change chamber 4 can be kept small, and the housing
20 of the indoor unit 2 can be made compact.

[0055] Further, the heat capacity of the heat exchanger
7 can be sufficiently improved by bending the heat ex-
changer 7 in the embodiment. Thus, in the embodiment,
the heat exchanger 7 having a large capacity can be dis-
posed in the compact heat exchange chamber 4, and the
indoor unit 2 having excellent heat exchange perform-
ance can be provided.

[0056] Moreover, asthehousing20is made more com-
pact, the housing 20 can be reduced in weight in the
embodiment. Thus, the workability at the time of installing
the indoor unit 2 in ceiling space is improved. Further-
more, since the housing 20 becomes smaller, it is pos-
sible to obtain an inexpensive indoor unit 2 by reducing
manufacturing cost of the housing 20.

[0057] Inaddition, since the firstheatexchange section
7A stands inside the heat exchange chamber 4 in the
embodiment, the difference between the distance from
the open ends of the blowout ports 54 to the front end of
the first heat exchange section 7A and the distance from
the open ends of the blowout ports 54 to the rear end of
the second heat exchange section 7B is smaller than in
the case where the conventional straight heat exchanger
is disposed so as to be inclined inside the heat exchange
chamber. Accordingly, it is possible to blow air substan-
tially uniformly to the heat exchanger 7, and thus satis-
factory heat exchange performance can be obtained.
[0058] The second heat exchange section 7B of the
embodimentis inclined upward from the upper end of the
first heat exchange section 7A toward the blower cham-
ber side, and the third heat exchange section 7C is in-
clined downward from the lower end of the first heat ex-
change section 7A toward the blower chamber side.
Hence, the second heat exchange section 7B and the
third heat exchange section 7C become susceptible to
air, and thus air volume of the air passing through the
upper portion and the lower portion of the heat exchanger
7 can be improved. Accordingly, the heat exchanger 7
having excellent heat exchange performance can be ob-
tained.

[0059] Further, in the embodiment, a gap causing air
leakage is excluded from the joint of (i.e., boundary be-
tween) the first and second heat exchange sections 7A
and 7B and the joint of (i.e., boundary between) the first
and third heat exchange sections 7A and 7C. Thus, it is
possible to reduce the amount of air leaking without being
subjected to heat exchange from the boundaries of the
first to third heat exchange sections 7A, 7B, and 7C,
which is advantageous in enhancing the heat exchange
performance of the heat exchanger 7.

[0060] Moreover, it is possible to reduce the number
of members that prevent air from leaking without being
subjected to heat exchange from the joints in the embod-
iment.

[0061] Thus, according to the embodiment, it is possi-
ble to provide a ceiling installation type air conditioner
that is compact and has high heat exchange efficiency.
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(Second Embodiment)

[0062] The ceiling installation type air conditioner of
the second embodiment will be described with reference
to Fig. 6. The same reference signs are assigned to the
components of the second embodiment that are the
same as the components shown in Fig. 1 to Fig. 5.
[0063] Fig. 6 is a side cross-sectional view illustrating
the heat exchanger of the ceiling installation type air con-
ditioner according to the second embodiment. As shown
in Fig. 6, the heat transfer tubes 72 are disposed such
that the number of the heat transfer tubes 72 of the first
heat exchange section 7A is larger than the number of
the heat transfer tubes 72 of each of the heat exchange
sections 7B and 7C.

[0064] The first heat exchange section 7A of the em-
bodiment stands inside the heat exchange chamber 4 so
as to face the partition plate 26 and the blowout ports
55a and 55b of the blower 5, and thus receives much
wind sent out from the blower 5.

[0065] A total of 24 engagement holes 73 are provided
in a fins 711 of the first heat exchange section 7A, and
are arranged in eight rows along the long side direction
of the fins 711 and in three columns along the short side
direction of the fins 711. A total of 20 engagement holes
73 are provided in a fins 712 of the second and third heat
exchange sections 7B and 7C, and are arranged in ten
rows along the long side direction of the fins 712 and in
two columns along the short side direction of the fins 712.
In other words, the number of the heat transfer tubes in
the first heat exchange section 7A is larger than that in
each of the second and third heat exchange sections 7B
and 7C, and itis possible to increase heat exchange ca-
pacity of the portion which receives more wind sent from
the blower 5.

[0066] Inthe embodimentas described above, the ma-
jor portion of the total air sent to heat exchanger 7 is
distributed to the first heat exchange section 7A, and this
first heat exchange section 7A performs heat exchange
more than the other heat exchange sections. Thus, it is
possible to perform heat exchange in a well-balanced
manner and to improve heat exchange performance.
[0067] According to the second embodiment, itis pos-
sible to provide a ceiling installation type air conditioner
with high heat exchange efficiency.

(Third Embodiment)

[0068] The ceiling installation type air conditioner of
the third embodiment will be described with reference to
Fig. 7 and Fig. 8. The same reference signs are assigned
to the components of the third embodiment that are the
same as the components shown in Fig. 1 to Fig. 6.

[0069] Fig. 7 is a schematic view illustrating the shape
of the fins 71 of the heat exchanger of the ceiling instal-
lation type air conditioner according to the third embod-
iment. Fig. 8 is a side cross-sectional view illustrating the
heat exchanger of the ceiling installation type air condi-
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tioner according to the third embodiment.

[0070] In the ceiling installation type air conditioner 1
of the embodiment as shown in Fig. 7 and Fig. 8, the fins
711 of the first heat exchange section 7A are line-sym-
metrical with the fins 712 of the second and third heat
exchange sections 7B and 7C.

[0071] Since the fins 711 and the fins 712 are line-
symmetrical in the ceiling installation type air conditioner
1 of the embodiment, the fins can be made common be-
tween respective sections of the heat exchanger 7. Thus,
the ceiling installation type air conditioner 1 of the em-
bodiment can improve manufacturability and reduce
cost.

[0072] According to the embodiment, it is possible to
provide a compact ceiling installation type air conditioner
with improved manufacturability and high heat exchange
efficiency.

(Fourth Embodiment)

[0073] The ceiling installation type air conditioner of
the embodiment will be described. The same reference
signs are assigned to the components of the fourth em-
bodiment that are the same as the components shown
in Fig. 1 to Fig. 8.

[0074] Hereinafter, afin pitch of the embodiment is de-
fined as an interval by which the fins 711 of the first heat
exchange section 7A or the fins 712 of the second and
third heat exchange sections 7B and 7C are arranged in
the width direction W of the housing 20. The fin pitch of
the fins 711 is narrower than the fin pitch of the fins 712.
[0075] In other words, the fin pitch is each ventilation
passage 74. The narrower the fin pitch of the fins 711
and 712 becomes, the larger the ventilation resistance
becomes, which reduces air volume.

[0076] The first heat exchange section 7A is arranged
to receive more wind sent from the blower 5 so that the
major portion of the total air sent to the heat exchanger
7 is distributed to the first heat exchange section 7A. The
fin pitch of the fins 711 of the first heat exchange section
7A is narrower than the fin pitch of the fins 712 of each
of the second and third heat exchange sections 7B and
7C. This arrangement makes it possible to send more
wind to the second and third heat exchange sections 7B
and 7C, which are less susceptible to wind than the first
heatexchange section 7A, and thus itis possible to adjust
air volume.

[0077] Thus, in the embodiment, it is possible to im-
prove heat exchange performance by adjusting air vol-
ume distributed to the first heat exchange section 7A, the
second heat exchange section 7B, and the third heat
exchange section 7C.

[0078] According to the embodiment, it is possible to
provide a ceiling installation type air conditioner with high
heat exchange efficiency.
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(Fifth Embodiment)

[0079] The ceiling installation type air conditioner of
the fifth embodiment will be described with reference to
Fig. 9. In Fig. 9 of the embodiment, the same reference
signs are assigned to the same components as the com-
ponents shown in Fig. 1 to Fig. 8.

[0080] In the embodiment as shown in Fig. 9, slits 81
are provided in the fins 711 of the first heat exchange
section 7A. Generally, by forming the slits 81 thatbecome
cuts or narrow gaps in aluminum fins, heat transfer per-
formance is enhanced and air resistance is also in-
creased.

[0081] The slits 81 are provided in the fins 711 of the
first heat exchange section 7A and the slits 81 are not
provided in the fins 712 of the second and third heat ex-
change sections 7B and 7C. This configuration makes it
possible to enhance the heat transfer performance of the
fins 711 of the first heat exchange section 7A to which
the major portion of air volume is distributed.

[0082] At the same time, it is possible to send more
wind to the second and third heat exchange sections 7B
and 7C that receive relatively small volume of wind, and
thus air volume can be adjusted, because of the in-
creased air resistance of the fins 711 of the first heat
exchange section 7A.

[0083] According to the embodiment, it is possible to
provide a ceiling installation type air conditioner with high
heat exchange efficiency.

(Sixth Embodiment)

[0084] The ceiling installation type air conditioner of
the sixth embodiment will be described with reference to
Fig. 10. The same reference signs are assigned to the
components of the embodiment that are the same as the
components shown in Fig. 1 to Fig. 9.

[0085] Fig. 10is a side cross-sectional view illustrating
the heat exchanger of the ceiling installation type air con-
ditioner according to the sixth embodiment.

[0086] As shown in Fig. 10, the tube diameter of each
heat transfer tube 731 of the first heat exchange section
7A of the embodiment is larger than the tube diameter
of each heat transfer tube 732 of the second and third
heat exchange sections 7B and 7C. The larger the tube
diameter becomes, the larger the flow rate of the refrig-
erant becomes, which enhances heat transfer perform-
ance.

[0087] Inthe embodiment, itis possible to perform heat
exchange in a well-balanced manner and enhance heat
exchange performance by improving the heat transfer
performance of the first heat exchange section 7A to
which the major portion of air volume is distributed.
[0088] According to the embodiment, it is possible to
provide a ceiling installation type air conditioner with high
heat exchange efficiency.
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(Seventh Embodiment)

[0089] The ceiling installation type air conditioner of
the seventh embodiment will be described with reference
to Fig. 11 and Fig. 12. The same reference signs are
assigned to the components of the seventh embodiment
that are the same as the components shown in Fig. 1 to
Fig. 10.

[0090] Fig. 11is aside cross-sectional view illustrating
the heat exchanger of the ceiling installation type air con-
ditioner according to the seventh embodiment.

[0091] As shown in Fig. 11, the heat exchanger 7 of
the embodiment is an integrally molded product, and the
first to third heat exchange sections 7A, 7B, and 7C are
integrally formed. Instead of being formed by combining
separate heat exchange sections, the heat exchanger 7
of the embodiment has a substantially trapezoidal shape
as one piece.

[0092] Since the heat exchanger 7 is integrally formed
as one piece instead of combining the first to third heat
exchange sections 7A, 7B, and 7C with separate com-
ponents, components for fixing respective heat ex-
change sections can be omitted and thus the heat ex-
changer can reduce the number of components, and thus
the heat exchanger can improve in manufacturability.
[0093] Further, as shown in FIG. 12, the fins 71 before
a bending process of the heat exchanger 7 of the em-
bodiment is linear, and the first to third heat exchange
sections 7A, 7B, and 7C may be formed by bending two
points thereof.

[0094] For instance, as a manufacturing process, the
fins 71 of the heat exchanger 7 are first formed into such
a shape that a total length of the fin 71 is the combined
length of the first to third heat exchange sections 7A, 7B,
and 7C. Next, in order to perform the bending process,
the boundary between the first and second heat ex-
change sections 7A and 7B (i.e., the joint of the first and
second heat exchange sections) is cut out according to
the bending margin. Similarly, the boundary between the
first and third heat exchange sections 7A and 7C (i.e.,
the joint of the first and third heat exchange sections) is
cut out according to the bending margin. In this case, the
respective portions corresponding to the first and third
heat exchanging portions 7A and 7C have a trapezoidal
shape, and the portion corresponding to the second the
heat exchanger portion 7B has a parallelogram shape.
When a series of thesefins 71 is bent, the heat exchanger
7 is formed in a substantially trapezoidal shape.

[0095] By formingthe heatexchanger?7 inthis manner,
its manufacturability can be improved. Specifically, it is
possible to make favorable the yield of the fins material
and to share pipe expanding equipment of a linear heat
exchanger. Thus, itis possible to suppress capital invest-
ment and reduce cost by reducing materials.

[0096] According to the embodiment, it is possible to
provide a ceiling installation type air conditioner with im-
proved manufacturability.
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(Eighth Embodiment)

[0097] The ceiling installation type air conditioner of
the eighth embodiment will be described with reference
to Fig. 13. The same reference signs are assigned to the
components of the eighth embodiment that are the same
as the components shown in Fig. 1 to Fig. 12.

[0098] Fig. 13 is a side cross-sectional view illustrating
the heat exchanger of the ceiling installation type air con-
ditioner according to the eighth embodiment.

[0099] As shown in Fig. 13, the inclination angle 61 of
the second heat exchange section 7B disposed at the
upper portion of the heat exchange chamber 4 of the
embodiment is smaller than the inclination angle 62 of
the third heat exchange section 7C disposed at the lower
part of the heat exchange chamber 4. That is, angle dif-
ference is provided between the inclination angle 61 and
the inclination angle 62.

[0100] The second heat exchange section 7B is in-
clined slightly downward as being separated from the
blower 5, and the third heat exchange section 7C is in-
clined slightly upward as being separated from the blower
5. Itis possible to reduce the ventilation resistance of the
third heat exchange section 7C positioned at the lower
side where wind is relatively hard to reach, and thereby
air volume can be improved by providing the angle dif-
ference between the inclination angles 61 and 62, it.
[0101] According to the embodiment, it is possible to
provide a ceiling installation type air conditioner with high
heat exchange efficiency.

(Ninth Embodiment)

[0102] The ceiling installation type air conditioner of
the ninth embodiment will be described with reference to
Fig. 14. The same reference signs are assigned to the
components of the ninth embodiment that are the same
as the components shown in Fig. 1 to Fig. 13.

[0103] Fig. 14 is a side cross-sectional view illustrating
the heat exchanger of the ceiling installation type air con-
ditioner according to the ninth embodiment.

[0104] As shown in Fig. 14, the first heat exchange
section 7A is positioned at the center of the heat ex-
change chamber 4 of the embodiment and is inclined
such that its upper end portion is positioned on the wind-
ward side of its lower end portion.

[0105] The second heat exchange section 7B is posi-
tioned at the upper portion of the heat exchange chamber
4. The second heat exchange section 7B is disposed
such that the front end portion of the second heat ex-
change section 7B and the upper end portion of the first
heat exchange section 7A are continuous.

[0106] The third heat exchange section 7C is posi-
tioned at the lower portion of the heat exchange chamber
4. The third heat exchange section 7C is disposed such
that the front end portion of the third heat exchange sec-
tion 7C and the lower end portion of the first heat ex-
change section 7A are continuous.
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[0107] For instance, the first and second heat ex-
change sections 7A and 7B are disposed such that the
long sides 71L of the fins 71 of the first heat exchange
section 7A on the side of the blower chamber 3 are in
contact with the short sides 71S of the fins 71 of the sec-
ond heat exchange section 7B on the side of the air outlet
28 without any gap.

[0108] In addition, the first and third heat exchange
sections 7Aand 7C are disposed such that the short sides
718 on the lower side of the fins 71 of the first heat ex-
change section 7A are in contact with the short sides 71S
of the fins 71 of the third heat exchange section 7C on
the side of on the air outlet 28 without any gap.

[0109] In the embodiment, the shape of the fins 71 of
the first heat exchange section 7A is line-symmetrical
with the shape of the fins 71 of the third heat exchange
section 7C. In the second heat exchange section 7B, the
length dimension of the long side 71L of each of the fins
71 is shorter than that of the other heat exchange sec-
tions.

[0110] The second heat exchange section 7B that is
harder to wind than the first heat exchange section 7A
has fewer heat transfer tubes than the other heat ex-
change sections. For instance, when the number of stag-
es (rows) of the heat transfer tubes of each of the first
and third heat exchange sections 7A and 7C is ten, the
number of stages (rows) of the second heat exchange
section 7B is eight.

[0111] According to the embodiment, the first heat ex-
change section 7A positioned at the center portion is in-
clined with respect to the blowout ports 55a and 55b and
the partition plate 26 so as to be susceptible to wind. The
heat exchanger 7 is more likely to receive air, and air
volume and wind speed of the air passing through the
heat exchanger 7 can be improved by tilting the first heat
exchange section 7A. In addition, the wind speed distri-
bution improves and the blowing performance is en-
hanced by improving the air volume and the wind speed.
[0112] Accordingly, it is possible to smooth the flow of
air and efficiently divide the flow into the respective heat
exchange sections in the embodiment, and thus it is pos-
sible to provide a ceiling installation type air conditioner
with better performance.

[0113] As shown in FIG. 1, the housing 20 accommo-
dating the blower 5 and the heat exchanger 7 is hung
from the beam of the building via four hanger bolts HB
in each of the above embodiments, for instance. Specif-
ically, four metallic hangers 29 are fixed to the top plate
21 of the housing 20. The respective metallic hangers 29
horizontally protrude from the four corner portions of the
top plate 21 toward the four sides of the housing 20, and
the respective lower end portions of the hanger bolts HB
are connected to the metallic hangers 29.

[0114] Although the first heat exchange section 7A is
disposed so as to stand inside the heat exchange cham-
ber 4 in each of the above-described embodiments, the
first heat exchange section 7A may be inclined and dis-
posed as a convex shape protruding toward the air outlet
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28, for instance. In this case, out of the first to third heat
exchange sections 7A, 7B, and 7C, the short sides 71S
on the lower side of the fins 71 of the first heat exchange
section 7A and the short sides 71S of the fins 71 of the
third heat exchange section 7C on the side of the air
outlet 28 are closest to the air outlet 28.

(Tenth Embodiment)

[0115] The ceiling installation type air conditioner of
the tenth embodiment will be described with reference
to Fig. 15 to Fig. 17. The same reference signs are as-
signed to the components of the tenth embodiment that
are the same as the components shown in Fig. 1 to Fig.
14.

[0116] Fig. 15is a schematic side cross-sectional view
of the ceiling installation type air conditioner according
to the tenth embodiment.

[0117] As shown in Fig. 15, the heat exchanger 7 and
the drain pan 8 of the embodiment are housed in the heat
exchange chamber 4 of the housing 20.

[0118] The heat exchanger 7 extends in the width di-
rection of the housing 20. The drain pan 8 is a heat in-
sulating material such as expanded polystyrene. The
drain pan 8 supports the heat exchanger 7 from below
so as to receive the drain water dripping from the heat
exchanger 7, and cooperates with the heatinsulating ma-
terial 9 to surround the heat exchanger 7. Further, the
lower surface of the drain pan 8 is covered with the first
bottom plate 23a.

[0119] The heat exchanger 7 of the embodiment in-
cludes the first heat exchange section 7A, the second
heat exchange section 7B, and the third heat exchange
section 7C. These first to third heat exchange sections
7A, 7B, and 7C are independent components and are
three-dimensionally combined into a predetermined ster-
ic shape.

[0120] Each of the first to third heat exchange sections
7A, 7B, and 7C includes plural elongated plate-shaped
fins 71 and plural heat transfer tubes 72 through which
the refrigerant flows. The fins 71 are arranged at intervals
in the width direction of the housing 20. The heat transfer
tubes 72 are integrated with the fins 71 by continuously
penetrating the adjacent fins 71.

[0121] The second heat exchange section 7B is posi-
tioned atthe upper portion of the heat exchange chamber
4. The second heat exchange section 7B extends in the
depth direction of the housing 20 from the partition plate
26 toward the air outlet 28 of the housing 20. In addition,
the second heat exchange section 7B is inclined slightly
downward as it approaches the air outlet 28.

[0122] The third heat exchange section 7C is posi-
tioned at the bottom of the heat exchange chamber 4,
and is separated from the second heat exchange section
7B in the height direction of the housing 20. The third
heat exchange section 7C extends in the depth direction
of the housing 20 from the partition plate 26 toward the
air outlet 28 of the housing 20. In addition, the third heat



17 EP 3 315 869 B1 18

exchange section 7C is inclined slightly upward as it ap-
proaches the air outlet 28. Therefore, each of the second
heat exchange section 7B and the third heat exchange
section 7C has one end that is positioned closer to the
air outlet 28 than the partition plate 26.

[0123] Thefirstheatexchange section 7Ais interposed
between one end of the second heat exchange section
7B and one end of the third heat exchange section 7C.
The first heat exchange section 7A stands so as to face
the partition plate 26, and is inclined such that the portion
thereof closer to one end of the second heat exchange
section 7B is closer to the partition plate 26. In other
words, the first heat exchange section 7A is inclined such
that one end portion on the side of the third heat exchange
section 7C is the closest to the air outlet 28 and another
end portion on the side of the second heat exchange
section 7B is the farthest from the air outlet 28.

[0124] Thus, in the embodiment, the first to third heat
exchange sections 7A, 7B, and 7C are combined in a
shape that is more opened towards the partition plate 26
when viewing the housing 20 from the side. In other
words, out of the first to third heat exchange sections 7A,
7B, and 7C, the short side 71S of the fins 71 of the third
heat exchange section 7C on the side of the air outlet 28
is the closest to the air outlet 28.

[0125] The end portion PC of the third heat exchange
section 7C is the corner portion of the short side 71S and
the long side 71L on the side of the air outlet 28. The
third heat exchange section 7C is arranged such that the
end portion PC more protrudes towards the air outlet 28
than the end PA that is the corner of the short side 71S
and the long side 71L of the first heat exchange section
7A on the air outlet 28 side (i.e., the tip of the end portion
PC does not match the tip of the end portion PA).
[0126] Inotherwords, on the short side 71S of the third
heat exchange section 7C on the side of the air outlet
28, there is a protruding portion (step) o that protrudes
toward the air outlet 28 by a predetermined length 1 from
the tip of the long side 71L of the first heat exchange
section 7A on the side of the air outlet 28.

[0127] Specifically, when the shortest distance be-
tween the firstheatexchange section 7A and the air outlet
28 is defined as distance LA and the shortest distance
between the third heat exchange section 7C and the air
outlet 28 is defined as distance LC as shown in Fig. 17,
the first and third heat exchange sections 7A and 7C are
arranged such that the distance LA is longer than the
distance LC.

[0128] The shortest distance LA in the first heat ex-
change section 7A is the distance between the end por-
tion PA and the air outlet 28, since the end portion PA
that is the corner of the short side 71S and the long side
71L on the side of the air outlet 28 is the point closest to
the air outlet 28. Similarly, the shortest distance LC in
the third heat exchange section 7C is the distance be-
tween the end portion PC and the air outlet 28, since the
end portion PC which is the corner of the short side 71S
and the long side 71L on the side of the air outlet 28 is
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the point closest to the air outlet 28.

[0129] In the heat exchanger 7 of the embodiment,
condensed water Y is generated when wind X sent from
the blower 5 passes between the fins 71 of the heat ex-
changer 7 (i.e., passes through the ventilation passages
74) during cooling operation. This condensed water Y is
generated in each of the first to third heat exchange sec-
tions 7A, 7B, and 7C. In Particular, the condensed water
Y generated in the first heat exchange section 7A flows
down toward the third heat exchange section 7C posi-
tioned at the lower part along the fins 71.

[0130] Ina contact surface B of the first heat exchange
section 7A and the third heat exchange section 7C, the
ends of the fins 71 of the respective heat exchanging
sections are closely packed, and thus the condensed wa-
ter Y tends to stay. When the contact surface 3 receives
the wind X from the blower 5, the accumulated con-
densed water Y may be pushed out in the ventilation
direction and sometimes be flied out of the air conditioner
from the air outlet 28.

[0131] Forthisreason, inthe embodiment, the end por-
tion of the third heat exchange section 7C is arranged so
as to protrude toward the air outlet 28 more than the end
portion PA of the first heat exchange section 7A, and the
protruding portion a is provided because the end portion
PC is not aligned with the end portion PA. As a result,
the condensed water Y staying on the contact surface 3
of the first heat exchange section 7A and the third heat
exchange section 7C once stays in the protruding portion
o in the course of being sent to the side of the air outlet
28 by the wind X, and flows down to the third the heat
exchange section 7C. Thus, the condensed water Y is
guided to the drain pan 8 without being scattered by the
wind X.

[0132] When the end portion PA of the first heat ex-
change section 7A and the end portion PC of the third
heat exchange section 7C are butted without providing
the protruding portion o (such that the tip of the end por-
tion PA matches the tip of the end portion PC), the con-
densed water Y is likely to splash by the wind X from the
end portions PA and PC that are the most protruding tip
portions on the side of the air outlet 28 in the heat ex-
changer 7. However, the most protruding tip portion of
the heat exchanger 7 is not the end portion PA in the
embodiment by providing the protruding portion o. which
is a stepped portion. Accordingly, the condensed water
Y flowing down from the first heat exchange section 7A
does not directly flow to the end portion PC of the third
heat exchange section 7C but once stays in the protru-
sion portion a. by the surface tension before reaching the
end portion PC of the third heat exchange section 7C.
Hence, the condensed water Y easily flows down to the
third heat exchange section 7C, and becomes unlikely
to scatter.

[0133] According to the embodiment, the condensed
water Y that has stagnated in the contact surface 8 of
the first and third heat exchange sections 7A and 7C can
be recovered in the third heat exchange section 7C, and
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thus scattering of the condensed water Y by the wind X
can be suppressed.

[0134] Inaddition, a gap may be generated on the con-
tact surface p of the firstand third heat exchange sections
7A and 7C due to causes such as manufacturing error
and aging deformation. When the gap is generated on
the contact surface B of the first and third heat exchange
sections 7A and 7C, it is conceivable that a lot of con-
densed water Y stays in this gap due to the surface ten-
sion. However, in the embodiment, scattering of such
condensed water Y can be suppressed.

[0135] Accordingto the ceiling installation type air con-
ditioner of at least one of the embodiments as described
above, it is possible to provide a ceiling installation type
air conditioner that is compact and has high heat ex-
change efficiency.

Reference Signs

[0136]

1 ceiling installation type air conditioner
2 indoor unit

3 blower chamber

4 heat exchange chamber

5 blower

6 machine room

7 heat exchanger

7A first heat exchange section
7B second heat exchange section
7C third heat exchange section
8 drain pan

9 heat insulating material

20 housing

21 top plate

22 side plate

23a,23b  bottom plate

24 front frame

25 rear frame

26 partition plate

27 air inlet

28 air outlet

51 fan motor

51a,51b  rotating shaft

52a,52b fan

52a,52b fan case

53a, 53b  multi-blade fan

54a, 54b  suction port

55a, 55b  blowout port

61 machine-room partition plate
71 fin

72 heat transfer tube

73 engagement hole

74 ventilation passage

81 slit
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Claims

1. Aceiling installation type air conditioner (1) compris-
ing:

a blower chamber (3) including an air inlet (27);
a heat exchange chamber (4) including an air
outlet (28);

a partition plate (26) separating the blower
chamber (3) and the heat exchange chamber
(4) from each other;

a blower (5) accommodated in the blower cham-
ber (3); and

a heat exchanger (7) accommodated in the heat
exchange chamber (4),

wherein the blower chamber (3) is spatially con-
nected with the heat exchange chamber (4) via
the blower (5);

wherein the heat exchanger (7) includes a first
heat exchange section (7A), a second heat ex-
change section (7B), and a third heat exchange
section (7C);

wherein each of the first heat exchange section
(7A), the second heat exchange section (7B),
and the third heat exchange section (7C) in-
cludes a plurality of plate-shaped fins (71) and
a plurality of heat transfer tubes (72); and
wherein the first heat exchange section (7A), the
second heat exchange section (7B), and the
third heat exchange section (7C) are disposed
in a convex shape as a whole toward the air
outlet (28),

wherein the first heat exchange section (7A) is
inclined in such a manner that an upper end por-
tion of the first heat exchange section (7A) is
positioned on a windward side of a lower end
portion of the first heat exchange section (7A),
wherein the second heat exchange section (7B)
is positioned at the upper portion of the heat ex-
change chamber (4) and is disposed such that
a front end portion of the second heat exchange
section (7B) and an upper end portion of the first
heat exchange section (7A) are continuous,
wherein a front end portion of the third heat ex-
change section (7C) protrudes more towards the
air outlet (28) than the lower end of the first heat
exchange section (7A),

wherein a shape of the plurality of plate-shaped
fins (71) of the first heat exchange section (7A)
is line-symmetrical with a shape of the plurality
of plate-shaped fins (71) of the third heat ex-
change section (7C), and in the second heat ex-
change section (7B), the length dimension of a
long side (71L) of each of the fins (71) is shorter
than that of the other heat exchange sections.

2. The ceiling installation type air conditioner (1) ac-
cording to claim 1,
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wherein the plate-shaped fins (71) have a substan-
tially parallelogram shape.

The ceiling installation type air conditioner (1) ac-
cording to claim 1 or claim 2,

wherein a long side of the plate-shaped fins (71) of
the first heat exchange section (7A) on the blower
chamber side is in contact with a short side of the
plate-shaped fins (71) of the second heat exchange
section (7B) on the air outlet side without any gap;
and

a short side of the plate-shaped fins (71) of the first
heat exchange section (7A) on the air outlet side is
in contact with a short side of the plate-shaped fins
(71) of the third heat exchange section (7C) on the
air outlet side without any gap.

The ceiling installation type air conditioner (1) ac-
cording to any one of claim 1 to claim 3,

wherein the first heat exchange section (7A) is clos-
est to the air outlet (28) out of the first heat exchange
section (7A), the second heat exchange section (7B),
and the third heat exchange section (7C); and

the number of the heat transfer tubes (72) provided
for the first heat exchange section (7A) is larger than
the number of the heat transfer tubes (72) provided
for each of the second heat exchange section (7B)
and the third heat exchange section (7C).

The ceiling installation type air conditioner (1) ac-
cording to any one of claim 1 to claim 4,

wherein an interval at which the plate-shaped fins
(71) of the first heat exchange section (7A) are ar-
ranged is narrower than an interval at which the
plate-shaped fins (71) of each of the second heat
exchange section (7B) and the third heat exchange
section (7C) are arranged.

The ceiling installation type air conditioner (1) ac-
cording to any one of claims 1 to 5,

wherein slits (81) are provided only in the plate-
shaped fins (71) of the first heat exchange section
(TA).

The ceiling installation type air conditioner (1) ac-
cording to any one of claims 1 to 6,

wherein a pipe diameter of the heat transfer tubes
(72) of the first heat exchange section (7A) is larger
than a pipe diameter of the heat transfer tubes (72)
of the second heat exchange section (7B) and the
third heat exchange section (7C).

The ceiling installation type air conditioner (1) ac-
cording to any one of claim 1 to claim 7,

wherein the first heat exchange section (7A), the sec-
ond heat exchange section (7B), and the third heat
exchange section (7C) are integrally formed.
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9.

10.

1.

22

The ceiling installation type air conditioner (1) ac-
cording to any one of claim 1 to claim 8,

wherein the second heat exchange section (7B) is
disposed at an upper portion of the heat exchange
chamber (4);

wherein the third heat exchange section (7C) is dis-
posed at a lower portion of the heat exchange cham-
ber (4); and

wherein an angle difference is provided in such a
manner that an inclination angle (64) of the second
heat exchange section (7B) is smaller than an incli-
nation angle (6,) of the third heat exchange section
(7C).

The ceiling installation type air conditioner (1) ac-
cording to any one of claim 1 to claim 9,

wherein an end portion of a short side of the plate-
shaped fins (71) of the third heat exchange section
(7C)onaside of the air outlet (28)is protruded toward
the air outlet (28) more than an end portion of a short
side positioned at a lower portion of the plate-shaped
fins (71) of the first heat exchange section (7A).

The ceiling installation type air conditioner (1) ac-
cording to any one of claim 1 to claim 10,

wherein a shortest distance between the air outlet
(28) and an end portion on a side of the air outlet
(28) of a short side positioned at a lower portion of
the plate-shaped fins (71) of the first heat exchange
section (7A) is longer than a shortest distance be-
tween the air outlet (28) and an end portion on a side
of the air outlet (28) of a short side positioned at a
lower portion of the plate-shaped fins (71) of the third
heat exchange section (7C).

Patentanspriiche

1.

Klimaanlage (1) vom Deckeninstallationstyp mit:

einer Geblasekammer (3) mit einem Lufteinlass
(27);

einer Warmetauschkammer (4) mit einem Luft-
auslass (28);

einer Trennplatte (26), die die Geblasekammer
(3) und die Warmetauschkammer (4) voneinan-
der trennt;

einem Geblase (5), das in der Geblasekammer
(3) untergebracht ist; und

einem Warmetauscher (7), der in der Warme-
tauschkammer (4) untergebracht ist,

bei der die Gebldsekammer (3) Uber das Gebla-
se (5) raumlich mit der Warmetauschkammer
(4) verbunden ist;

bei der der Warmetauscher (7) einen ersten
Warmetauschabschnitt (7A), einen zweiten
Warmetauschabschnitt (7B) und einen dritten
Warmetauschabschnitt (7C) aufweist;
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bei der jeder von dem ersten Warmetauschab-
schnitt (7A), dem zweiten Warmetauschab-
schnitt (7B) und dem dritten Warmetauschab-
schnitt (7C) eine Mehrzahl plattenférmiger La-
mellen (71) und eine Mehrzahl von Warmetiber-
tragungsrohren (72) aufweist; und

bei der der erste Warmetauschabschnitt (7A),
der zweite Warmetauschabschnitt (7B) und der
dritte Warmetauschabschnitt (7C) als Ganzes
in einer konvexen Form in Richtung des Luft-
auslasses (28) angeordnet sind,

bei der der erste Warmetauschabschnitt (7A) in
einer derartigen Weise geneigtist, dass ein obe-
rer Endabschnitt des ersten Warmetauschab-
schnitts (7A) auf einer windwartigen Seite eines
unteren Endabschnitts des ersten Warmetau-
schabschnitts (7A) positioniert ist,

bei der der zweite Warmetauschabschnitt (7B)
an dem oberen Abschnitt der Warmetausch-
kammer (4) positioniert ist und derart angeord-
netist, dass ein vorderer Endabschnitt des zwei-
ten Warmetauschabschnitts (7B) und ein oberer
Endabschnitt des ersten Warmetauschab-
schnitts (7A) kontinuierlich sind,

bei der ein vorderer Endabschnitt des dritten
Warmetauschabschnitts (7C) mehr in Richtung
des Luftauslasses (28) vorsteht als der untere
Endabschnitt des ersten Warmetauschab-
schnitts (7A), bei der eine Form der Mehrzahl
plattenférmiger Lamellen (71) des ersten War-
metauschabschnitts (7A) liniensymmetrisch zu
einer Form der Mehrzahl plattenférmiger Lamel-
len (71) des dritten Warmetauschabschnitts
(7C) ist, und in dem zweiten Warmetauschab-
schnitt (7B) die LAngenabmessung einer langen
Seite (71L) jeder der Lamellen (71) kirzer als
jene der anderen Warmetauschabschnitte ist.

Klimaanlage (1) vom Deckeninstallationstyp nach
Anspruch 1,

bei der die plattenformigen Lamellen (71) im We-
sentlichen eine Parallelogrammform aufweisen.

Klimaanlage (1) vom Deckeninstallationstyp nach
Anspruch 1 oder Anspruch 2,

bei der eine lange Seite der plattenférmigen Lamel-
len (71) des ersten Warmetauschabschnitts (7A) auf
der Geblasekammerseite ohne eine Lucke in Kon-
takt mit einer kurzen Seite der plattenférmigen La-
mellen (71) des zweiten Warmetauschabschnitts
(7B) auf der Luftauslassseite ist; und

eine kurze Seite der plattenférmigen Lamellen (71)
des ersten Warmetauschabschnitts (7A) auf der
Luftauslassseite ohne eine Liicke in Kontakt mit ei-
ner kurzen Seite der plattenférmigen Lamellen (71)
des dritten Warmetauschabschnitts (7C) auf der
Luftauslassseite ist.
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4.

Klimaanlage (1) vom Deckeninstallationstyp nach ei-
nem von Anspruch 1 bis Anspruch 3,

bei der der erste Warmetauschabschnitt (7A) aus
dem ersten Warmetauschabschnitt (7A), dem zwei-
ten Warmetauschabschnitt (7B) und dem dritten
Warmetauschabschnitt (7C) am nachsten an dem
Luftauslass (28) ist; und

die Anzahl der Warmelbertragungsrohre (72), die
fir den ersten Warmetauschabschnitt (7A) vorgese-
hen sind, groRer als die Anzahl der Warmetubertra-
gungsrohre (72), die fir jeden von dem zweiten War-
metauschabschnitt (7B) und dem dritten Warmetau-
schabschnitt (7C) vorgesehen sind, ist.

Klimaanlage (1) vom Deckeninstallationstyp nach ei-
nem von Anspruch 1 bis Anspruch 4,

bei der ein Intervall, bei dem die plattenférmigen La-
mellen (71) des ersten Warmetauschabschnitts (7A)
angeordnet sind, enger als ein Intervall, bei dem die
plattenférmigen Lamellen (71) jedes von dem zwei-
ten Warmetauschabschnitt (7B) und dem dritten
Warmetauschabschnitt (7C) angeordnet sind, ist.

Klimaanlage (1) vom Deckeninstallationstyp nach ei-
nem der Ansprliche 1 bis 5,

bei der Schlitze (81) lediglich in den plattenférmigen
Lamellen (71) des ersten Warmetauschabschnitts
(7A) vorgesehen sind.

Klimaanlage (1) vom Deckeninstallationstyp nach ei-
nem der Anspriiche 1 bis 6,

bei der ein Rohrdurchmesser der Warmedubertra-
gungsrohre (72) des ersten Warmetauschabschnitts
(7A) groRer als ein Rohrdurchmesser der Warmeu-
bertragungsrohre (72) des zweiten Warmetau-
schabschnitts (7B) und des dritten Warmetauschab-
schnitts (7C) ist.

Klimaanlage (1) vom Deckeninstallationstyp nach ei-
nem von Anspruch 1 bis Anspruch 7,

bei der der erste Warmetauschabschnitt (7A), der
zweite Warmetauschabschnitt (7B) und der dritte
Warmetauschabschnitt (7C) integral ausgebildet
sind.

Klimaanlage (1) vom Deckeninstallationstyp nach ei-
nem von Anspruch 1 bis Anspruch 8,

bei der der zweite Warmetauschabschnitt (7B) an
einem oberen Abschnitt der Warmetauschkammer
(4) angeordnet ist;

bei der der dritte Warmetauschabschnitt (7C) an ei-
nem unteren Abschnitt der Warmetauschkammer
(4) angeordnet ist; und

bei der eine Winkeldifferenz in einer derartigen Wei-
se vorgesehen ist, dass ein Neigungswinkel (6) des
zweiten Warmetauschabschnitts (7B) kleiner als ein
Neigungswinkel (82) des dritten Warmetauschab-
schnitts (7C) ist.
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10. Klimaanlage (1) vom Deckeninstallationstyp nach ei-

1.

nem von Anspruch 1 bis Anspruch 9,

bei der ein Endabschnitt einer kurzen Seite der plat-
tenférmigen Lamellen (71) des dritten Warmetau-
schabschnitts (7C) aufeiner Seite des Luftauslasses
(28) mehr als ein Endabschnitt einer kurzen Seite,
der an einem unteren Abschnitt der plattenférmigen
Lamellen (71) des ersten Warmetauschabschnitts
(7A) positioniert ist, in Richtung des Luftauslasses
(28) vorsteht.

Klimaanlage (1) vom Deckeninstallationstyp nach ei-
nem von Anspruch 1 bis Anspruch 10,

bei der ein kirzester Abstand zwischen dem Luft-
auslass (28) und einem Endabschnitt auf einer Seite
des Luftauslasses (28) einer kurzen Seite, der an
einem unteren Abschnitt der plattenférmigen Lamel-
len (71) des ersten Warmetauschabschnitts (7A) po-
sitioniert ist, langer als ein kirzester Abstand zwi-
schen dem Luftauslass (28) und einem Endabschnitt
auf einer Seite des Luftauslasses (28) einer kurzen
Seite, der an einem unteren Abschnitt der platten-
férmigen Lamellen (71) des dritten Warmetauschab-
schnitts (7C) positioniert ist, ist.

Revendications

1.

Climatiseur du type a installation au plafond (1)
comprenant :

une chambre de soufflante (3) comprenant une
entrée d’air (27) ;

une chambre d’échange de chaleur (4) compre-
nant une sortie d’air (28) ;

une plaque de séparation (26) séparantlacham-
bre de soufflante (3) et la chambre d’échange
de chaleur (4) 'une de l'autre ;

une soufflante (5) logée dans la chambre de
soufflante (3) ; et

un échangeur de chaleur (7) logé dans la cham-
bre d’échange de chaleur (4),

dans lequel la chambre de soufflante (3) est re-
liée spatialement a la chambre d’échange de
chaleur (4) par l'intermédiaire de la soufflante
(5);

dans lequel I'échangeur de chaleur (7) com-
prend une premiére section d’échange de cha-
leur (7A), une deuxieme section d’échange de
chaleur (7B) et une troisiéme section d’échange
de chaleur (7C) ;

dans lequel chacune des premiére section
d’échange de chaleur (7A), deuxiéme section
d’échange de chaleur (7B) et troisieme section
d’échange de chaleur (7C) comprend une plu-
ralité d’ailettes en forme de plaque (71) et une
pluralité de tubes de transfert de chaleur (72) ; et
dans lequel la premiére section d’échange de
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chaleur (7A), la deuxiéme section d’échange de
chaleur (7B) et la troisieme section d’échange
de chaleur (7C) sont disposées dans une forme
convexe dans leur ensemble vers la sortie d’air
(28),

dans lequel la premiére section d’échange de
chaleur (7A) estinclinée de telle maniéere qu’une
partie d’extrémité supérieure de la premiére
section d’échange de chaleur (7A) est position-
née sur un coté au vent d’'une partie d’extrémité
inférieure de la premiére section d’échange de
chaleur (7A),

dans lequel la deuxieme section d’échange de
chaleur (7B) est positionnée a la partie supé-
rieure de la chambre d’échange de chaleur (4)
et estdisposée de telle sorte qu’une partie d’ex-
trémité avant de la deuxiéme section d’échange
de chaleur (7B) et une partie d’extrémité supé-
rieure de la premiére section d’échange de cha-
leur (7A) sont continues,

dans lequel une partie d’extrémité avant de la
troisieme section d’échange de chaleur (7C) fait
davantage saillie vers la sortie d’air (28) que I'ex-
trémité inférieure de la premiére section
d’échange de chaleur (7A),

dans lequel une forme de la pluralité d’ailettes
en forme de plaque (71) de la premiére section
d’échange de chaleur (7A) est en symétrie li-
néaire avec une forme de la pluralité d’ailettes
en forme de plaque (71) de la troisieme section
d’échange de chaleur (7C), et dans la deuxieme
section d’échange de chaleur (7B), la dimension
en longueur d’'un cbté long (71L) de chacune
des ailettes (71) est plus courte que celle des
autres sections d’échange de chaleur.

Climatiseur du type installation au plafond (1) selon
la revendication 1,

ou les ailettes en forme de plaque (71) ont une forme
sensiblement en parallélogramme.

Climatiseur du type a installation au plafond (1) selon
la revendication 1 ou la revendication 2,

dans lequel un cété long des ailettes en forme de
plaque (71) de la premiéere section d’échange de
chaleur (7A) du c6té de chambre de soufflante est
en contact avec un cbté court des ailettes en forme
de plaque (71) de la deuxiéme section d’échange de
chaleur (7B) du cété de sortie d’air sans aucun
espace ; et

un c6té court des ailettes en forme de plaque (71)
de la premiére section d’échange de chaleur (7A) du
coté de sortie d’air est en contact avec un cété court
des ailettes en forme de plaque (71) de la troisieme
section d’échange de chaleur (7C) du c6té de sortie
d’air sans aucun espace.

Climatiseur du type ainstallation au plafond (1) selon
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I'une quelconque des revendications 1 a 3,

dans lequel la premiére section d’échange de cha-
leur (7A) est la plus proche de la sortie d’air (28)
parmila premiere section d’échange de chaleur (7A),
la deuxiéme section d’échange de chaleur (7B) etla
troisieme section d’échange de chaleur (7C) ; et

le nombre de tubes de transfert de chaleur (72) pré-
vus pour la premiére section d’échange de chaleur
(7A) est supérieur au nombre de tubes de transfert
de chaleur (72) prévus pour chacune des deuxieme
section d’échange de chaleur (7B) et troisiéme sec-
tion d’échange de chaleur (7C).

Climatiseur du type a installation au plafond (1) selon
'une quelconque des revendications 1 a 4,

dans lequel un intervalle auquel les ailettes en forme
de plaque (71) de la premiere section d’échange de
chaleur (7A) sont disposées est plus étroit qu’un in-
tervalle auquel les ailettes en forme de plaque (71)
de chacune des deuxieme section d’échange de
chaleur (7B) et troisieme section d’échange de cha-
leur (7C) sont disposées.

Climatiseur du type a installation au plafond (1) selon
'une quelconque des revendications 1 a 5,

dans lequel des fentes (81) sont prévues unique-
ment dans les ailettes en forme de plaque (71) de la
premiere section d’échange de chaleur (7A).

Climatiseur du type a installation au plafond (1) selon
'une quelconque des revendications 1 a 6,

dans lequel un diameétre de tuyau des tubes de trans-
fertde chaleur (72) de la premiere section d’échange
de chaleur (7A) est plus grand qu’un diametre de
tuyau des tubes de transfert de chaleur (72) de la
deuxiéme section d’échange de chaleur (7B) et de
la troisieme section d’échange de chaleur (7C).

Climatiseur du type a installation au plafond (1) selon
'une quelconque des revendications 1 a 7,

dans lequel la premiére section d’échange de cha-
leur (7A), la deuxiéme section d’échange de chaleur
(7B) et la troisieme section d’échange de chaleur
(7C) sont formées intégralement.

Climatiseur du type a installation au plafond (1) selon
'une quelconque des revendications 1 a 8,

dans lequel la deuxieme section d’échange de cha-
leur (7B) est disposée dans une partie supérieure
de la chambre d’échange de chaleur (4) ;

dans lequel la troisieme section d’échange de cha-
leur (7C) est disposée a une partie inférieure de la
chambre d’échange de chaleur (4) ; et

dans lequel une différence d’angle est prévue de tel-
le maniére qu'un angle d’inclinaison (64) de la
deuxieéme section d’échange de chaleur (7B) est in-
férieur & un angle d’'inclinaison (0,) de la troisieme
section d’échange de chaleur (7C).

10

15

20

25

30

35

40

45

50

55

15

10. Climatiseur du type a installation au plafond (1) selon

1.

I'une quelconque des revendications 1 a 9,

dans lequel une partie d’extrémité d’'un cété court
des ailettes en forme de plaque (71) de la troisieme
section d’échange de chaleur (7C) sur un cbté de la
sortie d’air (28) fait saillie vers la sortie d’air (28) plus
qu’une partie d’extrémité d’un c6té court positionnée
a une partie inférieure des ailettes en forme de pla-
que (71) de la premiére section d’échange de cha-
leur (7A).

Climatiseur du type ainstallation au plafond (1) selon
I'une quelconque des revendications 1 a 10,

dans lequel une distance la plus courte entre la sortie
d’air (28) et une partie d’extrémité sur un coté de la
sortie d’air (28) d’'un cété court positionnée a une
partie inférieure des ailettes en forme de plaque (71)
de la premiere section d’échange de chaleur (7A)
est plus longue qu’une distance la plus courte entre
la sortie d’air (28) et une partie d’extrémité sur un
c6té de la sortie d’air (28) d’'un c6té court positionnée
a une partie inférieure des ailettes en forme de pla-
que (71) de la troisieme section d’échange de cha-
leur (7C).
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