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(54) INDOOR UNIT FOR AIR CONDITIONER

(57) An indoor unit for a low-place installation type
air conditioner comprising a casing (1) having an air inlet
(2) in the front surface (1a), an upper surface air outlet
(3) in the upper surface (1b) and side surface air outlets
(4) in the side surfaces (1c) and installed on an indoor
floor (51) or in the vicinity thereof, and a fan (5) and a
heat exchanger (6) that are disposed in the casing (1)
such that the heat exchanger (6) lies on the suction side
of the fan (5), wherein a second heat exchanger (7,8) is
installed in the casing (1) to regulate the temperature of
either the upper outlet air (Ab) or the side outlet air (Ac)
such that the temperature of the upper outlet air (Ab)
from the upper surface air outlet (3) is lower than the
temperature of the side outlet air (Ac) from the side sur-
face air outlet (4). The first heat exchanger (6) is posi-
tioned on the upstream side in the direction of airflow,
while the second heat exchanger (7, 8) is positioned on
the downstream side in the direction of airflow, and the
second heat exchanger (7, 8) faces either the upper sur-
face air outlet (3) or the side surface air outlet (4).
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Description

TECHNICAL FIELD

[0001] The present invention relates to an indoor unit
for an air conditioner, which is installed on an indoor floor
or at a low place in the vicinity thereof so that conditioned
air is blown upward and sideways.

BACKGROUND ART

[0002] In general, an air conditioner performs indoor
cooling or heating by blowing cooled air or warmed air
indoors and circulating it indoors through convection.
[0003] However, when performing indoor cooling or
heating by such a forced convection system, an influ-
ence heat radiation from a perimeter zone to a central
residence area becomes a problem. That is, for exam-
ple, in summer or winter, the difference between the out-
door temperature and the indoor temperature is large,
and heat enters the indoor side from the outdoor side.
As a result, a cooling load or a heating load when air-
conditioning increases, thus impairing comfortableness
in cooling/heating.
[0004] As a technique to suppress deterioration of the
comfortableness in cooling or heating due to the influ-
ence of heat from the perimeter zone, there is proposed
a method of performing cooling/heating wherein an in-
door unit for an air conditioner is installed on an indoor
floor by an indoor wall or a window or at a low place in
the vicinity of the floor, and conditioned air is blown up-
ward and sideways to form an air barrier in the vicinity
of the perimeter zone, thereby performing indoor cooling
or heating while eliminating the influence of heat from
the perimeter zone.
[0005] Fig. 26 shows an indoor unit Z0 used for such
a purpose, and Fig. 27 shows a refrigerant circuit of an
air conditioner equipped with the indoor unit Z0. In Fig.
27, arrow W in the broken line indicates the direction of
the flow of a refrigerant when heating, while arrow C in
the solid line indicates the direction of the flow of the
refrigerant when cooling. The indoor unit Z0 is construct-
ed as follows: in a rectangular-shaped casing 1 having
an air inlet 2 in the front surface 1a, an upper surface
air outlet 3 in the upper surface 1b and side surface air
outlets 4 in the side surfaces 1c, 1c, centrifugal fans 5,
5 are disposed with their suction sides directed to the
air inlet 2, and a heat exchanger 6 is positioned between
the suction side of the fans 5 and the inlet 2. Indoor air
sucked by the fans 5 through the air inlet 2 is heat ex-
changed by the heat exchanger 6 to give cooled or
warmed air. The resultant cooled or warmed air is blown
upward from the upper surface air outlet 3 or blown side-
ways from the side surface air outlets 4, 4 respectively.
As shown in Fig. 27, this indoor unit Z0 is connected to
an outdoor unit Y equipped with a compressor 9, a di-
rection switching valve 10, an outdoor-side heat ex-
changer 11 and a main expansion valve 12, via refrig-

erant piping (collectively referred to as P), thus consti-
tuting an air conditioner.
[0006] However, such a low-place installation type
conventional indoor unit Z0 has a structure in which the
heat exchanger 6 is positioned on the suction side of the
fans 5, and the upper surface air outlet 3 and the side
surface air outlets 4, 4 directly face the discharge side
of the fans 5. Therefore, in both of the heating operation
shown in Fig. 28 and the cooling operation shown in Fig.
29, sucked air Aa is heat exchanged by the heat ex-
changer 6 and then blown through the upper surface air
outlet 3 as upper outlet air Ab and blown through the
upper side surface air outlets 4 as side outlet air Ac. The
upper outlet air and the side outlet air have the same
temperature.
[0007] Accordingly, the upper outlet air Ab from the
upper surface air outlet 3 and the side outlet air Ac from
the side surface air outlets 4 form an air barrier by the
window or by the wall thereby achieving a function of
controlling entry of heat radiation. However, the temper-
ature on the floor side is lowered in the heating operation
due to rising of warm air from the indoor floor, while cold
air is liable to remain on the floor side in the cooling op-
eration. In both of these operations, realization of a
"cooling a head and warming feet" ambience, which is
an ambience of an ideal temperature distribution, is dif-
ficult, and there was a problem of impairing a comforta-
ble air conditioning.

DISCLOSURE OF INVENTION

[0008] The present invention was made with the ob-
ject of realizing a "cooling a head and warming feet" am-
bience of ideal temperature distribution a without a
sense of draft and improving comfortableness of air con-
ditioning in a low-place installation type conventional in-
door unit.
[0009] In order to achieve the above object, in an in-
door unit for an air conditioner comprising a casing hav-
ing an air inlet in a front surface, an upper surface air
outlet in an upper surface and a side surface air outlet
in a side surface and installed on an indoor floor or in
the vicinity of the indoor floor, and a fan and a heat ex-
changer that are disposed in the casing such that the
heat exchanger lies on a suction side of the fan, the in-
door unit of the present invention further comprises a
means for regulating a temperature of either upper out-
let air from the upper surface air outlet or side outlet air
from the side surface air outlet such that the temperature
of the upper outlet air is lower than the temperature of
the side outlet air.
[0010] With this construction, in the cooling operation,
colder air is blown to an upper part of a room, while rel-
atively warm air is blown to a lower part of the room.
Therefore, the "cooling a head and warming feet" ambi-
ence is realized, and a sensation of being comfortably
cooled (comfortable cooling sensation) can be obtained
by efficiently restraining cold air from gathering at one's
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feet. On the other hand, in the heating operation, rising
of warm air from the vicinity of the floor is controlled by
the low-temperature air in the upper part of the room,
whereby the "cooling a head and warming feet" ambi-
ence is realized, and a sensation of being comfortably
heated (comfortable heating sensation) is obtained.
[0011] In one embodiment, the means for regulating
a temperature of either upper outlet air from the upper
surface air outlet or side outlet air from the side surface
air outlet comprises a second heat exchanger within the
casing, and the heat exchanger (referred to as the "first
heat exchanger" below) is positioned upstream in a di-
rection of airflow, while the second heat exchanger is
positioned downstream in the direction of airflow, and
the second heat exchanger faces any one of the upper
surface air outlet and the side surface air outlet.
[0012] In the case where the second heat exchanger
is provided on the side of the upper surface air outlet, in
the cooling operation, the air to be blown upward
through the upper surface air outlet passes both the first
heat exchanger and the second heat exchanger to be
cooled by both of them. Therefore, the temperature of
the air becomes lower than that of air to be blown side-
ways through the side surface air outlet, the latter pass-
ing only the first heat exchanger. The cooler air is blown
to the upper part of the room, while the relatively warm
air is blown to the lower part of the room. Therefore, the
"cooling a head and warming feet" state is realized, and
a comfortable cooled sensation is obtained by efficiently
suppressing cold air gathered at one's feet. That is, an
operation that lays stress on the comfortableness in
cooling is realized.
[0013] On the other hand, in the case where the sec-
ond heat exchanger is provided for the side surface air
outlet, in the heating operation, air to be blown sideways
from the side surface air outlet passes both the first heat
exchanger and the second heat exchanger. Therefore,
the temperature of the air blown sideways becomes
higher than that of air blown upward from the upper sur-
face air outlet, which passes only the first heat exchang-
er, and warm air in the vicinity of the floor is restrained
from rising by cold air in the upper part of the room.
Therefore, the "cooling a head and warming feet" ambi-
ence is realized, and a comfortable heating sensation is
obtained. That is, an operation that lays stress on the
comfortableness in warming is realized.
[0014] The second heat exchanger may be formed in-
tegrally with or separately from the first heat exchanger.
In the case where they are formed integrally, it is possi-
ble to reduce the production costs by reduction in the
number of components or in the number of assembling
process steps to thereby provide an indoor unit inexpen-
sively. On the other hand, when the first and second heat
exchangers are formed separately, or as separate piec-
es, the freedom of layout of the first and second heat
exchangers relative to the casing is improved, so that it
is possible to easily address diversification of needs re-
garding the indoor unit configuration

[0015] In one embodiment, the second heat exchang-
er is disposed facing the upper surface air outlet, and
the second heat exchanger is made to function as an
evaporator on a low-pressure side in a cooling opera-
tion, and, in a heating operation, as an evaporator on a
side a little closer to a high-pressure side than in the
cooling operation.
[0016] In this embodiment, in the heating operation,
a relatively low-temperature air, which was first heated
by the first heat exchanger and then cooled by the sec-
ond heat exchanger functioning as the evaporator on
the side closer to the low-pressure side than the first
heat exchanger, is blown out from the upper surface air
outlet. On the other hand, a relatively high-temperature
air only heated by the first heat exchanger is blown out
from the side surface air outlet. Thus, rising of the air
having a relatively high temperature in the lower part of
the room is suppressed by the air having a relatively low
temperature in the upper part of the room. Therefore,
"cooling a head and warming feet" is realized, and a
comfortable warming sensation is obtained.
[0017] On the other hand, in the cooling operation, a
low-temperature air, which passed both the first heat ex-
changer and the second heat exchanger and was
cooled by both of them, is blown through the upper sur-
face air outlet. In contrast, a relatively high-temperature
air, which passed only the first heat exchanger, is blown
through the side surface air outlet. Therefore, a "cooling
a head and warming feet" ambience is realized, and a
comfortable cooling sensation is obtained by efficiently
restraining cold air from gathering at one's feet.
[0018] In another embodiment, the second heat ex-
changer is disposed facing the side surface air outlet,
and the second heat exchanger is made to function as
a condenser on a high-pressure side in a heating oper-
ation, and, in a cooling operation, as an evaporator on
a side a little closer to a low-pressure side than in the
heating operation.
[0019] In this embodiment, in the heating operation,
a high-temperature air heated by the first heat exchang-
er and further heated by the second heat exchanger is
blown from the side surface air outlet. In contrast, a rel-
atively low-temperature air heated by only the first heat
exchanger is blown from the upper surface air outlet.
Thus, rising of the relatively high-temperature air from
the lower part of the room is controlled by the relatively
low-temperature air in the upper part of the room. There-
fore, "cooling a head and warming feet" is realized, and
a comfortable heating sensation is obtained.
[0020] On the other hand, in the cooling operation, a
relatively high-temperature air first cooled by the first
heat exchanger and then heated by the second heat ex-
changer functioning as the evaporator on the side closer
to the high-pressure side than the first heat exchanger
is blown out from the side surface air outlet. In contrast,
a low-temperature air that passed only the first heat ex-
changer is blown from the upper surface air outlet.
Therefore, "cooling a head and warming feet" is real-
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ized, and a comfortable cooling sensation is obtained
by efficiently suppressing cold air gathering at one's
feet.
[0021] The heat exchanger and/or the second heat
exchanger may be constructed of a stack type heat ex-
changer comprising a plurality of flat heat exchanger
tubes and a plurality of fins being alternately stacked,
with both end portions of each of the flat heat exchanger
tubes being connected by headers, respectively. The
characteristics of the stack-type heat exchanger make
it possible to reduce the thickness of the heat exchang-
er, as compared with the case where each of the first
heat exchanger and the second heat exchanger is con-
structed of a cross-fin type heat exchanger, for example.
As a result, it becomes possible to achieve both down-
sizing and improvement in the performance of the indoor
unit.
[0022] In another embodiment, the means for regulat-
ing a temperature of either upper outlet air from the up-
per surface air outlet or side outlet air from the side sur-
face air outlet comprises a heater provided at the side
surface air outlet.
[0023] In this indoor unit, in the heating operation, the
temperature of the air heated by the heat exchanger and
blown upward from the upper surface air outlet is lower
than that of the air heated by both the heat exchanger
and the heater and blown sideways from the side sur-
face air outlet. Therefore, a relatively high-temperature
air in the lower part of the room is prevented from rising
by a relatively low-temperature air in the upper part of
the room. This realizes "cooling a head and warming
feet", and a comfortable heating sensation is obtained.
[0024] On the other hand, in the cooling operation, a
relatively high-temperature air cooled by the heat ex-
changer and then heated by the heater is blown side-
ways from the side surface air outlet. In contrast, a rel-
atively low-temperature air only cooled by the heat ex-
changer is blown from the upper surface air outlet.
Therefore, the relatively high-temperature air is present
in the lower part of the room, and the relatively low-tem-
perature air is present in the upper part of the room. This
realizes a "cooling a head and warming feet" ambience
that is of an ideal temperature distribution, and a com-
fortable cooling sensation can be obtained, with cold air
gathering at one's feet suppressed efficiently.
[0025] In one embodiment, the means for regulating
a temperature of either upper outlet air from the upper
surface air outlet or side outlet air from the side surface
air outlet comprises a circulation system which makes
indoor air bypass the heat exchanger and blows indoor
air toward the upper surface and/or the side surface.
[0026] In the case where the indoor air is blown to-
ward the upper surface of the casing by the circulation
system, in the heating operation, the air heated by the
heat exchanger and the indoor air from the circulation
system are mixed and blown upward from the upper sur-
face air outlet, whereby the temperature of the air blown
upward is relatively low. On the other hand, a relatively

high-temperature air heated by the heat exchanger is
let out through the side surface air outlet. Therefore, the
relatively high-temperature air in the lower part of the
room is restrained from rising by the relatively low-tem-
perature air in the upper part of the room. This realizes
"cooling a head and warming feet", and a comfortable
heating sensation is obtained. That is, an operation that
places importance on comfortableness in heating is ob-
tained.
[0027] On the other hand, in the case where the in-
door air is blown sideways by the circulation system, in
the cooling operation, a relatively low-temperature air
cooled by the heat exchanger is blown upward from the
upper surface air outlet, while a relatively high-temper-
ature mixture of the air cooled by the heat exchanger
and the indoor air from the circulation system is blown
from the side surface air outlet. This controls cold air
remaining at one's heat as much as possible, and the
operation that lays stress on the comfortableness in
cooling is realized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028]

Fig. 1 is a perspective view showing an installation
state of an indoor unit for an air conditioner of the
present invention;
Fig. 2 is a cross-sectional view showing an arrange-
ment of heat exchangers of the indoor unit in the air
conditioner of a first embodiment of the present in-
vention;
Fig. 3 is a refrigerant circuit diagram of the air con-
ditioner shown in Fig. 2;
Fig. 4 is an operation diagram of the air conditioner
shown in Fig. 2 in a heating operation;
Fig. 5 is an operation diagram of the air conditioner
shown in Fig. 2 in a cooling operation;
Fig. 6 is a plan view showing the structure of a stack-
type heat exchanger;
Fig. 7 is a refrigerant circuit-diagram of an air con-
ditioner of a second embodiment of the present in-
vention;
Fig. 8 is an operation diagram of the air conditioner
shown in Fig. 7 in a heating operation;
Fig. 9 is an operation diagram of the air conditioner
shown in Fig. 7 in a cooling operation;
Fig. 10 is a sectional view showing an arrangement
of heat exchangers of an indoor unit in an air con-
ditioner of a third embodiment of the present inven-
tion;
Fig. 11 is a refrigerant circuit diagram of the air con-
ditioner shown in Fig. 10;
Fig. 12 is an operation diagram of the air conditioner
shown in Fig. 10 in a heating operation;
Fig. 13 is an operation diagram of the air conditioner
shown in Fig. 10 in a cooling operation;
Fig. 14 is a refrigerant circuit diagram of an air con-
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ditioner of a fourth embodiment of the present in-
vention;
Fig. 15 is an operation diagram of the air conditioner
shown in Fig. 14 in a heating operation;
Fig. 16 is an operation diagram of the air conditioner
shown in Fig. 14 in a cooling operation;
Fig. 17 is a refrigerant circuit diagram of an air con-
ditioner of a fifth embodiment of the present inven-
tion;
Fig. 18 is an operation diagram of the air conditioner
shown in Fig. 17 in a heating operation;
Fig. 19 is an operation diagram of the air conditioner
shown in Fig. 17 in a cooling operation;
Fig. 20 is a refrigerant circuit diagram of an air con-
ditioner of a sixth embodiment of the present inven-
tion;
Fig. 21 is an operation diagram of the air conditioner
shown in Fig. 20 in a heating operation;
Fig. 22 is an operation diagram of the air conditioner
shown in Fig. 20 in a cooling operation;
Fig. 23 is a refrigerant circuit diagram of an air con-
ditioner of a seventh embodiment of the present in-
vention;
Fig. 24 is a sectional view of an indoor unit in an air
conditioner of an eighth embodiment of the present
invention;
Fig. 25 is a sectional view of an indoor unit in an air
conditioner of a ninth embodiment of the present in-
vention;
Fig. 26 is a sectional view showing an arrangement
of heat exchangers of an indoor unit in a conven-
tional air conditioner;
Fig. 27 is a refrigerant circuit diagram of the con-
ventional air conditioner;
Fig. 28 is an operation diagram of the conventional
air conditioner in a heating operation; and
Fig. 29 is an operation diagram of the conventional
air conditioner in a cooling operation.

BEST MODE FOR CARRYING OUT THE INVENTION

[0029] The present invention will be specifically de-
scribed based on several preferred embodiments.
[0030] First, Fig. 1 shows an indoor unit Z of a sepa-
rate type air conditioner for which the present invention
is intended. As shown in Fig. 1, this indoor unit Z is a
floor installation type indoor unit, which is preferably in-
stalled in a perimeter zone having a particularly high air
conditioning load in the interior of a room, such as in a
region in the vicinity of a window part 53, so as to con-
trive a reduction in the air conditioning load. The indoor
unit is installed on an indoor floor 51 against a room wall
52 below of the window part 53, and performs indoor air
conditioning by blowing conditioned airflow upward and
sideways at the same time, while suppressing entry of
radiant heat from the window part 53 and so on.
[0031] The indoor unit Z has a rectangular casing 1
that is advantageous to installation against a wall sur-

face. The front surface 1a, the upper surface 1b, and
the left and right side surfaces 1c, 1c of the casing 1 are
provided with an air inlet 2, an upper surface air outlet
3, and side surface air outlets 4, 4, respectively.
[0032] Within the casing 1, right and left centrifugal
fans 5, 5 are laterally juxtaposed at a predetermined in-
terval with their suction sides opposed to the air inlet 2.
A first heat exchanger 6 is positioned between the suc-
tion side of the fans 5, 5 and the air inlet 2. The consti-
tution in which the first heat exchanger 6 is positioned
on the suction sides of the fans 5, as described above,
is a basic constitution of the indoor unit Z. In addition to
the above basic constitution, the present invention fur-
ther comprises a means for regulating the temperature
of either of the upper outlet air Ab from the upper surface
air outlet 3 or the side outlet air Ac from the side surface
air outlets 4 so that the temperature of the upper outlet
air Ab from the upper outlet 3 is lower than the temper-
ature of the side outlet air Ac from the side surface air
outlets 4. More specifically, as an example of such a
means, selective provision of a second heat exchanger
7 for the upper surface air outlet 3 or of the second heat
exchangers 8 for the side surface air outlets 4 is made
in accordance with required conditions such as indoor
air conditioning characteristics so that the comfortable-
ness in cooling and heating is enhanced.
[0033] When the upper surface air outlet 3 is provided
with the second heat exchanger 7, sucked air Aa sucked
through the air inlet 2 passes the first heat exchanger 6.
Then, a part of the sucked air further passes the second
heat exchanger 7 and is blown upward as the upper out-
let air, while another part is blown sideways as it is from
the side surface air outlets 4 as the side outlet air Ac.
[0034] When the side surface air outlets 4 are provid-
ed with the second heat exchangers 8, the sucked air
Aa passes the first heat exchanger 6 and then one part
of the sucked air further passes the second heat ex-
changers 8 and is blown sideways from the side surface
air outlets 4 as the side outlet air, while another part is
blown upward from the upper surface air outlet 3 as the
upper outlet air Ab.
[0035] The indoor unit for an air conditioner of the
present invention will be specifically described below
based on the preferred embodiments.

First Embodiment (see Figs. 2-5)

[0036] As shown in Fig. 2, an indoor unit Z1 of a first
embodiment is structured such that the first heat ex-
changer 6 is disposed in correspondence with the air
inlet 2 of the casing 1, and that, of the upper surface air
outlet 3 and the right and left side surface air outlets 4,
the second heat exchangers 8 are provided for the re-
spective side surface air outlets 4, 4. Therefore, with the
operation of the fans 5, 5, the sucked air Aa sucked from
the air inlet 2 pass the first heat exchanger 6 and then,
one part of the sucked air is blown as it is from the upper
surface air outlet 3 as the upper outlet air Ab, while an-
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other part of the sucked air further passes the second
heat exchanger 8 and is blown from the side surface air
outlet 4 as the side outlet air Ac.
[0037] The constitution of a refrigerant circuit of the
whole air conditioner including the indoor unit Z1 is
shown in Fig. 3. This air conditioner is composed of the
indoor unit Z1 and an outdoor unit Y connected to each
other via refrigerant piping P. The outdoor unit Y is pro-
vided with a compressor 9, a direction switching valve
10, an outdoor heat exchanger 11 and an expansion
valve 12, while the indoor unit Z1 is provided with the
first heat exchanger 6 and the second heat exchangers
8. In the indoor unit of this embodiment, the arrange-
ment of the first heat exchanger 6 and the second heat
exchangers 8 is set so that the second heat exchangers
8 are positioned on the upstream side of the first heat
exchanger 6 in the circulation direction of the refrigerant
in the cycle of cooling operation.
[0038] Next, functions of the indoor unit Z1 of this em-
bodiment in the heating and cooling operations will be
described.
[0039] In the indoor unit Z1 of this embodiment, the
second heat exchangers 8 are disposed on the side of
the side surface air outlets 4, and no heat exchanger is
provided on the side of the upper surface air outlet 3.
Therefore, in both heating and cooling operations, the
side outlet air Ac to be blown from the side surface air
outlet 4 is subjected to heat exchange by the first heat
exchanger 6 and the second heat exchanger 8, while
the upper outlet air Ab to be blown from the upper sur-
face air outlet 3 is subjected to heat exchange by only
the first heat exchanger 6. As a result, a temperature
difference arises between the side outlet air Ac and the
upper outlet air Ab. This indoor unit Z1 is intended to
improve the comfortableness particularly in heating op-
erations, using this temperature difference between the
side outlet air Ac and the upper outlet air Ab efficiently.
[0040] That is, as shown in Fig. 4, in the heating op-
eration of the indoor unit Z1, of the sucked air Aa, the
upper outlet air Ab to be blown from the upper surface
air outlet 3 is subjected to heating by only the first heat
exchanger 6, and the side outlet air Ac to be blown from
the side surface air outlets 4 is subjected to heating by
both of the first heat exchanger 6 and the second heat
exchanger 8. Therefore, the upper outlet air Ab has a
relatively low temperature, while the side outlet air Ac
has a relatively high temperature. As a result, the air
having a relatively high temperature is present in the vi-
cinity of the floor 51, or a lower part of the room, and the
air having a relatively low temperature is present in an
upper part of the room. Thus, rising of the air. having a
high temperature in the vicinity of the floor is controlled
by the air having a low temperature in the upper part of
the room, and "cooling a head and warming feet" that is
the ideal temperature distribution is realized. That is, the
operation that considers the comfortableness in heating
is realized.
[0041] On the other hand, in the cooling operation of

the indoor unit Z1, as shown in Fig. 5, a low-temperature
air subjected to cooling by the first heat exchanger 6 and
the second heat exchanger 8 is blown from the side sur-
face air outlets 4 as the side outlet air Ac. On the other
hand, a relatively high-temperature air cooled by only
the first heat exchanger 6 is blown from the upper sur-
face air outlet 3 as the upper outlet air Ab. For that rea-
son, if the comfortableness is desired also in the cooling
operation, for example, the side surface air outlets 4
may be closed, or the side surface air outlet 4 may be
opposed to a wall with little interval therebetween so that
the discharge of the side outlet air Ac from the side sur-
face air outlet 4 is suppressed.
[0042] As the first heat exchanger 6 and the second
heat exchangers 7, 8, a "cross-fin type heat exchanger"
is generally adopted. From the viewpoint of downsizing
the indoor unit Z1, it is preferred that the first heat ex-
changer 6 and/or the second heat exchanger 7, 8 is
composed of a stack-type heat exchanger 30 compris-
ing a plurality of flat heat exchanger tubes 31, 31, ···,
and a plurality of corrugated fins 32, 32, ···, which are
alternately stacked, both end portions of each of the flat
heat exchanger tubes 31 being connected by headers
33, 34 respectively.
[0043] Furthermore, generally, in an indoor unit
wherein paired fans 5, 5 are disposed at a predeter-
mined lateral distance within a casing 1 as in the present
embodiment, such fans 5, 5 are arranged to rotate in the
same direction. However, when the paired fans 5, 5 are
rotated in the same direction as described above, ob-
liquely downward velocity components of the side outlet
air Ac blown from the side surface air outlets 4 increase,
and a sense of downdraft increases particularly in the
cooling operation. Therefore, such an arrangement is
not preferred in view of comfortableness.
[0044] In order to control such a downdraft efficiently,
it is useful to set the rotational directions of the fans 5,
5 such that both of these fans 5, 5 are rotated in opposite
outward directions as seen from their suction side. Con-
trary to this, when the paired fans 5, 5 are arranged such
that they are rotated inwardly as seen from their suction
sides, the downdraft controlling effect is reduced, but the
distance between the two fans 5, 5 can be reduced.
Therefore, the latter arrangement is advantageous in
view of a reduction in the size of the indoor unit.
[0045] It is also possible to constitute the indoor unit
so that the numbers of revolutions of the fans 5, 5 are
independently controlled. When this constitution is
adopted, zoning according to the demand for air condi-
tioning becomes available; e.g., the number of revolu-
tions of the fan 5 positioned on the side closer to a region
where someone is present may be set higher, while the
number of revolutions of the fan 5 positioned on the side
closer to a region where no one is present may be set
lower, and so on. Thus, a further improvement in the
comfortableness can be expected.
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Second Embodiment (see Figs. 7-9)

[0046] Fig. 7 shows a refrigerant circuit of the whole
air conditioner provided with an indoor unit Z2 of a sec-
ond embodiment of the present invention. In the indoor
unit Z1 of the first embodiment, the refrigerant path is
set so that the first heat exchanger 6 is positioned down-
stream of the heat exchangers 8 in the cooling cycle.
Contrary to this, in the indoor unit Z2 of the second em-
bodiment, a refrigerant path is set so that the first heat
exchanger 6 is positioned upstream of the second heat
exchangers 8 in the cooling cycle.
[0047] Therefore, as shown in Figs. 8 and 9, in the
same manner as in the indoor unit Z1 of the first embod-
iment, in both of the heating operation and the cooling
operation, the side outlet air Ac from the side surface air
outlet 4 is heated or cooled by the first heat exchanger
6 and the second heat exchanger 8, and the upper outlet
air Ab from the upper surface air outlet 3 is heated or
cooled by only the first heat exchanger 6. Thus, a tem-
perature difference arises between the side outlet air Ac
and the upper outlet air Ab. As a result, in the same man-
ner as in the indoor unit Z1 of the first embodiment, the
operation that lays stress on the comfortableness in
heating operation is realized.

Third Embodiment (see Fig. 10-13)

[0048] As shown in Fig. 10, an indoor unit Z3 of a third
embodiment is structured such that the first heat ex-
changer 6 is disposed in correspondence with the air
inlet 2 of the casing 1, and that, of the upper surface air
outlet 3 and the right and left side surface air outlets 4,
the second heat exchanger 7 being provided for the up-
per surface air outlet 3. Therefore, with the operation of
the fans 5, 5, the sucked air Aa sucked through the air
inlet 2 passes the first heat exchanger 6 and then a part
of the sucked air is blown as it is from the side surface
air outlets 4 as the side outlet air Ac, while another part
of the sucked air further passes the second heat ex-
changer 7 and is blown from the upper surface air outlet
3 as the upper outlet air Ab.
[0049] The constitution of a refrigerant circuit of the
whole air conditioner including the indoor unit Z3 is
shown in Fig. 11. This air conditioner is composed of the
indoor unit Z3 and an outdoor unit Y connected to each
other via refrigerant piping P. The outdoor unit Y is pro-
vided with a compressor 9, a direction switching valve
10, an outdoor heat exchanger 11 and an expansion
valve 12, while the indoor unit Z3 is provided with the
first heat exchanger 6 and the second heat exchanger
8. In the indoor unit of this embodiment, the first heat
exchanger 6 and the second heat exchanger 7 are ar-
ranged such that the second heat exchanger 7 is posi-
tioned downstream of the first heat exchanger 6 in the
circulation direction of the refrigerant in the cooling op-
eration cycle.
[0050] Subsequently, the functions of the indoor unit

Z3 of this embodiment in the heating and cooling oper-
ations will be described.
[0051] In the indoor unit Z3 of this embodiment, the
second heat exchanger 7 is disposed on the side of the
upper surface air outlet 3, and no heat exchanger is pro-
vided on the side of side surface air outlets 4. Therefore,
in both of the heating operation and the cooling opera-
tion, the upper outlet air Ab to be blown from the upper
surface air outlet 3 is subjected to heat exchange by the
first heat exchanger 6 and the second heat exchanger
7, while the side outlet air Ac to be blown from the side
surface air outlets 4 is subjected to heat exchange by
only the first heat exchanger 6. As a result, a tempera-
ture difference arises between the side outlet air Ac and
the upper outlet air Ab. This indoor unit Z3 is intended
to improve the comfortableness particularly in cooling,
using this temperature difference between the side out-
let air Ac and the upper outlet air Ab efficiently.
[0052] That is, as shown in Fig. 13, in the cooling op-
eration of the indoor unit Z3, of the sucked air Aa, the
side outlet air Ac to be blown from the side surface air
outlets 4 is subjected to a cooling action by only the first
heat exchanger 6, and the upper outlet air Ab to be
blown from the upper surface air outlet 3 is subjected to
a cooling action by both of the first heat exchanger 6
and the second heat exchanger 7. Therefore, the upper
outlet air Ab is set to a relatively low temperature, while
the side outlet air Ac is set to a relatively high tempera-
ture. As a result, cooler air is blown to an upper part of
the room, while relatively warm air is blown to a lower
part of the room. This realizes the "cooling a head and
warming feet" ambience, and a comfortable cooling sen-
sation can be obtained by efficiently restraining cold air
from gathering at one's feet. That is, the operation that
lays stress on the comfortableness in cooling is realized.
[0053] On the other hand, in the heating operation of
the indoor unit Z3, as shown in Fig. 12, a high-temper-
ature air subjected to heating by the first heat exchanger
6 and the second heat exchanger 7 is blown from the
upper surface air outlet 3 as the upper outlet air Ab. On
the other hand, a relatively low-temperature air heated
by only the first heat exchanger 6 is blown from the side
surface air outlets 4 as the side outlet air Ac. For that
reason, if the comfortableness is desired also in the
heating operation, for example, the upper surface air
outlet 3 may be closed so that the output of the upper
outlet air Ab from the upper surface air outlet 3 is con-
trolled.

Fourth Embodiment (see Figs. 14-16)

[0054] Fig. 14 shows a refrigerant circuit of the whole
air conditioner provided with an indoor unit Z4 of a fourth
embodiment of the present invention. In the indoor unit
Z3 of the third embodiment, the refrigerant path is set so
that the first heat exchanger 6 is positioned upstream of
the heat exchanger 7 in the cooling cycle. Contrary to
this, in the indoor unit Z4 of the fourth embodiment, a
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refrigerant path is set so that the first heat exchanger 6
is positioned downstream of the second heat exchanger
7 in the circulation direction of the refrigerant in the cool-
ing cycle.
[0055] Therefore, as shown in Figs. 15 and 16, in the
same manner as in the indoor unit Z3 of the third em-
bodiment, in both of the heating operation and the cool-
ing operation, the upper outlet air Ab to be output from
the upper surface air outlet 3 is heated or cooled by both
the first heat exchanger 6 and the second heat exchang-
er 7, but the side outlet air Ac to be output from the side
surface air outlet 4 is heated or cooled by only the first
heat exchanger 6. Thus, a temperature difference arises
between the side outlet air Ac and the upper outlet air
Ab. As a result, the operation that particularly lays stress
on the comfortableness in cooling is realized in the same
manner as in the indoor unit Z3 of the third embodiment.

Fifth Embodiment (see Figs. 17-19)

[0056] This embodiment is directed to an indoor unit
structured such that, in the same manner as in the in-
door unit Z1 of the first embodiment, the first heat ex-
changer 6 is disposed in correspondence with the air
inlet 2 of the casing 1, and that, of the upper surface air
outlet 3 and the right and left side surface air outlets 4,
4, the second heat exchangers 8 are provided for the
respective side surface air outlets 4, 4 (see Fig. 2).
Therefore, with the operation of the fans 5, 5, the sucked
air Aa sucked from the air inlet 2 passes the first heat
exchanger 6 and then one part of the sucked air is blown
as it is from the upper surface air outlet 3 as the upper
outlet air Ab, while another part further passes the sec-
ond heat exchanger 8 and is output from the side sur-
face air outlet 4 as the side outlet air Ac.
[0057] The constitution of a refrigerant circuit of the
whole air conditioner including the indoor unit Z5 is
shown in Fig. 17. This air conditioner is composed of the
indoor unit Z5 and an outdoor unit Y connected to each
other via refrigerant piping P. A compressor 9, a direc-
tion switching valve 10, an outdoor-side heat exchanger
11 and an expansion valve 12 are provided in the out-
door unit Y, while the indoor unit Z5 is provided with the
first heat exchanger 6 and the second heat exchangers
8.
[0058] In the indoor unit Z5 of this embodiment, the
first heat exchanger 6 is connected via an auxiliary ex-
pansion valve 13 to the second heat exchangers 8, and
the first heat exchanger 6 and the second heat exchang-
ers 8 are arranged such that the second heat exchang-
ers 8 are located upstream of the first heat exchanger
6 in the circulation direction of the refrigerant in the cycle
of cooling operation.
[0059] Operative relationships between the auxiliary
expansion valve 13 and the main expansion valve 12 in
the outdoor unit Y are set in a relative manner. That is,
in the heating operation, the main expansion valve 12
is set to "throttled" and the auxiliary expansion valve 13

is set to "full open". On the other hand, in the cooling
operation, the main expansion valve 12 is set to "slightly
throttled" and the auxiliary expansion valve 13 is set to
"throttled".
[0060] Subsequently, functions of the indoor unit Z5
of this embodiment in the heating and cooling opera-
tions will be described.
[0061] As described above, in the heating operation,
the main expansion valve 12 is set to "throttled" and the
auxiliary expansion valve 13 is set to "full open". There-
fore, as shown in Fig. 18, both of the first heat exchanger
6 and the second heat exchangers 8 function as com-
pressors on the high-pressure side. Thus, a relatively
low-temperature air heated by only the first heat ex-
changer 6 is blown upward from the upper surface air
outlet 3 as the upper outlet air Ab, while a relatively high-
temperature air heated by both the first heat exchanger
6 and the second heat exchanger 8 is blown sideways
from the side surface air outlet 4 as the side outlet air
Ac. Therefore, rising of the air having a relatively high
temperature in a lower part of the room is suppressed
by the air having a relatively low temperature in an upper
part of the room, and a "cooling a head and warming
feet" ambience that is of an ideal temperature distribu-
tion ambience is realized. Thereby, the comfortable
heating sensation is obtained.
[0062] On the other hand, as described above, in the
cooling operation, the main expansion valve 12 is set to
"slightly throttled" and the auxiliary expansion valve 13
is set to "throttled". Therefore, as shown in Fig. 19, the
first heat exchanger 6 functions as an evaporator on the
low-pressure side, while the second heat exchangers 8
function as evaporators at an intermediate pressure be-
tween the high-pressure side and the low-pressure side.
Thus, a relatively low-temperature air cooled by only the
first heat exchanger 6 is blown upward from the upper
surface air outlet 3 as the upper outlet air Ab, while a
relatively high-temperature air is blown sideways from
the side surface air outlets 4 as the side outlet air Ac,
which was first cooled by the first heat exchanger 6 and
then cooled by the second heat exchanger 8 having a
temperature higher than the first heat exchanger 6 so
that the temperature of the air is raised. As a result, the
"cooling a head and warming feet" ambience that is an
ideal temperature distribution ambience is realized. A
comfortable cooling sensation is obtained by controlling
cold air remaining at one's feet efficiently.

Sixth Embodiment (see Figs. 20-22)

[0063] In the fifth embodiment, the indoor unit Z5 is
provided with the second heat exchangers 8 on the
sides of the side surface air outlets 4, and the second
heat exchangers 8 are positioned upstream of the first
heat exchanger 6, with the auxiliary expansion valve 13
disposed therebetween, in the circulation direction of
the refrigerant in the cycle of cooling operation. On the
other hand, in an indoor unit Z6 of a sixth embodiment,
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the second heat exchanger 7 is provided on the side of
the upper surface air outlet 3, and the heat exchanger
7 is disposed upstream of the first heat exchanger 6 in
the circulation direction of the refrigerant.
[0064] In the indoor unit Z6 of this embodiment, oper-
ative relationships between the auxiliary expansion
valve 13 and the main expansion valve 12 in the outdoor
unit Y are set in a relative manner. That is, in the heating
operation, the main expansion valve 12 is set to "throt-
tled" and the auxiliary expansion valve 13 is set to
"slightly throttled". On the other hand, in the cooling op-
eration, the main expansion valve 12 is set to "throttled"
and the auxiliary expansion valve 13 is set to "full open".
[0065] Next, the functions of the indoor unit Z6 in the
heating and cooling operations of this embodiment will
be described.
[0066] As described above, in the heating operation,
the main expansion valve 12 is set to "throttled" and the
auxiliary expansion valve 13 is set to "slightly throttled".
Therefore, as shown in Fig. 21, the first heat exchanger
6 functions as an evaporator on the high-pressure side,
and the second heat exchanger 7 functions as an evap-
orator at an intermediate pressure between the high-
pressure side and the low-pressure side. Thus, the up-
per outlet air Ab blown from the upper surface air outlet
3 was heated by the first heat exchanger 6 and then
cooled by passing the second heat exchanger function-
ing as the evaporator at an intermediate pressure to give
a relatively low-temperature air. Contrary to this, the side
outlet air Ac blown sideways from the side surface air
outlet 4 was only heated by the first heat exchanger 6,
and thus the temperature of the air is relatively high.
Therefore, the air having a relatively high temperature
is present in a lower part of the room, while in an upper
part of the room, the air having a relatively low temper-
ature is present. As a result, the "cooling a head and
warming feet" state of an ideal temperature distribution
is realized, and a comfortable heating sensation is ob-
tained by efficiently restraining cold air from gathering
at one's feet.
[0067] On the other hand, as described above, in the
cooling operation, the main expansion valve 12 is set to
"throttled", and the auxiliary expansion valve 13 is set
to "full open". Therefore, as shown in Fig. 22, both of the
first heat exchanger 6 and the second heat exchanger
7 function as evaporators on the low-pressure side.
Thus, the upper outlet air Ab blown from the upper sur-
face air outlet 3 was cooled by both of the first heat ex-
changer 6 and the second heat exchanger 7, while the
side outlet air Ac blown from the side surface air outlets
4 was cooled by only the first heat exchanger 6. Thus,
the air having a relatively low temperature is present in
the upper part of the room, while the air having a rela-
tively high temperature is present in the lower part of the
room. As a result, the "cooling a head and warming feet"
ambience that is an ideal temperature distribution am-
bience is realized, and a comfortable cooling sensation
is obtained by efficiently restraining cold air from gath-

ering at one's feet.

Seventh Embodiment (see Fig. 23)

[0068] In the indoor units Z1-Z6 of the first to sixth em-
bodiments, improvement in the comfortableness in cool-
ing or heating was contrived by additionally providing
the second heat exchanger 7 or 8. On the other hand,
in an indoor unit Z7 of a seventh embodiment, the com-
fortableness in cooling or heating is achieved by provid-
ing heaters 15 on the air outlet sides of the fans 5.
[0069] That is, in the indoor unit Z7, as shown in Fig.
23, only the first heat exchanger 6 is disposed on the
suction side of the fans 5. On the other hand, on the
discharge side of the fans 5, no heat exchangers are
provided but the heaters 15 are disposed at the side sur-
face air outlets 4. The heaters 15 are energized in both
the heating operation and the cooling operation.
[0070] With the above construction, in the heating op-
eration, a relatively high-temperature air first heated by
the first heat exchanger 6 and further heated by the
heaters 15 is blown from the side surface air outlets 4
as the side outlet air Ac, and a relatively low-tempera-
ture air heated only by the first heat exchanger 6 is blown
from the upper surface air outlet 3. As a result, the air
having a relatively low temperature is present in the up-
per part of the room, while the air having a relatively high
temperature is present in the lower part of the room, so
that the relatively high-temperature air in the lower part
of the room is restrained from rising by the relatively low-
temperature air in the upper part of the room. Therefore,
a "cooling a head and warming feet" ambience is real-
ized, and a comfortable heating sensation is obtained.
[0071] In the cooling operation, a relatively high-tem-
perature air cooled by the first heat exchanger 6 and
then heated by the heater 15 is blown from the side sur-
face air outlet 4 as the side outlet air Ac, while a relatively
low-temperature air only cooled by the first heat ex-
changer 6 is blown from the upper surface air outlet 3.
As a result, the air having a relatively high temperature
is present in the lower part of the room, while the air
having a relatively low temperature is present in the up-
per part of the room. Therefore, a "cooling a head and
warming feet" ambience that is an ideal thermal space
is realized. Accordingly, a comfortable cooling sensation
can be obtained, with the cold air gathering at one's feet
efficiently suppressed.

Eighth Embodiment (see Fig. 24)

[0072] Fig. 24 shows an indoor unit Z8 of an eighth
embodiment. In this indoor unit Z8, differently from the
indoor units Z1-Z7 of the first to seventh embodiments
in which the discharge temperatures themselves of the
upper outlet air Ab and the side outlet air Ac are control-
led, the indoor air (namely, air having a temperature low-
er than that of the conditioned air blown from the indoor
unit in the heating operation, and air having a tempera-
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ture higher than that of the conditioned air in the cooling
operation) is made to detour or bypass the heat ex-
changer 6 and return to the inside of the room. By so
doing, temperature adjustment between the upper out-
let air Ab and the side outlet air Ac is performed to obtain
the comfortableness in the air conditioning.
[0073] That is, as shown in Fig. 24, the indoor unit Z8
has a circulation system X composed of a curved by-
pass 20 extending from the upper part of the air inlet 2
to the vicinity of the upper surface air outlet 3 of the up-
per surface of the casing 1 and a fan 21 disposed within
the bypass 20.
[0074] With this constitution, particularly in the heat-
ing operation, the upper outlet air Ab heated by the first
heat exchanger 6 and then blown upward from the upper
surface air outlet 3 is mixed with the indoor air Ab' blown
upward from the vicinity of the upper surface air outlet
3 by the circulation system X, whereby the upper dis-
charge temperature is made relatively low. On the other
hand, the air heated by the first heat exchanger, which
has a relatively high temperature, is blown from the side
surface air outlets 4 as the side outlet air Ac. As a result,
the air in the lower part of the room, which has a rela-
tively high temperature, is prevented from going up by
the air in the upper part of the room, which has a rela-
tively low temperature. Therefore, "cooling a head, and
warming feet" is realized, and a comfortable cooling
sensation is obtained. During the cooling operation, the
operation of the circulation system X is stopped.

Ninth Embodiment (see Fig. 25)

[0075] Fig. 25 shows an indoor unit Z9 of a ninth em-
bodiment. The indoor unit Z8 of the eighth embodiment
lays stress on the comfortableness in the heating oper-
ation, while this indoor unit Z9 lays stress on the com-
fortableness in the cooling operation.
[0076] That is, on its right and left sides, the indoor
unit Z9 has circulation systems X each composed of a
bypass 22 detouring the heat exchanger 6 to provide
communication between the air inlet 2 and the vicinity
of the corresponding side surface air outlet 4, and a fan
23 provided within the bypass 22.
[0077] Therefore, in the cooling operation, a mixture
of the side outlet air Ac cooled by the first heat exchang-
er 6 and blown from the side surface air outlet 4 and the
indoor air Ac' blown from the vicinity of the side surface
air outlet 4, which has a relatively high temperature, is
blown sideways of the indoor unit Z8. Contrary to this,
upward of the indoor unit Z9, the air cooled by the heat
exchanger 6, which has a low temperature, is blown as
it is from the upper surface air outlet 3 as the upper outlet
air Ab. As a result, the air having a relatively low tem-
perature is present in the upper part of the room, while
the air having a relatively high temperature is present in
the lower part of the room. Therefore, "cooling a head
and warming feet", which is the ideal temperature dis-
tribution, is realized, and a comfortable cooling sensa-

tion can be obtained without remaining of cold air at
one's feet.

Claims

1. An indoor unit for an air conditioner comprising a
casing (1) having an air inlet (2) in a front surface
(1a), an upper surface air outlet (3) in an upper sur-
face (1b) and a side surface air outlet (4) in a side
surface (1c) and installed on an indoor floor (51) or
in the vicinity of the indoor floor, and a fan (5) and
a heat exchanger (6) that are disposed in the casing
(1) such that the heat exchanger (6) lies on a suction
side of the fan (5),

wherein said indoor unit further comprises a
means (7, 8, 13, 15, X) for regulating a temperature
of either upper outlet air (Ab) from the upper surface
air outlet (3) or side outlet air (Ac) from the side sur-
face air outlet (4) such that the temperature of the
upper outlet air (Ab) is lower than the temperature
of the side outlet air (Ac).

2. The indoor unit for an air conditioner according to
claim 1, wherein said means for regulating a tem-
perature of either upper outlet air (Ab) from the up-
per surface air outlet or side outlet air (Ac) from the
side surface air outlet comprises a second heat ex-
changer within the casing (1); and

the heat exchanger (6) is positioned upstream
in a direction of airflow, while the second heat ex-
changer (7, 8) is positioned downstream in the di-
rection of airflow, and the second heat exchanger
(7, 8) faces any one of the upper surface air outlet
(3) and the side surface air outlet (4).

3. The indoor unit for an air conditioner according to
claim 2, wherein the second heat exchanger (7, 8)
is formed integrally with or separately from the heat
exchanger (6).

4. The indoor unit for an air conditioner according to
claim 2, wherein the second heat exchanger (7) is
disposed facing the upper surface air outlet (3), and
the second heat exchanger (7) is made to function
as an evaporator on a low-pressure side in a cooling
operation, and, in a heating operation, as an evap-
orator on a side a little closer to a high-pressure side
than in the cooling operation.

5. The indoor unit for an air conditioner according to
claim 2, wherein the second heat exchanger (8) is
disposed facing the side surface air outlet (4), and
the second heat exchanger (8) is made to function
as a condenser on a high-pressure side in a heating
operation, and, in a cooling operation, as an evap-
orator on a side a little closer to a low-pressure side
than in the heating operation.
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6. The indoor unit for an air conditioner according to
claim 4 or 5, wherein the first heat exchanger (6) is
connected to the second heat exchanger (7, 8) via
an expansion valve (13).

7. The indoor unit for an air conditioner according to
claim 2, wherein the heat exchanger (6) and/or the
second heat exchanger (7, 8) is constructed of a
stack type heat exchanger (30) comprising a plural-
ity of flat heat exchanger tubes (31) and a plurality
of fins (32) being alternately stacked, with both end
portions of each of the flat heat exchanger tubes
(31) being connected by headers (33, 34), respec-
tively.

8. The indoor unit for an air conditioner according to
claim 1, wherein said means for regulating a tem-
perature of either upper outlet air (Ab) from the up-
per surface air outlet or side outlet air (Ac) from the
side surface air outlet comprises a heater (15) pro-
vided at the side surface air outlet(4).

9. The indoor unit for an air conditioner according to
claim 1, wherein said means for regulating a tem-
perature of either upper outlet air (Ab) from the up-
per surface air outlet or side outlet air (Ac) from the
side surface air outlet comprises a circulation sys-
tem (X) which makes indoor air bypass the heat ex-
changer (6) and blows the indoor air to the upper
surface (1b) and/or the side surface (1c).
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