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(54) AIR CONDITIONER

(57)  The present invention has an object of suitably
controlling both the room temperature and relative hu-
midity during cooling operation of an air conditioner to
improve the comfort of people in the room. To attain this
object, a controller (80) of the air conditioner (10) is pro-
vided with a target value setting section (81) and a ca-
pacity control section (82). The target value setting sec-
tion (81) sets a target evaporation temperature as a tar-

get control value during cooling operation. At the time,
the target value setting section (81) selects the upper
limit of the target evaporation temperature from among
possible values according to the detected value of a rel-
ative humidity sensor (78). During cooling operation, the
capacity control section (82) controls the capacity of a
compressor (30) so that the detected value of an indoor
heat exchanger temperature sensor (76) reaches the
target evaporation temperature.
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Description
Technical Field

[0001] This invention relates to the control of an air
conditioning system.

Background Art

[0002] There have been widely known conventional
air conditioning systems that operates on a refrigeration
cycle by circulating refrigerant in a refrigerant circuit. As
air conditioning systems of another type, there are
known ones in which the capacity of a compressor can
be varied by changing the RPM of a motor for the com-
pressor. In this type of air conditioning system, the tem-
perature of the room air is detected and the capacity of
the compressor is controlled based on the difference be-
tween the detected temperature and a set temperature.
[0003] For example, during cooling operation, when
the detected value of the room temperature is higher
than a set temperature set by a user, the capacity of the
compressoris increased to enhance air-conditioning ca-
pacity. On the other hand, when the difference between
the detected value of the room temperature and the set
temperature set by the user is small, the capacity of the
compressor is decreased to lower air-conditioning ca-
pacity. Furthermore, when the detected value of the
room temperature is smaller than the set temperature
set by the user, the compressor is deactivated to stop
the cooling of the room air. In this manner, the above-
described air conditioning system uses the difference
between the room temperature and the set temperature
as a control parameter to control the capacity of the
compressor so that the room temperature reaches the
set temperature.

[0004] Furthermore, during the cooling operation of
the above air conditioning system, the room air is sent
to an indoor heat exchanger and cooled therein. During
the time, the indoor heat exchanger produces dew con-
densation on its surface to reduce the amount of mois-
ture in the air. Even without production of dew conden-
sation at the indoor heat exchanger, if the room temper-
ature changes through the cooling operation, the rela-
tive humidity of the room air also changes accordingly.
In this manner, the cooling operation of the air condition-
ing system changes not only the room temperature but
also the relative humidity.

- Problems to be solved -

[0005] Nevertheless, inthe control of the conventional
air conditioning system, consideration has been given
to the temperature of the room air but not to the relative
humidity at all. Therefore, even if the temperature of the
room air is maintained at a set temperature, the relative
humidity is not always maintained within a suitable
range. As a result, it is difficult for the conventional air
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conditioning system to ensure the comfort of people in
the room.

[0006] Meanwhile, there also exist conventional air
conditioning systems that are capable of carrying out so-
called "dry operation". In general, during dry operation,
operation control is made to decrease the temperature
of the indoor heat exchanger by setting the amount of
air sent to the indoor heat exchanger to be smaller than
during cooling operation. Furthermore, during dry oper-
ation, the air conditioning system carries out the opera-
tion to ensure the amount of moisture to be removed
from the room air while keeping the cooling capacity at
a low level. In other words, the dry operation is merely
the operation in which greater emphasis is placed on
room humidity control rather than room temperature
control. Therefore, it is impossible to suitably control
both the temperature and relative humidity through dry
operation.

[0007] As described above, in the conventional air
conditioning system, both the temperature and relative
humidity of the room air cannot be concurrently control-
led in a suitable manner. Therefore, the user has to se-
lect either one of the cooling operation in which empha-
sis is placed on temperature control and the dry opera-
tion in which emphasis is placed on humidity control.
[0008] The present invention has been made in view
of the foregoing points, and an object thereof is to im-
prove the comfort of people in a room during cooling op-
eration of an air conditioning system by suitably control-
ling both the room temperature and relative humidity.

Disclosure of Invention

[0009] A first solution provided by the present inven-
tion is directed to an air conditioning system that oper-
ates on a refrigeration cycle by circulating refrigerant in
a refrigerant circuit (20) and conducts at least cooling
operation in which the refrigerant evaporates in an in-
door heat exchanger (37) of the refrigerant circuit (20).
In addition, the system further includes: heat exchanger
temperature detecting means (76) for detecting the tem-
perature of the indoor heat exchanger (37) as an evap-
oration temperature of the refrigerant during cooling op-
eration, room temperature detecting means (75) for de-
tecting the dry-bulb temperature of a room air being sent
to the indoor heat exchanger (37); room humidity de-
tecting means (78) for detecting the relative humidity of
the room air being sent to the indoor heat exchanger
(37); setting means (81) for setting a target control value
for the evaporation temperature of the refrigerant during
cooling operation at specified time intervals, based on
a detected value of the heat exchanger temperature de-
tecting means (76), a detected value of the room tem-
perature detecting means (75) and a user-input set tem-
perature, within a range up to an upper limit determined
according to a detected value of the room humidity de-
tecting means (78); and capacity control means (82) for
controlling the capacity of a compressor (30) of the re-
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frigerant circuit (20) so that the detected value of the
heat exchanger temperature detecting means (76)
reaches the target control value set by the setting means
(81).

[0010] A second solution provided by the present in-
vention is directed to an air conditioning system for op-
erating on a refrigeration cycle by circulating refrigerant
in a refrigerant circuit (20) and conducts at least cooling
operation in which the refrigerant evaporates in an in-
door heat exchanger (37) of the refrigerant circuit (20).
In addition, the system further includes: room tempera-
ture detecting means (75) for detecting the dry-bulb tem-
perature of a room air being sent to the indoor heat ex-
changer (37); room humidity detecting means (78) for
detecting the relative humidity of the room air being sent
to the indoor heat exchanger (37); setting means (81)
for setting a target control value for the evaporation tem-
perature of the refrigerant during cooling operation so
that a detected value of the room temperature detecting
means (75) reaches a set temperature, and for limiting
the target control value to within a range up to an upper
limit determined according to a detected value of the
room humidity detecting means (78); and capacity con-
trol means (82) for controlling the capacity of a compres-
sor (30) of the refrigerant circuit (20) so that the detected
value of the heat exchanger temperature detecting
means (76) reaches the target control value set by the
setting means (81).

[0011] A third solution provided by the present inven-
tion is, in the first or second solution, that the setting
means (81) drops the upper limit of the target control
value for the evaporation temperature of the refrigerant
in a stepwise manner as the detected value of the room
humidity detecting means (78) increases.

[0012] A fourth solution provided by the present in-
vention is, in the first or second solution, that the setting
means (81) stores the minimum and maximum values
in a target range for the room relative humidity, and that
when the detected value of the room humidity detecting
means (78) is equal to or larger than the minimum value
in the target range, the setting means (81) takes for the
upper limit of the target control value a value lower than
the wet-bulb temperature of an air whose dry-bulb tem-
perature is a detected value of the indoor heat exchang-
er (37) and whose relative humidity is the minimum val-
ue in the target range.

[0013] A fifth solution provided by the present inven-
tion is, in the fourth solution, that when the detected val-
ue of the room humidity detecting means (78) exceeds
the maximum value in the target range for the room rel-
ative humidity, the setting means (81) drops the upper
limit of the target control value below that of the target
control value when the detected value of the room hu-
midity detecting means (78) falls within the target range.
[0014] A sixth solution provided by the present inven-
tion is, in the first or second solution, that the setting
means (81) sets the target control value within the range
down to 0°C.
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[0015] A seventh solution provided by the present in-
vention is, in the sixth solution, that only when the room
is brought into high humidity conditions that the detected
value of the room humidity detecting means (78) ex-
ceeds a predetermined reference value, the setting
means (81) sets the target control value within the range
down to a predetermined lower limit which is higher than
0°C.

- Operations -

[0016] In the first solution, refrigerant circulates in the
refrigerant circuit (20) of the air conditioning system to
complete a refrigeration cycle. In other words, in the re-
frigerant circuit (20), refrigerant circulates while chang-
ing its phase so that compression, condensation, ex-
pansion and evaporation of the refrigerant sequentially
take place. Furthermore, the air conditioning system is
provided with heat exchanger temperature detecting
means (76), room temperature detecting means (75),
room humidity detecting means (78), setting means (81)
and capacity control means (82).

[0017] The air conditioning system conducts at least
cooling operation. More specifically, the air conditioning
system may conduct cooling operation alone, or may se-
lectively conduct cooling operation and heating opera-
tion. In the air conditioning system of this solution, re-
frigerant and room air exchange heat with each other at
the indoor heat exchanger (37). During cooling opera-
tion, the refrigerant in the indoor heat exchanger (37)
absorbs heat from the room air to evaporate.

[0018] The heat exchanger temperature detecting
means (76) detects the temperature of part of the indoor
heat exchanger (37) in which refrigerant is changing its
phase. During cooling operation, since the indoor heat
exchanger (37) serves as an evaporator, the detected
value of the heat exchanger temperature detecting
means (76) corresponds to the evaporation temperature
of the refrigerant.

[0019] The room temperature detecting means (75)
detects the temperature of the room air being sent to the
indoor heat exchanger (37). The room humidity detect-
ing means (78) detects the relative humidity of the room
air being sent to the indoor heat exchanger (37). In other
words, for the room air before exchanging heat with the
refrigerant at the indoor heat exchanger (37), its tem-
perature is detected by the room temperature detecting
means (75) while its relative humidity is detected by the
room humidity detecting means (78).

[0020] Input to the setting means (81) are a detected
value of the heat exchanger temperature detecting
means (76), a detected value of the room temperature
detecting means (75) and a detected value of the room
humidity detecting means (78). In addition, a set tem-
perature set by a user of the air conditioning system is
also input to the setting means (81). This setting means
(81) carries out, for example, a calculation using the de-
tected values of the heat exchanger temperature detect-
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ing means (76) and room temperature detecting means
(75) to set a target control value for the evaporation tem-
perature of refrigerant during cooling operation. This tar-
get control value is set so that the room air reaches the
set temperature. Furthermore, the setting means (81)
re-sets the target control value after each elapse of a
predetermined time period. In other words, the setting
means (81) updates the target control value at specified
time intervals.

[0021] Atthe time, he setting means (81) sets the tar-
get control value within a range up to the upper limit de-
termined according to the detected value of the room
humidity detecting means (78). For example, even when
the value obtained, for example, by the calculation using
the detected value of the heat exchanger temperature
detecting means (76), exceeds the upper limit, the set-
ting means (81) sets the target control value at a value
equal to or smaller than the upper limit.

[0022] Inputto the capacity control means (82) are the
detected value of the heat exchanger temperature de-
tecting means (76) and the target control value set by
the setting means (81). The capacity control means (82)
controls the capacity of the compressor (30) so that the
detected value of the heat exchanger temperature de-
tecting means (76) reaches the target control value.
More specifically, during cooling operation, the capacity
control means (82) controls the capacity of the compres-
sor (30) so that the evaporation temperature of refriger-
antin the indoor heat exchanger (37) matches the target
control value.

[0023] In the second solution, refrigerant circulates in
the refrigerant circuit (20) of the air conditioning system
to complete a refrigeration cycle. In other words, in the
refrigerant circuit (20), refrigerant circulates while
changing its phase so that compression, condensation,
expansion and evaporation of the refrigerant sequen-
tially take place. Furthermore, the air conditioning sys-
tem is provided with room temperature detecting means
(75), room humidity detecting means (78), setting
means (81) and capacity control means (82).

[0024] The air conditioning system conducts at least
cooling operation. More specifically, the air conditioning
system may conduct cooling operation alone, or may se-
lectively conduct cooling operation and heating opera-
tion. In the air conditioning system of this solution, re-
frigerant and room air exchange heat with each other at
the indoor heat exchanger (37). During cooling opera-
tion, the refrigerant in the indoor heat exchanger (37)
absorbs heat from the room air to evaporate.

[0025] The room temperature detecting means (75)
detects the temperature of the room air being sent to the
indoor heat exchanger (37). The room humidity detect-
ing means (78) detects the relative humidity of the room
air being sent to the indoor heat exchanger (37). In other
words, for the room air before exchanging heat with the
refrigerant at the indoor heat exchanger (37), its tem-
perature is detected by the room temperature detecting
means (75) while its relative humidity is detected by the
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room humidity detecting means (78).

[0026] Input to the setting means (81) are a detected
value of the room temperature detecting means (75) and
a detected value of the room humidity detecting means
(78). In addition, a set temperature set by a user of the
air conditioning systemis also input to the setting means
(81). This setting means (81) sets a target control value
for the evaporation temperature of refrigerant during
cooling operation so that the detected value of the room
temperature detecting means (75) reaches the set tem-
perature.

[0027] In this setting means (81), however, the target
control value for the evaporation temperature of refrig-
erant during cooling operation is limited to within a range
up to an upper limit determined according to a detected
value of the room humidity detecting means (78). For
example, even when the value derived based on the de-
tected value of the room temperature detecting means
(75) and the set temperature exceeds the upper limit,
the setting means (81) sets the target control value at a
value equal to or smaller than the upper limit. The ca-
pacity control means (82) controls the capacity of the
compressor (30) so that the evaporation temperature of
refrigerant in the indoor heat exchanger (37) matches
the target control value.

[0028] In the third solution, the setting means (81)
changes the upper limit of the target control value for
the evaporation temperature of the refrigerant according
to the detected value of the room humidity detecting
means (78). In this setting means (81), the upper limit
of the target control value for the evaporation tempera-
ture of the refrigerant becomes lower in a stepwise man-
ner as the detected value of the room humidity detecting
means (78) increases.

[0029] In the fourth solution, the setting means (81)
compares the input detected value of the room humidity
detecting means (78) with the minimum value in a target
range for the room relative humidity. When the detected
value of the room humidity detecting means (78) is equal
to or larger than the minimum value in the target range,
the setting means (81) derives the wet-bulb temperature
of an air whose dry-bulb temperature is a detected value
of the room temperature detecting means (75) and
whose relative humidity is the minimum value in the tar-
get range, and sets the target control value while taking
for the upper limit a value lower than the wet-bulb tem-
perature.

[0030] In other words, in this solution, when the de-
tected value of the room humidity detecting means (78)
is equal to or larger than the minimum value in the target
range, the target control value set by the setting means
(81) is always lower than the wet-bulb temperature of
the room air at that time. Therefore, in this case, when
the room air is cooled at the indoor heat exchanger (37),
moisture in the room air concurrently condenses to pro-
vide dehumidification of the room.

[0031] In the fifth solution, the setting means (81)
compares the input detected value of the room humidity
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detecting means (78) with the maximum value in the tar-
get range for the room relative humidity. When the de-
tected value of the room humidity detecting means (78)
is higher than the maximum value in the target range,
the setting means (81) takes, for the upper limit of the
target control value, a lower value than that of the target
control value when the detected value of the room hu-
midity detecting means (78) is anywhere from the min-
imum value to the maximum value in the target range.
In other words, when the detected value of the room hu-
midity detecting means (78) is higher than the maximum
value in the target range, the setting means (81) of this
solution lowers the upper limit of the target control value
to set the target control value relatively low, thereby en-
suring the amount of moisture to be removed from the
room air.

[0032] In the sixth solution, the setting means (81)
sets the target control value while taking 0°C for the low-
er limit. In other words, the target control value set by
the setting means (81) always has any value not lower
than 0°C and does not fall below 0°C. Therefore, the
temperature of the indoor heat exchanger (37) may tem-
porarily fall below 0°C but is never held below 0°C for
hours, i.e., is fundamentally held at 0°C or more.
[0033] In the seventh solution, only when the room is
brought into high humidity conditions that the room rel-
ative humidity exceeds the reference value, the setting
means (81) sets the target control value while taking a
value higher than 0°C for the lower limit. At this time,
when a low value is set as the target control value, the
temperature of the indoor heat exchanger (37) is de-
creased accordingly. Therefore, if a low target control
value is set under the above high humidity conditions,
this may cause an adverse effect such that the amount
of moisture condensed in the indoor heat exchanger
(37) may be increased too much for drainage of pro-
duced water to catch up with. To avoid this, the setting
means (81) sets the target control value relatively high
only under the above high humidity conditions, thereby
preventing the amount of moisture condensed in the in-
door heat exchanger (37) from being excessive.

- Effects -

[0034] When setting the target control value of the
evaporation temperature of refrigerant during cooling
operation, the setting means (81) of this invention de-
termines the upper limit of the target control value ac-
cording to the detected value of the room relative hu-
midity detecting means (78) while considering the de-
tected value of the room temperature detecting means
(75) and so on. In other words, the setting means (81)
sets the target control value by considering not only the
temperature of the room air but also the relative humidity
thereof. Therefore, the air conditioning system of this
invention can concurrently control both the room tem-
perature and relative humidity in a suitable manner with-
out forcing the user to select the operation centred on
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temperature control or the operation centred on humid-
ity control unlike the conventional technique. Therefore,
according to this invention, the room temperature and
relative humidity can be adjusted in a comfort region
thereby improving the comfort of people in the room.
[0035] Particularly in the sixth solution, since the set-
ting means (81) takes 0°C for the lower limit of the target
control value, the indoor heat exchanger (37) is funda-
mentally maintained at 0°C or higher. Therefore, ac-
cording to this solution, the indoor heat exchanger (37)
can be avoided from moisture freezing thereby prevent-
ing any adverse effect resulting from freezing.

[0036] Furthermore, in the seventh solution, the set-
ting means (81) takes a value higher than 0°C for the
lower limit of the target control value when the room is
under high humidity conditions that the amount of mois-
ture condensed in the indoor heat exchanger (37) is ex-
pected to be excessive. Therefore, according to this so-
lution, the amount of drain produced in the indoor heat
exchanger (37) is prevented from being excessive,
thereby avoiding any problem resulting from production
of excessive drain.

Brief Description of Drawings
[0037]

Figure 1 is a piping diagram showing the configura-
tion of an air conditioner according to an embodi-
ment.

Figure 2 is a map that is recorded in a target setting
section of a controller.

Figure 3 is a plot of relative humidity vs. temperature
showing the range within which the target value for
evaporation temperature can be set in the target
setting section.

Best Mode for Carrying Out the Invention

[0038] Hereinafter, description will be made about an
embodiment of the present invention with reference to
the drawings. An air conditioner (10) as an air condition-
ing system according to the present invention is struc-
tured to selectively conduct cooling operation and heat-
ing operation.

[0039] As shown in Figure 1, the air conditioner (10)
includes a refrigerant circuit (20) and a controller (80).
The refrigerant circuit (20) is constituted by an outdoor
circuit (21), an indoor circuit (22), a liquid-side connec-
tion pipe (23), and a gas-side connection pipe (24). The
outdoor circuit (21) is disposed in an outdoor unit (11).
The outdoor unit (11) is provided with an outdoor fan
(12). On the other hand, the indoor circuit (22) is dis-
posed in an indoor unit (13). The indoor unit (13) is pro-
vided with an indoor fan (14).

[0040] In the outdoor circuit (21), a compressor (30),
a four-way selector valve (33), an outdoor heat ex-
changer (34), a receiver (35), and a motor-operated ex-
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pansion valve (36) are disposed. Furthermore, in the
outdoor circuit (21), a bridge circuit (40), a subcooling
circuit (50), a liquid-side shut-off valve (25), and a gas-
side shut-off valve (26) are also disposed. Moreover, the
outdoor circuit (21) is connected to a gas communica-
tion pipe (61) and a pressure equalising pipe (63).
[0041] Inthe outdoor circuit (21), a discharge port (32)
of the compressor (30) is connected to a first port of the
four-way selector valve (33). A second port of the four-
way selector valve (33) is connected to one end of the
outdoor heat exchanger (34). The other end of the out-
door heat exchanger (34) is connected to the bridge cir-
cuit (40). The bridge circuit (40) is connected to the re-
ceiver (35), the motor-operated expansion valve (36),
and the liquid-side shut-off valve (25). Description on
this point will be described below. An intake port (31) of
the compressor (30) is connected to a third port of the
four-way selector valve (33). A fourth port of the four-
way selector valve (33) is connected to the gas-side
shut-off valve (26).

[0042] The bridge circuit (40) is configured by con-
necting a first line (41), a second line (42), a third line
(43), and a fourth line (44) in the form of a bridge. In the
bridge circuit (40), an outlet end of the first line (41) is
connected to an outlet end of the second line (42), an
inlet end of the second line (42) is connected to an outlet
end of the third line (43), an inlet end of the third line
(43) is connected to an inlet end of the fourth line (44),
and an outlet end of the fourth line (44) is connected to
an inlet end of the first line (41).

[0043] Check valves are provided one each in the first
to fourth lines (41-44). The first line (41) is provided with
the check valve (CV-1) for allowing only refrigerant flow
from its inlet end toward its outlet end. The second line
(42) is provided with the check valve (CV-2) for allowing
only refrigerant flow from its inlet end toward its outlet
end. The third line (43) is provided with the check valve
(CV-3) for allowing only refrigerant flow fromits inlet end
toward its outlet end. The fourth line (44) is provided with
the check valve (CV-4) for allowing only refrigerant flow
from its inlet end toward its outlet end.

[0044] The other end of the outdoor heat exchanger
(34) is connected, in the bridge circuit (40), to the inlet
end of the first line (41) and the outlet end of the fourth
line (44). The outlet ends of the first line (41) and the
second line (42) both in the bridge circuit (40) are con-
nected to an upper end part of the receiver (35) formed
in the shape of a cylindrical container. A lower end part
of the receiver (35) is connected via the motor-operated
expansion valve (36) to the inlet ends of the third line
(43) and the fourth line (44) both in the bridge circuit
(40). The inlet end of the second line (42) and the outlet
end of the third line (43) both in the bridge circuit (40)
are connected to the liquid-side shut-off valve (25).
[0045] In the indoor circuit (22), an indoor heat ex-
changer (37) is provided. One end of the indoor circuit
(22) is connected to the liquid-side shut-off valve (25)
through the liquid-side connection pipe (23). The other
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end of the indoor circuit (22) is connected to the gas-
side shut-off valve (26) through the gas-side connection
pipe (24). In other words, the liquid-side connection pipe
(23) and the gas-side connection pipe (24) are disposed
across the outdoor unit (11) and the indoor unit (13).
After the installation of the air conditioner (10), the liquid-
side shut-off valve (25) and the gas-side shut-off valve
(26) are always put into open position.

[0046] The subcooling circuit (50) is connected at one
end thereof to the line between the lower end of the re-
ceiver (35) and the motor-operated expansion valve
(36), and connected at the other end to the inlet port (31)
of the compressor (30). In the subcooling circuit (50), a
first solenoid valve (51), a thermostatic expansion valve
(52) and a subcooling heat exchanger (54) are disposed
in the order of one end to the other of the circuit. The
subcooling heat exchanger (54) is arranged to conduct
heat exchange between the refrigerant flowing from the
receiver (35) toward the motor-operated expansion
valve (36) and the refrigerant flowing through the sub-
cooling circuit (50). A temperature-sensing bulb (53) of
the thermostatic expansion valve (52) is attached to the
subcooling circuit (50) downstream of the subcooling
heat exchanger (54).

[0047] The gas communication pipe (61) is connected
at one end to the upper end part of the receiver (35),
and connected at the other end to the line between the
motor-operated expansion valve (36) and the bridge cir-
cuit (40). Furthermore, the gas communication line (61)
is provided on its way with a second solenoid valve (62).
[0048] The pressure equalising pipe (63) is connected
at one end to the gas communication pipe (61) between
the second solenoid valve (62) and the receiver (35),
and connected at the other end to the outdoor circuit
(21) between the discharge port (32) and the four-way
selector valve (33) of the compressor (30). Furthermore,
the pressure equalising pipe (63) is provided with a pres-
sure equalising check valve (53) for allowing only refrig-
erant flow from its one end toward the other end.
[0049] The compressor (30) is of hermetic, high-pres-
sure dome type. More specifically, this compressor (30)
is formed by containing a scroll type compression mech-
anism and a motor for driving the compression mecha-
nism in a cylindrical housing. The refrigerant taken in
through the inlet port (31) is introduced directly into the
compression mechanism. The refrigerant compressed
in the compression mechanism is first discharged to the
inside of the housing and then let out through the dis-
charge port (32). The compression mechanism and the
motor are not shown in the figure.

[0050] The motor for the compressor (30) is supplied
with electric power through an unshown inverter. When
the power supply frequency output from the inverter is
changed, the RPM of the motor is also changed and the
compressor capacity is in turn changed. Namely, the
compressor (30) is structured to be variable in capacity.
[0051] The outdoor heat exchanger (34) is formed of
a cross fin coil type fin-and-tube heat exchanger. This
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outdoor heat exchanger (34) is composed of two parts
connected in series with each other. The outdoor heat
exchanger (34) is supplied with an outdoor air by the
outdoor fan (12). Furthermore, the outdoor heat ex-
changer (34) conducts heat exchange between the re-
frigerant circulating in the refrigerant circuit (20) and the
outdoor air.

[0052] The indoor heat exchanger (37) is formed of a
cross fin coil type fin-and-tube heat exchanger. This in-
door heat exchanger (37) is supplied with a room air by
the indoor fan (14). Furthermore, the indoor heat ex-
changer (37) conducts heat exchange between the re-
frigerant in the refrigerant circuit (20) and the room air.
[0053] The four-way selector valve (33) changes be-
tween a position in which communication is provided be-
tween the first and second ports and between the third
and fourth ports (a position shown in the solid lines in
Figure 1) and a position in which communication is pro-
vided between the first and fourth ports and between the
second and third ports (a position shown in the broken
lines in Figure 1). This changeover operation of the four-
way selector valve (33) inverts the circulating direction
of refrigerant in the refrigerant circuit (20).

[0054] The air conditioner (10) is provided with vari-
ous kinds of sensors. The detected values of these sen-
sors are input into the controller (80) for use in operation
control over the air conditioner (10).

[0055] More specifically, the line connected to the in-
take port (31) of the compressor (30) is provided with a
low-pressure sensor (71) for detecting the pressure of
an intake refrigerant of the compressor (30), and an in-
take pipe temperature sensor (77) for detecting the tem-
perature of the intake refrigerant. The line connected to
the discharge port (32) of the compressor (30) is provid-
ed with a discharge pipe temperature sensor (74) for de-
tecting the temperature of a discharge refrigerant of the
compressor (30).

[0056] Furthermore, the outdoor unit (11) is provided
with an outdoor air temperature sensor (72) for detecting
the temperature of the outdoor air. The outdoor heat ex-
changer (34) is provided with an outdoor heat exchang-
er temperature sensor (73) for detecting the tempera-
ture of its heat transfer pipe.

[0057] Moreover, the indoor unit (13) is provided with
an room temperature sensor (75) for detecting the tem-
perature of the room air being sent to the indoor heat
exchanger (37), and a relative humidity sensor (78) for
detecting the temperature of the room air being sent to
the indoor heat exchanger (37). The room temperature
sensor (75) has the function of outputting the detected
value as a detected room temperature, and thus consti-
tutes aroom temperature detecting means. On the other
hand, the relative humidity sensor (78) has the function
of outputting the detected value as a detected room hu-
midity, and thus constitutes a room humidity detecting
means.

[0058] The indoor heat exchanger (37) is provided
with an indoor heat exchanger temperature sensor (76)
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for detecting the temperature of its heat transfer pipe.
This indoor heat exchanger temperature sensor (76) is
attached to part of the heat transfer pipe of the indoor
heat exchanger (37) at the inside of which refrigerant
falls into a gas-liquid two-phase condition during oper-
ation. The indoor heat exchanger temperature sensor
(76) constitutes a heat exchanger temperature detect-
ing means for detecting the temperature of the indoor
heat exchanger (37) as the evaporation temperature or
the condensation temperature of the refrigerant and out-
putting the detected value as a detected heat exchanger
temperature.

[0059] The controller (80) includes a target value set-
ting section (81) thatis a setting means. The target value
setting section (81) inputs the detected room tempera-
ture from the room temperature sensor (75), the detect-
ed heat exchanger temperature from the indoor heat ex-
changer temperature sensor (76), and a set tempera-
ture from an unshown remote controller. The set tem-
perature is input thereto through the user's operation of
the remote controller. The detected room humidity from
the relative humidity sensor (78) is also input to the tar-
get value setting section (81). Furthermore, the target
value setting section (81) is configured to set a target
control value, based on the detected room temperature,
the detected heat exchanger temperature and the set
temperature, within a range up to the upper limit deter-
mined according to the detected room humidity.

[0060] The controller (80) also includes a capacity
control section (82) that is a capacity control means. The
capacity control section (82) inputs the detected heat
exchanger temperature from the indoor heat exchanger
temperature sensor (76), and the target control value
set by the target value setting section (81). The capacity
control section (82) changes the power supply frequen-
cy output from the inverter so that the detected heat ex-
changer temperature can reach the target control value.
When the power supply frequency output from the in-
verter is changed, the RPM of the motor for the com-
pressor (30) is also changed and the capacity of the
compressor (30) is in turn changed. Therefore, the ca-
pacity control section (82) is configured to control the
capacity of the compressor (30) to match the detected
heat exchanger temperature with the target control val-
ue.

- Actions during Operation -

[0061] Description will be made next about the actions
of the air conditioner (10) during operation. This air con-
ditioner (10) selectively conducts a cooling operation
under refrigerating action and a heating operation under
heat-pumping action.

Cooling Operation

[0062] During cooling operation, the four-way selector
valve (33) is changed to the position shown in the solid
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lines in Figure 1, the motor-operated expansion valve
(36) is adjusted to a predetermined opening, the first so-
lenoid valve (51) is made open, and the second solenoid
valve (62) is made closed. In addition, the outdoor fan
(12) and the indoor fan (14) are operated. Under these
conditions, the refrigerant circulates in the refrigerant
circuit (20) so that the system operates on a refrigeration
cycle in which the outdoor heat exchanger (34) serves
as a condenser and the indoor heat exchanger (37)
serves as an evaporator.

[0063] More specifically, the refrigerant discharged
from the discharge port (32) of the compressor (30) is
sent through the four-way selector valve (33) to the out-
door heat exchanger (34). In the outdoor heat exchang-
er (34), the refrigerant condenses by releasing heat to
the outdoor air. The condensed refrigerant flows through
the first line (41) of the bridge circuit (40) into the receiv-
er (35). Part of the high-pressure liquid refrigerant hav-
ing flowed out of the receiver (35) is diverted to the sub-
cooling circuit (50), while the rest flows into the subcool-
ing heat exchanger (54).

[0064] The refrigerant flowing into the subcooling cir-
cuit (50) is reduced in pressure by the thermostatic ex-
pansion valve (52) to turn into a low-pressure refriger-
ant, and then flows into the subcooling heat exchanger
(54). In the subcooling heat exchanger (54), heat is ex-
changed between the high-pressure liquid refrigerant
from the receiver (35) and the low-pressure refrigerant
reduced in pressure by the thermostatic expansion
valve (562). Thus, in the subcooling heat exchanger (54),
the low-pressure refrigerant absorbs heat from the high-
pressure liquid refrigerant to evaporate so that the high-
pressure liquid refrigerant is cooled. The low-pressure
refrigerant evaporated in the subcooling heat exchanger
(54) flows through the subcooling circuit (50) and is then
taken into the compressor (30). On the other hand, the
high-pressure liquid refrigerant cooled in the subcooling
heat exchanger (54) is sent to the motor-operated ex-
pansion valve (36).

[0065] In the motor-operated expansion valve (36),
the sent high-pressure liquid refrigerant is reduced in
pressure. The refrigerant reduced in pressure by the
motor-operated expansion valve (36) is sent from the
third line (43) of the bridge circuit (40) through the liquid-
side connection pipe (23) to the indoor heat exchanger
(37). In the indoor heat exchanger (37), the refrigerant
absorbs heat from the room air to evaporate. In other
words, in the indoor heat exchanger (37), the room air
taken into the indoor unit (13) releases heat to the re-
frigerant. This heat release causes the room tempera-
ture to drop. Furthermore, in normal operating condi-
tions, moisture of the room air condenses in the indoor
heat exchanger (37). Thus, in the indoor heat exchanger
(37), the room air is cooled and concurrently reduced in
humidity. A conditioned air obtained through the cooling
and moisture reduction of the room air is fed from the
indoor unit (13) to the room for use in cooling.

[0066] The refrigerant evaporated in the indoor heat
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exchanger (37) flows through the gas-side connection
pipe (24) and the four-way selector valve (33), and is
taken into the compressor (30) through the intake port
(31). The compressor (30) compresses the intake refrig-
erant and discharges the compressed refrigerant
through the discharge port (32) again. In the refrigerant
circuit (20), the refrigerant circulates in the above man-
ner to perform the refrigerating action.

Heating Operation

[0067] During heating operation, the four-way selec-
tor valve (33) is changed to the position shown in the
broken lines in Figure 1, the motor-operated expansion
valve (36) is adjusted to a predetermined opening, and
the first solenoid valve (51) and the second solenoid
valve (62) are closed. In addition, the outdoor fan (12)
and the indoor fan (14) are operated. Under these con-
ditions, the refrigerant circulates in the refrigerant circuit
(20) so that the system operates on a refrigeration cycle
in which the indoor heat exchanger (37) serves as a con-
denser and the outdoor heat exchanger (34) serves as
an evaporator.

[0068] More specifically, the refrigerant discharged
from the discharge port (32) of the compressor (30) is
sent through the four-way selector valve (33) and the
gas-side connection pipe (24) to the indoor heat ex-
changer (37). In the indoor heat exchanger (37), the re-
frigerant releases heat to the room air to condense. In
other words, in the indoor heat exchanger (37), the re-
frigerant applies heat to the room air taken into the in-
door unit (13). This heat application raises the temper-
ature of the room air to produce a warm conditioned air.
The conditioned air thus produced is fed from the indoor
unit (13) to the room for use in heating.

[0069] The refrigerant condensed in the indoor heat
exchanger (37) flows through the liquid-side connection
pipe (23) and the second line (42) of the bridge circuit
(40) into the receiver (35). The refrigerant having flowed
out of the receiver (35) is reduced in pressure by the
motor-operated expansion valve (36), and then sent
through the fourth line (44) of the bridge circuit (40) to
the outdoor heat exchanger (34). In the outdoor heat ex-
changer (34), the refrigerant evaporates by absorbing
heat from the outdoor air.

[0070] The refrigerant evaporated in the outdoor heat
exchanger (34) passes through the four-way selector
valve (33) and is then taken into the compressor (30)
through the intake port (31). The compressor (30) com-
presses the intake refrigerant and discharges the com-
pressed refrigerant through the discharge port (32)
again. In the refrigerant circuit (20), the refrigerant cir-
culates in the above manner to perform the heat-pump-
ing action.

A clions of Controller

[0071] Next, description will be made about the ac-
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tions of the controller (80) for controlling the compressor
capacity.

[0072] First, the action of the target value setting sec-
tion (81) will be described. The target value setting sec-
tion (81) inputs the detected room temperature from the
room temperature sensor (75), the detected heat ex-
changer temperature from the indoor heat exchanger
temperature sensor (76), and the set temperature from
the remote controller.

[0073] The targetvalue setting section (81) carries out
calculations shown in the below Equations <1> and <2>
at specified time intervals (for example, every 60 sec-
onds). Thus, the target value setting section (81) sets a
target evaporation temperature (TeS) as a target control
value at the specified time intervals during cooling op-
eration, and sets a target condensation temperature
(TcS) as a target control value at the specified time in-
tervals during heating operation:

TeS =TeSo - KT1 + KT2 <1>

TcS =TcSo + KT1 - KT2 <2>

TeS : Target evaporation temperature (target con-
trol value during cooling operation)

TeSo : Refrigerant evaporation temperature at rat-
ed cooling capacity

TcS : Target condensation temperature (target con-
trol value during heating operation)

TcSo : Refrigerant condensation temperature at rat-
ed heating capacity

KT1 : Term for a capacity increase due to a temper-
ature difference between the room temperature and
the set temperature

KT2 : Correction term derived by learning

[0074] Both the evaporation temperature at rated
cooling capacity (TeSo) and the condensation temper-
ature at rated heating capacity (TcSo) are predeter-
mined reference values and are previously recorded in
the target value setting section (81). The evaporation
temperature at rated cooling capacity (TeSo) is the re-
frigerant evaporation temperature when the cycle exhib-
its the rated capacity under the standard cooling condi-
tions defined in Japanese Industrial Standards (JIS)
B8615-1: 1999. On the other hand, the condensation
temperature at rated heating capacity (TcSo) is the re-
frigerant condensation temperature when the cycle ex-
hibits the rated capacity under the standard heating con-
ditions defined in Japanese Industrial Standards (JIS)
B8615-1: 1999.

[0075] In the above calculations, the term (KT1) for a
capacity increase due to a temperature difference be-
tween the room temperature and the set temperature is
calculated from the below Equation <3>. This term
(KT1) corresponds to a first correction value, and is de-
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termined by the difference between the detected room
temperature (Tr) and the set temperature (TrS):

KT1=Tr-TrS <3>

Tr : Detected room temperature
TrS : Set temperature

[0076] On the other hand, the correction term (KT2)
derived by learning is determined based on the map
shown in Figure 2. This correction term (KT2) corre-
sponds to a second correction value. In the map of Fig-
ure 2, the abscissa axis e1 is calculated from different
equations for cooling operation and heating operation.
Specifically, the abscissa axis e1 is calculated according
to the below equations:

Cooling operation : e1 = Te - TeS'

Heating operation : €1 = TcS' - Tc

Te : Detected heat exchanger temperature during
cooling operation

(measured value of the refrigerant evaporation tem-
perature)

TeS': Target evaporation temperature being cur-
rently set

Tc : Detected heat exchanger temperature during
heating operation

(measured value of the refrigerant condensation
temperature)

TcS': Target condensation temperature being cur-
rently set

[0077] Described next is an exemplary case of deter-
mining the correction term (KT2) by learning based on
the map of Figure 2. When e1<-0.75 and 0.75<ATrS
(=Tr-TrS), KT2=-2.0 holds. When -0.75<e1<-0.25 and
0.25<ATrS<0.75, KT2=-1.0 holds. When -0.25<e1<0.25
and -0.255ATrS<0.25, KT2=0 holds. The correction
term (KT2) by learning is determined from the map of
Figure 2 in this manner.

[0078] The target value setting section (81) acts as
described above to set the target evaporation tempera-
ture (TeS) as a target control value during cooling oper-
ation and set the target condensation temperature (TcS)
as a target control value during heating operation. It
should be noted that in the target value setting section
(81), possible values of the target evaporation temper-
ature (TeS) as a target control value during cooling op-
eration are limited to a predetermined range.

[0079] AsshowninFigure 3,inthe targetvalue setting
section (81), the range in which the target evaporation
temperature (TeS) can be set is changed depending up-
on the detected room humidity provided from the relative
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humidity sensor (78). Furthermore, the target value set-
ting section (81) stores a value of "40%" as the minimum
value in the target range for the room relative humidity
and a value of "60%" as the maximum value in the target
range. Here, the limits of the target evaporation temper-
ature (TeS) in the target value setting section (81) will
be described taking as an example the condition that
the dry-bulb temperature of the room air (i.e., detected
room temperature) is 27°C.

[0080] More specifically, when the detected room hu-
midity is below 40%, the target value setting section (81)
sets the target evaporation temperature (TeS) in the
range from a first lower limit to a first upper limit inclu-
sive. In this example, the first lower limit is fixed at "0°C",
and the first upper limit is fixed at "19°C". In this case,
when the calculated value obtained by calculation using
Equation <1> is 0°C to 19°C inclusive, the target value
setting section (81) selects the calculated value as the
target evaporation temperature (TeS). When the calcu-
lated value is below 0°C, however, the target value set-
ting section (81) sets the target evaporation temperature
(TeS) only at 0°C. Furthermore, when the calculated val-
ue is above 19°C, the target value setting section (81)
sets the target evaporation temperature (TeS) only at
19°C.

[0081] When the detected room humidity is 40% to
60% inclusive, i.e., when the detected room humidity
falls within the target range for the relative humidity, the
target value setting section (81) sets the target evapo-
ration temperature (TeS) within the range of the first low-
er limit to a second upper limitinclusive. In this example,
the second upper limit is fixed at "16°C". In this case,
when the calculated value obtained by calculation using
Equation <1>is 0°C to 16°C inclusive, the target value
setting section (81) selects the calculated value as the
target evaporation temperature (TeS). When the calcu-
lated value is below 0°C, however, the target value set-
ting section (81) sets the target evaporation temperature
(TeS) only at 0°C. Furthermore, when the calculated val-
ue is above 16°C, the target value setting section (81)
sets the target evaporation temperature (TeS) only at
16°C.

[0082] When the detected room humidity is above
60% and below 80%, the target value setting section
(81) sets the target evaporation temperature (TeS) with-
in the range of the first lower limit to a third upper limit
inclusive. In this example, the third upper limit is fixed
at "13°C". In this case, when the calculated value ob-
tained by calculation using Equation <1>is 0°C to 13°C
inclusive, the target value setting section (81) selects
the calculated value as the target evaporation temper-
ature (TeS). When the calculated value is below 0°C,
however, the target value setting section (81) sets the
target evaporation temperature (TeS) only at 0°C. Fur-
thermore, when the calculated value is above 13°C, the
target value setting section (81) sets the target evapo-
ration temperature (TeS) only at 13°C.

[0083] When the detected room humidity is 80% or
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more, the target value setting section (81) sets the target
evaporation temperature (TeS) within the range of a sec-
ond lower limit to the third upper limit inclusive. In this
example, the second lower limit is fixed at "12°C". In this
case, when the calculated value obtained by calculation
using Equation <1>is 12°C to 13°C inclusive, the target
value setting section (81) selects the calculated value
as the target evaporation temperature (TeS). When the
calculated value is below 12°C, however, the target val-
ue setting section (81) sets the target evaporation tem-
perature (TeS) only at 12°C. Furthermore, when the cal-
culated value is above 13°C, the target value setting
section (81) sets the target evaporation temperature
(TeS) only at 13°C.

[0084] Next, description will be made about stand-
points in determining the first to third upper limits and
the first and second lower limits in the target value set-
ting section (81).

[0085] The first upper limitis determined to restrict the
lower-side pressure of the refrigeration cycle to a pre-
determined value or less by considering the operation
limit of the compressor (30). In other words, the first up-
per limit is determined regardless of the dry-bulb tem-
perature and the wet-bulb temperature of the room air,
and held constant even when these values vary. There-
fore, when the detected room humidity is below 40%,
the target evaporation temperature (TeS) may be set
higher than the wet-bulb temperature of the room air to
produce no dew condensation at the indoor heat ex-
changer (37). In such a case, however, it is desirable to
conduct no room dehumidification because the detected
room humidity has already fallen below the target range.
Instead of this, when no room dehumidification is re-
quired, the target evaporation temperature (TeS) can be
set relatively high. Thereby, the compressor (30) is op-
erated at a capacity as small as possible to reduce pow-
er consumption of the motor for the compressor (30).
[0086] The second upper limit is determined to be al-
ways lower than the wet-bulb temperature of the air hav-
ing a dry-bulb temperature equal to a detected room
temperature and having a relative humidity of 40%. For
example, when the detected room temperature is 27°C,
the wet-bulb temperature of the air having a dry-bulb
temperature of 27°C and a relative humidity of 40% is
17.5 °C. Therefore, the second upper limit is given as
16°C. The second upper limit varies depending upon the
detected room temperature. Furthermore, when the de-
tected room humidity reaches or exceeds 40% which is
the minimum value in the target range for the relative
humidity, the target evaporation temperature (TeS) is al-
ways set lower than the wet-bulb temperature of the
room air to condense moisture thereof in the indoor heat
exchanger (37), resulting in dehumidify the room air.
[0087] The third upper limitis determined to be always
lower than the second upper limit. For example, when
the detected room temperature is 27°C, the second up-
per limit is 16°C. Therefore, the second upper limit is
given as 13°C. This third upper limit varies, like the sec-



19 EP 1431677 A1 20

ond upper limit, depending upon the detected room tem-
perature. Furthermore, when the detected room humid-
ity reaches or exceeds 60% which is the maximum value
in the target range for the relative humidity, the target
evaporation temperature (TeS) is always set lower than
the second upper limit to increase the amount of mois-
ture to be condensed in the indoor heat exchanger (37),
resulting in increasing the amount of moisture to be re-
moved from the room air

[0088] The first lower limit is determined taking it into
consideration to maintain the detected heat exchanger
temperature at the freezing point of water or higher. The
setting of the first lower limit aims at preventing ice ac-
cretion on the indoor heat exchanger (37) and thereby
avoiding the occurrence of problems such as increased
resistance to air flow due to freezing.

[0089] The second lower limit is determined taking it
into consideration to suppress the amount of drain to be
produced. More specifically, in high humidity conditions
where the detected room humidity exceeds 80% which
is a reference value, when the refrigerant evaporation
temperature in the indoor heat exchanger (37) exces-
sively drops, the amount of moisture condensed may be
too increased for the discharge of drain to catch up with,
or may cause the production of dew condensation at the
casing surface of the indoor unit (13). Therefore, in such
high humidity conditions, the target evaporation temper-
ature (TeS) is set relatively high in order to prevent dew
condensation on the indoor unit (13) and thereby ensure
reliability.

[0090] As has been described so far, when the detect-
ed room humidity is below 40%, the target evaporation
temperature (TeS) is limited to the first upper limit or low-
er in the target value setting section (81). When the de-
tected room humidity is not lower than 40% and below
60%, the target evaporation temperature (TeS) is limited
to the second upper limit, which is lower than the first
upper limit, or lower. When the detected room humidity
is 60% or higher, the target evaporation temperature
(TeS) is limited to the third upper limit, which is lower
than the second upper limit, or lower. To sum up, in the
target value setting section (81), the upper limit of the
target evaporation temperature (TeS) becomes lower as
the detected room humidity rises.

[0091] Next, the action of the capacity control section
(82) will be described. The capacity control section (82)
inputs the detected heat exchanger temperature from
the indoor heat exchanger temperature sensor (76), and
the target control value set by the target value setting
section (81). Then, the capacity control section (82) con-
trols the capacity of the compressor (30) by changing
the power supply frequency output from the inverter so
that the detected heat exchanger temperature can
match the target control value.

[0092] More specifically, during cooling operation,
when the detected heat exchanger temperature (i.e.,
measured value of the refrigerant evaporation temper-
ature) is higher than the target evaporation temperature
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(TeS), the capacity control section (82) increases the
power supply frequency output of the inverter. On the
contrary, when the detected heat exchanger tempera-
ture is lower than the target evaporation temperature
(TeS), the capacity control section (82) decreases the
power supply frequency output of the inverter. During
heating operation, when the detected heat exchanger
temperature (i.e., measured value of the refrigerant con-
densation temperature) is lower than the target conden-
sation temperature (TcS), the capacity control section
(82) increases the power supply frequency output of the
inverter. On the contrary, when the detected heat ex-
changer temperature is higher than the target conden-
sation temperature (TcS), the capacity control section
(82) decreases the power supply frequency output of the
inverter.

[0093] Next, description will be made about stand-
points in determining the map of Figure 2 by taking cool-
ing operation as an example.

[0094] When the detected heat exchanger tempera-
ture (Te) is lower than the target evaporation tempera-
ture (TeS) (e1 has a negative value) and the detected
room temperature (Tr) is higher than the set temperature
(TrS) (ATrS has a positive value), the target evaporation
temperature (TeS) may be set too high even though it is
necessary to cool the air much more. In such a case,
the correction term (KT2) by learning is set at a negative
value so that the target evaporation temperature (TeS)
can be set relatively low.

[0095] On the contrary, when the detected heat ex-
changer temperature (Te) is higher than the target evap-
oration temperature (TeS) (e1 has a positive value) and
the detected room temperature (Tr) is lower than the set
temperature (TrS) (ATrS has a negative value), the tar-
get evaporation temperature (TeS) may be set too low
even though it is unnecessary to cool the air so much.
In such a case, the correction term (KT2) by learning is
set at a positive value so that the target evaporation tem-
perature (TeS) can be set relatively high.

[0096] When the detected heat exchanger tempera-
ture (Te) is higher than the target evaporation tempera-
ture (TeS) (e1 has a positive value) and the detected
room temperature (Tr) is higher than the set temperature
(TrS) (ATrS has a positive value), it is necessary to cool
the air much more and the target evaporation tempera-
ture (TeS) may be set relatively low. When the detected
heat exchanger temperature (Te) is lower than the target
evaporation temperature (TeS) (e1 has a negative val-
ue) and the detected room temperature (Tr) is lower than
the set temperature (TrS) (ATrS has a negative value),
it is unnecessary to cool the air much and the target
evaporation temperature (TeS) may be set relatively
high. Therefore, in these conditions as well as the con-
dition where the detected heat exchanger temperature
(Te) substantially matches the target evaporation tem-
perature (TeS) and the detected room temperature (Tr)
substantially matches the set temperature (TrS), the
correction term (KT2) by learning is set zero to maintain
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the target evaporation temperature (TeS) at the current
value.

- Effects of the Embodiment -

[0097] When setting the target evaporation tempera-
ture (TeS) as the target control value during cooling op-
eration, the target value setting section (81) of the
present embodiment determines the upper limit of the
target evaporation temperature (TeS), which is being
set, according to the detected value of the relative hu-
midity sensor (78) while considering the detected room
temperature (Tr) and so on. In other words, the target
value setting section (81) sets the target control value
by considering not only the temperature of the room air
but also the relative humidity thereof Therefore, the air
conditioner (10) of this embodiment can concurrently
control both the room temperature and relative humidity
in a suitable manner without forcing the user to select
the operation centred on temperature control or the op-
eration centred on humidity control unlike the conven-
tional techniques. Therefore, according to this embodi-
ment, the room temperature and relative humidity can
be adjusted in a comfort region thereby improving the
comfort of people in the room.

[0098] Particularly in this embodiment, since the tar-
get value setting section (81) takes 0°C for the first lower
limit, the indoor heat exchanger (37) is fundamentally
maintained at 0°C or higher. Therefore, according to this
embodiment, the indoor heat exchanger (37) can be
avoided from moisture freezing thereby preventing any
adverse effect resulting from freezing.

[0099] Furthermore, in this embodiment, the target
value setting section (81) takes the second lower limit
higher than 0°C for the lower limit of the target evapo-
ration temperature (TeS) when the room is under high
humidity conditions that the amount of moisture con-
densed in the indoor heat exchanger (37) is expected
to be excessive. Therefore, according to this embodi-
ment, the target evaporation temperature (TeS) can be
set relatively high to prevent excessive drop of the re-
frigerant evaporation temperature during cooling oper-
ation and thereby avoid any adverse effect of excessive
drain and dew condensation on the casing of the indoor
unit (13).

Industrial Applicability

[0100] As can be seen from the above, the present
invention is useful for air conditioning systems that con-
duct cooling operation.

Claims

1. Anair conditioning system that operates on a refrig-

eration cycle by circulating refrigerant in a refriger-
ant circuit (20) and conducts at least cooling oper-
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ation in which refrigerant evaporates in an indoor
heat exchanger (37) of the refrigerant circuit (20),
said air conditioning system comprising:

heat exchanger temperature detecting means
(76) for detecting the temperature of the indoor
heat exchanger (37) as an evaporation temper-
ature of the refrigerant during cooling opera-
tion;

room temperature detecting means (75) for de-
tecting the dry-bulb temperature of a room air
being sent to the indoor heat exchanger (37);
room humidity detecting means (78) for detect-
ing the relative humidity of the room air being
sent to the indoor heat exchanger (37);

setting means (81) for setting a target control
value for the evaporation temperature of the re-
frigerant during cooling operation at specified
time intervals, based on a detected value of the
heat exchanger temperature detecting means
(76), a detected value of the room temperature
detecting means (75) and a user-input set tem-
perature, within a range up to an upper limit de-
termined according to a detected value of the
room humidity detecting means (78); and
capacity control means (82) for controlling the
capacity of a compressor (30) of the refrigerant
circuit (20) so that the detected value of the
heat exchanger temperature detecting means
(76) reaches the target control value set by the
setting means (81).

An air conditioning system that operates on a refrig-
eration cycle by circulating refrigerant in a refriger-
ant circuit (20) and conducts at least cooling oper-
ation in which refrigerant evaporates in an indoor
heat exchanger (37) of the refrigerant circuit (20),
said air conditioning system comprising:

room temperature detecting means (75) for de-
tecting the dry-bulb temperature of a room air
being sent to the indoor heat exchanger (37);
room humidity detecting means (78) for detect-
ing the relative humidity of the room air being
sent to the indoor heat exchanger (37);

setting means (81) for setting a target control
value for the evaporation temperature of the re-
frigerant during cooling operation so that a de-
tected value of the room temperature detecting
means (75) reaches a set temperature, and for
limiting the target control value to within arange
up to an upper limit determined according to a
detected value of the room humidity detecting
means (78); and

capacity control means (82) for controlling the
capacity of a compressor (30) of the refrigerant
circuit (20) so that the detected value of the
heat exchanger temperature detecting means
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(76) reaches the target control value set by the
setting means (81).

The air conditioning system of Claim 1 or 2, wherein
the setting means (81) drops the upper limit of the
target control value for the evaporation temperature
of the refrigerant in a stepwise manner as the de-
tected value of the room humidity detecting means
(78) increases.

The air conditioning system of Claim 1 or 2,

wherein the setting means (81) stores the
minimum and maximum values in a target range for
the room relative humidity, and

wherein when the detected value of the room
humidity detecting means (78) is equal to or larger
than the minimum value in the target range, the set-
ting means (81) takes for the upper limit of the target
control value a value lower than the wet-bulb tem-
perature of an air whose dry-bulb temperature is a
detected value of the room temperature detecting
means (75) and whose relative humidity is the min-
imum value in the target range.

The air conditioning system of Claim 4, wherein
when the detected value of the room humidity de-
tecting means (78) exceeds the maximum value in
the target range for the room relative humidity, the
setting means (81) drops the upper limit of the target
control value below that of the target control value
when the detected value of the room humidity de-
tecting means (78) falls within the target range.

The air conditioning system of Claim 1 or 2, wherein
the setting means (81) sets the target control value
within the range down to 0°C.

The air conditioning system of Claim 6, wherein only
when the room is brought into high humidity condi-
tions that the detected value of the room humidity
detecting means (78) exceeds a predetermined ref-
erence value, the setting means (81) sets the target
control value within the range down to a predeter-
mined lower limit which is higher than 0°C.
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FIG. 2
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