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(54) REFRIGERATING/AIR-CONDITIONING DEVICE

(567)  Inarefrigeration/ air-conditioning device includ-
ing a refrigeration cycle (29), and an expansion valve
control means (35), the expansion valve control means
(35) includes a target value switching means (36) which
adopts the lower one of a target degree of discharge su-
perheat TdSH plus a high pressure saturation tempera-
ture and an upper-limit value of the discharge tempera-
ture Td as a target value, or compares a target discharge

temperature Td obtained by calculation from the rotation-
al speed of a compressor and the high pressure satura-
tion temperature with an upper-limit value and adopts the
lower one of the target discharge temperature Td and
the upper-limit value as the target discharge temperature
Td while performing the control at the predetermined de-
gree of discharge superheat TdSH or the control at the
predetermined discharge temperature Td.
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Description
{Technical Field}

[0001] The present invention relates to a refrigeration
/ air-conditioning device using a refrigerant whose dis-
charge temperature Td easily increases, e.g., an R32
refrigerant.

{Background Art}

[0002] In various types of refrigerators, air condition-
ers, and heat pumps (hereinafter generically referred to
as arefrigeration / air-conditioning device), a liquid flood-
back to a compressor is prevented by controlling the ap-
erture of an expansion valve so that a degree of suction
gas superheat SH becomes constant, to ensure reliabil-
ity. On the other hand, an R32 refrigerant or a mixed
refrigerant rich in R32 refrigerant, which has a global
warming potential (GWP) as low as approximately one-
third that of an R410A refrigerant and an ozone depletion
potential (ODP) of zero (hereinafter simply referred to as
an R32 refrigerant) has been used in recent years to re-
duce an environmental load.

[0003] However, the discharge temperature Td of the
R32 refrigerant is higher by 10°C to 20°C than that of the
R410Arefrigerantduetoits physical properties. The larg-
er a high-low pressure difference of the refrigerant be-
comes, the higher the discharge temperature Td tends
to be. Thus, when the R410A refrigerant is used, the dis-
charge temperature Td thereof can be controlled to within
a temperature range where no breakdown occurs in a
compressor motor in a normal utilization range, as illus-
trated in a Mollier diagram of FIG. 6. However, when the
R32 refrigerant is used, the discharge temperature Td
thereof exceeds a temperature at which a breakdown
occurs in the compressor motor in control at the prede-
termined degree of suction gas superheat SH, as illus-
trated in a Mollier diagram of FIG. 7. Therefore, motor
efficiency may decrease and it may not be possible to
ensure a capability under the condition that the discharge
temperature Td easily increases (the high-low pressure
difference is large). When an attempt to ensure an oper-
ation range is made by solving such a problem, the in-
sulation grade of a motor winding needs to be increased,
resulting in higher costs.

[0004] Therefore, Japanese Unexamined Patent Ap-
plication, Publication No. 2001-174075 discusses a con-
figuration in which the aperture of an electronic expan-
sion valve (EEV) is controlled so that the degree of suc-
tion gas superheat SH becomes a predefined tempera-
ture while the aperture of the electronic expansion valve
(EEV) is controlled based on a discharge temperature
Td of a compressor when the discharge temperature Td
exceeds an upper-limit value. Japanese Unexamined
Patent Application, Publication No. 2014-190632 dis-
cusses a configuration in which the rotational speed of a
compressor is adjusted so that the compression ratio of
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the compressor becomes lower than an upper-limit value
to set the degree of drying of a refrigerant at an inlet of
the compressor to 0.85 or more while the aperture of an
electronic expansion valve (EEV) is adjusted so that a
degree of discharge superheat TdSH comes closer to a
target value.

{Citation List}
{Patent Literature}
[0005]

{PTL 1} Japanese Unexamined Patent Application,
Publication No. 2001-174075
{PTL 2} Japanese Unexamined Patent Application,
Publication No. 2014-190632

{Summary of Invention}
{Technical Problem}

[0006] Although the configurations discussed in Japa-
nese unexamined Patent Application, Publication Nos.
2001-174075 and 2014-190632 can prevent the exces-
sive increase in the discharge temperature Td and the
decrease in the motor efficiency caused thereby, they
cannot sufficiently cope with an increase in a degree of
suction gas superheat SH caused by changes in an op-
eration condition and an operation point, a decrease in
operation efficiency caused thereby, inhibition of a stable
operation by the occurrence of an excessive liquid flood-
back, or exceedance of a limit value of the discharge
temperature Td caused by a change in ambient temper-
ature. Furthermore, the configurations must use control
of the rotational speed of the compressor in addition to
the control of the aperture of the electronic expansion
valve. Therefore, a control system becomes complicat-
ed.

[0007] The present invention has been made in view
of such a circumstance, and is directed to providing a
refrigeration / air-conditioning device capable of ensuring
an appropriate operation condition for changes in an op-
eration condition and an operation point only by control
of the aperture of an electronic expansion valve while
ensuring reliability by operating a compressor within a
utilization limit.

{Solution to Problem}

[0008] To solve the aforementioned issue, a refriger-
ation / air-conditioning device according to the present
invention adopts the following solutions.

[0009] Specifically, according to an embodiment of the
present invention, there is provided a refrigeration / air-
conditioning device, including a refrigeration cycle in
which at least a compressor, a heat source-side heat
exchanger, an electronic expansion valve, and a utiliza-
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tion-side heat exchanger are connected via refrigerant
piping and which is filled with a refrigerant whose dis-
charge temperature Td more easily increases than that
of an R410A refrigerant, and an expansion valve control
means which controls the aperture of the electronic ex-
pansion valve at a predetermined degree of suction gas
superheat SH when the discharge temperature Td is not
more than an upper-limit value and controls the aperture
of the electronic expansion valve at a predetermined de-
gree of discharge superheat TdSH or a predetermined
discharge temperature Td when the discharge tempera-
ture Td exceeds the upper-limit value, in which the ex-
pansion valve control means includes a target value
switching means which switches, when the expansion
valve control means is performing the control at the pre-
determined degree of discharge superheat TdSH while
controlling the aperture of the expansion valve at the pre-
determined degree of discharge superheat TdSH or the
predetermined discharge temperature Td, the control at
the predetermined degree of discharge superheat TdSH
to the control at the predetermined degree of discharge
superheat TdSH or the control at the predetermined dis-
charge temperature Td using as a target value a high
pressure saturation temperature and an upper-limit value
of the discharge temperature Td and the lower one of a
target degree of discharge superheat TdSH obtained by
calculation from the rotational speed of a compressor,
and compares, when the expansion valve control means
is performing the control at the predetermined discharge
temperature Td, a target discharge temperature Td ob-
tained by calculation from the rotational speed of the com-
pressor and the high pressure saturation temperature
with the upper-limit value and adopts the lower one of
the target discharge temperature Td and the upper-limit
value as the target discharge temperature Td.

[0010] According to the embodiment of the present in-
vention, the aperture of the electronic expansion valve
is controlled at the predetermined degree of suction gas
superheat SH when the discharge temperature Td of a
refrigerant discharged from the compressor during an
operation is not more than a previously set upper-limit
value, and the aperture of the electronic expansion valve
is controlled at the predetermined degree of discharge
superheat TdSH or the predetermined discharge tem-
perature Td when the discharge temperature Td exceeds
the upper-limit value. Therefore, even when an R32 re-
frigerantwhose discharge temperature Td easily increas-
es is used, the discharge temperature Td is prevented
from exceeding a utilization upper-limit value, and the
insulation grade of a compressor motor is made usable
as it is so that an increase in cost can be avoided while
the discharge temperature Td is made difficult to increase
sothatrefrigerant oil can be prevented from deteriorating.
While the aperture of the expansion valve is being con-
trolled at the predetermined degree of discharge super-
heat TdSH or the predetermined discharge temperature
Td, when the control at the predetermined degree of dis-
charge superheat TdSH is being performed, the control
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at the predetermined degree of discharge superheat
TdSH is switched to the control at the predetermined de-
gree of discharge superheat TdSH or the control at the
predetermined discharge temperature Td using the lower
one of the target degree of discharge superheat TdSH
obtained by calculation from the rotational speed of the
compressor and the high pressure saturation tempera-
ture and the upper-limit value of the discharge tempera-
ture Td as a target value. When the control at the prede-
termined target discharge temperature Td is being per-
formed, the target discharge temperature Td obtained by
calculation from the rotational speed of the compressor
and the high pressure saturation temperature is com-
pared with the upper-limit value, and the lower one of the
target discharge temperature Td and the upper-limit val-
ue is adopted as the target discharge temperature Td.
Thus, even when an operation point has changed with
the rotational speed of the compressor remaining the
same, the aperture of the electronic expansion valve can
be controlled using the lower one of the utilization upper-
limit value of the discharge temperature Td to be permit-
ted and the target degree of discharge superheat TdSH
plus the high pressure saturation temperature as a target
value. Therefore, the discharge temperature Td is sup-
pressed to not more than the utilization upper-limit value
of the compressor so that a utilization limit can be reliably
protected.

[0011] Furthermore, in the refrigeration / air-condition-
ing device according to an embodiment of the present
invention, the expansion valve control means further in-
cludes a target value varying means which varies the
target degree of discharge superheat TdSH or the target
discharge temperature Td depending on the rotational
speed of the compressor.

[0012] According to the embodiment of the present in-
vention, the expansion valve control means further in-
cludes the target value varying means which varies the
target degree of discharge superheat TdSH or the target
discharge temperature Td depending on the rotational
speed of the compressor. Therefore, when the rotational
speed of the compressor decreases so thatthe compres-
sion ratio decreases while the aperture of the electronic
expansion valve is being controlled at the predetermined
degree of discharge superheat TdSH or the predeter-
mined discharge temperature Td, the aperture of the
electronic expansion valve is excessively throttled. As a
result, the degree of suction gas superheat SH becomes
too high, resulting in a degraded heat exchange perform-
ance. However, when the target degree of discharge su-
perheat TdSH or the discharge temperature Td is varied
depending on the rotational speed of the compressor,
the electronic expansion valve is prevented from being
excessively throttled so that an appropriate operation
condition can be maintained. Therefore, the degradation
of the heat exchange performance occurring because of
the degree of suction gas superheat SH becoming too
high is suppressed, enabling the refrigeration / air-con-
ditioning device to perform efficient operations.
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[0013] According to another embodiment of the
present invention, there is provided a refrigeration / air-
conditioning device, including a refrigeration cycle in
which at least a compressor, a heat source-side heat
exchanger, an electronic expansion valve, and a utiliza-
tion-side heat exchanger are connected via refrigerant
piping and which is filled with a refrigerant whose dis-
charge temperature Td more easily increases than that
of an R410A refrigerant, and an expansion valve control
means which controls the aperture of the electronic ex-
pansion valve at a predetermined degree of suction gas
superheat SH when the discharge temperature Td is not
more than an upper-limit value and controls the aperture
of the electronic expansion valve at a predetermined de-
gree of discharge superheat TdSH or a predetermined
discharge temperature Td when the discharge tempera-
ture Td exceeds the upper-limit value, in which the ex-
pansion valve control means further comprises a target
value varying means which varies a target degree of dis-
charge superheat TdSH or a target discharge tempera-
ture Td depending on the rotational speed of the com-
pressor.

[0014] According to the embodiment of the present in-
vention, the aperture of the electronic expansion valve
is controlled at the predetermined degree of suction gas
superheat SH when the discharge temperature Td of a
refrigerant discharged from the compressor during an
operation is not more than a previously set upper-limit
value, and the aperture of the electronic expansion valve
is controlled at the predetermined degree of discharge
superheat TdSH or the predetermined discharge tem-
perature Td when the discharge temperature Td exceeds
the upper-limit value. Therefore, even when an R32 re-
frigerantwhose discharge temperature Td easily increas-
es is used, the discharge temperature Td is prevented
from exceeding a utilization upper-limit value, and the
insulation grade of a compressor motor is made usable
as it is so that an increase in cost can be avoided while
the discharge temperature Td is made difficult to increase
sothatrefrigerant oil can be prevented from deteriorating.
While the aperture of the electronic expansion valve is
being controlled at the predetermined degree of dis-
charge superheat TdSH or the predetermined discharge
temperature Td, when the rotational speed of the com-
pressor decreases so that the compression ratio de-
creases, the aperture of the electronic expansion valve
is excessively throttled. As a result, the degree of suction
gas superheat SH becomes too high, resulting in a de-
graded heat exchange performance. However, when the
target degree of discharge superheat TdSH or the dis-
charge temperature Td is varied depending on the rota-
tional speed of the compressor, the electronic expansion
valve is prevented from being excessively throttled so
that an appropriate operation condition can be main-
tained. Therefore, the degradation of the heat exchange
performance occurring because of the degree of suction
gas superheat SH becoming too high is suppressed, en-
abling the refrigeration / air-conditioning device to per-
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form efficient operations.
{Advantageous Effects of Invention}

[0015] According to the present invention, even when
the R32 refrigerant whose discharge temperature Td
easily increases is used, the increase in cost can be
avoided when the discharge temperature Tdis prevented
from exceeding the utilization upper-limit value and the
insulation grade of the compressor motor is made usable
as it is while the refrigerant oil can be prevented from
deteriorating when the discharge temperature Td is made
difficult to increase. Even when the operation point has
changed with the rotational speed of the compressor re-
maining the same, the aperture of the electronic expan-
sion valve can be controlled using the lower one of the
utilization upper-limit value of the discharge temperature
Td to be permitted and the target degree of discharge
superheat TdSH plus the high pressure saturation tem-
perature as the target value. Therefore, the discharge
temperature Td is suppressed to not more than the utili-
zation upper-limit value of the compressor so that the
utilization limit can be reliably protected.

[0016] According to the present invention, when the
rotational speed of the compressor decreases so that the
compression ratio decreases while the aperture of the
electronic expansion valve is being controlled at the pre-
determined degree of discharge superheat TdSH or the
predetermined discharge temperature Td, the aperture
of the electronic expansion valve is excessively throttled.
As a result, the degree of suction gas superheat SH be-
comes too high, resulting in the degraded heat exchange
performance. However, when the target degree of dis-
charge superheat TdSH or the discharge temperature
Td is varied depending on the rotational speed of the
compressor, the electronic expansion valve is prevented
from being excessively throttled so that the appropriate
operation condition can be maintained. Therefore, the
degradation of the heat exchange performance occurring
because of the degree of suction gas superheat SH be-
coming too high is suppressed, enabling the refrigeration
/ air-conditioning device to perform efficient operations.

{Brief Description of Drawings}
[0017]

FIG. 1is arefrigerant circuitdiagram of arefrigeration
/ air-conditioning device according to an embodi-
ment of the present invention.

FIG. 2A is a Mollier diagram illustrating the meaning
of controlling an electronic expansion valve in the
refrigeration / air-conditioning device to switch be-
tween control at a degree of suction gas superheat
SH and control at a degree of discharge superheat
TdSH or a discharge temperature Td.

FIG. 2B is a Mollier diagram illustrating the meaning
of controlling the electronic expansion valve in the
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refrigeration / air-conditioning device to switch be-
tween control at a degree of suction gas superheat
SH and control at a degree of discharge superheat
TdSH or a discharge temperature Td.

FIG. 3 is a Mollier diagram illustrating the meaning
of controlling the electronic expansion valve to switch
a target value between a utilization upper-limit value
of a discharge temperature Td to be permitted as a
compressor and a target degree of discharge super-
heat TdSH or a target discharge temperature Td ob-
tained by calculation.

FIG. 4 is a Mollier diagram illustrating the meaning
of controlling the electronic expansion valve by var-
ying a target degree of discharge superheat TdSH
or a discharge temperature Td depending on the ro-
tational speed of the compressor.

FIG. 5 is a graph illustrating a relationship between
the rotational speed of the compressor and a target
degree of discharge superheat TdSH or a discharge
temperature Td to be varied depending thereon.
FIG. 6 is a Mollier diagram of a refrigeration cycle
using an R410A refrigerant.

FIG. 7 is a Mollier diagram of a refrigeration cycle
using an R32 refrigerant.

{Description of Embodiments}

[0018] An embodiment of the present invention will be
described below with reference to FIGS. 1 to 5.

[0019] FIG. 1is arefrigerant circuit diagram of a refrig-
eration / air-conditioning device according to an embod-
iment of the present invention.

[0020] The refrigeration / air-conditioning device 1 ac-
cording to the present embodiment includes a heat
source-side unit (outdoor unit) 2 installed outdoors, and
a utilization-side unit (indoor unit) 3 installed in an indoor
space to be air-conditioned, which are connected to each
other via liquid-side piping 4 and gas-side piping 5.
[0021] The heat source-side unit (outdoor unit) 2 in-
cludes pieces of equipment such as a compressor 6
which compresses a refrigerant, a four-direction switch-
ing valve 7 which switches a circulation direction of the
refrigerant, a heat source-side heat exchanger (outdoor
heat exchanger) 8 which exchanges heat between the
refrigerantand ambient air, an electronic expansion valve
for heating (EEVH) 9 which depressurizes the refrigerant
during heating, a receiver 10 which temporarily stores a
liquid refrigerant, an electronic expansion valve for cool-
ing (EEVC) 11 which depressurizes the refrigerant during
cooling, a liquid-side operated valve 12 used to connect
the liquid-side piping 4, a gas-side operated valve 13
used to connect the gas-side piping 5, and an accumu-
lator 14 which separates a liquid and sucks only a gas
refrigerant into the compressor 6. The pieces of equip-
ment are connected, as illustrated, via refrigerant piping
15, to constitute a heat source-side refrigerant circuit 16.
[0022] The heatsource-side refrigerantcircuit16inthe
heat source-side unit 2 is provided with a high pressure
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opening/closing unit 17 which opens and closes at the
predetermined pressure of high pressure refrigerant gas
discharged from the compressor 6 and a discharge tem-
perature sensor (Td temperature sensor) 18 which de-
tects the temperature of the high pressure refrigerant gas
discharged from the compressor 6 for refrigerant dis-
charge piping 15A from the compressor 6 while being
provided with a low pressure sensor 19 which detects
the pressure of low pressure refrigerant gas to be sucked
into the compressor 6 and a suction temperature sensor
20 which detects the temperature of the low pressure
refrigerant gas to be sucked into the compressor 6 for
refrigerant suction piping 15B of the compressor 6.
[0023] The heat source-side heat exchanger 8 is pro-
vided with a heat exchange temperature sensor 21 which
detects the temperature of an intermediate site and a
heat exchange temperature sensor 22 which detects the
temperature of one end site while being provided with an
ambient temperature sensor 23 which detects the tem-
perature of ambient air to be vented via an outdoor air
blower (not illustrated) for the heat source-side heat ex-
changer 8.

[0024] On the other hand, the utilization-side unit (in-
door unit) 3 includes a utilization-side heat exchanger
(indoor heat exchanger) 25 which is provided for a utili-
zation-side refrigerant circuit 24 and exchanges heat be-
tween a refrigerant and indoor air to be circulated via an
indoor air blower (not illustrated) and cools or heats the
indoor air, and is served for indoor cooling or heating by
blowing out the indoor air cooled or heated by the utili-
zation-side heat exchanger 25 into a room.

[0025] The utilization-side heat exchanger 25 is pro-
vided with a heat exchange temperature sensor 26 which
detects the temperature of an intermediate site and a
heat exchange temperature sensor 27 which detects the
temperature of one end site while being provided with a
suction temperature sensor 28 which detects the tem-
perature of the indoor air to be sucked into the utilization-
side heat exchanger 25 via the indoor air blower.
[0026] The heat source-side refrigerant circuit 16 and
the utilization-side refrigerant circuit 24 are connected to
each other by respectively flare-connecting the liquid-
side piping 4 and the gas-side piping 5 using the liquid-
side operated valve 12 and the gas-side operated valve
13, to constitute a refrigeration cycle 29 serving as a
closed cycle, and the refrigeration cycle 29 is filled with
a required amount of refrigerant, whose discharge tem-
perature Td more easily increases than that of an R410A
refrigerant, like the R32 refrigerant, to constitute the re-
frigerant and air conditioning apparatus 1.

[0027] Inthe aforementioned refrigeration cycle 29, the
refrigerant, which has been compressed by the compres-
sor 6, is circulated through the heat source-side heat ex-
changer 8, the receiver 10, the electronic expansion
valve for cooling 11, the liquid-side piping 4, the utiliza-
tion-side heat exchanger 25, the gas-side piping 5, the
four-direction switching valve 7, the accumulator 14, and
the compressor 6 in this order, as indicated by a solid-
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line arrow by the four-direction switching valve 7, to form
a cooling/air cooling cycle, and the heat source-side heat
exchanger 8 and the utilization-side heat exchanger 25
are respectively made to function as a condenser and an
evaporator. When air cooled by a heat absorption func-
tion of the refrigerant in the evaporator is blown out into
aroom, a cooling/air cooling operation can be performed.
[0028] The refrigerant, which has been compressed
by the compressor 6, is circulated through the gas-side
piping 5, the utilization-side heatexchanger 25, the liquid-
side piping 4, the receiver 10, the electronic expansion
valve for heating 9, the liquid-side piping 4, the heat
source-side heat exchanger 8, the four-direction switch-
ing valve 7, the accumulator 14, and the compressor 6
in this order, as indicated by a broken-line arrow by the
four-direction switching valve 7, to form a heating/air
heating cycle, and the utilization-side heat exchanger 25
and the heat source-side heat exchanger 8 are respec-
tively made to function as a condenser and an evapora-
tor. When air heated by a heat dissipation function of the
refrigerant in the condenser is blown out into a room, a
heating/air heating operation can be performed.

[0029] The heat source-side unit (outdoor unit) 2 and
the utilization-side unit (indoor unit) 3 are respectively
provided with heat source-side and utilization-side con-
trollers 30 and 31 which respectively control the opera-
tions of the units 2 and 3, and the controllers 30 and 31
are connected to each other via the communication line
32. Each of the controllers 30 and 31 controls operations
ofthe refrigeration / air-conditioning device 1 by receiving
a detection signal input from each of the aforementioned
sensors and controlling ON/OFF and the rotational speed
of the compressor 6, switching of the four-direction
switching valve 7, ON/OFF and the rotational speed of
the outdoor air blower (not illustrated), the respective ap-
ertures of the electronic expansion valve for heating 9
and the electronic expansion valve for cooling 11,
ON/OFF and the rotational speed of the indoor air blower
(not illustrated), and the like, as needed, via a microcom-
puter or the like according to respective control programs
stored in storage sections 33 and 34 based on adetection
value of the detection signal and an operation signal, a
setting signal, or the like input from a remote control (not
illustrated).

[0030] In the present embodiment, the heat source-
side controller 30 is provided with an expansion valve
control means 35 which controls the aperture of the elec-
tronic expansion valve for cooling (EEVC) 11 or the elec-
tronic expansion valve for heating (EEVH) 9 so that a
degree of suction gas superheat SH, which is found from
a difference between a detection value by the suction
temperature sensor 20 and a detection value by the heat
exchange temperature sensor 26 or a saturation temper-
ature at pressure detected by the low pressure sensor
19 during a normal cooling operation while being found
from a difference between the detection value by the suc-
tion temperature sensor 20 and a detection value by the
heat exchange temperature sensor 21 or a saturation
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temperature at pressure detected by the low pressure
sensor 19 during a heating operation, becomes constant.
[0031] The expansion valve control means 35 has a
function of switching control at the predetermined degree
of suction gas superheat SH to control at a predetermined
degree of discharge superheat TdSH or control at a pre-
determined discharge temperature Td when the temper-
ature (discharge temperature) Td of the refrigerant dis-
charged from the compressor 6, which is detected by the
discharge temperature sensor (Td temperature sensor)
18, exceeds a previously set temperature (e.g., 95°C)
during normal cooling and heating operations.

[0032] The degree of discharge superheat TdSH can
be found from a difference between a detection value by
the discharge temperature sensor 18 and the detection
value by the heat exchange temperature sensor 21 dur-
ing cooling or the detection value by the heat exchange
temperature sensor 26 during heating (if a high pressure
sensor is provided, a saturation temperature at pressure
detected by the sensor (a high pressure saturation tem-
perature may be used)).

[0033] In the aforementioned switching control, when
the rotational speed of the compressor 6 increases, for
example, so thatthe compression ratio thereofincreases,
as indicated by a hollow arrow during the control at the
predetermined degree of suction gas superheat SH, as
illustrated in FIG. 2A, if the predetermined degree of suc-
tion gas superheat SH is kept, the discharge temperature
Td may exceed a utilization upper-limit value (a thick one-
dot and dash line). If the discharge temperature Td ex-
ceeds a previously set temperature (a utilization upper-
limit value; e.g., 95°C), control of the aperture of the elec-
tronic expansion valve for cooling 11 or the electronic
expansion valve for heating 9 is switched to control at
the predetermined degree of discharge superheat TdSH
or control at the predetermined discharge temperature
Td.

[0034] When the control of the aperture of the electron-
ic expansion valve for cooling 11 or the electronic expan-
sion valve for heating 9 is thus switched to the control at
the predetermined degree of discharge superheat TASH
or the control at the predetermined discharge tempera-
ture Td, a function of compression by the compressor 6
is controlled as indicated by a hollow arrow, as illustrated
in FIG. 2B, so that the discharge temperature Td can be
suppressed to a temperature within a utilization limit
where no breakdown occurs in a motor winding of the
compressor 6. In this case, the degree of suction gas
superheat SH becomes zero or less (in a region on the
left side of a saturated gas line), as illustrated in FIG. 2B.
Therefore, humid gas is sucked in so that an operation
in a slight liquid floodback state is performed. However,
when the degree of discharge superheat TdSH is kept
sufficiently high, reliability can be ensured.

[0035] Furthermore, while the aforementioned expan-
sion valve control means 35 is controlling the aperture
of the electronic expansion valve for cooling 11 or the
electronic expansion valve for heating 9 at the predeter-
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mined degree of discharge superheat TdSH or the pre-
determined discharge temperature Td, when an opera-
tion point has changed with the rotational speed of the
compressor 6 remaining the same (e.g., an ambient tem-
perature has increased and high pressure has increased
during a cooling operation), the operation point may
change, as indicated by abrokenlinein FIG. 3. Therefore,
in this case, even if the degree of discharge superheat
TdSH is controlled to be constant, the discharge temper-
ature Td may exceed the utilization upper-limit value.
[0036] To avoid such a situation, a target value switch-
ing means 36 is provided for the expansion valve control
means 35. The target value switching means 36 com-
pares, while the control is being performed at the prede-
termined degree of discharge superheat TdSH or the pre-
determined discharge temperature Td, a target degree
of discharge superheat TdSH obtained by calculation
from the rotational speed of the compressor 6 and the
high pressure saturation temperature with a utilization
upper-limit value of the discharge temperature Td to be
permitted as the compressor 6 when the control is being
performed at the predetermined degree of discharge su-
perheat TdSH, and switches between the control at the
predetermined degree of discharge superheat TdSH and
the control at the predetermined discharge temperature
Td using the lower one of the values as a target value.
[0037] The aforementioned target value switching
means 36 compares, while the controlis being performed
at the predetermined degree of discharge superheat
TdSH or the predetermined discharge temperature Td,
a target discharge temperature Td obtained by calcula-
tion from the rotational speed of the compressor 6 and
the high pressure saturation temperature with the utiliza-
tion upper-limit value of the discharge temperature Td to
be permitted as the compressor 6 when the control is
being performed at the predetermined discharge temper-
ature Td, and performs the control at the predetermined
discharge temperature Td using the lower one of the val-
ues as a target value.

[0038] Furthermore, in the present embodiment, a tar-
get value varying means 37, which varies a target value
of the degree of discharge superheat TdSH or the dis-
charge temperature Td depending on the rotational
speed of the compressor 6 while the aperture of the elec-
tronic expansion valve for cooling 11 or the electronic
expansion value for heating 9 is being controlled at the
predetermined degree of discharge superheat TdSH or
the predetermined discharge temperature Td, is provided
for the expansion valve control means 35.

[0039] Generally, when the rotational speed of the
compressor 6 decreases, the performance of the heat
exchanger remains unused. Therefore, high pressure
decreases, low pressure increases, and a compression
ratio decreases. Thus, if the target degree of discharge
superheat TdSH or the target discharge temperature Td
remains constant, as illustrated in FIG. 4, the degree of
suction gas superheat SH may be higher than a control
value during the control at the predetermined degree of
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suction gas superheat SH, as indicated by a fine broken
line as aresult. Therefore, the target value varying means
37 which varies the target value of the degree of dis-
charge superheat TdSH or the discharge temperature
Td depending on the rotational speed of the compressor
6 is provided, to prevent the electronic expansion valve
for cooling 11 or the electronic expansion valve for heat-
ing 9 from being excessively throttled.

[0040] Inthis case, arelationship between the rotation-
al speed of the compressor 6 and the degree of discharge
superheat TdSH or the discharge temperature Td may
be set so that the target value of the degree of discharge
superheat TdSH or the discharge temperature Td linearly
varies within a predetermined rotation number range, as
illustrated in FIG. 5. If the degree of discharge superheat
TdSH or the discharge temperature Td becomes too low,
a liquid floodback state occurs. Therefore, the target val-
ue (the degree of discharge superheat TdSH or the dis-
charge temperature Td) which is a predetermined value
or more is ensured. When the degree of discharge su-
perheat TdSH or the discharge temperature Td becomes
too high, the discharge temperature Td exceeds the uti-
lization upper-limit value. Therefore, the discharge tem-
perature Td is set to remain unchanged at a given value.
[0041] When the degree of suction gas superheat SH
is becoming high, as illustrated in FIG. 4, the control at
the predetermined degree of discharge superheat TdSH
or the control at the predetermined discharge tempera-
ture Td is basically returned to the control at the prede-
termined degree of suction gas superheat SH. However,
when the control is frequently switched, a stable opera-
tion is inhibited. Therefore, hysteresis may be provided
so that the control is not switched until the degree of
suction gas superheat SH increases to some extent or
the degree of discharge superheat TdSH or the discharge
temperature Td decreases by not less than a defined
value if the control is switched once.

[0042] According to the present embodiment as de-
scribed above, the following function and effect are pro-
duced.

[0043] In the aforementioned refrigeration / air-condi-
tioning device 1, when the high temperature and pressure
refrigerant gas discharged from the compressor 6 is cir-
culated in the direction indicated by the solid-line arrow
by the four-direction switching valve 7, to form the cool-
ing/air cooling cycle, and the heat source-side heat ex-
changer 8 and the utilization-side heat exchanger 25 are
respectively made to function as a condenser and an
evaporator, the cooling/air cooling operation can be per-
formed. On the other hand, when the high temperature
and pressure refrigerant gas discharged from the com-
pressor 6 is circulated in the direction indicated by the
broken-line arrow by the four-direction switching valve 7,
to form the heating/air heating cycle, and the utilization-
side heat exchanger 25 and the heat source-side heat
exchanger 8 are respectively made to function as a con-
denser and an evaporator, the heating/air heating oper-
ation can be performed.
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[0044] During the cooling/air cooling and heating/air
heating operations, the aperture of the electronic expan-
sion valve for cooling (EEVC) 11 or the electronic expan-
sion valve for heating (EEVH) 9 is controlled so that the
degree of suction gas superheat SH becomes constant
via the expansion valve control means 35. When the dis-
charge temperature Td of the refrigerant detected by the
discharge temperature sensor 18 exceeds the previously
set utilization upper-limit value (95°C in the present em-
bodiment) during the operations, the control at the pre-
determined degree of suction gas superheat SH is
switched to the control at the predetermined degree of
discharge superheat TdSH or the control at the prede-
termined discharge temperature Td.

[0045] As a result, even when the R32 refrigerant
whose discharge temperature Td more easily increases
than that of the R410A refrigerant is used, an operation
having high reliability can be performed by controlling the
degree of suction gas superheat SH to be constant to
reliably prevent a liquid floodback in a low compression
ratio region, and the discharge temperature Td can be
prevented from exceeding the utilization upper-limit val-
ue by performing an operation in a slight liquid floodback
state and an increase in cost can be avoided by making
the insulation grade of a compressor motor usable as it
is in a region where the discharge temperature Td easily
increases in a high compression ratio. Moreover, when
the discharge temperature Td is made difficult to in-
crease, refrigerant oil can be prevented from deteriorat-
ing.

[0046] When theelectronic expansion valve for cooling
11 or the electronic expansion valve for heating 9 is con-
trolled at the predetermined degree of discharge super-
heat TdSH or the predetermined discharge temperature
Td, the discharge temperature Td may change depend-
ing on a high pressure level during an operation. For ex-
ample, when the ambient temperature increases so that
the high pressure increases during cooling, the operation
point changes with the rotational speed of the compres-
sor 6 remaining the same. When only the degree of dis-
charge superheat TdSH is controlled, as illustrated in
FIG. 3, the discharge temperature Td may exceed the
permitted utilization upper-limit value.

[0047] However, while the control is being performed
at the predetermined degree of discharge superheat
TdSH or the predetermined discharge temperature Td,
as described above, the target value switching means
36 compares the target degree of discharge superheat
TdSH obtained by calculation from the rotational speed
of the compressor 6 and the high pressure saturation
temperature with the utilization upper-limit value of the
discharge temperature Td to be permitted as the com-
pressor 6 and switches between the control at the pre-
determined degree of discharge superheat TdSH and
the control at the predetermined discharge temperature
Td using the lower one of the values as a target value
whenthe controlis being performed at the predetermined
degree of discharge superheat TdSH. The target value
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switching means 36 compares the target discharge tem-
perature Td obtained by calculation from the rotational
speed of the compressor 6 and the high pressure satu-
ration temperature with the utilization upper-limit value
of the discharge temperature Td to be permitted as the
compressor 6 and performs the control at the predeter-
mined discharge temperature Td adopting the lower one
of the values as a target value when the control is being
performed at the predetermined discharge temperature
Td.

[0048] Therefore, even if the operation point has
changed with the rotational speed of the compressor 6
remaining the same, as described above, when the ap-
erture of the electronic expansion valve for cooling 11 or
the electronic expansion valve for heating 9 is controlled
using the lower one of the upper-limit value of the dis-
charge temperature Td to be permitted and the target
degree of discharge superheat TdSH plus the high pres-
sure saturation temperature as a target value, the dis-
charge temperature Td is suppressed to not more than
the utilization upper-limit value of the compressor 6 so
that the utilization limit can be protected.

[0049] Furthermore, in the present embodiment, the
target value varying means 37, which varies the target
value of the degree of discharge superheat TdSH or the
discharge temperature Td depending on the rotational
speed of the compressor 6, is provided for the expansion
valve control means 35. More specifically, when the ro-
tational speed of the compressor 6 decreases so that the
compression ratio decreases while the aperture of the
electronic expansion valve for cooling 11 or the electronic
expansion valve for heating 9 is being controlled at the
predetermined degree of discharge superheat TdSH or
the predetermined discharge temperature Td, the aper-
ture of the electronic expansion valve for cooling 11 or
the electronic expansion valve for heating 9is excessive-
ly throttled if the target degree of discharge superheat
TdSH or the discharge temperature Td is constant. As a
result, the degree of suction gas superheat SH becomes
too high, resulting in a degraded heat exchange perform-
ance.

[0050] Accordingly, when the target value varying
means 37 varies the degree of discharge superheat
TdSH or the discharge temperature Td serving as the
target value, as illustrated in FIG. 5, depending on the
rotational speed of the compressor 6, efficient operations
can be performed with an appropriate operation condition
maintained.

[0051] The presentinvention is not limited to the inven-
tion according to the aforementioned embodiment, and
modifications can be made, as needed, without departing
from the scope of the present invention. For example, in
the aforementioned present embodiment, an example in
which the degree of discharge superheat TdSH and the
discharge temperature Td are conveniently treated
equally, the degree of discharge superheat TdSH is
made variable, and the discharge temperature Td is
made constant has been described for a form for varying
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the degree of discharge superheat TdSH or the discharge
temperature Td serving as a control target value depend-
ing on the rotational speed of the compressor 6. However,
a configuration using a relationship between the high
pressure saturation temperature and the target dis-
charge temperature Td as a map may be used without
the degree of discharge superheat TdSH being used.
[0052] Furthermore, while an example of the refriger-
ation / air-conditioning device 1 in which the electronic
expansion valve for heating (EEVH) 9 and the electronic
expansion valve for cooling (EEVC) 11 are separately
provided has been described in the aforementioned em-
bodiment, a configuration using a single electronic ex-
pansion valve (EEV) may be used. Alternatively, a con-
figuration in which the electronic expansion valve for
cooling (EEVC) 11 is disposed within the utilization-side
unit (indoor unit) 3 may be used. The refrigeration cycle
29 may have a basic cycle including a compressor, a
heat source-side heat exchanger, an electronic expan-
sion valve, and a utilization-side heat exchanger, is not
limited to the refrigeration cycle in the aforementioned
embodiment, and may be deformable to cycles having
various configurations.

{Reference Signs List}

[0053]

1 Refrigeration / air-conditioning device

6 Compressor

8 Heat source-side heat exchanger

9 Electronic expansion valve for heating
(EEVH)

11 Electronic expansion valve for cooling
(EEVC)

15 Refrigerant piping

18 Discharge temperature sensor

19 Low pressure sensor

20 Suction temperature sensor

21, 22, 26,27 Heat exchange temperature sensor

29 Refrigeration cycle

30 Heat source-side controller

31 Utilization-side controller

35 Expansion valve control means

36 Target value switching means

37 Target value varying means

Claims

1. Arrefrigeration / air-conditioning device comprising:

a refrigeration cycle in which at least a compres-
sor, a heat source-side heat exchanger, an elec-
tronic expansion valve, and a utilization-side
heat exchanger are connected via refrigerant
piping and which is filled with a refrigerant whose
discharge temperature Td increases more eas-

10

15

20

25

30

35

40

45

50

55

ily than that of an R410A refrigerant; and

an expansion valve control means which con-
trols an aperture of the electronic expansion
valve at a predetermined degree of suction gas
superheat SH when the discharge temperature
Td is not more than an upper-limit value and
controls the aperture of the electronic expansion
valve at a predetermined degree of discharge
superheat TdSH or a predetermined discharge
temperature Td when the discharge tempera-
ture Td exceeds the upper-limit value,

wherein the expansion valve control means compris-
es a target value switching means which switches,
when the expansion valve control means is perform-
ing the control at the predetermined degree of dis-
charge superheat TdSH while controlling the aper-
ture of the expansion valve at the predetermined de-
gree of discharge superheat TdSH or the predeter-
mined discharge temperature Td, the control at the
predetermined degree of discharge superheat TdSH
to the control at the predetermined degree of dis-
charge superheat TdSH or the control at the prede-
termined discharge temperature Td using, as a tar-
get value, the lower one of an upper-limit value of
the discharge temperature Td and a target degree
of discharge superheat TdSH obtained by calcula-
tion from the rotational speed of a compressor and
a high pressure saturation temperature , and com-
pares, when the expansion valve control means is
performing the control at the predetermined dis-
charge temperature Td, a target discharge temper-
ature Td obtained by calculation from the rotational
speed of the compressor and the high pressure sat-
uration temperature with the upper-limit value and
adopts the lower one of the target discharge temper-
ature Td and the upper-limit value as the target dis-
charge temperature Td.

The refrigeration / air-conditioning device according
to claim 1, wherein

the expansion valve control means further compris-
es a target value varying means which varies the
target degree of discharge superheat TdSH or the
target discharge temperature Td depending on the
rotational speed of the compressor.

A refrigeration / air-conditioning device comprising:

a refrigeration cycle in which atleasta compres-
sor, a heat source-side heat exchanger, an elec-
tronic expansion valve, and a utilization-side
heat exchanger are connected via refrigerant
piping and which s filled with a refrigerant whose
discharge temperature Td increases more eas-
ily than that of an R410A refrigerant; and

an expansion valve control means which con-
trols an aperture of the electronic expansion
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valve at a predetermined degree of suction gas
superheat SH when the discharge temperature
Td is not more than an upper-limit value and
controls the aperture of the electronic expansion
valve at a predetermined degree of discharge
superheat TdSH or a predetermined discharge
temperature Td when the discharge tempera-
ture Td exceeds the upper-limit value,

wherein the expansion valve control means further
comprises a target value varying means which varies
a target degree of discharge superheat TdSH or a
target discharge temperature Td depending on the
rotational speed of the compressor.
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