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< (57) Abstract: A refrigerating device, comprising a refrigerating circuit having a compressor (1), an indoor heat exchanger (3), a
main motor-driven valve (EV1), and an indoor heat exchanger (5) connected annularly to each other, wherein an R32 refrigerant or a
mixed refrigerant containing R32 by at least 70% by weight is used as working media, an overcooling heat exchanger (11) is disposed
between the indoor heat exchanger (3) and main motor-driven valve (EV1), the gas side of the refrigerant circuit is bypassed, using

@\ bypass tubes (33, 34) to the liquid side thereof through the overcooling heat exchanger (11), an overcooling motor-driven valve (EV2)

N s disposed in the bypass tube (33) on the upstream side of the overcooling heat exchanger (11), a delivery temperature detected by a

v declivery temperature sensor (21) is judged by a delivery temperature judgment part (10b) and, based on the judgment results thereof,

& the opening of the overcooling motor-driven valve (EV2) is controlled so as to control the volume of refrigerant flowing through the

o bypass tubes (33, 34), whereby, using the working media containing R32 refrigerant, the delivery temperature of the compressor can

a be optimized without lowering an efficiency so as to increase the COP and reliability.
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ABSTRACT OF THE DISCLOSURE
A refrigerating device has a refrigerant circuit having a
compressor (1), an indoor heat exchanger (3), a main motor
operated valve (EV1), and an indoor heat exchanger (5)
connected in a loop, and uses, as a working medium, an R32
refrigerant or a mixed refrigerant containing R32 at at
least 70 wt$%. A supercooling heat exchanger (11) 1is
disposed between the indoor heat exchanger (3) and the main
motor operated valve (EV1), and the liquid side of the
refrigerant circuit are connected to the gas side by by-
pass pipes (33, 34) through the supercooling heat exchanger
(11) . A supercooling motor operated valve (EV2) is
disposed at the by-pass pipe (33) wupstream of the
supercooling heat exchanger (11). A discharge temperature
detected by a discharge temperature sensor (21) is
determined by a discharge temperature determination part
(10b), and based on the determination result, the opening
of the supercooling motor operated valve (EV2) is
controlled so as to control an amount of the refrigerant
flowing through the by-pass pipes (33, 34), whereby, using
the working medium containing R32, the discharge
temperature of the compressor is optimized without reducing

the efficiency, and the COP and reliability are improved.
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REFRIGERATING DEVICE

TECHNICAL FIELD

The present invention relates to a refrigerating
device using a working medium containing an R32 refrigerant
(chemical formula: CH,F,) and particularly to a
refrigerating device which copes with a low GWP (global
warming potential), is energy-saving and inexpensive, and
is capable of protecting the ozone 1layer and achieving

recycling.

BACKGROUND ART

Hitherto, a refrigerating device of the heat pump
type using a HCFC (hydrochlorofluorocarbon) refrigerant is
known. The refrigerating device has a refrigerant circuit
having a compressor, a condenser, a motor operated valve,
and an evaporator connected sequentially in the shape of a
loop and has a supercooling heat exchanger disposed between
the condenser and the motor operated valve. A gas
refrigerant from the supercooling heat exchanger 1is
returned to a liquid injection of the compressor and the
suction side of the compressor. However the refrigerating
device has a problem of deterioration of the COP

(coefficient of performance) owing to decrease in the
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circulation amount of the refrigerant caused by by-passing
of the refrigerant. The HCFC refrigerants have a problem
of deteriorating the environment of the earth because they
have a high ozone-layer destruction coefficient and a high
GWP (global warming potential).

Thus it is conceivable to use the R32 refrigerant
as a low-GWP HFC refrigerant capable of realizing a high
COP without destroying the ozone layer. However in its
physical properties, the R32 refrigerant has a higher
discharge temperature than the HCFC refrigerants. Thus the
R32 refrigerant has a problem that it deteriorates oil for
the refrigerating device so that the reliability
deteriorates.

In a conventional apparatus using R22, when a
dryness of the refrigerant at the suction side of a high-
pressure dome type compressor 1is 0.97, the discharge
temperature reaches 90°C. In the case of a low-pressure
dome type compressor, when a dryness of the refrigerant at
its suction side is 0.97, the discharge temperature reaches
70°C.

The R32 refrigerant has a low pressure loss and
its COP (coefficient of performance) can be improved,
whereas in its physical properties, its discharge
temperature rises to a temperature higher than the

discharge temperatures of R22, R410, and R407 by 15°C in




theory and by 10 - 15°C in actual measurement. Thus in an apparatus using R22, R410 or
R407, merely replacing such a refrigerant with R32 and changing the refrigeration oil to
an oil compatible with R32 would lead to a problem of deterioration in reliability and
performance.

Regarding the reliability, there is a fear that when the compressor is heated to a
high temperature, deterioration of a material and oil proceeds and its long-term reliability
deteriorates. In particular, because a compressor motor deteriorates (the demagnetizing
force decreases) greatly owing to temperature, attention should be paid to a DC motor in
dependence on a material that is used therefor.

Regarding the performance, supposing that the discharge-pipe temperature, the
manner of controlling the refrigerant by using sensors, and the manner of controlling
electric current are same as before, the R32 refrigerant has a problem of deteriorating the
performance of the refrigerating device and reducing its operation area.

It is therefore desirable to provide a refrigerating device capable of optimizing
the discharge temperature of a compressor without deteriorating the efficiency of the
compressor by using a working medium containing an R32 refrigerant, so that the COP
and reliability of the refrigerating device is improved.

It is the object of the present invention to substantially overcome of at least

ameliorate one or more of the disadvantages of the prior art.

{RALIBTT)03581.doc:hxa
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Disclosure of the Invention
Accordingly, in a first aspect, the present invention relates to a refrigerating
device comprising;:
a refrigerant circuit having a compressor, a condenser, a main pressure-reducing
meané, and an evaporator connected in a loop;
a supercooling heat exchanger disposed between the condenser and the main
pressure-reducing means;
a by-pass pipe by which a gas side of the refrigerant circuit and a liquid side
thereof are connected through the supercooling heat exchanger; and
a supercooling pressure-reducing means disposed at the by-pass pipe upstream of
the supercooling heat exchanger, wherein:
the refrigerating device uses an R32 refrigerant or a mixed refrigerant containing
the R32 refrigerant at at least 70 wt%; and
the refrigerating device further comprises:
a discharge temperature sensor detecting a discharge temperature of the
COmpressor;
a discharge temperature determination part determining the discharge
temperature detected by the discharge temperature sensor; and
a control part controlling the supercooling pressure-reducing means, based on a
result of determination made by the discharge temperature determination part, to control
an amount of the refrigerant flowing through the by-pass pipe,
wherein the supercooling pressure-reducing means comprises a supercooling

motor operated valve, and the refrigerating device further comprises:

{R:\LIBTT]03581.doc:hxa
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a condensation temperature sensor detecting a condensation temperature of the

condenser;

an evaporation temperature sensor detecting an evaporation temperature of the
evaporator;

a target discharge temperature computing part computing a target discharge
temperature, based on the condensation temperature detected by the condensation
temperature sensor, the evaporation temperature detected by the evaporation temperature
sensor, and an opening of the supercooling motor operated valve;

the control part controls the main pressure-reducing means to allow the discharge
temperature of the compressor to attain to the target discharge temperature.

In a second aspect, the present invention relates to a refrigerating device
comprising:

a refrigerant circuit having a compressor, a condenser, a main pressure-reducing
means, and an evaporator connected in a loop;

a supercooling heat exchanger disposed between the condenser and the main
pressure-reducing means;

a by-pass pipe by which a gas side of the refrigerant circuit and a liquid side
thereof are connected through the supercooling heat exchanger; and

a supercooling pressure-reducing means disposed at the by-pass pipe upstream of
the supercooling heat exchanger, wherein;

the refrigerating device uses an R32 refrigerant or a mixed refrigerant containing
the R32 refrigerant at at lest 70 wt%; and

the refrigerating device further comprises:

{R:A\LIBTT)03581.doc:hxa
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a discharge temperature sensor detecting a discharge temperature of the
Compressor;

a discharge temperature determination part determining the discharge
temperature detected by the discharge temperature sensor; and

a control part controlling the supercooling pressure-reducing means, based on a
result of determination made by the discharge temperature determination part, to control
an amount of the refrigerant flowing through the by-pass pipe;

further wherein the supercooling pressure-reducing means comprises a solenoid
operated valve and a capillary, and the refrigerating device further comprises:

a condensation temperature sensor detecting a condensation temperature of the
condenser;

an evaporation temperature sensor detecting an evaporation temperature of the
evaporator;

a target discharge temperature computing part computing a target discharge
temperature, based on the temperature sensor, the evaporation temperature detected by the
evaporation temperature sensor, and an opening of the solenoid operated valve;

the control part controls the main pressure-reducing means to allow the discharge
temperature of the compressor to attain to the target discharge temperature.

In a preferred embodiment, after the R32 refrigerant (or the mixed refrigerant
containing R32 at at least 70 wt%) discharged from the compressor is condensed by the
condenser, the refrigerant is pressure-reduced by the main pressure-reducing means.
Then the refrigerant vaporizes in the evaporator and retums to the suction side of the

compressor. At this time, the refrigerant pressure-reduced by the supercooling pressure-

[R\LIBTT]03581.doc:hxa
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reducing means flow from the liquid side of the refrigerant circuit to the gas side thereof
at the downstream side of the evaporator by the by-pass pipe through the supercooling
heat exchanger. The supercooling heat exchanger supercools the refrigerant flowing from
the condenser to the main pressure-reducing means. The discharge temperature
determination part determines the discharge temperature detected by the discharge
temperature sensor. Based on the result of the determination, the control parts controls
the supercooling pressure-reducing means to adjust the amount of the refrigerant flowing
through the by-pass pipes to a large amount or a small amount, according as the discharge
temperature is high or low. Thus, when the discharge temperature is high, the discharge
temperature can be decreased by increasing the amount of the refrigerant flowing through
the by-pass pipes. Accordingly, even if the R32 refrigerant (or the mixed refrigerant
containing R32 at at least 70 wt%) which is higher, due to its physical property, in the
discharge temperature than the HCFC refrigerants is used, it is possible to optimize the
discharge temperature without deteriorating the efficiency and thus improve the COP and
the reliability. A motor operated valve may be used as the supercooling pressure-
reducing means. Then, the opening of the motor operated valve is controlled to control a
by-pass refrigerant amount. Further a solenoid operated valve and a capillary may be
combined to provide the supercooling pressure-reducing means to control the by-pass
refrigerant amount by opening and closing of the solenoid operated valve.

In one embodiment, when the discharge temperature determination part
determines that the discharge temperature exceeds a set upper-limit value, the control part
controls the supercooling pressure-reducing means to increase the amount of the

refrigerant flowing through the by-pass pipe, and to decrease the amount of the refrigerant

[R\LIBTT}03581.doc:hxa




flowing through the by-pass pipe when the discharge temperature determination part
determines that the discharge temperature is smaller than a set lower-limit value.

In this embodiment, when the discharge temperature determination part
determines that the discharge temperature exceeds a set upper-limit value, the control part
controls the supercooling pressure-reducing means to increase the amount of the
refrigerant flowing through the by-pass pipe. On the other hand, when the discharge
temperature determination part determines that the discharge temperature is smaller than
the set lower-limit value, the control part controls the supercooling pressure-reducing
means to decrease the amount of the refrigerant flowing through the by-pass pipe.
Thereby optimum control of the discharge temperature can be accomplished without
deteriorating the efficiency.

In another embodiment, the supercooling pressure-reducing means comprises a
supercooling motor operated valve, and the refrigerating device further comprises a
condensation temperature sensor detecting a condensation temperature of the condenser;
an evaporation temperature sensor detecting an evaporation temperature of the
evaporator; and a target discharge temperature computing part computing a target
discharge temperature, based on the condensation temperature detected by the
condensation temperature sensor, the evaporation temperature detected by the evaporation
temperature sensor, and an opening of the supercooling motor operated valve. The
control part controls the main pressure-reducing means to allow the discharge temperature
of the compressor to attain to the target discharge temperature.

In this embodiment, based on the condensation temperature of the condenser

detected by the condensation temperature sensor, the evaporation temperature of the

(R:\LIBTT}03581.doc:hxa




evaporator detected by the evaporation temperature sensor, and the opening of the
supercooling motor operated valve, the target discharge temperature computing part
computes the target discharge temperature suitable to the operation conditions or situation
(cooling operation/heating operation, operation frequency of the compressor, etc.). Based
on the target discharge temperature computed by the target discharge temperature
computing part, the control part controls the main pressure-reducing means to control the
amount of the refrigerant flowing through the refrigerant circuit so that the discharge
temperature of the compressor attains to the target discharge temperature. Thus, optimum
control of the discharge temperature can be accomplished according to the amount of the
refrigerant flowing through the by-pass pipe, namely, a supercooling degree.

In one embodiment, the refrigerating device further comprises an evaporator-exit
temperature sensor detecting a temperature at an exit of the evaporator. The control part
controls the main pressure-reducing means and the supercooling motor operated valve,
based on the target discharge temperature computed by the target discharge temperature
computing part and the temperature at the exit of the evaporator detected by the
evaporator-exit temperature sensor.

In this embodiment, the evaporator-exit temperature sensor detects the
temperature at the exit of the evaporator. Based on the target discharge temperature
computed by the target discharge temperature computing' part and the temperature at the
exit of the evaporator detected by the evaporator-exit temperature sensor, the control part
controls the main pressure-reducing means and the supercooling pressure-reducing
means. By using the temperature at the exit of the evaporator to control the discharge

temperature of the compressor, it is possible to improve controllability of the amount of

[R:\LIBTT]03581.doc:hxa
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the refrigerant flowing through the by-pass pipe, namely, controllability of the
supercooling degree.

Generally, as shown with a P-H (pressure-enthalpy) diagram in Fig. 12, a
maximum temperature in a refrigerating cycle is a temperature at the discharge side of the
COmpressor.

The present inventors ascertained in experiments that when the R32 refrigerant is
used, the reliability of the compressor is ensured, even though a superheat SH is
decreased to increase the wetness of the R32 refrigerant, as shown with a P-H (Td3-Tcu3)
line of Fig. 13, as compared with a conventional (Td1-Tcul) line. As shown in Fig. 13,
when the wetness of the R32 refrigerant at the suction side of the compressor is increased,
a temperature Td at the discharge side of the compressor decreases from Tdl to Td3.
Thus it is possible to avoid reduction in the reliability and the performance.

Let the wetness be x, the refrigerant is in a complete gaseous state when x = 1.0,
in a liquid state when x = 0, and in a fluidized state, or a state of two phases, when x =
0.5, 0.6, 0.9, and so on. Supposing that the dryness is y, y=1-x.

As shown in test results of reliability of Fig. 11, in the case where the
conventional R22 refrigerant was used, the reliability of the compressor was at an
unusable level unless the dryness thereof at the suction side of the compressor was 0.90 or
more. In the case of the R32 refrigerant, it was confirmed in experiments that when the
dryness thereof at the suction side of the compressor was not less than 0.60, the reliability
of the compressor was at a usable level.

Accordingly, in a third aspect, the present invention provides a refrigerating

device of which a compressor sucks and compresses an R32 refrigerant having a dryness

{R:\LIBTT}03581.doc:hxa
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of 0.65 or more or a pseudo-azeotropic mixed refrigerant containing R32 at at least 70
wt% and having a dryness of 0.65 or more.

In one embodiment, the compressor sucks and compresses the R32 refrigerant
having the dryness of 0.65 or more. Thus, as is apparent from the test results shown in
Fig. 11, it is possible to use the R32 refrigerant without deteriorating the reliability of the
compressor and realize energy-saving and a low GWP without reducing the reliability and
performance. Also in the case where the compressor sucks the mixed refrigerant
containing R32 at 70 wt% or more and having the dryness of 0.65 or more és well, similar
effects can be obtained.

In another embodiment, a compressor sucks and compresses an R32 refrigerant
having a dryness of 0.70 or more or a mixed refrigerant containing R32 at at least 70 wt%
and having a dryness of 0.70 or more.

In this embodiment, since the compressor sucks the R32 refrigerant having the
dryness of 0.70 or more, the reliability of the compressor can be further improved. In the
case where the compressor sucks the mixed refrigerant containing R32 at at least 70 wt%
and having the dryness of 0.70 or more, similar effects can be obtained.

That is, a mixed refrigerant containing R32 at at least 70 wt% provides a pseudo-
azeotropy, which allows the R32 refrigerant to have advantages (energy-saving and low
GWP) over the R22 refrigerant.

In one embodiment, a compressor sucks and compresses an R32 refrigerant
having a dryness of 0.75 or more or a mixed refrigerant containing R32 at at least 70 wt%

and having a dryness of 0.75 or more.

[R:\LIBTT]03581.doc:hxa
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In this embodiment, since the compressor sucks the R32 refrigerant having the
dryness of 0.75 or more, the reliability of the compressor can be enhanced to a maximum
level as is apparent from the test results shown in Fig. 11. In the case where the
compressor sucks the mixed refrigerant containing R32 at at least 70 wt% and having the
dryness of 0.75 or more as well, similar effects can be obtained.

In one embodiment, the refrigerating device comprises a control means detecting
a discharge—pipe temperature of the compressor and controlling the dryness of the
refrigerant sucked by the compressor based on the detected discharge—pipe temperature.

In this embodiment, the dryness of the refrigerant sucked by the compressor is
controlled based on the discharge-pipe temperature of the compressor. Thus the dryness
can be controlled by the simple control means.

in one embodiment, the refrigerating device comprises a control means detecting
a superheat and controlling the dryness of the refrigerant sucked by the compressor based
on the detected superheat.

In this embodiment, the dryness of the refrigerant sucked by the compressor is
controlled based on the superheat. Thus, the dryness of the suction side can be controlled
with high precision and the reliability of the compressor can be improved.

In another embodiment, the refrigerating device comprises a control means
detecting a subcooling degree and controlling the dryness of the refrigerant sucked by the
compressor based on the detected subcooling degree. In the embodiment, the dryness of
the refrigerant sucked by the compressor is controlled based on the sub-cooling degree.
Thus the dryness at the suction side can be controlled with high precision and the

reliability of the compressor can be improved.

[RALIBTT]03581.doc:hxa
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In one embodiment, the refrigerating device comprises a control means
controlling a superheating degree at an exit of an evaporator. In the embodiment, the
superheating degree at the exit of the evaporator is controlled to increase the wetness at
the exit of the evaporator. Thus it is possible to prevent condensation on a fan rotor of the
evaporator (in an indoor unit).

In another embodiment, a compressor is of a high-pressure dome type, and in a
heating operation at a low temperature (for example, the outdoor temperature is -5°C or
below), the compressor sucks and compresses an R32 refrigerant having a dryness of 0.68
or more or a mixed refrigerant containing R32 at at least 70 wt% and having a dryness of
0.68 or more; and a discharge temperature of the compressor is set to 80 - 90°C.

In this emi)odiment, the dryness of the R32 refrigerant at the suction side of the
high-pressure dome type compressor is set to 0.68 or more, and the discharge temperature
is set to 80 - 90°C. Thus it is possible to use the R32 refrigerant without deteriorating the
reliability of the compressor, which realizes energy-saving and a low GWP and avoids
deterioration of the reliability and performance.

In one embodiment, a compressor is of a low-pressure dome type, and in a
heating operation at a low temperature (for example, the outdoor temperature is -5°C or
below), the compressor sucks and compresses an R32 refrigerant having a dryness of 0.65
or more or a mixed refrigerant containing R32 at at least 70 wt% and having a dryness of
0.65 or more; and a discharge temperature of the compressor is set to 60 - 70°C.

In this embodiment, the dryness of the R32 refrigerant at the suction side of the
low-pressure dome type compressor is set to 0.65 or more, and the discharge temperature

is set to 60 - 70°C. Thus it is possible to use the R32 refrigerant without deteriorating the
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reliability of the compressor, which realizes energy-saving and a low GWP and avoids

deterioration of the reliability and performance.
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Brief Description of the Drawings

A preferred form of the present invention will now be described by way of
example with reference to the accompanying drawings, wherein:

Fig. 1 is a circuit diagram of an air conditioner, of heat pump type, serving as a
refrigerating device of a first embodiment of the present invention;

Fig. 2 is a flowchart for describing the operation of a control device of the air

conditioner;
Fig. 3 is a Mollier diagram of the air conditioner;

Fig. 4 is a circuit diagram of an air conditioner of a second embodiment of the

present invention;

Fig. 5 is a flowchart for describing the operation of a control device of the air

conditioner;

(R:\LIBTT)03581.doc:hxa
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Fig. 6 is a circuit diagram of an air conditioner
not having a bridge circuit;

Fig. 7 is a circuit diagram of an air conditioner
using a solenoid operated valve and a capillary as a
supercooling pressure-reducing means;

Fig. 8 is a circuit diagram of an air conditioner
using an injection circuit;

Fig. 9 1is a refrigerant circuit of an air
conditioner which is an embodiment of the refrigerating
device of the present invention;

Fig. 10 1is a flowchart for describing the
operation of a control device of the embodiment;

Fig. 11 is a chart showing results of a test for
evaluating reliability of a compressor for each dryness of
a refrigerant;

Fig. 12 shows an example of a Mollier diagram in
an actual refrigerating device; and

Fig. 13 shows a superheat SH and a sub-cooling

degree SC in the Mollier diagram.

BEST MODE FOR CARRYING OUT THE INVENTION
The embodiments of the air conditioner of the
present invention will be described in detail below.

(First Embodiment)
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Fig. 1 is a circuit diagram showing a schematic
construction of a heat pump type air conditioner as a first
embodiment of the refrigerating device of the present
invention. Reference numeral 1 denotes a compressor, 2
denotes a four-way selector valve connected to a discharge
side of the compressor 1, 3 denotes an outdoor heat
exchanger whose one end 1is connected to the four-way
selector valve 2, 4 denotes a bridge circuit serving as a
rectifying means, 5 denotes an indoor heat exchanger, 6
denotes an accumulator 6 connected to the indoor heat
exchanger 5 through the four-way selector valve 2.

The bridge circuit 4 has check valves 4A, 4B, 4C,
and 4D permitting the flow of a refrigerant in only one
direction, two input/output ports, one input port, and one
output port. The outdoor heat exchanger 3 is connected to
one of the input/output ports of the bridge circuit 4. The
indoor heat exchanger 5 1is connected to the other
input/output port of the bridge circuit 4. The check valve
47 is connected to the one input/output port in a direction
in which the flow of the refrigerant from the outdoor heat
exchanger 3 is permitted. The check wvalve 4B is connected
to the other input/output port in a direction in which the
flow of the refrigerant from the indoor heat exchanger 5 is
permitted. The check valves 4A and 4B are connected to the

output port, with both valves facing each other. The check
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valve 4C is connected to the input/output port, to which
the check valve 4B is connected, in the direction in which
the refrigerant to the indoor heat exchanger 5 is permitted
to flow. The check valve 4D 1is connected to the
input/output port, to which the check valve 4A is connected,
in the direction in which the refrigerant to the outdoor
heat exchanger 3 is permitted to flow. The check valves 4C
and 4D are connected to the input port, with both valves
facing each other.

One end of a pipe 31 is connected to the output
port of the bridge circuit 4. The other end of the pipe 31
is connected to one end of an outer tube 1lla of a
supercooling heat exchanger 11. One end of a pipe 32 1is
connected to the input port of the bridge circuit 4. The
other end of the pipe 32 is connected to the other end of
the outer tube 1lla of the supercooling heat exchanger 11.
A main motor operated valve EV1 serving as a main pressure
reduction means is disposed on the pipe 32. The pipe 31 is
connected to one end of an inner tube 1lla of the
supercooling heat exchanger 11 through a by-pass pipe 33 on
which a by-pass motor operated valve EV2 serving as a
supercooling pressure-reducing means 1is disposed. The
other end of the inner tube 11b of the supercooling heat
exchanger 11 is connected to a position between the four-

way selector valve 2 and the accumulator 6 through a by-
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pass pipe 34. As a result, in whichever direction the
refrigerant flows between the outdoor heat exchanger 3 and
the indoor heat exchanger 5 by a change-over from a cooling
operation to a heating operation or vice versa, the bridge
circuit 4 allows the refrigerant to flow in only the
direction from the supercooling heat exchanger 11 to the
main motor operated valve EV1.

A refrigerant «circuit is constructed of the
compressor 1, the four-way selector valve 2, the outdoor
heat exchanger 3, the main motor operated valve EV1, the
indoor heat exchanger 5, and the accumulator 6. An R32
refrigerant is used as a working medium.

The air conditioner has a discharge temperature
sensor 21 detecting the discharge temperature of the
discharge side of the compressor 1, a temperature sensor 22
provided on the outdoor heat exchanger 3 and serving as a
condensation temperature sensor or an evaporation
temperature sensor for detecting the refrigerant
temperature of the outdoor heat exchanger 3, a temperature
sensor 23 provided on the indoor heat exchanger 5 and
serving as an evaporation temperature sensor or a
condensation temperature sensor for detecting the
refrigerant temperature of the indoor heat exchanger 5, and
a control section 10 controlling the cooling operation and

the heating operation upon receipt of signals from each of
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the temperature sensors 22, 23, and 24. The control
section 10 is constructed of a microcomputer, an
input/output circuit, and the like, and has a control part
10a controlling the compressor 1, the main motor operated
valve EV1, and the by-pass motor operated valve EV2, a
discharge temperature determination part 10b determining
the discharge temperature detected by the temperature
sensor 21, and a target discharge temperature computing
part 10c computing a target discharge temperature, based on
the discharge temperature, a condensation temperature, and
an evaporation temperature detected by the temperature
sensors 21 - 23.

In the case where the air conditioner having the
construction performs the cooling operation, the compressor
1 is actuated with the four-way selector valve 2 switched
to a position shown with a solid line. As a result, the
refrigerant, having a high temperature and a high pressure,
discharged from the compressor 1 flows through the four-way
selector valve 2, the outdoor heat exchanger 3, the check
valve 4A of the bridge circuit 4, the supercooling heat
exchanger 11, and to the motor operated valve EV1. The
refrigerant pressure-reduced by the motor operated valve
EV1l flows through the check valve 4D of the bridge circuit
4, the indoor heat exchanger 5, and to the four-way

selector valve 2 and returns to the accumulator 6 from the
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four-way selector valve 2. At this time, the supercooling
heat exchanger 11 supercools the refrigerant flowing into
the motor operated valve EV1, and in the indoor heat
exchanger 5 functioning as an evaporator, a liquid
refrigerant having a low temperature and a low pressure
vaporizes and is then exhausted from an exit side thereof.
When the air conditioner performs the heating
operation, the compressor 1 is actuated with the four-way
selector valve 2 switched to a position shown with a broken
line. As a result, the refrigerant, having a high
temperature and a high pressure, discharged from the
compressor 1 flows through the four-way selector valve 2,
the indoor heat exchanger 5, the check wvalve 4B, the
supercooling heat exchanger 11, and the motor operated
valve EV1. The refrigerant pressure-reduced by the motor
operated valve EV1 flows through the check valve 4C of the
bridge circuit 4, the outdoor heat exchanger 3, and to the
four-way selector valve 2 and returns to the accumulator 6
from the four-way selector valve 2. At this time, a high-
temperature and high-pressure 1liquid refrigerant upstream
of the supercooling heat exchanger 11 is expanded by the
by-pass motor operated valve EV2 and becomes a gaseous
refrigerant having a low temperature and a low pressure,

which flows into the supercooling heat exchanger 11, and
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supercools the refrigerant flowing into the motor operated
valve EV1.

As described above, in the cooling operation and
the heating operation, owing to the provision of the bridge
circuit 4, the supercooling heat exchanger 11 is disposed
at the upstream side of the motor operated valve EV1 so
that the supercooling heat exchanger 11 increasingly
supercools the refrigerant flowing into the motor operated
valve EV1. The operation efficiency can be thereby
improved.

The operation of the control section 10 will be
described below with reference to the flowchart of Fig. 2.
The cooling operation will be only described with reference
to Fig. 2. In the heating operation, a change is done
between the condenser and the evaporator, and hence between
the temperature sensor 22 detecting the condensation
temperature Tc and the temperature sensor 23 detecting the
evaporation temperature Te, and a processing similar to the
cooling operation is executed.

With reference to Fig. 2, once the cooling
operation starts, a discharge temperature, Td, a
condensation temperature, Tc, and an evaporation
temperature, Te are detected at step Sl. That 1is, the
temperature sensor 21 detects the discharge temperature, Td,

at the discharge side of the compressor 1, and the
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temperature sensor 22 detects the condensation temperature,
Tc, of the outdoor heat exchanger 3 serving as the
condenser, and the evaporation temperature, Te, of the
indoor heat exchanger 5 serving as the evaporator is
detected.

Then the program goes to step S2 at which the
discharge temperature determination part 10b of the control
device 10 determines whether the discharge temperature, Td,
is more than a set upper-limit value. If it is determined
that the discharge temperature, Td, is more than the set
upper-limit value, the program goes to step S3 at which the
motor operated by-pass valve EV2 is opened at a
predetermined opening. Then the program goes to step S4.

On the other hand, if it is determined that the
discharge temperature, Td, is not more than the set upper-
limit wvalue, the program goes to step S11 at which the
discharge temperature determination part 10b determines
whether the discharge temperature, Td, is smaller than a
set lower-limit wvalue. If the discharge temperature
determination part 10b determines that the discharge
temperature, Td, is smaller than the set lower-limit value,
the program goes to step S12. On the other hand, if the
discharge temperature determination part 10b determines
that the discharge temperature, Td, is not smaller than the

set lower-limit value, the program goes to step S4.
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At step S12, it is determined whether a by-pass
operation is being performed. If it is determined that the
by-pass operation is being performed, the program goes to
step S13 at which the motor operated by-pass valve EV2 is
closed by a predetermined value from a current opening. On
the other hand, if it is determined that the by-pass
operation is not being performed, the program goes to step
S4.

Thereafter at step S4, the target discharge
temperature computing part 10c computes the target
discharge temperature, Tk. The target discharge
temperature, Tk, is computed on the basis of the
condensation temperature, Tc, and the evaporation
temperature, Te, both detected at step S1 and the opening
of the by-pass motor operated valve EV2.

Then the program goes to step S5 at which it is
determined whether the discharge temperature Td detected at
step S1 is more than the target discharge temperature, Tk.
If it is determined that the discharge temperature, Td, is
more than the target discharge temperature, Tk, the program
goes to step S6 at which the main motor operated valve EV1
is opened. On the other hand, if it is determined that the
discharge temperature, Td, 1is not more than the target
discharge temperature, Tk, the program goes to step S7 at

which the main motor operated valve EV1 is closed.
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Fig. 3 shows a Mollier diagram in which the axis
of ordinates indicates the pressure P and the axis of
abscissas indicates the enthalpy 1. Referring to Fig. 3,
for comparison, the case where the supercooling heat
exchanger 11 is not provided (a by-pass is not provided)
and the case where the supercooling heat exchanger is
provided (a by-pass is provided) will be described below.

In the case where the supercooling heat exchanger
11 is not provided, a normal cycle changes as shown with a
broken line in Fig. 3. On the other hand, in the case
where the supercooling heat exchanger 11 is provided, the
refrigerant cycle changes as shown with a solid line (and a
thicker solid line) of Fig. 3. That is, the refrigerant in
a state A (exit of evaporator) at the input side of the
compressor 1 is changed into a high-pressure state B by the
compressor 1, and owing to condensation of the refrigerant
in the outdoor heat exchanger 3, the state B is changed
into a state C (branch) in which the refrigerant has a
small enthalpy. The supercooling heat exchanger 11
supercools the refrigerant at the exit side of the outdoor
heat exchanger 3 to change the state of the refrigerant
from C to D.

Then the refrigerant supercooled by the
supercooling heat exchanger 11 1is changed into a pressure

reduced state E owing to expansion thereof at the main
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motor operated valve EV1. The refrigerant in the state E
is changed into the state A 1in which the enthalpy has
become high owing to heat absorption from outside air, with
the pressure being approximately constant due to the
evaporation at the indoor heat exchanger 5. Then, the exit
side of the indoor heat exchanger 5 and the exit side of
the by-pass pipe of the supercooling heat exchanger 11 are
joined with each other to change the state from A to Y. As
a result, the discharge temperature of the compressor 1
decreases.

As described above, the discharge temperature Td
detected by the discharge temperature sensor 21 is
discriminated or determined by the discharge temperature
determination part 10b. Then, based on the result of the
determination, the supercooling motor operated valve EV2 is
controlled to adjust the amount of the refrigerant flowing
through the by-pass pipes 33 and 34 to a large amount or a
small amount, according as the discharge temperature 1is
high or low. Thereby when the discharge temperature is
high, the discharge temperature is decreased by increasing
the amount of the refrigerant flowing through the by-pass
pipes. Accordingly, even if the R32 refrigerant higher in
the discharge temperature than the HCFC refrigerants is

used, it is possible to optimize the discharge temperature
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of the compressor 1 without deteriorating the efficiency
and improve the COP and the reliability.

In accordance with the result of comparison, made
by the discharge temperature determination part 10b,
between the discharge temperature and the set upper-limit
value as well as the set lower-limit wvalue, the control
part 10a controls the supercooling motor operated valve EV2
to accurately adjust the amount of the refrigerant flowing
through the by-pass pipes 33 and 34, whereby an optimum
control of the discharge temperature can be accomplished.

The target discharge temperature computing part
10c computes the target discharge temperature, Tk, suitable
to the operation conditions or situation (cooling
operation/heating operation, operation frequency of the
compressor, etc.), based on the condensation temperature,
Tc, the evaporation temperature, Te, and the opening of the
supercooling motor operated valve EV2. Then, based on the
obtained target discharge temperature Tk, the control part
10a controls the opening of the main motor operated valve
EVl. The control of the main motor operated valve combined
with the control of the supercooling motor operated valve
EV2 makes it possible to accurately control the discharge

temperature of the compressor 1.

(Second Embodiment)
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Fig. 4 is a circuit diagram showing a schematic
construction of a heat-pump type air conditioner serving as
a refrigerating device of a second embodiment of the
present invention. Except for temperature sensors 24, 25
and the operation of the control device 10, the air
conditioner of the second embodiment has the same
construction as that of the air conditioner of the first
embodiment. Thus the same constituent parts of the air
conditioner of the second embodiment as those of the air
conditioner of the first embodiment are denoted by the same
reference numerals and description thereof 1is omitted
herein.

As shown in Fig. 4, the air conditioner has a
temperature sensor 24 disposed on the outdoor heat
exchanger 3 and serving as an evaporator-exit temperature
sensor and a temperature sensor 25 disposed on the indoor
heat exchanger 5 and serving as an evaporator-exit
temperature sensor. The temperature sensors 24 and 25 are
installed on the outdoor heat exchanger 3 and the indoor
heat exchanger 5 respectively in such a way that the
temperature sensors 24 and 25 are positioned within 1/3 of
the entire length of the heat exchangers from the gas side
thereof.

The control section 10 is constructed of a

microcomputer, an input/output circuit, etc. and has a
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control part 10a controlling the compressor 1, the main
motor operated valve EV1, and the by-pass motor operated
valve EV2, a discharge temperature determination part 10b
comparing a discharge temperature detected Dby the
temperature sensor 21 with a set upper-limit value and a
set lower-limit wvalue, a target discharge temperature
computing part 10c computing a target discharge temperature,
based on a discharge temperature, a condensation
temperature, and an evaporation temperature detected by the
temperature sensors 21 - 23, and a target evaporator-exit
temperature computing part 10d computing a target
evaporator-exit temperature, based on the evaporation
temperature detected by the temperature sensor 22 or 23.

In the air conditioner having the construction,
the operation of the control section 10 is similar to that
of the air conditioner in steps S1 - S4 and S11 - S13 of
the flowchart of Fig. 2 of the air conditioner of the first
embodiment, but different from the air conditioner of the
first embodiment in only steps S5 - §7. Fig. 5 shows a
flowchart of the operation only in steps different from the
air conditioner of the first embodiment.

After the target discharge temperature, Tk, 1is
computed at step S4 of Fig. 2, an evaporator-exit
temperature, Ts, is detected at step S21 of Fig. 5. In

this case, in the cooling operation, the temperature sensor
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25 detects the temperature of the refrigerant at the exit
side of the indoor heat exchanger 5 serving as the
evaporator. In the heating operation, the temperature
sensor 24 detects the temperature of the refrigerant at the
exit side of the outdoor heat exchanger 3 serving as the
evaporator.

Thereafter at step S22, the target evaporator-
exit temperature computing part 10d computes a target
evaporator-exit temperature, Tj. The target evaporator-
exit temperature, Tj, is found by using an equation shown
below:

Tj = evaporation temperature Te + A
where A 1is determined by a table prepared in accordance
with the operation conditions for cooling/heating operation
and the operation frequency of the compressor.

Then at step S23, it 1is determined whether the
discharge temperature, Td, is more than the target
discharge temperature, Tk. If it is determined that the
discharge temperature, Td, 1is more than the target
discharge temperature, Tk, the program goes to step S24.
On the other hand, if it is determined that the discharge
temperature, Td, is not more than the target discharge
temperature Tk, the program goes to step S28.

Thereafter at step S24, it is determined whether

the evaporator-exit temperature, Ts, 1is more than the



1}

10

15

20

25

31

target evaporator-exit temperature, Tj. If it is
determined that the evaporator—exit temperature, Ts, is
more than the target evaporator—-exit temperature, Tj, the
program goes to step S25 at which according to an
instruction of the control part 10a, the main motor
operated valve EV1l is opened further by a predetermined
amount from a current opening. On the other hand, if it is
determined at step 24 that the evaporator-exit temperature,
Ts, is not more than the target evaporator-exit temperature,
Ty, the program goes to step S26 at which according to an
instruction of the control part 10a, the main motor
operated valve EV1 is closed by a given amount from the
current opening, and at step S27, the motor operated by-
pass valve EV2 is opened further by a given amount from a
current opening. Thereafter the program returns to step Sl
of Fig. 2.

It 1is determined at step S28 whether the
evaporator-exit temperature, Ts, is more than the target
evaporator-exit temperature, Tj. If it is determined that
the evaporator-exit temperature Ts is not more than the
target evaporator-exit temperature, Tj, the program goes to
step S29 at which according to an instruction of the
control part 10a, the main motor operated valve EV1 is
closed by a given amount from the current opening. On the

other hand, if it is determined at step S28 that the
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evaporator-exit temperature, Ts, exceeds the target
evaporator-exit temperature, TJj, the program goes to step
S30 at which under the control of the control part 10a, the
main motor operated valve EV1 is opened further from the
current opening by a given amount and at step S31, the
motor operated by-pass valve EV2 1is closed by a given
amount from the current opening. Thereafter the program
returns to step S1 of Fig. 2.

As is obvious from the above, the air conditioner
has advantages similar to the advantages of the air
conditioner of the first embodiment. Further, due to
utilization of evaporator-exit temperature for the control
of the discharge temperature of the compressor 1, the air
conditioner has improved controllability of the amount of
the refrigerant flowing through the by-pass pipe, namely,
improved controllability of the supercooling degree.

Although the air conditioner has been described
as the refrigerating device in the first and second
embodiments, the present invention is applicable to other
types of refrigerating devices.

Although the air conditioner wusing the R32
refrigerant has been described in the first and second
embodiments, the refrigerant used for the refrigerating
devicelis not limited to the R32 refrigerant, but a mixed

refrigerant containing R32 at at least 70 wt% may be used
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therefor. For example, it 1is possible to use a mixed
refrigerant of the R32 refrigerant and CO,, the content of
R32 being from 70 wt% to 90 wt% 1inclusive, a mixed
refrigerant of R32 and R22, the content of R32 being from
70 wt$ to 90 wt® inclusive, or the like.

In the first and second embodiment, the air
conditioners having the refrigerant circuit and the
supercooling circuit shown in Figs. 1 and 4 have been
described as the refrigerating device. However the
construction of the refrigerating device is not limited to
the air conditioners shown in Figs. 1 and 4. For example,
a refrigerating device having a construction as shown in
Fig. 6 in which the bridge circuit is removed from Fig. 1
may be used. In this case, the supercooling motor operated
valve EV2 is opened in only the heating operation to by-
pass the refrigerant. Also, the refrigerating device may
have a construction as shown in Fig. 7 in which a solenoid
operated valve 61 and a capillary 62 are used as the
supercooling pressure-reducing means instead of the
supercooling motor operated valve of Fig. 1. Further as
shown in Fig. 8, the refrigerating device may have an
injection circuit for injecting a gas refrigerant from the
supercooling heat exchanger 11 into an intermediate-

pressure portion of a compressor 71 through a by-pass pipe
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35. In Figs. 6 through 8, the same constituent parts as

those shown in Fig. 1 are denoted by the reference numerals.

(Third Embodiment)

Fig. 9 shows a refrigerant circuit of an air
conditioner being a third embodiment of the refrigerating
device of the present invention. In the third embodiment,
the R32 refrigerant is used. The third embodiment has a
refrigerant circuit having a compressor 101, a four-way
selector valve 104, an outdoor heat exchanger 102, an
eXpansion valve 103, a valve 126, an indoor heat exchanger
105, a wvalve 125, a gas-liquid separator 106, and an
accumulator 107 sequentially connected. An outdoor unit
121 having the outdoor heat exchanger 102 is connected to
an indoor unit 122 through a connection piping.

The third embodiment has a control section 108
provided by a microcomputer. The control section 108 is
connected to a temperature sensor 113 mounted on a suction-
side pipe of the compressor 101, a temperature sensor 112
mounted on a discharge-side pipe of the compressor, a
temperature sensor 117 mounted on the outdoor heat
exchanger 102, a temperature sensor 115 mounted on the
indoor heat exchanger 105, a temperature sensor 111
detecting an outdoor temperature, and a temperature sensor

116 detecting an indoor temperature.
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The operation of the control section 108 of the
third embodiment will be described below with reference to
Fig. 10. 1Initially at step S101, it is determined at step
S101 whether the air conditioner uses the R32 refrigerant.
If it is determined that the air conditioner uses the R32
refrigerant, the program goes to step S102. Whether the
air conditioner uses the R32 refrigerant may be determined
on the basis of information inputted in advance. If it is
determined that the air conditioner does not use the R32
refrigerant, the program goes to step S105 at which a
conventional control is continuously executed. The
“conventional control” means a control of the compressor
101 and the expansion valve 103 based on a discharge-pipe
temperature, Tdis, obtained from the temperature sensor 112.

At step S102, it 1is determined whether the
discharge-pipe temperature, Tdis, 1is equal to or higher
than a predetermined value within the range of 135°C -
125°C. If it 1is determined that the discharge-pipe
temperature, Tdis, 1is equal to or higher than the
predetermined value, the program goes to step S103. On the
other hand, if it is determined that the discharge-pipe
temperature, Tdis, is less than the predetermined value,
the program goes to step S105.

At step S103, a superheat SH (see Fig. 13) is

detected whereby the wetness of the refrigerant at the
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suction side of the compressor 101 is detected. That 1is,
the superheat SH which 1is the difference between a
temperature, Tsuc, of the compressor 101 at its suction
side obtained from the temperature sensor 113 and the
temperature of the evaporator obtained from the temperature
sensor 117 or 115 (temperature, Tin, of the indoor heat
exchanger 105 in cooling operation) is detected. Then an
operation of increasing the number of rotations of the
compressor 101 and/or an operation of opening the expansion
valve 103 is performed to decrease the superheat SH to
thereby increase the wetness. Thereby the refrigerant
temperature of the compressor at its discharge side is
decreased to avoid deterioration of the reliability and the
performance.

Thereafter the program goes to step S104 at which
it is determined whether the superheat SH is equal to or
more than a predetermined value within the range of 0.85 -
0.75. If it is determined that the superheat SH is equal
to or more than the predetermined value, the program goes
to step S105 at which the conventional control is
continuously executed.

On the other hand, if it is determined that the
superheat SH is less than the predetermined value (overwet)
within the range of 0.85 - 0.75, the program goes to step

S106 at which the number of rotations of the compressor 101
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is decreased so that the circulation amount of the
refrigerant is decreased. By thus doing, the superheat SH
is increased by a predetermined value and hence the wetness
is decreased accordingly, whereby the dryness of the
refrigerant is kept at a proper value (0.85 - 0.75).

Thereafter the program goes to step S107 at which
the processing of steps S103 and S104 1is executed to
decrease the superheat by a predetermined value, and an
operation of decreasing the discharge-pipe temperature is
performed. If the superheat is less than the proper value
(0.85 - 0.75), the program returns to step S106 at which
the superheat is increased. On the other hand, if it 1is
determined at step S107 that the superheat is more than the
proper value (0.85 - 0.75), the program returns to step
S108 at which the expansion wvalve 103 1is throttled to
decrease the superheat and hence increase the wetness to
thereby decrease the discharge-pipe temperature, Tdis.
Thereafter the program goes to step S1009.

At step S109, the operation of steps S103 and
S104 is performed. That is, the discharge-pipe temperature
is decreased by performing the operation of decreasing the
superheat SH. Then, the program goes to step S105 if the
superheat SH is equal to or larger than the predetermined
value (in the range of 0.85 - 0.75) at which sufficient

reliability is obtained. If the superheat SH has not
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reached the predetermined value, the program goes to step
S106 at which the superheat-increasing operation 1is
performed again.

As described above, in the third embodiment, when
the discharge-pipe temperature becomes the predetermined
value or more, the superheat SH is decreased to increase
the wetness and decrease the discharge-pipe temperature
(steps S102, S103). Then if it is determined that the
superheat SH is short, to increase the dryness, the number
of rotations of the compressor 101 is decreased to increase
the superheat SH to a proper value (0.85 - 0.75) at which
the reliability of the compressor 101 1is sufficiently
secured.

Owing to the control, the discharge temperature
can be decreased by decreasing the dryness (superheat) of
the R32 refrigerant, sucked by the compressor 101, to fall
within the range where the reliability of the compressor
101 is sufficiently secured. Thus energy-saving and a low
GWP is realized while avoiding reduction in the reliability
(reduction in lubricity of compressor, wear, and the 1like)
and in the performance (low temperature performance in the
heating operation).

In the third embodiment, although the proper
value of the dryness (superheat) 1is set to the range of

0.85 - 0.75, the proper value thereof may be set to the
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range not 1less than 0.65, 0.70 or 0.75. In the third
embodiment, although the compressor 101 and the expansion
valve 103 are controlled based on the superheat, the
compressor and the expansion valve may be controlled based
on the discharge-pipe temperature of the compressor or a
sub-cooling degree (sC) . Although the refrigerant
consisting solely of R32 is used in the third embodiment,
similar effects can be obtained even in the case where a
mixed refrigerant containing R32 at at least 70 wt% is used.

That is, a mixed refrigerant containing R32 at at
least 70 wt® provides a pseudo-azeotropy, which allows the
R32 refrigerant to display its advantages (energy-saving
and low GWP) over the R22 refrigerant.

Compressors 1include a high-pressure dome type
compressors and low-pressure dome type compressors. The
“high-pressure dome type” is a type of a compressor wherein
a compressor motor is placed in a high-pressure atmosphere
of a discharge gas or the like, whereas the “low-pressure
dome type” is a type of a compressor wherein a compressor
motor 1is placed in a low-pressure atmosphere of a low-
pressure gas or a liquid. The discharge temperature of the
low-pressure dome type compressor is lower by 15°C - 20°C
than that of the high-pressure dome type compressor.
Accordingly in the case where the low-pressure dome type

compressor is adopted in the air conditioner adopting the
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R32 refrigerant, the dryness of the refrigerant sucked by
the compressor is set to 0.65 - 0.95 to control the
discharge temperature of the compressor to 60°C - 70°C. By
thus doing, it is possible to realize an energy-saving,
low-GWP and low-cost air conditioner that avoids
deterioration in the reliability and performance of the
compressor.

In the third embodiment, the control part 108 may
be so constructed as to control the superheating degree of
the refrigerant at the exit of the indoor heat exchanger
105 serving as the evaporator to thereby increase the
wetness of the refrigerant at the exit of the indoor heat
exchanger 105 and prevent condensation on a fan rotor of
the indoor heat exchanger 105. The condensation prevention
control may be applied to a case using a mixed refrigerant
containing 50 wt®% R32 and 50 wt% R125 as well as a case

using R407C (R32/R125/R134a: 23/25/52 wtg).
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The claims defining the invention are as follows:

1. A refrigerating device comprising:

a refrigerant circuit having a compressor, a condenser, a main pressure-reducing
means, and an evaporator connected in a loop;

a supercooling heat exchanger disposed between the condenser and the main
pressure-reducing means;

a by-pass pipe by which a gas side of the refrigerant circuit and a liquid side
thereof are connected through the supercooling heat exchanger; and

a supercooling pressure-reducing means disposed at the by-pass pipe upstream of
the supercooling heat exchanger, wherein:

the refrigerating device uses an R32 refrigerant or a mixed refrigerant containing
the R32 refrigerant at at least 70 wt%; and

the refrigerating device further comprises:

a discharge temperature sensor detecting a discharge temperature of the
COMPpIessor;

a discharge temperature determination part determining the discharge
temperature detected by the discharge temperature sensor; and

a control part controlling the supercooling pressure-reducing means, based on a
result of determination made by the discharge temperature determination part, to control
an amount of the refrigerant flowing through the by-pass pipe,

wherein the supercooling pressure-reducing means comprises a supercooling
motor operated valve, and the refrigerating device further comprises:

a condensation temperature sensor detecting a condensation temperature of the

condenser;

[RALIBTT]03581.doc:hxa
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an evaporation temperature sensor detecting an evaporation temperature of the
evaporator;

a target discharge temperature computing part computing a target discharge
temperature, based on the condensation temperature detected by the condensation
temperature sensor, the evaporation temperature detected by the evaporation temperature
sensor, and an opening of the supercooling motor operated valve;

the control part controls the main pressure-reducing means to allow the discharge
temperature of the compressor to attain to the target discharge temperature.

2. A refrigerating device comprising:

a refrigerant circuit having a compressor, a condenser, a main pressure-reducing
means, and an evaporator connected in a loop;

a supercooling heat exchanger disposed between the condenser and the main
pressure-reducing means;

a by-pass pipe by which a gas side of the refrigerant circuit and a liquid side
thereof are connected through the supercooling heat exchanger; and

a supercooling pressure-reducing means disposed at the by-pass pipe upstream of
the supercooling heat exchanger, wherein;

the refrigerating device uses an R32 refrigerant or a mixed refrigerant containing
the R32 refrigerant at at lest 70 wt%; and

the refrigerating device further comprises:

a discharge temperature sensor detecting a discharge temperature of the
CoOmpressor;

a discharge temperature determination part determining the discharge

temperature detected by the discharge temperature sensor; and

(R:ALIBTT]03581.doc:hxa
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a control part controlling the supercooling pressure-reducing means, based on a
result of determination made by the discharge temperature determination part, to control
an amount of the réfrigerant flowing through the by-pass pipe;

further wherein the supercooling pressure-reducing means comprises a solenoid
operated valve and a capillary, and the refrigerating device further comprises:

a condensation temperature sensor detecting a condensation temperature of the
condenser;

an evaporation temperature sensor detecting an evaporation temperature of the
evaporator;

a target discharge temperature computing part computing a target discharge
temperature, based on the temperature sensor, the evaporation temperature detected by the
evaporation temperature sensor, and an opening of the solenoid operated valve,

the control part controls the main pressure-reducing means to allow the discharge
temperature of the compressor to attain to the target discharge temperature.

3. A refrigerating device according to claim 1 or 2, wherein when the
discharge temperature determination part determines that the discharge temperature
exceeds a set upper-limit value, the control part controls supercooling pressure-reducing
means to increase the amount of the refrigerant flowing through the by-pass pipe, and to
decrease the amount of the refrigerant flowing through the by-pass pipe when the
discharge temperature determination part determines that the discharge temperature is
smaller than a set lower-limit value.

4. A refrigerating device according to claim 1 or 2, further comprising an
evaporator-exit temperature sensor detecting a temperature at an exit of the evaporator,

wherein the control part controls the main pressure-reducing means and the supercooling

[R:\LIB‘I‘T]0358 1.doc:hxa




44

pressure-reducing means, based on the target discharge temperature computed by the
target discharge temperature computing part and the temperature at the exit of the
evaporator detected by the evaporator-exit temperature sensor.

5. A refrigerating device of which a compressor sucks and compres:ses an
R32 refrigerant having a dryness of 0.65 or more or a pseudo-azeotropic mixed
refrigerant containing R32 at at least 70 wt% and having a dryness of 0.65 or more.

6. A refrigerating device according to claim 5, wherein the compressor
sucks and compresses an R32 refrigerant having a dryness of 0.70 or more or a pseudo-
azeotropic mixed refrigerant containing R32 at at least 70 wt% and having a dryness of
0.70 or more.

7. A refrigerating device according to claim 5, wherein the compressor
sucks and compresses an R32 refrigerant having a dryness of 0.75 or more or a pseudo-
azeotropic mixed refrigerant containing R32 at at least 70 wt% and having a dryness of
0.75 or more.

8. A refrigerating device according to any one of claims 5 through 7,
comprising a control means detecting a discharge-pipe temperature of the compressor and
controlling the dryness of the refrigerant sucked by the compressor based on the detected
discharge-pipe temperature.

9. A refrigerating device according to any one of claims 5 through 7,
comprising a control means detecting a superheat and controlling the dryness of the
refrigerant sucked by the compressor based on the detected superheat.

10. A refrigerating device according to any one of claims 5 through 7,
comprising a control means detecting a subcooling degree and controlling the dryness of

the refrigerant sucked by the compressdr based on the detected subcooling degree.
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11. A refrigerating device according to any one of claims 5 through 7,
comprising a control means controlling a superheating degree at an exit of an evaporator.

12. A refrigerating device according to claim S, wherein:

the compressor is of a high-pressure dome type;

the compressor sucks and compresses an R32 refrigerant having a dryness of
0.68 or more or a pseudo-azeotropic mixed refrigerant containing R32 at at least 70 wt%
and having a dryness of 0.68 or more; and

a discharge temperature of the compressor is set to 80 - 90°C.

13. A refrigerating device according to claim 5, wherein:

the compressor is of a low-pressure dome type; and

a discharge temperature of the compressor is set to 60 - 70°C.

14. A refrigerating device substantially as hereinbefore described with

reference to any one embodiment, as that embodiment is depicted in the accompanying

drawings.

Dated 4 March, 2004
Daikin Industries, Ltd.

Patent Attorneys for the Applicant/Nominated Person

SPRUSON & FERGUSON
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