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(54) REFRIGERATION AIR CONDITIONING DEVICE

(57) A sufficient heating capacity can be displayed
even in cold districts with atmospheric temperatures of
-10°C or less by improving the heating capacity in the
refrigerant air conditioner much more than that of con-
ventional gas injection cycles.

In a refrigerant air conditioner having circularly con-
nected a compressor 3, a room heat exchanger 6, a first
pressure reducing device 11, and an outdoor heat ex-
changer 12, for supplying hot heat from the room heat
exchanger, the refrigerant air conditioner includes a first
internal heat exchanger 9 for exchanging heat of refrig-
erant between the room heat exchanger and the first
pressure reducing device with heat of refrigerant be-
tween the outdoor heat exchanger and the compressor;
an injection circuit 13 for bypassing part of the refrigerant
between the room heat exchanger and the first pressure
reducing device so as to inject it into a compression
chamber within the compressor; a pressure reducing de-
vice for injection 14 provided along the injection circuit;
and a second internal heat exchanger 10 for exchanging

heat of refrigerant reduced in pressure by the pressure
reducing device for injection with heat of the refrigerant
between the room heat exchanger and the first pressure
reducing device.
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Description

Technical Field

[0001] The present invention relates to refrigerant air
conditioners, and in particular relates to a refrigerant air
conditioner capable of improving its heating capacity by
gas injection during a low outdoor temperature.

Background Art

[0002] As conventional refrigerant air conditioners,
there has been an air conditioner in that refrigerant gas
separated in a gas liquid separator arranged in an inter-
mediate pressure portion between a condenser and an
evaporator is injected into an intermediate pressure por-
tion of a compressor so as to increase a heating capacity
(see Patent Document 1, for example). Also, there is an
air conditioner in that instead of providing the gas liquid
separator, part of high-pressure refrigerant liquid is by-
passed and reduced in pressure, which in tern is injected
into a compressor after it is evaporated by exchanging
heat with that of high-pressure refrigerant liquid so as to
increase a heating capacity (see Patent Document 2, for
example).
Also, there is an air conditioner in that a liquid receiver
is provided in an intermediate pressure portion between
a condenser and an evaporator, so that heat of the re-
frigerant in the liquid receiver is exchanged with heat of
the refrigerant sucked by a compressor (see Patent Doc-
ument 3, for example).
[0003]

Patent Document 1: Japanese Unexamined Patent
Application Publication No. 2001-304714
Patent Document 2: Japanese Unexamined Patent
Application Publication No. 2000-274859
Patent Document 3: Japanese Unexamined Patent
Application Publication No. 2001-174091

Disclosure of Invention

Problems to be Solved by the Invention

[0004] However, the following problems have arisen
in the conventional refrigerant air conditioners. First, as
in the conventional example in Patent Document 1, dur-
ing injection from the gas liquid separator, the liquid
amount in the gas liquid separator is changed in accord-
ance with the injection amount, so that there has been
an unstable operation problem caused by the change in
refrigerant liquid amount distribution in a refrigerating cy-
cle.
When the injected refrigerant gas is balanced in flow rate
with the refrigerant gas in two-phase refrigerant flowing
into the gas liquid separator, the refrigerant liquid amount
in the gas liquid separator is stabilized because only the
refrigerant liquid flows out toward the evaporator. How-

ever, if the flow rate of the injected refrigerant decreases
to less than that of the refrigerant gas flowing into the
gas liquid separator, the refrigerant gas also flows out
toward the evaporator so that gas flows out from the bot-
tom of the gas liquid separator and almost all the liquid
in the gas liquid separator flows out.
In reverse, when the flow rate of the injected refrigerant
increases, the refrigerant liquid is also injected among
the refrigerant gas because of the shortage of the refrig-
erant gas. Consequently, the liquid flows out from the top
of the gas liquid separator so as to fill the gas liquid sep-
arator almost with the liquid.
[0005] Since the injection flow rate is liable to change
according to high-low pressures in a refrigerating cycle,
the pressure in the gas liquid separator, and the operation
capacity of the compressor, the injected refrigerant gas
is scarcely balanced in flow rate with the refrigerant gas
flowing into the gas liquid separator. In practice, the re-
frigerant liquid amount in the gas liquid separator is
whether almost zero or in a flooded state, and the refrig-
erant amount in the gas liquid separator is liable to
change according to operation situations. Consequently,
the refrigerant liquid amount distribution in a refrigerating
cycle is liable to change so that the operation fluctuates.
Such operation instability following the change in the re-
frigerant amount in the gas liquid separator is solved by
bypassing and injecting part of the high-pressure refrig-
erant liquid like in the conventional example in Patent
Document 2, because of the absence of a liquid reservoir
portion. However, even in this structure, the following
problems remain.
[0006] In general, the refrigerating cycle with the gas
injection can increase the heating capacity in accordance
with the increase in refrigerant flow rate flowing into a
room heat exchanger from the compressor by increasing
the injection flow.
However, if the injection flow rate is increased, the refrig-
erant liquid is also injected among the refrigerant gas so
that the room heat exchanger is decreased in heat ex-
changing capacity by decreasing the discharge temper-
ature of the compressor so as to also reduce the refrig-
erant temperature at the inlet of the room heat exchanger.
Hence, an injection flow rate exists in that the heating
capacity is maximized by keeping the balance between
the refrigerant flow rate and the heat exchanging capac-
ity.
In general refrigerant air conditioners of air heat-source
heat pump type, in cold districts with atmospheric tem-
peratures of -10°C or less, the sufficient heating opera-
tion cannot be performed because of the reduction in
heating capacity, so that apparatuses capable of display-
ing the more sufficient heating capacity have been de-
manded. However, the gas injection cycle described
above has a limit of the heating capacity so that the suf-
ficient heating operation cannot be performed.
[0007] The conventional example described in Patent
Document 3 also has no heating capacity increasing con-
figuration in its circuit structure, so that in the same way,
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the heating capacity is reduced and the sufficient heating
operation cannot be performed in the cold districts.
In view of the problems described above, it is an object
of the present invention to provide a refrigerant air con-
ditioner capable of displaying a sufficient heating capac-
ity even in cold districts with atmospheric temperatures
of -10°C or less by improving the heating capacity in the
refrigeration air conditioner more than that of convention-
al gas injection cycles.

Means for Solving the Problems

[0008] A refrigerant air conditioner according to the
present invention including a compressor, a room heat
exchanger, a first pressure reducing device, and an out-
door heat exchanger, which are circularly connected, for
supplying hot heat from the room heat exchanger, further
includes a first internal heat exchanger for exchanging
heat of refrigerant existing between the room heat ex-
changer and the first pressure reducing device with heat
of refrigerant existing between the outdoor heat exchang-
er and the compressor; an injection circuit for bypassing
part of the refrigerant existing between the room heat
exchanger and the first pressure reducing device so as
to inject it into a compression chamber within the com-
pressor; a pressure reducing device for injection provided
along the injection circuit; and a second internal heat ex-
changer for exchanging heat of refrigerant reduced in
pressure by the pressure reducing device for injection
with heat of the refrigerant existing between the room
heat exchanger and the first pressure reducing device.

Effect of the Invention

[0009] As described above, according to the present
invention, when heating operation to supply hot heat from
the room heat exchanger is performed in the system of
circularly connected the compressor, the room heat ex-
changer, the first pressure reducing device, and the out-
door heat exchanger, refrigerant sucked into the com-
pressor is heated by the first internal heat exchanger to
exchange heat of refrigerant existing between the room
heat exchanger and the first pressure reducing device
with heat of refrigerant existing between the outdoor heat
exchanger and the compressor. Thereby, even if the flow
rate of the refrigerant injected in the compression cham-
ber in the compressor is increased by bypassing part of
refrigerant existing between the room heat exchanger
and the first pressure reducing device, the reduction in
discharge temperature of the compressor is suppressed,
so that the sufficient heating capacity can be secured by
making the room heat exchanger display the sufficient
heat exchanging capacity even in conditions liable to re-
duce the heating capacity such as cold ambient temper-
ature. Simultaneously, when supplying the refrigerant for
gas injection by the second internal heat exchanger for
exchanging heat of refrigerant reduced in pressure by
the pressure reducing device for injection with heat of

refrigerant existing between the room heat exchanger
and the first pressure reducing device, the change in liq-
uid amount due to use of the gas liquid separator can be
avoided by supplying the bypassed and gasified refrig-
erant without a gas liquid separator, achieving much
more stable operation of the apparatus.

Brief Description of the Drawings

[0010]

Fig. 1 is a refrigerant circuit diagram of a refrigerant
air conditioner according to a first embodiment of the
present invention.
Fig. 2 is a PH diagram showing operating situations
during heating operation of the refrigerant air condi-
tioner.
Fig. 3 is a PH diagram showing operating situations
during cooling operation of the refrigerant air condi-
tioner.
Fig. 4 is a flowchart showing control process during
the heating operation of the refrigerant air condition-
er.
Fig. 5 is a flowchart showing control process during
the cooling operation of the refrigerant air condition-
er.
Fig. 6 is a PH diagram showing operating situations
during gas injection of the refrigerant air conditioner.
Fig. 7 is a graph showing temperature changes of a
condenser during the gas injection of the refrigerant
air conditioner.
Fig. 8 is a graph showing operation characteristics
during changing of the gas injection flow rate of the
refrigerant air conditioner.
Fig. 9 is a graph showing differences in operation
characteristics due to presence or absence of a first
internal heat exchanger of the refrigerant air condi-
tioner.
Fig. 10 is another graph showing operation charac-
teristics during the changing of the gas injection flow
rate of the refrigerant air conditioner.
Fig. 11 is a refrigerant circuit diagram of a refrigerant
air conditioner according to a second embodiment
of the present invention.

Reference Numerals

[0011] 1: outdoor unit, 2: room unit, 3: compressor, 4:
four-way valve, 5: gas pipe, 6: room heat exchanger, 7:
liquid pipe, 8: second expansion valve, 9: first internal
heat exchanger, 10: second internal heat exchanger, 11:
first expansion valve, 12: outdoor heat exchanger, 13:
injection circuit, 14: third expansion valve for injection,
15: measurement control unit.
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Best Mode for Carrying Out the Invention

First Embodiment

[0012] Fig. 1 is a refrigerant circuit diagram of a refrig-
erant air conditioner according to a first embodiment of
the present invention.
In Fig. 1, on an outdoor unit 1, there are mounted a com-
pressor 3, a four-way valve 4 for switching the operation
between heating and cooling, an outdoor heat exchanger
12, a first expansion valve 11, which is a pressure-reduc-
ing device, a second internal heat exchanger 10, a first
internal heat exchanger 9, a second expansion valve 8,
which is a pressure-reducing device, an injection circuit
13, and a third expansion valve 14, which is a pressure-
reducing device for injection.
The compressor 3 is a type of compressor controlled in
capacity by controlling the number of revolutions with an
inverter, and is capable of injecting refrigerant supplied
from the injection circuit 13 into a compressing chamber
of the compressor 3.
[0013] The first expansion valve 11, the second ex-
pansion valve 8, and the third expansion valve 14 are
electronic expansion valves controlled to be variable in
opening. The outdoor heat exchanger 12 is for heat-ex-
changing with outside air blown by a fan and the like.
Within a room unit 2, a room heat exchanger 6 is mount-
ed. A gas pipe 5 and a liquid pipe 7 are connection pipes
for connecting between the outdoor unit 1 and the room
unit 2. For the refrigerant of this refrigerant air conditioner,
R410A is used which is a mixed HFC refrigerant.
[0014] Within the outdoor unit 1, a measurement con-
trol unit 15 and temperature sensors 16 are arranged. A
temperature sensor 16a is arranged on discharge side
of the compressor 3; a temperature sensor 16b between
the outdoor heat exchanger 12 and the four-way valve
4; a temperature sensor 16c along a refrigerant flow path
in the intermediate portion of the outdoor heat exchanger
12; a temperature sensor 16d between the outdoor heat
exchanger 12 and the first expansion valve 11; a tem-
perature sensor 16e between the first internal heat ex-
changer 9 and the second expansion valve 8; and a tem-
perature sensor 16f on suction side of the compressor
3, for measuring the refrigerant temperature at the re-
spective installation sites. Also, a temperature sensor
16g is for measuring the outside air temperature around
the outdoor unit 1.
[0015] Within the room unit 2, temperature sensors
16h, 16i, and 16j are arranged: the temperature sensor
16h is arranged along a refrigerant flow path in the inter-
mediate portion of the room heat exchanger 6 and the
temperature sensor 16i is arranged between the room
heat exchanger 6 and the liquid pipe 7, for measuring
the refrigerant temperature at the respective installation
sites; and the temperature sensor 16j is for measuring
the temperature of air to be sucked into the room heat
exchanger 6. When a heat medium as a load is other
media, such as water, the temperature sensor 16j is for

measuring the temperature of the flowing-in medium.
[0016] The temperature sensors 16c and 16h can de-
tect saturated temperatures of the refrigerant at high-low
pressures, respectively, by detecting the temperatures
of the refrigerant in a gas-liquid two-phase state in the
respective intermediate portions of the heat exchangers.
The measurement control unit 15 within the outdoor unit
1 controls the operation method of the compressor 3, the
flow-path switching of the four-way valve 4, the blowing
air volume of the fan, and the openings of the respective
expansion valves, on the basis of the information meas-
ured by the sensors 16 and operation instructions from
a user of the refrigerant air conditioner.
[0017] Then, the operation in the refrigerant air condi-
tioner will be described.
First, the operation during heating will be described with
reference to PH diagrams during heating operation
shown in Figs. 1 and 2.
During the heating operation, the flow path of the four-
way valve 4 is established in directions shown by solid
lines of Fig. 1. The high temperature and pressure refrig-
erant gas (the point 1 in Fig. 2) discharged from the com-
pressor 3 flows out of the outdoor unit 1 via the four-way
valve 4 so as to flow in the room unit 2 via the gas pipe
5. Then, the gas flows in the room heat exchanger 6 so
as to be condensed and liquefied while radiating heat in
the room heat exchanger 6 as a condenser, becoming
the high pressure and low temperature refrigerant liquid
(the point 2 in Fig. 2). The heat radiated from the refrig-
erant is given to load-side media, such as air and water,
so as to perform heating operation.
[0018] The high pressure and low temperature refrig-
erant flowing out of the room heat exchanger 6 flows in
the outdoor unit 1 via the liquid pipe 7. Thereafter, it is
slightly reduced in pressure (the point 3 in Fig. 2) in the
second expansion valve 8, and then, it gives heat to the
low temperature refrigerant to be sucked to the compres-
sor 3 in the first internal heat exchanger 9 so as to be
cooled (the point 4 in Fig. 2).
Then, after part of the refrigerant is bypassed to the in-
jection circuit 13, the refrigerant exchanges heat in the
second internal heat exchanger 10 with the refrigerant
bypassed to the injection circuit 13 and reduced in pres-
sure in the third expansion valve 14 getting a low tem-
perature, so as to be further cooled (the point 5 in Fig.
2). Then, the refrigerant is reduced in pressure to be a
low pressure by the first expansion valve 11 so as to
become two-phase refrigerant (the point 6 in Fig. 2).
Then, the two-phase refrigerant flows in the outdoor heat
exchanger 12 as an evaporator so as to be evaporated
and gasified therein (the point 7 in Fig. 2) by absorbing
heat. Thereafter, it passes through the four-way valve 4
so as to heat exchange in the first internal heat exchanger
9 with high-pressure refrigerant for being further heated
(the point 8 in Fig. 2) and sucked into the compressor 3.
[0019] On the other hand, the refrigerant bypassed to
the injection circuit 13 is reduced in pressure to an inter-
mediate pressure by the third expansion valve 14 so as
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to become the low temperature two-phase refrigerant
(the point 9 in Fig. 2). Thereafter, it changes heat in the
second internal heat exchanger 10 with high pressure
refrigerant so as to be heated (the point 10 in Fig. 2) for
being injected into the compressor 3.
Within the compressor 3, the sucked refrigerant (the point
8 in Fig. 2) is compressed and heated to an intermediate
pressure (the point 11 in Fig. 2) and then flows together
with the injected refrigerant. The refrigerant is reduced
in temperature (the point 12 in Fig. 2), and then dis-
charged (the point 1 in Fig. 2) after being compressed to
be high pressure.
[0020] Next, the operation during cooling will be de-
scribed with reference to PH diagrams during cooling op-
eration shown in Figs. 1 and 3.
During the cooling operation, the flow path of the four-
way valve 4 is established in directions shown by dotted
lines of Fig. 1. The high temperature and pressure refrig-
erant gas (the point 1 in Fig. 3) discharged from the com-
pressor 3 flows in the outdoor heat exchanger 12 as a
condenser via the four-way valve 4 so as to become high-
pressure and low-temperature refrigerant (the point 2 in
Fig. 3) by being condensed and liquefied therein while
radiating heat. The refrigerant flowing out of the outdoor
heat exchanger 12 is slightly reduced in pressure (the
point 3 in Fig. 3) in the first expansion valve 11 and sub-
sequently cooled (the point 4 in Fig. 3) in the second
internal heat exchanger 10 by exchanging heat with the
low-temperature refrigerant flowing along the injection
circuit 13. After part of the refrigerant is bypassed to the
injection circuit 13, the refrigerant is continuously cooled
(the point 5 in Fig. 3) in the first internal heat exchanger
9 by exchanging heat with the refrigerant to be sucked
into the compressor 3.
[0021] After becoming the two-phase refrigerant (the
point 6 in Fig. 3) by being reduced in pressure to a low
pressure by the second expansion valve 8, the refrigerant
flows out of the outdoor unit 1 so as to flow in the room
unit 2 via the liquid pipe 7. Then, it flows in the room heat
exchanger 6 as an evaporator so as to give the cold to
load-side media, such as air and water, while being evap-
orated and gasified therein (the point 7 in Fig. 3) by ab-
sorbing heat.
The low-pressure refrigerant gas flowing out of the room
heat exchanger 6 flows out of the room unit 2 so as to
flow into the outdoor unit 1 via the gas pipe 5. Then, it
passes through the four-way valve 4, and is subsequently
heated (the point 8 in Fig. 3) by exchanging heat with the
high-pressure refrigerant in the first internal heat ex-
changer 9 and then sucked into the compressor 3.
[0022] On the other hand, the refrigerant bypassed to
the injection circuit 13 is reduced in pressure to an inter-
mediate pressure by the third expansion valve 14 so as
to become the low temperature two-phase refrigerant
(the point 9 in Fig. 3). Thereafter, it changes heat in the
second internal heat exchanger 10 with high pressure
refrigerant so as to be heated (the point 10 in Fig. 3) for
being injected into the compressor 3. Within the com-

pressor 3, the sucked refrigerant (the point 8 in Fig. 3) is
compressed and heated to an intermediate pressure (the
point 11 in Fig. 3) and then flows together with the injected
refrigerant. The refrigerant is reduced in temperature (the
point 12 in Fig. 3), and then discharged (the point 1 in
Fig. 3) after being compressed to be high pressure.
The PH diagram during the cooling operation is substan-
tially identical to that during the heating operation, so that
the same way operation can be achieved in any one of
the operation modes.
[0023] Next, the control operation in the refrigerant air
conditioner will be described.
First, the control operation during the heating operation
will be described with reference to the flowchart of Fig. 4.
During the heating operation, the capacity of the com-
pressor 3, the opening of the first expansion valve 11,
the opening of the second expansion valve 8, and the
opening of the third expansion valve 14 are firstly estab-
lished as initial values (Step S1).
After a predetermined time elapsed (Step S2), in accord-
ance with the operation state thereafter, each actuator
is controlled as follows.
Also, the capacity of the compressor 3 is principally con-
trolled so that the air temperature measured by the tem-
perature sensor 16j of the room unit 2 becomes the tem-
perature set by a user of the refrigerant air conditioner.
[0024] That is, the air temperature in the room unit 2
is compared with the set value (Step S3). When the air
temperature is identical or close to the set temperature,
the capacity of the compressor 3 is maintained as it is
and the process proceeds to the next Step.
Also, the capacity of the compressor 3 is changed (Step
S4) such that when the air temperature is much smaller
than the set temperature, the capacity of the compressor
3 is increased; when the air temperature is close to the
set temperature, the capacity of the compressor 3 is
maintained as it is; and when the air temperature is in-
creased larger than the set temperature, the capacity of
the compressor 3 is decreased.
[0025] The control of each expansion valve is per-
formed as follows.
First, the second expansion valve 8 is controlled so that
the degree of supercooling SC of the refrigerant at the
outlet of the room heat exchanger 6 becomes a target
value set in advance, such as 10°C, the degree of su-
percooling SC being obtained from the temperature dif-
ference between the saturated temperature of the high-
pressure refrigerant detected by the temperature sensor
16h and the outlet temperature of the room heat exchang-
er 6 detected by the temperature sensor 16i.
That is, the degree of supercooling SC of the refrigerant
at the outlet of the room heat exchanger 6 is compared
to the target value (Step S5). When the degree of super-
cooling SC of the refrigerant at the outlet of the room heat
exchanger 6 is identical or close to the target value, the
opening of the second expansion valve 8 is maintained
as it is and the process proceeds to the next Step.
Also, the opening of the second expansion valve 8 is
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changed (Step S6) such that when the degree of super-
cooling SC of the refrigerant at the outlet of the room heat
exchanger 6 is larger than the target value, the opening
of the second expansion valve 8 is increased; and when
the degree of supercooling SC is smaller than the target
value, the opening of the second expansion valve 8 is
controlled to be smaller.
[0026] Then, the first expansion valve 11 is controlled
so that the degree of super heating SH of the refrigerant
at the inlet of the compressor 3 becomes a target value
set in advance, such as 10°C, the degree of super heating
SH being detected from the temperature difference be-
tween the inlet temperature of the compressor 3 detected
by the temperature sensor 16f and the saturated temper-
ature of the low-pressure refrigerant detected by the tem-
perature sensor 16c.
That is, the degree of super heating SH of the refrigerant
at the inlet of the compressor 3 is compared to the target
value (Step S7). When the degree of super heating SH
of the refrigerant at the inlet of the compressor 3 is iden-
tical or close to the target value, the opening of the first
expansion valve 11 is maintained as it is and the process
proceeds to the next Step.
Also, the opening of the first expansion valve 11 is
changed (Step S8) such that when the degree of super
heating SH of the refrigerant at the inlet of the compressor
3 is larger than the target value, the opening of the first
expansion valve 11 is increased; and when the degree
of super heating SH is smaller than the target value, the
opening of the first expansion valve 11 is controlled to
be smaller.
[0027] Furthermore, the third expansion valve 14 is
controlled so that the discharge temperature of the com-
pressor 3 detected by the temperature sensor 16a be-
comes a target value set in advance, such as 90°C.
That is, the discharge temperature of the compressor 3
is compared to the target value (Step S9). When the dis-
charge temperature of the compressor 3 is identical or
close to the target value, the opening of the third expan-
sion valve 14 is maintained as it is so as to return to Step
S2.
When the opening of the third expansion valve 14 is var-
ied, the refrigerant state is changed as follows.
When the opening of the third expansion valve 14 is in-
creased, the refrigerant flow rate flowing through the in-
jection circuit 13 is increased. Since the heat exchanging
amount of the second internal heat exchanger 10 does
not largely change according to the flow of the injection
circuit 13. Therefore, when the refrigerant flow rate flow-
ing through the injection circuit 13 is increased, the re-
frigerant enthalpy difference (the difference between the
point 9 and the point 10 in Fig. 2) in the second internal
heat exchanger 10 on the side of the injection circuit 13
is decreased, so that the enthalpy of the injected refrig-
erant (the point 10 in Fig. 2) is reduced.
[0028] Accordingly, the enthalpy of the refrigerant hav-
ing the injected and confluent refrigerant (the point 12 in
Fig. 2) is also reduced, so that the discharge enthalpy of

the compressor 3 (the point 1 in Fig. 2) is also reduced,
decreasing the discharge temperature of the compressor
3.
In contrast, when the opening of the third expansion valve
14 is reduced, the discharge enthalpy of the compressor
3 increases so that the discharge temperature of the com-
pressor 3 is increased. Thus, the opening of the third
expansion valve 14 is controlled to change (Step S10)
such that when the discharge temperature of the com-
pressor 3 is larger than the target value, the opening of
the third expansion valve 14 is controlled to be larger;
and when the discharge temperature of the compressor
3 is inversely smaller than the target value, the opening
of the third expansion valve 14 is controlled to be smaller.
Thereafter, the process returns to Step S2.
[0029] Next, the control operation during the cooling
operation will be described with reference to the flowchart
of Fig. 5.
During the cooling operation, the capacity of the com-
pressor 3, the opening of the first expansion valve 11,
the opening of the second expansion valve 8, and the
opening of the third expansion valve 14 are firstly estab-
lished as initial values (Step S11).
After a predetermined time elapsed (Step S12), in ac-
cordance with the operation state thereafter, each actu-
ator is controlled as follows.
[0030] First, the capacity of the compressor 3 is prin-
cipally controlled so that the air temperature measured
by the temperature sensor 16j of the room unit 2 becomes
the temperature set by a user of the refrigerant air con-
ditioner.
That is, the air temperature in the room unit 2 is compared
with the set temperature (Step S13). When the air tem-
perature is identical or close to the set temperature, the
capacity of the compressor 3 is maintained as it is and
the process proceeds to the next Step.
Also, the capacity of the compressor 3 is changed (Step
S14) such that when the air temperature is much greater
than the set temperature, the capacity of the compressor
3 is increased; and when the air temperature is smaller
than the set temperature, the capacity of the compressor
3 is reduced.
[0031] The control of each expansion valve is per-
formed as follows.
First, the first expansion valve 11 is controlled so that
degree of supercooling SC of the refrigerant at the outlet
of the outdoor heat exchanger 12 becomes a target value
set in advance, such as 10°C, the degree of supercooling
SC being obtained from the temperature difference be-
tween the saturated temperature of the high-pressure
refrigerant detected by the temperature sensor 16c and
the outlet temperature of the outdoor heat exchanger 12
detected by the temperature sensor 16d.
That is, the degree of supercooling SC of the refrigerant
at the outlet of the outdoor heat exchanger 12 is com-
pared to the target value (Step S15). When the degree
of supercooling SC of the refrigerant at the outdoor heat
exchanger 12 is identical or close to the target value, the

9 10 



EP 2 000 751 A9

7

5

10

15

20

25

30

35

40

45

50

55

opening of the first expansion valve 11 is maintained as
it is and the process proceeds to the next Step.
Also, the opening of the first expansion valve 11 is
changed (Step S16) such that when the degree of su-
percooling SC of the refrigerant at the outdoor heat ex-
changer 12 is larger than the target value, the opening
of the first expansion valve 11 is increased; and when
the degree of supercooling SC is smaller than the target
value, the opening of the first expansion valve 11 is con-
trolled to be smaller.
[0032] Then, the second expansion valve 8 is control-
led so that degree of super heating SH of the refrigerant
at the inlet of the compressor 3 becomes a target value
set in advance, such as 10°C, the degree of super heating
SH being detected from the temperature difference be-
tween the inlet temperature of the compressor 3 detected
by the temperature sensor 16f and the saturated temper-
ature of the low-pressure refrigerant detected by the tem-
perature sensor 16h.
That is, the degree of super heating SH of the refrigerant
at the inlet of the compressor 3 is compared to the target
value (Step S17). When the degree of super heating SH
of the refrigerant at the inlet of the compressor 3 is iden-
tical or close to the target value, the opening of the second
expansion valve 8 is maintained as it is and the process
proceeds to the next Step.
Also, the opening of the second expansion valve 8 is
changed (Step S18) such that when the degree of super
heating SH of the refrigerant at the inlet of the compressor
3 is larger than the target value, the opening of the second
expansion valve 8 is increased; and when the degree of
super heating SH is smaller than the target value, the
opening of the second expansion valve 8 is controlled to
be smaller.
[0033] Then, the third expansion valve 14 is controlled
so that the discharge temperature of the compressor 3
detected by the temperature sensor 16a becomes a tar-
get value set in advance, such as 90°C.
That is, the discharge temperature of the compressor 3
is compared to the target value (Step S19). When the
discharge temperature of the compressor 3 is identical
or close to the target value, the opening of the third ex-
pansion valve 8 is maintained as it is so as to return to
Step S12.
The refrigerant state is changed in the same way as in
the heating operation when the opening of the third ex-
pansion valve 14 is varied. Therefore, the opening of the
third expansion valve 14 is changed (Step S20) such that
when the discharge temperature of the compressor 3 is
larger than the target value, the opening of the third ex-
pansion valve 14 is increased; and when the discharge
temperature is inversely smaller than the target value,
the opening of the third expansion valve 14 is controlled
to be smaller. Thereafter, the process returns to Step
S12.
[0034] Next, the operation/working-effect achieved by
the circuit configuration and the control according to the
embodiment will be described. Since the refrigerant air

conditioner with the constitution can be operated in the
same way in any of the cooling and heating modes, the
heating operation will be representatively described be-
low.
The circuit of the refrigerant air conditioner is a so-called
gas injection circuit. That is, the refrigerant gas in part of
the refrigerant, which is reduced in pressure to an inter-
mediate pressure after flowing out of the room heat ex-
changer 6 as a condenser is injected into the compressor
3.
[0035] In general, the refrigerant at an intermediate
pressure is conventionally separated into liquid and gas
in the gas liquid separator so as to be injected. Whereas,
in this apparatus, as shown in Fig. 6, the refrigerant is
thermally separated into liquid and gas by exchanging
heat in the second internal heat exchanger 10 so as to
be injected.
The gas injection circuit achieves the following effects.
First, by the gas injection, the refrigerant flow discharged
from the compressor 3 is increased, so that the refrigerant
flow Gdis discharged from the compressor 3 = the refrig-
erant flow Gsuc sucked to the compressor 3 + the injected
refrigerant flow Ginj.
Thus, since the refrigerant flow entering the heat ex-
changer as a condenser is increased, the heating capac-
ity is increased during the heating operation.
[0036] On the other hand, by exchanging heat in the
second internal heat exchanger 10, as shown in Fig. 6,
the refrigerant enthalpy entering the heat exchanger as
an evaporator is reduced, so that the refrigerant enthalpy
difference at the evaporator is increased. Hence, the
cooling capacity is increased even during the cooling op-
eration.
Also, the gas injection achieves the improving of the ef-
ficiency.
The refrigerant entering the evaporator is generally the
gas-liquid two-phase refrigerant and among them, the
refrigerant gas does not contribute to the cooling capac-
ity. When viewed from the compressor 3, the compressor
3 works for highly pressurizing this low-pressure refrig-
erant gas together with the refrigerant gas evaporated in
the evaporator.
[0037] During the gas injection, certain part of the re-
frigerant gas entering the evaporator is extracted at an
intermediate pressure and injected, so that the gas is
compressed from the intermediate pressure to the high
pressure.
Hence, the compression work from the low pressure to
the intermediate pressure is not necessary for the inject-
ed refrigerant gas flow, so that the efficiency is improved
by that much. This effect can be obtained at any of cooling
and heating operations.
[0038] Next, the correlation between the gas injection
flow and the heating capacity will be described.
When the gas injection flow is increased, while the re-
frigerant flow discharged from the compressor 3 is in-
creased as described above, the discharge temperature
of the compressor 3 is reduced and the temperature of
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the refrigerant entering the condenser is also decreased.
As for the heat exchanging capacity of the condenser,
with increasing temperature distribution in the heat ex-
changer, the heat exchanging capacity is generally in-
creased. The changes in refrigerant temperature in the
case when the refrigerant temperature at the inlet of the
condenser is different at the same condensation temper-
ature are shown in Fig. 7, so that the temperature distri-
bution is different in the part where the refrigerant in the
condenser is in a super-heated gas state.
[0039] In the condenser, the heat exchanging amount
dominates a large part when the refrigerant is in a two-
phase state at the condensation temperature. However,
the heat exchanging amount in the part where the refrig-
erant is in a super heated gas state also exists about
20% to 30% of its total, having the large effect on the
heat exchanging amount.
If the injection flow is excessively increased and the re-
frigerant temperature in the super-heated gas part is
largely reduced, the heat exchanging capacity in the con-
denser is decreased and the heating capacity is also re-
duced. The above-mentioned correlation between the
gas injection flow and the heating capacity is depicted
as in Fig. 8, so that the gas injection flow maximizing the
heating capacity exists.
[0040] Next, the operation/working-effect of the first in-
ternal heat exchanger 9 according to the embodiment
will be described.
In the first internal heat exchanger 9, the high-pressure
refrigerant liquid flowing out of the condenser exchanges
heat with the refrigerant sucked into the compressor 3.
By cooling the high-pressure refrigerant liquid in the first
internal heat exchanger 9, the enthalpy of the refrigerant
flowing into the evaporator is reduced, so that the refrig-
erant enthalpy difference is increased in the evaporator.
Thus, the cooling capacity is increased during the cooling
operation.
[0041] On the other hand, the refrigerant sucked into
the compressor 3 is heated so that the sucking temper-
ature increases. Along with this, the discharge tempera-
ture of the compressor 3 is also increased. In the com-
pression stroke of the compressor 3, even in the same
pressure rise, the higher temperature refrigerant is com-
pressed, the more work is generally required.
Therefore, in the effect of the first internal heat exchanger
9 on the efficiency, there are both the capacity up due to
the increase in enthalpy difference of the evaporator and
the increase in compression work. When the effect of the
capacity up due to the increase in enthalpy difference of
the evaporator is larger, the operating efficiency of the
apparatus is improved.
[0042] Next, the effect of the combination of the heat
exchanging in the first internal heat exchanger 9 and the
gas injection with the injection circuit 13, like in the em-
bodiment, will be described.
When heat is exchanged by the first internal heat ex-
changer 9, the sucking temperature of the compressor 3
is increased. Hence, in the change within the compressor

3 during the injection, the enthalpy of the refrigerant pres-
surized from the low pressure to the intermediate pres-
sure (the point 11 of Figs. 2 and 3) is increased, and the
enthalpy of the refrigerant after merging with the refrig-
erant to be injected (the point 12 of Figs. 2 and 3) is also
increased.
[0043] Accordingly, the discharge enthalpy of the com-
pressor 3 (the point 1 of Figs. 2 and 3) is also increased,
so that the discharge temperature of the compressor 3
increases. Then, the correlation between the gas injec-
tion flow and the heating capacity, accompanied with the
presence or absence of the heat exchange by the first
internal heat exchanger 9 is depicted as in Fig. 9.
When the heat exchange by the first internal heat ex-
changer 9 is present, the discharge temperature of the
compressor 3 in the case when the same amount is in-
jected is increased, so that the refrigerant temperature
at the inlet of the condenser is also increased and the
heat exchanging amount in the condenser is increased
so as to improve the heating capacity. Hence, the injec-
tion flow with which the heating capacity has the peak
value is increased and the peak value itself is also in-
creased, thereby obtaining more heating capacity.
[0044] In addition, even if the first internal heat ex-
changer 9 is absent, the degree of the supper heating of
the sucked refrigerant into the compressor 3 is increased
by the opening control of the first expansion valve 11, so
that the discharge temperature of the compressor 3 can
be increased.
However, since the degree of the supper heating of the
refrigerant at the outlet of the outdoor heat exchanger 12
as an evaporator is also increased simultaneously in this
case, the heat exchanging efficiency of the outdoor heat
exchanger 12 is reduced.
When the heat exchanging efficiency of the outdoor heat
exchanger 12 is reduced, the evaporation temperature
must be reduced for obtaining the same heat exchanging
capacity, so that the low pressure is reduced in operation.
[0045] When the low pressure is reduced, the refrig-
erant flow sucked into the compressor 3 is also reduced,
so that by such an operation, the heating capacity is con-
trarily deteriorated.
On the contrary hand, use of the first internal heat ex-
changer 9 makes the refrigerant state at the outlet of the
outdoor heat exchanger 12 as an evaporator suitable, so
that the discharge temperature of the compressor 3 can
be raised while maintaining the suitable heat exchanging
efficiency, easily achieving the increase of the heating
capacity by avoiding the above-mentioned reduction in
low pressure.
[0046] Also, in the circuit configuration according to
the embodiment, the injection is performed after part of
the high-pressure refrigerant is bypassed and reduced
in pressure, and then super heating gasified in the second
internal heat exchanger 10.
Hence, in comparison with the case where the gas sep-
arated by the gas liquid separator is injected like in the
conventional example, the change in refrigerant flow dis-
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tribution is not generated when the injection flow is varied
according to the control and operation state, so that more
stable operation can be achieved.
[0047] In addition, though it has been described that
the third expansion valve 14 is controlled so that the dis-
charge temperature of the compressor 3 has a target
value, the control target value is set so that the heating
capacity is maximized.
As shown in Fig. 9, from the correlation between gas
injection flow, the heating capacity, and the discharge
temperature, a discharge temperature maximizing the
heating capacity exists, so that this discharge tempera-
ture is obtained in advance for setting it as the target
value. The target value of the discharge temperature is
not necessarily constant, so that it may be changed ac-
cording to the operation conditions and characteristics
of instruments such as a condenser.
By controlling the discharge temperature in such a man-
ner, the gas injection flow can be controlled to maximize
the heating capacity.
[0048] The gas injection flow can be controlled not only
to maximize the heating capacity but also to maximize
the operation efficiency.
When the much heating capacity is required like during
the starting of the refrigerant air conditioner, the gas in-
jection flow is controlled to maximize the heating capac-
ity. Whereas, when the room temperature is increased
after a predetermined lapse of time since the starting of
the apparatus, the gas injection flow may be controlled
to maximize the operation efficiency because the heating
capacity is not so much required in such a case.
[0049] Between the injection flow, the heating capac-
ity, and the operation efficiency, there are correlations
as shown in Fig. 10, so that when the operation efficiency
is maximized, the injection flow is smaller and the dis-
charge temperature is higher in comparison with the case
when the heating capacity is maximized.
In the injection flow maximizing the heating capacity, the
heat exchanging capacity of the condenser is reduced
because the discharge temperature is lowered. Also, in
order to increase the injection flow, the intermediate pres-
sure is decreased and the compression work increases
by the injected amount, so that the operation efficiency
is reduced in comparison with the case when the oper-
ation efficiency is maximized.
[0050] Then, the target value of the discharge temper-
ature controlled by the third expansion valve 14 in the
injection circuit 13 has not only a target value maximizing
the heating capacity but also a target value maximizing
the operating efficiency. Thereby, in accordance with op-
erating situations, such as the operating capacity of the
compressor 3 and air temperatures around the room unit,
when the heating capacity is required, the target value
maximizing the heating capacity is set; in other situations,
the target value maximizing the operating efficiency is
set.
By such a operation, while achieving the much heating
capacity, highly efficient operation can be performed.

[0051] Also, the first expansion valve 11 is controlled
so that the degree of super heating of the refrigerant to
be sucked into the compressor 3 has a predetermined
value. Thereby, the degree of super heating of the refrig-
erant at the outlet of the heat exchanger as an evaporator
can be optimized so as to secure the high heat exchang-
ing capacity in the evaporator as well as the suitable re-
frigerant enthalpy difference, permitting highly efficient
operation.
The degree of super heating of the refrigerant at the outlet
of the evaporator for such an operation depends on char-
acteristics of the heat exchanger, but it is about 2°C.
Since the refrigerant is heated in the first internal heat
exchanger 9 from this degree, the target value of the
degree of super heating of the refrigerant to be sucked
into the compressor 3 becomes higher than this degree,
so that it is set at 10°C as described above as a target
valve.
[0052] Accordingly, in the first expansion valve 11, the
degree of super heating of the refrigerant at the outlet of
the evaporator or the degree of super heating of the re-
frigerant at the outlet of the outdoor heat exchanger 12,
during the heating operation, which are obtained from
the temperature difference between the temperature
sensor 16b and the temperature sensor 16c, may also
be controlled so as to have a target value such as 2°C
as mentioned above.
However, in the case when the degree of super heating
of refrigerant at the outlet of the evaporator is directly
controlled, if the target value is low such as 2°C, the re-
frigerant at the outlet of the evaporator transiently be-
comes in a gas-liquid two-phase state, so that the degree
of super heating cannot be suitably detected, resulting
in difficult control.
[0053] By detecting the degree of super heating of the
refrigerant to be sucked into the compressor 3, the target
value can be set high, and such a situation is not gener-
ated owing to heating in the first internal heat exchanger
9, that the degree of super heating cannot be suitably
detected because the sucked refrigerant is in a gas-liquid
two-phase state, so that the degree of super heating can
be easily and stably controlled.
[0054] Also, in the second expansion valve 8, the de-
gree of super cooling of the refrigerant at the outlet of the
room heat exchanger 6 as a condenser is controlled so
as to have a target value. By this control, the heat ex-
changing capacity in the condenser can be highly se-
cured as well as the apparatus can be operated so as to
suitably secure the refrigerant enthalpy difference, per-
mitting highly efficient operation.
The degree of super cooling of the refrigerant at the outlet
of the condenser for such an operation depends on char-
acteristics of the heat exchanger, but it is about 5 to 10°C.
[0055] In addition, the target value of the degree of
super cooling is set higher than this value. By setting it
at about 10 to 15°C, for example, the apparatus can be
operated so as to increase the heating capacity.
Then, the target value of the degree of super cooling is
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changed in accordance with operation situations, so that
during the starting of the apparatus, the heating capacity
may also be secured with a slightly higher degree of super
cooling, and at the time when the room temperature is
stabilized, the highly efficient operation may also be per-
formed with a slightly lower degree of super cooling.
[0056] In addition, the refrigerant for the refrigerant air
conditioner is not limited to R410A, so that other refrig-
erants, such as R134a, R404A, R407C, which are HFC
refrigerants, CO2, which is a natural refrigerant, HC re-
frigerants, ammonia, air, and water, may be used. In par-
ticular, when CO2 is used as refrigerant, it has a disad-
vantage that the refrigerant enthalpy difference is small
in the evaporator reducing the operating efficiency. How-
ever, in the configuration of’this apparatus, since the re-
frigerant enthalpy difference of the evaporator can be
increased by the first internal heat exchanger 9 and the
second internal heat exchanger 10, the efficiency can be
more largely improved, so that CO2 is suitably applied to
the apparatus.
[0057] In the case of CO2, the condensation temper-
ature does not exist, and in the high-pressure side heat
exchanger as a radiator, the temperature decreases
along with the flow. Hence, different from the HFC refrig-
erant in which a certain amount of heat exchange is se-
cured by the condensation temperature kept through a
certain section, the change in heat exchange amount in
the evaporator is largely influenced by the inlet temper-
ature.
Thus, according to the embodiment in that the injection
flow can be increased while the discharge temperature
being maintained high, the increasing rate of the heating
capacity becomes larger than the HFC refrigerants, so
that the CO2 refrigerant can be suitably incorporated in
the apparatus also in this respect.
[0058] The arrangement of the first internal heat ex-
changer 9 and the second internal heat exchanger 10 is
not limited to that shown in Fig. 1, so that the same effect
can be obtained even the positional relationship between
upstream and downstream is reversed. Also, the deriving
position to the injection circuit 13 is not limited to that
shown in Fig. 1, so that the same effect can be obtained
as long as it is other positions in the intermediate pressure
part and the high pressure liquid part.
In addition, in view of the control stability of the third ex-
pansion valve 14, as the deriving position to the injection
circuit 13, a position where the refrigerant is in a complete
liquid state is preferable rather than that where the re-
frigerant is in a gas-liquid two-phase state.
[0059] In addition, according to the embodiment, the
first internal heat exchanger 9, the second internal heat
exchanger 10 and the deriving position to the injection
circuit 13 are arranged between the first expansion valve
11 and the third expansion valve 8, so that the operation
with the injection can be performed in any of the heating
and cooling modes.
Also, the refrigerant saturation temperature is detected
by the refrigerant temperature sensor arranged between

the condenser and the evaporator; alternatively, a pres-
sure sensor for detecting high-low pressure may be pro-
vided so that the saturation temperature is obtained by
converting the measured pressure value.
[0060] Second Embodiment
A second embodiment of the present invention is shown
in Fig. 11. Fig. 11 is a refrigerant circuit diagram of a
refrigerant air conditioner according to the second em-
bodiment, in that an intermediate pressure receiver 17
is provided in the outdoor unit, and a suction pipe of the
compressor 3 penetrates the inside of the intermediate
pressure receiver 17.
The heat of refrigerant existing in the pipe penetrating
portion can be exchanged with that of the refrigerant con-
tained in the intermediate pressure receiver 17, achieving
the same function as that of the first internal heat ex-
changer 9 according to the first embodiment.
[0061] The operation/working-effect achieved by this
embodiment are the same as those of the first embodi-
ment except for the intermediate pressure receiver 17,
so that the description of the same portion is omitted.
During the heating operation, the gas-liquid two-phase
refrigerant at the outlet of the room heat exchanger 6
flows into the intermediate pressure receiver 17 so as to
be cooled and liquefied in the intermediate pressure re-
ceiver 17, and it flows out. During the cooling operation,
the gas-liquid two-phase refrigerant at the outlet of the
first expansion valve 11 flows thereinto so as to be cooled
and liquefied in the intermediate pressure receiver 17,
and it flows out.
[0062] In the heat exchange in the intermediate pres-
sure receiver 17, the refrigerant gas among thee gas-
liquid two-phase refrigerant mainly touches the suction
pipe so as to be condensed and liquefied. Hence, the
smaller the amount of the refrigerant liquid stored in the
intermediate pressure receiver 17 is, the large the contact
area between the refrigerant gas and the suction pipe
becomes, so that the heat exchanging amount increases.
In contrast, the larger the amount of the refrigerant liquid
stored in the intermediate pressure receiver 17 is, the
smaller the contact area between the refrigerant gas and
the suction pipe becomes, so that the heat exchanging
amount decreases.
[0063] Provision of the intermediate pressure receiver
17 in such a manner has the following effects.
First, since the refrigerant is liquefied at the outlet of the
intermediate pressure receiver 17, the refrigerant flowing
in the third expansion valve 14 certainly becomes refrig-
erant liquid during the heating operation, so that the flow-
ing characteristics in the third expansion valve 14 are
stabilized and the stable control is secured, enabling the
apparatus to be stably operated.
By the heat exchange in the intermediate pressure re-
ceiver 17, there are advantages that the pressure in the
intermediate pressure receiver 17 is stabilized; the inlet
pressure of the third expansion valve 14 becomes stable;
and the refrigerant flow flowing through the injection cir-
cuit 13 is stabilized. If the load is changed so that the

17 18 



EP 2 000 751 A9

11

5

10

15

20

25

30

35

40

45

50

55

high-pressure varies, for example, the pressure in the
intermediate pressure receiver 17 is changed along
therewith; however, the pressure change is suppressed
due to the heat exchange in the intermediate pressure
receiver 17.
[0064] When the load increases and the high-pressure
is increased, the pressure in the intermediate pressure
receiver 17 is also increased; at this time, the pressure
difference to the low-pressure is expanded and the tem-
perature difference in the heat exchanger in the interme-
diate pressure receiver 17 is also increased, increasing
the exchanging heat amount. When the exchanging heat
amount is increased, the condensing amount of the re-
frigerant gas among gas-liquid two-phase refrigerant in-
creases, so that the pressure is difficult to increase and
the rise in pressure of the intermediate pressure receiver
17 is suppressed.
[0065] Conversely, when the load decreases and the
high-pressure is decreased, the pressure in the interme-
diate pressure receiver 17 is also reduced; at this time,
the pressure difference to the low-pressure is also re-
duced and the temperature difference in the heat ex-
changer in the intermediate pressure receiver 17 is also
decreased, reducing the exchanging heat amount. When
the exchanging heat amount is reduced, the condensing
amount of the refrigerant gas among gas-liquid two-
phase refrigerant decreases, so that the pressure is dif-
ficult to decrease and the reduction in pressure of the
intermediate pressure receiver 17 is suppressed.
In such a manner, by the heat exchange in the interme-
diate pressure receiver 17, the change in exchanging
heat amount accompanying the change in operating con-
ditions is autonomously generated, resulting in suppres-
sion of the change in pressure in the intermediate pres-
sure receiver 17.
[0066] The heat exchange in the intermediate pres-
sure receiver 17 also has an effect that the apparatus
operation itself is stabilized. For example, when the de-
gree of super heating of the refrigerant at the outlet of
the outdoor heat exchanger 12 as an evaporator is in-
creased due to change in low-pressure side state, the
temperature difference during the heat exchanging in the
intermediate pressure receiver 17 is decreased; the ex-
changing heat amount decreases; and the refrigerant gas
is difficult to be condensed, so that the amount of the
refrigerant gas in the intermediate pressure receiver 17
increases and the refrigerant liquid decreases.
The decreased amount of the refrigerant liquid moves to
the outdoor heat exchanger 12 so as to increase the
amount of the refrigerant liquid in the outdoor heat ex-
changer 12, so that the increase in the degree of super
heating of the refrigerant at the outlet of the outdoor heat
exchanger 12 is suppressed, restricting changes in ap-
paratus operation.
[0067] Conversely, when the degree of super heating
of the refrigerant at the outlet of the outdoor heat ex-
changer 12 as an evaporator is decreased due to change
in low-pressure side state, the temperature difference

during the heat exchanging in the intermediate pressure
receiver 17 is increased; the exchanging heat amount
increases; and the refrigerant gas is liable to be con-
densed, so that the amount of the refrigerant gas in the
intermediate pressure receiver 17 decreases and the re-
frigerant liquid increases. The increased amount of the
refrigerant liquid moves from the outdoor heat exchanger
12 so as to reduce the amount of the refrigerant liquid in
the outdoor heat exchanger 12, so that the decrease in
the degree of super heating of the refrigerant at the outlet
of the outdoor heat exchanger 12 is suppressed, restrict-
ing changes in apparatus operation.
The effect suppressing the change in degree of super
heating also comes from the fact that the change in ex-
changing heat amount accompanying the change in op-
erating conditions is autonomously generated.
[0068] As described above, by replacing the first inter-
nal heat exchanger 9 according to the first embodiment
with the intermediate pressure receiver 17, even when
the apparatus operation changes, the change is sup-
pressed with the autonomous change in exchanging heat
amount, so that the apparatus can be stably operated.
[0069] As for the structure for heat exchanging in the
intermediate pressure receiver 17, any structure has the
same effect as long as it exchanges heat with the refrig-
erant in the intermediate pressure receiver 17. For ex-
ample, the heat may be exchanged by bringing the suc-
tion pipe of the compressor 3 into contact with the exter-
nal periphery of the container of the intermediate pres-
sure receiver 17.
Also, the refrigerant in the injection circuit 13 may be
supplied from the bottom of the intermediate pressure
receiver 17. In this case, in both the heating and cooling
operations, the refrigerant liquid flows into the third ex-
pansion valve 14, so that flow characteristics in the third
expansion valve 14 is stabilized in any of the heating and
cooling modes, securing control stability.

Claims

1. A refrigerant air conditioner having circularly con-
nected a compressor, a room heat exchanger, a first
pressure reducing device, and an outdoor heat ex-
changer, for supplying hot heat from the room heat
exchanger, the refrigerant air conditioner compris-
ing:

a first internal heat exchanger for exchanging
heat of refrigerant existing between the room
heat exchanger and the first pressure reducing
device with heat of refrigerant existing between
the outdoor heat exchanger and the compres-
sor;
an injection circuit for bypassing part of the re-
frigerant existing between the room heat ex-
changer and the first pressure reducing device
so as to inject it into a compression chamber
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within the compressor;
a pressure reducing device for injection provid-
ed along the injection circuit; and
a second internal heat exchanger for exchang-
ing heat of refrigerant reduced in pressure by
the pressure reducing device for injection with
heat of the refrigerant existing between the room
heat exchanger and the first pressure reducing
device.

2. The refrigerant air conditioner according to Claim 1,
further comprising a second pressure reducing de-
vice provided between the room heat exchanger and
the first internal heat exchanger.

3. The refrigerant air conditioner according to Claim 1
or 2, further comprising a receiver, which provides
the first internal heat exchanger therein and is ar-
ranged between the room heat exchanger and the
first pressure reducing device for storing circulating
refrigerant therein and exchanging heat of the stored
refrigerant with heat of the refrigerant existing be-
tween the outdoor heat exchanger and the compres-
sor.

4. The refrigerant air conditioner according to any one
of Claims 1 to 3, further comprising a control unit for
controlling the degree of super heating of the refrig-
erant to be sucked into the compressor or the degree
of super heating of the refrigerant at the outlet of the
outdoor heat exchanger so as to have a predeter-
mined value using the first pressure reducing device.

5. The refrigerant air conditioner according to any one
of Claims 1 to 3, further comprising a control unit for
controlling the refrigerant discharge temperature at
the outlet of the compressor or the degree of super
heating of the refrigerant at the outlet of the com-
pressor so as to have a predetermined value using
the pressure reducing device for injection.

6. The refrigerant air conditioner according to Claim 2
or 3, further comprising a control unit for controlling
the degree of super cooling of the refrigerant at the
outlet of the room heat exchanger so as to have a
predetermined value using the second pressure re-
ducing device.

7. The refrigerant air conditioner according to Claim 2
or 3, further comprising a control unit for controlling
the degree of super heating of the refrigerant to be
sucked into the compressor or the degree of super
heating of the refrigerant at the outlet of the outdoor
heat exchanger so as to have a predetermined value
using the first pressure reducing device, for control-
ling the refrigerant discharge temperature at the out-
let of the compressor or the degree of super heating
of the refrigerant at the outlet of the compressor so

as to have a predetermined value using the pressure
reducing device for injection, and for controlling the
degree of super cooling of the refrigerant at the outlet
of the room heat exchanger so as to have a prede-
termined value using the second pressure reducing
device.

8. A refrigerant air conditioner having circularly con-
nected a compressor, an outdoor heat exchanger, a
first pressure reducing device, and a room heat ex-
changer, for supplying cool heat from the room heat
exchanger, the refrigerant air conditioner compris-
ing:

a first internal heat exchanger for exchanging
heat of refrigerant existing between the outdoor
heat exchanger and the first pressure reducing
device with heat of refrigerant existing between
the room heat exchanger and the compressor;
an injection circuit for bypassing part of the re-
frigerant existing between the outdoor heat ex-
changer and the first pressure reducing device
so as to inject it into a compression chamber
within the compressor;
a pressure reducing device for injection provid-
ed along the injection circuit; and
a second internal heat exchanger for exchang-
ing heat of refrigerant reduced in pressure by
the pressure reducing device for injection with
heat of the refrigerant existing between the room
heat exchanger and the first pressure reducing
device.

9. The refrigerant air conditioner according to Claim 8,
further comprising a second pressure reducing de-
vice provided between the outdoor heat exchanger
and the second internal heat exchanger.

10. The refrigerant air conditioner according to Claim 8
or 9, further comprising a receiver, which provides
the first internal heat exchanger therein and is ar-
ranged between the outdoor heat exchanger and the
first pressure reducing device for storing circulating
refrigerant therein and exchanging heat of the stored
refrigerant with heat of the refrigerant existing be-
tween the room heat exchanger and the compressor.

11. The refrigerant air conditioner according to any one
of Claims 8 to 10, further comprising a control unit
for controlling the degree of super heating of the re-
frigerant to be sucked to the compressor or the de-
gree of super heating of the refrigerant at the outlet
of the room heat exchanger so as to have a prede-
termined value using the first pressure reducing de-
vice.

12. The refrigerant air conditioner according to any one
of Claims 8 to 10, further comprising a control unit
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for controlling the refrigerant discharge temperature
at the outlet of the compressor or the degree of super
heating of the refrigerant at the outlet of the com-
pressor so as to have a predetermined value using
the pressure reducing device for injection.

13. The refrigerant air conditioner according to Claim 9
or 10, further comprising a control unit for controlling
the degree of super cooling of the refrigerant at the
outlet of the outdoor heat exchanger so as to have
a predetermined value using the second pressure
reducing device.

14. The refrigerant air conditioner according to Claim 9
or 10, further comprising a control unit for controlling
the degree of super heating of the refrigerant to be
sucked into the compressor or the degree of super
heating of the refrigerant at the outlet of the room
heat exchanger so as to have a predetermined value
using the first pressure reducing device, for control-
ling the refrigerant discharge temperature at the out-
let of the compressor or the degree of super heating
of the refrigerant at the outlet of the compressor so
as to have a predetermined value using the pressure
reducing device for injection, and for controlling the
degree of super cooling of the refrigerant at the outlet
of the outdoor heat exchanger so as to have a pre-
determined value using the second pressure reduc-
ing device.

15. A refrigerant air conditioner including a compressor,
a four-way valve for switching operation between
heating and cooling, a room heat exchanger, a sec-
ond pressure reducing device, a first pressure re-
ducing device, and an outdoor heat exchanger,
wherein when the four-way valve is switched to the
heating operation, refrigerant circulates around the
compressor, the four-way valve, the room heat ex-
changer, the second pressure reducing device, the
first pressure reducing device, the outdoor heat ex-
changer, and the compressor, so that hot heat is
supplied from the room heat exchanger, and when
four-way valve is switched to the cooling operation,
refrigerant circulates around the compressor, the
four-way valve, the outdoor heat exchanger, the first
pressure reducing device, the second pressure re-
ducing device, the room heat exchanger, and the
compressor, so that cool heat is supplied from the
room heat exchanger, the refrigerant air conditioner
comprising:

a first internal heat exchanger for exchanging
heat of refrigerant existing between the room
heat exchanger and the first pressure reducing
device with heat of refrigerant existing between
the outdoor heat exchanger and the compressor
during the heating operation, and for exchang-
ing heat of refrigerant existing between the out-

door heat exchanger and the second pressure
reducing device with heat of refrigerant existing
between the room heat exchanger and the com-
pressor during the cooling operation;
an injection circuit for bypassing part of the re-
frigerant existing between the room heat ex-
changer and the first pressure reducing device
so as to inject it into a compression chamber
within the compressor during the heating oper-
ation, and for bypassing part of the refrigerant
existing between the outdoor heat exchanger
and the second pressure reducing device so as
to inject it into the compression chamber within
the compressor during the cooling operation;
a pressure reducing device for injection provid-
ed along the injection circuit; and
a second internal heat exchanger for exchang-
ing heat of refrigerant reduced in pressure by
the pressure reducing device for injection with
heat of the refrigerant existing between the room
heat exchanger and the first pressure reducing
device during the heating operation, and for ex-
changing heat of refrigerant reduced in pressure
by the pressure reducing device for injection with
heat of the refrigerant existing between the out-
door heat exchanger and the second pressure
reducing device during the cooling operation.

16. The refrigerant air conditioner according to Claim 15,
wherein the first internal heat exchanger is a receiver
arranged between the first pressure reducing device
and the second pressure reducing device and storing
circulating refrigerant therein for exchanging heat of
the stored refrigerant with heat of the refrigerant ex-
isting between the outdoor heat exchanger and the
compressor during the heating operation, and for ex-
changing heat of the stored refrigerant with heat of
the refrigerant existing between the room heat ex-
changer and the compressor during the cooling op-
eration.

17. The refrigerant air conditioner according to Claim 15
or 16, further comprising a control unit for controlling
the degree of super heating of the refrigerant to be
sucked into the compressor or the degree of super
heating of the refrigerant at the outlet of the outdoor
heat exchanger so as to have a predetermined value
using the first pressure reducing device during the
heating operation.

18. The refrigerant air conditioner according to Claim 15
or 16, further comprising a control unit for controlling
the degree of cooling of the refrigerant at the outlet
of the room heat exchanger so as to have a prede-
termined value using the second pressure reducing
device during the heating operation.

19. The refrigerant air conditioner according to Claim 15
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or 16, further comprising a control unit for controlling
the degree of super cooling of the refrigerant at the
outlet of the outdoor heat exchanger so as to have
a predetermined value using the first pressure re-
ducing device during the cooling operation.

20. The refrigerant air conditioner according to Claim 15
or 16, further comprising a control unit for controlling
the degree of super heating of the refrigerant to be
sucked into the compressor or the degree of super
heating of the refrigerant at the outlet of the room
heat exchanger so as to have a predetermined value
using the second pressure reducing device during
the cooling operation.

21. The refrigerant air conditioner according to Claim 15
or 16, further comprising a control unit for controlling
the refrigerant discharge temperature at the outlet
of the compressor or the degree of super heating of
the refrigerant at the outlet of the compressor so as
to have a predetermined value using the pressure
reducing device for injection.

22. The refrigerant air conditioner according to Claim 15
or 16, further comprising a control unit for controlling
the degree of super heating of the refrigerant to be
sucked into the compressor or the degree of super
heating of the refrigerant at the outlet of the outdoor
heat exchanger so as to have a predetermined value
using the first pressure reducing device while con-
trolling the degree of cooling of the refrigerant at the
outlet of the room heat exchanger so as to have a
predetermined value using the second reducing de-
vice, during the heating operation, for controlling the
degree of super cooling of the refrigerant at the outlet
of the outdoor heat exchanger so as to have a pre-
determined value using the first pressure reducing
device while controlling the degree of super heating
of the refrigerant to be sucked into the compressor
or the degree of super heating of the refrigerant at
the outlet of the room heat exchanger so as to have
a predetermined value using the second pressure
reducing device during the cooling operation, and
for controlling the refrigerant discharge temperature
at the outlet of the compressor or the degree of super
heating of the refrigerant at the outlet of the com-
pressor so as to have a predetermined value using
the pressure reducing device for injection during any
of the heating operation and the cooling operation.

23. The refrigerant air conditioner according to any one
of Claims 1 to 22, wherein carbon dioxide is used as
the refrigerant.
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