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REFRGERATIONAAIR CONDITIONING 
EQUIPMENT 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to refrigeration/air condition 

ing equipment, and particularly to refrigeration/air condition 
ing equipment in which the heating capacity at low outdoor 
temperature is improved by gas injection, and a defrosting 
operation is performed efficiently. 

2. Description of the Related Art 
Japanese Unexamined Patent Application Publication No. 

2001-304714 discloses refrigeration/air conditioning equip 
ment including a gas-liquid separator in an intermediate 
pressure portion between a condenser and an evaporator. A 
gas refrigerant separated by the gas-liquid separator is 
injected into an intermediate-pressure portion of a compres 
Sor to increase the heating capacity. 

Japanese Unexamined Patent Application Publication No. 
2000-274859 discloses another conventional refrigeration/air 
conditioning equipment without a gas-liquid separator. In this 
equipment, part of a high-pressure liquid refrigerant is 
bypassed, is decompressed, is vaporized through heat 
exchange with the high-pressure liquid refrigerant. The 
vaporized refrigerantis injected into a compressor to increase 
the heating capacity. 

Japanese Unexamined Patent Application Publication No. 
2001-263882 discloses still another conventional refrigera 
tion/air conditioning equipment, in which a heater for heating 
a refrigerant is provided to improve the efficiency in a defrost 
ing operation. 

However, these pieces of conventional refrigeration/air 
conditioning equipment have the following problems. 

First, as described in the Japanese Unexamined Patent 
Application Publication No. 2001-304714, when the injec 
tion is performed with the gas-liquid separator, the fluid Vol 
ume in the gas-liquid separator varies with the amount of the 
injection. This variation causes fluctuations in the distribution 
of a liquid refrigerant level in a refrigeration cycle and makes 
the operation unstable. 
When the flow rate of a gas refrigerant to be injected is 

Substantially equal to the flow rate of a gas refrigerant in a 
two-phase refrigerant flowing into the gas-liquid separator, 
only the liquid refrigerant flows out to an evaporator and 
therefore the liquid refrigerant level in the gas-liquid separa 
tor is substantially constant. However, when the flow rate of 
the gas refrigerant to be injected is Smaller than that of the gas 
refrigerant flowing into the gas-liquid separator, the gas 
refrigerant also flows out to the evaporator from the bottom of 
the gas-liquid separator. Thus, most of the liquid refrigerant in 
the gas-liquid separator flows out. Conversely, when the flow 
rate of the refrigerant to be injected increases and the gas 
refrigerant becomes deficient, the liquid refrigerant is also 
injected into the compressor. Thus, the liquid refrigerant 
flows out from the top of the gas-liquid separator, and the 
gas-liquid separator is almost filled with the liquid refriger 
ant. 

The injection flow rate tends to vary, for example, with the 
pressure of the refrigeration cycle, the pressure of the gas 
liquid separator, or the operation capacity of the compressor. 
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Thus, the injection flow rate hardly balances with the flow rate 
of the gas refrigerant flowing into the gas-liquid separator. 
Actually, the liquid refrigerant level in the gas-liquid separa 
tortends to vary with the operation and be almost zero or full. 
This variation often causes fluctuations in the distribution of 
the refrigerant in the refrigeration cycle, making the operation 
unstable. Furthermore, the heater as in the Japanese Unexam 
ined Patent Application Publication No. 2001-263882 is only 
used in a defrosting operation and does not contribute signifi 
cantly to the increase in the capacity during a heating opera 
tion. 

SUMMARY OF THE INVENTION 

In view of these problems, it is an object of the present 
invention to provide refrigeration/air conditioning equipment 
that has a higher heating capacity than conventional gas injec 
tion cycles, and exhibits a Sufficient heating capacity even in 
a cold district where the outdoor temperature is -10° C. or 
lower, and also to increase the efficiency during the defrosting 
operation. 

Refrigeration/air conditioning equipment according to the 
present invention includes: 

a compressor; 
a four-way valve; 
an indoor heat exchanger, 
a first decompressor, and 
an outdoor heat exchanger, 
wherein these components are coupled circularly, and heat 

is Supplied from the indoor heat exchanger, 
and the refrigeration/air conditioning equipment further 

includes: 
an intermediate-pressure receiver disposed between the 

indoor heat exchanger and the first decompressor, 
a first internal heat exchanger that exchanges heat between 

a refrigerant in the intermediate-pressure receiver and a 
refrigerant in a Suction pipe of the compressor, and 

an injection circuit in which part of a refrigerant between 
the indoor heat exchanger and the first decompressor is 
bypassed and is injected into a compression chamber in the 
compressor, 

wherein the injection circuit includes: 
a second decompressor, 
a second internal heat exchanger that exchanges heat 

between a refrigerant having a pressure reduced by the 
second decompressor and the refrigerant between the 
indoor heat exchanger and the first decompressor; and 

aheat source for heating a refrigerant disposed between the 
second internal heat exchanger and the compressor. 

Thus, even when a high flow rate of the gas refrigerant is 
injected, Sufficient heating capacity can be provided even 
under Such a condition as the heating capacity tends to 
decrease owing to low outdoor temperature or the like, by 
preventing the reduction in the discharge temperature of the 
compressor and allowing the indoorheat exchanger to exhibit 
Sufficient heat-exchange performance. According to the 
present invention, the gas refrigerant to be injected is Supplied 
not from the gas-liquid separator but through the gasification 
of the bypassed refrigerant with the second internal heat 
exchanger. Thus, the variation in the fluid volume caused by 
the gas-liquid separator can be avoided. Thus, more stable 
operation can be achieved. In addition, the gas injection can 
be increased while the reduction in the discharge temperature 
of the compressor is prevented. Thus, the heating capacity is 
further increased, and the efficiency during the defrosting 
operation is improved. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a refrigerant circuit diagram of refrigeration/air 
conditioning equipment according to Embodiment 1 of the 
present invention; 

FIG. 2 is a PH diagram showing the heating operation of 
the refrigeration/air conditioning equipment according to 
Embodiment 1 of the present invention; 

FIG. 3 is a PH diagram showing the cooling operation of 
the refrigeration/air conditioning equipment according to 
Embodiment 1 of the present invention; 

FIG. 4 is a flow chart showing the control action during the 
heating operation of the refrigeration/air conditioning equip 
ment according to Embodiment 1 of the present invention; 

FIG. 5 is a flow chart showing the control action during the 
cooling operation of the refrigeration/air conditioning equip 
ment according to Embodiment 1 of the present invention; 

FIG. 6 is a PH diagram showing the operation of the refrig 
eration/air conditioning equipment according to Embodi 
ment 1 of the present invention in the presence of gas injec 
tion; 

FIG. 7 is a diagram showing the temperature change of a 
condenser in the refrigeration/air conditioning equipment 
according to Embodiment 1 of the present invention in the 
presence of gas injection; 

FIG. 8 is a diagram showing the operation characteristics 
of the refrigeration/air conditioning equipment according to 
Embodiment 1 of the present invention as a function of the 
gas-injection flow rate; 

FIG. 9 is a diagram showing the operation characteristics 
of the refrigeration/air conditioning equipment according to 
Embodiment 1 of the present invention with or without a first 
internal heat exchanger; 

FIG. 10 is another diagram showing the operation charac 
teristics of the refrigeration/air conditioning equipment 
according to Embodiment 1 of the present invention as a 
function of the gas-injection flow rate; 

FIG. 11 is a flow chart showing the control action during 
the heating and defrosting operation of the refrigeration/air 
conditioning equipment according to Embodiment 1 of the 
present invention; and 

FIG. 12 is a diagram showing the defrosting operation 
characteristics of the refrigeration/air conditioning equip 
ment according to Embodiment 1 of the present invention 
with or without a first internal heat exchanger and means for 
heating a refrigerant, and 

FIG. 13 is a refrigeration circuit diagram which shows the 
loadside medium that exchanges heat with the refrigerant 
discharged from the compressor in the second heat exchanger 
being water. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiment 1 

FIG. 1 is a refrigerant circuit diagram of refrigeration/air 
conditioning equipment of Embodiment 1 according to the 
present invention. In FIG. 1, an outdoor unit 1 includes a 
compressor 3, a four-way valve 4 for switching between 
heating and cooling, an outdoor heat exchanger 12, a first 
expansion valve 11 serving as a first decompressor, a second 
internal heat exchanger 10, a third expansion valve 8 serving 
as a third decompressor, an injection circuit 13, a second 
expansion valve 14 serving as a second decompressor, an 
intermediate-pressure receiver 9, and a heat source 17 for 
heating a refrigerant. A Suction pipe 18 of the compressor 3 
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4 
passes through the intermediate-pressure receiver 9. Thus, a 
refrigerant in this through-pipe 18a of the suction pipe 18 can 
exchange heat with a refrigerant 9a in the intermediate-pres 
sure receiver 9. The heat source 17 heats a refrigerant circu 
lating through the injection circuit 13. 
The capacity of the compressor 3 can be controlled by 

adjusting the number of revolutions with an inverter. The 
compressor 3 is designed such that the refrigerant Supplied 
from the injection circuit 13 can be injected into a compres 
sion chamber in the compressor 3. The first expansion valve 
11, the second expansion valve 14, and the third expansion 
valve 8 are electronic expansion valves whose degree of 
opening is variable. The outdoor heat exchanger 12 
exchanges heat with the outside air sent by a fan or the like. An 
indoor unit 2 includes an indoor heat exchanger 6. A gas pipe 
5 and a liquid pipe 7 are connecting pipes to connect the 
outdoor unit 1 and the indoor unit 2. The refrigeration/air 
conditioning equipment uses a mixed HFC-based refrigerant, 
R410A as a refrigerant. 
The outdoor unit 1 includes a controller 15 and temperature 

sensors 16. A first temperature sensor 16a is disposed at the 
discharge side of the compressor 3, a second temperature 
sensor 16b is disposed between the outdoorheat exchanger 12 
and the four-way valve 4, a third temperature sensor 16c is 
disposed on a refrigerant passina intermediate portion of the 
outdoor heat exchanger 12, a fourth temperature sensor 16d is 
disposed between the outdoor heat exchanger 12 and the first 
expansion valve 11, a fifth temperature sensor 16e is disposed 
between the intermediate-pressure receiver 9 and the third 
expansion valve 8, and a sixth temperature sensor 16f is 
disposed at the suction side of the compressor 3. These tem 
perature sensors measure the refrigerant temperatures at their 
respective installation locations. A seventh temperature sen 
Sor 16g measures the outdoor temperature around the outdoor 
unit 1. 
An eighth temperature sensor 16h, a ninth temperature 

sensor 16i, and a tenth temperature sensor 16 are disposed in 
the indoor unit 2. The eighth temperature sensor 16h is dis 
posed on a refrigerant pass in an intermediate portion of the 
indoor heat exchanger 6, and the ninth temperature sensor 16i 
is disposed between the indoor heat exchanger 6 and the 
liquid pipe 7. These temperature sensors measure the refrig 
erant temperatures at their respective installation locations. 
The tenth temperature sensor 16 measures the temperature of 
air sucked into the indoor heat exchanger 6. When the load 
medium is another medium, Such as water, the tenth tempera 
ture sensor 16 measures the temperature of the medium 
flowing into the indoor heat exchanger 6. 
The third temperature sensor 16c and the eighth tempera 

ture sensor 16h measures the temperatures of the refrigerant 
in a gas-liquid two phase in the intermediate portion of each 
heat exchanger, and thereby can determine the Saturation 
temperatures of the refrigerant under high pressure and low 
pressure. 
The metering and control system 15 in the outdoor unit 1 

controls the operational mode of the compressor 3, pass 
switching of the four-way valve 4, the amount of air sent by a 
fan in the outdoor heat exchanger 12, and the degrees of 
opening of the first expansion valve, the second expansion 
valve, and the third expansion valve according to the mea 
sured information of the temperature sensors 16a to 16 and 
operating conditions instructed by a user of the refrigeration/ 
air conditioning equipment. 
The operation of the refrigeration/air conditioning equip 

ment will be described below. First, the heating operation will 
be described with reference to the refrigerant circuit diagram 
shown in FIG. 1 and the PH diagram of the heating operation 
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shown in FIG. 2. In the heating operation, the flow pass of the 
four-way valve 4 is set in the direction of the dotted line 
shown in FIG. 1. A high-temperature high-pressure gas 
refrigerant (FIG. 2, point 1) discharged from the compressor 
3 flows out from the outdoor unit 1 via the four-way valve 4, 
and flows into the indoor unit 2 through the gas pipe 5. The gas 
refrigerant flows into the indoor heat exchanger 6, which 
serves as a condenser, loses its heat, and is condensed to a 
high-pressure low-temperature liquid refrigerant (FIG. 2, 
point 2). The heat radiating from the refrigerant is transferred 
to the load medium, Such as air or water, which heats the 
room. The high-pressure low-temperature refrigerant flowing 
out from the indoor heat exchanger 6 flows into the outdoor 
unit 1 through the liquid pipe 7 and is slightly decompressed 
with the third expansion valve 8 (FIG. 2, point 3), changing 
into a gas-liquid two-phase refrigerant, which flows into the 
intermediate-pressure receiver 9. The two-phase refrigerant 
transfers heat to a low-temperature refrigerant that is to be 
Sucked into the compressor 3 in the intermediate-pressure 
receiver 9, is cooled into a liquid phase (FIG. 2, point 4), and 
flows out from the intermediate-pressure receiver 9. One part 
of the liquid refrigerant is bypassed through the injection 
circuit 13, is decompressed, and is decreased in temperature 
through the second expansion valve 14. The other part of the 
liquid refrigerant is further cooled by the heat exchange with 
the bypassed refrigerant in the second internal heat exchanger 
10 (FIG. 2, point 5). The other part of the liquid refrigerant is 
decompressed in the first expansion valve 11 and changes into 
a two-phase refrigerant (FIG. 2, point 6). Then, the two-phase 
refrigerant flows into the outdoor heat exchanger 12, which 
serves as an evaporator, and absorbs heat to vaporize (FIG. 2, 
point 7). The gas refrigerant flows through the four-way valve 
4, is heated by heat exchange with the high-pressure refrig 
erant in the intermediate-pressure receiver 9 (FIG. 2, point 8). 
and is Sucked into the compressor 3. 
On the other hand, the refrigerant bypassed through the 

injection circuit 13 is decompressed to an intermediate pres 
Sure with the second expansion valve 14 and changes into a 
low-temperature two-phase refrigerant (FIG. 2, point 9). 
Then, the low-temperature two-phase refrigerant exchanges 
heat with the high-pressure refrigerant in the second internal 
heat exchanger 10, is heated by the heat source 17 (FIG. 2, 
point 10), and is injected into the compressor 3. In the com 
pressor 3, the sucked refrigerant (FIG. 2, point 8) is com 
pressed to an intermediate pressure, is heated (FIG. 2, point 
11), and is merged into the injected refrigerant. The merged 
refrigerant having a reduced temperature (FIG. 2, point 12) is 
compressed to a high pressure and is discharged (FIG.2, point 
1). The heat source 17 for heating a refrigerant can adjust the 
amount of heat when necessary. 

Next, the cooling operation will be described with refer 
ence to the refrigerant circuit diagram shown in FIG.1 and the 
PH diagram of the cooling operation shown in FIG. 3. In the 
cooling operation, the flow pass of the four-way valve 4 is set 
in the direction of the solid line shown in FIG. 1. A high 
temperature high-pressure gas refrigerant (FIG. 3, point 1) 
discharged from the compressor 3 flows into the outdoor heat 
exchanger 12, which serves as a condenser, via the four-way 
valve 4. The gas refrigerant loses its heat and is condensed to 
a high-pressure low-temperature refrigerant (FIG.3, point 2). 
The high-pressure low-temperature refrigerant flowing out 
from the outdoor heat exchanger 12 is slightly decompressed 
with the first expansion valve 11 (FIG. 3, point 3). The refrig 
erant is cooled by heat exchange with a low-temperature 
refrigerant flowing through the injection circuit 13 in the 
second internal heat exchanger 10 (FIG. 3, point 4). One part 
of the refrigerant is bypassed through the injection circuit 13. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
The other part of the refrigerant is cooled by the heat 
exchange with the refrigerant that is to be sucked into the 
compressor 3 in the intermediate-pressure receiver 9 (FIG. 3, 
point 5). The other part of the refrigerant is decompressed to 
a low pressure in the third expansion valve 8, changing into a 
two-phase refrigerant (FIG. 3, point 6). Then, the refrigerant 
flows from the outdoor unit 1 to the indoor unit 2 through the 
liquid pipe 7. Then, the two-phase refrigerant flows into the 
indoor heat exchanger 6, which serves as an evaporator. The 
refrigerant absorbs heat to evaporate (FIG.3, point 7) while it 
Supplies cold energy to the load medium, Such as air or water, 
in the indoor unit 2. The low-pressure gas refrigerant flowing 
out from the indoor heat exchanger 6 flows from the indoor 
unit 2 to the outdoor unit 1 through the gas pipe 5. The gas 
refrigerant flows through the four-way valve 4, is heated by 
heat exchange with the high-pressure refrigerant in the inter 
mediate-pressure receiver 9 (FIG. 3, point 8), and is sucked 
into the compressor 3. 
On the other hand, the refrigerant bypassed through the 

injection circuit 13 is decompressed to an intermediate pres 
Sure with the second expansion valve 14 and changes into a 
low-temperature two-phase refrigerant (FIG. 3, point 9). 
Then, the low-temperature two-phase refrigerant exchanges 
heat with the high-pressure refrigerant in the second internal 
heat exchanger 10, is heated in the heat source 17 (FIG. 3, 
point 10), and is injected into the compressor 3. In the com 
pressor 3, the sucked refrigerant (FIG. 3, point B) is com 
pressed to an intermediate pressure, is heated (FIG. 3, point 
11), and is merged into the injected refrigerant. The merged 
refrigerant having a reduced temperature (FIG.3 point 12) is 
again compressed to a high pressure and is discharged (FIG. 
3, point 1). The heat source 17 for heating a refrigerant can 
adjust the amount of heat when necessary. 
The PH diagram of the cooling operation is almost identi 

cal with that of the heating operation. Thus, similar operations 
can be achieved in both operation modes. 
The control action of the refrigeration/air conditioning 

equipment will be explained below. First, the control action in 
the heating operation will be described with reference to FIG. 
4. FIG. 4 is a flow chart showing the control action in the 
heating operation. In the heating operation, the capacity of the 
compressor 3, the degree of opening of the first expansion 
valve 11, the degree of opening of the second expansion valve 
14, and the degree of opening of the third expansion valve 8 
are set to initial values at step S1. At step S2, after the expi 
ration of a predetermined time, each actuator is controlled as 
follows in a manner that depends on its operational status. The 
capacity of the compressor 3 is basically controlled such that 
the air temperature measured with the tenth temperature sen 
Sor 16 in the indoor unit 2 is equal to a temperature set by a 
user of the refrigeration/air conditioning equipment. 

In other words, the air temperature of the indoor unit 2 is 
compared with the set temperature at step S3. When the air 
temperature is the same as or close to the set temperature, the 
capacity of the compressor 3 is maintained to proceed to the 
step S5. When the air temperature is different from the set 
temperature, the capacity of the compressor 3 is adjusted at 
step S4 in the following manner. When the air temperature is 
much lower than the set temperature, the capacity of the 
compressor 3 is increased. When the air temperature is much 
higher than the set temperature, the capacity of the compres 
sor 3 is decreased. 

Each expansion valve is controlled in the following man 
ner. The third expansion valve 8 is controlled such that the 
degree of supercooling SC of the refrigerant at the outlet of 
the indoor heat exchanger 6, which is obtained from the 
difference between the saturation temperature of the high 
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pressure refrigerant measured by the eighth temperature sen 
sor 16h and the outlet temperature of the indoor heat 
exchanger 6 measured by the ninth temperature sensor 16i, is 
equal to a predetermined target value, for example, 10°C. The 
degree of supercooling SC of the refrigerant at the outlet of 
the indoor heat exchanger 6 is compared with the target value 
at step S5. When the degree of supercooling SC of the refrig 
erant is greater than the target value at the step S5, the degree 
of opening of the third expansion valve 8 is increased at step 
6. When the degree of supercooling SC of the refrigerant is 
smaller than the target value at the step 5, the degree of 
opening of the third expansion valve 8 is decreased at the step 
S6. 
The first expansion valve 11 is controlled such that the 

degree of superheat SH of the refrigerant sucked into the 
compressor 3, which is obtained from the difference between 
the suction temperature of the compressor 3 measured by the 
sixth temperature sensor 16f and the Saturation temperature 
of the low-pressure refrigerant measured by the third tem 
perature sensor 16c, is equal to a predetermined target value, 
for example, 10°C. In other words, the degree of superheat 
SH of the refrigerant, which is the temperature of the refrig 
erant Sucked into the compressor 3, is compared with the 
target value at step S7. When the degree of superheat SH of 
the refrigerant Sucked into the compressor 3 is equal or close 
to the target value, the degree of opening of the first expansion 
valve 11 is maintained to proceed to the next step S9. When 
the degree of superheat SH is different from the target value, 
the degree of opening of the first expansion valve 11 is 
changed at step S8 in the following manner. When the degree 
of superheat SH of the refrigerant sucked into the compressor 
3 is greater than the target value, the degree of opening of the 
first expansion valve 11 is increased, and when the degree of 
superheat SH of the refrigerant is smaller than the target 
value, the degree of opening of the first expansion valve 11 is 
decreased. 

Next, the second expansion valve 14 is controlled such that 
the discharge temperature of the compressor 3 measured by 
the first temperature sensor 16a is equal to a predetermined 
target value, for example, 90°C. In other words, the discharge 
temperature of the compressor 3 is compared with the target 
value at step S19. When the discharge temperature of the 
compressor 3 is equal or close to the target value at the step 
S9, the degree of opening of the second expansion valve 14 is 
maintained and the operation loops back to the step 2. 
When the degree of opening of the second expansion valve 

14 is changed, the state of the refrigerant changes as follows. 
When the degree of opening of the second expansion valve 14 
increases, the flow rate of the refrigerant flowing into the 
injection circuit 13 increases. The amount of heat exchanged 
in the second internal heat exchanger 10 does not change 
significantly with the flow rate of the refrigerant in the injec 
tion circuit 13. Thus, when the flow rate of the refrigerant 
flowing through the injection circuit 13 increases, the 
enthalpy difference of the refrigerant (FIG. 2, difference 
between point 9 and point 10) in the injection circuit 13 at the 
second internal heat exchanger 10 decreases. Thus, the 
enthalpy of the refrigerant to be injected (FIG. 2, point 10) 
decreases. 

Accordingly, after the injected refrigerant is merged, the 
enthalpy of the refrigerant (FIG. 2, point 12) decreases. This 
also decreases the enthalpy and the temperature of the refrig 
erant discharged from the compressor 3 (FIG. 2, point 1). 
Conversely, when the degree of opening of the second expan 
sion valve 14 decreases, the enthalpy and the temperature of 
the refrigerant discharged from the compressor 3 increase. 
Thus, the degree of opening of the second expansion valve 14 
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8 
is controlled at step S10 such that when the discharge tem 
perature of the compressor 3 is higher than a target value, the 
degree of opening of the second expansion valve 14 is 
increased, and when the discharge temperature is lower than 
the target value, the degree of opening of the second expan 
sion valve 14 is decreased. Then, the operation loops back to 
the step 2. 

Next, the control action during the cooling operation will 
be described with reference to FIG. 5. FIG. 5 is a flow chart 
showing the control action in the cooling operation. In the 
cooling operation, the capacity of the compressor 3, the 
degree of opening of the first expansion valve 11, the degree 
of opening of the second expansion valve 14, and the degree 
of opening of the third expansion valve 8 are set to initial 
values at step S11. At step S12, after the expiration of a 
predetermined time, each actuator is controlled as follows in 
a manner that depends on its operational status. 

First, the capacity of the compressor 3 is basically con 
trolled such that the air temperature measured with the tenth 
temperature sensor 16 in the indoor unit 2 is equal to a 
temperature set by a user of the refrigeration/air conditioning 
equipment. In other words, the air temperature of the indoor 
unit 2 is compared with the set temperature at step S13. When 
the air temperature is the same as or close to the set tempera 
ture, the capacity of the compressor 3 is maintained to pro 
ceed to step S15. When the air temperature is different from 
the set temperature the capacity of the compressor 3 is 
adjusted at step S14 in the following manner. When the air 
temperature is much higher than the set temperature, the 
capacity of the compressor 3 is increased. When the air tem 
perature is lower than the set temperature, the capacity of the 
compressor 3 is decreased. 

Each expansion valve is controlled in the following man 
ner. The first expansion valve 11 is controlled such that the 
degree of supercooling SC of the refrigerant at the outlet of 
the outdoor heat exchanger 12, which is obtained from the 
difference between the saturation temperature of the high 
pressure refrigerant measured by the temperature sensor 16c 
and the outlet temperature of the outdoor heat exchanger 12 
measured by the temperature sensor 16d. is equal to a prede 
termined target value, for example, 10°C. In other words, the 
degree of supercooling SC of the refrigerant at the outlet of 
the outdoor heat exchanger 12 is compared with the target 
value at step S15. When the degree of supercooling SC at the 
outlet of the outdoor heat exchanger 12 is equal or close to the 
target value, the degree of opening of the first expansion valve 
11 is maintained to proceed to the next step S17. The degree 
of opening of the first expansion valve 11 is changed at step 
S16 such that when the degree of supercooling SC at the 
outlet of the outdoor heat exchanger 12 is greater than the 
target value, the degree of opening of the first expansion valve 
11 is increased, and when the degree of Supercooling SC of 
the refrigerant is Smaller than the target value, the degree of 
opening of the first expansion valve 11 is decreased. 

Next, the third expansion valve 8 is controlled such that the 
degree of superheat SH of the refrigerant sucked into the 
compressor 3, which is obtained from the difference between 
the suction temperature of the compressor 3 measured by the 
sixth temperature sensor 16f and the Saturation temperature 
of the low-pressure refrigerant measured by the eight tem 
perature sensor 16h, is equal to a predetermined target value, 
for example, 10°C. In other words, the degree of superheat 
SH of the refrigerant sucked into the compressor 3 is com 
pared with the target value at step S17. When the degree of 
superheat SH of the refrigerant sucked into the compressor 3 
is equal or close to the target value, the degree of opening of 
the third expansion valve 8 is maintained to proceed to the 
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next step S19. When the degree of superheat SH is different 
from the target value, the degree of opening of the third 
expansion valve 8 is changed at step S18 such that when the 
degree of superheat SH of the refrigerant sucked into the 
compressor 3 is greater than the target value, the degree of 
opening of the third expansion valve 8 is increased, and when 
the degree of superheat SH of the refrigerant is smaller than 
the target value, the degree of opening of the third expansion 
valve B is decreased. 

Next, the second expansion valve 14 is controlled such that 
the discharge temperature of the compressor 3 measured by 
the first temperature sensor 16a is equal to a predetermined 
target value, for example, 90°C. In other words, the discharge 
temperature of the compressor 3 is compared with the target 
value at step S19. When the discharge temperature of the 
compressor 3 is equal or close to the target value, the degree 
of opening of the second expansion valve 14 is maintained 
and the operation loops back to the step 12. The variations in 
the state of the refrigerant at the time when the degree of 
opening of the second expansion valve 14 is changed are 
similar to those in the heating operation. Thus, the degree of 
opening of the second expansion valve 14 is controlled Such 
that when the discharge temperature of the compressor 3 is 
higher than the target value, the degree of opening of the 
second expansion valve 14 is increased, and when the dis 
charge temperature is lower than the target value, the degree 
of opening of the second expansion valve 14 is decreased. 
Then, the operation loops back to the step S12. 

Next, the circuitry of the Embodiment 1 and operations and 
effects achieved by the controls will be described. Since both 
the cooling operation and the heating operation can be per 
formed in a similar way in this equipment, the heating opera 
tion is representatively described below. The circuitry of the 
equipment is a so-called gas injection circuit. In other words, 
after the refrigerant flows out from the indoor heat exchanger 
6, which serves as a condenser, and is decompressed to an 
intermediate pressure, a gas component of the refrigerant is 
injected into a compressor 3. 

In typical refrigeration/air conditioning equipment, the 
intermediate-pressure refrigerant is often separated into liq 
uid and gas with a gas-liquid separator and is then injected. 
However, in the refrigeration/air conditioning equipment 
according to this embodiment, as shown in FIG. 6, the refrig 
erant is thermally separated into liquid and gas by heat 
exchange in the second internal heat exchanger 10, and is then 
injected. 
The gas injection circuit has the following effects. The gas 

injection increases the flow rate of the refrigerant discharged 
from the compressor 3: the flow rate of the refrigerant dis 
charged from the compressor 3 Gdis—the flow rate of the 
refrigerant sucked into the compressor 3 Gsuc+the flow rate 
of the injected refrigerant Ginj. This increases the flow rate of 
the refrigerant flowing into the heat exchanger, which serves 
as a condenser, and thereby increases the heating capacity in 
the heating operation. 
On the other hand, as shown in FIG. 6, the heat exchange in 

the second internal heat exchanger 10 decreases the enthalpy 
of the refrigerant flowing into the heat exchanger, which 
serves as an evaporator. Thus, the difference in the enthalpy of 
the refrigerant in the evaporator increases. Accordingly, the 
cooling capacity also increases in the cooling operation. 

Furthermore, the gas injection also improves the efficiency. 
The refrigerant flowing into the heat exchanger, which serves 
as an evaporator, is generally a gas-liquid two-phase refrig 
erant, the gas component of which does not contribute to 
cooling capacity. However, the compressor 3 does work of 
increasing the pressure of this low-pressure gas refrigerant, in 
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10 
addition to the gas refrigerant vaporized in the evaporator. In 
the gas injection, part of the gas refrigerant flowing into the 
evaporator is drawn at an intermediate pressure, is injected 
into the compressor 3, and is compressed from the interme 
diate pressure to high pressure. Thus, there is no need to 
compress the gas refrigerant to be injected from low pressure 
to intermediate pressure. This improves the efficiency. This 
effect can be achieved in both the heating operation and the 
cooling operation. 

Next, the correlation between the gas-injection flow rate 
and the heating capacity will be described. When the gas 
injection flow rate is increased, as described above, the flow 
rate of the refrigerant discharged from the compressor 3 
increases, but the discharge temperature of the compressor 3 
decreases, and the temperature of the refrigerant flowing into 
the indoorheat exchanger 6, which serves as a condenser, also 
decreases. In terms of the heat-exchange performance of the 
condenser, the amount of exchanged heat generally increases 
as the temperature distribution in the heat exchanger extends. 
FIG. 7 shows the changes in the refrigerant temperature at the 
time when the condensation temperatures are the same but the 
refrigerant temperatures at the inlet of the condenser are 
different. The temperature distributions at a portion where the 
refrigerant in the condenser is in a Superheated gas state are 
different. 

In the condenser, although the amount of heat exchanged in 
the refrigerant in a two-phase state at the condensation tem 
perature dominates, the amount of heat exchanged at a por 
tion where the refrigerant is in a Superheated gas state 
accounts for about 20% to 30% of the total amount of 
exchanged heat and has a significant impact on the amount of 
exchanged heat. If an injection flow rate is too high and the 
refrigerant temperature at a portion where the refrigerant is in 
a Superheated gas state lowers drastically, heat-exchange per 
formance in the condenser will decrease, resulting in low 
heating capacity. FIG. 8 shows the correlation between the 
gas-injection flow rate and the heating capacity. The heating 
capacity reaches the maximum at a certain gas-injection flow 
rate. 

Next, operations and effects of heat exchange in the inter 
mediate-pressure receiver 9 between the refrigerant 9a for 
exchanging heat and the through-pipe 18a in the Suction pipe 
18 of the compressor 3 according to the Embodiment 1 will be 
described. In the heating operation, the gas-liquid two-phase 
refrigerant flows into the intermediate-pressure receiver 9 
from the third expansion valve 8. The gas-liquid two-phase 
refrigerant is cooled by the heat exchange between the 
through-pipe 18a in the suction pipe 18 of the compressor 3 
and the refrigerant 9a in the intermediate-pressure receiver 9, 
and flows out as a liquid refrigerant. In the cooling operation, 
the gas-liquid two-phase refrigerant at the outlet of the second 
internal heat exchanger 10 flows into the intermediate-pres 
Sure receiver 9, is cooled, and flows out as a liquid refrigerant. 
Thus, the enthalpy of the refrigerant flowing into the indoor 
heat exchanger 6, which serves as an evaporator, decreases. 
This increases the difference in the enthalpy of the refrigerant 
in the evaporator. Accordingly, the cooling capacity also 
increases in the cooling operation. 
On the other hand, the refrigerant to be sucked into the 

compressor 3 is heated, and the Suction temperature 
increases. This also increases the discharge temperature of 
the compressor 3. In the compression stroke of the compres 
Sor 3, the compression of the refrigerant having a higher 
temperature generally requires a greater amount of work for 
the same pressure increase. Thus, the effect on the efficiency 
of the heat exchange in the intermediate-pressure receiver 9 
between the refrigerant 9a for exchanging heat and the 
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through-pipe 18a in the suction pipe 18 of the compressor 3 
influences both the increase in the performance due to the 
greater enthalpy difference in the evaporator and the increase 
in work of compression. When the increase in the perfor 
mance due to the greater enthalpy difference in the evaporator 5 
has a greater influence, the operational efficiency of the 
equipment increases. 
The heat exchange in the intermediate-pressure receiver 

between the refrigerant 9a and the through-pipe 18a in the 
Suction pipe 18 is mainly performed by a gas refrigerant in the 10 
gas-liquid two-phase refrigerant coming into contact with the 
through-pipe 18a in the Suction pipe 18 and condensing into 
liquid. Thus, when the liquid refrigerant left in the interme 
diate-pressure receiver 9 decreases, the contact area between 
the gas refrigerant and the through-pipe 18a in the Suction 15 
pipe 18 increases. This increases the amount of heat 
exchanged. Conversely, when the liquid refrigerant left in the 
intermediate-pressure receiver 9 increases, the contact area 
between the gas refrigerant and the through-pipe 18a in the 
Suction pipe 18 decreases. This decreases the amount of heat 20 
exchanged. 

Thus, the intermediate-pressure receiver 9 has the follow 
ing effects. First, since the refrigerant flowing out the inter 
mediate-pressure receiver 9 is liquid, the refrigerant flowing 
into the second expansion valve 14 in the heating operation is 25 
always a liquid refrigerant. This stabilizes the flow rate of the 
second expansion valve 14 and ensures stable control and 
stable operation. 

Furthermore, the heat exchange in the intermediate-pres 
sure receiver 9 stabilizes the pressure of the intermediate- 30 
pressure receiver 9, the inlet pressure of the second expansion 
valve 14, and the flow rate of the refrigerant flowing into the 
injection circuit 13. For example, load fluctuations and asso 
ciated fluctuations in the high pressure side cause fluctuations 
in the pressure of the intermediate-pressure receiver 9. The 35 
heat exchange in the intermediate-pressure receiver 9 reduces 
such pressure fluctuations. When the load increases and the 
high pressure increases, the pressure of the intermediate 
pressure receiver 9 also increases. This increases the pressure 
difference from the low pressure. This also increases the 40 
temperature difference in the heat exchange in the interme 
diate-pressure receiver 9, thus increasing the amount of 
exchanged heat. The increase in the amount of exchanged 
heat enhances the condensation of the gas component of the 
gas-liquid two-phase refrigerant flowing into the intermedi- 45 
ate-pressure receiver 9, thus Suppressing the pressure 
increase. Thus, the pressure increase of the intermediate 
pressure receiver 9 is prevented. Conversely, when the load 
decreases and the high pressure decreases, the pressure of the 
intermediate-pressure receiver 9 also decreases. This reduces 50 
the pressure difference from the low pressure. This also 
reduces the temperature difference in the heat exchange in the 
intermediate-pressure receiver 9, thus decreasing the amount 
of exchanged heat. The decrease in the amount of exchanged 
heat prevents the condensation of the gas component of the 55 
gas-liquid two-phase refrigerant flowing into the intermedi 
ate-pressure receiver 9, Suppressing the pressure decrease. 
Thus, the pressure decrease of the intermediate-pressure 
receiver 9 is prevented. 

In this way, the heat exchange in the intermediate-pressure 60 
receiver 9 autonomously generates variations in the amount 
of exchanged heat, following the fluctuations in the opera 
tional status. This prevents the pressure fluctuations of the 
intermediate-pressure receiver 9. 

Furthermore, the heat exchange in the intermediate-pres- 65 
sure receiver 9 stabilizes the operation of the equipment. For 
example, when the state of the low-pressure side changes and 

12 
the degree of Superheat of the refrigerant at the outlet of the 
outdoorheat exchanger 12 serving as an evaporator increases, 
the temperature difference in the heat exchange in the inter 
mediate-pressure receiver 9 decreases. Thus, the amount of 
heat exchanged decreases, and therefore the gas refrigerant is 
hardly condensed. This increases the gas refrigerant leveland 
decreases the liquid refrigerant level in the intermediate-pres 
sure receiver 9. The decrement of the liquid refrigerant is 
carried over into the outdoor heat exchanger 12, increasing 
the liquid refrigerant level in the outdoor heat exchanger 12. 
This Suppresses the increase in the degree of Superheat of the 
refrigerant at the outlet of the outdoor heat exchanger 12, thus 
Suppressing the operational fluctuations of the equipment. 
Conversely, when the State of the low-pressure side changes 
and the degree of superheat of the refrigerant at the outlet of 
the outdoor heat exchanger 12 serving as an evaporator 
decreases, the temperature difference in the heat exchange in 
the intermediate-pressure receiver 9 increases. Thus, the 
amount of exchanged heat increases, and therefore the gas 
refrigerant is easily condensed. This decreases the gas refrig 
erant level and increases the liquid refrigerant level in the 
intermediate-pressure receiver 9. The increment of the liquid 
refrigerant is derived from the outdoor heat exchanger 12, 
thus decreasing the liquid refrigerant level in the outdoor heat 
exchanger 12. This Suppresses the decrease in the degree of 
superheat of the refrigerant at the outlet of the outdoor heat 
exchanger 12, thus Suppressing the operational fluctuations of 
the equipment. 
The Suppression of the fluctuations in the degree of Super 

heat also results from autonomous generation of the varia 
tions in the amount of exchanged heat, following the fluctua 
tions in the operational status, through the heat exchange in 
the intermediate-pressure receiver 9. 

Next, as in the Embodiment 1, the effect of the heat 
exchange in the intermediate-pressure receiver 9 in combina 
tion with the gas injection from the injection circuit 13 will be 
described. The heat exchange in the intermediate-pressure 
receiver 9 increases the suction temperature of the compres 
sor 3. Thus, in terms of the change in the compressor 3 in the 
presence of the injection, the enthalpy of the refrigerant com 
pressed from a low pressure to an intermediate pressure (FIG. 
2 and FIG. 3, point 11) increases, and the enthalpy of the 
refrigerant after the injected refrigerant is merged (FIG. 2 and 
FIG.3, point 12) also increases. Thus, the discharge enthalpy 
of the compressor 3 (FIG. 2 and FIG. 3, point 1) also 
increases, and the discharge temperature of the compressor 3 
increases. FIG.9 shows the change in the correlation between 
the gas-injection flow rate and the heating capacity, depend 
ing on the presence of the heat exchange in the intermediate 
pressure receiver 9. In the presence of the heat exchange in the 
intermediate-pressure receiver 9, the discharge temperature 
of the compressor 3 is higher than that in the absence of the 
heat exchange at the same injection level. This higher dis 
charge temperature also increases the temperature of the 
refrigerant at the inlet of the condenser, the amount of heat 
exchanged in the condenser, and the heating capacity. 
Accordingly, the injection flow rate at the peak of the heating 
capacity increases. This also increases the peak value of the 
heating capacity, thus improving the heating capacity. 
When further increase in the heating capacity is desired, a 

heat source 17 for heating a refrigerant, Such as an electric 
heater, is provided in the injection circuit 13. The heat source 
17 can Suppress the decrease in the discharge temperature of 
the compressor 3 and increase the injection flow rate. The heat 
Source 17 can also increase the peak value of the heating 
capacity, as shown in FIG. 9. 
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Furthermore, even in the absence of the heat exchange in 
the intermediate-pressure receiver 9, the degree of superheat 
at the inlet of the compressor 3 and the discharge temperature 
of the compressor 3 can be increased by controlling the 
degree of opening of the first expansion valve 11. However, in 
this case, the degree of Superheat of the refrigerant at the 
outlet of the outdoor heat exchanger 12, which serves as an 
evaporator, is also increased. This decreases the heat 
exchange efficiency of the outdoor heat exchanger 12. When 
the heat exchange efficiency of the outdoor heat exchanger 12 
decreases, the evaporation temperature must be decreased to 
achieve the same amount of exchanged heat. Thus, the low 
pressure is decreased in the operation. The decrease in the low 
pressure also decreases the flow rate of the refrigerant sucked 
into the compressor 3. Thus, Such an operation contrarily 
decreases the heating capacity. Conversely, in the presence of 
the heat exchange in the intermediate-pressure receiver 9, the 
refrigerant at the outlet of the outdoor heat exchanger 12, 
which serves as an evaporator, is maintained in an appropriate 
state. Thus, the discharge temperature of the compressor 3 
can be increased with excellent heat exchange efficiency. 
Thus, the decrease in the low pressure as described above can 
be avoided, and the heating capacity can be easily increased. 

Furthermore, in the circuitry of the Embodiment 1, part of 
the high-pressure refrigerant is bypassed, is decompressed, is 
Superheated into a gas in the second internal heat exchanger 
10, and is injected. Thus, as compared with conventional 
equipment in which a gas separated with a gas-liquid separa 
tor is injected, the distribution of the refrigerant does not 
fluctuate when the injection level changes in response to the 
variations in control or operational status. Thus, more stable 
operation can be achieved. 

In terms of the structure for performing the heat exchange 
in the intermediate-pressure receiver 9, any structure can 
achieve a similar effect, provided that the heat is exchanged 
with the refrigerant in the intermediate-pressure receiver 9. 
For example, the Suction pipe of the compressor 3 may be in 
contact with the outer periphery of the intermediate-pressure 
receiver 9 for heat exchange. 

Furthermore, the refrigerant supplied to the injection cir 
cuit 13 may be supplied from the bottom of the intermediate 
pressure receiver 9. In this case, in both the cooling operation 
and the heating operation, a liquid refrigerant flows into the 
second expansion valve 14. Thus, the flow rate at the second 
expansion valve 14 is consistent. This ensures the control 
stability. 
As described above, the second expansion valve 14 is con 

trolled Such that the discharge temperature of the compressor 
3 is equal to the target value. This target value is determined 
to provide the maximum heating capacity. As shown in FIG. 
9, on the basis of the correlation among the gas-injection flow 
rate, the heating capacity, and the discharge temperature, 
there is a discharge temperature at which the heating capacity 
reaches the maximum. Thus, this discharge temperature is 
previously determined and is employed as the target value. 
The target value of the discharge temperature is not necessar 
ily a constant value. The target value may be changed as 
required in a manner that depends on the operating condition 
or characteristics of an apparatus, such as a condenser. In this 
way, the gas injection level can be adjusted to achieve the 
maximum heating capacity by controlling the discharge tem 
perature. 
The gas injection level can be adjusted not only to achieve 

the maximum heating capacity, but also to achieve the maxi 
mum operational efficiency. When a large heating capacity is 
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required, for example, during the startup of the refrigeration/ 
air conditioning equipment, the gas injection level is adjusted 
to achieve the maximum heating capacity. When the room 
temperature has increased after the equipment operates for a 
certain period of time and large heating capacity is no longer 
required, the gas injection level is adjusted to achieve the 
maximum efficiency. FIG. 10 shows the correlation among 
the injection flow rate, the heating capacity, and the opera 
tional efficiency. At the maximum operational efficiency, the 
injection flow rate is Smaller and the discharge temperature is 
higher than those at the maximum heating capacity. At the 
injection flow rate at which the heating capacity reaches the 
maximum, since the discharge temperature is lower, the heat 
exchange performance of the condenser decreases. In addi 
tion, because the intermediate pressure is decreased to 
increase the injection flow rate, work of compressing the 
injected refrigerant increases. Thus, the efficiency is lower 
than that at the maximum operational efficiency. 

Thus, as a target value of the discharge temperature con 
trolled with the second expansion valve 14, not only a target 
value that provides the maximum heating capacity, but also a 
target value that provides the maximum operational effi 
ciency are taken into consideration. According to the opera 
tional conditions, for example, the operation capacity of the 
compressor 3 or the air temperature of the indoor unit side, 
when the heating capacity is required, the target value that 
provides the maximum heating capacity is specified, and 
when the heating capacity is not required, the target value that 
provides the maximum operational efficiency is specified. 
Such an operation can achieve both large heating capacity and 
efficient operation. 
As described above, the first expansion valve 11 is con 

trolled to adjust the degree of superheat at the inlet of the 
compressor 3 to the target value. Such control can optimize 
the degree of Superheat at the outlet of the heat exchanger, 
which serves as an evaporator, ensuring excellent heat-ex 
change performance of the evaporator. In addition, such con 
trol can moderately ensure the difference in the enthalpy of 
the refrigerant, allowing the operation with high efficiency. 
While the degree of superheat at the outlet of the evaporator 
that allows such an operation depends on the characteristics 
of the heat exchanger, it is about 2°C. Since the refrigerant is 
further heated by the intermediate-pressure receiver 9, the 
target value of the degree of superheat at the inlet of the 
compressor 3 is larger than this value. For example, the target 
value is 10°C., as described above. 

Thus, the first expansion valve 11 may be controlled such 
that the degree of superheat at the outlet of the evaporator, or 
in the case of the heating operation the degree of Superheat at 
the outlet of the outdoor heat exchanger 12 obtained from the 
temperature difference between the second temperature sen 
sor 16b and the third temperature sensor 16c is equal to the 
target value, for example, 2°C. as described above. However, 
when the degree of superheat at the outlet of the evaporator is 
directly controlled and the target value is as low as about 2 
C., the refrigerant at the outlet of the evaporator is transiently 
in a gas-liquid two phase, which prevents appropriate deter 
mination of the degree of Superheat. This makes the control 
difficult. When the degree of superheat at the inlet of the 
compressor 3 is detected, the target value can be increased. 
Furthermore, the heating in the intermediate-pressure 
receiver 9 prevents the Sucked refrigerant from being in gas 
liquid two phase, and thereby prevents inappropriate detec 
tion of the degree of superheat. This makes the control easier 
and stable. 
As described above, the third expansion valve 8 is con 

trolled to adjust the degree of supercooling at the outlet of the 
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indoor heat exchanger 6, which serves as a condenser, to the 
target value. Such control can ensure excellent heat-exchange 
performance in the condenser and moderately ensure the 
difference in the enthalpy of the refrigerant, allowing the 
operation with high efficiency. While the degree of supercool 
ing at the outlet of the condenser that allows such an operation 
depends on the characteristics of the heat exchanger, it is 
about 5° C. to 10° C. Furthermore, the target value of the 
degree of Supercooling may be higher than this value. For 
example, the target value of about 10°C. to 15° C. allows the 
operation with increased heating capacity. Thus, the target 
value of the degree of Supercooling may be changed in a 
manner that depends on the operational conditions. During 
the startup of the equipment, the target value of the degree of 
Supercooling may be slightly higher to ensure high heating 
capacity. At a steady state at room temperature, the target 
value of the degree of Supercooling may be slightly lower for 
the efficient operation. 

The refrigerant of the refrigeration/air conditioning equip 
ment is not limited to R410A and may be another refrigerant. 

Furthermore, the positions of the intermediate-pressure 
receiver 9 and the second internal heat exchanger 10 are not 
limited to those in the refrigerant circuitry shown in FIG. 1. 
Even when the positional relationship between the upstream 
and the downstream is reversed, a similar effect can be 
obtained. Furthermore, the position from which the injection 
circuit 13 is drawn is not limited to that in the refrigerant 
circuitry shown in FIG.1. A similar effect can be obtained for 
any position, provided that the injection circuit 13 can be 
drawn from another intermediate-pressure portion and a 
high-pressure liquid portion. In view of the control stability of 
the second expansion valve 14, the position from which the 
injection circuit 13 is drawn is desirably the position at which 
the refrigerant is completely in a liquid phase rather than in a 
gas-liquid two phase. 

In this Embodiment 1, the intermediate-pressure receiver 
9, the second internal heat exchanger 10, and the injection 
circuit 13 are disposed between the first expansion valve 11 
and the third expansion valve 8. Thus, in both the cooling 
operation and the heating operation, a similar injection can be 
performed. 

While the saturation temperatures of the refrigerant are 
measured with the refrigerant temperature sensors in the 
middle of the condenser and the evaporator, pressure sensors 
that can sense high pressure and low pressure may be pro 
vided to determine the saturation temperatures from the mea 
Sured pressures. 

FIG. 11 is a flow chart showing the control action during 
the heating and defrosting operation of the refrigeration/air 
conditioning equipment. In FIG. 11, the heating operation as 
described above is performed, and at step S21 the capacity of 
the compressor 3, the degree of opening of the first expansion 
valve 11, the degree of opening of the second expansion valve 
14, and the degree of opening of the third expansion valve 8 
are set to initial values. At step S22, after the expiration of a 
predetermined time, each actuator is controlled as follows on 
the basis of its operational status. The capacity of the com 
pressor 3 is basically controlled such that an outdoor piping 
temperatures measured with the second temperature sensor 
16b, the third temperature sensor 16c, and the fourth tempera 
ture sensor 16d in the outdoor unit 1 are equal to a temperature 
set by a user of the refrigeration/air conditioning equipment. 

In other words, the outdoor piping temperature of the out 
door unit 1 is compared with the set temperature at step S23. 
When the outdoor piping temperature is equal to or less than 
the set temperature (for example, -5°C.), it is concluded that 
frost forms on the outdoor heat exchanger 12, which serves as 
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an evaporator. Then, the four-way valve is rotated to start a 
defrosting operation at step S24. To be more specific, the 
defrosting operation is performed by passing a high-pressure 
high-temperature refrigerant discharged from the compressor 
3 through the outdoor heat exchanger 12, as in the cooling 
cycle. While the decrease in the discharge temperature is 
Suppressed by opening the second expansion valve 14 and 
heating the refrigerant with the heat source 17, the circulating 
volume of the refrigerant flowing into the condenser is 
increased by the gas injection. This reduces the time of the 
defrosting operation. 

Next, at step S25, the outdoor piping temperature is com 
pared with the set temperature. When the outdoor piping 
temperature is equal to or more than the set temperature (for 
example, 8°C.), it is concluded that frost has melted, and the 
operation proceeds to step S26. The four-way valve 4 is 
rotated to return to the heating operation and restart the opera 
tion. While the decrease in the discharge temperature is sup 
pressed by opening the second expansion valve 14, carrying 
out the injection, and heating the refrigerant with the heat 
Source 17, as in the defrosting operation, the circulating Vol 
ume of the refrigerant flowing into the condenser is increased. 
In addition, increased heating capacity accelerates the startup 
of the heating operation. Next, at step S27, the indoor piping 
temperature is compared with a set temperature. When the 
indoor piping temperature is equal to or less than the set 
temperature, go to step S28. The second expansion valve 14 is 
closed to finish the injection. Heating by the heat source 17 is 
also completed. 

Next, operations and effects during the heating and defrost 
ing operation will be described. In the defrosting operation, 
frost forming on refrigerant pipe of the outdoor heat 
exchanger 12 during the heating operation is melted by the 
heat of the refrigerant. This is performed by rotating the 
four-way valve 4 to flow the refrigerant as in the cooling 
operation. At the same time, the second expansion valve 14 is 
opened to inject a gas into the compressor 3. This increases 
the flow rate of the refrigerant discharged from the compres 
sor 3 and the flow rate of the refrigerant flowing into the 
outdoor heat exchanger 12, which serves as a condenser. On 
the other hand, as described above, the discharge temperature 
of the compressor 3 tends to decrease. Thus, the heat-ex 
change performance of the condenser is also maximized in 
this case. 
More specifically, as shown in FIG. 12, there is a gas 

injection flow rate at which the defrosting time is minimized. 
Furthermore, in this embodiment, the heat exchange in the 
intermediate-pressure receiver 9 provides further improve 
ment, that is, shortening of the defrosting time. 

Furthermore, when the heating operation is started after the 
completion of the defrosting operation, the gas injection can 
provide high heating capacity, that is, enhance the startup of 
the heating operation. 
The use of the heat source for heating a refrigerant, such as 

an electric heater, provided in the injection circuit 13, can 
Suppress the decrease in the discharge temperature of the 
compressor 3 and increase the amount of refrigerant to be 
injected. This can further shorten the defrosting time. In addi 
tion, another use of the heat Source for heating a refrigerant 
during a return to the heating operation can further enhance 
the startup of the heating operation. 

While in the foregoing description the period of the injec 
tion during a return to the heating operation is defined as a 
period until the heating capacity reaches a predetermined 
value, even when the period of the injection is controlled 
using the condensation temperature, or is predefined, a simi 
lar effect can be achieved. 
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What is claimed is: 
1. Refrigeration/air conditioning equipment comprising: 
a compressor, 
a four-way valve; 
an indoor heat exchanger, 
a first decompressor, and 
an outdoor heat exchanger, 
wherein these components are coupled circularly, and heat 

is Supplied from the indoor heat exchanger, 
the refrigeration/air conditioning equipment further com 

prising: 
an intermediate-pressure receiver disposed between the 

indoor heat exchanger and the first decompressor, 
a first internal heat exchanger that exchanges heat between 

a refrigerant in the intermediate-pressure receiver and a 
refrigerant in a Suction pipe of the compressor, and 

an injection circuit in which part of a refrigerant between 
the indoor heat exchanger and the first decompressor is 
bypassed and is injected into a compression chamber in 
the compressor, 

the injection circuit comprising: 
a second decompressor, 
a second internal heat exchanger that exchanges heat 

between a refrigerant having a pressure reduced by 
the second decompressor and the refrigerant between 
the indoor heat exchanger and the first decompressor; 
and 

aheat source for heating a refrigerant, disposed between 
the second internal heat exchanger and the compres 
SO. 

2. The refrigeration/air conditioning equipment according 
to claim 1, wherein a third decompressor is provided between 
the indoor heat exchanger and the intermediate-pressure 
receiver. 

3. The refrigeration/air conditioning equipment according 
to claim 1, further comprising a controller for controlling the 
degree of Superheat of a refrigerant Sucked into the compres 
sor or the degree of superheat of a refrigerant at the outlet of 
the outdoor hear exchanger to a predetermined value by 
adjusting the first decompressor. 

4. The refrigeration/air conditioning equipment according 
to claim 1, further comprising a controller for controlling the 
discharge temperature or the degree of Superheat of a refrig 
erant at the outlet of the compressor to a predetermined value 
by adjusting the second decompressor. 

5. The refrigeration/air conditioning equipment according 
to claim 2, further comprising a controller for controlling the 
degree of Supercooling of a refrigerant at the outlet of the 
indoor heat exchanger to a predetermined value by adjusting 
the third decompressor. 

6. The refrigeration/air conditioning equipment according 
to claim 2, further comprising a controller for controlling the 
degree of Superheat of a refrigerant Sucked into the compres 
sor or the degree of superheat of a refrigerant at the outlet of 
the outdoor hear exchanger to a predetermined value by 
adjusting the first decompressor. 

7. The refrigeration/air conditioning equipment according 
to claim 2, further comprising a controller for controlling the 
discharge temperature or the degree of Superheat of a refrig 
erant at the outlet of the compressor to a predetermined value 
by adjusting the second decompressor. 

8. Heating equipment, comprising: 
a first heat exchanger that makes a refrigerant absorb heat 

of air, 
a compressor that sucks the refrigerant from the first heat 

exchanger, 
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a second heat exchanger that provides a loadside medium 

with heat of the refrigerant discharged from the com 
pressor, 

a first expansion valve that decompresses the refrigerant 
flowing from the second heat exchanger to the first heat 
exchanger, the first heat exchanger; compressor, second 
heat exchanger and first expansion valve being con 
nected so as to circulate the refrigerant, 

a third heat exchanger that exchanges heat between the 
refrigerant flowing from an outlet of the second heat 
exchanger to an inlet of the first heat exchanger and the 
refrigerant flowing from the first heat exchanger toward 
a suction inlet of the compressor, 

an injection circuit that merges part of the refrigerant 
flowing from the second heat exchanger to the first heat 
exchanger with the refrigerant that is sucked by the 
compressor via the first heat exchanger to be com 
pressed to an intermediate pressure, 

a second expansion valve that is installed in the injection 
circuit and decompresses the refrigerant flowing in the 
injection circuit, 

a fourth heat exchanger that is installed in the injection 
circuit to supply heat of the refrigerant flowing from the 
second heat exchanger toward the first heat exchanger 
to the refrigerant flowing toward an injection inlet of the 
compressor in the injection circuit, and 

a controller that controls an opening degree of the first and 
the second expansion valves. 

9. The heating equipment of claim 8, wherein 
the controller controls the second expansion valve so that 

the refrigerant flowing in the injection circuit becomes a 
gas-liquid two phase state. 

10. The heating equipment of claim 8, wherein 
the injection circuit branches from between the second heat 

exchanger and the first expansion valve. 
11. The heating equipment of claim 10, wherein 
the injection circuit branches from between the third heat 

exchanger and the fourth heat exchanger. 
12. The heating equipment of claim 8 comprising: 
a third expansion valve provided between the second heat 

exchanger and the third heat exchanger to be controlled 
by the controller: 

13. The heating equipment of claim 12, wherein 
the third heat exchanger has a receiver provided with a 

fitnction to store part of the refrigerant flowing from the 
second heat exchanger to the first heat exchanger, and 
exchanges heat between the refrigerant stored within the 
receiver and the refrigerant flowing from the first heat 
exchanger to the compressor: 

14. The heating equipment of claim 13, wherein 
the third expansion valve decompresses the refrigerant 

flowing from the second heat exchanger to the receiver. 
15. The heating equipment of claim 8, wherein 
the second heat exchanger is a condenser: 
16. The heating equipment of claim 8, wherein 
the loadside medium that exchanges heat with the refrig 

erant discharged from the compressor in the second heat 
exchanger is air: 

17. The heating equipment of claim 8, wherein 
the loadside medium that exchanges heat with the refrig 

erant discharged from the compressor in the second heat 
exchanger is water. 

18. The heating equipment of claim 8 comprising a 
temperature sensor that detects a discharge temperature of 

the refrigerant discharged from the compressor; wherein 
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the controller controls an opening degree of the second 
expansion valve to be large so as to decrease enthalpy of 
the refrigerant when the discharge temperature detected 
by the temperature sensor is higher than a target value, 
and controls the opening degree of the second expansion 
valve to be small so as to increase enthalpy of the refrig 
erant when the discharge temperature is lower than the 
target value. 

19. An outdoor unit of heating equipment including a first 
heat exchanger that makes a refrigerant absorb heat of air, a 
compressor that sucks the refrigerant from the first heat 
exchanger and discharges the refrigerant to a second heat 
exchanger that is externally installed, and a first expansion 
valve that decompresses the refrigerant flowing toward the 
first heat exchanger after providing a loadside medium with 
heat in the second heat exchanger, comprising 

a third heat exchanger that exchanges heat between the 
refrigerant flowing from an outlet of the second heat 
exchanger toward an inlet of the first heat exchanger and 
the refrigerant flowing from the first heat exchanger 
toward a suction inlet the compressor, 

an injection circuit that merges part of the refrigerant 
flowing from the second heat exchanger toward the first 
heat exchanger with the refrigerant that is sucked by the 
compressor via the first heat exchanger to be com 
pressed to an intermediate pressure, 

a second expansion valve that is installed in the injection 
circuit and decompresses the refrigerant flowing in the 
injection circuit, 

a fourth heat exchanger that is installed in the injection 
circuit to supply heat of the refrigerant flowing from the 
second heat exchanger toward the first heat exchanger 
to the refrigerant flowing toward an injection inlet of the 
compressor in the injection circuit, and 

a controller that controls an opening degree of the first and 
the second expansion valves. 

20. The outdoor unit of heating equipment of claim 19, 
wherein 

the controller controls the second expansion valve so that 
the refrigerant flowing in the injection circuit becomes a 
gas-liquid two phase state. 

21. The outdoor unit of heating equipment of claim 19, 
wherein 

the injection circuit branches from between the second heat 
exchanger and the first expansion valve. 
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22. The outdoor unit of heating equipment of claim 21, 

wherein 
the injection circuit branches from between the third heat 

exchanger and the fourth heat exchanger. 
23. The outdoor unit of heating equipment of claim 19 

comprising: 
a third expansion valve provided between the second heat 

exchanger and the third heat exchanger to be controlled 
by the controller: 

24. The outdoor unit of heating equipment of claim 23, 
wherein 

the third heat exchanger has a receiver having a function to 
store part of a refrigerant flowing from the second heat 
exchanger to the first heat exchanger; and exchanges 
heat between the refrigerant stored in the receiver and 
the refrigerant flowing from the first heat exchanger to 
the compressor: 

25. The outdoor unit of heating equipment of claim 24, 
wherein 

the third expansion valve decompresses the refrigerant 
flowing from the second heat exchanger to the receiver. 

26. The outdoor unit of heating equipment of claim 19, 
wherein 

the second heat exchanger is a condenser: 
27. The outdoor unit of heating equipment of claim 19, 

wherein 
the loadside medium that exchanges heat with the refrig 

erant discharged from the compressor in the second heat 
exchanger is air: 

28. The outdoor unit of heating equipment of claim 19, 
wherein 

the loadside medium that exchanges heat with the refrig 
erant discharged from the compressor in the second heat 
exchanger is water. 

29. The outdoor unit of heating equipment of claim 19 
including a temperature sensor that detects a discharge tem 
perature of the refrigerant discharged from the compressor, 
wherein 

the controller controls an opening degree of the second 
expansion valve to be large so as to decrease enthalpy of 
the refrigerant when the discharge temperature detected 
by the temperature sensor is higher than a target value 
and controls the opening degree of the second expansion 
valve to be small so as to increase enthalpy of the refrig 
erant when the discharge temperature is lower than the 
target value. 


