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(54) HEAT PUMP TYPE AIR CONDITIONER

(57) An object is to provide a heat-pump air condi-
tioner that can reliably prevent an outdoor heat exchang-
er and a drain pan from freezing during heating, while
maintaining high capacity and high performance, without
affecting the cooling/heating capacity and performance.
In a heat-pump air conditioner 1 provided with a gas in-
jection circuit 33 that injects an intermediate-pressure
refrigerant into an intermediate intake port 21A of a com-

pressor 21, an auxiliary heat exchanger 24 having an
anti-freezing function is provided at a lower part of the
outdoor heat exchanger 23, and a liquefied injection cir-
cuit 36 is connected, which, after the intermediate-pres-
sure refrigerant vaporized in the gas injection circuit 33
is switched by switching valves 34 and 35 to be intro-
duced into the auxiliary heat exchanger 24, guides the
refrigerant to the intermediate intake port 21A of the com-
pressor 21.
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Description

Technical Field

[0001] The present invention relates to a heat-pump
air conditioner in which an auxiliary heat exchanger hav-
ing an anti-freezing function is provided at a lower part
of the outdoor heat exchanger.

Background Art

[0002] In heat-pump air conditioners, during a heating
operation, the moisture in the air freezes in the form of
frost and deposits on an outdoor heat exchanger serving
as an evaporator. Because this inhibits heat exchange,
deposition of frost should be detected and a defrosting
(frost removing) operation for melting frost should be per-
formed. However, when used in cold climate areas or at
a low outside-air temperature, a phenomenon whereby
drain water that has dripped due to defrosting refreezes
at a lower part of the outdoor heat exchanger or on a
drain pan is observed. In this case, the lower part of the
outdoor heat exchanger is clogged by ice, and the ice
grows by alternating between melting and freezing. This
may result in not only a decrease in capacity, but also,
in the worst case, damage to the heat exchanger, defor-
mation of the drain pan, or the like.
[0003] To counter this, conventionally, various propos-
als have been made in which an auxiliary heat exchanger
having an anti-freezing function, a receiver tank, or a
heater is provided at the lower part of the outdoor heat
exchanger, so that the lower part of the outdoor heat
exchanger and the drain pan are heated during a heating
operation and during defrosting and are prevented from
freezing (see Patent Citations 1 to 4).
That is, Patent Citation 1 discloses providing an anti-
freezing coil at the lower part of the outdoor heat ex-
changer. A gas refrigerant or a liquid refrigerant at an
intermediate pressure, led out of a refrigerant reservoir
tank, is introduced into the anti-freezing coil during heat-
ing and during defrosting.
[0004] Patent Citation 2 discloses providing an auxil-
iary heat exchanger at the lower part of the outdoor heat
exchanger. Part of a hot gas refrigerant discharged from
a compressor is branched off and is circulated through
the auxiliary heat exchanger, and then is merged again
at an inlet of a four-way valve, so that the hot gas refrig-
erant flows constantly. Patent Citation 3 discloses pro-
viding an auxiliary heat exchanger at the lower part of
the outdoor heat exchanger. During heating, a gas-liquid
two phase refrigerant having passed through a heating
throttle and a hot gas refrigerant discharged from a com-
pressor are introduced into the auxiliary heat exchanger.
Furthermore, Patent Citation 4 discloses providing a re-
ceiver tank at a lower part of the outdoor heat exchanger.
A refrigerant is circulated during both cooling and heat-
ing.
[0005]

Patent Citation 1:
Japanese Unexamined Patent Application, Publica-
tion No. Sho 60-8665
Patent Citation 2:
Japanese Unexamined Patent Application, Publica-
tion No. Sho 60-114666
Patent Citation 3:
Japanese Unexamined Patent Application, Publica-
tion No. Hei 7-280378
Patent Citation 4:
Japanese Unexamined Patent Application, Publica-
tion No. 2006-97992

Disclosure of Invention

[0006] All of the disclosures in Patent Citations 1 to 4
have the effect of preventing the lower part of the outdoor
heat exchanger or the drain pan from freezing. However,
on the other hand, some of them have demerits in terms
of the cooling/heating capacity and performance, and
they are not satisfactory as heat-pump air conditioners
for cold climate areas, the freezing conditions of which
are becoming more and more severe, and as heat-pump
air conditioners required to increase the operating range,
such as cooling and heating at a low outside-air temper-
ature and cooling and heating under overload conditions.
[0007] More specifically, the disclosure in Patent Cita-
tion 1 relates to an air conditioner specialized for heating,
and the structure thereof cannot be applied to a heat-
pump air conditioner capable of both cooling and heating
operations. The disclosures in Patent Citations 2 and 4
have a problem of a decrease in heating capacity, be-
cause, during heating, the amount of heat released from
the indoor heat exchanger decreases by an amount cor-
responding to the amount of heat released from the aux-
iliary heat exchanger and the receiver tank. The disclo-
sure in Patent Citation 3 has a problem of causing a de-
crease in heating capacity, because, during heating, the
hot gas refrigerant from the compressor is mixed, through
the throttle and the auxiliary heat exchanger, with the
low-pressure gas-liquid two phase refrigerant having
been reduced in pressure by the heating throttle, de-
creasing the amount of heat absorbed by the outdoor
heat exchanger. Furthermore, although there is a method
in which a heater is separately provided, such a method
is undesirable since it leads to excessive energy con-
sumption. Accordingly, there is a demand for a heat-
pump air conditioner that can reliably prevent the outdoor
heat exchanger and the drain pan from freezing without
affecting the capacity and performance.
[0008] The present invention has been made in view
of the above-described circumstances, and an object
thereof is to provide a heat-pump air conditioner that can
reliably prevent the outdoor heat exchanger and the drain
pan from freezing during heating while maintaining high
capacity and high performance, without affecting the ca-
pacity and performance.
[0009] To solve the above-described problems, a heat-
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pump air conditioner of the present invention employs
the following solutions.
That is, a heat-pump air conditioner according to a first
aspect of the present invention forms a refrigeration cycle
by sequentially connecting, at least, a compressor, a
four-way control valve, an outdoor heat exchanger, an
outdoor electric expansion valve, an indoor electric ex-
pansion valve, and an indoor heat exchanger, and has
a gas injection circuit provided in the refrigeration cycle.
The gas injection circuit vaporizes part of liquid refriger-
ant in the cycle, cools the liquid refrigerant using latent
heat of vaporization, and injects vaporized intermediate-
pressure refrigerant into an intermediate intake port of
the compressor. An auxiliary heat exchanger having an
anti-freezing function is provided at a lower part of the
outdoor heat exchanger. A liquefied injection circuit is
connected, which, after the intermediate-pressure refrig-
erant vaporized in the gas injection circuit is switched by
a switching valve to be introduced into the auxiliary heat
exchanger, guides the refrigerant to the intermediate in-
take port of the compressor.
[0010] According to the first aspect of the present in-
vention, with an economizer effect due to the gas injection
circuit, both the capacity and the performance can be
improved. At the same time, during a heating operation
and during defrosting, the intermediate-pressure refrig-
erant vaporized in the gas injection circuit and in a satu-
rated gas state can be introduced into the auxiliary heat
exchanger through the liquefied injection circuit by the
switching valve, and the refrigerant converted into a gas-
liquid two phase or a liquid by releasing heat and being
cooled can be liquid-injected from the intermediate intake
port of the compressor. Thus, the heating capacity can
be further increased when the amounts of circulated re-
frigerant are the same, and the discharging temperature
of the refrigerant can be effectively restricted by increas-
ing the cooling effect. Furthermore, by keeping the inter-
mediate-pressure refrigerant condensed by releasing
heat in the auxiliary heat exchanger at a temperature of
0 °C or more, the lower part of the outdoor heat exchanger
and the drain pan can be heated and prevented from
freezing during a heating operation and during defrosting.
[0011] A heat-pump air conditioner according to a sec-
ond aspect of the present invention forms a refrigeration
cycle by sequentially connecting, at least, a compressor,
a four-way control valve, an outdoor heat exchanger, an
outdoor electric expansion valve, an indoor electric ex-
pansion valve, and an indoor heat exchanger, and has
a gas injection circuit provided in the refrigeration cycle.
The gas injection circuit vaporizes part of liquid refriger-
ant in the cycle, cools the liquid refrigerant using latent
heat of vaporization, and injects vaporized intermediate-
pressure refrigerant into an intermediate intake port of
the compressor. An auxiliary heat exchanger having an
anti-freezing function is provided at a lower part of the
outdoor heat exchanger. The auxiliary heat exchanger
is connected in parallel to the outdoor electric expansion
valve through a check valve that allows a flow of con-

densed refrigerant from the outdoor heat exchanger, and
a bypass circuit having an on-off valve is provided be-
tween an intake pipe of the compressor and a point be-
tween the check valve and the auxiliary heat exchanger.
[0012] According to the second aspect of the present
invention, with an economizer effect due to the gas in-
jection circuit, both the capacity and the performance can
be improved. At the same time, because a high-pressure
liquid refrigerant can be constantly supplied to the aux-
iliary heat exchanger during a heating operation and dur-
ing defrosting, the lower part of the outdoor heat exchang-
er and drain pan can be heated by this high-pressure
liquid refrigerant. Furthermore, because the refrigerant
supplied to the auxiliary heat exchanger and reduced in
temperature by releasing heat can be returned to the
intake pipe side of the compressor by the bypass circuit,
it does not remain in the auxiliary heat exchanger and
freeze by being supercooled or does not lower the
amount of heat absorption by being mixed with the re-
frigerant flowing into the outdoor heat exchanger via the
outdoor electric expansion valve. Thus, the lower part of
the outdoor heat exchanger and the drain pan can be
prevented from freezing, without lowering the heating ca-
pacity. Note that, because there is no possibility of freez-
ing when the outside-air temperature is high (≥ 0 °C), the
operation may be performed with the on-off valve of the
bypass circuit closed. Furthermore, because the auxiliary
heat exchanger can be used as a condenser during a
cooling operation, the cooling capacity is not lowered.
[0013] In the above-described heat-pump air condi-
tioner of the present invention, the bypass circuit may be
provided with a refrigerant regulating throttle.
[0014] In this structure, the amount of refrigerant that
is returned from the auxiliary heat exchanger to the intake
pipe of the compressor through the bypass circuit can be
appropriately controlled with the refrigerant regulating
throttle provided in the bypass circuit, and the heating
effect provided by the high-pressure liquid refrigerant can
be ensured. Thus, while the liquid refrigerant is prevented
from remaining in the auxiliary heat exchanger, the anti-
freezing function of the lower part of the outdoor heat
exchanger and the drain pan can be reliably maintained.
[0015] In any one of the heat-pump air conditioners of
the present invention, a supercooling coil may be provid-
ed in parallel with the check valve and the auxiliary heat
exchanger, between the outdoor heat exchanger and the
outdoor electric expansion valve.
[0016] In this structure, because the refrigerant can be
supercooled by the supercooling coil provided between
the outdoor heat exchanger and the outdoor electric ex-
pansion valve during cooling, the cooling capacity can
be improved. On the other hand, because the supercool-
ing coil functioning as a condenser during heating does
not lower the vaporizing performance of the outdoor heat
exchanger, it does not cause a reduction in the heating
capacity.
[0017] A heat-pump air conditioner according to a third
aspect of the present invention forms a refrigeration cycle
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by sequentially connecting, at least, a compressor, a
four-way control valve, an outdoor heat exchanger, an
outdoor electric expansion valve, an indoor electric ex-
pansion valve, and an indoor heat exchanger, and has
a gas injection circuit provided in the refrigeration cycle.
The gas injection circuit vaporizes part of liquid refriger-
ant in the cycle, cools the liquid refrigerant using latent
heat of vaporization, and injects vaporized intermediate-
pressure refrigerant into an intermediate intake port of
the compressor. An auxiliary heat exchanger having an
anti-freezing function is provided at a lower part of the
outdoor heat exchanger. A hot-gas bypass circuit that
introduces part of the hot gas discharged from the com-
pressor into the auxiliary heat exchanger through a first
on-off valve and guides the refrigerant to a point between
the outdoor heat exchanger and the outdoor electric ex-
pansion valve through a second on-off valve; a first by-
pass circuit that guides the refrigerant at the point be-
tween the outdoor electric expansion valve and the out-
door heat exchanger to an intake pipe of the compressor
via the second on-off valve, the auxiliary heat exchanger,
a third on-off valve, and a refrigerant regulating throttle
during heating; and a second bypass circuit that con-
denses, in the auxiliary heat exchanger, the hot gas in-
troduced through the first on-off valve during heating or
during defrosting and guides the hot gas to the intake
pipe of the compressor via a fourth on-off valve and the
refrigerant regulating throttle, are provided.
[0018] According to the third aspect of the present in-
vention, with an economizer effect due to the gas injection
circuit, both the capacity and the performance can be
improved. At the same time, because part of the hot gas
discharged from the compressor can be introduced to
the auxiliary heat exchanger through the hot-gas bypass
circuit, the auxiliary heat exchanger can be made to func-
tion as a condenser during a normal cooling operation to
increase the condensing performance and to improve
the cooling capacity. Furthermore, during cooling at a
low outside-air temperature, the bypass of the hot gas
can be stopped by the first on-off valve so that the con-
denser is substantially reduced in size to restrict the con-
densing performance. Therefore, the cooling operation
can be continued while maintaining a high pressure. Fur-
thermore, during a heating operation, because the refrig-
erant adiabatically expanded by the outdoor electric ex-
pansion valve can be guided through the first bypass
circuit to the auxiliary heat exchanger, which can be made
to function as an evaporator, the amount of heat absorp-
tion can be increased to improve the heating capacity.
At the same time, under overload heating conditions at
a high outside-air temperature, by introducing the hot gas
to the auxiliary heat exchanger through the second by-
pass circuit and making the auxiliary heat exchanger
function as a radiator, it can be used to adjust the heating
capacity. Furthermore, during defrosting, by introducing
the hot gas to the auxiliary heat exchanger through the
second bypass circuit, the lower part of the outdoor heat
exchanger and the drain pan can be heated and prevent-

ed from freezing.
[0019] In the above-described heat-pump air condi-
tioner of the present invention, the first bypass circuit and
the second bypass circuit may be provided with a com-
mon refrigerant regulating throttle.
[0020] In this structure, the common refrigerant regu-
lating throttle provided in the first bypass circuit and the
second bypass circuit appropriately controls the amount
of refrigerant bypassed through the first bypass circuit
and the second bypass circuit to the intake pipe of the
compressor via the auxiliary heat exchanger. Thus, the
auxiliary heat exchanger can be made to properly func-
tion as an evaporator, a radiator, a heater, or the like.
Thus, the auxiliary heat exchanger can be effectively
used not only to prevent the lower part of the outdoor
heat exchanger and the drain pan from freezing, but also
to adjust the heating capacity. At the same time, the op-
erating range can be expanded and the structure can be
simplified.
[0021] According to the heat-pump air conditioner of
the present invention, with an economizer effect, both
the capacity and the performance can be improved. At
the same time, during heating and during defrosting, be-
cause the auxiliary heat exchanger provided at the lower
part of the outdoor heat exchanger can be made to func-
tion as a condenser for the intermediate-pressure refrig-
erant vaporized in the gas injection circuit, the lower part
of the outdoor heat exchanger and the drain pan can be
reliably prevented from freezing by means of the released
heat. Furthermore, because the gas-liquid two phase or
liquid refrigerant having been condensed in the auxiliary
heat exchanger can be liquid-injected from the interme-
diate intake port of the compressor, the heating capacity
can be further improved and the refrigerant discharging
temperature can be effectively restricted. Thus, the op-
erating range can be expanded.
[0022] Furthermore, according to the heat-pump air
conditioner of the present invention, improvement of the
capacity and performance due to an economizer effect
can be obtained. At the same time, because the high-
pressure liquid refrigerant can be constantly supplied to
the auxiliary heat exchanger provided at the lower part
of the outdoor heat exchanger during heating and during
defrosting, the lower part of the outdoor heat exchanger
and the drain pan can be reliably prevented from freezing
by means of the released heat. Furthermore, because
the high-pressure liquid refrigerant is returned to the in-
take pipe side of the compressor by the bypass circuit,
freezing of the refrigerant remaining in the auxiliary heat
exchanger or a decrease in the amount of heat absorption
due to the supercooled refrigerant entering the outdoor
heat exchanger does not occur. Thus, high capacity and
high performance can be reliably maintained.
[0023] Furthermore, according to the heat-pump air
conditioner of the present invention, improvement of the
capacity and performance due to an economizer effect
can be obtained. At the same time, because the auxiliary
heat exchanger provided at the lower part of the outdoor
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heat exchanger can be made to function as a condenser
during cooling, the condensing performance can be in-
creased to improve the cooling capacity. Furthermore,
during cooling at a low outside-air temperature, the func-
tion as a condenser can be aborted to restrict the con-
densing performance, so that the cooling operation can
be continued while keeping the high pressure. Thus, the
operating range can be expanded. Furthermore, be-
cause the auxiliary heat exchanger can be made to func-
tion as an evaporator during heating, and can be made
to function as a radiator under overload heating condi-
tions, it can be used to improve the heating capacity and
to adjust the capacity. Furthermore, because it can be
made to function as a radiator during defrosting, the lower
part of the outdoor heat exchanger and the drain pan can
be heated and reliably prevented from freezing.

Brief Description of Drawings

[0024]

[FIG. 1] FIG. 1 is a diagram showing a cooling cycle
of a heat-pump air conditioner according to a first
embodiment of the present invention.
[FIG. 2] FIG. 2 is a diagram showing a heating cycle
of the heat-pump air conditioner according to the first
embodiment of the present invention.
[FIG. 3] FIG. 3 is a diagram showing a cooling cycle
of a heat-pump air conditioner according to a second
embodiment of the present invention.
[FIG. 4] FIG. 4 is a diagram showing a heating cycle
of the heat-pump air conditioner according to the
second embodiment of the present invention.
[FIG. 5] FIG. 5 is a schematic enlarged view of a
lower part of an example of an outdoor heat exchang-
er, which is applied to the heat-pump air conditioner
according to the second embodiment of the present
invention.
[FIG. 6] FIG. 6 is a schematic enlarged view of a
lower part of another example of an outdoor heat
exchanger, which is applied to the heat-pump air
conditioner according to the second embodiment of
the present invention.
[FIG. 7] FIG. 7 is a diagram showing a cooling cycle
of a heat-pump air conditioner according to a third
embodiment of the present invention.
[FIG. 8] FIG. 8 is a diagram showing a heating cycle
of the heat-pump air conditioner according to the
third embodiment of the present invention.
[FIG. 9] FIG. 9 is a diagram showing an overload
heating cycle of the heat-pump air conditioner ac-
cording to the third embodiment of the present in-
vention.
[FIG. 10] FIG. 10 is a diagram showing a defrosting
cycle of the heat-pump air conditioner according to
the third embodiment of the present invention.

Explanation of Reference:

[0025]

1: heat-pump air conditioner
3: refrigeration cycle
21: compressor
21A: intermediate intake port
22: four-way control valve
23: outdoor heat exchanger
23A: supercooling coil
24: auxiliary heat exchanger
25: outdoor electric expansion valve
29: intermediate heat exchanger
33: gas injection circuit
34, 35: solenoid-operated switching valve (switching
valve)
36: liquefied injection circuit
40: check valve
41: on-off valve
42: refrigerant regulating throttle
43: bypass circuit
50: first on-off valve
52: second on-off valve
53: hot-gas bypass circuit
54: third on-off valve
55: refrigerant regulating throttle
56: first bypass circuit
57: fourth on-off valve
58: second bypass circuit
71: indoor heat exchanger
72: indoor electric expansion valve

Best Mode for Carrying Out the Invention

[0026] Embodiments of the present invention will be
described below with reference to the drawings.

First Embodiment

[0027] A first embodiment of the present invention will
be described below using FIGS. 1 and 2.
FIGS. 1 and 2 show refrigerant circuit diagrams of a heat-
pump air conditioner according to the first embodiment
of the present invention, in which FIG. 1 shows a cooling
cycle, and FIG. 2 shows a heating cycle. Herein, a multi-
type heat-pump air conditioner 1, in which a plurality of
indoor units are connected in parallel, is shown. The mul-
ti-type heat-pump air conditioner 1 is formed of an out-
door unit 2, a refrigerant gas pipe 4 and a refrigerant
liquid pipe 5 led out of the outdoor unit 2, and a plurality
of indoor units 7A and 7B that are connected in parallel
between the refrigerant gas pipe 4 and the refrigerant
liquid pipe 5. Needless to say, the number of indoor units
7A and 7B is not limited to two, and three or more indoor
units can be connected where appropriate.
[0028] The outdoor unit 2 includes an inverter-driven
compressor 21 that compresses refrigerant; a four-way
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control valve 22 that switches the circulation direction of
the refrigerant; an outdoor heat exchanger 23 that per-
forms heat exchange between the refrigerant and the
outside air; an auxiliary heat exchanger 24 having an
anti-freezing function, provided integrally at a lower part
of the outdoor heat exchanger 23; an outdoor electric
expansion valve (EEVH) 25 for heating; a bridge circuit
27 consisting of a combination of four check valves 26;
a receiver 28 that reserves the liquid refrigerant; an in-
termediate heat exchanger 29 that supercools the liquid
refrigerant using latent heat of vaporization of the refrig-
erant diverted from the liquid pipe; an electric expansion
valve (EEVSC) 30 that controls the amount of refrigerant
to be diverted to the intermediate heat exchanger 29; and
an accumulator 31 that separates liquid from the refrig-
erant gas to be taken into the compressor 21 and re-
serves the liquid refrigerant. As it is known, they are con-
nected by refrigerant pipes including a discharge pipe
32A, a gas pipe 32B, a liquid pipe 32C, a gas pipe 32D,
and an intake pipe 32E, forming an outdoor-side refrig-
erant circuit 32.
[0029] Furthermore, a gas injection circuit 33, which
injects the intermediate-pressure refrigerant vaporized
by the intermediate heat exchanger 29 into an interme-
diate intake port 21A provided in the compressor 21, is
provided between the intermediate heat exchanger 29
and the compressor 21. To this gas injection circuit 33 is
connected a liquefied injection circuit 36 that guides the
intermediate-pressure refrigerant vaporized by the inter-
mediate heat exchanger 29 to the intermediate intake
port 21A of the compressor 21 via the auxiliary heat ex-
changer 24 having an anti-freezing function, which is pro-
vided at the lower part of the outdoor heat exchanger 23,
through the solenoid-operated switching valves 34 and
35. The solenoid-operated switching valves 34 and 35
may be substituted by a three-way control valve.
[0030] Furthermore, the refrigerant gas pipe 4 and the
refrigerant liquid pipe 5 are refrigerant pipes connected
to a gas-side service valve and a liquid-side service valve
(not shown) provided on the outdoor unit 2 side, and the
lengths thereof are determined in accordance with the
distances between the outdoor unit 2 and the indoor units
7A and 7B connected thereto, at the time of installation
at the site. An appropriate number of branching devices
(not shown) are provided at intermediate locations in the
refrigerant gas pipe 4 and refrigerant liquid pipe 5, and
an appropriate number of indoor units 7A and 7B are
connected through these branching devices. Thus, an
enclosed refrigeration cycle 3 is formed. Each of the in-
door units 7A and 7B includes an indoor heat exchanger
71 that performs heat exchange between the refrigerant
and the indoor air to condition the indoor air, an indoor
electric expansion valve (EEVC) 72 for cooling, and an
indoor fan (not shown) that circulates the indoor air
through the indoor heat exchanger 71, and is connected
to the branching devices through a branch gas pipe 4A
and a branch liquid pipe 5A on the indoor side.
[0031] In the above-described multi-type heat-pump

air conditioner 1, a cooling operation is performed as fol-
lows.
After a high-temperature, high-pressure refrigerant gas
compressed by the compressor 21 is discharged into the
discharge pipe 32A, as indicated by an arrow in FIG. 1,
the refrigerant gas is circulated toward the gas pipe 32B
by the four-way control valve 22 and is then condensed
and liquefied by undergoing heat exchange with the out-
side air, which is blown by an outdoor fan (not shown),
in the outdoor heat exchanger 23. After passing through
the outdoor electric expansion valve 25 through the liquid
pipe 32C, the liquid refrigerant is guided via the bridge
circuit 27 to the receiver 28 and is reserved therein, so
that the circulated amount is adjusted. In a process of
passing through the intermediate heat exchanger 29
through the liquid pipe 32C, part of the liquid refrigerant
flowing out of the receiver 28 is diverted from the liquid
pipe 32C and is cooled by undergoing heat exchange
with the intermediate-pressure refrigerant having been
adiabatically expanded by the electric expansion valve
(EEVSC) 30. Thus, the liquid refrigerant is supercooled
to a predetermined degree and is led out of the outdoor
unit 2 into the refrigerant liquid pipe 5, through the bridge
circuit 27 and liquid pipe 32C. The liquid refrigerant led
out into the refrigerant liquid pipe 5 is diverted into the
branch liquid pipe 5A of the indoor units 7A and 7B by a
branching device (not shown).
[0032] The liquid refrigerant diverted into the branch
liquid pipe 5A flows into each of the indoor units 7A and
7B and is adiabatically expanded by the indoor electric
expansion valve (EEVC) 72. The liquid refrigerant con-
verted into a gas-liquid two phase flow flows in the indoor
heat exchanger 71. The indoor heat exchanger 71 per-
forms heat exchange with the refrigerant and the indoor
air circulated by the indoor fan (not shown), and the in-
door air is cooled and used to cool the room. On the other
hand, the refrigerant converted into gas reaches the
branching device through the branch gas pipe 4A and is
merged with the refrigerant gas from the other one of the
indoor units 7A and 7B at the refrigerant gas pipe 4. The
refrigerant gas merged at the refrigerant gas pipe 4 re-
turns again to the outdoor unit 2, passes through the gas
pipe 32D and the four-way control valve 22, reaches the
intake pipe 32E, and is introduced into the accumulator
31. Liquid contained in the refrigerant gas is separated
by the accumulator 31, and only gas is taken into the
compressor 21. This refrigerant is compressed again in
the compressor 21. The cooling operation is performed
by repeating the above-described cycle.
[0033] On the other hand, a heating operation is per-
formed as follows.
After a high-temperature, high-pressure refrigerant gas
compressed by the compressor 21 is discharged into the
discharge pipe 32A, as indicated by an arrow in FIG. 2,
the refrigerant gas is circulated toward the gas pipe 32D
by the four-way control valve 22. This refrigerant is led
out of the outdoor unit 2 through the refrigerant gas pipe
4 and is introduced into the indoor units 7A and 7B
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through the branch gas pipe 4A connected to the refrig-
erant gas pipe 4 via the branching device. The high-tem-
perature, high-pressure refrigerant gas introduced into
each of the indoor units 7A and 7B is subjected to heat
exchange with the indoor air circulated by the indoor fan
(not shown) in the indoor heat exchanger 71, and the
indoor air is heated and used to heat the room. On the
other hand, the liquid refrigerant condensed and liquefied
by undergoing heat exchange with the indoor air passes
through the indoor electric expansion valve (EEVC) 72
and the branch liquid pipe 5A, is merged with the refrig-
erant from the other one of the indoor units 7A and 7B,
and returns to the outdoor unit 2 through the refrigerant
liquid pipe 5. Note that, during heating, in the indoor units
7A and 7B, the degree of opening of the indoor electric
expansion valve (EEVC) 72 is controlled so that the de-
gree of supercooling of the refrigerant is a constant value
at the outlet of the indoor heat exchanger 71, serving as
a condenser.
[0034] The refrigerant returned to the outdoor unit 2
passes through the liquid pipe 32C and the bridge circuit
27, flows into the receiver 28, and is reserved therein so
that the circulated amount is adjusted. The liquid refrig-
erant flowing out of the receiver 28 is supercooled simi-
larly to the case of the cooling in the intermediate heat
exchanger 29, passes through the liquid pipe 32C and
the bridge circuit 27, and reaches the outdoor electric
expansion valve (EEVH) 25, where it is adiabatically ex-
panded. Then, the liquid refrigerant passes through the
liquid pipe 32C and flows into the outdoor heat exchanger
23. The outdoor heat exchanger 23 performs heat ex-
change with the refrigerant and the outside air blown by
the outdoor fan (not shown), and the refrigerant is vapor-
ized by absorbing heat from the outside air. This refrig-
erant is introduced from the outdoor heat exchanger 23
into the accumulator 31 through the gas pipe 32B, the
four-way control valve 22, and the intake pipe 32E. Liquid
contained in the refrigerant gas is separated by the ac-
cumulator 31, and only gas is taken into the compressor
21. This refrigerant is compressed again in the compres-
sor 21. The heating operation is performed by repeating
the above-described cycle.
[0035] Furthermore, during a heating operation at a
low outside-air temperature, the moisture in the outside
air may freeze in the form of frost and deposit on the
surface of the outdoor heat exchanger 23. Because this
frost inhibits heat exchange in the outdoor heat exchang-
er 23, when deposition of frost is detected, a defrosting
(frost removing) operation for melting frost is performed.
The defrosting operation is performed by switching the
refrigeration cycle 3 to the cooling cycle by the four-way
control valve 22. This causes the high-temperature, high-
pressure refrigerant gas (hot gas) discharged from the
compressor 21 to be introduced into the outdoor heat
exchanger 23, and the heat thereof heats and melts the
frost on the surface of the heat exchanger from the inside.
The melted frost falls, as drain water, onto the drain pan
(the bottom plate of the indoor unit 2) on which the outdoor

heat exchanger 23 is installed, and is discharged outside
from a drain port.
[0036] Furthermore, during the above-described cool-
ing operation, because the solenoid-operated switching
valve 34 is opened and the solenoid-operated switching
valve 35 is closed, the intermediate-pressure refrigerant
vaporized by cooling the liquid refrigerant in the interme-
diate heat exchanger 29 passes through the gas injection
circuit 33 and is directly injected into the compression
chamber from the intermediate intake port 21A of the
compressor 21. With an economizer effect due to this
gas injection, an increase in cooling capacity and im-
provement of COP (coefficient of performance) are ex-
pected. Thus, a high-capacity, high-efficiency (high-per-
formance) heat-pump air conditioner 1 can be realized.
[0037] On the other hand, also during the heating op-
eration and defrosting operation, similarly to the above,
the intermediate-pressure refrigerant vaporized by cool-
ing the liquid refrigerant in the intermediate heat ex-
changer 29 passes through the gas injection circuit 33
and is guided to the intermediate intake port 21A of the
compressor 21. However, in this case, because the so-
lenoid-operated switching valve 34 is switched to "close"
and the solenoid-operated switching valve 35 is switched
to "open", the saturated intermediate-pressure refriger-
ant gas having left the intermediate heat exchanger 29
is guided from the gas injection circuit 33 to the liquefied
injection circuit 36 and is introduced into the auxiliary
heat exchanger 24 provided at the lower part of the out-
door heat exchanger 23. The intermediate-pressure re-
frigerant gas is subjected to heat exchange with the out-
side air circulated by the outdoor fan and is re-condensed
by releasing heat to the outside air to be converted into
a gas-liquid two phase or liquid refrigerant.
[0038] This gas-liquid two phase or liquid refrigerant
is guided from the auxiliary heat exchanger 24 to the
intermediate intake port 21A of the compressor 21 via
the liquefied injection circuit 36 and is liquid-injected into
the compression chamber. With the liquid injection effect,
a further increase in heating capacity and improvement
of COP (coefficient of performance) are expected. Thus,
a high-capacity, high-efficiency heat-pump air condition-
er 1 can be realized. Furthermore, with the improvement
of the cooling effect achieved by the liquid injection, the
discharging temperature of the refrigerant is effectively
restricted. Thus, the operating range can be expanded.
Furthermore, the lower part of the outdoor heat exchang-
er 23 and the drain pan (the bottom plate of the outdoor
unit 2), on which the outdoor heat exchanger 23 is in-
stalled, can be heated by the above-described heat re-
lease.
[0039] Accordingly, this embodiment provides the fol-
lowing advantages.
As it is known, not only can both the capacity and the
performance be improved with the economizer effect due
to the gas injection, but also the auxiliary heat exchanger
24 provided at the lower part of the outdoor heat exchang-
er 23 can be made to function as a condenser for the
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intermediate-pressure refrigerant vaporized in the gas
injection circuit 33 during heating and during defrosting.
Therefore, it is possible to heat the lower part of the out-
door heat exchanger 23 and the drain pan with the re-
leased heat and to prevent them from freezing. Further-
more, because the gas-liquid two phase or liquid refrig-
erant condensed in the auxiliary heat exchanger 24 can
be liquid-injected from the intermediate intake port 21A
of the compressor 21, the heating capacity can be further
improved and the discharging temperature of the refrig-
erant can be effectively restricted. Thus, the operating
range can be expanded. Accordingly, it is possible to
prevent the outdoor heat exchanger 23 and the drain pan
from freezing while maintaining the high performance
and high capacity of the heat-pump air conditioner 1.

Second Embodiment

[0040] Next, a second embodiment of the present in-
vention will be described using FIGS. 3 to 6.
This embodiment is different from the above-described
first embodiment in the refrigerant-circulation circuit for
the auxiliary heat exchanger 24 provided at the lower
part of the outdoor heat exchanger 23. Because the other
structures are the same as the first embodiment, descrip-
tions thereof will be omitted.
FIGS. 3 and 4 show refrigerant circuit diagrams of a heat-
pump air conditioner according to the second embodi-
ment of the present invention, in which FIG. 3 shows a
cooling cycle, and FIG. 4 shows a heating cycle. In this
embodiment, the bridge circuit 27 is omitted, and the gas
injection circuit 33 is configured to function only during
cooling.
[0041] In this embodiment, the auxiliary heat exchang-
er 24 having an anti-freezing function provided at the
lower part of the outdoor heat exchanger 23 is connected
in parallel to the outdoor electric expansion valve 25, and
the refrigerant condensed in the outdoor heat exchanger
23 can be circulated through the check valve 40. This
embodiment has a structure in which a bypass circuit 43
having an on-off valve 41 and a refrigerant regulating
throttle (capillary tube) 42 is connected between the in-
take pipe 32E at an inlet of the accumulator 31 and a
point between the auxiliary heat exchanger 24 and the
check valve 40. Furthermore, between the outdoor heat
exchanger 23 and the outdoor electric expansion valve
25, a supercooling coil 23A is provided in parallel with
the check valve 40 and the auxiliary heat exchanger 24.
[0042] FIGS. 5 and 6 show enlarged views of the lower
part of the outdoor heat exchanger 23. The above-men-
tioned outdoor heat exchanger 23, the auxiliary heat ex-
changer 24, and the supercooling coil 23A are formed
as a single-plate fin-and-tube heat exchanger. The upper
part is the outdoor heat exchanger 23 having a structure
in which the refrigerant is diverted to a plurality of circuits
and is circulated in a plurality of stages of heat exchange
tubes. The lower part is the supercooling coil 23A that is
formed of two stages of heat exchange tubes and is con-

nected in series with the outdoor heat exchanger 23 and
the outdoor electric expansion valve 25. The auxiliary
heat exchanger 24 is formed of one stage of heat ex-
change tube at the bottom, and the lower end thereof is
disposed on the drain pan 44 so as to be in contact there-
with.
Note that FIG. 5 is a structure applied to the indoor unit
2 of a type in which the outside air is horizontally taken
in and is blown out upward, and FIG. 6 is a structure
applied to the indoor unit 2 of a type in which the outside
air is horizontally taken in and is horizontally blown out
without changing the direction.
[0043] In the above-described structure, because the
flow of the refrigerant during a cooling operation, during
a heating operation, and during a defrosting operation is
substantially the same as that according to the above-
described first embodiment, a description thereof will be
omitted. Operations of the auxiliary heat exchanger 24,
the supercooling coil 23A, the on-off valve 41, the bypass
circuit 43, etc., will be described below.
During cooling, the on-off valve 41 is closed. Therefore,
the refrigerant is not circulated through the bypass circuit
43. Part of the refrigerant condensed in the outdoor heat
exchanger 23 is supercooled by the supercooling coil
23A, passes through the outdoor electric expansion valve
25 (fully open), and reaches the receiver 28. Another part
of the refrigerant passes through the check valve 40,
reaches the auxiliary heat exchanger 24, where it is su-
percooled, and flows in the receiver 28. Thus, the con-
densed refrigerant is supercooled by the auxiliary heat
exchanger 24 and the supercooling coil 23A and can be
supplied to the receiver 28. Furthermore, by causing the
gas injection circuit 33 to function, cooling can be per-
formed while operating the heat-pump air conditioner 1
with high efficiency and high capacity.
[0044] On the other hand, during heating and during
defrosting, the on-off valve 41 is opened to circulate the
refrigerant through the bypass circuit 43. In this case, the
high-pressure liquid refrigerant supplied from the receiv-
er 28, in a process of being adiabatically expanded by
the outdoor electric expansion valve 25 and, in the form
of a gas-liquid two phase flow, circulated sequentially
through the supercooling coil 23A and the outdoor heat
exchanger 23, is vaporized by absorbing heat from the
outside air and is circulated through the gas pipe 32B
toward the compressor 21. Furthermore, part of the high-
pressure liquid refrigerant from the receiver 28 flows in
the auxiliary heat exchanger 24 connected in parallel to
the outdoor electric expansion valve 25 and is super-
cooled by releasing heat to the outside air having a low
temperature. By heating the lower part of the outdoor
heat exchanger 23 and the drain pan 44 to a temperature
higher than freezing temperature utilizing the heat re-
leased from the auxiliary heat exchanger 24, they can be
prevented from freezing.
[0045] As has been described above, the high-pres-
sure liquid refrigerant always flows into the auxiliary heat
exchanger 24. However, if it is kept enclosed in the aux-
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iliary heat exchanger 24, the temperature thereof drops,
and, if the temperature drops to 0 °C or below, it freezes.
Therefore, the refrigerant in the auxiliary heat exchanger
24 is reduced in pressure by the refrigerant regulating
throttle 42 and is returned to the intake pipe 32E through
the bypass circuit 43 by a predetermined amount at a
time. Thus, it is possible to prevent the occurrence of
freezing due to the refrigerant being supercooled to 0 °C
or below. Furthermore, because there is no need to flow
the refrigerant supercooled in the auxiliary heat exchang-
er 24 toward the outdoor heat exchanger 23, the heat
absorbing effect of the supercooling coil 23A and outdoor
heat exchanger 23 is not inhibited.
[0046] Accordingly, this embodiment provides the fol-
lowing advantages.
With the economizer effect due to the gas injection, not
only can the capacity and performance during cooling be
improved, but also a high-pressure liquid refrigerant can
be constantly supplied to the auxiliary heat exchanger
24 provided at the lower part of the outdoor heat exchang-
er 23 during heating and during defrosting. Thus, the low-
er part of the outdoor heat exchanger 23 and the drain
pan 44 can be heated by the heat released from the high-
pressure liquid refrigerant and can be reliably prevented
from freezing. Furthermore, because the high-pressure
liquid refrigerant supplied to the auxiliary heat exchanger
24 is returned by the bypass circuit 43 toward the intake
pipe 32E of the compressor 21, the occurrence of freez-
ing due to the refrigerant remaining in the auxiliary heat
exchanger 24 or a reduction in the amount of heat ab-
sorption due to the supercooled refrigerant flowing in the
outdoor heat exchanger 23 can be eliminated. Accord-
ingly, it is possible to prevent the outdoor heat exchanger
23 and the drain pan from freezing while maintaining the
high performance and high capacity of the heat-pump air
conditioner 1.

Third Embodiment

[0047] Next, a third embodiment of the present inven-
tion will be described using FIGS. 7 to 10.
This embodiment is different from the above-described
first and second embodiments in the refrigerant-circula-
tion circuit for the auxiliary heat exchanger 24 provided
at the lower part of the outdoor heat exchanger 23. Be-
cause the other structures are the same as the first and
second embodiments, descriptions thereof will be omit-
ted.
FIGS. 7 to 10 show refrigerant circuit diagrams of a heat-
pump air conditioner according to a third embodiment of
the present invention, in which FIG. 7 shows a cooling
cycle, FIG. 8 shows a heating cycle, FIG. 9 shows an
overload heating cycle, and FIG. 10 shows a defrosting
cycle. In the heat-pump air conditioner 1 according to this
embodiment, the bridge circuit 27 is omitted, and the gas
injection circuit 33 is configured to function only during
cooling.
[0048] In this embodiment, a hot-gas bypass circuit 53

is connected to the auxiliary heat exchanger 24 having
an anti-freezing function provided at the lower part of the
outdoor heat exchanger 23. The hot-gas bypass circuit
53 is connected, at one end, to the discharge pipe 32A
of the compressor 21 and is connected to the auxiliary
heat exchanger 24 through a first on-off valve 50 and a
check valve 51. The other end is connected, via the aux-
iliary heat exchanger 24, through a second on-off valve
52, to the liquid pipe 32C at a point between the outdoor
heat exchanger 23 and the outdoor electric expansion
valve 25.
[0049] Furthermore, the above-described hot-gas by-
pass circuit 53 is provided with a first bypass circuit 56
that branches off from a point between the auxiliary heat
exchanger 24 and the check valve 51 and is connected
to the intake pipe 32E at the inlet of the accumulator 31
through a third on-off valve 54 and a refrigerant regulating
throttle 55, and a second bypass circuit 58 that branches
off from a point between the auxiliary heat exchanger 24
and the second on-off valve 52 and is connected to the
intake pipe 32E at the inlet of the accumulator 31 through
a fourth on-off valve 57 and the refrigerant regulating
throttle 55.
[0050] In the above-described structure, because the
flow of the refrigerant during a cooling operation, during
a heating operation, and during a defrosting operation is
substantially the same as that according to the above-
described first embodiment, a description thereof will be
omitted. Operations of the auxiliary heat exchanger 24,
the hot-gas bypass circuit 53, the first bypass circuit 56,
and the second bypass circuit 58 will be described below.
During cooling, the first on-off valve 50 and the second
on-off valve 52 are opened, and the third on-off valve 54
and the fourth on-off valve 57 are closed. Thus, part of
the high-temperature, high-pressure hot gas refrigerant
discharged from the compressor 21 flows from the dis-
charge pipe 32A, via the hot-gas bypass circuit 53, into
the auxiliary heat exchanger 24. This refrigerant is sub-
jected to heat exchange with the outside air in the auxil-
iary heat exchanger 24 to be condensed and liquefied,
is then merged, in the liquid pipe 32C, with the refrigerant
having been condensed in the outdoor heat exchanger
23, passes through the outdoor electric expansion valve
25 (fully open), and flows into the receiver 28. Thus, while
the auxiliary heat exchanger 24 is made to function as a
condenser during cooling, the heat-pump air conditioner
1 can be operated with high capacity and high efficiency
to perform cooling.
[0051] Furthermore, during cooling at a low outside-
air temperature, in which the outside-air temperature is
low, the first on-off valve 50 can be closed to block the
hot-gas bypass circuit 53, so that the flow of the hot gas
refrigerant into the auxiliary heat exchanger 24 can be
stopped. Because this provides substantially the same
effect as a reduction in size of the condenser, the con-
densing performance can be restricted. Therefore, by
controlling the condensing pressure to keep the high
pressure at a predetermined pressure or more, the cool-
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ing operation can be continued.
[0052] On the other hand, during heating, the first on-
off valve 50 and the fourth on-off valve 57 are closed,
and the second on-off valve 52 and the third on-off valve
54 are opened. Thus, part of the gas-liquid two phase
refrigerant having been adiabatically expanded in the
outdoor electric expansion valve 25 flows through the
second on-off valve 52 into the auxiliary heat exchanger
24, absorbs heat from the outside air, and is vaporized.
This refrigerant is guided, via the third on-off valve 54
and the refrigerant regulating throttle 55, from the first
bypass circuit 56 to the intake pipe 32E at the inlet of the
accumulator 31, is merged with the refrigerant vaporized
via the outdoor heat exchanger 23, and is then taken into
the compressor 21. Thus, while the auxiliary heat ex-
changer 24 is made to function as an evaporator during
heating, the heat-pump air conditioner 1 can be operated
with high capacity and high efficiency to perform heating.
[0053] When the outside-air temperature rises during
a heating operation, reducing the heating load and lead-
ing to overload heating conditions, the first on-off valve
50 and the fourth on-off valve 57 are opened, and the
second on-off valve 52 and the third on-off valve 54 are
closed. This allows part of the high-temperature, high-
pressure hot gas refrigerant discharged from the com-
pressor 21 to flow from the discharge pipe 32A, through
the hot-gas bypass circuit 53, into the auxiliary heat ex-
changer 24. This refrigerant, after releasing heat to the
outside air to be condensed in the auxiliary heat exchang-
er 24, is guided from the fourth on-off valve 57, via the
second bypass circuit 58, through the refrigerant regu-
lating throttle 55, to the intake pipe 32E at the inlet of the
accumulator 31. Thus, by making the auxiliary heat ex-
changer 24 function as a radiator under overload heating
conditions, the operation can be continued while adjust-
ing the heating capacity.
[0054] Furthermore, during defrosting, the first on-off
valve 50 and the fourth on-off valve 57 are opened, and
the second on-off valve 52 and the third on-off valve 54
are closed. Thus, part of the high-temperature, high-pres-
sure hot gas refrigerant discharged from the compressor
21 flows from the discharge pipe 32A, via the hot-gas
bypass circuit 53, into the auxiliary heat exchanger 24.
This refrigerant releases heat in the auxiliary heat ex-
changer 24 and is used to heat the lower part of the out-
door heat exchanger 23 and the drain pan 44 (see FIGS.
5 and 6). The refrigerant condensed by releasing heat is
guided from the fourth on-off valve 57, via the second
bypass circuit 58, through the refrigerant regulating throt-
tle 55, to the intake pipe 32E at the inlet of the accumulator
31. Thus, by making the auxiliary heat exchanger 24 func-
tion as a radiator during defrosting, it can be used to
prevent the drain water, resulting from melted frost, from
refreezing.
[0055] Accordingly, this embodiment provides the fol-
lowing advantages.
With the economizer effect due to the gas injection, not
only can the capacity and performance during cooling be

improved, but also the auxiliary heat exchanger 24 pro-
vided at the lower part of the outdoor heat exchanger 23
can be made to function as a condenser during cooling.
Thus, the cooling capacity can be improved by increasing
the condensing performance. Furthermore, because the
function as a condenser can be aborted to restrict the
condensing performance during cooling at a low outside-
air temperature, it is possible to continue the cooling op-
eration while keeping the high pressure at a predeter-
mined pressure or more. Thus, the operating range can
be expanded. Furthermore, because the auxiliary heat
exchanger 24 can be made to function as an evaporator
during heating and can be made to function as a radiator
under overload heating conditions, it can be used to im-
prove and adjust the heating capacity. In addition, be-
cause the auxiliary heat exchanger 24 can be made to
function as a radiator during defrosting, the lower part of
the outdoor heat exchanger 23 and the drain pan can be
heated and reliably prevented from freezing. According-
ly, it is possible to prevent the outdoor heat exchanger
23 and the drain pan from freezing while maintaining the
high performance and high capacity of the heat-pump air
conditioner 1.
[0056] Note that the present invention is not limited to
the invention according to the above-described embod-
iments, but may be appropriately modified within a scope
not departing from the spirit thereof. For example, al-
though the above-described embodiments have been
described taking a multi-type heat-pump air conditioner
as an example, the heat-pump air conditioner need not
necessarily be a multi type, and the present invention
can of course be applied to a single-type heat-pump air
conditioner having one indoor unit. Furthermore, al-
though the case where there is one outdoor unit 2 has
been described, the heat-pump air conditioner is not lim-
ited to this, but may be of a multi-outdoor-unit type, in
which a plurality of outdoor units 2 are provided in parallel.
Furthermore, the outdoor unit 2 may be of a type in which
a plurality of compressors 21 or a plurality of outdoor heat
exchangers 23 and outdoor fans are provided in parallel.
[0057] In addition, although, in the second and third
embodiments, the gas injection circuit 33 is configured
to function only during cooling, the gas injection circuit
33 may be, similarly to the first embodiment, configured
to function also during heating. Furthermore, although
the gas injection circuit 33 of a type which uses the in-
termediate heat exchanger 29 has been described, it may
of course be configured to use a gas liquid separator
instead of the intermediate heat exchanger 29.

Claims

1. A heat-pump air conditioner that forms a refrigeration
cycle by sequentially connecting, at least, a com-
pressor, a four-way control valve, an outdoor heat
exchanger, an outdoor electric expansion valve, an
indoor electric expansion valve, and an indoor heat
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exchanger, and that has a gas injection circuit pro-
vided in the refrigeration cycle, the gas injection cir-
cuit vaporizing part of liquid refrigerant in the cycle,
cooling the liquid refrigerant using latent heat of va-
porization, and injecting vaporized intermediate-
pressure refrigerant into an intermediate intake port
of the compressor,
wherein an auxiliary heat exchanger having an anti-
freezing function is provided at a lower part of the
outdoor heat exchanger, and
wherein a liquefied injection circuit is connected,
which, after the intermediate-pressure refrigerant
vaporized in the gas injection circuit is switched by
a switching valve to be introduced into the auxiliary
heat exchanger, guides the refrigerant to the inter-
mediate intake port of the compressor.

2. A heat-pump air conditioner that forms a refrigeration
cycle by sequentially connecting, at least, a com-
pressor, a four-way control valve, an outdoor heat
exchanger, an outdoor electric expansion valve, an
indoor electric expansion valve, and an indoor heat
exchanger, and that has a gas injection circuit pro-
vided in the refrigeration cycle, the gas injection cir-
cuit vaporizing part of liquid refrigerant in the cycle,
cooling the liquid refrigerant using latent heat of va-
porization, and injecting vaporized intermediate-
pressure refrigerant into an intermediate intake port
of the compressor,
wherein an auxiliary heat exchanger having an anti-
freezing function is provided at a lower part of the
outdoor heat exchanger, and
wherein the auxiliary heat exchanger is connected
in parallel to the outdoor electric expansion valve
through a check valve that allows a flow of con-
densed refrigerant from the outdoor heat exchanger,
and a bypass circuit having an on-off valve is pro-
vided between an intake pipe of the compressor and
a point between the check valve and the auxiliary
heat exchanger.

3. The heat-pump air conditioner according to claim 2,
wherein the bypass circuit is provided with a refrig-
erant regulating throttle.

4. The heat-pump air conditioner according to claim 2
or 3,
wherein a supercooling coil is provided in parallel
with the check valve and the auxiliary heat exchang-
er, between the outdoor heat exchanger and the out-
door electric expansion valve.

5. A heat-pump air conditioner that forms a refrigeration
cycle by sequentially connecting, at least, a com-
pressor, a four-way control valve, an outdoor heat
exchanger, an outdoor electric expansion valve, an
indoor electric expansion valve, and an indoor heat
exchanger, and that has a gas injection circuit pro-

vided in the refrigeration cycle, the gas injection cir-
cuit vaporizing part of liquid refrigerant in the cycle,
cooling the liquid refrigerant using latent heat of va-
porization, and injecting vaporized intermediate-
pressure refrigerant into an intermediate intake port
of the compressor,
wherein an auxiliary heat exchanger having an anti-
freezing function is provided at a lower part of the
outdoor heat exchanger, and
wherein a hot-gas bypass circuit that introduces part
of the hot gas discharged from the compressor into
the auxiliary heat exchanger through a first on-off
valve and guides the refrigerant to a point between
the outdoor heat exchanger and the outdoor electric
expansion valve through a second on-off valve; a
first bypass circuit that guides the refrigerant at the
point between the outdoor electric expansion valve
and the outdoor heat exchanger to an intake pipe of
the compressor via the second on-off valve, the aux-
iliary heat exchanger, a third on-off valve, and a re-
frigerant regulating throttle during heating; and a sec-
ond bypass circuit that condenses, in the auxiliary
heat exchanger, the hot gas introduced through the
first on-off valve during heating or during defrosting
and guides the hot gas to the intake pipe of the com-
pressor via a fourth on-off valve and the refrigerant
regulating throttle, are provided.

6. The heat-pump air conditioner according to claim 6,
wherein the first bypass circuit and the second by-
pass circuit are provided with a common refrigerant
regulating throttle.
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