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to the two branch-side open portions (36b, 36¢).
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Description
TECHNICAL FIELD

[0001] The present invention relates to a refrigeration
apparatus, and particularly a refrigeration apparatus hav-
ing first and second compressors, a heat-source side
heat exchanger, first and second utilization-side heat ex-
changers, a first low-pressure pipe for communicating
the first compressor to the first utilization-side heat ex-
changer, a second low-pressure pipe for communicating
the second compressor to the second utilization-side
heat exchanger or the heat source-side heat exchanger,
and an interconnecting low-pressure pipe that has a con-
trol valve capable of opening degree control and is for
intercommunicating the first low-pressure pipe and the
second low-pressure pipe.

BACKGROUND ART

[0002] Conventionally, there is a refrigeration appara-
tus that has plural types of utilization-side heat exchang-
ers such as described in patent document 1 (JP-ANo.
2014-70822). In this refrigeration apparatus, as the plural
types of utilization-side heat exchangers, a refrigerating
heat exchanger (a first utilization-side heat exchanger)
for refrigerating a refrigerator such as a showcase and a
room heat exchanger (a second utilization-side heat ex-
changer) for performing cooling and heating (air-condi-
tioning) of a room are provided. This refrigeration appa-
ratus has pluralcompressors and a heat source-side heat
exchanger. The plural compressors include a first com-
pressor, which sucks in and compresses refrigerant that
has evaporated in the first utilization-side heat exchang-
er, and a second compressor, which sucks in and com-
presses refrigerant that has evaporated in the second
utilization-side heat exchanger or the heat source-side
heat exchanger. A first low-pressure pipe for communi-
cating the first compressor to the first utilization-side heat
exchanger is connected to the first compressor. A second
low-pressure pipe for communicating the second com-
pressor to the second utilization-side heat exchanger or
the heat source-side heat exchanger is connected to the
second compressor. The first low-pressure pipe and the
second low-pressure pipe communicate with each other
via an interconnecting low-pressure pipe that has a con-
trol valve capable of opening degree control.

SUMMARY OF INVENTION

[0003] In the refrigeration apparatus of patent docu-
ment 1, the first low-pressure pipe can be communicated
to the second low-pressure pipe by switching the control
valve in the interconnecting low-pressure pipe to an open
state, so the refrigerant flowing through the second low-
pressure pipe can be sucked into the second compressor
and can also be sucked into the first compressor. For this
reason, for example, in a case where the air-conditioning
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load (i.e., the flow rate of the refrigerant corresponding
to this air-conditioning load) in the second utilization-side
heat exchanger cannot be processed by just the second
compressor, part of the air-conditioning load (i.e., the flow
rate of the refrigerant corresponding to this part of the
air-conditioning load) in the second utilization-side heat
exchanger can be processed also by the first compres-
sor. At this time, the flow rate of the refrigerant that be-
comes sucked into the first compressor can be finely con-
trolled by, for example, controlling the opening degree of
the control valve.

[0004] However, when performing this operation of
switching the control valve in the interconnecting low-
pressure pipe to an open state, it is desired to reduce as
much as possible flow resistance when the refrigerant
returns through these low-pressure pipes to the compres-
sors. Furthermore, in the refrigeration apparatus, refrig-
erating machine oil is filled together with the refrigerant
to lubricate the compressors, so when performing this
operation of switching the control valve in the intercon-
necting low-pressure pipe to an open state, it is desired
to reduce as much as possible imbalance in the refriger-
ating machine oil when the refrigerant returns through
these low-pressure pipes to the compressors.

[0005] Itis an object of the present invention to reduce
as much as possible, in a refrigeration apparatus where
a first low-pressure pipe for communicating a first com-
pressor to a first utilization-side heat exchanger and a
second low-pressure pipe for communicating a second
compressor to a second utilization-side heat exchanger
or a heat source-side heat exchanger communicate with
each other via an interconnecting low-pressure pipe that
has a control valve capable of opening degree control,
flow resistance and imbalance in refrigerating machine
oil when refrigerant returns through these low-pressure
pipes to the compressors.

[0006] A refrigeration apparatus pertaining to afirst as-
pect has a first compressor and a second compressor,
a heat source-side heat exchanger, afirst utilization-side
heat exchanger and a second utilization-side heat ex-
changer, afirstlow-pressure pipe, a second low-pressure
pipe, and an interconnecting low-pressure pipe. The first
low-pressure pipe communicates the first compressor to
the first utilization-side heat exchanger. The second low-
pressure pipe communicates the second compressor to
the second utilization-side heat exchanger or the heat
source-side heat exchanger. The interconnecting low-
pressure pipe has a control valve capable of opening
degree control and intercommunicates the first low-pres-
sure pipe and the second low-pressure pipe. Additionally,
here, the refrigeration apparatus further has a second
suction pipe, which is connected to the second compres-
sor, and a second branch pipe Here, the second branch
pipe has ajunction-side open portion that opens in a pre-
determined direction and two branch-side open portions
that open in substantially the opposite direction to that of
the junction-side open portion, with the second low-pres-
sure pipe being connected to the junction-side open por-
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tion and with the interconnecting low-pressure pipe and
the second suction pipe being connected to the two
branch-side open portions.

[0007] Here, the connection configuration between the
second low-pressure pipe, the second compressor (the
second suction pipe), and the interconnecting low-pres-
sure pipe is characterized in that the second branch pipe
having the junction-side open portion that opens in a pre-
determined direction and the two branch-side open por-
tions that open in substantially the opposite direction to
that of the junction-side open portion is interposed, the
second low-pressure pipe is connected to the junction-
side open portion, and the interconnecting low-pressure
pipe and the second suction pipe are connected to the
two branch-side open portions as described above. Here,
as described above, the branch-side open portions of the
second branch pipe open in substantially the opposite
direction to that of the junction-side open portion, so fluid
inflowing from the junction-side open portion side can be
smoothly flowed to the branch-side open portions side.
In this connection configuration between the second low-
pressure pipe, the second compressor (the second suc-
tion pipe), and the interconnecting low-pressure pipe us-
ing the second branch pipe, when performing the oper-
ation of switching the control valve in the interconnecting
low-pressure pipe to an open state, refrigerant flowing
through the second low-pressure pipe and refrigerating
machine oil flowing together with the refrigerant can be
smoothly distributed via the second branch pipe to the
second suction pipe (the second compressor side) and
the interconnecting low-pressure pipe (the first compres-
sor side).

[0008] Because of this, here, flow resistance and im-
balance in the refrigerating machine oil when the refrig-
erant returns through the second low-pressure pipe and
the interconnecting low-pressure pipe to the compres-
sors can be reduced as much as possible.

[0009] Arefrigeration apparatus pertaining to a second
aspectis the refrigeration apparatus pertaining to the first
aspect, wherein the second branch pipe is disposed in
such a way that refrigerant inflowing from the junction-
side open portion is distributed in a horizontal direction
and flows out from the two branch-side open portions.
[0010] Here, the distribution of the refrigerant and the
refrigerating machine oil in the second branch pipe can
be made excellent because of the horizontal disposition
of the second branch pipe described above.

[0011] A refrigeration apparatus pertaining to a third
aspectis the refrigeration apparatus pertaining to the first
or second aspect, further having a first suction pipe,
which is connected to the first compressor, and a first
branch pipe. Here, the first branch pipe has a junction-
side open portion that opens in a predetermined direction
and two branch-side open portions that open in substan-
tially the opposite direction to that of the junction-side
open portion, with the first low-pressure pipe being con-
nected to the junction-side open portion and with the in-
terconnecting low-pressure pipe and the first suction pipe
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being connected to the two branch-side open portions.
[0012] Here, the connection configuration between the
first low-pressure pipe, the first compressor (the first suc-
tion pipe), and the interconnecting low-pressure pipe is
characterized in that the first branch pipe having the junc-
tion-side open portion that opens in a predetermined di-
rection and the two branch-side open portions that open
in substantially the opposite direction to that of the junc-
tion-side open portionisinterposed, the first low-pressure
pipe is connected to the junction-side open portion, and
the interconnecting low-pressure pipe and the first suc-
tion pipe are connected to the two branch-side open por-
tions as described above. Here, as described above, the
branch-side open portions of the first branch pipe open
in substantially the opposite direction to that of the junc-
tion-side open portion, so fluid inflowing from the junction-
side open portion side can be smoothly flowed to the
branch-side open portions side. In this connection con-
figuration between the first low-pressure pipe, the first
compressor (the first suction pipe), and the interconnect-
ing low-pressure pipe using the first branch pipe, when
causing the refrigerant flowing through the first low-pres-
sure pipe to be sucked into the first compressor, the re-
frigerant flowing through the first low-pressure pipe and
the refrigerating machine oil flowing together with the re-
frigerant can be smoothly flowed via the first branch pipe
to the first suction pipe.

[0013] Because of this, here, flow resistance and im-
balance in the refrigerating machine oil when the refrig-
erant returns through the first low-pressure pipe to the
compressors can be reduced as much as possible.
[0014] A refrigeration apparatus pertaining to a fourth
aspect is the refrigeration apparatus pertaining to the
third aspect, wherein the first branch pipe is disposed in
such a way that refrigerant inflowing from the junction-
side open portion is distributed in a horizontal direction
and flows out from the two branch-side open portions.
[0015] Arefrigeration apparatus pertaining to a fifth as-
pect is the refrigeration apparatus pertaining to the third
or fourth aspect, further having a third compressor and
a third suction pipe connected to the third compressor.
Here, the third suction pipe is connected to a portion of
the interconnecting low-pressure pipe on the first branch
pipe side of the control valve.

[0016] Here, the refrigeration apparatus is character-
ized inthat it is further provided with the third compressor
and in that the third suction pipe of the third compressor
is connected to the portion of the interconnecting low-
pressure pipe on the first branch pipe side of the control
valve. In this configuration where the third compressor
is further connected to the portion of the interconnecting
low-pressure pipe on the first branch pipe side of the
control valve, the refrigerant flowing through the first low-
pressure pipe can be sucked into the first compressor
and also the third compressor, and at this time the refrig-
erant flowing through the first low-pressure pipe and the
refrigerating machine oil flowing together with the refrig-
erant can be smoothly distributed via the first branch pipe
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to the first suction pipe (the first compressor side) and
the interconnecting low-pressure pipe (the third com-
pressor side). Moreover, by horizontally disposing the
first branch pipe, the distribution of the refrigerant and
the refrigerating machine oil in the first branch pipe can
be made excellent. Furthermore, in this configuration, by
switching the control valve in the interconnecting low-
pressure pipe to an open state, the refrigerant flowing
through the second low-pressure pipe can be sucked into
the second compressor and also the third compressor,
and at this time the refrigerant flowing through the second
low-pressure pipe and the refrigerating machine oil flow-
ing together with the refrigerant can be smoothly distrib-
uted via the second branch pipe to the second suction
pipe (the second compressor side) and the interconnect-
ing low-pressure pipe (the third compressor side).
[0017] Because of this, here, it can be made possible
for the refrigerant flowing through the first low-pressure
pipe to be sucked into the first compressor and also the
third compressor and for the refrigerant flowing through
the second low-pressure pipe to be sucked into the sec-
ond compressor and also the third compressor, and flow
resistance and imbalance in the refrigerating machine oil
when the refrigerant returns through the first low-pres-
sure pipe, the second low-pressure pipe, and the inter-
connecting low-pressure pipe to the compressors can be
reduced as much as possible.

[0018] A refrigeration apparatus pertaining to a sixth
aspectis the refrigeration apparatus pertaining to the fifth
aspect, further having a third branch pipe. Here, the third
branch pipe has a junction-side open portion that opens
in a predetermined direction and two branch-side open
portions that open in substantially the opposite direction
to that of the junction-side open portion, with the third
suction pipe being connected to the junction-side open
portion. Furthermore, the interconnecting low-pressure
pipe has a first interconnecting low-pressure pipe that
interconnects the branch-side open portion of the first
branch pipe and one of the two branch-side open portions
of the third branch pipe, a second interconnecting low-
pressure pipe that interconnects the branch-side open
portion of the second branch pipe and the control valve,
and a third interconnecting low-pressure pipe that inter-
connects the control valve and the other of the two
branch-side open portions of the third branch pipe.
[0019] Here, the connection configuration between the
third compressor (the third suction pipe) and the inter-
connecting low-pressure pipe (the first and third intercon-
necting low-pressure pipes) is characterized in that the
third branch pipe having the junction-side open portion
that opens in a predetermined direction and the two
branch-side open portions that open in substantially the
opposite direction to that of the junction-side open portion
is interposed, the third suction pipe is connected to the
junction-side open portion, and the first interconnecting
low-pressure pipe and the third interconnecting low-pres-
sure pipe are connected to the two branch-side open
portions as described above. Here, as described above,
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the branch-side open portions of the third branch pipe
open in substantially the opposite direction to that of the
junction-side open portion, so fluid inflowing from both
the branch-side open portion sides can be smoothly
flowed to the junction-side open portion side. In this con-
nection configuration between the third suction pipe and
the first and third interconnecting low-pressure pipes us-
ing the third branch pipe, both when causing the refrig-
erant flowing through the first low-pressure pipe to be
sucked into the third compressor and when causing the
refrigerant flowing through the second low-pressure pipe
to be sucked into the third compressor, the refrigerant
flowing through the first and second low-pressure pipes
and the refrigerating machine oil flowing together with
the refrigerant can be smoothly flowed via the third
branch pipe to the third suction pipe.

[0020] Because of this, here, flow resistance and im-
balance in the refrigerating machine oil when the refrig-
erant returns through the interconnecting low-pressure
pipe to the compressors can be reduced as much as
possible.

[0021] A refrigeration apparatus pertaining to a sev-
enth aspect is the refrigeration apparatus pertaining to
the first or the second aspect, further having a junction
low-pressure pipe connected to the first low-pressure
pipe and the interconnecting low-pressure pipe, a first
suction pipe connected to the first compressor, a third
compressor, a third suction pipe connected to the third
compressor, and a fourth branch pipe. The fourth branch
pipe has ajunction-side open portion that opens in a pre-
determined direction and two branch-side open portions
that open in substantially the opposite direction to that of
the junction-side open portion, with the junction low-pres-
sure pipe being connected to the junction-side open por-
tion and with the first suction pipe and the third suction
pipe being connected to the two branch-side open por-
tions.

[0022] Here, the refrigeration apparatus is character-
ized inthat it is further provided with the third compressor
and in that the first suction pipe of the first compressor
and the third suction pipe of the third compressor are
connected to the junction low-pressure pipe connected
to the first low-pressure pipe and the interconnecting low-
pressure pipe. In this configuration where the first and
third compressors are connected to the junction low-
pressure pipe, the refrigerant flowing through the first
low-pressure pipe can be sucked through the junction
low-pressure pipe into the first compressor and also the
third compressor. Furthermore, in this configuration, by
switching the control valve in the interconnecting low-
pressure pipe to an open state, the refrigerant flowing
through the second low-pressure pipe can be sucked into
the second compressor and can also be sucked through
the interconnecting low-pressure pipe and the junction
low-pressure pipe into the third compressor, and at this
time the refrigerant flowing through the second low-pres-
sure pipe and the refrigerating machine oil flowing to-
gether with the refrigerant can be smoothly distributed
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via the second branch pipe to the second suction pipe
(the second compressor side) and the interconnecting
low-pressure pipe and the junction low-pressure pipe (the
third compressor side). Moreover, here, the connection
configuration between the junction low-pressure pipe,
the first compressor (the first suction pipe), and the third
compressor (the third suction pipe) is characterized in
that the fourth branch pipe having the junction-side open
portion that opens in a predetermined direction and the
two branch-side open portions that open in substantially
the opposite direction to that of the junction-side open
portion is interposed, the junction low-pressure pipe is
connected to the junction-side open portion, and the first
suction pipe and the third suction pipe are connected to
the two branch-side open portions as described above.
Here, as described above, the branch-side open portions
of the fourth branch pipe open in substantially the oppo-
site direction to that of the junction-side open portion, so
fluid (the refrigerant and the refrigerating machine oil)
inflowing from the junction-side open portion side can be
smoothly flowed to the branch-side open portions side.
In this connection configuration between the junction low-
pressure pipe, the first suction pipe, and the third suction
pipe using the fourth branch pipe, the refrigerant flowing
through the first low-pressure pipe and the second low-
pressure pipe and the refrigerating machine oil flowing
together with the refrigerant can be smoothly distributed
via the junction low-pressure pipe and the fourth branch
pipe to the first suction pipe (the first compressor side)
and the third suction pipe (the third compressor side).
[0023] Because of this, here, it can be made possible
for the refrigerant flowing through the first low-pressure
pipe to be sucked into the first compressor and also the
third compressor and for the refrigerant flowing through
the second low-pressure pipe to be sucked into the sec-
ond compressor and also the third compressor, and flow
resistance and imbalance in the refrigerating machine oil
when the refrigerant returns through the first low-pres-
sure pipe, the second low-pressure pipe, the intercon-
necting low-pressure pipe, the junction low-pressure
pipe, and the fourth branch pipe to the compressors can
be reduced as much as possible.

[0024] Arefrigeration apparatus pertaining to an eighth
aspect is the refrigeration apparatus pertaining to the
seventh aspect, wherein the fourth branch pipe is dis-
posed in such a way that refrigerant inflowing from the
junction-side open portion is distributed in a horizontal
direction and flows out from the two branch-side open
portions.

[0025] Here, the distribution of the refrigerant and the
refrigerating machine oil in the fourth branch pipe can be
made excellent because of the horizontal disposition of
the fourth branch pipe described above.

[0026] A refrigeration apparatus pertaining to a ninth
aspect is the refrigeration apparatus pertaining to the
seventh or eighth aspect, further having a fifth branch
pipe. Here, the fifth branch pipe has a junction-side open
portion that opens in a predetermined direction and two
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branch-side open portions that open in substantially the
opposite direction to that of the junction-side open por-
tion, with the junction low-pressure pipe being connected
to the junction-side open portion and with the first low-
pressure pipe and the interconnecting low-pressure pipe
being connected to the two branch-side open portions.

[0027] Here, the connection configuration between the
first low-pressure pipe, the first and third compressors
(the junction low-pressure pipe), and the interconnecting
low-pressure pipe is characterized in that the fifth branch
pipe having the junction-side open portion that opens in
a predetermined direction and the two branch-side open
portions that open in substantially the opposite direction
to that of the junction-side open portion is interposed, the
junction low-pressure pipe is connected to the junction-
side open portion, and the first low-pressure pipe and the
interconnecting low-pressure pipe are connected to the
two branch-side open portions. Here, as described
above, the branch-side open portions of the fifth branch
pipe open in substantially the opposite direction to that
of the junction-side open portion as described above, so
fluid inflowing from both the branch-side open portion
sides can be smoothly flowed to the junction-side open
portion side. In this connection configuration between the
first low-pressure pipe, the junction low-pressure pipe,
and the interconnecting low-pressure pipe using the fifth
branch pipe, both when causing the refrigerant flowing
through the first low-pressure pipe to be sucked into the
third compressor and when causing the refrigerant flow-
ing through the interconnecting low-pressure pipe to be
sucked into the third compressor, the refrigerant flowing
through the first low-pressure pipe and the interconnect-
ing low-pressure pipe and the refrigerating machine oil
flowing together with the refrigerant can be smoothly
flowed via the fifth branch pipe to the junction low-pres-
sure pipe.

[0028] Because of this, here, flow resistance and im-
balance in the refrigerating machine oil when the refrig-
erant returns through the junction low-pressure pipe to
the compressors can be reduced as much as possible.

BRIEF DESCRIPTION OF DRAWINGS
[0029]

FIG. 1 is a general configuration diagram of a refrig-
eration apparatus pertaining to a first embodiment
of the invention.

FIG. 2 is a diagram showing a flow of refrigerant in
a refrigerating and cooling operation.

FIG. 3 is a diagram showing a flow of refrigerant in
a refrigerating and heating operation.

FIG. 4 is a drawing showing a connection configu-
ration between low-pressure pipes and suction
pipes.

FIG. 5 is a sectional view of a branch pipe.

FIG. 6 is a general configuration diagram of a refrig-
eration apparatus pertaining to a second embodi-
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ment of the invention.

FIG. 7 is a diagram showing a flow of refrigerant in
a refrigerating and cooling operation.

FIG. 8 is a diagram showing a flow of refrigerant in
a refrigerating and heating operation.

FIG. 9 is a drawing showing a connection configu-
ration between low-pressure pipes and suction
pipes.

FIG. 10 is a drawing showing a connection configu-
ration between low-pressure pipes and suction pipes
in an example modification of the second embodi-
ment.

FIG. 11 is a general configuration diagram of a re-
frigeration apparatus pertaining to another embodi-
ment of the invention.

DESCRIPTION OF EMBODIMENTS

[0030] Embodiments of a refrigeration apparatus per-
taining to the invention will be described below on the
basis of the drawings. It will be noted that the specific
configurations of the embodiments of the refrigeration
apparatus pertaining to the invention are not limited to
those in the following embodiments and example modi-
fications thereof and can be changed in arange that does
not depart from the spirit of the invention.

(1) First Embodiment
<Configuration of Refrigeration Apparatus>

[0031] FIG. 1 is a general configuration diagram of a
refrigeration apparatus 1 pertaining to a first embodiment
of the invention. The refrigeration apparatus 1 is a appa-
ratus configured to simultaneously perform, by means of
a vapor compression refrigeration cycle, refrigeration of
a refrigerator such as a showcase in a store, such as a
convenience store, and cooling and heating (air-condi-
tioning) of a room such as the interior of the store. The
refrigeration apparatus 1 mainly has a heat source unit
2, afirst utilization unit 6 for refrigerating the refrigerator,
a second utilization unit 7 for air-conditioning the room,
a first liquid refrigerant communication pipe 8 and a first
gas refrigerant communication pipe 9 that interconnect
the heat source unit 2 and the first utilization unit 6, a
second liquid refrigerant communication pipe 10 and a
second gas refrigerant communication pipe 11 that inter-
connect the heat source unit 2 and the second utilization
unit 7, and a control unit 12 that controls constituent de-
vices of the refrigeration apparatus 1. Additionally, a va-
por compression refrigerant circuit 13 of the refrigeration
apparatus 1 is configured by interconnecting the heat
source unit 2 and the utilization units 6, 7 via the refrig-
erant communication pipes 8 to 11, and refrigerant filled
in the refrigerant circuit 13 circulates therein.
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-First Utilization Unit-

[0032] Thefirstutilization unit 6 is, as described above,
connected to the heat source unit 2 via the first liquid
refrigerant communication pipe 8 and the first gas refrig-
erant communication pipe 9 and configures part of the
refrigerant circuit 13.

[0033] Next, the configuration of the first utilization unit
6 will be described.

[0034] The first utilization unit 6 mainly has a first uti-
lization-side expansion valve 61, a first utilization-side
heat exchanger 62, and a first utilization-side on-off valve
63.

[0035] The first utilization-side expansion valve 61 is
a thermostatic expansion valve capable of opening de-
gree control that reduces the pressure of the refrigerant
at a high pressure in the refrigeration cycle. One end of
the first utilization-side expansion valve 61 is connected
to the first utilization-side on-off valve 63, and the other
end of the first utilization-side expansion valve 61 is con-
nected to the liquid-side end of the first utilization-side
heat exchanger 62.

[0036] The first utilization-side heat exchanger 62 is a
heat exchanger that functions as an evaporator of the
refrigerant at a low pressure (a first low pressure suited
to refrigerating the refrigerator) in the refrigeration cycle
to refrigerate the refrigerator air. The liquid side end of
the first utilization-side heat exchanger 62 is connected
to the first utilization-side expansion valve 61, and the
gas-side end of the first utilization-side heat exchanger
62 is connected to the first gas refrigerant communication
pipe 9. Here, the first utilization unit 6 has afirst utilization-
side fan 64 for sucking the refrigerator air into the first
utilization unit 6, causing the refrigerator air to exchange
heat with the refrigerant in the first utilization-side heat
exchanger 62, and supplying the air to the refrigerator.
The first utilization-side fan 64 is driven by a first utiliza-
tion-side fan motor 65.

[0037] The first utilization-side on-off valve 63 is an
electromagnetic valve capable of on-off control. One end
of the first utilization-side on-off valve 63 is connected to
the first liquid refrigerant communication pipe 8, and the
other end of the first utilization-side on-off valve 63 is
connected to the first utilization-side expansion valve 61.

-Second Utilization Unit-

[0038] The second utilization unit 7 is, as described
above, connected to the heat source unit 2 via the second
liquid refrigerant communication pipe 10 and the second
gas refrigerant communication pipe 11 and configures
part of the refrigerant circuit 13.

[0039] Next, the configuration of the second utilization
unit 7 will be described.

[0040] The second utilization unit 7 mainly has a sec-
ond utilization-side expansion valve 71 and a second uti-
lization-side heat exchanger 72.

[0041] The second utilization-side expansion valve 71
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is an electrically powered expansion valve capable of
opening degree control that reduces the pressure of the
refrigerant at the high pressure in the refrigeration cycle.
One end of the second utilization-side expansion valve
71 is connected to the second liquid refrigerant commu-
nication pipe 10, and the other end of the second utiliza-
tion-side expansion valve 71 is connected to the liquid-
side end of the second utilization-side heat exchanger72.
[0042] The second utilization-side heat exchanger 72
is a heat exchanger that functions as an evaporator of
the refrigerant at a low pressure (a second low pressure
higher than the first low pressure and suited for cooling
the room) in the refrigeration cycle to cool the room air
or functions as a radiator of the refrigerant at the high
pressure in the refrigeration cycle to heat the room air.
The liquid-side end of the second utilization-side heat
exchanger 72 is connected to the second utilization-side
expansion valve 71, and the gas-side end of the second
utilization-side heat exchanger 72 is connected to the
second gas refrigerant communication pipe 11. Here, the
second utilization unit 7 has a second utilization-side fan
73 for sucking the room air into the second utilization unit
7, causing the room air to exchange heat with the refrig-
erant in the second utilization-side heat exchanger 72,
and supplying the air to the room. The second utilization-
side fan 73 is driven by a second utilization-side fan motor
74.

-Heat Source Unit-

[0043] The heat source unit 2 is, as described above,
connected to the utilization units 6, 7 via the refrigerant
communication pipes 8 to 11 and configures part of the
refrigerant circuit 13.

[0044] Next, the configuration of the heat source unit
2 will be described.

[0045] The heat source unit 2 mainly has a first com-
pressor 21, a second compressor 22, a heat source-side
heat exchanger 24, a first switching mechanism 25, a
second switching mechanism 26, a receiver 27, a sub-
cooling heat exchanger 28, and an injection pipe 29.
[0046] The first compressor 21 and the second com-
pressor 22 are compressors that compress the refriger-
ant to the high pressure in the refrigeration cycle. Here,
as the first compressor 21 and the second compressor
22, compressors with closed structures in which rotary-
type or scroll-type positive-displacement compression el-
ements (not shown in the drawings) are driven by com-
pressor motors 21a,22a are used. Furthermore, the com-
pression elements of the first compressor 21 and the sec-
ond compressor 22 are provided with intermediate ports
21b, 22b that open to positions at an intermediate pres-
sure in the refrigeration cycle. Furthermore, the compres-
sor motors 21a, 22a are capable of having their rotational
speeds (operating frequencies) controlled by an inverter,
whereby capacity control of the first compressor 21 and
the second compressor 22 is possible.

[0047] A first discharge pipe 21c is connected to the
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discharge side of the first compressor 21. The first dis-
charge pipe 21c is connected to a first port 25a of the
first switching mechanism 25. A first suction pipe 21d is
connected to the suction side of the first compressor 21.
The first suction pipe 21d communicates with a first low-
pressure pipe 31 for communicating the first compressor
21 to the first utilization-side heat exchanger 62 via the
first gas refrigerant communication pipe 9, etc. The re-
frigerant at the first low pressure in the refrigeration cycle
flows in, and the first gas refrigerant communication pipe
9 is connected via a first gas-side stop valve 41 to, the
first low-pressure pipe 31. The first gas-side stop valve
41 is a manual valve provided in the portion of the heat
source unit 2 that is connected to the first gas refrigerant
communication pipe 9.

[0048] A second discharge pipe 22c is connected to
the discharge side of the second compressor 22. The
second discharge pipe 22c is connected to the first port
25aof the first switching mechanism 25. A second suction
pipe 22d is connected to the suction side of the second
compressor 22. The second suction pipe 22d communi-
cates with a second low-pressure pipe 32 for communi-
cating the second compressor 22 to the second utiliza-
tion-side heat exchanger 72 or the heat source-side heat
exchanger 24 via the first switching mechanism 25, the
second switching mechanism 26, and the second gas
refrigerant communication pipe 11, etc. The refrigerant
atthe second low pressure in the refrigeration cycle flows
in, and a second port 26b of the second switching mech-
anism 26 is connected to, the second low-pressure pipe
32.

[0049] The first low-pressure pipe 31 and the second
low-pressure pipe 32 are communicable with each other
via an interconnecting low-pressure pipe 33. A control
valve 34 capable of opening degree control is provided
in the interconnecting low-pressure pipe 33.

[0050] The heat source-side heat exchanger 24 is a
heat exchanger that functions as a radiator of the refrig-
erant at the high pressure in the refrigeration cycle or
functions as an evaporator of the refrigerant at the second
low pressure in the refrigeration cycle. The gas-side end
of the heat source-side heat exchanger 24 is connected
to a third port 25¢ of the first switching mechanism 25,
and the liquid-side end of the heat source-side heat ex-
changer 24 is connected to the receiver 25 via a first
liquid refrigerant pipe 45. Here, the heat source unit 2
has a heat source-side fan 46 for sucking outdoor air into
the heat source unit 2, causing the outdoor air to ex-
change heat with the refrigerant in the heat source-side
heatexchanger 24, and discharging the air to the outside.
The heat source-side fan 46 is driven by a heat source-
side fan motor 47.

[0051] The first switching mechanism 25 and the sec-
ond switching mechanism 26 include four-way switching
valves. The first switching mechanism 25 has the first
port 25a that is connected to the first and second dis-
charge pipes 21c, 22c¢, a second port 25b that is con-
nected to a fourth port 26d of the second switching mech-
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anism 26, the third port 25¢ that is connected to the gas-
side end of the heat source-side heat exchanger 24, and
a fourth port 25d that is connected to a second gas-side
stop valve 43, which is a manual valve provided in the
portion of the heat source-unit 2 that is connected to the
second gas refrigerant communication pipe 11. The sec-
ond switching mechanism 26 has a first port 26a that is
connected to the first and second discharge pipes 21c,
22c¢, the second port 26b that is connected to the second
low-pressure pipe 32, a third port 26¢ that is sealed off,
and the fourth port 26d that is connected to the second
port 25b of the first switching mechanism 25.

[0052] The first switching mechanism 25 and the sec-
ond switchingmechanism 26 are configured to be switch-
able between a first state (the state indicated by the solid
lines in FIG. 1), in which their respective first ports and
third ports communicate with each other and their re-
spective second ports and fourth ports communicate with
each other, and a second state (the state indicated by
the dashed lines in FIG. 1), in which their respective first
ports and fourth ports communicate with each other and
their respective second ports and third ports communi-
cate with each other. Because of this, the first switching
mechanism 25 and the second switching mechanism 26
configure a switching mechanism for switching between
a state in which the second low-pressure pipe 32 com-
municates with the second utilization-side heat exchang-
er 72 and a state in which the second low-pressure pipe
32 communicates with the heat source-side heat ex-
changer 24.

[0053] The receiver 27 is a vessel that accumulates
surplus refrigerant inside. The first liquid refrigerant pipe
45 and a second liquid refrigerant pipe 46 are connected
to the receiver 27. One end of the first liquid refrigerant
pipe 45 is connected to the liquid-side end of the heat
source-side heat exchanger 24, and the other end of the
first liquid refrigerant pipe 45 is connected to the upper
portion of the receiver 27. A first check valve 45a, which
allows the refrigerant to flow in the direction of the receiv-
er 27 and prohibits the refrigerant from flowing in the op-
posite direction, and a first on-off valve 45b, which in-
cludes an electromagnetic valve capable of on-off con-
trol, are provided in the first liquid refrigerant pipe 45.
One end of the second liquid refrigerant pipe 46 is con-
nected to the lower portion of the receiver 27, and the
other end of the second liquid refrigerant pipe 46 is con-
nected to the subcooling heat exchanger 28. One end of
a third liquid refrigerant pipe 47 is connected to an inter-
mediate portion of the second liquid refrigerant pipe 46.
The other end of the third liquid refrigerant pipe 47 is
connected to the second liquid refrigerant communica-
tion pipe 10 via a second liquid-side stop valve 44. The
second liquid-side stop valve 44 is a manual valve pro-
vided in the portion of the heat source unit 2 that is con-
nected to the second liquid refrigerant communication
pipe 10. A third check valve 47a that allows the refrigerant
to flow in the direction of the second liquid-side stop valve
44 and prohibits the refrigerant from flowing in the oppo-
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site direction is provided in the third liquid refrigerant pipe
47. One end of a fourth liquid refrigerant pipe 48 is con-
nected to the portion of the third liquid refrigerant pipe 47
thatis downstream of the third check valve 47a. The other
end of the fourth liquid refrigerant pipe 48 is connected
to the portion of the first liquid refrigerant pipe 45 that is
downstream of the first on-off valve 45b. A fourth check
valve 48a that allows the refrigerant to flow in the direction
of the first liquid refrigerant pipe 45 and prohibits the re-
frigerant from flowing in the opposite direction is provided
in the fourth liquid refrigerant pipe 48.

[0054] The subcooling heat exchanger 28 is a heat ex-
changer that refrigerates the refrigerant supplied to the
first utilization unit 6 and has a high-pressure-side heat
exchange flow passage 28a and an intermediate-pres-
sure-side heat exchange flow passage 28b that performs
heat exchange with the refrigerant flowing through the
high-pressure-side heat exchange flow passage 28a.
One end of the high-pressure-side heat exchange flow
passage 28ais connected to the second liquid refrigerant
pipe 46, and the other end of the high-pressure-side heat
exchange flow passage 28a is connected to a fifth liquid
refrigerant pipe 49. Both ends of the intermediate-pres-
sure-side heat exchange flow passage 28b are connect-
ed to an inflow-side injection pipe 29a and an outflow-
side injection pipe 29b that configure the injection pipe 29.
[0055] The injection pipe 29 is a refrigerant pipe that
branches the refrigerant at the high pressure in the re-
frigeration cycle from the fifth liquid refrigerant pipe 49,
reduces its pressure to the intermediate pressure, and
injects it into the intermediate ports 21b, 22b of the first
compressor 21 and the second compressor 22. The in-
jection pipe 29 has the inflow-side injection pipe 29a and
the outflow-side injection pipe 29b. One end of the inflow-
side injection pipe 29a is connected to the fifth liquid re-
frigerant pipe 49, and the other end of the inflow-side
injection pipe 29a is connected to one end of the inter-
mediate-pressure-side heat exchange flow passage 28b.
An inflow-side injection expansion valve 29c for reducing
the pressure of the refrigerant at the high pressure in the
refrigeration cycle to the intermediate pressure is provid-
ed in the inflow-side injection pipe 29a. The inflow-side
injection expansion valve 29c is an electrically powered
expansion valve capable of opening degree control. One
end of the outflow-side injection pipe 29b is connected
to the other end of the intermediate-pressure-side heat
exchange flow passage 28b, and the other end of the
outflow-side injection pipe 29b branches in two and is
connected to the intermediate ports 21b, 22b of the first
compressor 21 and the second compressor 22. Outflow-
side injection expansion valves 30a, 30b for controlling
the flow rate of the refrigerant that becomes injected into
the intermediate ports 21b, 22b are provided in the out-
flow-side injection pipe 29b. The outflow-side injection
expansion valves 30a, 30b includes electrically powered
expansion valves capable of opening degree control. The
other end of thefifth liquid refrigerant pipe 49 is connected
to the first liquid refrigerant communication pipe 8 via a
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first liquid-side stop valve 42. The first liquid-side stop
valve 42 is a manual valve provided in the portion of the
heat source unit 2 that is connected to the first liquid
refrigerant communication pipe 8. One end of a sixth lig-
uid refrigerant pipe 50 is connected to an intermediate
portion of the fourth liquid refrigerant pipe 49. The other
end of the sixth liquid refrigerant pipe 50 is connected to
the first liquid refrigerant pipe 45. A sixth check valve
50a, which allows the refrigerant to flow in the direction
of the first liquid refrigerant pipe 45 and prohibits the re-
frigerant from flowing in the opposite direction, and a heat
source-side expansion valve 50b, which includes an
electrically powered expansion valve capable of opening
degree control, are provided in the sixth liquid refrigerant
pipe 50. One end of a seventh liquid refrigerant pipe 51
is connected to the portion of the sixth liquid refrigerant
pipe 50 between the sixth check valve 50a and the heat
source-side expansion valve 50b. The other end of the
seventh liquid refrigerant pipe 51 is connected to the por-
tion of the first liquid refrigerant pipe 45 that is down-
stream of the first on-off valve 45b. A seventh check valve
51a that allows the refrigerant to flow in the direction of
the first liquid refrigerant pipe 45 and prohibits the refrig-
erant from flowing in the opposite direction is provided in
the seventh liquid refrigerant pipe 51.

<Actions of Refrigeration Apparatus>

[0056] Next, the actions of the refrigeration apparatus
1 will be described using FIG. 2 and FIG. 3.

[0057] The refrigeration apparatus 1 is configured to
be able to perform operations in which a refrigerating
operation and an air-conditioning operation (the cooling
operation or the heating operation) are combined. Here,
of these kinds of operations, a refrigerating and cooling
operation and a refrigerating and heating operation will
be described. It will be noted that these operations are
performed by the control unit 12 that controls the constit-
uent devices of the refrigeration apparatus 1.

-Refrigerating and Cooling Operation-

[0058] Therefrigerating and cooling operation is anop-
eration where the refrigerator is refrigerated by the first
utilization unit 6 and cooling of the room is performed by
the second utilization unit 7. For this reason, in the re-
frigerating and cooling operation, the heat source-side
heat exchanger 24 functions as a radiator of the refrig-
erant, the first utilization-side heat exchanger 62 func-
tions as an evaporator of the refrigerant, and the second
utilization-side heat exchanger 72 functions as an evap-
orator of the refrigerant.

[0059] First, in the refrigerating and cooling operation,
the first switching mechanism 25 and the second switch-
ing mechanism 26 are set to the first state (the state in-
dicated by the solid lines in FIG. 2), the first on-off valve
45b and the first utilization-side on-off valve 63 are set
to an open state, the heat source-side expansion valve
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50b is set to a completely closed state, and the control
valve 34, the inflow-side injection expansion valve 29c,
the outflow-side injection expansion valves 30a, 30b, the
first utilization-side expansion valve 61, and the second
utilization-side expansion valve 71 are controlled to pre-
determined opening degrees. Furthermore, in the refrig-
erating and cooling operation, the first compressor 21,
the second compressor 22, the heat source-side fan 46,
the first utilization-side fan 64, and the second utilization-
side fan 73 are driven.

[0060] Then, as showninFIG. 2, gas refrigerant at the
high pressure in the refrigeration cycle that has been
compressed in the first compressor 21 and the second
compressor 22 is sent through the first switching mech-
anism 25 to the heat source-side heat exchanger 24. In
the heat source-side heat exchanger 24, the gas refrig-
erant at the high pressure exchanges heat with the out-
door air and radiates heat (condenses). The liquid refrig-
erant at the high pressure that has radiated heat in the
heat source-side heat exchanger 24 flows in the order of
the first liquid refrigerant pipe 45, the receiver 27, and
the second liquid refrigerant pipe 46. Some of the liquid
refrigerant at the high pressure flowing through the sec-
ond liquid refrigerant pipe 46 flows through the high-pres-
sure-side heat exchange flow passage 28a of the sub-
cooling heat exchanger 28, while the rest is sent through
the third liquid refrigerant pipe 47 to the second liquid
refrigerant communication pipe 10. In the subcooling
heat exchanger 28, the liquid refrigerant at the high pres-
sure flowing through the high-pressure-side heat ex-
change flow passage 28a exchanges heat with the re-
frigerant at the intermediate pressure in the refrigeration
cycle flowing through the intermediate-pressure-side
heat exchange flow passage 28b and is refrigerated. The
liquid refrigerant at the high pressure that has been re-
frigerated in the high-pressure-side heat exchange flow
passage 28a flows through the fifth liquid refrigerant pipe
49. Some of the liquid refrigerant at the high pressure
flowing through the fifth liquid refrigerant pipe 49 is
branched to the inflow-side injection pipe 29a of the in-
jection pipe 29, while the rest is sent to the first liquid
refrigerant communication pipe 8. The liquid refrigerant
atthe high pressure that has been branched to the inflow-
side injection pipe 29a is reduced in pressure to the in-
termediate pressure by the inflow-side injection expan-
sion valve 29c and thereafter flows through the interme-
diate-pressure-side heat exchange flow passage 28b of
the subcooling heat exchanger 28. The refrigerant at the
intermediate pressure flowing through the intermediate-
pressure-side heat exchange flow passage 28b ex-
changes heat with the liquid refrigerant at the high pres-
sure flowing through the high-pressure-side heat ex-
change flow passage 28a and evaporates. The refriger-
ant at the intermediate pressure that has evaporated in
the intermediate-pressure-side heat exchange flow pas-
sage 28b flows through the outflow-side injection pipe
29b of the injection pipe 29. The refrigerant at the inter-
mediate pressure flowing through the outflow-side injec-
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tion pipe 29b is branched in two and is injected through
the outflow-side injection expansion valves 30a, 30b into
the intermediate ports 21b, 22b of the first compressor
21 and the second compressor 22.

[0061] The liquid refrigerant at the high pressure that
has been sentto thefirst liquid refrigerant communication
pipe 8 is reduced in pressure to the first low pressure in
the refrigeration cycle by the first utilization-side expan-
sion valve 61 and thereafter is sent to the first utilization-
side heat exchanger 62. In the first utilization-side heat
exchanger 62, the refrigerant at the first low pressure
exchanges heat with the refrigerator air and evaporates.
The gas refrigerant at the firstlow pressure that has evap-
orated in the first utilization-side heat exchanger 62 is
sent through the first gas refrigerant communication pipe
9 to the first low-pressure pipe 31. The gas refrigerant at
the first low pressure flowing through the first low-pres-
sure pipe 31 is sucked through the first suction pipe 21d
into the first compressor 21 and is compressed again.
[0062] The liquid refrigerant at the high pressure that
has been sent to the second liquid refrigerant communi-
cation pipe 10 is reduced in pressure to the second low
pressure in the refrigeration cycle by the second utiliza-
tion-side expansion valve 71 and thereafter is sent to the
second utilization-side heat exchanger 72. In the second
utilization-side heat exchanger 72, the refrigerant at the
second low pressure exchanges heat with the room air
and evaporates. The gas refrigerant at the second low
pressure that has evaporated in the second utilization-
side heat exchanger 72 is sent through the second gas
refrigerant communication pipe 11 and the first and sec-
ond switching mechanisms 25, 26 to the second low-
pressure pipe 32. The gas refrigerant at the second low
pressure flowing through the second low-pressure pipe
32 is sucked through the second suction pipe 22d into
the second compressor 22 and is compressed again.
[0063] Here, in a case where the cooling load (i.e., the
flow rate of the refrigerant at the second low pressure
corresponding to this cooling load) in the second utiliza-
tion unit 7 (the second utilization-side heat exchanger
72) can be processed by just the second compressor 22,
the control valve 34 in the interconnecting low-pressure
pipe 33 is set to a completely closed state, whereby the
refrigerant at the first low pressure flowing through the
first low-pressure pipe 31 is processed by the first com-
pressor 21 and the refrigerant at the second low pressure
flowing through the second low-pressure pipe 32 is proc-
essed by the second compressor 22 as described above.
[0064] However, in a case where the cooling load (i.e.,
the flow rate of the refrigerant at the second low pressure
corresponding to this cooling load) in the second utiliza-
tion unit 7 (the second utilization-side heat exchanger
72) cannot be processed by just the second compressor
22, the control valve 34 is set to an open state, whereby
the first low-pressure pipe 31 becomes communicated
with the second low-pressure pipe 32 and the refrigerant
at the second low pressure flowing through the second
low-pressure pipe 32 is sucked into the second compres-
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sor 22 and is also sucked into the first compressor 21
(see the dashed-line arrow showing the flow of the re-
frigerant shown near the low-pressure pipe 33 in FIG. 2).
That is, some of the air-conditioning load in the second
utilization unit 7 (the second utilization-side heat ex-
changer 72) becomes processed also by the first com-
pressor 21. At this time, the control valve 34 has its open-
ing degree controlled so as to reduce, from the second
low pressure to the first low pressure, the pressure of
some of the refrigerant at the second low pressure flowing
through the second low-pressure pipe 32 (the flow rate
of the refrigerant at the second low pressure that cannot
be processed by the second compressor 22).

-Refrigerating and Heating Operation-

[0065] The refrigerating and heating operation is an
operation where the refrigerator is refrigerated by the first
utilization unit 6 and heating of the room is performed by
the second utilization unit 7. For this reason, in the re-
frigerating and heating operation, the heat source-side
heat exchanger 24 functions as an evaporator of the re-
frigerant, the first utilization-side heat exchanger 62 func-
tions as an evaporator of the refrigerant, and the second
utilization-side heat exchanger 72 functions as a radiator
of the refrigerant.

[0066] First, in the refrigerating and heating operation,
the first switching mechanism 25 is set to the second
state (the state indicated by the dashed lines in FIG. 3),
the second switching mechanism 26 is set to the first
state (the state indicated by the solid lines in FIG. 3), the
first utilization-side on-off valve 63 is set to an open state,
the heat source-side expansion valve 50b is setto a com-
pletely open state, the first on-off valve 45b is set to a
closed state, and the control valve 34, the inflow-side
injection expansion valve 29c, the outflow-side injection
expansion valves 30a, 30b, the first utilization-side ex-
pansion valve 61, and the second utilization-side expan-
sion valve 71 are controlled to predetermined opening
degrees. Furthermore, in the refrigerating and heating
operation, the first compressor 21, the second compres-
sor 22, the heat source-side fan 46, the first utilization-
side fan 64, and the second utilization-side fan 73 are
driven.

[0067] Then, as shown in FIG. 3, the refrigerant at the
high pressure in the refrigeration cycle that has been
compressed in the first compressor 21 and the second
compressor 22 is sent through the first switching mech-
anism 25 to the second gas refrigerant communication
pipe 11.

[0068] The gas refrigerant at the high pressure that
has been sent to the second gas refrigerant communi-
cation pipe 11 is sent to the second utilization-side heat
exchanger 72. In the second utilization-side heat ex-
changer 72, the gas refrigerant at the high pressure ex-
changes heat with the room air and radiates heat (con-
denses). The liquid refrigerant at the high pressure that
has radiated heat in the second utilization-side heat ex-
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changer 72 is sent through the second utilization-side
expansion valve 71 to the second liquid refrigerant com-
munication pipe 10.

[0069] The liquid refrigerant at the high pressure that
has been sent to the second liquid refrigerant communi-
cation pipe 10 flows in the order of the third liquid refrig-
erant pipe 47, the fourth liquid refrigerant pipe 48, the
first liquid refrigerant pipe 45, the receiver 27, and the
second liquid refrigerant pipe 46. The liquid refrigerant
at the high pressure flowing through the second liquid
refrigerant pipe 46 flows through the high-pressure-side
heat exchange flow passage 28a of the subcooling heat
exchanger 28. In the subcooling heat exchanger 28, the
liquid refrigerant at the high pressure flowing through the
high-pressure-side heat exchange flow passage 28a ex-
changes heat with the refrigerant at the intermediate
pressure in the refrigeration cycle flowing through the
intermediate-pressure-side heat exchange flow passage
28b and is refrigerated. The liquid refrigerant at the high
pressure that has been refrigerated in the high-pressure-
side heat exchange flow passage 28a flows through the
fifth liquid refrigerant pipe 49. Some of the liquid refrig-
erant at the high pressure flowing through the fifth liquid
refrigerant flow pipe 49 is branched to the inflow-side
injection pipe 29a of the injection pipe 29 and the sixth
liquid refrigerant pipe 50, while the rest is sent to the first
liquid refrigerant communication pipe 8. The liquid refrig-
erant at the high pressure that has been branched to the
inflow-side injection pipe 29a is reduced in pressure to
the intermediate pressure by the inflow-side injection ex-
pansion valve 29c and thereafter flows through the inter-
mediate-pressure-side heat exchange flow passage 28b
of the subcooling heat exchanger 28. The refrigerant at
the intermediate pressure flowing through the intermedi-
ate pressure-side heat exchange flow passage 28b ex-
changes heat with the liquid refrigerant at the high pres-
sure flowing through the high-pressure-side heat ex-
change flow passage 28a and evaporates. The refriger-
ant at the intermediate pressure that has evaporated in
the intermediate-pressure-side heat exchange flow pas-
sage 28b flows through the outflow-side injection pipe
29b of the injection pipe 29. The refrigerant at the inter-
mediate pressure flowing through the outflow-side injec-
tion pipe 29b is branched in two and is injected through
the outflow-side injection expansion valves 30a, 30b into
the intermediate ports 21b, 22b of the first compressor
21 and the second compressor 22. The liquid refrigerant
at the high pressure that has been branched to the sixth
liquid refrigerant pipe 50 is reduced in pressure to the
second low pressure in the refrigeration cycle by the heat
source-side expansion valve 50b and thereafter is sent
to the heat source-side heat exchanger 24. In the heat
source-side heat exchanger 24, the refrigerant at the sec-
ond low pressure exchanges heat with the outdoor air
and evaporates. The gas refrigerant at the second low
pressure that has evaporated in the heat source-side
heat exchanger 24 is sent through the first and second
switching mechanisms 25, 26 to the second low-pressure
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pipe 32. The gas refrigerant at the second low pressure
flowing through the second low-pressure pipe 32 is
sucked through the second suction pipe 22d into the sec-
ond compressor 22 and is compressed again.

[0070] The liquid refrigerant at the high pressure that
has been sent to the first liquid refrigerant communication
pipe 8 is reduced in pressure to the first low pressure in
the refrigeration cycle by the first utilization-side expan-
sion valve 61 and thereafter is sent to the first utilization-
side heat exchanger 62. In the first utilization-side heat
exchanger 62, the refrigerant at the first low pressure
exchanges heat with the refrigerator air and evaporates.
The gas refrigerant atthe firstlow pressure that has evap-
orated in the first utilization-side heat exchanger 62 is
sent through the first gas refrigerant communication pipe
9 to the first low-pressure pipe 31. The gas refrigerant at
the first low pressure flowing through the first low-pres-
sure pipe 31 is sucked through the first suction pipe 21d
into the first compressor 21 and is compressed again.
[0071] Here, in a case where the heating load (i.e., the
flow rate of the refrigerant at the second low pressure
corresponding to this heating load) in the second utiliza-
tion unit 7 (the second utilization-side heat exchanger
72) can be processed by just the second compressor 22,
the control valve 34 in the interconnecting low-pressure
pipe 33 is set to a completely closed state, whereby the
refrigerant at the first low pressure flowing through the
first low-pressure pipe 31 is processed by the first com-
pressor 21, and the refrigerant atthe second low pressure
flowing through the second low-pressure pipe 32 is proc-
essed by the second compressor 22 as described above.
[0072] However, in a case where the heating load (i.e.,
the flow rate of the refrigerant at the second low pressure
corresponding to this heating load) in the second utiliza-
tion unit 7 (the second utilization-side heat exchanger
72) cannot be processed by just the second compressor
22, the control valve 34 is set to an open state, whereby
the first low-pressure pipe 31 becomes communicated
with the second low-pressure pipe 32 and the refrigerant
at the second low pressure flowing through the second
low-pressure pipe 32 is sucked into the second compres-
sor 22 and is also sucked into the first compressor 21
(see the dashed-line arrow showing the flow of the re-
frigerant shown near the low-pressure pipe 33 in FIG. 3).
That is, part of the heating load in the second utilization
unit 7 (the second utilization-side heat exchanger 72) be-
comes processed also by the first compressor 21. At this
time, the control valve 34 has its opening degree control-
led so as to reduce, from the second low pressure to the
first low pressure, the pressure of some of the refrigerant
at the second low pressure flowing through the second
low-pressure pipe 32 (the flow rate of the refrigerant at
the second low pressure that cannot be processed by
the second compressor 22).
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<Connection Configuration between Low-pressure
Pipes and Suction Pipes>

[0073] When performing the operation of switching the
control valve 34 in the interconnecting low-pressure pipe
33 to an open state in the refrigerating and cooling op-
eration and the refrigerating and heating operation de-
scribed above (see FIG. 2 and FIG. 3), it is desired to
reduce as much as possible flow resistance when the
refrigerant returns through the low-pressure pipes 31 to
33 to the first compressor 21 and the second compressor
22. Furthermore, in the refrigeration apparatus 1, refrig-
erating machine oil is filled together with the refrigerant
to lubricate the first compressor 21 and the second com-
pressor 22, so when performing this operation of switch-
ing the control valve 34 in the interconnecting low-pres-
sure pipe 33 to an open state, it is desired to reduce as
much as possible imbalance in the refrigerating machine
oil when the refrigerant returns through the low-pressure
pipes 31 to 33 to the first compressor 21 and the second
compressor 22.

[0074] Therefore, here, as shown in FIG. 4, the con-
nection configuration between the second low-pressure
pipe 32, the second compressor 22 (the second suction
pipe 22d), and the interconnecting low-pressure pipe 33
is characterized in that a second branch pipe 36 is inter-
posed. Here, as shown in FIG. 5, the second branch pipe
36 has a junction-side open portion 36a that opens in a
predetermined direction (the left direction of the page in
FIG. 5) and two branch-side open portions 36b, 36¢ that
open in substantially the opposite direction (the right di-
rection of the page in FIG. 5) to that of the junction-side
open portion 36a, so that overall the second branch pipe
36 is substantially Y-shaped. In this second branch pipe
36, the branch-side open portions 36b, 36¢c open in sub-
stantially the opposite direction to that of the junction-
side open portion 36a, so fluid (the refrigerant and the
refrigerating machine oil) inflowing from the junction-side
open portion 36a side can be smoothly flowed to the
branch-side open portions 36b, 36¢ side. Additionally,
here, the connection configurationis characterized in that
the second low-pressure pipe 32is connected to the junc-
tion-side open portion 36a of the second branch pipe 36,
and the interconnecting low-pressure pipe 33 and the
second suction pipe 22d are connected to the two branch-
side open portions 36b, 36¢.

[0075] In this connection configuration between the
second low-pressure pipe 32, the second compressor 22
(the second suction pipe 22d), and the interconnecting
low-pressure pipe 33 using the second branch pipe 36,
when performing the operation of switching the control
valve 34 in the interconnecting low-pressure pipe 33 to
an open state, the refrigerant flowing through the second
low-pressure pipe 32 and the refrigerating machine oil
flowing together with the refrigerant can be smoothly dis-
tributed via the second branch pipe 36 to the second
suction pipe 22d (the second compressor 22 side) and
the interconnecting low-pressure pipe 33 (the first com-
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pressor 21 side).

[0076] Because of this, here, flow resistance and im-
balance in the refrigerating machine oil when the refrig-
erant returns through the second low-pressure pipe 32
and the interconnecting low-pressure pipe 33 to the first
compressor 21 and the second compressor 22 can be
reduced as much as possible.

[0077] Moreover, here, as shownin FIG. 4, the second
branch pipe 36 is disposed in such a way that the refrig-
erant inflowing from the junction-side open portion 36a
is distributed in a horizontal direction and flows out from
the two branch-side open portions 36b, 36¢. That is, the
junction-side open portion 36a of the second branch pipe
36 faces alateral direction, the branch-side open portions
36b, 36¢ face a lateral direction on substantially the op-
posite side to that of the junction-side open portion 36a,
and the branch-side open portions 36b, 36¢ are disposed
in such a way as to open at the same height positions
(hereinafter, this disposition is called a "horizontal dispo-
sition").

[0078] Here, the distribution of the refrigerant and the
refrigerating machine oil in the second branch pipe 36
can be made excellent because of this horizontal dispo-
sition of the second branch pipe 36.

[0079] Furthermore, as shown in FIG. 4, the connec-
tion configuration between the first low-pressure pipe 31,
the first compressor 21 (the first suction pipe 21d), and
the interconnecting low-pressure pipe 33 is character-
ized in that a first branch pipe 35 is interposed. Here, as
shown in FIG. 5, the first branch pipe 35 has a junction-
side open portion 35a that opens in a predetermined di-
rection (the left direction of the page in FIG. 5) and two
branch-side open portions 35b, 35c that open in substan-
tially the opposite direction (the right direction of the page
in FIG. 5) to that of the junction-side open portion 35a,
so that overall the first branch pipe 35 is substantially Y-
shaped. In this first branch pipe 35, the branch-side open
portions 35b, 35c open in substantially the opposite di-
rection to that of the junction-side open portion 35a, so
fluid (the refrigerant and the refrigerating machine oil)
inflowing from the junction-side open portion 35a side
can be smoothly flowed to the branch-side open portions
35b, 35c side. Additionally, here, the connection config-
uration is characterized in that the first low-pressure pipe
31 is connected to the junction-side open portion 35a of
thefirstbranch pipe 35, and the interconnecting low-pres-
sure pipe 33 and the first suction pipe 21d are connected
to the two branch-side open portions 35b, 35c. Further-
more, the first branch pipe 35 is also horizontally dis-
posed like the second branch pipe 36. That is, the junc-
tion-side open portion 35a ofthe firstbranch pipe 35 faces
a lateral direction, the branch-side open portions 35b,
35c face a lateral direction on substantially the opposite
side to that of the junction-side open portion 35a, and the
branch-side open portions 35b, 35¢ are disposed in such
a way as to open at the same height positions.

[0080] In this connection configuration between the
first low-pressure pipe 31, the first compressor 21 (the
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first suction pipe 21d), and the interconnecting low-pres-
sure pipe 33 using the first branch pipe 35, when causing
the refrigerant flowing through the first low-pressure pipe
31 to be sucked into the first compressor 21, the refrig-
erant flowing through the first low-pressure pipe 31 and
the refrigerating machine oil flowing together with the re-
frigerant can be smoothly flowed via the first branch pipe
35 to the first suction pipe 21d.

[0081] Because of this, here, flow resistance and im-
balance in the refrigerating machine oil when the refrig-
erant returns through the first low-pressure pipe 31 to the
first compressor 21 can be reduced as much as possible.

(2) Second Embodiment
<Configuration of Refrigeration Apparatus>

[0082] The firstembodiment (see FIG. 1to FIG. 3) em-
ploys a configuration that has the first compressor 21 that
compresses the refrigerant at the first low pressure and
the second compressor 22 that compresses the refriger-
ant at the second low pressure and where the first low-
pressure pipe 31 through which flows the refrigerant at
the first low pressure and the second low-pressure pipe
32 through which flows the refrigerant at the second low
pressure communicate with each other via the intercon-
necting low-pressure pipe 33 that has the control valve
34 capable of opening degree control. Additionally, in a
case where the air-conditioning load in the second utili-
zation-side heat exchanger 72 cannot be processed by
just the second compressor 22, the control valve 34 is
set to an open state, whereby the first low-pressure pipe
31 becomes communicated with the second low-pres-
sure pipe 32 and the refrigerant at the second low pres-
sure flowing through the second low-pressure pipe 32 is
suckedintothe second compressor 22 and is also sucked
into the first compressor 21.

[0083] However, this configuration is not limited to a
configuration resulting from two compressors-the first
and second compressors 21, 22-and may also be a con-
figuration having the addition of a third compressor 23.
[0084] FIG. 6 is a general configuration diagram of the
refrigeration apparatus 1 pertaining to a second embod-
iment of the invention. Here, the configuration of the first
embodimentis further provided with the third compressor
23 and a third suction pipe 23d that is connected to the
third compressor 23.

[0085] The third compressor 23 is a compressor that
compresses the refrigerant to the high pressure in the
refrigeration cycle. Here, as the third compressor 23, like
the first compressor 21 and the second compressor 22,
a compressor with a closed structure in which a rotary-
type or scroll-type positive-displacement compression el-
ement (not shown in the drawings) is driven by a com-
pressor motor 23a is used. Furthermore, like the first
compressor 21 and the second compressor 22, the com-
pression element of the third compressor 23 is provided
with an intermediate port 23b that opens to a position at
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the intermediate pressure in the refrigeration cycle. Fur-
thermore, in contrast to the first compressor 21 and the
second compressor 22, a compressor motor with a fixed
rotational speed is used for the compressor motor 23a.
Additionally, a third discharge pipe 23c is connected to
the discharge side of the third compressor 23. The third
discharge pipe 23c is, like those of the first compressor
21 and the second compressor 22, connected to the first
port 25a of the first switching mechanism 25. The third
suction pipe 23d communicates with the first low-pres-
sure pipe 31 through the first branch pipe 35 and the
interconnecting low-pressure pipe 33. A branch portion
of the outflow-side injection pipe 29b configuring the in-
jection pipe 29 is connected to the intermediate port 23b,
as with the first compressor 21 and the second compres-
sor 22. That is, the other end of the outflow-side injection
pipe 29b branches in three and is connected to the inter-
mediate ports 21b, 22b, 23b of the first compressor 21,
the second compressor 22, and the third compressor 23.
Additionally, an outflow-side injection expansion valve
30c for controlling the flow rate of the refrigerant that be-
comes injected into the intermediate port 23b is, in addi-
tion to the outflow-side injection expansion valves 30a,
30b, also provided in the outflow-side injection pipe 29b.
The outflow-side injection expansion valve 30c includes
an electrically powered expansion valve capable of open-
ing degree control like the outflow-side injection expan-
sion valves 30a, 30b.

[0086] It will be noted that the configuration of the re-
frigeration apparatus 1 of the present embodiment is the
same as that of the first embodiment except for the third
compressor 23 and its peripheral configuration (including
the connection configuration between low-pressure
pipes and suction pipes described later), so description
will be omitted here.

<Actions of Refrigeration Apparatus>

[0087] Next, the actions of the refrigeration apparatus
1 of the present embodiment will be described using FIG.
7 and FIG. 8.

[0088] As in the first embodiment, the refrigeration ap-
paratus 1 is configured to be able to perform the refrig-
erating and cooling operation and the refrigerating and
heating operationin which the refrigerating operationand
an air-conditioning operation (the cooling operation or
the heating operation) are combined. Here, regarding the
refrigerating and cooling operation and the refrigerating
and heating operation, mainly that which differs from the
first embodiment will be described. It will be noted that
these operations are, as in the first embodiment, per-
formed by the control unit 12 that controls the constituent
devices of the refrigeration apparatus 1.

[0089] In the refrigerating and cooling operation and
the refrigerating and heating operation of the presentem-
bodiment, device actions and settings that are the same
as those in the refrigerating and cooling operation and
the refrigerating and heating operation of the first em-
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bodiment are performed, and also the outflow-side injec-
tion expansion valve 30c is controlled to a predetermined
opening degree and the third compressor 23 is driven.
[0090] Additionally, in the refrigerating and cooling op-
eration and the refrigerating and heating operation of the
present embodiment, the flows of the refrigerant shown
in FIG. 7 and

[0091] FIG. 8 are obtained. The flows of the refrigerant
shown in FIG. 7 and FIG. 8 are the same as those in the
refrigerating and cooling operation of the first embodi-
ment except that the third compressor 23 sucks in and
compresses the refrigerant at the low pressure in the
refrigeration cycle while injection is performed into the
intermediate port 23b of the third compressor 23 through
the injection pipe 29, so description will be omitted here.
[0092] Here, in a case where the air-conditioning load
(i.e., the flow rate of the refrigerant at the second low
pressure corresponding to this air-conditioning load) in
the second utilization unit 7 (the second utilization-side
heat exchanger 72) can be processed by just the second
compressor 22, the control valve 34 in the interconnect-
ing low-pressure pipe 33 is set to a completely closed
state, whereby the refrigerant at the first low pressure
flowing through the first low-pressure pipe 31 is proc-
essed by the first compressor 21 and the third compres-
sor 23 and the refrigerant at the second low pressure
flowing through the second low-pressure pipe 32 is proc-
essed by the second compressor 22 as described above.
[0093] However, in a case where the air-conditioning
load (i.e., the flow rate of the refrigerant at the second
low pressure corresponding to this air-conditioning load)
in the second utilization unit 7 (the second utilization-side
heat exchanger 72) cannot be processed by just the sec-
ond compressor 22, the control valve 34 is set to an open
state, whereby the first low-pressure pipe 31 becomes
communicated with the second low-pressure pipe 32 and
the refrigerant at the second low pressure flowing through
the second low-pressure pipe 32 is sucked into the sec-
ond compressor 22 and is also sucked into the third com-
pressor 23 (see the dashed-line arrow showing the flow
of the refrigerant shown near the low-pressure pipe 33
in FIG. 7 and FIG. 8). That is, part of the air-conditioning
load inthe second utilization unit 7 (the second utilization-
side heat exchanger 72) becomes processed also by the
third compressor 23. At this time, the control valve 34
has its opening degree controlled so as to reduce, from
the second low pressure to the first low pressure, the
pressure of some of the refrigerant at the second low
pressure flowing through the second low-pressure pipe
32 (the flow rate of the refrigerant at the second low pres-
sure that cannot be processed by the second compressor
22).

<Connection Configuration between Low-pressure
Pipes and Suction Pipes>

[0094] When performing the operation of switching the
control valve 34 in the interconnecting low-pressure pipe
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33 to an open state also in the refrigerating and cooling
operation and the refrigerating and heating operation de-
scribed above (see FIG. 7 and FIG. 8), it is desired to
reduce as much as possible flow resistance when the
refrigerant returns through the low-pressure pipes 31 to
33 to the first compressor 21, the second compressor
22, and the third compressor 23. Furthermore, in the re-
frigeration apparatus 1, refrigerating machine oil is filled
together with the refrigerant to lubricate the first compres-
sor 21, the second compressor 22, and the third com-
pressor 23, so when performing this operation of switch-
ing the control valve 34 in the interconnecting low-pres-
sure pipe 33 to an open state, it is desired to reduce as
much as possible imbalance in the refrigerating machine
oil when the refrigerant returns through the low-pressure
pipes 31 to 33 to the first compressor 21, the second
compressor 22, and the third compressor 23.

[0095] Therefore, here, as shown in FIG. 9, the con-
nection configuration between the second low-pressure
pipe 32, the second compressor 22 (the second suction
pipe 22d), and the interconnecting low-pressure pipe 33
is characterized in that, as in the first embodiment, the
second branch pipe 36 is interposed, the second low-
pressure pipe 32 is connected to the junction-side open
portion 36a of the second branch pipe 36, and the inter-
connecting low-pressure pipe 33 and the second suction
pipe 22d are connected to the two branch-side open por-
tions 36b, 36¢.

[0096] In this connection configuration between the
second low-pressure pipe 32, the second compressor 22
(the second suction pipe 22d), and the interconnecting
low-pressure pipe 33 using the second branch pipe 36,
when performing the operation of switching the control
valve 34 in the interconnecting low-pressure pipe 33 to
an open state, the refrigerant flowing through the second
low-pressure pipe 32 and the refrigerating machine oil
flowing together with the refrigerant can be smoothly dis-
tributed via the second branch pipe 36 to the second
suction pipe 22d (the second compressor 22 side) and
the interconnecting low-pressure pipe 33 (the third com-
pressor 23 side).

[0097] Because of this, here, flow resistance and im-
balance in the refrigerating machine oil when the refrig-
erant returns through the second low-pressure pipe 32
and the interconnecting low-pressure pipe 33 to the sec-
ond compressor 22 and the third compressor 23 can be
reduced as much as possible. Furthermore, here, as in
the first embodiment, the distribution of the refrigerant
and the refrigerating machine oil in the second branch
pipe 36 can be made excellent because of the horizontal
disposition of the second branch pipe 36.

[0098] Furthermore, here, as shownin FIG. 9, the con-
nection configuration between the first low-pressure pipe
31, the first compressor 21 (the first suction pipe 21d),
and the interconnecting low-pressure pipe 33 is charac-
terized in that, as in the first embodiment, the first branch
pipe 35 is interposed, the first low-pressure pipe 31 is
connected to the junction-side open portion 35a of the
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first branch pipe 35, and the interconnecting low-pres-
sure pipe 33 and the first suction pipe 21d are connected
to the two branch-side open portions 35b, 35c. Further-
more, the first branch pipe 35 is also horizontally dis-
posed as in the first embodiment. Furthermore, here, the
connection configuration is characterized in that the third
suction pipe 23d of the third compressor 23 is connected
to a portion of the interconnecting low-pressure pipe 33
on the first branch pipe 35 side of the control valve 34.
[0099] In this configuration where the third compressor
23 is further connected to the portion of the interconnect-
ing low-pressure pipe 33 on the first branch pipe 35 side
of the control valve 34, the refrigerant flowing through
the first low-pressure pipe 31 can be sucked into the first
compressor 21 and also the third compressor 23, and at
this time the refrigerant flowing through the first low-pres-
sure pipe 31 and the refrigerating machine oil flowing
together with the refrigerant can be smoothly distributed
via the first branch pipe 35 to the first suction pipe 21d
(the first compressor 21 side) and the interconnecting
low-pressure pipe 33 (the third compressor 23 side).
Moreover, by horizontally disposing the first branch pipe
35, the distribution of the refrigerant and the refrigerating
machine oil in the first branch pipe 35 can be made ex-
cellent. Furthermore, in this configuration, by switching
the control valve 34 in the interconnecting low-pressure
pipe 33 to an open state, the refrigerant flowing through
the second low-pressure pipe 32 can be sucked into the
second compressor 22 and also the third compressor 23,
and at this time the refrigerant flowing through the second
low-pressure pipe 32 and the refrigerating machine oil
flowing together with the refrigerant can be smoothly dis-
tributed via the second branch pipe 36 to the second
suction pipe 22d (the second compressor 22 side) and
the interconnecting low-pressure pipe 33 (the third com-
pressor 23 side).

[0100] Because of this, here, it can be made possible
for the refrigerant flowing through the first low-pressure
pipe 31 to be sucked into the first compressor 21 and
also the third compressor 23 and for the refrigerant flow-
ing through the second low-pressure pipe 32 to be sucked
into the second compressor 22 and also the third com-
pressor 23, and flow resistance and imbalance in the
refrigerating machine oil when the refrigerant returns
through the first low-pressure pipe 31, the second low-
pressure pipe 32, and the interconnecting low-pressure
pipe 33 to the first compressor 21, the second compres-
sor 22, and the third compressor 23 can be reduced as
much as possible.

[0101] Furthermore, here, as shown in FIG. 9, the con-
nection configuration between the third compressor 23
(the third suction pipe 23d) and the interconnecting low-
pressure pipe 33 (first and third interconnecting low-pres-
sure pipes 33a, 33c) is characterized in that a third branch
pipe 37 is interposed. Here, as shown in FIG. 5, the third
branch pipe 37 has a junction-side open portion 37a that
opens in a predetermined direction (the left direction of
the page in FIG. 5) and two branch-side open portions
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37b, 37c¢ that open in substantially the opposite direction
(the right direction of the page in FIG. 5) to that of the
junction-side open portion 37a, so that overall the third
branch pipe 37 is substantially Y-shaped. In this third
branch pipe 37, the branch-side open portions 37b, 37¢c
open in substantially the opposite direction to that of the
junction-side open portion 37a, so fluid (the refrigerant
and the refrigerating machine oil) inflowing from both the
branch-side open portion 37b, 37c sides can also be
smoothly flowed to the junction-side open portion 37a
side. Additionally, here, the connection configuration is
characterized in that the third suction pipe 23d is con-
nected to the junction-side open portion 37a of the third
branch pipe 37, and a first interconnecting low-pressure
pipe 33a and a third interconnecting low-pressure pipe
33c are connected to the two branch-side open portions
37b, 37c. Here, the first interconnecting low-pressure
pipe 33a is the portion of the interconnecting low-pres-
sure pipe 33 thatinterconnects the branch-side open por-
tion 35b of the first branch pipe 35 and one of the two
branch-side open portions 37b, 37c (here, the branch-
side open portion 37b) of the third branch pipe 37. A
second interconnecting low-pressure pipe 33b is the por-
tion of the interconnecting low-pressure pipe 33 that in-
terconnects the branch-side open portion 36b of the sec-
ond branch pipe 36 and the control valve 34. The third
interconnecting low-pressure pipe 33c is the portion that
interconnects the control valve 34 and the other of the
two branch-side open portions 37b, 37c (here, the
branch-side open portion 37c) of the third branch pipe
37. Furthermore, the third branch pipe 37 is also horizon-
tally disposed like the first and second branch pipes 35,
36.

[0102] In this connection configuration between the
third suction pipe 23d and the first and third interconnect-
ing low-pressure pipes 33a, 33c using the third branch
pipe 37, both when causing the refrigerant flowing
through the first low-pressure pipe 31 to be sucked into
the third compressor 23 and when causing the refrigerant
flowing through the second low-pressure pipe 32 to be
sucked into the third compressor 23, the refrigerant flow-
ing through the first and second low-pressure pipes 31,
32 and the refrigerating machine oil flowing together with
the refrigerant can be smoothly flowed via the third
branch pipe 37 to the third suction pipe 23d.

[0103] Because of this, here, flow resistance and im-
balance in the refrigerating machine oil when the refrig-
erant returns through the interconnecting low-pressure
pipe 33 to the third compressor 23 can be reduced as
much as possible.

<Example Modifications>

[0104] The connection configuration between the low-
pressure pipes and the suction pipes applied to the con-
figuration having the first compressor 21, the second
compressor 22, and the third compressor 23 (see FIG.
6 to FIG. 8) is not limited to the configuration shown in
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FIG. 9 and may also be a configuration such as shown
in FIG. 10.

[0105] First, here, as shownin FIG. 10, the connection
configuration between the second low-pressure pipe 32,
the second compressor 22 (the second suction pipe 22d),
and the interconnecting low-pressure pipe 33 is charac-
terized inthat, as in the configuration of FIG. 9, the second
branch pipe 36 is interposed, the second low-pressure
pipe 32 is connected to the junction-side open portion
36a of the second branch pipe 36, and the interconnect-
ing low-pressure pipe 33 and the second suction pipe
22d are connected to the two branch-side open portions
36b, 36¢.

[0106] In this connection configuration between the
second low-pressure pipe 32, the second compressor 22
(the second suction pipe 22d), and the interconnecting
low-pressure pipe 33 using the second branch pipe 36,
when performing the operation of switching the control
valve 34 in the interconnecting low-pressure pipe 33 to
an open state, the refrigerant flowing through the second
low-pressure pipe 32 and the refrigerating machine oil
flowing together with the refrigerant can be smoothly dis-
tributed via the second branch pipe 36 to the second
suction pipe 22d (the second compressor 22 side) and
the interconnecting low-pressure pipe 33 (the third com-
pressor 23 side).

[0107] Because of this, here, flow resistance and im-
balance in the refrigerating machine oil when the refrig-
erant returns through the second low-pressure pipe 32
and the interconnecting low-pressure pipe 33 to the sec-
ond compressor 22 and the third compressor 23 can be
reduced as much as possible. Furthermore, here, as in
the configuration of FIG. 9, the distribution of the refrig-
erant and the refrigerating machine oil in the second
branch pipe 36 can be made excellent because of the
horizontal disposition of the second branch pipe 36.
[0108] Furthermore, here, as shown in FIG. 10, the
connection configuration between the first low-pressure
pipe 31, the first compressor 21 (the first suction pipe
21d), the third compressor 23 (the third suction pipe 23d),
and the interconnecting low-pressure pipe 33 is charac-
terized in that a junction low-pressure pipe 40 is connect-
ed to the first low-pressure pipe 31 and the interconnect-
ing low-pressure pipe 33, and the first suction pipe 21d
of the first compressor 21 and the third suction pipe 23d
of the third compressor 23 are connected to the junction
low-pressure pipe 40 connected to the first low-pressure
pipe 31 and the interconnecting low-pressure pipe 33.
[0109] In this configuration where the first and third
compressors 21, 23 are connected to the junction low-
pressure pipe 40, the refrigerant flowing through the first
low-pressure pipe 31 can be sucked through the junction
low-pressure pipe 40 into the first compressor 21 and
also the third compressor 23. Furthermore, in this con-
figuration, by switching the control valve 34 in the inter-
connecting low-pressure pipe 33 to an open state, the
refrigerant flowing through the second low-pressure pipe
32 can be sucked into the second compressor 22 and
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can also be sucked through the interconnecting low-pres-
sure pipe 33 and the junction low-pressure pipe 40 into
the third compressor 23, and at this time the refrigerant
flowing through the second low-pressure pipe 32 and the
refrigerating machine oil flowing together with the refrig-
erant can be smoothly distributed via the second branch
pipe 36 to the second suction pipe 22d (the second com-
pressor 22 side) and the interconnecting low-pressure
pipe 33 and the junction low-pressure pipe 40 (the third
compressor 23 side).

[0110] Moreover, here, as shown in FIG. 10, the con-
nection configuration between the junction low-pressure
pipe 40, the first compressor 21 (the first suction pipe
21d), and the third compressor 23 (the third suction pipe
23d) is characterized in that a fourth branch pipe 38 is
interposed. Here, as shown in FIG. 5, the fourth branch
pipe 38 has a junction-side open portion 38a that opens
in a predetermined direction (the left direction of the page
in FIG. 5) and two branch-side open portions 38b, 38c
that open in substantially the opposite direction (the right
direction of the page in FIG. 5) to that of the junction-side
open portion 38a, so that overall the fourth branch pipe
38 is substantially Y-shaped. In this fourth branch pipe
38, the branch-side open portions 38b, 38c open in sub-
stantially the opposite direction to that of the junction-
side open portion 38a, so fluid (the refrigerant and the
refrigerating machine oil) inflowing from the junction-side
open portion 38a side can be smoothly flowed to the
branch-side open portions 38b, 38c side. Additionally,
here, the connection configuration is characterized in that
the junction low-pressure pipe 40 is connected to the
junction-side open portion 38a of the fourth branch pipe
38, and the first suction pipe 21d and the third suction
pipe 23d are connected to the two branch-side open por-
tions 38b, 38c.

[0111] In this connection configuration between the
junction low-pressure pipe 40, the first suction pipe 21d,
and the third suction pipe 23d using the fourth branch
pipe 38, the refrigerant flowing through the first low-pres-
sure pipe 31 and the second low-pressure pipe 32 and
the refrigerating machine oil flowing together with the re-
frigerant can be smoothly distributed via the junction low-
pressure pipe 40 and the fourth branch pipe 38 to the
first suction pipe 21d (the first compressor 21 side) and
the third suction pipe 23d (the third compressor 23 side).
[0112] Because of this, here, it can be made possible
for the refrigerant flowing through the first low-pressure
pipe 31 to be sucked into the first compressor 21 and
also the third compressor 23 and for the refrigerant flow-
ing through the second low-pressure pipe 32 to be sucked
into the second compressor 22 and also the third com-
pressor 23, and flow resistance and imbalance in the
refrigerating machine oil when the refrigerant returns
through the first low-pressure pipe 31, the second low-
pressure pipe 32, the interconnecting low-pressure pipe
33, the junction low-pressure pipe 40, and the fourth
branch pipe 38 to the first compressor 21, the second
compressor 22, and the third compressor 23 can be re-



31 EP 3 511 647 A1 32

duced as much as possible.

[0113] Moreover, here, as shown in FIG. 10, the fourth
branch pipe 38 is horizontally disposed, so the distribu-
tion of the refrigerant and the refrigerating machine oil in
the fourth branch pipe 38 can be made excellent.
[0114] Furthermore, here, as shown in FIG. 10, the
connection configuration between the first low-pressure
pipe 31, the first and third compressors 21, 23 (the junc-
tion low-pressure pipe 40), and the interconnecting low-
pressure pipe 33 is characterized in that a fifth branch
pipe 39 is interposed. Here, as shown in FIG. 5, the fifth
branch pipe 39 has a junction-side open portion 39a that
opens in a predetermined direction (the left direction of
the page in FIG. 5) and two branch-side open portions
39b, 39c¢ that open in substantially the opposite direction
(the right direction of the page in FIG. 5) to that of the
junction-side open portion 39a, so that overall the fifth
branch pipe 39 is substantially Y-shaped. In this fifth
branch pipe 39, the branch-side open portions 39b, 39¢
open in substantially the opposite direction to that of the
junction-side open portion 39a, so fluid (the refrigerant
and the refrigerating machine oil) inflowing from both the
branch-side open portion 39b, 39c sides can also be
smoothly flowed to the junction-side open portion 39a
side. Additionally, here, the connection configuration is
characterized in that the junction low-pressure pipe 40
is connected to the junction-side open portion 39a of the
fifth branch pipe 39, and the first low-pressure pipe 31
and the interconnecting low-pressure pipe 33 are con-
nected to the two branch-side open portions 39b, 39c.
Furthermore, the fifth branch pipe 39 is also horizontally
disposed like the second branch pipe 36 and the fourth
branch pipe 38.

[0115] In this connection configuration between the
first low-pressure pipe 31, the junction low-pressure pipe
40, and the interconnecting low-pressure pipe 33 using
the fifth branch pipe 39, both when causing the refrigerant
flowing through the first low-pressure pipe 31 to be
sucked into the third compressor 23 and when causing
the refrigerant flowing through the interconnecting low-
pressure pipe 33 to be sucked into the third compressor
23, the refrigerant flowing through the first low-pressure
pipe 31 and the interconnecting low-pressure pipe 33
and the refrigerating machine oil flowing together with
the refrigerant can be smoothly flowed via the fifth branch
pipe 39 to the junction low-pressure pipe 40.

[0116] Because of this, here, flow resistance and im-
balance in the refrigerating machine oil when the refrig-
erant returns through the junction low-pressure pipe 40
to the first compressor 21 and the third compressor 23
can be reduced as much as possible.

(3) Other Embodiments

[0117] In the refrigeration apparatus 1 of the first em-
bodiment (see FIG. 1, etc.), the two compressors 21, 22
are both provided with respect to the one heat source
unit 2, and in the refrigeration apparatus 1 of the second
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embodiment (see FIG. 6, etc.), the three compressors
21, 22, 23 are all provided with respect to the one heat
source unit2, and the connection configurations between
the low-pressure pipes and the suction pipes (see FIG.
4, FIG. 9, and FIG. 10) are provided in the heat source
unit 2.

[0118] However, the refrigeration apparatus 1 of the
first and second embodiments is not limited to an appa-
ratus where the connection configurations between the
low-pressure pipes and the suction pipes are provided
in the heat source unit 2 having plural compressors and
may also be an apparatus that uses plural heat source
units each having one compressor and where the con-
nection configurations between the low-pressure pipes
and the suction pipes are provided so as to interconnect
these heat source units.

[0119] For example, as shown in FIG. 11, the refriger-
ation apparatus 1 may be configured in such a way that
the heat source unit 2 having the three compressors 21,
22, 23 of the second embodiment is divided into a first
heat source unit 2a having the first compressor 21, a
second heat source unit 2b having the second compres-
sor 22, a third heat source unit 2c having the third com-
pressor 23, and connection configurations between the
low-pressure pipes 31, 32, 33 and the suction pipes 21d,
22d, 23d and the like. Here, the heat source units 2a, 2b,
2c differ from the heat source unit 2 of the second em-
bodiment mainly in that they do not have the switching
mechanisms 25, 26 and in that the suction pipes 21d,
22d, 23d extend outside the units via first gas-side stop
valves 41a, 41b, 41c. It will be noted that, like the heat
source unit 2 of the second embodiment, the heat source
units 2a, 2b, 2c each have constituent elements such as
a heat source-side heat exchanger, a receiver, and a
subcooling heat exchanger. In FIG. 11 illustration of con-
stituent elements is omitted except for the compressors
21,22, 23, the suction pipes 21d, 22d, 23d (including the
first gas-side stop valves 41a, 41b, 41c), heat source-
side heatexchangers 24a, 24b, 24c, and liquid refrigerant
pipes 47a, 47b, 47c, 49a, 49b, 49c (including liquid-side
stop valves 42a, 42b, 42c, 44a, 44b, 44c).

[0120] Additionally, in the refrigeration apparatus 1
having this unit configuration, as described above, the
same connection configurations between the low-pres-
sure pipes 31, 32, 33 and the suction pipes 21d, 22d,
23d and the like as in the refrigeration apparatus 1 of the
second embodiment can be applied outside the heat
source units 2a, 2b, 2c, that is, between the heat source
units 2a, 2b, 2c. That is, the same connection configura-
tions between the low-pressure pipes 31, 32, 33 and the
suction pipes 21d, 22d, 23d and the like as in the refrig-
eration apparatus 1 of the second embodiment can also
be applied to the refrigeration apparatus 1 shown in FIG.
11 because the refrigeration apparatus 1 shown in FIG.
11 is the same as the refrigeration apparatus 1 of the
second embodiment in that it has the first compressor
21, the second compressor 22, and the third compressor
23 except that the connection configurations are outside
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the heat source units 2a, 2b, 2c. It will be noted that here
aconfiguration (see FIG. 9 and FIG. 10) is applied where,
although the first gas refrigerant communication pipe 9
functions as the firstlow-pressure pipe 31 and the second
gas refrigerant communication pipe 11 functions as the
second low-pressure pipe 32, both the low-pressure
pipes 31, 32 are interconnected by the interconnecting
low-pressure pipe 33 (including the control valve 34) and
the suction pipes 21d, 22d, 23d are connected to these
low-pressure pipes 31, 32, 33.

[0121] In this case also, as in the refrigeration appara-
tus 1 of the second embodiment, when performing the
operation of switching the control valve 34 in the inter-
connecting low-pressure pipe 33 to an open state, im-
balance in the refrigerating machine oil when the refrig-
erant returns through the low-pressure pipes 31 to 33 to
the first compressor 21, the second compressor 22, and
the third compressor 23 can be reduced as much as pos-
sible.

[0122] Furthermore, although it is not shown in the
drawings here, the refrigeration apparatus 1 may also be
configured in such a way that the heat source unit 2 hav-
ing the two compressors 21, 22 as in the firstembodiment
is divided into a first heat source unit 2a having the first
compressor 21, a second heat source unit 2b having the
second compressor 22, and the connection configura-
tions between the low-pressure pipes 31, 32, 33 and the
suction pipes 21d, 22d and the like, with the connection
configurations between the low-pressure pipes 31, 32,
33 and the suction pipes 21d, 22d and the like shown in
FIG. 4 being applied.

INDUSTRIAL APPLICABILITY

[0123] The presentinventionis widely applicable to re-
frigeration apparatuses having firstand second compres-
sors, aheat-source side heat exchanger, first and second
utilization-side heat exchangers, afirstlow-pressure pipe
for communicating the first compressor to the first utili-
zation-side heat exchanger, a second low-pressure pipe
for communicating the second compressor to the second
utilization-side heat exchanger or the heat source-side
heat exchanger, and an interconnecting low-pressure
pipe that has a control valve capable of opening degree
control and is for intercommunicating the first low-pres-
sure pipe and the second low-pressure pipe.
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72 Second Utilization-side Heat Exchanger
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[0125] Patent Document 1: JP-ANo. 2014-70822

Claims
1. A refrigeration apparatus (1) comprising:

a first compressor (21) and a second compres-
sor (22);

a heat source-side heat exchanger (24);

a first utilization-side heat exchanger (62) and a
second utilization-side heat exchanger(72);

a first low-pressure pipe (31) for communicating
the first compressor to the first utilization-side
heat exchanger;

a second low-pressure pipe (32) for communi-
cating the second compressor to the second uti-
lization-side heat exchanger or the heat source-
side heat exchanger; and

an interconnecting low-pressure pipe (33) that
has a control valve (34) capable of opening de-
gree control and is for intercommunicating the
first low-pressure pipe and the second low-pres-
sure pipe,

wherein the refrigeration apparatus further com-
prises

a second suction pipe (22d) connected to the
second compressor and

asecond branch pipe (36) having a junction-side
open portion (36a) that opens in a predeter-
mined direction and two branch-side open por-
tions (36b, 36¢) that open in substantially the
opposite direction to that of the junction-side
open portion, with the second low-pressure pipe
being connected to the junction-side open por-
tion and with the interconnecting low-pressure
pipe and the second suction pipe being connect-
ed to the two branch-side open portions.
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The refrigeration apparatus according to claim 1,
wherein the second branch pipe is disposed in such
away thatrefrigerantinflowing from the junction-side
open portion is distributed in a horizontal direction
and flows out from the two branch-side open por-
tions.

The refrigeration apparatus according to claim 1 or
2, further comprising

a first suction pipe (21d) connected to the first com-
pressor and

a first branch pipe (35) having a junction-side open
portion (35a) that opens in a predetermined direction
and two branch-side open portions (35b, 35c¢) that
open in substantially the opposite direction to that of
the junction-side open portion, with the first low-pres-
sure pipe being connected to the junction-side open
portion and with the interconnecting low-pressure
pipe and the first suction pipe being connected to
the two branch-side open portions.

The refrigeration apparatus according to claim 3,
wherein the first branch pipe is disposed in such a
way that refrigerant inflowing from the junction-side
open portion is distributed in a horizontal direction
and flows out from the two branch-side open por-
tions.

The refrigeration apparatus according to claim 3 or
4, further comprising

a third compressor (23) and

a third suction pipe (23d) connected to the third com-
pressor,

wherein the third suction pipe is connected to a por-
tion of the interconnecting low-pressure pipe on the
first branch pipe side of the control valve.

The refrigeration apparatus according to claim 5, fur-
ther comprising a third branch pipe (37) having a
junction-side open portion (37a) that opens in a pre-
determined direction and two branch-side open por-
tions (37b, 37c) that open in substantially the oppo-
site direction to that of the junction-side open portion,
with the third suction pipe being connected to the
junction-side open portion,

wherein the interconnecting low-pressure pipe has
a first interconnecting low-pressure pipe (33a) that
interconnects the branch-side open portion of the
firstbranch pipe and one of the two branch-side open
portions of the third branch pipe, a second intercon-
necting low-pressure pipe (33b) that interconnects
the branch-side open portion of the second branch
pipe and the control valve, and a third interconnect-
ing low-pressure pipe (33c) that interconnects the
control valve and the other of the two branch-side
open portions of the third branch pipe.

The refrigeration apparatus according to claim 1 or
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2, further comprising

a junction low-pressure pipe (40) connected to the
first low-pressure pipe and the interconnecting low-
pressure pipe,

a first suction pipe (21d) connected to the first com-
pressor,

a third compressor (23),

a third suction pipe (23d) connected to the third com-
pressor, and

a fourth branch pipe (38) having a junction-side open
portion (38a) that opens in a predetermined direction
and two branch-side open portions (38b, 38c) that
open in substantially the opposite direction to that of
the junction-side open portion, with the junction low-
pressure pipe being connected to the junction-side
open portion and with the first suction pipe and the
third suction pipe being connected to the two branch-
side open portions.

The refrigeration apparatus according to claim 7,
wherein the fourth branch pipe is disposed in such
away thatrefrigerantinflowing from the junction-side
open portion is distributed in a horizontal direction
and flows out from the two branch-side open por-
tions.

The refrigeration apparatus according to claim 7 or
8, further comprising a fifth branch pipe (39) having
a junction-side open portion (39a) that opens in a
predetermined direction and two branch-side open
portions (39b, 39c) that open in substantially the op-
posite direction to that of the junction-side open por-
tion, with the junction low-pressure pipe being con-
nected to the junction-side open portion and with the
first low-pressure pipe and the interconnecting low-
pressure pipe being connected to the two branch-
side open portions.
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