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ond valve (22) which opens or closes the second flow
path (C2), a third flow path (C3) through which a down-
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stream side of the low-stage side compressor (3) are
connected to each other, a third valve (23) which opens
or closes the third flow path (C3), a fourth flow path (C4)
through which the downstream side of the second evap-
orator (12) and the upstream side of the high-stage side
compressor (4) are connected to each other, and a fourth
valve (24) which opens or closes the fourth flow path (C4).
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Description
[Technical Field]

[0001] The present invention relates to a heat pump
including a refrigerant circuit.

[0002] Priority is claimed on Japanese Patent Applica-
tion No. 2017-215660, filed November 8, 2017, the con-
tent of which is incorporated herein by reference.

[Background Art]

[0003] Inthe related art, a refrigeration cycle including
a refrigerant circuit through which a refrigerant circulates
while being repeatedly compressed and expanded, that
is, a heat pump is known. In this heat pump, for example,
as described in Patent Document 1, a refrigerant may be
compressed in two stages by a low-stage side compres-
sorwhich compresses a refrigerant and a high-stage side
compressor which further compresses the refrigerant
discharged from the low-stage side compressor.

[0004] Moreover, the heat pump includes an evapora-
tor which evaporates the refrigerant on an upstream side
ofthe low-stage side compressor. Forexample, the evap-
orator is a heat exchanger which exchanges heat be-
tween the refrigerant and a heating medium such as wa-
ter or air.

[Citation List]
[Patent Document]

[0005] [Patent Document 1] Japanese Unexamined
Patent Application, First Publication No. 2016-90102

[Summary of Invention]
[Technical Problem]

[0006] Here, in a heat pump of Patent Document 1, a
refrigerant from an evaporator is introduced into a low-
stage side compressor, and thereafter is introduced into
a high-stage side compressor.

[0007] However, a heat exchange amountin the evap-
orator is not always constant, and may fluctuate due to
an environmental factor or the like. Accordingly, a tem-
perature of arefrigerantintroduced from a heat exchang-
er into the low-stage side compressor is not constant,
and the refrigerant introduced into the low-stage side
compressor may not be in a state optimum for compres-
sion in the low-stage side compressor. In some cases,
efficient operation of the entire heat pump cannot be per-
formed.

[0008] Therefore, the present invention provides a
heat pump which can introduce a refrigerant in a state
optimum for compression into a low-stage side compres-
sor and a high-stage side compressor and can perform
an efficient operation.

10

20

25

30

35

40

45

50

55

[Solution to Problem]

[0009] According to a first aspect of the present inven-
tion, there is provided a heat pump including: a low-stage
side compressor; a high-stage side compressor which is
connected to a downstream side of the low-stage side
compressor in series, a condenser which is connected
to a downstream side of the high-stage side compressor;
an expansion mechanism which is connected to a down-
stream side of the condenser; a first evaporator and a
second evaporator which are connected to adownstream
side of the expansion mechanism in parallel; a first flow
path through which a downstream side of the first evap-
orator and an upstream side of the low-stage side com-
pressor are connected to each other; a first valve which
opens or closes the first flow path; a second flow path
through which the downstream side of the first evaporator
and an upstream side of the high-stage side compressor
are connected to each other; a second valve which opens
or closes the second flow path; a third flow path through
which a downstream side of the second evaporator and
the upstream side of the low-stage side compressor are
connected to each other; a third valve which opens or
closes the third flow path; a fourth flow path through which
the downstream side of the second evaporator and the
upstream side of the high-stage side compressor are
connected to each other; and a fourth valve which opens
or closes the fourth flow path.

[0010] Accordingly, the heat pump includes the first
evaporator and the second evaporator. That is, the heat
pump has a multi-source type refrigerant circuit including
a plurality of heat exchangers having different heat ex-
change amounts or installation environments.

[0011] Here, in each evaporator, a heat exchange
amount fluctuates and a temperature of the refrigerant
is changed. Accordingly, in some cases, the state of the
refrigerant directed toward the low-stage side compres-
sor and the high-stage side compressor may not be op-
timum for compression in the low-stage side compressor
and the high-stage side compressor. Here, by opening
or closing the first flow path, the second flow path, the
third flow path, and the fourth flow path by the first valve,
the second valve, the third valve, and the fourth valve,
not only can the refrigerant be introduced from the first
evaporator into the low-stage side compressor, but also
the refrigerant can be directly introduced into the high-
stage side compressor by bypassing the low-stage side
compressor. Further, at the same time as switching of
an introduction path of the refrigerant from the first evap-
orator to the compressor, an introduction path of the re-
frigerant from the second evaporator to the compressor
can be switched. That is, not only can the refrigerant be
introduced from the second evaporator into the low-stage
side compressor, but also the refrigerant can be directly
introduced into the high-stage side compressor by by-
passing the low-stage side compressor.

[0012] Therefore, it is possible to switch the introduc-
tion path of the refrigerant to a compressor capable of
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performing optimum compression according to the state
of the refrigerant flowing out from each evaporator.
[0013] Inthe heat pump according to a second aspect
of the presentinvention, in the first aspect, the heat pump
may further include a control unit which controls opening
or closing operations of the first valve, the second valve,
the third valve, and the fourth valve according to loads
on the first evaporator and the second evaporator.
[0014] By providing the control unit, the introduction
path of the refrigerant can be automatically switched so
that the refrigerant is introduced into the compressor ca-
pable of performing optimum compression according to
the state of the refrigerant flowing out from each evapo-
rator.

[0015] In the heat pump according to a third aspect of
the present invention, in the second aspect, the control
unit may control the opening or closing operations of the
first valve, the second valve, the third valve, and the fourth
valve so that a first state where a refrigerant from the first
evaporatoris introduced into the low-stage side compres-
sor and a refrigerant from the second evaporator is di-
rectly introduced into the high-stage side compressor and
a second state where the refrigerant from the first evap-
orator is directly introduced into the high-stage side com-
pressor and the refrigerant from the second evaporator
is introduced into the low-stage side compressor are
switchable to each other.

[0016] According to this heat pump, since the flow of
the refrigerant can be switched between the first state
and the second state, the flow of the refrigerant from the
first evaporator and the flow of the refrigerant from the
second evaporator do not interfere with each other, the
refrigerant circulates so that the flow of the refrigerant
from the first evaporator and the flow of the refrigerant
from the second evaporator cross each other, and the
refrigerant can be introduced into an optimum compres-
sor. Therefore, a degree of freedom of an operation in-
creases, and an efficient operation can be performed.

[Advantageous Effects of Invention]

[0017] According to the above-described heat pump,
the refrigerant in the state optimum for compression can
be introduced into the low-stage side compressor and
the high-stage side compressor, and an efficient opera-
tion can be performed.

[Brief Description of Drawings]
[0018]

Fig. 1 is an overall configuration diagram of a heat
pump according to an embodiment of the present
invention.

Fig. 2 is an overall configuration diagram of the heat
pump according to the embodiment of the present
invention and illustrates a case where a refrigerant
circulates in an A mode. Further, a location through
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which the refrigerant does not flow is indicated by a
broken line.

Fig. 3 is an overall configuration diagram of the heat
pump according to the embodiment of the present
invention and illustrates a case where a refrigerant
circulates in a B mode. Further, a location through
which the refrigerant does not flow is indicated by a
broken line.

Fig. 4 is an overall configuration diagram of the heat
pump according to the embodiment of the present
invention and illustrates a case where a refrigerant
circulates in a C mode. Further, a location through
which the refrigerant does not flow is indicated by a
broken line.

Fig. 5 is an overall configuration diagram of the heat
pump according to the embodiment of the present
invention and illustrates a case where a refrigerant
circulates in a D mode. Further, a location through
which the refrigerant does not flow is indicated by a
broken line.

[Description of Embodiments]

[0019] Hereinafter,a heatpump 1 according to the em-
bodiment of the present invention will be described.
[0020] Asiillustrated in Fig. 1, the heat pump 1 accord-
ing to the present embodiment has a refrigerant circuit 2
which is operated in a two-stage compression cycle. The
refrigerant circuit 2 has a low-stage side compressor 3,
a high-stage side compressor 4, a condenser 5, an ex-
pansion valve (expansion mechanism) 6, and an evap-
orator 10, and the components are connected by a pipe
15 in this order. Then, for example, a refrigerant R such
as carbon dioxide circulates through the refrigerant circuit
2. Here, the refrigerant R is not particularly limited to car-
bon dioxide.

[0021] The low-stage side compressor 3 sucks the re-
frigerant R and compresses the refrigerant R.

[0022] The high-stage side compressor 4 is connected
in series to the low-stage side compressor 3, and com-
presses the refrigerant R discharged from the low-stage
side compressor 3 to a higher pressure.

[0023] The condenser 5 exchanges heat between the
high-temperature and high-pressure refrigerant R dis-
charged from the high-stage side compressor 4 and a
heating medium R1 such as air or water to cool and con-
dense the refrigerant R.

[0024] The expansion valve 6 adiabatically expands
the refrigerant R from the condenser 5 and decompress-
es the refrigerant R. A plurality (two in this embodiment)
of expansion valves 6 are provided on an upstream side
(inlet side) of the evaporator 10 in correspondence with
a first evaporator 11 and a second evaporator 12 de-
scribed later.

[0025] Inthe presentembodiment, the first evaporator
11 and the second evaporator 12 are provided as the
evaporator 10. The first evaporator 11 and the second
evaporator 12 are provided in parallel.
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[0026] The first evaporator 11 is an air heat exchanger
which performs heat exchange between the refrigerant
R which has passed through the expansion valve 6 and
air serving as the heating medium R2, for example.
[0027] The pipe 15between the firstevaporator 11 and
an upstream side (suction side) of the low-stage side
compressor 3 forms a first flow path C1. The first flow
path C1 includes a first valve 21 which opens or closes
the first flow path C1 so that the refrigerant R can flow
through the first flow path C1 or cannot flow through the
first flow path C1.

[0028] The pipe 15 between the firstevaporator 11 and
an upstream side (a suction side of the high-stage side
compressor 4 and a discharge side of the low-stage side
compressor 3) of the high-stage side compressor 4 forms
asecond flow path C2. The second flow path C2includes
a second valve 22 which opens or closes the second flow
path C2 so that the refrigerant R can flow through the
second flow path C2 or cannot flow through the second
flow path C2. In the present embodiment, the first flow
path C1 is provided so as to branch from the second flow
path C2 on an upstream side of a position where the
second valve 22 is provided, that is, on a side closer to
the first evaporator 11.

[0029] The second evaporator 12 is a water heat ex-
changer which performs heat exchange between the re-
frigerant R which has passed through the expansion
valve 6 and water serving as the heating medium R3, for
example.

[0030] The pipe 15 between the second evaporator 12
and the upstream side (suction side) of the low-stage
side compressor 3 forms a third flow path C3. The third
flow path C3 includes a third valve 23 which opens or
closes the third flow path C3 so that the refrigerant R can
flow through the third flow path C3 or cannot flow through
the third flow path C3. In the present embodiment, the
first flow path C1 is connected to the third flow path C3
on a downstream side of a position where the third valve
23 is provided, that is, at a position closer to the low-
stage side compressor 3.

[0031] The pipe 15 between the second evaporator 12
and the upstream side (the suction side of the high-stage
side compressor 4 and the discharge side of the low-
stage side compressor 3) of the high-stage side com-
pressor 4 forms a fourth flow path C4. The fourth flow
path C4 includes a fourth valve 24 which opens or closes
the fourth flow path C4 so that the refrigerant R can flow
through the fourth flow path C4 or cannot flow through
the fourth flow path C4. In the present embodiment, the
fourth flow path C4 is provided so as to branch from the
third flow path C3 on an upstream side of a position where
the third valve 23 is provided, that is, on a side closer to
the second evaporator 12.

[0032] Further, in this embodiment, a control unit 30
such as a MICRO-PROCESSING UNIT (MPU) for open-
ing or closing the first valve 21, the second valve 22, the
third valve 23, and the fourth valve 24 is provided.
[0033] The control unit 30 opens or closes the first
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valve 21, the second valve 22, the third valve 23, and the
fourth valve 24 according to loads (heat exchange
amounts) on the firstevaporator 11 and the second evap-
orator 12.

[0034] Next, a control method of the opening or closing
operation of each valve in the control unit 30 will be de-
scribed.

[0035] Hereinafter, a temperature of the refrigerant R
flowing out from the first evaporator 11 is defined as T1,
and a temperature of the refrigerant R flowing out from
the second evaporator 12 is defined as T2.

[A mode]

[0036] A case where T1 <T2 is satisfied is an A mode
(first state). Inthis mode, asillustrated in Fig. 2, the control
unit 30 closes the second valve 22 and opens the first
valve 21 so that the refrigerant R from the first evaporator
11 is introduced into the low-stage side compressor 3.
Therefore, the refrigerant R from the first evaporator 11
is compressed by the low-stage side compressor 3, and
thereafter, is compressed by the high-stage side com-
pressor 4.

[0037] Further, in this mode, the control unit 30 closes
the third valve 23 and opens the fourth valve 24 so that
the refrigerant R from the second evaporator 12 is intro-
duced only into the high-stage side compressor 4 without
passing through the low-stage side compressor 3. There-
fore, the refrigerant R from the second evaporator 12 is
compressed only by the high-stage side compressor 4.

[B mode]

[0038] A case where T1> T2 is a B mode (second
state). In the present mode, as illustrated in Fig. 3, the
control unit 30 closes the first valve 21 and open the
second valve 22 so that the refrigerant R from the first
evaporator 11 is introduced only into the high-stage side
compressor 4 without passing through the low-stage side
compressor 3. Therefore, the refrigerant R from the first
evaporator 11 is compressed only by the high-stage side
compressor 4 without passing through the low-stage side
compressor 3.

[0039] Inaddition, inthis mode, the control unit 30 clos-
es the fourth valve 24 and opens the third valve 23 so
that the refrigerant R from the second evaporator 12 is
introduced into the low-stage side compressor 3. There-
fore, the refrigerant R from the second evaporator 12 is
compressed by the low-stage side compressor 3, and
thereafter, is compressed by the high-stage side com-
pressor 4.

[C mode]

[0040] A C modeis when T1 = T2 is satisfied and the
temperature of the refrigerant R flowing out from the con-
denser5isequalto T1and T2. In this mode, as illustrated
in Fig 4, the control unit 30 stops an operation of the low-
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stage side compressor 3. Further, the control unit 30 clos-
es the first valve 21 and the third valve 23 and opens the
second valve 22 and the fourth valve 24 so that the re-
frigerant R flowing out from the first evaporator 11 and
the second evaporator 12 is introduced only into the high-
stage side compressor 4 without passing through the low-
stage side compressor 3. Therefore, both the refrigerant
R from the first evaporator 11 and the refrigerant R from
the second evaporator 12 are compressed by the high-
stage side compressor 4 without passing through the low-
stage side compressor 3.

[D mode]

[0041] A D mode is when T1 = T2 is satisfied and a
temperature difference between the temperature of the
refrigerant R flowing out from the condenser 5 and T1
and T2 is large. In this mode, as illustrated in Fig. 5, the
control unit 30 closes the second valve 22 and the fourth
valve 24 and opens the first valve 21 and the third valve
23 sothat the refrigerant R flowing out from the first evap-
orator 11 and the second evaporator 12 is introduced
into the low-stage side compressor 3. Therefore, both
the refrigerant R from the first evaporator 11 and the re-
frigerant R from the second evaporator 12 are com-
pressed by the low-stage side compressor 3, and there-
after, are compressed by the high-stage side compressor
4.

[0042] The heat pump 1 according to the present em-
bodiment described above includes the first evaporator
11 and the second evaporator 12. That is, the heat pump
1 has a multi-source type refrigerant circuit 2 including a
plurality of heat exchangers having different heat ex-
change amounts or installation environments, that is, the
first evaporator 11 and the second evaporator 12.
[0043] Here, in each evaporator 10, the load (heat ex-
change amount) fluctuates and the temperature of the
refrigerant R is changed. Accordingly, in some cases,
the state of the refrigerant R directed toward the low-
stage side compressor 3 and the high-stage side com-
pressor 4 may not be optimum for compression in the
low-stage side compressor 3 and the high-stage side
compressor 4. In the present embodiment, the control
unit 30 opens or closes the first flow path C1, the second
flow path C2, the third flow path C3, and the fourth flow
path C4 by the first valve 21, the second valve 22, the
third valve 23, and the fourth valve 24 so that not only
can the refrigerant R be introduced from the first evapo-
rator 11 into the low-stage side compressor 3, but also
the refrigerant R can be directly introduced into the high-
stage side compressor 4 by bypassing the low-stage side
compressor 3.

[0044] Further, at the same time as switching of a cir-
culation path of the refrigerant R from the first evaporator
11, a circulation path of the refrigerant R from the second
evaporator 12 can be switched. That is, not only can the
refrigerant R be introduced from the second evaporator
12 into the low-stage side compressor 3, but also the
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refrigerant R can be directly introduced into the high-
stage side compressor 4 by bypassing the low-stage side
compressor 3.

[0045] Specifically, by operating the first valve 21, the
second valve 22, the third valve 23, and the fourth valve
24 from the A mode to the D mode, according to the state
of the refrigerant R flowing out from each evaporator 10
(11, 12), an introduction path of the refrigerant R can be
switched to the compressor capable of performing opti-
mum compression of the low-stage side compressor 3
and the high-stage side compressor 4. Therefore, the
refrigerant R in a state optimum for compression can be
introduced into the low-stage side compressor 3 and the
high-stage side compressor 4, and an efficient operation
can be performed.

[0046] Further, by providing the control unit 30, the in-
troduction path of the refrigerant R can be automatically
switched to the compressor capable of performing opti-
mum compression of the low-stage side compressor 3
and the high-stage side compressor 4 according to the
state of the refrigerant R flowing out from each of the first
evaporator 11 and the second evaporator 12.

[0047] Further, since the flow of the refrigerant R can
be switched between the A mode and the B mode, the
refrigerant R from the first evaporator 11 can be intro-
duced into any one of the low-stage side compressor 3
and the high-stage side compressor 4, and the refrigerant
R from the second evaporator 12 can be introduced into
any one of the low-stage side compressor 3 and the high-
stage side compressor 4.

[0048] That is, the flow of the refrigerant R from the
first evaporator 11 and the flow of the refrigerant R from
the second evaporator 12 do notinterfere with each other,
the refrigerant R circulates so that the flow of the refrig-
erant R from the first evaporator 11 and the flow of the
refrigerant R from the second evaporator 12 cross each
other, and can flow into the low-stage side compressor
3 and the high-stage side compressor 4. Therefore, a
degree of freedom of an operation increases.

[0049] Hereinbefore, the embodiment of the present
invention is described in detail with reference to the draw-
ings. However, respective configurations in the embod-
iment and a combination thereof are merely examples,
and addition, omission, substitution, and other modifica-
tions of configurations can be made within a scope which
does not depart from the gist of the present invention. In
addition, the present invention is not limited by the em-
bodiment, but is limited only by claims.

[0050] For example, the control unit 30 does not nec-
essarily have to be provided. In this case, the first valve
21, the second valve 22, the third valve 23, and the fourth
valve 24 may be manually opened or closed.

[0051] Further, three or more evaporators 10 may be
provided, and the number of the evaporators 10 is not
limited to the above-described case.
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[Industrial Applicability]

[0052] According to the above-described heat pump,
the refrigerant in the state optimum for compression can
be introduced into the low-stage side compressor and
the high-stage side compressor, and an efficient opera-
tion can be performed.

[Reference Signs List]
[0053]

1 Heat pump

2 Refrigerant circuit

3 Low-stage side compressor
4 High-stage side compressor
5 Condenser

6 Expansion valve (expansion mechanism)
10 Evaporator

11 First evaporator

12 Second evaporator

15 Pipe

21 First valve

22 Second valve

23 Third valve

24 Fourth valve

30 Control unit

R Refrigerant

R1, R2, R3 Heating medium
C1 First flow path

C2 Second flow path

C3 Third flow path

C4 Fourth flow path

Claims
1. A heat pump comprising:

a low-stage side compressor;

a high-stage side compressor which is connect-
ed to a downstream side of the low-stage side
compressor in series,

a condenser which is connected to a down-
stream side of the high-stage side compressor;
an expansion mechanism which is connected to
a downstream side of the condenser;

a first evaporator and a second evaporator
which are connected to a downstream side of
the expansion mechanism in parallel;

a first flow path through which a downstream
side of the first evaporator and an upstream side
ofthe low-stage side compressor are connected
to each other;

a first valve which opens or closes the first flow
path;

a second flow path through which the down-
stream side of the first evaporator and an up-
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stream side of the high-stage side compressor
are connected to each other;

a second valve which opens or closes the sec-
ond flow path;

a third flow path through which a downstream
side of the second evaporator and the upstream
side of the low-stage side compressor are con-
nected to each other;

a third valve which opens or closes the third flow
path;

afourth flow path through which the downstream
side of the second evaporator and the upstream
side of the high-stage side compressor are con-
nected to each other; and

a fourth valve which opens or closes the fourth
flow path.

The heat pump according to claim 1, further com-
prising:

a control unit which controls opening or closing op-
erations of the first valve, the second valve, the third
valve, and the fourth valve based on loads on the
first evaporator and the second evaporator.

The heat pump according to claim 2,

wherein the control unit controls the opening or clos-
ing operations of the first valve, the second valve,
the third valve, and the fourth valve so that a first
state where a refrigerant from the first evaporator is
introduced into the low-stage side compressor and
a refrigerant from the second evaporator is directly
introduced into the high-stage side compressor and
a second state where the refrigerant from the first
evaporator is directly introduced into the high-stage
side compressor and the refrigerant from the second
evaporatoris introduced into the low-stage side com-
pressor are switchable to each other.
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