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Description
TECHNICAL FIELD

[0001] The present invention relates to heat pumps,
and specifically relates to heat pumps which include a
refrigerant circuit capable of providing cooling and heat-
ing at the same time.

BACKGROUND ART

[0002] Heat pumps capable of processing a heating
load and a cooling load at the same time have been
known. These heat pumps include a heat pump having
a refrigerant circuit to which a heating heat exchanger
that processes the heating load, a cooling heat exchang-
er that processes the cooling load, and also an auxiliary
heatexchanger are connected (see Patent Document 1).
[0003] The auxiliary heat exchanger is for controlling
heat balance of the refrigerant circuit to avoid thermal
imbalance of the refrigerant circuit depending on condi-
tions of the heating load and the cooling load. In the case
where the heating load becomes larger than the cooling
load and the refrigerant circuit dissipates excessive heat,
the auxiliary heat exchanger serves as an evaporator to
increase a heat absorption rate, thereby maintaining the
heat balance. That is, a refrigerant condensed by the
heating heat exchanger is evaporated by both of the cool-
ing heat exchanger and the auxiliary heat exchanger.
[0004] Ontheotherhand,inthe casewherethe heating
load becomes smaller than the cooling load and the re-
frigerant circuit absorbs excessive heat, the auxiliary heat
exchanger serves as a condenser to increase a heat dis-
sipation rate, thereby maintaining the heat balance. That
is, the refrigerant evaporated in the cooling heat ex-
changer is condensed by both of the heating heat ex-
changer and the auxiliary heat exchanger.

CITATION LIST

[0005] Patent Document 1: Japanese Unexamined
Patent Publication No. 2001-349639

SUMMARY OF THE INVENTION
TECHNICAL PROBLEM

[0006] Inthe auxiliary heat exchanger, outdoor air and
the refrigerant are heat exchanged. Thus, the amount of
heat exchanged by the auxiliary heat exchanger is not
used to process the heating load and the cooling load,
and does not contribute to the performance of the heat
pump. However, since part of power of a compressor is
wastefully used as power for supplying the refrigerant to
the auxiliary heat exchanger, efficiency of the heat pump
decreases.

[0007] The presentinvention is thus intended to oper-
ate a heat pump which uses an auxiliary heat exchanger
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to adjust heat balance of a refrigerant circuit, more effi-
ciently than before.

SOLUTION TO THE PROBLEM

[0008] The first aspect of the present invention is a
heat pump including: a refrigerant circuit (10) in which a
low-stage compression mechanism (11), a high-stage
compression mechanism (12), a high-temperature heat
exchanger (13), a high-stage expansion mechanism
(14), a low-stage expansion mechanism (15), and a low-
temperature heat exchanger (16) are sequentially con-
nected together by a refrigerant path, and in which a re-
frigerant dissipates heat into a high-temperature fluid in
the high-temperature heat exchanger (13) and the refrig-
erant absorbs heat from a low-temperature fluid and
evaporates in the low-temperature heat exchanger (16),
thereby performing a refrigeration cycle, and an auxiliary
heat exchanger (1) which is connected to communicate
between the refrigerant path between the low-stage com-
pression mechanism (11) and the high-stage compres-
sion mechanism (12) and the refrigerant path between
the low-stage expansion mechanism (15) and the high-
stage expansion mechanism (14), and which exchanges
heat between the refrigerant of the refrigerant circuit (10)
and a heat-source fluid.

[0009] Inthe case of conventional heat pumps, the re-
frigerant in the refrigerant circuit (10) circulates through
single-stage compression. Thus, the only way to make
the auxiliary heat exchanger (1) function as a condenser
is through communicating the auxiliary heat exchanger
(1) with a high-pressure line (a channel in which a high-
pressure refrigerant flows) of the refrigerant circuit (10)
(see FIG. 13(A), and the only way to make the auxiliary
heat exchanger (1) function as an evaporator is through
communicating the auxiliary heat exchanger (1) with a
low-pressure line (a channel in which a low-pressure re-
frigerant flows) of the refrigerant circuit (10).

[0010] In the first aspect of the present invention, the
refrigerant circuit (10) is formed of a circuit of two-stage
compression and two-stage expansion, and the auxiliary
heat exchanger (1) is positioned at an intermediate-pres-
sure line (a channel where an intermediate-pressure re-
frigerant flows) of the refrigerant circuit (10) (see FIG.
13(B)). Thus, when the auxiliary heat exchanger (1) func-
tions as a condenser, only part of the refrigerant com-
pressed in the low-stage compression mechanism (11)
needs to be supplied into the auxiliary heat exchanger
(1). The compression power required for the refrigerant
circuit (10) is therefore reduced.

[0011] Further, when the auxiliary heat exchanger (1)
functions as an evaporator, only part of the refrigerant
decompressed in the high-stage expansion mechanism
needs to be supplied to the auxiliary heat exchanger (1)
and evaporated, and thereafter sucked into the high-
stage compression mechanism (12). The compression
power required for the refrigerant circuit (10) is therefore
reduced.
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[0012] The second aspect of the present invention is
characterized by including, in the first aspect of the
present invention, a compression mechanism control
section (41) which controls operational capacity of the
high-stage compression mechanism (12) according to a
heating load of the high-temperature heat exchanger (13)
and controls operational capacity of the low-stage com-
pression mechanism (11) according to a cooling load of
the low-temperature heat exchanger (16).

[0013] In the second aspect of the present invention,
the operational capacity of the high-stage compression
mechanism (12) is increased when the heating load be-
comes large, and the operational capacity of the high-
stage compression mechanism (12) is reduced when the
heating load becomes small. The operational capacity of
the low-stage compression mechanism (11) is increased
when the cooling load becomes large, and the operation-
al capacity of the low-stage compression mechanism
(11) is reduced when the cooling load becomes small.
[0014] When the heating load is greater than the cool-
ing load, and the operational capacity of the high-stage
compression mechanism (12) becomes larger than the
operational capacity of the low-stage compression mech-
anism (11), the refrigerant evaporated in the auxiliary
heat exchanger (1) is sucked into the high-stage com-
pression mechanism (12) together with the refrigerant
discharged from the low-stage compression mechanism
(11).

[0015] On the other hand, when the cooling load is
greater than the heating load, and the operational capac-
ity of the low-stage compression mechanism (11) be-
comes larger than the operational capacity of the high-
stage compression mechanism (12), the amount of the
refrigerant discharged from the low-stage compression
mechanism (11) becomes larger than the amount of the
refrigerant suctioned by the high-stage compression
mechanism (12). As a result, the refrigerant discharged
from the low-stage compression mechanism (11) and is
not sucked into the high-stage compression mechanism
(12) flows into the auxiliary heat exchanger (1). The aux-
iliary heat exchanger (1) is made to function as a con-
denser, and the refrigerant is condensed in the auxiliary
heat exchanger (1).

[0016] As described above, it is possible to make the
auxiliary heat exchanger (1) function as an evaporator
when the heating load is greater than the cooling load,
and possible to make the auxiliary heat exchanger (1)
function as a condenser when the cooling load is greater
than the heating load.

[0017] Thethird aspectofthe presentinvention is char-
acterized by including in the second aspect of the present
invention, a switching mechanism (51, 52) which, in the
case where the heating load is greater than the cooling
load, and both of the auxiliary heat exchanger (1) and
the low-temperature heat exchanger (16) function as
evaporators, switches between a low-stage suction state
in which the refrigerant flowing out of the auxiliary heat
exchanger (1) is guided to a suction side of the low-stage
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compression mechanism (11) when a pressure differ-
ence between an evaporating pressure of the auxiliary
heat exchanger (1) and an evaporating pressure of the
low-temperature heat exchanger (16) is smaller than a
predetermined value, or when the evaporating pressure
of the auxiliary heat exchanger (1) is lower than or equal
to the evaporating pressure of the low-temperature heat
exchanger (16), and a high-stage suction state in which
the refrigerant flowing out of the auxiliary heat exchanger
(1) is guided to a suction side of the high-stage compres-
sion mechanism (12), when the pressure difference is
larger than or equal to the predetermined value and the
evaporating pressure of the auxiliary heat exchanger (1)
is higher than the evaporating pressure of the low-tem-
perature heat exchanger (16).

[0018] The smaller the pressure difference between
the evaporating pressure of the auxiliary heat exchanger
(1) and the evaporating pressure of the low-temperature
heat exchanger (16), the closer the suction pressure and
the discharge pressure of the low-stage compression
mechanism (11) and the smaller the effects of enhancing
operational efficiency of the heat pump by two-stage
compression. Further, if the evaporating pressure of the
auxiliary heat exchanger (1) is lower than the evaporating
pressure of the low-temperature heat exchanger (16), a
pressure of the refrigerant suctioned by the low-stage
compression mechanism (11) and a pressure of the re-
frigerant discharged from the low-stage compression
mechanism (11) are inverted, which causes a malfunc-
tion of the low-stage compression mechanism (11). In
practice, the pressure of the refrigerant sucked by the
low-stage compression mechanism (11) is lowered to
continue operation, which, however, is lower than an op-
timal evaporating pressure of the low-temperature heat
exchanger (16) in this case, and therefore, the operation-
al efficiency of the heat pump may be reduced. The "pre-
determined value" as used herein is within a range of
pressure differences within which it is possible to en-
hance operational efficiency of the heat pump by two-
stage compression.

[0019] In the third aspect of the present invention, the
switching mechanism (51, 52) is in the low-stage suction
state when the pressure difference between the evapo-
rating pressure of the auxiliary heat exchanger (1) and
the evaporating pressure of the low-temperature heat ex-
changer (16) is smaller than a predetermined value, or
when the evaporating pressure of the auxiliary heat ex-
changer (1) is lower than or equal to the evaporating pres-
sure of the low-temperature heat exchanger (16). Thus,
the refrigerant evaporated in the auxiliary heat exchanger
(1) is sucked into the low-stage compression mechanism
(11).

[0020] On the other hand, the switching mechanism
(51, 52) is in the high-stage suction state, because the
heat pump can operate with higher efficiency by sucking
the refrigerant evaporated in the auxiliary heat exchanger
(1) into the high-stage compression mechanism (12)
when the pressure difference between the evaporating
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pressure ofthe auxiliary heat exchanger (1) and the evap-
orating pressure of the low-temperature heat exchanger
(16) is larger than or equal to the predetermined value
and the evaporating pressure of the auxiliary heat ex-
changer (1) is higher than the evaporating pressure of
the low-temperature heat exchanger (16).

[0021] The fourth aspect of the present invention is
characterized by including in any one of the first to third
aspects of the presentinvention, an economizer pipe (53)
separated from a refrigerant pipe between the high-tem-
perature heat exchanger (13) and the high-stage expan-
sion mechanism (14) and connected to a refrigerant pipe
between the low-stage compression mechanism (11)
and the high-stage compression mechanism (12), a de-
compression mechanism (54) which decompresses the
refrigerant in the economizer pipe (53), and an econo-
mizer heat exchanger (55) which exchanges heat be-
tween the refrigerant in the economizer pipe (53) decom-
pressed by the decompression mechanism (54) and a
high-pressure refrigerant flowing from the high-temper-
ature heat exchanger (13) to the high-stage expansion
mechanism (14).

[0022] Inthe fourth aspect of the presentinvention, the
degree of subcooling of the refrigerant flowing from the
high-temperature heat exchanger (13) to the high-stage
expansion mechanism (14) can be greater than in the
case where the economizer heat exchanger (55) is not
provided. The heat pump can therefore operate with high
efficiency.

[0023] The fifth aspect of the present invention is char-
acterized by including in the first aspect of the present
invention, a low-stage bypass path (18) which bypasses
the low-stage compression mechanism (11), and a com-
pression mechanism control section (41) which, in the
case where the heating load is greater than the cooling
load, controls operations of the low-stage compression
mechanism (11) and the high-stage compression mech-
anism (12) by switching at least between a high-stage-
only compression operation and a two-stage compres-
sion operation, wherein the high-stage-only compression
operation is an operation in which operational capacity
of the high-stage compression mechanism (12) is con-
trolled according to a heating load of the high-tempera-
ture heatexchanger (13), and the low-stage compression
mechanism (11) is stopped, when a pressure difference
between an evaporating pressure of the auxiliary heat
exchanger (1) and an evaporating pressure of the low-
temperature heat exchanger (16) is smaller than a pre-
determined value or when the evaporating pressure of
the auxiliary heat exchanger (1) is lower than or equal to
the evaporating pressure of the low-temperature heat ex-
changer (16), and the two-stage compression operation
is an operation in which the operational capacity of the
high-stage compression mechanism (12) is controlled
according to the heating load of the high-temperature
heat exchanger (13), and operational capacity of the low-
stage compression mechanism (11) is controlled accord-
ing to a cooling load of the low-temperature heat ex-
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changer (16), when the pressure difference is larger than
or equal to the predetermined value and the evaporating
pressure of the auxiliary heat exchanger (1) is higher
than the evaporating pressure of the low-temperature
heat exchanger (16).

[0024] The smaller the pressure difference between
the evaporating pressure of the auxiliary heat exchanger
(1) and the evaporating pressure of the low-temperature
heat exchanger (16), the closer the suction pressure and
the discharge pressure of the low-stage compression
mechanism (11) and the smaller the effects of enhancing
operational efficiency of the heat pump by two-stage
compression. Further, if the evaporating pressure of the
auxiliary heat exchanger (1) is lower than the evaporating
pressure of the low-temperature heat exchanger (16), a
pressure of the refrigerant suctioned by the low-stage
compression mechanism (11) and a pressure of the re-
frigerant discharged from the low-stage compression
mechanism (11) are inverted, which causes a malfunc-
tion of the low-stage compression mechanism (11). In
practice, the pressure of the refrigerant sucked by the
low-stage compression mechanism (11) is lowered to
continue operation, which, however, is lower than an op-
timal evaporating pressure of the low-temperature heat
exchanger (16) in this case, and therefore, the operation-
al efficiency of the heat pump may be reduced. The "pre-
determined value" as used herein is within a range of
pressure differences within which it is possible to en-
hance operational efficiency of the heat pump by two-
stage compression.

[0025] In the fifth aspect of the present invention, the
low-stage compression mechanism (11) is stopped and
only the high-stage compression mechanism (12) is ac-
tuated (i.e., the high-stage-only compression operation)
when the pressure difference between the evaporating
pressure of the auxiliary heat exchanger (1) and the evap-
orating pressure of the low-temperature heat exchanger
(16) is smaller than a predetermined value, or when the
evaporating pressure of the auxiliary heat exchanger (1)
is lower than or equal to the evaporating pressure of the
low-temperature heat exchanger (16). Since the low-
stage compression mechanism (11) is stopped, the re-
frigerant evaporated in the low-temperature heat ex-
changer (16) passes through the low-stage bypass path
(18) and is sucked into the high-stage compression
mechanism (12) together with the refrigerant evaporated
in the auxiliary heat exchanger (1).

[0026] Thesixthaspectofthe presentinventionis char-
acterized by including, in the first aspect of the present
invention, a high-stage bypass path (19) which bypasses
the high-stage compression mechanism (12), and a com-
pression mechanism control section (41) which, in the
case where the heating load is smaller than the cooling
load, controls operations of the low-stage compression
mechanism (11) and the high-stage compression mech-
anism (12) by switching at least between a low-stage-
only compression operation and a two-stage compres-
sion operation, wherein the low-stage-only compression
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operation is an operation in which the high-stage com-
pression mechanism (12) is stopped and operational ca-
pacity of the low-stage compression mechanism (11) is
controlled according to a cooling load of the low-temper-
ature heat exchanger (16) when a pressure difference
between a condensing pressure of the auxiliary heat ex-
changer (1) and a condensing pressure of the high-tem-
perature heat exchanger (13) is smaller than a predeter-
mined value, or when the condensing pressure of the
auxiliary heat exchanger (1) is higher than or equal to
the condensing pressure of the high-temperature heat
exchanger (13), the two-stage compression operation is
an operation in which operational capacity of the high-
stage compression mechanism (12) is controlled accord-
ing to a heating load of the high-temperature heat ex-
changer (13), and the operational capacity of the low-
stage compression mechanism (11) is controlled accord-
ing to the cooling load of the low-temperature heat ex-
changer (16), when the pressure difference is larger than
or equal to the predetermined value and the condensing
pressure of the auxiliary heat exchanger (1) is lower than
the condensing pressure of the high-temperature heat
exchanger (13).

[0027] The smaller the pressure difference between
the condensing pressure of the auxiliary heat exchanger
(1) and the condensing pressure of the high-temperature
heat exchanger (13), the closer the suction pressure and
the discharge pressure of the high-stage compression
mechanism (12) and the smaller the effects of enhancing
operational efficiency of the heat pump by two-stage
compression. If the condensing pressure of the auxiliary
heat exchanger (1) is higher than the condensing pres-
sure of the high-stage compression mechanism (12), a
pressure of the refrigerant sucked by the high-stage com-
pression mechanism (12) and a pressure of the refriger-
ant discharged from the high-stage compression mech-
anism (12) are inverted, which causes a malfunction of
the high-stage compression mechanism (12). In practice,
the pressure of the refrigerant discharged from the high-
stage compression mechanism (12) is increased to con-
tinue operation, which however, is higher than an optimal
condensing pressure of the high-temperature heat ex-
changer (13), and therefore, the operational efficiency of
the heat pump may be reduced. The "predetermined val-
ue" as used herein is within a range of pressure differ-
ences within which it is possible to enhance operational
efficiency of the heat pump by two-stage compression.
[0028] In the sixth aspect of the present invention, the
high-stage compression mechanism (12) is stopped and
only the low-stage compression mechanism (11) is ac-
tuated (i.e., low-stage-only compression operation) when
the pressure difference between the condensing pres-
sure of the auxiliary heat exchanger (1) and the condens-
ing pressure of the high-temperature heat exchanger (13)
is smaller than a predetermined value, or when the con-
densing pressure of the auxiliary heat exchanger (1) is
higher than or equal to the condensing pressure of the
high-temperature heat exchanger (13). Since the high-
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stage compression mechanism (12) is stopped, the flow
of refrigerant discharged from low-stage compression
mechanism (11) is separated into both of the auxiliary
heat exchanger (1) and the high-stage bypass path (19).
[0029] The seventh aspect of the present invention is
characterized by including in any one of the second to
sixth aspects of the present invention, a flow rate control
mechanism (2) which controls a flow rate of the refriger-
ant flowing in the auxiliary heat exchanger (1), and a flow
rate control mechanism control section (43) which, in the
case where the heating load is greater than the cooling
load, controls the flow rate control mechanism (2) such
that a degree of superheat of the refrigerant having
flowed out of the auxiliary heat exchanger (1) is a prede-
termined value.

[0030] In the seventh aspect of the present invention,
the refrigerant flowing into the auxiliary heat exchanger
(1) can be reliably evaporated due to the flow rate control
mechanism control section (43) in the case where the
heating load is greater than the cooling load and the aux-
iliary heat exchanger (1) functions as an evaporator.
[0031] The eighth aspect of the present invention is
characterized by including in any one of the second to
the sixth aspects of the present invention, a flow rate
control mechanism (2) which controls a flow rate of the
refrigerant flowing in the auxiliary heat exchanger (1),
and a flow rate control mechanism control section (43)
which, in the case where the heating load is smaller than
the cooling load, controls the flow rate controlmechanism
(2) such that a degree of subcooling of the refrigerant
having flowed out of the auxiliary heat exchanger (1) is
a predetermined value.

[0032] In the eighth aspect of the present invention,
the refrigerant flowing into the auxiliary heat exchanger
(1) can be reliably condensed due to the flow rate control
mechanism control section (43) in the case where the
heating load is smaller than the cooling load and the aux-
iliary heat exchanger (1) functions as a condenser.
[0033] The ninth aspect of the present invention is
characterized by including in any one of the second to
fourth aspects of the present invention, a high-stage ex-
pansion mechanism control section (44) which sets the
high-stage expansion mechanism (14) to be fully open
in the case where the heating load is greater than the
cooling load.

[0034] Inthe ninth aspect of the present invention, the
refrigerant flowing to the auxiliary heat exchanger (1) can
be controlled using only the flow rate control mechanism
(2) by fully opening the high-stage expansion mechanism
(14).

[0035] The tenth aspect of the present invention is
characterized by including in any one of the second to
eighth aspects of the present invention, a high-stage ex-
pansion mechanism control section (44) which, in the
case where the heating load is smaller than the cooling
load, controls the high-stage expansion mechanism (14)
such that an outlet temperature of the refrigerant from
the high-stage expansion mechanism (14) is a temper-
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ature between an outlet temperature of the refrigerant
from the auxiliary heat exchanger (1) and an outlet tem-
perature of the refrigerant from the low-temperature heat
exchanger (16).

[0036] In the tenth aspect of the present invention, the
pressure of the refrigerant flowing out of the high-stage
expansion mechanism (14) can be set to an intermediate
pressure of the refrigerant circuit (10) with reliability.

ADVANTAGES OF THE INVENTION

[0037] Accordingtothe presentinvention, the auxiliary
heat exchanger (1) is located at the intermediate-pres-
sure line of the refrigerant circuit (10). Thus, the com-
pression power of the refrigerant circuit (10) which is used
to supply a refrigerant to the auxiliary heat exchanger (1)
can be reduced compared to the case in which the aux-
iliary heat exchanger (1) is located at the high-pressure
line or the low-pressure line. Further, only a necessary
amount of refrigerant flows in the auxiliary heat exchang-
er (1) without control. It is therefore possible to improve
operational efficiency of the heat pump, compared to con-
ventional cases.

[0038] According to the second aspect of the present
invention, the high-stage compression mechanism (12)
is controlled according to the heating load, and the low-
stage compression mechanism (11) is controlled accord-
ing to the cooling load. Therefore, the auxiliary heat ex-
changer (1) can function as an evaporator when the heat-
ing load is greater than the cooling load, and can function
as a condenser when the cooling load is greater than the
heating load. As a result, without providing a switching
valve at the refrigerant circuit (10), it is possible to make
the auxiliary heat exchanger (1) function as an evapora-
tor or a condenser according to conditions of the heating
load and the cooling load.

[0039] According to the third aspect of the present in-
vention, the switching mechanism (51, 52) switches be-
tween the low-stage suction state and the high-stage suc-
tion state, based on the evaporating pressures of the
auxiliary heat exchanger (1) and the low-temperature
heat exchanger (16). Thus, the refrigerant evaporated in
the auxiliary heat exchanger (1) can be sucked into the
low-stage compression mechanism (11) or the high-
stage compression mechanism (12) as needed, and the
heat pump can always operate with high efficiency.
[0040] According to the fourth aspect of the present
invention, the degree of subcooling of the refrigerant flow-
ing from the high-temperature heat exchanger (13) to the
high-stage expansion mechanism (14) can be greater,
compared to the case in which the economizer heat ex-
changer (55) is not provided. The efficiency of the heat
pump can therefore be improved.

[0041] According to the fifth aspect of the present in-
vention, the compression mechanism control section
(41) switches the operation to the two-stage compression
operation or the high-stage-only compression operation,
based on the evaporating pressures of the auxiliary heat
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exchanger (1) and the low-temperature heat exchanger
(16). Thus, the heat pump can perform the two-stage
compression or the single-stage compression as need-
ed, and the heat pump can always operate with high ef-
ficiency.

[0042] According to the sixth aspect of the present in-
vention, the compression mechanism control section
(41) switches the operation to the two-stage compression
operation or the low-stage-only compression operation,
based on the condensing pressures of the auxiliary heat
exchanger (1) and the high-temperature heat exchanger
(13). The heat pump can perform the two-stage compres-
sion or the single-stage compression as needed, and the
heat pump can always operate with high efficiency.
[0043] According to the seventh aspect of the present
invention, the refrigerant flowing in the auxiliary heat ex-
changer (1) can be completely evaporated due to the
flow rate control mechanism control section (43), and the
heat exchange rate of the auxiliary heat exchanger (1)
can be ensured. Thus, the heat balance of the refrigerant
circuit (10) can be reliably maintained in the state in which
the heating load is greater than the cooling load.

[0044] According to the eighth aspect of the present
invention, the refrigerant flowing in the auxiliary heat ex-
changer (1) can be completely condensed due to the flow
rate control mechanism control section (43), and the heat
exchange rate of the auxiliary heat exchanger (1) can be
ensured. Thus, the heat balance of the refrigerant circuit
(10) can be reliably maintained in the state in which the
heating load is smaller than the cooling load.

[0045] According to the ninth aspect of the present in-
vention, the refrigerant flowing to the auxiliary heat ex-
changer (1) can be controlled using only the flow rate
control mechanism (2), which means that the flow rate
control of the refrigerant flowing to the auxiliary heat ex-
changer (1) can be simplified.

[0046] According to the tenth aspect of the present in-
vention, the pressure of the refrigerant flowing out of the
high-stage expansion mechanism (14) can be set to an
intermediate pressure of the refrigerant circuit (10) with
reliability, and heat can be exchanged between the re-
frigerant and the heat-source fluid in the auxiliary heat
exchanger (1) with reliability.

BRIEF DESCRIPTION OF THE DRAWINGS
[0047]

FIG. 1 shows a refrigerant circuit diagram of a heat
pump of the present embodiment.

FIG. 2 shows refrigerant flow in an excessive heating
operation of the present embodiment.

FIG. 3 shows refrigerant flow in an excessive cooling
operation of the present embodiment.

FIG. 4 shows refrigerant flow in a heating-only op-
eration of the present embodiment.

FIG. 5 shows refrigerant flow in a cooling-only oper-
ation of the present embodiment.



11 EP 2 770 276 A1 12

FIG. 6 shows a refrigerant circuit diagram of a heat
pump of the first variation of the present embodi-
ment.

FIG. 7 shows a refrigerant circuit diagram of a heat
pump of the second variation of the present embod-
iment.

FIG. 8 shows a refrigerant circuit diagram of a heat
pump of the third variation of the present embodi-
ment.

FIG. 9 shows refrigerant flow in a high-stage-only
compression operation of the third variation.

FIG. 10 shows refrigerant flow in a low-stage-only
compression operation of the third variation.

FIG. 11 shows a configuration of a controller.

FIG. 12 shows a refrigerant circuit diagram of a heat
pump of the fourth variation of the present embodi-
ment.

FIG. 13 schematically shows a relationship between
the refrigeration cycle and respective heat exchang-
ers on a P-h diagram. FIG. 13(A) shows a case in
which the auxiliary heat exchanger is placed at a
high-pressure line. FIG. 13(B) shows a case in which
the auxiliary heat exchanger is placed at an interme-
diate-pressure line.

DESCRIPTION OF EMBODIMENTS

[0048] Embodiments of the present invention will be
described in detail below based on the drawings.
[0049] A heat pump of the present embodiment is for
industrial use. The heat pump is capable of providing
cold thermal energy and hot thermal energy simultane-
ously. The heat pump is provided with a refrigerant circuit
(10) and a controller (40).

-Refrigerant Circuit-

[0050] The refrigerant circuit (10) performs a refriger-
ation cycle in two-stage compression and two-stage ex-
pansion. The refrigerant circuit (10) is provided with a
low-stage compressor (a low-stage compression mech-
anism) (11), a high-stage compressor (a high-stage com-
pression mechanism) (12), a heating heat exchanger (a
high-temperature heat exchanger) (13), a high-stage ex-
pansion valve (a high-stage expansion mechanism) (14),
a low-stage expansion valve (a low-stage expansion
mechanism) (15), a cooling heat exchanger (a low-tem-
perature heat exchanger) (16), a flow rate control valve
(aflow rate control mechanism) (2), and an auxiliary heat
exchanger (1).

[0051] Both of the low-stage compressor (11) and the
high-stage compressor (12) are hermetic compressors.
A low-stage side inverter (not shown) is connected to the
low-stage compressor (11), and a high-stage side invert-
er (notshown) is connected to the high-stage compressor
(12). These inverters enable the compressors (11, 12)
to have variable rotational speed. Further, a discharge
port of the low-stage compressor (11) and a suction port
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of the high-stage compressor (12) are connected to each
other by a connection pipe (4) on the compressor side.
A check valve (CV1) is attached to the connection pipe
(4) at alocation near the low-stage compressor (11). The
check valve (CV1) allows the refrigerant to flow in a di-
rection from the low-stage compressor (11) to the high-
stage compressor (12) and prevents the refrigerant to
flow in the adverse direction.

[0052] The heating heat exchanger (13) has a refrig-
erant channel (13a) and a water channel (13b). The re-
frigerant channel (13a) has an inlet port connected to the
discharge port of the high-stage compressor (12) by a
first refrigerant pipe (5), and an outlet port connected to
an inlet port of the high-stage expansion valve (14) by a
second refrigerant pipe (6). On the other hand, the water
channel (13b) of the heating heat exchanger (13) com-
municates with a hot water channel (30). A hot water
pump (31) and a hot water tank (32) are connected to
the hot water channel (30). The heating heat exchanger
(13) is configured such that when a high-pressure refrig-
erant discharged from the high-stage compressor (12)
passes through the refrigerant channel (13a) and water
having flowed out of the hot water pump (31) passes
through the water channel (13b), the heating heat ex-
changer (13) exchanges heat between the high-pressure
refrigerant and the water.

[0053] The high-stage expansion valve (14) and the
low-stage expansion valve (15) are electronic expansion
valves whose degree of opening can be adjusted. An
outlet port of the high-stage expansion valve (14) and an
inlet port of the low-stage expansion valve (15) are con-
nected to each other by a connection pipe (7) on the
expansion valve side.

[0054] The cooling heat exchanger (16) has a refrig-
erant channel (16a) and a water channel (16b). The re-
frigerant channel (16a) has an inlet port connected to an
outlet port of the low-stage expansion valve (15) by a
third refrigerant pipe (8), and an outlet port connected to
a suction port of the low-stage compressor (11) by a
fourth refrigerant pipe (9). On the other hand, the water
channel (16b) of the cooling heat exchanger (16) com-
municates with a cold water channel (33). A cold water
pump (34) and a cold water tank (35) are connected to
the cold water channel (33). The cooling heat exchanger
(16) is configured such that when a low-pressure refrig-
erant having flowed of from the low-stage expansion
valve (15) passes through the refrigerant channel (16a)
and water having flowed out of the cold water pump (34)
passes through the water channel (16b), the cooling heat
exchanger (16) exchanges heat between the low-pres-
sure refrigerant and the water.

[0055] As described above, the refrigerant circuit (10)
has a closed circuit in which the low-stage compressor
(11), the high-stage compressor (12), the heating heat
exchanger (13), the high-stage expansion valve (14), the
low-stage expansion valve (15), and the cooling heat ex-
changer (16) are sequentially connected together. The
auxiliary heat exchanger (1) and the flow rate control
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valve (2) are connected to the closed circuit.
<Auxiliary Heat Exchanger>

[0056] The auxiliary heat exchanger (1) is intended to
maintain heat balance of a refrigeration cycle of the re-
frigerant circuit (10).

[0057] Theauxiliary heatexchanger(1)is,forexample,
a cross-fin type fin-and-tube heat exchanger, and in-
cludes arefrigerant path (1a) and an air passageway (not
shown). Abranch pipe (3a) branched from the connection
pipe (4) on the compressor side is connected to one end
ofthe refrigerant path (1a) of the auxiliary heat exchanger
(1), and abranch pipe (3b) branched from the connection
pipe (7) on the expansion valve side is connected to the
other end. The flow rate control valve (2) is provided at
the branch pipe (3b).

[0058] Further, an air blowing fan (17) is provided near
the auxiliary heat exchanger (1). The auxiliary heat ex-
changer (1) is configured such that when a refrigerant
discharged from the low-stage compressor (11) or a re-
frigerant having flowed out of the high-stage expansion
valve (14) passes through the refrigerant path (1a) and
outdoor air blown by the air blowing fan (17) passes
through the air passageway, the auxiliary heat exchanger
(1) exchanges heat between the refrigerant and the out-
door air.

-Controller-

[0059] The controller (40) is configured to control op-
eration of the heat pump. As illustrated in FIG. 11, the
controller (40) includes a compressor control section (a
compression mechanism control section) (41), aload de-
termination section (42), a flow rate control valve control
section (a flow rate control mechanism control section)
(43), a high-stage expansion valve control section (a
high-stage expansion mechanism control section) (44),
and a low-stage expansion valve control section (a low-
stage expansion mechanism control section) (45). Fur-
ther, a plurality of temperature sensors (21-26) are elec-
trically connected to the controller (40).

[0060] Specifically, the plurality of temperature sen-
sors (21-26) are a high-stage expansion valve tempera-
ture sensor (21) which detects an outlet temperature of
the refrigerant from the high-stage expansion valve (14),
a cooling heat exchanger temperature sensor (22) which
detects an outlet temperature of the refrigerant from the
cooling heat exchanger (16), first and second auxiliary
heat exchanger temperature sensors (23, 24) which de-
tecttemperatures of the refrigerantbefore and after pass-
ing through the auxiliary heat exchanger (1), a hot water
temperature sensor (25) which detects an outlet temper-
ature of hot water from the heating heat exchanger (13),
and a cold water temperature sensor (26) which detects
a outlet temperature of cold water from the cooling heat
exchanger (16).
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<Compressor control section>

[0061] Detection values of the hot water temperature
sensor (25) and the cold water temperature sensor (26),
a hot water setting value of the outlet temperature of the
hot water from the heating heat exchanger (13), and a
cold water setting value of the outlet temperature of the
cold water from the cooling heat exchanger (16) are input
in the compressor control section (41).

[0062] Inthe case where the detection value of the hot
water temperature sensor (25) is lower than the hot water
setting value, the compressor control section (41) outputs
a signal for increasing the rotational speed of the high-
stage compressor (12) to the high-stage side inverter. In
the case where the detection value of the hot water tem-
perature sensor (25) is higher than the hot water setting
value, the compressor control section (41) outputs a sig-
nal for reducing the rotational speed of the high-stage
compressor (12) to the high-stage side inverter.

[0063] Further, in the case where the detection value
of the cold water temperature sensor (26) is higher than
the cold water setting value, the compressor control sec-
tion (41) outputs a signal for increasing the rotational
speed of the low-stage compressor (11) to the low-stage
side inverter. In the case where the detection value of
the cold water temperature sensor (26) is lower than the
cold water setting value, the compressor control section
(41) outputs a signal for reducing the rotational speed of
the low-stage compressor (11) to the low-stage side in-
verter.

[0064] As described above, the compressor control
section (41) controls an operational capacity of the high-
stage compressor (12) according to the heating load, and
an operational capacity of the low-stage compressor (11)
according to the cooling load.

<Load Determination Section>

[0065] Frequency instruction values of the low-stage
side inverter and the high-stage side inverter are input in
the load determination section (42). The load determina-
tion section (42) detects a cooling load based on the fre-
quency instruction value of the low-stage side inverter,
and detects a heating load based on the frequency in-
struction value of the high-stage side inverter. In the case
where the frequency instruction value of the high-stage
side inverteris larger than the frequency instruction value
of the low-stage side inverter, the load determination sec-
tion (42) determines that the heating load is greater than
the cooling load, and outputs a signal that indicates ex-
cessive heating. In the case where the frequency instruc-
tion value of the high-stage side inverter is smaller than
the frequency instruction value of the low-stage side in-
verter, the load determination section (42) determines
that the heating load is smaller than the cooling load, and
outputs a signal that indicates excessive cooling.
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<Flow Rate Control Valve Control Section>

[0066] Detection values of the first and second auxil-
iary heat exchanger temperature sensors (23, 24) and a
signal determined by the load determination section (42)
are input to the flow rate control valve control section
(43). A detection value of an auxiliary heat exchanger
internal temperature sensor (not shown) which detects
a temperature of the refrigerant flowing in the auxiliary
heat exchanger (1) is input to the flow rate control valve
control section (43).

[0067] When the flow rate control valve control section
(43) receives the signal that indicates excessive heating
from the load determination section (42), the flow rate
control valve control section (43) determines that the val-
ue detected by the auxiliary heat exchanger internal tem-
perature sensor is an evaporation temperature in the aux-
iliary heat exchanger (1), and based on this evaporation
temperature, calculates a degree of superheat at the out-
let of the auxiliary heat exchanger (1) from the value de-
tected by the second auxiliary heat exchanger tempera-
ture sensor (24). A signal for controlling a degree of open-
ing is appropriately outputs from the flow rate control
valve control section (43) to the flow rate control valve
(2), and the degree of opening of the flow rate control
valve (2) is controlled so that the degree of superheat at
the outlet will be a predetermined value (e.g., 3°C).
[0068] On the other hand, when the flow rate control
valve control section (43) receives the signal that indi-
cates excessive cooling from the load determination sec-
tion (42), the flow rate control valve control section (43)
determines that the value detected by the auxiliary heat
exchangerinternal temperature sensoris a condensation
temperature of the auxiliary heat exchanger (1), and
based on this condensation temperature, calculates a
degree of subcooling at the outlet of the auxiliary heat
exchanger (1) from the value detected by the first auxil-
iary heat exchanger temperature sensor (23). A signal
for controlling a degree of opening is appropriately out-
puts from the flow rate control valve control section (43)
to the flow rate control valve (2), and the degree of open-
ing of the flow rate control valve (2) is controlled so that
the degree of subcooling will be a predetermined value
(e.g., 2°C).

<High-Stage Expansion Valve Control Section>

[0069] A detection value of the high-stage expansion
valve temperature sensor (21), a detection value of the
cooling heat exchanger temperature sensor (22), a de-
tection value of the second auxiliary heat exchanger tem-
perature sensor (24), and a signal determined by the load
determination section (42) are input to the high-stage ex-
pansion valve control section (44).

[0070] When the high-stage expansion valve control
section (44) receives the signal that indicates excessive
heating from the load determination section (42), the sig-
nal for controlling a degree of opening is output from the
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high-stage expansion valve control section (44) to the
high-stage expansion valve (14), and the high-stage ex-
pansion valve (14) is fully opened.

[0071] Onthe other hand, when the high-stage expan-
sion valve control section (44) receives the signal that
indicates excessive cooling from the load determination
section (42), the signal for controlling a degree of opening
is appropriately output from the high-stage expansion
valve control section (44) to the high-stage expansion
valve (14), and the degree of opening of the high-stage
expansion valve (14) is controlled such that the outlet
temperature of the refrigerant from the high-stage expan-
sion valve (14) (the value detected by the high-stage ex-
pansion valve temperature sensor (21)) will be a temper-
ature between the outlet temperature of the refrigerant
from the auxiliary heat exchanger (1) (the value detected
by the second auxiliary heat exchanger temperature sen-
sor (24)) and the outlet temperature of the refrigerant
from the low-temperature heat exchanger (16) (the value
detected by the cooling heat exchanger temperature sen-
sor (22)).

<Low-Stage Expansion Valve Control Section>

[0072] A detection value of the cooling heat exchanger
temperature sensor (22) is input to the low-stage expan-
sion valve control section (45). Further, a detection value
of a cooling heat exchanger internal temperature sensor
(not shown) which detects a temperature of the refriger-
ant flowing in the cooling heat exchanger (16) is input to
the low-stage expansion valve control section (45).
[0073] The low-stage expansion valve control section
(45) determines that the value detected by the cooling
heat exchanger internal temperature sensor is an evap-
oration temperature in the cooling heat exchanger (16),
and based on this evaporation temperature, calculates
a degree of superheat at the outlet of the cooling heat
exchanger (16) from the value detected by the cooling
heat exchanger temperature sensor (22). A signal for
controlling a degree of opening is appropriately output
from the low-stage expansion valve control section (45)
to the low-stage expansion valve (15), and the degree of
opening of the low-stage expansion valve (15) is control-
led so that the degree of superheat at the outlet will be
a predetermined value (e.g., 3°C).

-Operation of Heat Pump-

[0074] Next, operation of the heat pump will be de-
scribed. The heat pump can perform an excessive heat-
ing operation or an excessive cooling operation without
using a switching valve, etc., according to conditions of
the heating load and the cooling load. The excessive
heating operation and the excessive cooling operation
will be described first, and a heating-only operation and
a cooling-only operation will be described thereafter.
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<Excessive Heating Operation>

[0075] The excessive heating operation shown in FIG.
2 is an operation performed when a heating load of the
heat pump is greater than a cooling load. In the present
embodiment, the excessive heating operation under the
following conditions will be described: the outdoor air
temperature is 15°C; the hot water setting value and the
cold water setting value determined by the compressor
control section (41) are 65°C and 7°C, respectively; and
a necessary heating capability and a necessary cooling
capability of the heat pump are 90% and 60%, respec-
tively.

[0076] In this excessive heating operation, the com-
pressor control section (41) of the controller (40) controls
the rotational speed of the high-stage compressor (12)
such that the outlet temperature of hot water from the
heating heat exchanger (13) will be the hot water setting
value, i.e., 65°C, and controls the rotational speed of the
low-stage compressor (11) such that the outlet temper-
ature of cold water from the cooling heat exchanger (16)
will be the cold water setting value, i.e., 7°C.

[0077] Further, the high-stage expansion valve control
section (44) sets the high-stage expansion valve (14) to
be fully open. The flow rate control valve control section
(43) controls a degree of opening of the flow rate control
valve (2) such that a degree of superheat at the outlet of
the auxiliary heat exchanger (1) will be 3°C. The low-
stage expansion valve control section (45) controls a de-
gree of opening of the low-stage expansion valve (15)
such that a degree of superheat at the outlet of the cooling
heat exchanger (16) will be 3°C.

[0078] After actuation of the low-stage compressor
(11) and the high-stage compressor (12), the rotational
speed of the high-stage compressor (12) exceeds the
rotational speed of the low-stage compressor (11) be-
cause the heating load is greater than the cooling load,
and a refrigerant suction amount of the high-stage com-
pressor (12) becomes larger than a refrigerant discharge
amount of the low-stage compressor (11).

[0079] Thus, the refrigerant evaporated in the auxiliary
heat exchanger (1) is suctioned into the high-stage com-
pressor (12) together with the refrigerant discharged from
the low-stage compressor (11). That is, the refrigerant
flows through the auxiliary heat exchanger (1) from the
expansion valve side to the compressor side (from the
left side to the right side of the auxiliary heat exchanger
(1) in FIG. 2).

[0080] The refrigerant discharged from the high-stage
compressor (12) dissipates heat into the water in the hot
water channel (30) of the heating heat exchanger (13),
andis condensed. At this moment, the condensation tem-
perature in the heating heat exchanger (13) is around
70°C, and the water in the hot water channel (30) is heat-
ed to 65°C due to the heat dissipation of the refrigerant
in the heating heat exchanger (13). The refrigerant con-
densed in the heating heat exchanger (13) is separated
into two flows after passing through the high-stage ex-
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pansion valve (14) fully opened by the high-stage expan-
sion valve control section (44).

[0081] The refrigerant in one of the separated flows of
the refrigerant is decompressed by the low-stage expan-
sion valve (15), and thereafter absorbs heat from the wa-
ter in the cold water channel (33) in the cooling heat ex-
changer (16) and evaporates. The evaporation temper-
ature in the cooling heat exchanger (16) is around 0°C,
and the water in the cold water channel (33) is cooled to
7°C due to the heat absorption of the refrigerant in the
cooling heat exchanger (16). The refrigerant evaporated
in the cooling heat exchanger (16) is sucked into the low-
stage compressor (11) and compressed, and thereafter
discharged toward a suction side of the high-stage com-
pressor (12).

[0082] Therefrigerantinthe other one of the separated
flows of the refrigerant is decompressed by the flow rate
control valve (2), and thereafter absorbs heat from the
outdoor air in the auxiliary heat exchanger (1) and evap-
orates. The evaporation temperature at this time is
around 10°C. The refrigerant evaporated in the auxiliary
heat exchanger (1) is merged with the refrigerant dis-
charged from the low-stage compressor (11), sucked into
the high-stage compressor (12) and compressed, and
then discharged into the heating heat exchanger (13)
again.

[0083] Asdescribedabove, inthe case where the heat-
ing load is greater than the cooling load, the direction of
the refrigerant flowing in the auxiliary heat exchanger (1)
is from the expansion valve side to the compressor side,
and the auxiliary heat exchanger (1) functions as an
evaporator. Accordingly, the refrigerant circuit (10) can
perform a refrigeration cycle while maintaining the heat
balance.

<Excessive Cooling Operation>

[0084] The excessive cooling operation shown in FIG.
3 is an operation performed when a heating load of the
heat pump is smaller than the cooling load. In the present
embodiment, the excessive cooling operation under the
following conditions will be described: the outdoor air
temperature is 15°C; the hot water setting value and the
cold water setting value determined by the compressor
control section (41) are 65°C and 7°C, respectively; and
a necessary heating capability and a necessary cooling
capability of the heat pump are 40% and 80%, respec-
tively.

[0085] In this excessive cooling operation, the com-
pressor control section (41) of the controller (40) controls
the rotational speed of the high-stage compressor (12)
such that the outlet temperature of hot water from the
heating heat exchanger (13) will be the hot water setting
value, i.e., 65°C, and controls the rotational speed of the
low-stage compressor (11) such that the outlet temper-
ature of cold water from the cooling heat exchanger (16)
will be the cold water setting value, i.e., 7°C.

[0086] The high-stage expansion valve control section
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(44) controls the degree of opening of the high-stage ex-
pansion valve (14) such that the outlet temperature of
the refrigerant from the high-stage expansion valve (14)
will be a temperature between the outlet temperature of
the refrigerant from the auxiliary heat exchanger (1) and
the outlet temperature of the refrigerant from the cooling
heat exchanger (16). The flow rate control valve control
section (43) controls the degree of opening of the flow
rate control valve (2) such that the degree of subcooling
at the outlet of the auxiliary heat exchanger (1) will be
2°C. Further, the low-stage expansion valve control sec-
tion (45) controls the degree of opening of the low-stage
expansion valve (15) such that the degree of superheat
atthe outlet of the cooling heatexchanger (16) willbe 3°C.
[0087] After actuation of the low-stage compressor
(11) and the high-stage compressor (12), the rotational
speed of the high-stage compressor (12) becomes lower
than rotational speed of the low-stage compressor (11)
because the heating load is smaller than the cooling load,
and a refrigerant suction amount of the high-stage com-
pressor (12) becomes smaller than a refrigerant dis-
charge amount of the low-stage compressor (11).
[0088] Inthe above situation, not all the refrigerant dis-
charged from the low-stage compressor (11) can be
sucked into the high-stage compressor (12), and part of
the refrigerant discharged from the low-stage compres-
sor (11) flows into the auxiliary heat exchanger (1). That
is, the refrigerant flows through the auxiliary heat ex-
changer (1) from the compressor side to the expansion
valve side (from the right side to the left side of the aux-
iliary heat exchanger (1) in FIG. 3).

[0089] The refrigerant separated into a flow from the
low-stage compressor (11) to the high-stage compressor
(12) is compressed by the high-stage compressor (12)
and is discharged to the heating heat exchanger (13)
thereafter. The refrigerant discharged from the high-
stage compressor (12) dissipates heat into the water in
the hot water channel (30) in the heating heat exchanger
(13), and is condensed. The condensation temperature
at this time is around 70°C, and the water in the hot water
channel (30) is heated to 65°C due to the heat dissipation
of the refrigerant in the heating heat exchanger (13). The
refrigerant condensed in the heating heat exchanger (13)
is decompressed by the high-stage expansion valve (14).
[0090] On the other hand, the refrigerant separated in-
to a flow from the low-stage compressor (11) to the aux-
iliary heat exchanger (1) is compressed by the auxiliary
heat exchanger (1) and then flows into the flow rate con-
trol valve (2). The condensation temperature of the aux-
iliary heat exchanger (1) at this time is around 20°C. The
refrigerant having flowed into the flow rate control valve
(2) is decompressed by the flow rate control valve (2)
and thereafter merged with the refrigerant having flowed
out of the high-stage expansion valve (14) to flow into
the low-stage expansion valve (15).

[0091] Therefrigerant having flowed into the low-stage
expansion valve (15) is decompressed and thereafter ab-
sorbs heat from the water in the cold water channel (33)
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in the cooling heat exchanger (16) and evaporates. The
evaporation temperature of the cooling heat exchanger
(16) at this time is around 0°C, and the water in the cold
water channel (33) is cooled to 7°C due to the heat ab-
sorption of the refrigerant in the cooling heat exchanger
(16). The refrigerant evaporated in the cooling heat ex-
changer (16) is sucked into the low-stage compressor
(11) and compressed, and thereafter discharged again
to the auxiliary heat exchanger (1) and the high-stage
compressor (12).

[0092] Asdescribedabove, inthe case where the heat-
ing load is smaller than the cooling load, the direction of
the refrigerant flowing in the auxiliary heat exchanger (1)
is from the compressor side to the expansion valve side,
and the auxiliary heat exchanger (1) functions as a con-
denser. Accordingly, the refrigerant circuit (10) can per-
form a refrigeration cycle while maintaining the heat bal-
ance.

<Heating-Only Operation>

[0093] The heating-only operation as shown in FIG. 4
is an operation performed when there is not the cooling
load and there is the heating load. In the heating-only
operation, the high-stage compressor (12) is actuated
and the low-stage compressor (11) is stopped. Further,
the high-stage expansion valve (14) is in a fully open
state, and the low-stage expansion valve (15) is in a fully
closed state.

[0094] The refrigerant discharged from the high-stage
compressor (12) dissipates heat into the water in the hot
water channel (30) in the heating heat exchanger (13)
and is condensed. At this moment, the water in the hot
water channel (30) is heated by the heat dissipation of
the refrigerant in the heating heat exchanger (13). The
refrigerant condensed by the heating heat exchanger
(13) passes through the high-stage expansion valve (14)
in the fully open state and thereafter flows into the flow
rate control valve (2).

[0095] The refrigerant having flowed into the flow rate
control valve (2) is decompressed by the flow rate control
valve (2) to be a low-pressure refrigerant, and thereafter
absorbs heat from outdoor air in the auxiliary heat ex-
changer (1) and evaporates. The refrigerant evaporated
in the auxiliary heat exchanger (1) is sucked into the high-
stage compressor (12) and compressed, and thereafter
discharged tothe heating heatexchanger (13) again. The
heating heat exchanger (13) functions as a condenser
and the auxiliary heat exchanger (1) functions as an
evaporator, and the heating load is processed in the heat-
ing heat exchanger (13).

<Cooling-Only Operation>

[0096] The cooling-only operation shown in FIG. 5 is
an operation performed when there is the cooling load
but not the heating load. In the cooling-only operation,
the high-stage compressor (12) is stopped and the low-
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stage compressor (11) is actuated. Further, the high-
stage expansion valve (14) is in the fully closed state,
and the low-stage expansion valve (15) isin the fully open
state.

[0097] The refrigerant discharged from the low-stage
compressor (11) dissipates heat into the outdoor air in
the auxiliary heat exchanger (1) and is condensed, and
is thereafter decompressed by the flow rate control valve
(2) to be a low-pressure refrigerant. The low-pressure
refrigerant passes through the low-stage expansion
valve (15) in the fully open state and thereafter absorbs
heat from the water in the cold water channel (33) in the
cooling heat exchanger (16) and evaporates. At this mo-
ment, the water in the cold water channel (33) is cooled
due to the heat absorption of the refrigerant in the cooling
heat exchanger (16). The refrigerant evaporated in the
cooling heat exchanger (16) is sucked into the low-stage
compressor (11) and compressed, and is thereafter dis-
charged again to the auxiliary heat exchanger (1). The
auxiliary heat exchanger (1) functions as a condenser
and the cooling heat exchanger (16) functions as an
evaporator, and the cooling load is processed in the cool-
ing heat exchanger (16).

-Advantages of Embodiment-

[0098] In the present embodiment, the auxiliary heat
exchanger (1) is located atthe intermediate-pressure line
of the refrigerant circuit (10), thereby making it possible
to reduce compression power of the refrigerant circuit
(10) used to supply refrigerant to the auxiliary heat ex-
changer (1), compared to the case where the auxiliary
heat exchanger (1) is located at the high-pressure line
or the low-pressure line. It is therefore possible to avoid
a reduction in efficiency of the heat pump. Further, only
a necessary amount of refrigerant flows in the auxiliary
heatexchanger (1) without control. Itis therefore possible
to improve operational efficiency of the heat pump, com-
pared to conventional cases.

[0099] In the present embodiment, the high-stage
compressor (12) is controlled according to the heating
load, and the low-stage compressor (11) is controlled
according to the cooling load. Therefore, the auxiliary
heat exchanger (1) can function as an evaporator when
the heating load is greater than the cooling load, and can
function as a condenser when the cooling load is greater
than the heating load. As a result, without providing a
switching valve at the refrigerant circuit (10), itis possible
to make the auxiliary heat exchanger (1) function as an
evaporator or a condenser according to conditions of the
heating load and the cooling load.

[0100] Inthe presentembodiment, the refrigerant flow-
ing in the auxiliary heat exchanger (1) can be completely
evaporated due to the flow rate control valve control sec-
tion (43), and the heat exchange rate of the auxiliary heat
exchanger (1) can be ensured. Thus, the heat balance
of the refrigerant circuit (10) can be reliably maintained
in the state in which the heating load is greater than the
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cooling load.

[0101] Inthe presentembodiment, the refrigerant flow-
ing in the auxiliary heat exchanger (1) can be reliably
condensed due to the flow rate control valve control sec-
tion (43), and the heat exchange rate of the auxiliary heat
exchanger (1) can be ensured. Thus, the heat balance
of the refrigerant circuit (10) can be reliably maintained
in the state in which the heating load is smaller than the
cooling load.

-First Variation of Embodiment-

[0102] The first variation of the embodiment, shown in
FIG. 6, differs from the above embodiment particularly in
that switching mechanisms (51, 52) that change refrig-
erant flow of the refrigerant circuit (10) and a switching
mechanism controlling section (not shown) that controls
the switching mechanisms (51, 52) are provided. In the
following description, descriptions of the same elements
as in the above embodiment are omitted, and only differ-
ences will be described.

[0103] A refrigerant circuit (10) of the first variation is
provided with an auxiliary pipe (50) which connects the
branch pipe (3a) and the fourth refrigerant pipe (9). A first
on-off valve (51) is provided at the auxiliary pipe (50). A
second on-off valve (52) is provided at the branch pipe
(3a) closer to the connection pipe (4) on the compressor
side. The on-off valves (51, 52) form the switching mech-
anisms (51, 52) described above.

[0104] The first state of the switching mechanisms (51,
52) is that the first on-off valve (51) is closed and the
second on-off valve (52) is open. The second state of the
switchingmechanisms (51, 52) is that the firston-off valve
(51) is open and the second on-off valve (52) is closed.
[0105] A heat pump of the first variation is configured
to be able to perform a second excessive heating oper-
ation using the first and second on-off valves (51, 52) in
addition to the four operations (the excessive heating op-
eration, the excessive cooling operation, the heating-only
operation, and the cooling-only operation) described
above. In the present embodiment, the above-described
four operations can be performed when the switching
mechanisms (51, 52) are in the first state, and the second
excessive heating operation can be performed when the
switching mechanisms (51, 52) are in the second state.
The second excessive heating operation is an operation
performed when a heating load of the heat pump is great-
er than a cooling load.

[0106] In the case where the heating load is greater
than the cooling load, and both of the auxiliary heat ex-
changer (1) and the low-temperature heat exchanger
(16) function as evaporators, the smaller a pressure dif-
ference between an evaporating pressure of the auxiliary
heat exchanger (1) and an evaporating pressure of the
cooling heat exchanger (16), the closer a suction pres-
sure and a discharge pressure of the low-stage compres-
sor (11) and the smaller the effects of enhancing opera-
tional efficiency of the heat pump by two-stage compres-
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sion. Further, if the evaporating pressure of the auxiliary
heat exchanger (1) is lower than the evaporating pres-
sure of the low-temperature heat exchanger (16), a pres-
sure of the refrigerant suctioned by the low-stage com-
pressor (11) and a pressure of the refrigerant discharged
from the low-stage compressor (11) are inverted, which
results in malfunction of the low-stage compressor (11).
In practice, the pressure of the refrigerant sucked by the
low-stage compressor (11) is lowered to continue oper-
ation, which, however, is lower than an optimal evapo-
rating pressure of the cooling heat exchanger (16) in this
case, and therefore, the operational efficiency of the heat
pump may be reduced.

[0107] In view of this, the first on-off valve (51) is
opened and the second on-off valve (52) is closed (a low-
stage suction state of the switching mechanisms (51, 52))
when the pressure difference between the evaporating
pressure ofthe auxiliary heat exchanger (1) and the evap-
orating pressure of the cooling heat exchanger (16) is
smaller than a predetermined value, or when the evap-
orating pressure of the auxiliary heat exchanger (1) is
lower than or equal to the evaporating pressure of the
cooling heat exchanger (16). As a result, the refrigerant
flows from the auxiliary heat exchanger (1) to a suction
side of the low-stage compressor (11).

[0108] The switching mechanism controlling section
estimates the evaporating pressure of the auxiliary heat
exchanger (1) from the outdoor air temperature, and es-
timates the evaporating pressure of the cooling heat ex-
changer (16) from the outlet temperature of cold water
from the cooling heat exchanger (16). The switching
mechanism controlling section changes the operation to
the low-stage suction state, when a temperature differ-
ence between the outdoor air temperature and the outlet
temperature of cold water from the cooling heat exchang-
er (16) is smaller than the predetermined value and the
outdoor air temperature is lower than and equal to the
outlet temperature of cold water from the cooling heat
exchanger (16). The "predetermined value" as used
herein is within a range of temperature differences that
are converted from pressure differences within which it
is possible to enhance operational efficiency of the heat
pump by two-stage compression.

[0109] The refrigerant circuit (10) in the state in which
the first on-off valve (51) is closed and the second on-off
valve (52) is opened (a high-stage suction state of the
switching mechanisms (51, 52)) is approximately the
same as the refrigerant circuit (10) in the above embod-
iment. Explanation thereof is therefore omitted.

[0110] As described above, the switching mechanism
controlling section switches between the low-stage suc-
tion state and the high-stage suction state, based on the
outdoor air temperature and the outlet temperature of
cold water from the cooling heat exchanger (16). Thus,
the refrigerantevaporated in the auxiliary heat exchanger
(1) can be sucked into the low-stage compressor (11) or
the high-stage compressor (12) as needed, and the heat
pump can always operate with high efficiency.
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-Second Variation of Embodiment-

[0111] The second variation of the embodiment,
shown in FIG. 7, differs from the above embodiment par-
ticularly in that an economizer heat exchanger (55) is
provided. In the following description, descriptions of the
same elements as in the above embodiment are omitted,
and only differences will be described.

[0112] A refrigerant circuit (10) of the second variation
is provided with an economizer pipe (53) which commu-
nicates the second refrigerant pipe (6) and the connec-
tion pipe (4) on the compressor side. The economizer
heatexchanger (55) has a high-temperature channel and
a low-temperature channel, and is placed such that the
high-temperature channel communicates with the sec-
ond refrigerant pipe (6) and the low-temperature channel
communicates with the economizer pipe (53). Further, a
decompression valve (54) is provided at a location be-
tween the second refrigerant pipe (6) of the economizer
pipe (53) and the economizer heat exchanger (55).
[0113] Part of the refrigerant having flowed out of the
heating heat exchanger (13) is separated and decom-
pressed by the decompression valve (54), and thereafter
flowsinto the low-temperature channel of the economizer
heat exchanger (55). The rest of the refrigerant having
flowed out of the heating heat exchanger (13) flows into
the high-temperature channel of the economizer heat ex-
changer (55).

[0114] In the economizer heat exchanger (55), the re-
frigerant in the high-temperature channel and the refrig-
erant in the low-temperature channel are heat-ex-
changed, thereby cooling the refrigerant in the high-tem-
perature channel. Thus, itis possible toincrease adegree
of subcooling of the refrigerant flowing from the high-
temperature heat exchanger (13) to the high-stage ex-
pansion valve (14), and possible to improve efficiency of
the heat pump, compared to the case where the econo-
mizer heat exchanger (55) is not provided.

-Third Variation of Embodiment-

[0115] The third variation of the embodiment, shown
in FIG. 8 to FIG. 10, differs from the above embodiment
in that the refrigerant circuit (10) is configured such that
the refrigerant therein can bypass the low-stage com-
pressor (11) or the high-stage compressor (12). In the
following description, descriptions of the same elements
as in the above embodiment are omitted, and only differ-
ences will be described.

[0116] A refrigerant circuit (10) of the third variation is
provided with a low-stage bypass pipe (a low-stage by-
pass path) (18) which bypasses the low-stage compres-
sor (11) and a high-stage bypass pipe (a high-stage by-
pass path) (19) which bypasses the high-stage compres-
sor (12). Further, the bypass pipes (18, 19) are provided
with check valves (CV4, CV3), respectively. The check
valves (CV3, CV4) are provided in an orientation which
allows the refrigerant to flow in a direction from a suction
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side to a discharge side of each of the compressors (11,
12) and prevents the refrigerant to flow in the adverse
direction.

[0117] Unlike the above embodiment, the compressor
control section (41) of the controller (40) is configured to
control operations of the low-stage compressor (11) and
the high-stage compressor (12) by properly switching
among two-stage compression operation, high-stage-
only compression operation, and low-stage-only com-
pression operation. The two-stage compression opera-
tion is the same as the excessive heating operation and
the excessive cooling operation in the above embodi-
ment, and therefore, the explanation thereof is omitted.

<High-Stage-Only Compression Operation>

[0118] In the case where the heating load is greater
than the cooling load, and both of the auxiliary heat ex-
changer (1) and the low-temperature heat exchanger
(16) function as evaporators, the smaller a pressure dif-
ference between an evaporating pressure of the auxiliary
heat exchanger (1) and an evaporating pressure of the
cooling heat exchanger (16), the closer a suction pres-
sure and a discharge pressure of the low-stage compres-
sor (11) and the smaller the effects of enhancing opera-
tional efficiency of the heat pump by the two-stage com-
pression. Further, if the evaporating pressure of the aux-
iliary heat exchanger (1) is lower than the evaporating
pressure of the low-temperature heat exchanger (16), a
pressure of the refrigerant suctioned by the low-stage
compressor (11) and a pressure of the refrigerant dis-
charged from the low-stage compressor (11) are invert-
ed, which results in malfunction of the low-stage com-
pressor (11).

[0119] In practice, the pressure of the refrigerant
sucked by the low-stage compressor (11) is lowered to
continue operation, which, however, is lower than an op-
timal evaporating pressure of the cooling heat exchanger
(16) in this case, and therefore, the operational efficiency
of the heat pump may be reduced.

[0120] In view of this, the compressor control section
(41) switches the operation from the two-stage compres-
sion operation to the high-stage-only compression oper-
ation when the pressure difference between the evapo-
rating pressure of the auxiliary heat exchanger (1) and
the evaporating pressure of the cooling heat exchanger
(16) is smaller than a predetermined value, or when the
evaporating pressure of the auxiliary heat exchanger (1)
is lower than or equal to the evaporating pressure of the
cooling heat exchanger (16). In the high-stage-only com-
pression operation, the low-stage compressor (11) is
stopped and only the high-stage compressor (12) is ac-
tuated. Since the low-stage compressor (11) is stopped,
the refrigerant evaporated in the cooling heat exchanger
(16) passes through the low-stage bypass pipe (18) and
is sucked into the high-stage compressor (12) together
with the refrigerant evaporated in the auxiliary heat ex-
changer (1).
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[0121] Inthe third variation of the presentembodiment,
the evaporating pressure of the auxiliary heat exchanger
(1) is estimated from the outdoor air temperature, and
the evaporating pressure of the cooling heat exchanger
(16) is estimated from the outlet temperature of cold wa-
ter. Thus, the compressor control section (41) changes
the operation to the high-stage-only compression oper-
ation when atemperature difference between the outdoor
air temperature and the outlet temperature of cold water
is smaller than the predetermined value, or when the out-
door air temperature is lower than or equal to the outlet
temperature of cold water. The "predetermined value" as
used herein is within a range of temperature differences
that are converted from pressure differences within which
itis possible to enhance operational efficiency of the heat
pump by two-stage compression.

[0122] In the high-stage-only compression operation,
the outlet temperature of cold water from the cooling heat
exchanger (16) cannot be controlled by controlling the
rotational speed of the low-stage compressor (11) be-
cause the low-stage compressor (11) needs to be
stopped. In the high-stage-only compression operation,
the outlet temperature of cold water from the cooling heat
exchanger (16) is controlled by controlling a degree of
opening of the low-stage expansion valve (15). The outlet
temperature of hot water from the heating heat exchang-
er (13) is controlled by controlling the rotational speed of
the high-stage compressor (12) as in the above-de-
scribed embodiment.

[0123] Asdescribed above, the heat pump can perform
two-stage compression or single-stage compression as
needed, and the heat pump can always operate with high
efficiency.

<Low-Stage-Only Compression Operation>

[0124] In the case where the heating load is smaller
than the cooling load, and both of the auxiliary heat ex-
changer (1) and the heating heat exchanger (13) function
as condensers, the smaller a pressure difference be-
tween a condensing pressure of the auxiliary heat ex-
changer (1) and a condensing pressure of the heating
heat exchanger (13), the closer a suction pressure and
a discharge pressure of the high-stage compressor (12)
and the smaller the effects of enhancing operational ef-
ficiency of the heat pump by two-stage compression. Fur-
ther, if the condensing pressure of the auxiliary heat ex-
changer (1) is higher than the condensing pressure of
the heating heat exchanger (13), a pressure of the refrig-
erant sucked by the high-stage compressor (12) and a
pressure of the refrigerant discharged from the high-
stage compressor (12) are inverted, which results in mal-
function of the high-stage compressor (12).

[0125] In practice, the pressure of the refrigerant dis-
charged from the high-stage compressor (12) is in-
creased to continue operation, which, however, is higher
than an optimal condensing pressure of the heating heat
exchanger (13) in this case, and therefore, the operation-
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al efficiency of the heat pump may be reduced.

[0126] In view of this, the compressor control section
(41) switches the operation from the two-stage compres-
sion operation to the low-stage-only compression oper-
ation when the pressure difference between the con-
densing pressure of the auxiliary heat exchanger (1) and
the condensing pressure of the heating heat exchanger
(13) is smaller than a predetermined value, or when the
condensing pressure of the auxiliary heat exchanger (1)
is higher than or equal to the condensing pressure of the
heating heat exchanger (13). In the low-stage-only com-
pression operation, the high-stage compressor (12) is
stopped and only the low-stage compressor (11) is ac-
tuated. Since the high-stage compressor (12) is stopped,
the flow of refrigerant discharged from the low-stage
compressor (11) is separated into both of the auxiliary
heat exchanger (1) and the high-stage bypass pipe (19).
[0127] In the present embodiment, the condensing
pressure of the heating heat exchanger (13) is estimated
from the outlet temperature of hot water from the heating
heat exchanger (13). Thus, the compressor control sec-
tion (41) changes the operation to the low-stage-only
compression operation when a temperature difference
between the outdoor air temperature and the outlet tem-
perature of hot water is smaller than a predetermined
value, or the outdoor air temperature is higher than or
equal to the outlet temperature of hot water. The "prede-
termined value" as used herein is within a range of tem-
perature differences that are converted from pressure
differences within which it is possible to enhance opera-
tional efficiency of the heat pump by two-stage compres-
sion.

[0128] In the low-stage-only compression operation,
the outlet temperature of hot water from the heating heat
exchanger (13) cannot be controlled by controlling the
rotational speed of the high-stage compressor (12) be-
cause the high-stage compressor (12) needs to be
stopped. In the low-stage-only compression operation,
the outlet temperature of hot water is controlled by con-
trolling a degree of opening of the high-stage expansion
valve (14). The outlet temperature of cold water from the
cooling heat exchanger (16) is controlled by controlling
the rotational speed of the low-stage compressor (11) as
in the above-described embodiment.

[0129] Asdescribed above, the heat pump can perform
two-stage compression or single-stage compression as
needed, and the heat pump can always operate with high
efficiency.

-Fourth Variation of Embodiment-

[0130] The fourth variation of the embodiment, shown
in FIG. 12, differs from the above embodiment in that it
is possible to change the operation to any one of the
excessive heating operation, the excessive cooling op-
eration, the heating-only operation, the cooling-only op-
eration, the second excessive heating operation, the
high-stage-only compression operation, and the low-
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stage-only compression operation which are described
above. In the following description, descriptions of the
same elements as in the above embodiment are omitted,
and only differences will be described.

[0131] The refrigerantcircuit (10) of the fourth variation
is the refrigerant circuit (10) of the first variation (see FIG.
6) except that a high-stage bypass pipe (a high-stage
bypass path) (19) which bypasses the high-stage com-
pressor (12) is provided in the refrigerant circuit (10). The
high-stage bypass pipe (19) is provided with a check
valve (CV3). The check valve (CV3) allows the refrigerant
to flow in a direction from a suction side to a discharge
side of the high-stage compressor (12) and prevents the
refrigerant to flow in the adverse direction.

[0132] Inthe case of the high-stage-only compression
operation, the low-stage compressor (11) is stopped and
the first and second on-off valves (51, 52) are fully open.
Thus, the refrigerant evaporated in the cooling heat ex-
changer (16) passes through the auxiliary pipe (50) and
thereafter merges with the refrigerant evaporated in the
auxiliary heat exchanger (1), and the merged refrigerant
is sucked into the high-stage compressor (12). The other
operations except the high-stage-only compression op-
eration are the same as those described above. Expla-
nation thereof is therefore omitted.

[0133] As described above, heat pump operations are
switched as needed, and the heat pump can always op-
erate with high efficiency.

«Other Embodiments»

[0134] The above embodiment may have the following
configurations.
[0135] Inthe presentembodiment, the flow rate control

valve control section (43) controls a degree of superheat
or a degree of subcooling of the refrigerant circuit (10)
based on the signal determined by the load determination
section (42), but the configuration is not limited to this
configuration. For example, the branch pipe (3a)
branched from the connection pipe (4) on the compressor
side or the branch pipe (3b) branched from the connec-
tion pipe (7) on the expansion valve side may be provided
with a detecting section which detects a direction of the
refrigerant flow, and the degree of superheat or the de-
gree of subcooling of the refrigerant circuit (10) may be
controlled based on a detection signal from the detecting
section.

[0136] Specifically, when the detecting section detects
that the refrigerant flows from the expansion valve side
to the compressor side of the auxiliary heat exchanger
(1), the flow rate control valve control section (43) controls
the degree of superheat. When the detecting section de-
tects that the refrigerant flows from the compressor side
to the expansion valve side of the auxiliary heat exchang-
er (1), the flow rate control valve control section (43) con-
trols the degree of subcooling. It is therefore possible to
control the flow rate control valve control section (43) with
reliability.
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[0137] In the present embodiment, an evaporating
pressure/ a condensing pressure of the auxiliary heat
exchanger (1) is estimated from the outdoor air temper-
ature; an evaporating pressure of the cooling heat ex-
changer (16) is estimated from the outlet temperature of
the cold water; and a condensing pressure of the heating
heat exchanger (13) is estimated from the outlet temper-
ature of hot water. However, the configuration is not lim-
ited to this configuration. For example, these pressures
may be directly detected by a pressure sensor.

[0138] Further, the temperature of the refrigerant pass-
ing through the heat exchangers (1, 13, 16) may be de-
tected by a temperature sensor, and the pressures may
be estimated from the detected value. In this case, as
well, similar advantages as in the present invention can
be obtained.

[0139] The foregoing embodiments are merely pre-
ferred examples in nature, and are not intended to limit
the scope, applications, and use of the invention.

INDUSTRIAL APPLICABILITY

[0140] As described above, the present invention re-
lates to heat pumps, and is specifically useful for heat
pumps which include a refrigerant circuit capable of pro-
viding cooling and heating at the same time.

DESCRIPTION OF REFERENCE CHARACTERS

[0141]

1 auxiliary heat exchanger
flow rate control valve (flow rate control mecha-
nism)

10  refrigerant circuit
11  low-stage compressor (low-stage compression

mechanism)

12 high-stage compressor (high-stage compression
mechanism)

13  heating heat exchanger (high-temperature heat
exchanger)

14 high-stage expansion valve (high-stage expansion
mechanism)

15 low-stage expansion valve (low-stage expansion
mechanism)

16  cooling heat exchanger (low-temperature heat ex-
changer)

17  air blowing fan

21  high-stage expansion valve temperature sensor

22 cooling heat exchanger temperature sensor

23 first auxiliary heat exchanger temperature sensor

24  second auxiliary heat exchanger temperature sen-
sor

25  hot water temperature sensor

26  cold water temperature sensor

30  hot water channel

31 hot water pump

32  hot water tank
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33  cold water channel

34  cold water pump

35  cold water tank

40  controller

41 compressor control section (compression mecha-
nism control section)

42 load determination section

43 flow rate control valve control section (flow rate
control mechanism control section)

44  high-stage expansion valve control section (high-
stage expansion mechanism control section)

45 low-stage expansion valve control section (low-
stage expansion mechanism control section)

Claims
1. A heat pump comprising:

a refrigerant circuit (10) in which a low-stage
compression mechanism (11), a high-stage
compression mechanism (12), a high-tempera-
ture heat exchanger (13), a high-stage expan-
sion mechanism (14), a low-stage expansion
mechanism (15), and a low-temperature heat
exchanger (16) are sequentially connected to-
gether by a refrigerant path, and in which a re-
frigerant dissipates heatinto a high-temperature
fluid in the high-temperature heat exchanger
(13) and the refrigerant absorbs heat from a low-
temperature fluid and evaporates in the low-
temperature heat exchanger (16), thereby per-
forming a refrigeration cycle, and

an auxiliary heat exchanger (1) which is con-
nected to communicate between the refrigerant
path between the low-stage compression mech-
anism (11) and the high-stage compression
mechanism (12) and the refrigerant path be-
tween the low-stage expansion mechanism (15)
and the high-stage expansion mechanism (14),
and which exchanges heat between the refrig-
erant of the refrigerant circuit (10) and a heat-
source fluid.

2. The heat pump of claim 1, further comprising:

a compression mechanism control section (41)
which controls operational capacity of the high-
stage compression mechanism (12) according
to a heating load of the high-temperature heat
exchanger (13) and controls operational capac-
ity of the low-stage compression mechanism
(11) according to a cooling load of the low-tem-
perature heat exchanger (16).

3. The heat pump of claim 2, further comprising:

a switching mechanism (51, 52) which, in the
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case where the heating load is greater than the
cooling load, and both of the auxiliary heat ex-
changer (1) and the low-temperature heat ex-
changer (16) function as evaporators, switches
between a low-stage suction state in which the
refrigerant flowing out of the auxiliary heat ex-
changer (1) is guided to a suction side of the
low-stage compression mechanism (11) when
a pressure difference between an evaporating
pressure of the auxiliary heat exchanger (1) and
an evaporating pressure of the low-temperature
heat exchanger (16) is smaller than a predeter-
mined value, or when the evaporating pressure
of the auxiliary heat exchanger (1) is lower than
or equal to the evaporating pressure of the low-
temperature heat exchanger (16), and a high-
stage suction state in which the refrigerant flow-
ing outofthe auxiliary heat exchanger (1) is guid-
ed to a suction side of the high-stage compres-
sion mechanism (12), when the pressure differ-
ence s larger than or equal to the predetermined
value and the evaporating pressure of the aux-
iliary heat exchanger (1) is higher than the evap-
orating pressure of the low-temperature heat ex-
changer (16).

4. Theheatpump of any one of claims 1-3, further com-
prising:

an economizer pipe (53) separated from a re-
frigerant pipe between the high-temperature
heat exchanger (13) and the high-stage expan-
sion mechanism (14) and connected to a refrig-
erant pipe between the low-stage compression
mechanism (11) and the high-stage compres-
sion mechanism (12),

a decompression mechanism (54) which de-
compresses the refrigerant in the economizer
pipe (53), and

an economizer heat exchanger (55) which ex-
changes heat between the refrigerant in the
economizer pipe (53) decompressed by the de-
compression mechanism (54) and a high-pres-
sure refrigerant flowing from the high-tempera-
ture heat exchanger (13) to the high-stage ex-
pansion mechanism (14).

5. The heat pump of claim 1, further comprising:

a low-stage bypass path (18) which bypasses
the low-stage compression mechanism (11),
and

a compression mechanism control section (41)
which, in the case where the heating load is
greater than the cooling load, controls opera-
tions of the low-stage compression mechanism
(11) and the high-stage compression mecha-
nism (12) by switching at least between a high-
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32

stage-only compression operation and a two-
stage compression operation, wherein

the high-stage-only compression operation is an
operation in which operational capacity of the
high-stage compression mechanism (12) is con-
trolled according to a heating load of the high-
temperature heat exchanger (13), and the low-
stage compression mechanism (11) is stopped,
when a pressure difference between an evapo-
rating pressure of the auxiliary heat exchanger
(1) and an evaporating pressure of the low-tem-
perature heat exchanger (16) is smaller than a
predetermined value or when the evaporating
pressure of the auxiliary heat exchanger (1) is
lower than or equal to the evaporating pressure
ofthe low-temperature heat exchanger (16),and
the two-stage compression operation is an op-
eration in which the operational capacity of the
high-stage compression mechanism (12) is con-
trolled according to the heating load of the high-
temperature heat exchanger (13), and opera-
tional capacity of the low-stage compression
mechanism (11) is controlled according to a
cooling load of the low-temperature heat ex-
changer (16), when the pressure difference is
larger than or equal to the predetermined value
and the evaporating pressure of the auxiliary
heat exchanger (1) is higher than the evaporat-
ing pressure of the low-temperature heat ex-
changer (16).

6. The heat pump of claim 1, further comprising:

a high-stage bypass path (19) which bypasses
the high-stage compression mechanism (12),
and

a compression mechanism control section (41)
which, in the case where the heating load is
smaller than the cooling load, controls opera-
tions of the low-stage compression mechanism
(11) and the high-stage compression mecha-
nism (12) by switching at least between a low-
stage-only compression operation and a two-
stage compression operation, wherein

the low-stage-only compression operation is an
operation in which the high-stage compression
mechanism (12) is stopped and operational ca-
pacity of the low-stage compression mechanism
(11) is controlled according to a cooling load of
the low-temperature heat exchanger (16) when
a pressure difference between a condensing
pressure of the auxiliary heat exchanger (1) and
a condensing pressure of the high-temperature
heat exchanger (13) is smaller than a predeter-
mined value, or when the condensing pressure
of the auxiliary heat exchanger (1) is higher than
or equal to the condensing pressure of the high-
temperature heat exchanger (13),
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the two-stage compression operation is an op-
eration in which operational capacity of the high-
stage compression mechanism (12) is control-
led according to a heating load of the high-tem-
perature heat exchanger (13), and the opera-
tional capacity of the low-stage compression
mechanism (11) is controlled according to the

34

the high-stage expansion mechanism (14) such
that an outlet temperature of the refrigerant from
the high-stage expansion mechanism (14) is a
temperature between an outlet temperature of
the refrigerant from the auxiliary heat exchanger
(1) and an outlet temperature of the refrigerant
from the low-temperature heat exchanger (16).

cooling load of the low-temperature heat ex-
changer (16), when the pressure difference is
larger than or equal to the predetermined value 10
and the condensing pressure of the auxiliary
heat exchanger (1) is lower than the condensing
pressure of the high-temperature heat exchang-
er (13).
15
7. Theheat pump of any one of claims 2-6, further com-
prising:

a flow rate control mechanism (2) which controls

a flow rate of the refrigerant flowing in the aux- 20
iliary heat exchanger (1), and

a flow rate control mechanism control section
(43) which, in the case where the heating load

is greater than the cooling load, controls the flow

rate control mechanism (2) such that a degree 25
of superheat of the refrigerant having flowed out

of the auxiliary heat exchanger (1) is a prede-
termined value.

8. Theheat pump of any one of claims 2-6, further com- 30
prising:

a flow rate control mechanism (2) which controls

a flow rate of the refrigerant flowing in the aux-
iliary heat exchanger (1), and 35
a flow rate control mechanism control section
(43) which, in the case where the heating load

is smaller than the cooling load, controls the flow

rate control mechanism (2) such that a degree

of subcooling of the refrigerant having flowed 40
out of the auxiliary heat exchanger (1) is a pre-
determined value.

9. Theheat pump of any one of claims 2-4, further com-
prising: 45

a high-stage expansion mechanism control sec-

tion (44) which sets the high-stage expansion
mechanism (14) to be fully open in the case
where the heating load is greater than the cool- 50
ing load.

10. The heat pump of any one of claims 2-4, further com-
prising:
55
a high-stage expansion mechanism control sec-
tion (44) which, in the case where the heating
load is smaller than the cooling load, controls

18
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