
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

75
9 

78
7

A
1

TEPZZ 759787A_T
(11) EP 2 759 787 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
30.07.2014 Bulletin 2014/31

(21) Application number: 12832013.2

(22) Date of filing: 31.01.2012

(51) Int Cl.:
F25B 49/02 (2006.01) F24F 11/02 (2006.01)

F25B 1/00 (2006.01)

(86) International application number: 
PCT/JP2012/000595

(87) International publication number: 
WO 2013/038577 (21.03.2013 Gazette 2013/12)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 13.09.2011 JP 2011199537

(71) Applicant: Mitsubishi Electric Corporation
Tokyo 100-8310 (JP)

(72) Inventor: OKAZAKI, Takashi
Tokyo 100-8310 (JP)

(74) Representative: Pfenning, Meinig & Partner GbR
Patent- und Rechtsanwälte 
Theresienhöhe 13
80339 München (DE)

(54) HEAT PUMP DEVICE AND METHOD FOR CONTROLLING HEAT PUMP DEVICE

(57) In a heat pump apparatus of an indirect type
including a primary circuit on a heat source side and a
secondary circuit on a load side, a refrigerant in the pri-
mary circuit is prevented from leaking through the sec-
ondary circuit.

An air-conditioning apparatus 100 includes a leak-
age detecting device 13 that detects leakage of the re-
frigerant circulated through a refrigerant circuit, serving
as the primary circuit, from an intermediate heat ex-
changer 5 into a water circuit 10, serving as the second-
ary circuit, and a controller 14 that closes valves 8a and
8b arranged on both sides of the intermediate heat ex-
changer 5 in the water circuit 10 to prevent water con-
taining the refrigerant from flowing beyond the valves 8a
and 8b when the leakage detecting device 13 detects the
leakage.
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Description

Technical Field

[0001] The present invention relates to a technique for
securing safety when a refrigerant leaks from a heat
pump apparatus.

Background Art

[0002] An air-conditioning apparatus (an example of a
heat pump apparatus) has been known which utilizes a
refrigeration cycle technique using a refrigerant as a way
of cooling, heating, or dehumidifying a room.
[0003] Fluorine compounds, such as R410A that is hy-
drofluorocarbon (HFC), are widely used as refrigerants
in air-conditioning apparatuses. These refrigerants, how-
ever, have a considerable impact on global warming. In
terms of prevention of global warming, therefore, it is de-
sirable to use refrigerants having a less impact on global
warming. Accordingly, the use of refrigerants having a
less impact on global warming, such as R32 that is HFC,
R1234yf that is hydrofluoro-olefin (HFO), propane and
isobutene that are hydrocarbons, has been proposed.
Disadvantageously, all of these refrigerants are flamma-
ble, unlike the conventional refrigerants.
[0004] In an air-conditioning apparatus using a flam-
mable refrigerant, the refrigerant may leak from a heat
exchanger, a pipe, or the like included in a refrigeration
cycle and an explosive atmosphere may accordingly be
produced in a room. This may lead to an accident, such
as fire.
[0005] Patent Literature 1 discloses an air-conditioning
apparatus that addresses the above-described problem.
This air-conditioning apparatus is of an indirect type in-
cluding a primary circuit through which a flammable re-
frigerant is circulated and a secondary circuit through
which a nonflammable heat medium is circulated. In the
indirect air-conditioning apparatus, the heat medium cir-
culated through the secondary circuit is heated or cooled
by the flammable refrigerant circulated through the pri-
mary circuit, the flammable refrigerant circulated through
the primary circuit is not permitted to flow to a room, and
only the heat medium circulated through the secondary
circuit is permitted to flow to the room. The indirect air-
conditioning apparatus prevents the flammable refriger-
ant from flowing to the room, thus preventing the room
from being in an explosive atmosphere.

Citation List

Patent Literature

[0006] Patent Literature 1: Japanese Unexamined Pat-
ent Application Publication No. 2009-150620

Summary of Invention

Technical Problem

[0007] In a typical indirect air-conditioning apparatus,
a plate heat exchanger or a double pipe heat exchanger
is used as an intermediate heat exchanger that exchang-
es heat between the flammable refrigerant circulated
through the primary circuit and the heat medium circu-
lated through the secondary circuit. In this case, the in-
termediate heat exchanger may be damaged due to
freezing or deterioration over time. Unfortunately, a pas-
sage in the primary circuit may communicate with a pas-
sage in the secondary circuit, thus allowing the flamma-
ble refrigerant circulated through the primary circuit to
mix with the heat medium circulated through the second-
ary circuit.
[0008] Additionally, mixing of the flammable refrigerant
and the heat medium may cause a pressure in the sec-
ondary circuit to increase. Disadvantageously, the heat
medium containing the flammable refrigerant may leak
into a room from a welded seam or joint of pipes included
in the secondary circuit.
[0009] A primary object of the present invention is to
prevent a refrigerant in a primary circuit from leaking
through a secondary circuit in a heat pump apparatus
that uses an indirect system including the primary circuit
on a heat source side and the secondary circuit on a load
side.

Solution to Problem

[0010] The present invention provides a heat pump ap-
paratus including a first refrigerant circuit through which
a refrigerant is circulated and that includes a first com-
pressor, a first heat source heat exchanger, a first ex-
pansion mechanism, and a first intermediate heat ex-
changer sequentially connected in loop by pipes, a fluid
circuit through which a fluid is circulated and that includes
the first intermediate heat exchanger, a first valve, a load
heat exchanger, and a second valve sequentially con-
nected in loop by pipes, a leakage detecting device that
detects leakage of the refrigerant, circulated through the
first refrigerant circuit, from the first intermediate heat ex-
changer into the fluid circuit, and a controller that closes
the first valve and the second valve included in the fluid
circuit when the leakage detecting device detects the
leakage of the refrigerant.

Advantageous Effects of Invention

[0011] The heat pump apparatus according to the
present invention closes the first valve and the second
valve when the refrigerant leaks from the first refrigerant
circuit, serving as a primary circuit, into the fluid circuit,
serving as a secondary circuit, thus preventing the refrig-
erant circulated through the primary circuit from flowing
beyond the first valve and the second valve in the sec-
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ondary circuit. Advantageously, the refrigerant circulated
through the primary circuit can be prevented from leaking
beyond the first valve and the second valve in the sec-
ondary circuit to the outside. Brief Description of Draw-
ings
[0012]

[Fig. 1] Fig. 1 is a diagram illustrating the configura-
tion of an air-conditioning apparatus 100 according
to Embodiment 1.
[Fig. 2] Fig. 2 is a diagram illustrating the flow of a
refrigerant and the flow of water during a cooling op-
eration in the air-conditioning apparatus 100 accord-
ing to Embodiment 1.
[Fig. 3] Fig. 3 is a diagram illustrating the flow of the
refrigerant and the flow of the water during a heating
operation in the air-conditioning apparatus 100 ac-
cording to Embodiment 1.
[Fig. 4] Fig. 4 is a flowchart illustrating an operation
of a leakage detecting device 13 and that of a con-
troller 14 in Embodiment 1.
[Fig. 5] Fig. 5 is a diagram illustrating the configura-
tion of an air-conditioning apparatus 100 according
to Embodiment 2.
[Fig. 6] Fig. 6 is a diagram illustrating the flow of the
refrigerant and the flow of the water during the cool-
ing operation in the air-conditioning apparatus 100
according to Embodiment 2.
[Fig. 7] Fig. 7 is a diagram illustrating the flow of the
refrigerant and the flow of the water during the heat-
ing operation in the air-conditioning apparatus 100
according to Embodiment 2.
[Fig. 8] Fig. 8 is an exploded perspective view of a
typical plate heat exchanger.
[Fig. 9] Fig. 9 is a diagram illustrating arrangement
of intermediate heat exchangers 5a and 5b accord-
ing to Embodiment 3.
[Fig. 10] Fig. 10 is a diagram illustrating arrangement
of the intermediate heat exchangers 5a and 5b ac-
cording to Embodiment 3.
[Fig. 11] Fig. 11 is a diagram illustrating arrangement
of the intermediate heat exchangers 5a and 5b ac-
cording to Embodiment 3.

Description of Embodiments

Embodiment 1

[0013] Fig. 1 is a diagram illustrating the configuration
of an air-conditioning apparatus 100 according to Em-
bodiment 1. In Fig. 1, each blanked arrow indicates the
flow of air and each dotted arrow indicates the flow of a
signal.
[0014] The air-conditioning apparatus 100 includes a
refrigerant circuit 6 (first refrigerant circuit or primary cir-
cuit) that includes a compressor 1 (first compressor), a
four-way valve 2, a heat exchanger 3 (first heat exchang-
er), an expansion valve 4 (first expansion mechanism),

an intermediate heat exchanger 5 (first intermediate heat
exchanger) sequentially connected in loop by pipes. The
air-conditioning apparatus 100 further includes a water
circuit 10 (fluid circuit or secondary circuit) that includes
the intermediate heat exchanger 5, a pump 7, a valve 8a
(first valve), a heat exchanger 9 (load heat exchanger),
and a valve 8b (second valve) sequentially connected in
loop by pipes. A flammable refrigerant, such as a propane
or isobutane, having a lower liquid density (liquid head)
than water is circulated through the refrigerant circuit 6
and water is circulated through the water circuit 10. A fan
11 that delivers airflow to the heat exchanger 3 is dis-
posed near the heat exchanger 3. A fan 12 that delivers
airflow to the heat exchanger 9 is disposed near the heat
exchanger 9.
[0015] The air-conditioning apparatus 100 further in-
cludes a leakage detecting device 13 that detects leak-
age of the refrigerant, circulated through the refrigerant
circuit 6, from the intermediate heat exchanger 5 into the
water circuit 10 and a controller 14 that closes the valves
8a and 8b when the leakage detecting device 13 detects
the leakage of the refrigerant.
[0016] The compressor 1, the four-way valve 2, the
heat exchanger 3, the expansion valve 4, the intermedi-
ate heat exchanger 5, the pump 7, the valves 8a and 8b,
the fan 11, the leakage detecting device 13, and the con-
troller 14 of the components included in the air-condition-
ing apparatus 100 are accommodated in an outdoor unit
15 (first casing) installed outside a room. The heat ex-
changer 9 and the fan 12 of the components included in
the air-conditioning apparatus 100 are accommodated
in an indoor unit 16 (second casing) installed inside the
room.
[0017] The intermediate heat exchanger 5 is a plate
heat exchanger or double pipe heat exchanger that has
high efficiency of heat exchange. The pump 7 is a pump
having a variable rotation speed. The valve 8a is a valve
that includes a variable expansion mechanism capable
of controlling an opening degree. The valve 8b is a valve
that performs a simple opening and closing operation.
The leakage detecting device 13 detects a pressure in
the water circuit 10 using a pressure sensor to detect
leakage of the refrigerant. The leakage detecting device
13 detects, in particular, a pressure at a point between
the pump 7 and the valve 8a to detect the leakage of the
refrigerant. The controller 14 is a microcomputer.
[0018] An operation of the air-conditioning apparatus
100 according to Embodiment 1 during a cooling opera-
tion will be described.
[0019] Fig. 2 is a diagram illustrating the flow of the
refrigerant and that of the water during the cooling oper-
ation in the air-conditioning apparatus 100 according to
Embodiment 1. In Fig. 2, solid line arrows indicate the
flow of the refrigerant and broken line arrows indicate the
flow of the water.
[0020] During the cooling operation, the four-way valve
2 is set so as to provide passages indicated by solid lines
illustrated in Fig. 1. An opening degree of the valve 8a is
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set in such a manner that the water flows at a constant
rate. The valve 8b is opened. Controlling the flow rate of
the water flowing through the valve 8a controls the
amount of heat exchange in the heat exchanger 9.
[0021] In the refrigerant circuit 6, a high-temperature
high-pressure refrigerant, obtained by the compressor 1,
passes through the four-way valve 2 and flows into the
heat exchanger 3. The refrigerant, which has flowed into
the heat exchanger 3, exchanges heat with outdoor air,
so that the refrigerant condenses into a liquid refrigerant.
The liquid refrigerant passes through the expansion valve
4 where the refrigerant is expanded into a low-tempera-
ture, low-pressure two-phase gas-liquid refrigerant. The
two-phase gas-liquid refrigerant flows into the interme-
diate heat exchanger 5 and exchanges heat with the wa-
ter circulated through the water circuit 10, so that the
refrigerant evaporates into a gas refrigerant. At this time,
the water circulated through the water circuit 10 is cooled.
The gas refrigerant passes through the four-way valve 2
and is sucked into the compressor 1, where the refriger-
ant is compressed into a high-temperature high-pressure
state.
[0022] On the other hand, in the water circuit 10, low
temperature water, obtained by cooling through the in-
termediate heat exchanger 5, passes through the pump
7 and the valve 8a in sequence and then flows into the
heat exchanger 9. The water, which has flowed into the
heat exchanger 9, exchanges heat with indoor air, so that
the water is heated. At this time, the indoor air is cooled.
The heated water passes through the valve 8b and then
flows into the intermediate heat exchanger 5.
[0023] An operation of the air-conditioning apparatus
100 according to Embodiment 1 during a heating oper-
ation will be described.
[0024] Fig. 3 is a diagram illustrating the flow of the
refrigerant and that of the water during the heating oper-
ation in the air-conditioning apparatus 100 according to
Embodiment 1. In Fig. 3, solid line arrows indicate the
flow of the refrigerant and broken line arrows indicate the
flow of the water.
[0025] During the heating operation, the four-way
valve 2 is set so as to provide passages indicated by
broken lines illustrated in Fig. 1. The opening degree of
the valve 8a is set in such a manner that the flow rate of
the water reaches a predetermined value. The valve 8b
is opened.
[0026] In the refrigerant circuit 6, a high-temperature
high-pressure refrigerant, obtained by the compressor 1,
passes through the four-way valve 2 and flows into the
intermediate heat exchanger 5. The refrigerant, which
has flowed into the intermediate heat exchanger 5, ex-
changes heat with the water circulated through the water
circuit 10, so that the refrigerant condenses into a liquid
refrigerant. At this time, the water circulated through the
water circuit 10 is heated. The liquid refrigerant passes
through the expansion valve 4, where the refrigerant is
expanded into a low-temperature, low-pressure two-
phase gas-liquid refrigerant. The two-phase gas-liquid

refrigerant flows into the heat exchanger 3 and exchang-
es heat with the outdoor air, so that the refrigerant evap-
orates into a gas refrigerant. The gas refrigerant passes
through the four-way valve 2 and is sucked into the com-
pressor 1, where the refrigerant is compressed into a
high-temperature high-pressure state.
[0027] On the other hand, in the water circuit 10, high
temperature water, obtained by heating through the in-
termediate heat exchanger 5, passes through the pump
7 and the valve 8a in sequence and then flows into the
heat exchanger 9. The water, which has flowed into the
heat exchanger 9, exchanges heat with the indoor air,
so that the water is cooled. At this time, the indoor air is
heated. The cooled water passes through the valve 8b
and then flows into the intermediate heat exchanger 5.
[0028] An operation of the air-conditioning apparatus
100 according to Embodiment 1 during a defrosting op-
eration will be described.
[0029] The defrosting operation is performed when the
heat exchanger 3 is covered with frost during the heating
operation.
[0030] The operation during the defrosting operation
is the same as that during the cooling operation. Specif-
ically, as illustrated in Fig. 2, the four-way valve 2 is set
so as to provide the passages indicated by the solid lines
illustrated in Fig. 1. In the refrigerant circuit 6, the high-
temperature high-pressure refrigerant, obtained by the
compressor 1, passes through the four-way valve 2 and
then flows into the heat exchanger 3. The frost on the
heat exchanger 3 is melted by the high-temperature high-
pressure refrigerant, which has flowed into the heat ex-
changer 3, and is then removed. Since the rest of the
operation is the same as that during the cooling opera-
tion, description therefor is omitted.
[0031] As described above, during the cooling opera-
tion or the defrosting operation, the low temperature re-
frigerant flows into the intermediate heat exchanger 5.
The refrigerant at or below 0 degrees C may flow into the
intermediate heat exchanger 5. In this case, the water
circulated through the water circuit 10 may freeze in the
intermediate heat exchanger 5. An increase in volume
of water upon freezing may cause the intermediate heat
exchanger 5 to be damaged. If the intermediate heat ex-
changer 5 is damaged, a refrigerant passage in the in-
termediate heat exchanger 5 may communicate with a
water passage therein, thus causing the refrigerant cir-
culated through the refrigerant circuit 6 to leak into the
water circuit 10. Furthermore, the intermediate heat ex-
changer 5 may be damaged due to deterioration over
time or the like, thus causing the refrigerant circulated
through the refrigerant circuit 6 to leak into the water cir-
cuit 10.
[0032] In case of leakage of the refrigerant into the wa-
ter circuit 10, the refrigerant would mix with the water and
the mixture would be circulated through the water circuit
10. When a high pressure refrigerant mixes with water,
a refrigerant gas is produced by the effect of pressure
reduction. Accordingly, a pressure in the water circuit 10
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may exceed a withstanding pressure of, for example,
pipes included in the water circuit 10 or welded part of
the pipes, thus causing the water containing the refrig-
erant to leak into the room.
[0033] An operation of the air-conditioning apparatus
100 according to Embodiment 1 upon leakage of the re-
frigerant from the intermediate heat exchanger 5 into the
water circuit 10 will be described.
[0034] Fig. 4 is a flowchart illustrating an operation of
the leakage detecting device 13 and that of the controller
14 in Embodiment 1.
[0035] The leakage detecting device 13 detects a pres-
sure in the water circuit 10 at all times (S1: pressure de-
tecting step) and determines whether the pressure in the
water circuit 10 has increased (S2: increase determining
step). When determining that the pressure has increased
(YES in S2), the leakage detecting device 13 determines
that the refrigerant has leaked into the water circuit 10
and transmits a detection signal indicating the leakage
of the refrigerant to the controller 14 (S3: signal transmit-
ting step). The controller 14 closes the valves 8a and 8b
in response to reception of detection signal (S4: valve
control step). Closing the valves 8a and 8b can prevent
the water containing the refrigerant from flowing into the
indoor unit 16.
[0036] In S2, depending on the situation, namely, while
the air-conditioning apparatus 100 is stopped, alterna-
tively, while the air-conditioning apparatus 100 is oper-
ating, the leakage detecting device 13 determines the
increase of the pressure as follows.
[0037] While the air-conditioning apparatus 100 is
stopped, the pressure in the water circuit 10 is atmos-
pheric pressure. Accordingly, a threshold value to be
used during stop of the air-conditioning apparatus 100 is
set to a pressure that is higher than the atmospheric pres-
sure by a predetermined value. When detecting a pres-
sure higher than the threshold value, the leakage detect-
ing device 13 determines that the pressure has in-
creased.
[0038] While the air-conditioning apparatus 100 is op-
erating, the pressure in the water circuit 10 is higher than
that detected during stop of the air-conditioning appara-
tus 100 because the water is circulated. The rate of the
water circulated varies depending on, for example, the
rotation speed of the pump 7, so that the pressure in the
water circuit 10 also varies. Accordingly, a value that is
higher than a maximum pressure, which may be meas-
ured so long as the refrigerant does not leak, in the water
circuit 10 by a given value is determined as a threshold
value in advance. When detecting a pressure higher than
the threshold value, the leakage detecting device 13 de-
termines that the pressure has increased. The threshold
values may be determined when the air-conditioning ap-
paratus 100 is designed, for example. Alternatively, upon
installation of the air-conditioning apparatus 100 in situ,
operation simulation may be performed in consideration
of actual conditions, such as the lengths of arranged
pipes and the amount of refrigerant enclosed, and the

threshold values may be determined on the basis of the
simulation. Alternatively, a threshold value may be de-
termined in association with, for example, each of the
rotation speed of the pump 7, an indoor air temperature,
and an outdoor air temperature. The leakage detecting
device 13 may change a threshold value to be used de-
pending on the rotation speed of the pump 7, the indoor
air temperature, or the outdoor air temperature upon
pressure detection.
[0039] In case of leakage of the refrigerant, a pressure
increases in the entire water circuit 10 in principle. If the
opening degree of the valve 8a is controlled in such a
manner that the flow rate of the water circulated through
the water circuit 10 is constant, however, the water con-
taining a gas refrigerant is in a two-phase gas-liquid state.
Accordingly, the difference between a pressure at a point
prior to the valve 8a and a pressure at a point after the
valve 8a may increase and a pressure at a point down-
stream of the valve 8a may be kept low, or increase very
little. The leakage detecting device 13 therefore detects
a pressure at a point between the pump 7 and the valve
8a in the water circuit 10. Consequently, an increase in
pressure can be reliably detected, irrespective of the
opening degree of the valve 8a.
[0040] As described above, the air-conditioning appa-
ratus 100 according to Embodiment 1 detects the leak-
age of the refrigerant circulated through the refrigerant
circuit 6 into the water circuit 10 and closes the valves
8a and 8b. Thus, the water containing the refrigerant can
be prevented from flowing into the indoor unit 16. Con-
sequently, the leakage of the refrigerant into the room
can be prevented, thus preventing the room from being
in an explosive atmosphere.
[0041] In the above description, the controller 14 clos-
es the valves 8a and 8b in response to reception of de-
tection signal. When receiving the detection signal during
operation of the air-conditioning apparatus 100, the con-
troller 14 may close the valves 8a and 8b and stop the
compressor 1 or the pump 7. Consequently, the leakage
of the refrigerant can be prevented more reliably.
[0042] Furthermore, the controller 14 may prompt a
user to ventilate the room upon receiving the detection
signal. For example, the controller 14 may allow a remote
control, which is used to enter an instruction for the indoor
unit 16 or the air-conditioning apparatus 100, to output
an audio message in order to prompt the user to ventilate
the room. The controller 14 may allow a display of the
indoor unit 16 or the remote control to display a message
in order to prompt the user to ventilate the room.
[0043] In the above description, the leakage detecting
device 13 detects a pressure in the water circuit 10 to
detect the leakage of the refrigerant. The leakage detect-
ing device 13 may detect the leakage of the refrigerant
by any other method.
[0044] For example, the leakage detecting device 13
that detects the leakage of the refrigerant may be of, for
example, a semiconductor type that utilizes a reduction
in electrical resistance of a semiconductor caused by ad-
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sorption of a gas on the surface of the semiconductor, a
contact burning type that utilizes an increase in electrical
resistance of a platinum wire, through which current
flows, caused by slight burning due to contact between
the platinum wire and a gas, or a gas thermal conductivity
type that utilizes a change in temperature of a platinum
wire, through which current flows, (typically in contact
with air) caused by contact between the platinum wire
and a flammable gas because the thermal conductivity
of the air differs from that of the gas. Note that a change
in temperature of the platinum wire in the gas thermal
conductivity type means a change in electrical resist-
ance.
[0045] The above-described types use methods of de-
tecting a flammable gas in a nonflammable gas (e.g.,
air). An additional mechanism is therefore needed which
allows the water circuit 10 to discharge a certain amount
of water (or the mixture of the water and the refrigerant
if the refrigerant has leaked) into the atmosphere at reg-
ular time intervals and detects the refrigerant using any
of the above methods after removal of the water. For
example, when a pressure in the water circuit 10 is at or
above a given pressure, the certain amount of water may
be discharged from the water circuit 10 into the atmos-
phere using a relief valve that is opened when the pres-
sure is at or above the given pressure.
[0046] To detect the leakage of the refrigerant using
any of these methods, the relief valve may be disposed
at the highest position in the water circuit 10 and the
leakage of the refrigerant may be detected from the dis-
charged mixture. A low density flammable refrigerant
tends to accumulate at the highest position in the water
circuit 10. Accordingly, the leakage of the refrigerant can
be reliably detected, irrespective of during operation or
non-operation.

Embodiment 2

[0047] Embodiment 2 will be described with respect to
an air-conditioning apparatus 100 including a plurality of
primary circuits. Although the air-conditioning apparatus
100 including two primary circuits will be described below
as an example, the air-conditioning apparatus 100 may
include three or more primary circuits.
[0048] In the air-conditioning apparatus 100 according
to Embodiment 2, the same components as those in the
air-conditioning apparatus 100 according to Embodiment
1 are designated by the same reference numerals.
[0049] Fig. 5 is a diagram illustrating the configuration
of the air-conditioning apparatus 100 according to Em-
bodiment 2. In Fig. 1, each blanked arrow indicates the
flow of air and each dotted arrow indicates the flow of a
signal.
[0050] The air-conditioning apparatus 100 includes a
refrigerant circuit 6a (first refrigerant circuit or primary
circuit) including a compressor 1 a (first compressor), a
four-way valve 2a, a heat exchanger 3a (first heat ex-
changer), an expansion valve 4a (first expansion mech-

anism), an intermediate heat exchanger 5a (first inter-
mediate heat exchanger) sequentially connected in loop
by pipes. The air-conditioning apparatus 100 further in-
cludes a refrigerant circuit 6b (second refrigerant circuit
or primary circuit) including a compressor 1 b (second
compressor), a four-way valve 2b, a heat exchanger 3b
(second heat exchanger), an expansion valve 4b (second
expansion mechanism), an intermediate heat exchanger
5b (second intermediate heat exchanger) sequentially
connected in loop by pipes. The air-conditioning appa-
ratus 100 further includes a water circuit 10 (fluid circuit
or secondary circuit) including the intermediate heat ex-
changer 5a, the intermediate heat exchanger 5b, a pump
7, a valve 8a (first valve), a heat exchanger 9 (load heat
exchanger), and a valve 8b (second valve) sequentially
connected in loop by pipes. A flammable refrigerant, such
as a propane or isobutane, having a lower liquid density
than water is circulated through each of the refrigerant
circuits 6a and 6b, and water is circulated through the
water circuit 10. A fan 11 that delivers airflow to the heat
exchangers 3a and 3b is disposed near the heat ex-
changers 3a and 3b. A fan 12 that delivers airflow to the
heat exchanger 9 is disposed near the heat exchanger 9.
[0051] The air-conditioning apparatus 100 further in-
cludes a leakage detecting device 13 that detects leak-
age of the refrigerant, circulated through the refrigerant
circuits 6, into the water circuit 10 from any of the inter-
mediate heat exchangers 5 and a controller 14 that closes
the valves 8a and 8b when the leakage detecting device
13 detects the leakage of the refrigerant.
[0052] The compressors 1 a and 1b, the four-way
valves 2a and 2b, the heat exchangers 3a and 3b, the
expansion valves 4a and 4b, the intermediate heat ex-
changers 5a and 5b, the pump 7, the valves 8a and 8b,
the fan 11, the leakage detecting device 13, and the con-
troller 14 of the components included in the air-condition-
ing apparatus 100 are accommodated in an outdoor unit
15 (first casing). The heat exchanger 9 and the fan 12 of
the components included in the air-conditioning appara-
tus 100 are accommodated in an indoor unit 16 (second
casing).
[0053] Each of the intermediate heat exchangers 5a
and 5b is a plate heat exchanger or double pipe heat
exchanger that has high efficiency of heat exchange.
[0054] An operation of the air-conditioning apparatus
100 according to Embodiment 2 during the cooling op-
eration will be described.
[0055] Fig. 6 is a diagram illustrating the flow of the
refrigerant and that of the water during the cooling oper-
ation in the air-conditioning apparatus 100 according to
Embodiment 2. In Fig. 6, solid line arrows indicate the
flow of the refrigerant and broken line arrows indicate the
flow of the water.
[0056] During the cooling operation, the four-way
valves 2a and 2b are set so as to provide passages in-
dicated by solid lines illustrated in Fig. 5. An opening
degree of the valve 8a is set in such a manner that the
water flows at a constant rate. The valve 8b is opened.
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[0057] In the refrigerant circuit 6a, a high-temperature
high-pressure refrigerant, obtained by the compressor
1a, passes through the four-way valve 2a and flows into
the heat exchanger 3a. The refrigerant, which has flowed
into the heat exchanger 3a, exchanges heat with outdoor
air, so that the refrigerant condenses into a liquid refrig-
erant. The liquid refrigerant passes through the expan-
sion valve 4a, where the refrigerant is expanded into a
low-temperature, low-pressure two-phase gas-liquid re-
frigerant. The two-phase gas-liquid refrigerant flows into
the intermediate heat exchanger 5a and exchanges heat
with the water circulated through the water circuit 10, so
that the refrigerant evaporates into a gas refrigerant. At
this time, the water circulated through the water circuit
10 is cooled. The gas refrigerant passes through the four-
way valve 2a and is sucked into the compressor 1 a,
where the refrigerant is compressed into a high-temper-
ature high-pressure state.
[0058] As in the refrigerant circuit 6a, in the refrigerant
circuit 6b, a high-temperature high-pressure refrigerant,
obtained by the compressor 1 b, passes through the four-
way valve 2b and flows into the heat exchanger 3b. The
refrigerant, which has flowed into the heat exchanger 3b,
exchanges heat with the outdoor air, so that the refriger-
ant condenses into a liquid refrigerant. The liquid refrig-
erant passes through the expansion valve 4b, where the
refrigerant is expanded into a low-temperature, low-pres-
sure two-phase gas-liquid refrigerant. The two-phase
gas-liquid refrigerant flows into the intermediate heat ex-
changer 5b and exchanges heat with the water circulated
through the water circuit 10, so that the refrigerant evap-
orates into a gas refrigerant. At this time, the water cir-
culated through the water circuit 10 is cooled. The gas
refrigerant passes through the four-way valve 2b and is
sucked into the compressor 1b, where the refrigerant is
compressed into a high-temperature high-pressure
state.
[0059] On the other hand, in the water circuit 10, the
water is cooled in the intermediate heat exchanger 5a
and is further cooled to a low temperature in the interme-
diate heat exchanger 5b. The low temperature water
passes through the pump 7 and the valve 8a in sequence
and then flows into the heat exchanger 9. The water,
which has flowed into the heat exchanger 9, exchanges
heat with indoor air, so that the water is heated. At this
time, the indoor air is cooled. The heated water passes
through the valve 8b and then flows into the intermediate
heat exchanger 5a.
[0060] Since the intermediate heat exchangers 5a and
5b are connected in series in the water circuit 10 as de-
scribed above, the water is successively cooled by the
refrigerant circulated through the refrigerant circuit 6a
and the refrigerant circulated through the refrigerant cir-
cuit 6b. Accordingly, the water can be adequately cooled
if the capacity of each of the refrigerant circuits 6a and
6b is not high.
[0061] An operation of the air-conditioning apparatus
100 according to Embodiment 2 during the heating op-

eration will be described.
[0062] Fig. 7 is a diagram illustrating the flow of the
refrigerant and that of the water during the heating oper-
ation in the air-conditioning apparatus 100 according to
Embodiment 2. In Fig. 7, solid line arrows indicate the
flow of the refrigerant and broken line arrows indicate the
flow of the water.
[0063] During the heating operation, the four-way
valves 2a and 2b are set so as to provide passages in-
dicated by broken lines illustrated in Fig. 5. The opening
degree of the valve 8a is set in such a manner that the
flow rate of the water reaches a predetermined value.
The valve 8b is opened.
[0064] In the refrigerant circuit 6a, a high-temperature
high-pressure refrigerant, obtained by the compressor
1a, passes through the four-way valve 2a and flows into
the intermediate heat exchanger 5a. The refrigerant,
which has flowed into the intermediate heat exchanger
5a, exchanges heat with the water circulated through the
water circuit 10, so that the refrigerant condenses into a
liquid refrigerant. At this time, the water circulated
through the water circuit 10 is heated. The liquid refrig-
erant passes through the expansion valve 4a, where the
refrigerant is expanded into a low-temperature, low-pres-
sure two-phase gas-liquid refrigerant. The two-phase
gas-liquid refrigerant flows into the heat exchanger 3a
and exchanges heat with the outdoor air, so that the re-
frigerant evaporates into a gas refrigerant. The gas re-
frigerant passes through the four-way valve 2a and is
sucked into the compressor 1 a, where the refrigerant is
compressed into a high-temperature high-pressure
state.
[0065] As in the refrigerant circuit 6a, in the refrigerant
circuit 6b, a high-temperature high-pressure refrigerant,
obtained by the compressor 1b, passes through the four-
way valve 2b and flows into the intermediate heat ex-
changer 5b. The refrigerant, which has flowed into the
intermediate heat exchanger 5b, exchanges heat with
the water circulated through the water circuit 10, so that
the refrigerant condenses into a liquid refrigerant. At this
time, the water circulated through the water circuit 10 is
heated. The liquid refrigerant passes through the expan-
sion valve 4b, where the refrigerant is expanded into a
low-temperature, low-pressure two-phase gas-liquid re-
frigerant. The two-phase gas-liquid refrigerant flows into
the heat exchanger 3b and exchanges heat with the out-
door air, so that the refrigerant evaporates into a gas
refrigerant. The gas refrigerant passes through the four-
way valve 2b and is sucked into the compressor 1 b,
where the refrigerant is compressed into a high-temper-
ature high-pressure state.
[0066] On the other hand, in the water circuit 10, the
water is heated in the intermediate heat exchanger 5a
and is further heated to a high temperature in the inter-
mediate heat exchanger 5b. The high temperature water
passes through the pump 7 and the valve 8a in sequence
and then flows into the heat exchanger 9. The water,
which has flowed into the heat exchanger 9, exchanges
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heat with the indoor air, so that the water is cooled. At
this time, the indoor air is heated. The cooled water pass-
es through the valve 8b and then flows into the interme-
diate heat exchanger 5a.
[0067] Since the intermediate heat exchangers 5a and
5b are connected in series in the water circuit 10 as de-
scribed above, the water is successively heated by the
refrigerant circulated through the refrigerant circuit 6a
and the refrigerant circulated through the refrigerant cir-
cuit 6b. Accordingly, the water can be adequately heated
if the capacity of each of the refrigerant circuits 6a and
6b is not high.
[0068] An operation of the air-conditioning apparatus
100 according to Embodiment 2 during the defrosting
operation will be described.
[0069] The defrosting operation is performed when the
heat exchangers 3a and 3b are covered with frost during
the heating operation.
[0070] The operation during the defrosting operation
is the same as that during the cooling operation. Specif-
ically, as illustrated in Fig. 6, the four-way valves 2a and
2b are set so as to provide the passages indicated by
the solid lines illustrated in Fig. 5. In the refrigerant circuit
6a, the high-temperature high-pressure refrigerant, ob-
tained by the compressor 1 a, passes through the four-
way valve 2a and flows into the heat exchanger 3a. Sim-
ilarly, in the refrigerant circuit 6b, the high-temperature
high-pressure refrigerant, obtained by the compressor 1
b, passes through the four-way valve 2b and flows into
the heat exchanger 3b. The frost on the heat exchangers
3a and 3b is melted by the high-temperature high-pres-
sure refrigerant which has flowed into the heat exchang-
ers 3a and 3b and is then removed. Since the rest of the
operation is the same as that during the cooling opera-
tion, description is omitted.
[0071] As in the air-conditioning apparatus 100 accord-
ing to Embodiment 1, in the air-conditioning apparatus
100 according to Embodiment 2, the intermediate heat
exchangers 5a and 5b may be damaged and the refrig-
erant circulated through the refrigerant circuits 6 may leak
into the water circuit 10. If the refrigerant leaks into the
water circuit 10, the water containing the refrigerant may
leak into a room.
[0072] When the leakage of the refrigerant circulated
through the refrigerant circuits 6 into the water circuit 10
is detected, the controller 14 closes the valves 8a and
8b. This prevents the leakage of the water containing the
refrigerant from flowing into the indoor unit 16. In addition,
the controller 14 may stop the compressors 1 a and 1b
or the pump 7 to reliably prevent the leakage of the re-
frigerant.
[0073] As described above, like the air-conditioning
apparatus 100 according to Embodiment 1, the air-con-
ditioning apparatus 100 according to Embodiment 2 de-
tects the leakage of the refrigerant circulated through the
refrigerant circuits 6a and 6b into the water circuit 10 and
closes the valves 8a and 8b. Thus, the water containing
the refrigerant can be prevented from flowing into the

indoor unit 16. Consequently, the leakage of the refrig-
erant into the room can be prevented, thus preventing
the room from being in an explosive atmosphere.
[0074] Furthermore, it is preferred that the amount of
refrigerant enclosed in each primary circuit be below a
predetermined amount (for example, 150 g, based on
the F-gas Regulation in Europe, in the use of propane
as a refrigerant, for example) so that a room is prevented
from being in an explosive atmosphere if the refrigerant
leaks into the room. Typically, however, a large amount
of refrigerant is enclosed in a large air-conditioning ap-
paratus having a high capacity.
[0075] In the air-conditioning apparatus 100 according
to Embodiment 2 including the two primary circuits,
namely, the refrigerant circuits 6a and 6b, if the refrigerant
enclosed in each of the refrigerant circuits 6a and 6b is
restricted to a small amount and the capacity of each of
the refrigerant circuits 6a and 6b is accordingly low, the
air-conditioning apparatus 100 can demonstrate a high
capacity. In other words, if the air-conditioning apparatus
100 according to Embodiment 2 is a large air-conditioning
apparatus that demonstrates a high capacity, the amount
of refrigerant enclosed in each primary circuit can be
small.
[0076] Furthermore, as illustrated in Fig. 5, the airflow
delivered by the fan 11 passes through the heat exchang-
er 3a and then passes through the heat exchanger 3b.
For example, during the cooling operation, therefore, the
heat exchanger 3a exchanges heat between the air and
the refrigerant circulated through the refrigerant circuit
6a and the heated air is delivered to the heat exchanger
3b. In other words, the temperature of the airflow supplied
to the heat exchanger 3a differs from that of the airflow
supplied to the heat exchanger 3b. Consequently, a con-
densing temperature in the refrigerant circuit 6a can be
allowed to differ from that in the refrigerant circuit 6b.
[0077] In addition, as illustrated in Fig. 5, the water cir-
culated through the water circuit 10 passes through the
intermediate heat exchanger 5a and then passes through
the intermediate heat exchanger 5b. For example, during
the cooling operation, therefore, the intermediate heat
exchanger 5a exchanges heat between the water and
the refrigerant circulated through the refrigerant circuit
6a and the cooled water is delivered to the intermediate
heat exchanger 5b. In other words, the temperature of
the water supplied to the intermediate heat exchanger
5a differs from that of the water supplied to the interme-
diate heat exchanger 5b. Consequently, an evaporating
temperature in the refrigerant circuit 6a can be allowed
to differ from that in the refrigerant circuit 6b.
[0078] In other words, the condensing temperature
and the evaporating temperature in the refrigerant circuit
6a can be allowed to differ from those in the refrigerant
circuit 6b. Although the above description has been made
with respect to the cooling operation, the condensing
temperature and the evaporating temperature in the re-
frigerant circuit 6a during the heating operation can sim-
ilarly be allowed to differ from those in the refrigerant
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circuit 6b. Since the condensing temperature and the
evaporating temperature in the refrigerant circuit 6a are
allowed to differ from those in the refrigerant circuit 6b,
the temperature of the refrigerant is allowed to change
depending on the temperature of water or air, thus ena-
bling the air-conditioning apparatus to achieve high effi-
ciency.
[0079] In the case illustrated in Fig. 5, during the cool-
ing operation, the air heated by heat exchange through
the heat exchanger 3a is delivered to the heat exchanger
3b, so that the condensing temperature in the heat ex-
changer 3a is low and the condensing temperature in the
heat exchanger 3b is high. In addition, the water cooled
by heat exchange through the intermediate heat ex-
changer 5a flows into the intermediate heat exchanger
5b, so that the evaporating temperature in the interme-
diate heat exchanger 5a is high and the evaporating tem-
perature in the intermediate heat exchanger 5b is low.
During the heating operation, the air cooled by heat ex-
change through the heat exchanger 3a is delivered to
the heat exchanger 3b, so that the evaporating temper-
ature in the heat exchanger 3a is high and the evaporat-
ing temperature in the heat exchanger 3b is low. In ad-
dition, the water heated by heat exchange through the
intermediate heat exchanger 5a flows into the interme-
diate heat exchanger 5b, so that the condensing temper-
ature in the intermediate heat exchanger 5a is low and
the condensing temperature in the intermediate heat ex-
changer 5b is high.
[0080] Specifically, in the case illustrated in Fig. 5, the
refrigerant circuit 6a is a circuit in which the condensing
temperature is low and the evaporating temperature is
high and the refrigerant circuit 6b is a circuit in which the
condensing temperature is high and the evaporating tem-
perature is low. Accordingly, the difference between a
high pressure and a low pressure is reduced in the re-
frigerant circuit 6a and the difference therebetween is
increased in the refrigerant circuit 6b.
[0081] The difference in high-low pressure difference
between the refrigerant circuit 6a and the refrigerant cir-
cuit 6b may be reduced by allowing the airflow generated
by the fan 11 to pass through the heat exchanger 3b and
then pass through the heat exchanger 3a, or allowing the
water circulated through the water circuit 10 to pass
through the intermediate heat exchanger 5b and then
pass through the intermediate heat exchanger 5a.
[0082] As regards increasing or decreasing the differ-
ence in high-low pressure difference between the refrig-
erant circuits 6a and 6b, the increase or the decrease
may be selected depending on the difference in perform-
ance between the compressors included in the refriger-
ant circuits 6a and 6b, an installation environment of the
air-conditioning apparatus 100, or the like so that high
efficiency is achieved.

Embodiment 3

[0083] Embodiment 3 will be described with respect to

placement of the intermediate heat exchanger 5 (5a, 5b)
in Embodiments 1 and 2. The placement will be described
with respect to the air-conditioning apparatus 100 ac-
cording to Embodiment 2 as an example.
[0084] Fig. 8 is an exploded perspective view of a typ-
ical plate heat exchanger.
[0085] Figs. 9 to 11 are diagrams illustrating arrange-
ment of the intermediate heat exchangers 5a and 5b ac-
cording to Embodiment 3. In Figs. 9 to 11, solid line ar-
rows indicate the flow of refrigerant during the cooling
operation and broken line arrows indicate the flow of wa-
ter. During the heating operation, the refrigerant flows in
a direction opposite to that indicated by the solid line ar-
rows. In Figs. 9 to 11, an up-down direction corresponds
to a vertical direction.
[0086] In Figs. 9 to 11, it is assumed that each of the
intermediate heat exchangers 5a and 5b is a plate heat
exchanger. As illustrated in Fig. 8, the plate heat ex-
changer includes a plurality of substantially rectangular
plates 51 arranged and has a thin rectangular-parallele-
piped shape in appearance. The plate 51 at one end of
the stacked plates 51 has connection ports 52 and 53 for
the primary circuit and connection ports 54 and 55 for
the secondary circuit. Refrigerant passages 56 through
which the refrigerant circulated through the primary cir-
cuit flows and water passages 57 through which the water
circulated through the secondary circuit flows are alter-
nately arranged between the adjacent plates.
[0087] In Fig. 9, the two rectangular-parallelepiped in-
termediate heat exchangers 5a and 5b are vertically
stacked. To accommodate the two refrigerant circuits 6a
and 6b, the outdoor unit 15 is increased in size and the
area of installation of the outdoor unit 15 is also in-
creased. Since the two intermediate heat exchangers 5a
and 5b are vertically stacked as illustrated in Fig. 9, how-
ever, the intermediate heat exchangers 5a and 5b can
be arranged with efficiency. Thus, the installation area
of the outdoor unit 15 can be reduced.
[0088] Note that connection ports 53a and 53b adja-
cent to the expansion valves 4a and 4b and connection
ports 55a and 55b adjacent to the pump 7 are arranged
on a lower side and connection ports 52a and 52b adja-
cent to the four-way valves 2a and 2b and connection
ports 54a and 54b adjacent to the valve 8b are arranged
on an upper side. During the cooling operation and the
defrosting operation, the two-phase refrigerant enters
through the connection ports 53a and 53b and the gas
refrigerant leaves through the connection ports 52a and
52b. During the heating operation, the gas refrigerant
enters through the connection ports 52a and 52b and the
liquid refrigerant leaves through the connection ports 53a
and 53b. In this arrangement in which the connection
ports 52a and 52b through which the gas refrigerant pass-
es are arranged on the upper side, therefore, accumula-
tion of the gas refrigerant in the intermediate heat ex-
changers 5a and 5b can be prevented.
[0089] Referring to Figs. 10 and 11, the intermediate
heat exchangers 5a and 5b are inclined in such a manner
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that the connection ports 52a, 52b, 54a, and 54b face
obliquely upward. In this arrangement, whereas the area
of installation of the outdoor unit 15 is slightly increased,
the area of accumulation of the gas refrigerant in an upper
portion (area 58a or 58b indicated by a broken line in Fig.
9) of each of the intermediate heat exchangers 5a and
5b can be reduced.
[0090] In Fig. 11 which illustrates a modification of the
configuration of Fig. 10, the connection ports 52a, 52b,
54a, and 54b are arranged at one ends and the connec-
tion ports 53a, 53b, 55a, and 55b are provided in the
plates 51 arranged at the another ends, respectively. The
connection ports 53a and 53b are inlets for the refrigerant
during the cooling operation and the defrosting operation.
[0091] In case of leakage of a small amount of refrig-
erant, the refrigerant gas may accumulate in the inter-
mediate heat exchangers 5a and 5b and detection of the
leakage of the refrigerant may accordingly be delayed.
The above-described arrangement manner, however,
can reduce the areas where the refrigerant gas accumu-
lates in the intermediate heat exchangers 5a and 5b.
Consequently, the leakage of the refrigerant can be im-
mediately detected.
[0092] The intermediate heat exchangers 5a and 5b in
Embodiment 2 have been described above as an exam-
ple. As regards the air-conditioning apparatus 100 ac-
cording to Embodiment 1, the intermediate heat ex-
changer 5 may be placed vertically as illustrated in Fig.
9. Alternatively, the intermediate heat exchanger 5 may
be inclined as illustrated in Fig. 10. The connection ports
may be provided in the plates 51 arranged at the another
ends as illustrated in Fig. 11.
[0093] In a configuration in which at least two primary
refrigerant circuits are arranged and R32, HFO-1234yf,
a refrigerant mixture containing R32, or a refrigerant mix-
ture containing HFO-1234yf having a higher liquid den-
sity (liquid head) than water is used as a flammable re-
frigerant circulated through each primary refrigerant cir-
cuit, each intermediate heat exchanger is vertically
placed and the intermediate heat exchangers are ar-
ranged side by side horizontally. Specifically, the inter-
mediate heat exchangers 5a and 5b are arranged side
by side horizontally in a state in which the connection
ports 53a, 53b, 55a, and 55b are arranged on the lower
side and the connection ports 52a, 52b, 54a, and 54b
are arranged on the upper side. Consequently, the per-
formance can be ensured and an upper space within the
outdoor unit 15 can be used as a refrigerant pipe space,
so that the area of installation can be reduced.
[0094] In Embodiments 1, 2 and 3 the water is circu-
lated through the water circuit 10 which serves as the
secondary circuit. The fluid circulated through the sec-
ondary circuit is not limited to water. Any other nonflam-
mable fluid, such as brine, may be used.
[0095] If brine is circulated through the secondary cir-
cuit, the brine would not freeze in the intermediate heat
exchanger 5 (or the intermediate heat exchangers 5a
and 5b in Embodiment 2). The intermediate heat ex-

changer 5, however, may be damaged due to deteriora-
tion over time or the like. The air-conditioning apparatus
100 according to each of Embodiments 1 and 2 is effec-
tive in the case where brine is circulated through the sec-
ondary circuit.
[0096] In Embodiments 1 and 2, the pump 7 is disposed
between the intermediate heat exchanger 5 (the inter-
mediate heat exchanger 5b in Embodiment 2) and the
valve 8a in the water circuit 10. The pump 7 may be dis-
posed at any other position between the valves 8a and
8b in a direction in which the water is circulated.
[0097] The leakage detecting device 13 can detect a
pressure at a point between the pump 7 and the valve
8a in the water circuit 10 to reliably detect the leakage of
the refrigerant, irrespective of the position of the pump 7.
[0098] Embodiments 1 and 2 have been described with
respect to the air-conditioning apparatus as an example
of the heat pump apparatus. The air-conditioning appa-
ratus is not limited to a room air-conditioning apparatus
in which the amount of refrigerant is relatively small and
may include a large air-conditioning apparatus, such as
a package air-conditioning apparatus for business use
or a multi-air-conditioning apparatus for a building. The
heat pump apparatus is not limited to an air-conditioning
apparatus and may be, for example, a chiller or a cooler.
In this case, instead of water, brine has to be used as a
fluid for the secondary circuit. Furthermore, the four-way
valve is not needed because the apparatus is used only
for refrigeration or cooling in this case.

Reference Signs List

[0099] 1 compressor, 2 four-way valve, 3 heat ex-
changer, 4 expansion valve, 5 intermediate heat ex-
changer, 6 refrigerant circuit, 7 pump, 8 valve, 9 heat
exchanger, 10 water circuit, 11, 12 fan, 13 leakage de-
tecting device, 14 controller, 15 outdoor unit, 16 indoor
unit, 51 plate, 52, 53, 54, 55 connection port, 56 refrig-
erant passage, 57 water passage, 58 area where a gas
refrigerant tends to accumulate, 100 air-conditioning ap-
paratus

Claims

1. A heat pump apparatus comprising:

a first refrigerant circuit through which a refrig-
erant is circulated, the first refrigerant circuit in-
cluding a first compressor, a first heat source
heat exchanger, a first expansion mechanism,
and a first intermediate heat exchanger sequen-
tially connected in loop by pipes;
a fluid circuit through which a fluid is circulated,
the fluid circuit including the first intermediate
heat exchanger, a first valve, a load heat ex-
changer, and a second valve sequentially con-
nected in loop by pipes;
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a leakage detecting device that detects leakage
of the refrigerant, circulated through the first re-
frigerant circuit, from the first intermediate heat
exchanger into the fluid circuit; and
a controller that closes the first valve and the
second valve included in the fluid circuit when
the leakage detecting device detects the leak-
age of the refrigerant.

2. The heat pump apparatus of claim 1, further com-
prising:

a first casing that accommodates the first com-
pressor, the first heat source heat exchanger,
the first expansion mechanism, the first interme-
diate heat exchanger, the first valve, and the
second valve; and
a second casing that accommodates the load
heat exchanger.

3. The heat pump apparatus of claim 1 or 2,
wherein the refrigerant circulated through the first
refrigerant circuit is flammable, and
wherein the fluid circulated through the fluid circuit
is nonflammable.

4. The heat pump apparatus of any one of claims 1 to
3, wherein when the leakage detecting device de-
tects the leakage of the refrigerant, the controller
stops the first compressor.

5. The heat pump apparatus of any one of claims 1 to 4,
wherein the fluid circuit further includes a pump that
circulates the fluid in such a manner that the fluid
flows through the first intermediate heat exchanger,
the first valve, the load heat exchanger, and the sec-
ond valve in that order and the pump is connected
between the second valve and the first valve in a
direction in which the fluid is circulated,
wherein the first valve has an opening degree that
is controlled in such a manner that the fluid circulated
through the fluid circuit flows at a predetermined flow
rate, and
wherein the leakage detecting device detects the
leakage of the refrigerant by detecting a pressure at
a point between the pump and the first valve in the
fluid circuit.

6. The heat pump apparatus of any one of claims 1 to
5, wherein the first intermediate heat exchanger is
placed in such a manner that a connection port for
the pipe connected to the first compressor is dis-
posed in upper part of the first intermediate heat ex-
changer and a connection port for the pipe connect-
ed to the first expansion mechanism is disposed in
lower part thereof.

7. The heat pump apparatus of claim 6,

wherein the first intermediate heat exchanger is a
plate heat exchanger including a plurality of plates
stacked on one another and a plate at one end of
the stacked plates has the connection port for the
pipe connected to the first compressor and the con-
nection port for the pipe connected to the first ex-
pansion mechanism, and
wherein the first intermediate heat exchanger is in-
clined in such a manner that the connection port for
the pipe connected to the first compressor faces ob-
liquely upward.

8. The heat pump apparatus of claim 7,
wherein the first intermediate heat exchanger is the
plate heat exchanger in which the connection port
for the pipe connected to the first compressor is dis-
posed in a plate at an end of the plurality of plates
another than one end at which the plate having the
connection port for the pipe connected to the first
expansion mechanism is disposed, and
wherein the first intermediate heat exchanger is in-
clined in such a manner that the connection port for
the pipe connected to the first compressor faces ob-
liquely upward and the connection port for the pipe
connected to the first expansion mechanism faces
obliquely downward.

9. The heat pump apparatus of any one of claims 1 to
8, further comprising:

a second refrigerant circuit through which the
refrigerant is circulated, the second refrigerant
circuit including a second compressor, a second
heat source heat exchanger, a second expan-
sion mechanism, and a second intermediate
heat exchanger sequentially connected in loop
by pipes,
wherein the second intermediate heat exchang-
er is connected between the first intermediate
heat exchanger and the first valve in the fluid
circuit,
wherein the leakage detecting device detects
leakage of the refrigerant circulated through the
first refrigerant circuit and the refrigerant circu-
lated through the second refrigerant circuit from
the first intermediate heat exchanger into the flu-
id circuit.

10. The heat pump apparatus of claim 9 as dependent
on any one of claims 1 to 5, wherein the refrigerant
circulated through the first and second refrigerant
circuits is R32 or a refrigerant mixture containing
R32,
wherein each of the first and second intermediate
heat exchangers is a plate heat exchanger including
a plurality of plates stacked on one another, and
wherein each of the first and second intermediate
heat exchangers is placed in such a manner that the
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connection ports for the pipes are positioned on an
upper side and a lower side, and the first and second
intermediate heat exchangers are arranged side by
side horizontally.

11. The heat pump apparatus of claim 9 or 10, further
comprising:

a fan that generates airflow to deliver air which
has exchanged heat with the refrigerant in one
of the first and second heat source heat ex-
changers to the other one of the first and second
heat source heat exchangers and allow the de-
livered air to exchange heat with the refrigerant
in the other heat source heat exchanger.

12. The heat pump apparatus of claim 2,
wherein the heat pump apparatus is an air-condition-
ing apparatus that conditions air in a room,
wherein the first casing is an outdoor unit installed
outside the room, and wherein the second casing is
an indoor unit installed inside the room.

13. A method of controlling a heat pump apparatus in-
cluding a first refrigerant circuit through which a re-
frigerant is circulated and that includes a first com-
pressor, a first heat source heat exchanger, a first
expansion mechanism, and a first intermediate heat
exchanger sequentially connected in loop by pipes
and a fluid circuit through which a fluid is circulated
and that includes the first intermediate heat exchang-
er, a first valve, a load heat exchanger, and a second
valve sequentially connected in loop by pipes, the
method comprising:

a leakage detecting step of detecting, by a leak-
age detecting device, leakage of the refrigerant
circulated through the first refrigerant circuit
from the first intermediate heat exchanger into
the fluid circuit; and
a valve control step of closing, by a controller,
the first valve and the second valve included in
the fluid circuit when the leakage detecting de-
vice detects the leakage of the refrigerant.
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