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(54) HEAT PUMP

(57) The present disclosure relates to a heat pump.
The heat pump (1), comprises a refrigerant circuit (10) for
circulating a refrigerant comprising a compressor (11), a
heat source heat exchanger (12), an expansion valve
(13), and an intermediate heat exchanger (20), a heat
medium circuit (30) for circulating a heat medium com-
prising a pump (36) and the intermediate heat exchanger
(20), an outdoor unit (100) comprising an outdoor unit
casing (101) housing at least the heat source heat ex-
changer (12), the compressor (11), and the expansion
valve (13), an indoor unit (300) comprising an indoor unit
casing (301) housing at least the pump (36), and a heat

exchanger unit (200) comprising a container (201) hous-
ing the intermediate heat exchanger (20). The heat
source heat exchanger (12), the compressor (11), the
expansion valve (13), and the intermediate heat exchan-
ger (20) are connected with each other via a refrigerant
piping (14), and the intermediate heat exchanger (20)
and the pump (36) are connected with each other via a
heat medium piping (37). The container (201) of the heat
exchanger unit (200) is separate from the indoor unit
casing (301) and the outdoor unit casing (101) and lo-
cated outside of the indoor unit casing (301) and the
outdoor unit casing (101).
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a heat pump
and, more particularly, to a separate configuration of an
intermediate heat exchanger of the heat pump.

BACKGROUND

[0002] A heat pump typically includes a refrigerant
circuit, in which a refrigerant is circulated, and a heat
mediumcircuit, in which a heatmedium is circulated. The
refrigerant circuit is configured so that the refrigerant
takes up heat from the outdoors external environment
by means of a heat source heat exchanger. Heat is then
transferred to the heatmedium in the heatmediumcircuit
via an intermediate heat exchanger. Finally, heat is trans-
ferred to a usage-side heat exchanger, such as a radiator
or floorheater.Assuch, heat is transported fromoutdoors
to indoors, such as to an inside of a building.
[0003] Development of heat pumps is facing a variety
of challenges due to environmental and technical re-
quirements. On the one hand, heat pumps should work
as efficient as possible.On the other hand, the refrigerant
used in the heat pumps should avoid any environmental
risks, such as ozone depletion or the potential to con-
tribute to global warming.
[0004] To address these requirements, it has been
proposed to use propane as refrigerant (R290) in heat
pumps.This refrigerant hasagoodefficiency,while being
environmentally friendly. However, propane is also not
completely risk-free as it is flammable, thereby leading to
the risk of fire.
[0005] In order to minimize this risk, several legal reg-
ulations have been made and international standards
have been set up, for example, regarding the maximum
amount of refrigerant used in a heat pump system or the
required dispersion height of potentially leaking refriger-
ant inside heat pump systems. Examples of such stan-
dardsare theseriesof standardsEN378or thestandards
IEC 60335‑1 and IEC 60335‑2‑40.
[0006] Besides these regulations, certain safety mea-
sures are used in heat pumps in order to avoid harm to
persons in case of refrigerant leakage. One such safety
measure is described in EP 3 598 039 A1. A container
isolated from the interior space of the indoor unit of the
heatpump isarranged inside thecasingof the indoorunit.
The container accommodates a load side heat exchan-
ger (or intermediate heat exchanger). In case of refrig-
erant leakage at or in the load side heat exchanger, the
leaked refrigerant is blocked by the container from en-
tering the indoor unit space, in which potential ignition
sources, such as electronic components, of the indoor
unit of the heat pump are located.
[0007] However, even if a container accommodating
the load side heat exchanger is provided inside the cas-
ing of the indoor unit, leaking refrigerant may still come

into contact with potential ignition sources of the heat
pump inside the indoor unit in case the container has a
leak.

SUMMARY

[0008] Taking the aforesaid into account, it is an object
of the present disclosure to provide a heat pump having
an improved safety.
[0009] This object is solved by a heat pump as defined
in claim 1. Optional features and preferred embodiments
of the heat pump are defined in the dependent claims.
[0010] According to a first aspect, a heat pump com-
prises a refrigerant circuit for circulating a refrigerant
comprising a compressor, a heat source heat exchanger,
anexpansionvalve,andan intermediateheat exchanger,
a heat medium circuit for circulating a heat medium
comprising apumpand the intermediate heat exchanger,
an outdoor unit comprising an outdoor unit casing hous-
ing at least the heat source heat exchanger, the com-
pressor, and theexpansion valve, an indoor unit compris-
ing an indoor unit casing housing at least the pump, and a
heat exchanger unit comprising a container housing the
intermediate heat exchanger. The heat source heat ex-
changer, the compressor, the expansion valve, and the
intermediate heat exchanger are connected with each
other via a refrigerant piping, and the intermediate heat
exchanger and the pump are connected with each other
via a heat medium piping. The container of the heat
exchanger unit is separate from the indoor unit casing
and the outdoor unit casing and located outside of the
indoor unit casing and the outdoor unit casing.
[0011] Since the container of the heat exchanger unit
housing the intermediate heat exchanger is separate
from the indoor unit casing and the outdoor unit casing
and located outside of the indoor unit casing and the
outdoor unit casing, in case of refrigerant leakage at or in
the intermediateheat exchanger, the leaked refrigerant is
kept even further away from an indoor unit space or an
outdoor unit space, in which potential ignition sources,
such as electronic components, of the heat pump are
located, as opposed to a configuration inwhich a contain-
er housing the intermediate heat exchanger is located
inside the indoor unit or outdoor unit of the heat pump.
This leads to an improved safety of the heat pump.
[0012] Moreover, in case the heat pump is a split-con-
figuration heat pump, in which the heat source heat
exchanger, the expansion valve, and the compressor
form part of an outdoor unit of the heat pump and are
arranged together in an outdoor unit casing, while the
intermediate heat exchanger is located indoors, since the
container of the heat exchanger unit housing the inter-
mediate heat exchanger is located outside of the indoor
unit casing, the refrigerant piping connecting the compo-
nents of the outdoor unit with the intermediate heat ex-
changer can be kept shorter, as opposed to a configura-
tion in which a container housing the intermediate heat
exchanger is located inside the indoor unit. As a result,
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the amount of refrigerant in the heat pump can be re-
duced, thereby making the heat pump cheaper.
[0013] The refrigerant may include propane. The re-
frigerant may be R290. Furthermore, the refrigerant may
be R32.
[0014] The heat source heat exchanger may be an
evaporator, in which the refrigerant exchanges heat with
outside air, for example.
[0015] The intermediate heat exchanger may be a
condenser of the refrigerant circuit. The term "intermedi-
ate"may indicate that the intermediate heat exchanger is
a heat exchanger between the heat source heat exchan-
ger of the refrigerant circuit and the usage-side heat
exchanger, which may be installed indoors, in a room
of a building, andwhichmaybea radiator or a floor heater
or the like.
[0016] The intermediate heat exchanger may be a
plate heat exchanger. The intermediate heat exchanger
may have a generally cuboid or box-like shape.
[0017] The heat medium circuit may include water as
heat medium.
[0018] The pump may also be designated as a heat
medium pump. The pump is generally configured to
circulate the heat medium in the heat medium circuit.
[0019] The outdoor unit is generally located outdoors,
i.e., outside of a building or the like.
[0020] The outdoor unit casing of the outdoor unit may
comprise a machine chamber and an air chamber. The
machine chamber may house the compressor and the
expansion valve, as well as electronic components of the
heat pump. The air chamber may house the heat source
heat exchanger, a blower fan, and a bell mouth.
[0021] The outdoor unit casing may have a cuboid or
box-like shape, for example, comprising six outer walls,
for example, two side walls, a front wall, a rear wall, a top
wall, and a bottom wall, when considering the outdoor
unit casing inan installed state, i.e.,when theoutdoor unit
casing is installed at a building or the like.
[0022] The indoor unit is generally located indoors, i.e.,
inside a building or the like. The inside of a building may
generally be separated from theoutsideof the buildingby
walls.
[0023] The indoor unit casing may have a cuboid or
box-like shape, for example, comprising six outer walls.
Alternatively, the indoor unit casing may have a substan-
tially cylindrical shape, for example, an elongated cylind-
rical shape.Alternatively, the indoor unit casingmayhave
apart that hasasubstantially cylindrical shape,andapart
of that has a cuboid or box-like shape.
[0024] Herein, the term "substantially" may be used to
designate a shape, a direction, an angle, or a positional
relationship, or the like not only including the precise
shape, direction, value of the angle, or positional relation-
ship, but also small variationsof that shapeor around that
direction, value of the angle, or positional relationship,
such as 5%, for example, in case of a given value.
[0025] The heat exchanger unit comprising the con-
tainer housing the intermediate heat exchanger may be

consideredasa separate unit, with respect to the outdoor
unit and the indoor unit of the heat pump, or may be
considered as belonging to the outdoor unit or the indoor
unit. The heat exchanger unit and, thus, the container
may be located outdoors or indoors.
[0026] The container housing the intermediate heat
exchanger may have a substantially cuboid shape or
box shape, for example, comprising six outer walls.
The container may have a shape that conforms to the
outer shape of the intermediate heat exchanger and, if
applicable, to other components housed in the container,
such as a gas-liquid separator.
[0027] The container may be made of a plastic materi-
al, such as acrylonitrile styrene acrylate or similar.
[0028] In case the heat exchanger unit and, thus, the
container is located outdoors, part of the heat medium
piping may be located outdoors. In this case, the heat
medium piping may comprise measures for avoiding
freezing of the heat medium, especially in case the heat
medium is water. For example, the heat medium piping
may comprise a heat insulation material around the part
of the heat medium piping that is located outdoors.
[0029] In case the heat exchanger unit and, thus, the
container is located indoors, part of the refrigerant piping
may be located indoors. In this case, the refrigerant
piping may comprise measures for avoiding dissipation
of heat from the refrigerant piping to surrounding air. For
example, the refrigerant piping may comprise a heat
insulation material around the refrigerant piping. The
refrigerant piping may also comprise a safety measure
for a case of a leaking refrigerant pipe, such as a double-
walled refrigerant piping or a sheath around the refriger-
ant piping. The heat insulation material may be provided
in combination with the sheath.
[0030] In general, in case the heat exchanger unit is
locatedoutdoors, the refrigerant piping canbekept short-
er and the refrigerant amount can be reduced, thereby
making the heat pump cheaper, as opposed to a case in
which the heat exchanger unit is located indoors. Spe-
cifically, the closer the container of the heat exchanger
unit is located at the outdoor unit casing, the shorter the
refrigerant piping. Moreover, since the heat exchanger
unit is located outdoors, leaking refrigerant, such as
propane, dilutes in air, thereby reducing the risk of fire.
On the other hand, in case the heat exchanger unit is
located indoors, the heat medium piping is completely
located indoors and only the refrigerant piping is located
outdoors. In this case, a greater difference in height is
possible between the location of the outdoor unit and a
point where the refrigerant piping enters the inside of a
building or the like.
[0031] The feature that the container is separate from
the indoor unit casing and the outdoor unit casing may
include that the container is independent from the indoor
unit casing and the outdoor unit casing. For example, the
container may be an independent entity, wherein none of
the outer walls of the container form part of an outer wall
of the indoor unit casing or the outdoor unit casing. For
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example, the container may be independently movable
or arrangeablewith respect to theoutdoor unit casingand
the indoor unit casing.
[0032] According to a second aspect, the container of
the heat exchanger unit may be spaced apart from the
indoor unit casing and the outdoor unit casing.
[0033] The feature that the container of the heat ex-
changer unit is spaced apart from the indoor unit casing
and the outdoor unit casing may mean that the container
is neither attached to the indoor unit casing nor to the
outdoor unit casing.
[0034] For example, the container may be spaced
apart from the indoor unit casing so that a horizontal
distance between the container and the indoor unit cas-
ing may be up to and including 25 m, as seen in a
horizontal direction with respect to a building at which
theheatpump is installed. Likewise, thecontainermaybe
spaced apart from the outdoor unit casing so that a
horizontal distance between the container and the out-
door unit casingmaybeup toand including 50m,as seen
in the horizontal direction. Moreover, the container may
be spaced apart from the outdoor unit casing so that a
vertical distance between the container and the outdoor
unit casing may be up to and including 30 m, as seen in
the vertical direction with respect to a building.
[0035] With this configuration, in case the container of
theheat exchanger unit is located indoors, it is possible to
arrange the container of the heat exchanger unit close to
awall of a building or the like, while the indoor unitmay be
located elsewhere indoors, including a location far away
from the wall of the building through which the refrigerant
pipingenters thebuilding, thereby keeping the refrigerant
piping between the components of the outdoor unit and
the components of the heat exchanger unit as short as
possible. Thereby, the amount of refrigerant in the heat
pump can be reduced, which leads to a cheaper heat
pump. This is in contrast to a case in that the indoor unit is
located apart from the wall of the building, and the con-
tainer is arranged inside the indoor unit casing. In such
case, a long refrigerant pipe is needed to connect the
indoor unit with the outdoor unit, thereby making it ne-
cessary tochargea largeamount of refrigerant in theheat
pump.
[0036] Moreover, with this configuration, the heat ex-
changer unit can be disposed at any desired location,
independently from the outdoor unit casing or the indoor
unit casing, which leads to a high flexibility of the heat
pump.
[0037] According to a third aspect, the heat pumpmay
further comprise a hot water tank, wherein the heat
medium circuit may further comprise a coil immersed
in water contained in the hot water tank for exchanging
heatwith thewater,wherein the indoor unitmaycomprise
a tank chamber part accommodating the hot water tank
and the coil, and a machine chamber part accommodat-
ing at least the pump, wherein themachine chamber part
may be disposed on top of the tank chamber part, where-
in the container of the heat exchanger unit may be

attached to the machine chamber part of the indoor unit
casing.
[0038] The hot water tank and the coil may be a hot
water tankandacoil as known fromheat pumps in theart.
[0039] The water contained in the hot water tank may
be domestic water, which is circulated through a radiator
or a floor heater of a building or the like.
[0040] The coil may bemade ofmetal so as to promote
heat exchange between the water contained in the hot
water tank and the heat medium contained in the coil.
[0041] The feature that the machine chamber part is
disposed on top of the tank chamber part may refer to the
up-down direction when considering the heat pump in an
installed state, i.e., when the heat pump is installed at a
building or the like.
[0042] The tank chamber part and the machine cham-
berpartmaybeseparated fromoneanother, for example,
by a partition plate. The tank chamber part and the
machine chamber part may each comprise an individual
casing, so that the casing of the tank chamber part and
the casing of themachine chamber part together form the
indoor unit casing. Alternatively, the tank chamber part
and themachine chamber part may be integrally formed,
so that at least one outer wall of the indoor unit casing
covers both the tank chamber part and the machine
chamber part.
[0043] The feature that the container of the heat ex-
changer unit is attached to the machine chamber part of
the indoor unit casingmaymean that thewhole container
or a majority of the container is attached to the machine
chamber part. The term "majority" may be understood as
more than 50% of the container. More than 50% may
relate to the outer dimension of the container, as seen in
the up-down direction.
[0044] With this configuration, a compact design of the
indoor unit with the heat exchanger unit can be provided,
while still achieving an improved safety of the heat pump.
[0045] According to a fourth aspect, the heat medium
circuit may further comprise a safety device as a safety
measure against refrigerant leakage into the heat med-
ium circuit, wherein the safety device may be accommo-
dated inside the container of the heat exchanger unit.
[0046] The safety devicemay generally be understood
as a device that is specifically configured to prevent
leaking refrigerant at or in the intermediate heat exchan-
ger to enter the heat medium circuit.
[0047] In case the safety device is accommodated
inside the container of the heat exchanger unit, the
intermediate heat exchanger and the safety device are
together accommodated inside the container. In this
case, the container may have a shape that conforms to
the outer shape of the configuration of the intermediate
heat exchanger and the safety device.
[0048] With this configuration, safety of the heat pump
is further improved because the safety device constitutes
an additional safety measure against leaking refrigerant.
[0049] According to a fifth aspect, the safety device
may be a gas-liquid separator.
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[0050] The gas-liquid separator generally has the fol-
lowing function. When refrigerant is leaked into the heat
medium circuit, which usually occurs at the intermediate
heat exchanger, the refrigerant, which is in the gaseous
state, is separated from the liquid heat medium, usually
water, by the gas-liquid separator and released or dis-
charged to the outside of the heat pump in a controlled
manner.
[0051] Thegas-liquid separatormay be a conventional
gas-liquid separator, as known in the art. In general, the
gas-liquid separator may have a cylindrical, in particular,
an elongated cylindrical, body, or may have a cuboid
shape. As such, the gas-liquid separator may have a
longitudinal axis, extending in a direction parallel to the
direction of gravity when the gas-liquid separator is in an
installed state, i.e., when the heat pump is in an installed
state. The gas-liquid separator is generally configured to
allow a gas-liquid mixture to separate therein. For this
purpose, the gas-liquid separator needs to have a certain
height to allow for the formation of a steady state in which
the liquid heat medium is accumulated in a lower portion
of the gas-liquid separator and the gaseous refrigerant is
accumulated in an upper portion of the gas-liquid separa-
tor.
[0052] With this configuration, safety of the heat pump
is further improved. Moreover, a gas-liquid separator is
usually cheaper than a double-walled plate heat exchan-
ger,which isanother typeof safetydevice. Thus, safety of
the heat pump can be improved, while keeping costs of
the heat pump at a minimum.
[0053] According to a sixth aspect, the gas-liquid se-
parator may comprise a gas purge valve.
[0054] The gas purge valvemay generally be provided
for releasing gas that accumulates in the gas-liquid se-
parator to the outside of the gas-liquid separator in a
controlled manner.
[0055] The gas purge valve may be provided at the
gas-liquid separator at an upper side of the gas-liquid
separator.
[0056] With this configuration, safety of the heat pump
is further improved because the accumulated gas in the
gas-liquid separator can be released in a controlled
manner.
[0057] According to a seventh aspect, the intermediate
heat exchanger may be a double-walled plate heat ex-
changer being the safety device.
[0058] In general, the double-walled plate heat ex-
changer has two walls separating the refrigerant from
the heat medium. In case there is a leak in the first wall of
the plate heat exchanger, the second wall prevents the
refrigerant from entering through the leak into the heat
medium circuit.
[0059] With this configuration, safety of the heat pump
is further improved.Moreover, a double-walled plate heat
exchanger is generally smaller than the combination of a
plate heat exchanger and a gas-liquid separator. Thus,
safety of the heat pump can be improved, while keeping
the outer dimension of the heat exchanger unit at a

minimum.
[0060] According to an eighth aspect, the container
may have a box shape with a first side wall and a second
side wall, opposing the first side wall, a rear wall extend-
ing between the first side wall and the second side wall, a
top wall being connected to upper ends of the first side
wall, the second side wall, and the rear wall, a front wall
opposing the rear wall, and a bottom wall opposing the
top wall, wherein the rear wall may be closer to the
outdoor unit than the front wall, wherein a refrigerant pipe
connection point where the refrigerant piping enters the
containermay be located at the topwall, the rearwall, the
first side wall, the second side wall, or the bottom wall of
the container.
[0061] Theboxshapemaybeacuboid, or substantially
cuboid, shape, or a cube, or substantially cube, shape.
[0062] Thefirst sidewall, the secondsidewall, the front
wall, the top wall, the rear wall, and the bottomwall of the
containermaybeouter surfacesof the container. Thefirst
sidewall, the second sidewall, the front wall, the topwall,
the rear wall, and the bottomwall of the container may be
flat surfaces or may be surfaces that include a step.
[0063] The top wall may oppose the bottom wall in the
up-down direction when considering the heat pump in an
installed state, i.e., when the heat pump is installed at a
building or the like.
[0064] The feature that the rear wall is closer to the
outdoor unit than the front wall may mean, in case the
container is located indoors, that the rear wall is that wall
of the container that directly opposes the wall of the
building (or the like) through that the refrigerant piping
enters the building.
[0065] The refrigerant pipe connection point may be
understood as a region at the container, or at a container
wall, where the refrigerant piping enters or penetrates the
container. The refrigerant pipe connection pointmay also
be designated as a refrigerant pipe connection location.
[0066] The refrigerant pipe connection point may in-
clude two penetration points of the refrigerant piping,
namely, a first penetration point for a refrigerant pipe
through that the refrigerant flows into the intermediate
heat exchanger, and a second penetration point for a
refrigerant pipe through that the refrigerant flowsout from
the intermediate heat exchanger.
[0067] With this configuration, the refrigerant piping
canbekept as short as possible, thereby reducingoverall
costs of the heat pump.
[0068] According to aninth aspect, a heatmediumpipe
connection point where the heat medium piping enters
the container may be located at the front wall, the bottom
wall, thefirst sidewall, thesecondsidewall, or the topwall
of the container.
[0069] The heatmedium pipe connection point may be
understood as a region at the container, or at a container
wall, where the heat medium piping enters or penetrates
the container. The heat medium pipe connection point
may also be designated as a heat medium pipe connec-
tion location.

5

10

15

20

25

30

35

40

45

50

55



6

9 EP 4 467 884 A1 10

[0070] The heat medium pipe connection point may
include twopenetration points of the heatmediumpiping,
namely, a first penetration point for a heat medium pipe
through that the heat medium flows into the intermediate
heatexchanger, andasecondpenetrationpoint for aheat
mediumpipe through that theheatmediumflowsout from
the intermediate heat exchanger.
[0071] With this configuration, the heat medium piping
canbekept as short as possible, thereby reducingoverall
costs of the heat pump.
[0072] According to a tenth aspect, a first duct may be
provided at the container, the first duct allowing the inside
of the container to be in communication with outdoors,
outdoorsbeingwhere theoutdoor unit is located,wherein
the refrigerant pipe connection point may be located
within the first duct.
[0073] The first duct may be a tube-like or a pipe-like
element. The first duct may be integrally formed with the
container. Alternatively, the first duct may be a separate
element, which is connected with the container, for ex-
ample, using a sealing member.
[0074] The first duct may have a circular, elliptical,
and/or oval cross-section.Theshapeof thecross-section
of the first duct may vary along a length of the first duct
from the container towards outdoors.
[0075] The duct may bemade of a polyvinyl chloride or
a metallic.
[0076] The first duct may allow the inside of the con-
tainer to be in communication with outdoors by the first
duct penetrating a wall of a building in case the container
is located indoors, i.e., inside a building or the like. In this
case, a hole that has approximately the same dimension
than an outer dimension of the first duct needs to be
provided in thewall. The locationat thewallwhere thefirst
duct penetrates the wall may be sealed, for example,
using a sealing that blocks air and/or refrigerant.
[0077] Since the refrigerant pipe connection point may
be located within the first duct, it is not necessary to
provide further holes in a wall of a building for guiding
the refrigerant piping fromoutdoors to indoors.Moreover,
safety is improved, in case of refrigerant leaking from the
refrigerant piping.
[0078] With this configuration, safety of the heat pump
is further improved. This is because in case of a refrig-
erant leakage at or in the intermediate heat exchanger,
the leaked refrigerant accumulates in the container and
can, via the first duct, escape from the container to out-
doors. For example, in case the container is located
indoors, flammable refrigerant, such as propane, can
thereby be led to outdoors, thereby reducing the risk of
fire inside a building or the like. It is also conceivable, in
order to further improve safety of the heat pump, that
leaked refrigerant is pumped out of the container via the
first duct, for example, by a professional maintenance
worker.
[0079] According to an eleventh aspect, the first duct
may be arranged at an upper portion of the container,
wherein a secondductmaybeprovidedat a lower portion

of the container, the secondduct allowing the insideof the
container to be in communication with outdoors.
[0080] The second duct may have the same config-
uration and the same features as the first duct.
[0081] The upper portion and the lower portion of the
containermay be an upper portion and a lower portion as
seen in the up-downdirection,when the container is in an
installed state, i.e., when the heat pump is in an installed
state.
[0082] With this configuration, safety of the heat pump
is further improved. In particular, by providing a first duct
and a second duct at the container, wherein both the first
duct and the second duct allow the inside of the container
to be in communication with outdoors, natural ventilation
of the container is enabled. Natural ventilation means
that no additional means, such as pumping, need to be
applied to guide leaked refrigerant, which accumulates in
the container, to outside. This is because outside air can
enter the container throughoneof the ducts, for example,
through the first duct, and leave the container through the
other one of the ducts, for example, through the second
duct, thereby creating natural ventilation of the container
and discharge of the leaked refrigerant to outdoors.
[0083] According to a twelfth aspect, the inside of the
container may be hermetically sealed from the outside of
the container.
[0084] In this context, hermetically sealed may mean
that neither air nor refrigerant can enter or escape
through the container, including any sealings used be-
tween different parts of the container, for example, in
case the container includes a lid or in case the first duct
and/or the second duct are not integrally formed with the
container.
[0085] With this configuration, safety of the heat pump
against refrigerant leakage is further improved.
[0086] According to a thirteenth aspect, the first duct
may be arranged at an upper portion of the container,
wherein an air intake opening may be provided at the
container, the air intake opening allowing the inside of the
container to be in communication with indoors, indoors
being where the indoor unit is located, wherein a fanmay
be arranged at an outdoor end of the first duct, the fan
being configured to generate an airflow inside the con-
tainer from the air intake opening to outdoors through the
first duct.
[0087] In this configuration, the container may be lo-
cated indoors, indoors meaning an indoor space of a
building or the like where the indoor unit is located.
[0088] Theair intakeopeningmaybeaholeprovided in
at least one of the outer walls of the container. The air
intakeopeningmaybeprovidedwithaone-wayvalveora
check valve, for example, so as to only allow a passage
through the air intake opening from the outside of the
container, i.e., from indoors (indoor space of a building),
to the inside of the container, while blocking a passage
through the air intake opening from the inside of the
container to the outside of the container.
[0089] The air intake opening may be provided at a
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lower portion of the container, so as to promote an airflow
through the entire box.
[0090] The outdoor end of the first ductmay be the one
end of the first duct penetrating through a wall of a
building or the like, while the other end of the first duct
is connected, for example, integrally connected, with the
container.
[0091] The fanmaygenerally be configured to blow the
gas in the container to outdoors, thereby creating a
negative pressure in the container, which leads to gas
from indoors being sucked into the container via the air
intake opening, thereby leading to an airflow through the
container from theair intakeopening to theoutdoor endof
the first duct.
[0092] With this configuration, safety of the heat pump
is further improved. In particular, by operating the fan, an
airflow is forcefully created within the container, thereby
creating a forced ventilation of the container, as opposed
to a natural ventilation of the container, and discharge of
the leaked refrigerant to outdoors.
[0093] According to a fourteenth aspect, a refrigerant
leak detector may be provided inside the container,
wherein operation of the fan may be dependent on a
refrigerant leak detector signal.
[0094] For example, the refrigerant leak detector may
be an optical detector configured to detect refrigerant, for
example, leaked refrigerant, inside the container.
[0095] Operation of the fan may be started when the
refrigerant leak detector detects refrigerant inside the
container, for example, when the refrigerant amount in-
side the container is higher than a predetermined refrig-
erant amount value. In this case, the refrigerant leak
detector may output a refrigerant leak detector signal.
[0096] Acontrol unitmaybeprovided for controlling the
refrigerant leak detector and the fan and for allowing
communication between the refrigerant leak detector
and the fan.
[0097] With this configuration, operation of the fan
does not need to be performed continuously, but only
in case leaked refrigerant is detected. This saves electric
power, thereby making the heat pump more efficient.
[0098] According to a fifteenth aspect, the container of
theheatexchangerunitmaybeconfigured tobemounted
to a wall of a building or to a floor of a building at a wall of
the building.
[0099] Thecontainermaybeconfigured tobemounted
to a wall of a building or to a floor of a building at a wall of
the building either outdoors or indoors.
[0100] In case the container is mounted indoors to a
wall or to a floor at a wall of the building, a distance
between the wall and the container may be up to and
including 50 cm, preferably 30 cm, so as to keep the
refrigerant piping as short as possible.
[0101] For example, the container may comprise a
mounting structure, holding the container, wherein the
mounting structure is configured to be mounted to a wall
of a building, for example, using screws.
[0102] Thecontainermaybeconfigured tobemounted

to a floor of a building at a wall of the building by the
container comprisingstands, apedestal, or aplatform,on
which the container stands. The stands, the pedestal, or
the platform may be fixed to the floor using screws or the
like.
[0103] With this configuration, the container can be
easily arranged at a wall of a building, and the refrigerant
piping length can be kept short in case the container is
located indoors.
[0104] Further aspects of the present disclosure may
be found in the following description of particular embo-
diments referring to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0105]

Fig. 1 is a schematic diagramof a heat pump accord-
ing to the present disclosure.

Fig. 2 is a schematic perspective view of an embodi-
ment of the heat pump of Fig. 1.

Fig. 3 is a perspective view of an embodiment of an
indoor unit of the heat pump of Fig. 1.

Fig. 4 is a schematic perspective view of a part of the
indoor unit of Fig. 3 with a heat exchanger unit.

Fig. 5 is a perspective view of an embodiment of a
heat exchanger unit of the heat pump of Fig. 1.

Fig. 6 is a perspective view of an intermediate heat
exchanger and a gas-liquid separator of the heat
exchanger unit of Fig. 5.

Fig. 7 is aperspectiveviewof theheatexchangerunit
of Fig. 5.

Fig. 8 is aperspectiveviewof theheatexchangerunit
of Fig. 7 from another direction.

Fig. 9 is aperspectiveviewof theheatexchangerunit
of Fig. 7 from another direction.

Fig. 10 is a perspective view of the heat exchanger
unit of Fig. 7 from another direction.

Fig. 11 is a schematic diagram of a part of an embo-
diment of the heat pump of Fig. 1.

Fig. 12 is a schematic diagram of a part of an embo-
diment of the heat pump of Fig. 1.

DETAILED DESCRIPTION OF PARTICULAR EMBO-
DIMENTS

[0106] Hereinafter, embodiments according to the dis-
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closure will be described in detail with reference to the
accompanying drawings in order to describe the disclo-
sure using illustrative examples. Further modifications of
certain individual features described in this context can
be combined with other features of the described embo-
diments to form further embodiments of the disclosure.
[0107] Throughout the drawings, the same reference
numerals are used for the same or similar elements.
[0108] Fig. 1 is a schematic diagram of a heat pump 1
according to the present disclosure. The heat pump 1
comprises a refrigerant circuit 10 for circulating a refrig-
erant and a heat medium circuit 30 for circulating a heat
medium.The refrigerant circuit 10hasacompressor 11, a
heat source heat exchanger 12,which is an evaporator in
the present embodiment, an expansion valve 13, and an
intermediate heat exchanger 20, which is a condenser in
the present embodiment. The heatmediumcircuit 30 has
a pump 36, the intermediate heat exchanger 20 and,
optionally and as shown in Fig. 1, a gas-liquid separator
31. The heat medium in the heat medium circuit 30 is
circulated by means of the pump 36. A usage-side heat
exchanger of the heat pump1,whichmaybea radiator or
a floor heater or the like, is not shown.
[0109] In the embodiment shown in Fig. 1, the com-
pressor 11, the heat source heat exchanger 12, and the
expansion valve 13 form part of an outdoor unit 100
comprising an outdoor unit casing 101 accommodating
the compressor 11, the heat source heat exchanger 12,
and the expansion valve 13. The outdoor unit 100 is
located outdoors. On the other hand, the intermediate
heat exchanger 20, the gas-liquid separator 31, and the
pump36are located indoors in the embodiment shown in
Fig. 1. The heat pump 1 comprises an indoor unit 300
comprising an indoor unit casing 301 housing at least the
pump 36. The heat pump 1 further comprises a heat
exchanger unit 200 comprising a container 201 housing
the intermediate heat exchanger 20 and, optionally, the
gas-liquid separator 31. The outdoor unit 100 on the one
hand, and the indoor unit 300and theheat exchangerunit
200 on the other hand are separated by a wall of a
building or the like.
[0110] The heat source heat exchanger 12, the com-
pressor 11, the expansion valve 13, and the intermediate
heat exchanger 20 are connected with each other via a
refrigerant piping 14. The intermediate heat exchanger
20, the gas-liquid separator 31, and the pump 36 are
connected with each other via a heat medium piping 37.
[0111] As indicated in Fig. 1, the container 201 of the
heat exchanger unit 200 is separate from the indoor unit
casing 301 and the outdoor unit casing 101 and located
outside of the indoor unit casing 301 and the outdoor unit
casing 101.
[0112] Since the container 201 of the heat exchanger
unit 200 housing the intermediate heat exchanger 20 is
separate from the indoor unit casing 301 and the outdoor
unit casing 101 and located outside of the indoor unit
casing 301 and the outdoor unit casing 101, in case of
refrigerant leakage at or in the intermediate heat exchan-

ger 20, the leaked refrigerant is kept even further away
from an indoor unit space or an outdoor unit space, in
which potential ignition sources, such as electronic com-
ponents, of the heat pump 1 are located, as opposed to a
configuration in which a container housing the intermedi-
ate heat exchanger is located inside the indoor unit or
outdoor unit of the heat pump. This leads to an improved
safety of the heat pump 1.
[0113] Moreover, in Fig. 1, the heat pump 1 is a split-
configuration heat pump 1, in which the heat source heat
exchanger 12, the expansion valve 13, and the compres-
sor 11 formpart of the outdoor unit 100 of the heat pump1
and are arranged together in an outdoor unit casing 101,
while the intermediate heat exchanger 20 is located in-
doors. Since the container 201 of the heat exchanger unit
200 housing the intermediate heat exchanger 20 is lo-
catedoutsideof the indoor unit casing301, the refrigerant
piping 14 connecting the components of the outdoor unit
100 with the intermediate heat exchanger 20 can be kept
shorter, as opposed to a configuration in which a contain-
er housing the intermediate heat exchanger is located
inside the indoor unit. As a result, the amount of refrig-
erant in the heat pump 1 can be reduced, therebymaking
the heat pump 1 cheaper.
[0114] Fig. 2 is a schematic perspective view of an
embodiment of the heat pump 1 of Fig. 1. Both the out-
door unit casing 101 of the outdoor unit 100 and the
indoor unit casing 301 of the indoor unit 300 have sub-
stantially cuboid shapes.
[0115] The container 201 and the first duct 208 are
depicted transparent for visibility of the components
housed therein. The container 201 of the heat exchanger
unit 200 has a box shape, whichwill be described inmore
detail below. Moreover, the container 201 comprises a
first duct 208, which will be described in more detail
below. As indicated in Fig. 2, part of the refrigerant piping
14 is located within the first duct 208. The container 201
houses the intermediate heat exchanger 20 and the gas-
liquid separator 31. As indicated in Fig. 2, the heat
medium piping 37 enters the container 201 at one and
the same outer wall of the container 201.
[0116] In the embodiment shown in Fig. 2, the contain-
er 201 of the heat exchanger unit 200 is spaced apart
from the indoor unit casing 301 of the indoor unit 300 and
from the outdoor unit casing 101 of the outdoor unit 100.
[0117] In Fig. 2, the container 201 is intended to be
located indoors. In this case, it is possible to arrange the
container 201 of the heat exchanger unit 200 close to a
wall of a building or the like, while the indoor unit 300may
be located elsewhere indoors, including a location far
away from the wall of the building through which the
refrigerant piping 14 enters the building, thereby keeping
the refrigerant piping 14 between the components of the
outdoor unit 100 and the components of the heat ex-
changer unit 200 as short as possible. Thereby, the
amount of refrigerant in the heat pump 1 can be reduced,
which leads to a cheaper heat pump 1.
[0118] Moreover, with this configuration, the heat ex-
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changerunit 200canbedisposedat anydesired location,
independently from the outdoor unit casing 101 or the
indoor unit casing 301, which leads to a high flexibility of
the heat pump 1.
[0119] Fig. 3 is a perspective view of an embodiment of
an indoor unit 300 of the heat pump1of Fig. 1. The indoor
unit 300 has an indoor unit casing 301. The indoor unit
300 comprises a tank chamber part 302 and a machine
chamber part 303. The machine chamber part 303 is
disposed on top of the tank chamber part 302. In the
embodiment shown in Fig. 3, the tank chamber part 302
and themachine chamber part 303 are integrally formed,
so that at least oneouterwall of the indoor unit casing301
covers both the tank chamber part 302 and the machine
chamber part 303.
[0120] Fig. 4 is a schematic perspective view of a part
of the indoor unit 300 of Fig. 3 with a heat exchanger unit
200. The tank chamber part 302 accommodates a hot
water tank 3021. The heat medium circuit 30 further
comprises a coil 3022 immersed in water contained in
the hot water tank 3021 for exchanging heat with the
water. The water in the hot water tank 3021 may be
domestic water.
[0121] Themachine chamber part 303 accommodates
the pump 36 of the heat medium circuit 30. Further
components of the machine chamber part 303, such
as electronic components, are omitted for easier illustra-
tion.
[0122] In theembodiment ofFig. 4, thecontainer 201of
the heat exchanger unit 200 is attached to the machine
chamber part 303 of the indoor unit casing. In this embo-
diment, the heat exchanger unit 200 can be considered
as a "backpack" of the indoor unit 300.
[0123] With this configuration, a compact design of the
indoor unit 300 with the heat exchanger unit 200 can be
provided, while still achieving an improved safety of the
heat pump 1.
[0124] Fig. 5 is a perspective view of an embodiment of
a heat exchanger unit 200 of the heat pump 1 of Fig. 1.
The container 201 and the first duct 208 are depicted
transparent for visibility of the components housed there-
in. In contrast to the heat exchanger unit 200 shown in
Fig. 2, the (optional) gas-liquid separator 31 is disposed
on the other side of the intermediate heat exchanger 20.
Moreover, instead of penetrating the container 201
through a sidewall of the container 201, the heatmedium
piping 37 penetrates the container 201 through the bot-
tom wall of the container 201.
[0125] The gas-liquid separator 31 constitutes a safety
device as a safety measure against refrigerant leakage
into the heat medium circuit 30, which is accommodated
inside the container 201 of the heat exchanger unit 200,
together with the intermediate heat exchanger 20.
[0126] In addition, or as an alternative, the intermedi-
ate heat exchanger 20maybeadouble-walled plate heat
exchanger, which constitutes a (further) safety device.
[0127] Fig. 6 is a perspective view of the intermediate
heat exchanger 20 and the gas-liquid separator 31 of the

heatexchangerunit 200ofFig. 5.Ascanbeseen inFig. 6,
thegas-liquid separator 31 further comprisesagaspurge
valve 313. The gas purge valve 313 is provided for
releasing gas, which accumulates in the gas-liquid se-
parator 31, to the outside of the gas-liquid separator 31 in
a controlled manner. In the embodiment shown in Fig. 6,
the gas purge valve 313 is provided at the gas-liquid
separator 31 at an upper side of the gas-liquid separator
31.
[0128] Figs. 7, 8, 9, and 10 are perspective viewsof the
heatexchangerunit 200ofFig. 5 fromdifferent directions,
i.e., from different perspectives. The container 201 has a
box shapewith a first sidewall 202andasecond sidewall
203, opposing the first side wall 202, a rear wall 204
extending between the first side wall 202 and the second
side wall 203, a top wall 205 being connected to upper
ends of the first side wall 202, the second side wall 203,
and the rear wall 204, a front wall 206 opposing the rear
wall 204,andabottomwall 207opposing the topwall 205.
[0129] In the heat pump 1, the rear wall 204 of the
container 201 is closer to the outdoor unit 100 than the
front wall 206, meaning that the rear wall 204 is directly
opposite to an inner side of a wall of a building or the like.
[0130] As can be seen in Fig. 10, a refrigerant pipe
connection point 141 where the refrigerant piping 14
enters the container 201 is located at the top wall 205
of the container 201. However, the refrigerant pipe con-
nection point 141 may as well be located at the rear wall
204, the first side wall 202, the second side wall 203, or
the bottom wall 207 of the container 201.
[0131] As shown in Figs. 7, 8, and 9, a heat medium
pipe connection point 371 where the heat medium piping
37 enters the container 201 is located at the bottom wall
207 of the container 201.However, the heatmediumpipe
connection point 371 may as well be located at the front
wall 206, the first side wall 202, the second side wall 202,
or the top wall 205 of the container 201.
[0132] Moreover, a first duct 208 is provided at the
container 201. In Figs. 7, 8, 9, and 10, only a part of
the first duct 208 is depicted. In the present embodiment,
the first duct 208 is provided at the top wall 205 of the
container 201. The first duct 208 allows the inside of the
container 201 to be in communication with outdoors,
outdoors being where the outdoor unit 100 is located.
As shown in Fig. 10, the refrigerant pipe connection point
141 is located within the first duct 208.
[0133] Fig. 11 is a schematic diagram of a part of an
embodiment of the heat pump 1 of Fig. 1. The first duct
208 is arranged at an upper portion of the container 201.
An air intake opening 210 is provided at the container
201, in the present embodiment, at a lower portion of the
container 201. The air intake opening 210 allows the
inside of the container 201 to be in communication with
indoors, indoors being where the indoor unit 300 is lo-
cated.
[0134] A fan 211 is arranged at an outdoor end of the
first duct 208. The fan 211 is configured to generate an
airflow inside the container 201 from the air intake open-
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ing 210 to outdoors through the first duct 208. By operat-
ing the fan 211, an airflow is forcefully created within the
container 201, thereby creating a forced ventilation of the
container 201, as opposed to a natural ventilation of the
container 201, and discharge of the leaked refrigerant to
outdoors.
[0135] Moreover, a refrigerant leak detector 212 is
provided inside the container 201. Operation of the fan
211 is dependent on a refrigerant leak detector signal.
Operation of the fan 211 is started when the refrigerant
leak detector 212 detects refrigerant inside the container
201, for example, when the refrigerant amount inside the
container 201 is higher than a predetermined refrigerant
amount value. In this case, the refrigerant leak detector
212 outputs a refrigerant leak detector signal.
[0136] In the embodiment shown in Fig. 11, the con-
tainer 201 of the heat exchanger unit 200 is mounted
indoors to a floor of a building at a wall of the building.
[0137] Fig. 12 is a schematic diagram of a part of an
embodiment of the heat pump 1 of Fig. 1. The first duct
208 is arranged at an upper portion of the container 201.
A second duct 209 is provided at a lower portion of the
container 201, the second duct 209 allowing the inside of
the container 201 to be in communication with outdoors.
[0138] Byproviding thefirst duct 208andasecondduct
209 at the container 201, wherein both the first duct 208
and the second duct 209 allow the inside of the container
201 to be in communication with outdoors, natural venti-
lation of the container 201 is enabled, thereby dischar-
ging leaked refrigerant to outdoors. For example, air can
enter the container 201 through the first duct 208 and
leave the container 201 through the second duct 209,
thereby creating natural ventilation of the container and
discharge of the leaked refrigerant to outdoors.
[0139] In this case, the inside of the container 201may
be hermetically sealed from the outside of the container
201 to further improve safety of the heat pump 1.
[0140] In the embodiment shown in Fig. 12, the con-
tainer 201 of the heat exchanger unit 200 is mounted
indoors to a wall of a building.

LIST OF REFERENCE SIGNS

[0141]

1 Heat pump
10 Refrigerant circuit
11 Compressor
12 Heat source heat exchanger
13 Expansion valve
20 Intermediate heat exchanger
30 Heat medium circuit
36 Pump
31 Gas-liquid separator
100 Outdoor unit
101 Outdoor unit casing
300 Indoor unit
301 Indoor unit casing

200 Heat exchanger unit
201 Container
14 Refrigerant piping
37 Heat medium piping
302 Tank chamber part
3021 Hot water tank
3022 Coil
303 Machine chamber part
313 Gas purge valve
202 First side wall
203 Second side wall
204 Rear wall
205 Top wall
206 Front wall
207 Bottom wall
141 Refrigerant pipe connection point
371 Heat medium pipe connection point
208 First duct
209 Second duct
210 Air intake opening
211 Fan
212 Refrigerant leak detector

Claims

1. A heat pump (1), comprising

a refrigerant circuit (10) for circulating a refrig-
erant comprising a compressor (11), a heat
source heat exchanger (12), an expansion valve
(13), and an intermediate heat exchanger (20),
a heat medium circuit (30) for circulating a heat
medium comprising a pump (36) and the inter-
mediate heat exchanger (20),
an outdoor unit (100) comprising an outdoor unit
casing (101) housing at least the heat source
heat exchanger (12), the compressor (11), and
the expansion valve (13),
an indoor unit (300) comprising an indoor unit
casing (301) housing at least the pump (36), and
a heat exchanger unit (200) comprising a con-
tainer (201) housing the intermediate heat ex-
changer (20),
wherein the heat source heat exchanger (12),
the compressor (11), the expansion valve (13),
and the intermediate heat exchanger (20) are
connected with each other via a refrigerant pip-
ing (14), and the intermediate heat exchanger
(20) and the pump (36) are connected with each
other via a heat medium piping (37),
wherein the container (201) of the heat exchan-
ger unit (200) is separate from the indoor unit
casing (301) and the outdoor unit casing (101)
and located outside of the indoor unit casing
(301) and the outdoor unit casing (101).

2. The heat pump (1) according to claim 1,
wherein the container (201) of the heat exchanger
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unit (200) is spaced apart from the indoor unit casing
(301) and the outdoor unit casing (101).

3. The heat pump (1) according to claim 1,

further comprising a hot water tank (3021),
wherein the heat medium circuit (30) further
comprises a coil (3022) immersed in water con-
tained in the hot water tank (3021) for exchan-
ging heat with the water,
wherein the indoor unit (300) comprises
a tank chamber part (302) accommodating the
hot
water tank (3021) and the coil (3022), and
a machine chamber part (303) accommodating
at least the pump (36), the machine chamber
part (303) being disposed on top of the tank
chamber part (302),
wherein the container (201) of the heat exchan-
ger unit (200) is attached to the machine cham-
ber part (303) of the indoor unit casing (301).

4. Theheatpump (1)according toanyoneof claims1 to
3,
wherein the heat medium circuit (30) further com-
prises a safety device as a safety measure against
refrigerant leakage into the heatmedium circuit (30),
the safety device being accommodated inside the
container (201) of the heat exchanger unit (200).

5. The heat pump (1) according to claim 4,
wherein the safety device is a gas-liquid separator
(31) .

6. The heat pump (1) according to claim 5,
wherein the gas-liquid separator (31) comprises a
gas purge valve (313).

7. Theheatpump (1)according toanyoneof claims4 to
6,
wherein the intermediate heat exchanger (20) is a
double-walled plate heat exchanger being the safety
device.

8. The heat pump (1) according to any one of the
preceding claims,

wherein the container (201) has a box shape
with a first sidewall (202) and a second sidewall
(203), opposing the first side wall (202), a rear
wall (204) extending between the first side wall
(202) and the second side wall (203), a top wall
(205) being connected to upper ends of the first
side wall (202), the second side wall (203), and
the rear wall (204), a front wall (206) opposing
the rear wall (204), and a bottom wall (207)
opposing the top wall (205), the rear wall
(204) being closer to the outdoor unit (100) than

the front wall (206),
wherein a refrigerant pipe connection point
(141) where the refrigerant piping (14) enters
the container (201) is located at the top wall
(205), the rear wall (204), the first side wall
(202), the second side wall (203), or the bottom
wall (207) of the container (201).

9. The heat pump (1) according to claim 8,
wherein a heat medium pipe connection point (371)
where the heat medium piping (37) enters the con-
tainer (201) is located at the front wall (206), the
bottomwall (207), thefirst sidewall (202), thesecond
side wall (202), or the top wall (205) of the container
(201).

10. The heat pump (1) according to claim 8 or 9,

wherein a first duct (208) is provided at the
container (201), the first duct (208) allowing
the inside of the container (201) to be in com-
municationwith outdoors, outdoorsbeingwhere
the outdoor unit (100) is located,
wherein the refrigerant pipe connection point
(141) is located within the first duct (208).

11. The heat pump (1) according to claim 10,

wherein the first duct (208) is arranged at an
upper portion of the container (201),
wherein a second duct (209) is provided at a
lower portion of the container (201),
the second duct (209) allowing the inside of the
container (201) to be in communication with
outdoors.

12. The heat pump (1) according to any one of the
preceding claims,
wherein the inside of the container (201) is herme-
tically sealed from the outside of the container (201).

13. The heat pump (1) according to claim 10,

wherein the first duct (208) is arranged at an
upper portion of the container (201),
wherein an air intake opening (210) is provided
at the container (201), the air intake opening
(210) allowing the inside of the container (201)
to be in communication with indoors, indoors
being where the indoor unit (300) is located,
wherein a fan (211) is arranged at an outdoor
end of the first duct (208), the fan (211) being
configured to generate an airflow inside the
container (201) from the air intake opening
(210) to outdoors through the first duct (208).

14. The heat pump (1) according to claim 13,
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wherein a refrigerant leak detector (212) is pro-
vided inside the container (201),
wherein operation of the fan (211) is dependent
on a refrigerant leak detector signal.

15. The heat pump (1) according to any one of the
preceding claims,
wherein the container (201) of the heat exchanger
unit (200) is configured to be mounted to a wall of a
building or to a floor of a building at a wall of the
building.
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