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(57) Heat pump comprising a refrigerant circuit (10)
connecting a heat source heat exchanger (12), an ex-
pansion valve (14), ausagesideheatexchanger (16) and
a compressor (18), the refrigerant circuit being accom-
modated in an outdoor unit housing (2); and a heat
medium circuit (20) connecting the usage side heat ex-
changer (16), a pump (22) and a load (29), the heat
medium circuit further comprising a pressure relief valve
(28) accommodated in a machine chamber in an indoor
unit housing (3) and having an outlet for releasing gas
and/or liquid heatmedium from theheatmediumcircuit, a
separation box (40) located in the machine chamber in
the indoor unit housing (3) having a bottom (42) and a top
(41) and defining a space (48), the separation box (40)
comprising adrain inlet (54) into the space (48), the outlet
of the pressure relief valve (28) being connected to the
drain inlet (54), a drainage port (55) arranged in the
bottom (42) of the separation box (40) for draining liquid
from the space (48) to the outside of the machine cham-
ber in the indoor unit housing (3), and a gas outlet (60) for
discharging gas from the space (48) to the outside of the
machine chamber in the indoor unit housing (3).
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Description

Technical Field

[0001] The present disclosure relates to heat pumps,
particularly heat pumps used for heating and/or cooling
purposes, particularly in commercial and private build-
ings. More particularly, the present disclosure relates to
heat pumps of the so-called hydro split type comprising a
heat exchanger (usage side heat exchanger) for trans-
ferring heat between a refrigerant and a heat medium
such as water, wherein the refrigerant circuit, including
the usage side heat exchanger, is entirely located out-
doors.

Background

[0002] Nowadays, there is a significant thrive for using
refrigerants for heat pumps that have a low global warm-
ing potential (GBP) and a low ozone depletion potential
(ODP). In this context, R290 (propane) is one of the
refrigerants used in heat pumps of the above type be-
cause propane has a GBP of three and an ODP of zero.
[0003] Heat pumps of the hydro split type comprise a
primary circuit (refrigerant circuit) connecting a heat
source heat exchanger, such as an air to refrigerant heat
exchanger, an expansion valve, the usage side heat
exchanger, such as a plate heat exchanger, and a com-
pressor. The primary circuit of a hydro split type heat
pump is usually located outdoors (outside of the building)
and particularly in a housing of an outdoor unit.
[0004] The usage side heat exchanger of the primary
circuit is connected viaheatmediumpipes, suchaswater
pipes, to an indoor unit having an indoor unit housing
located inside the building. The indoor unit housing
usually houses at least some of the components of a
secondary circuit (heat medium circuit). The heat med-
ium circuit particularly connects the usage side heat
exchanger by means of the heat medium pipes, a pump
anda load. Thepumpserves circulating theheatmedium
in theheatmediumcircuit. The loadmay for example bea
domestic hot water tank, loops of a floor heating and/or
radiators. The heat medium circuit further comprises a
pressure relief valve accommodated in the indoor unit
housing. The pressure relief valve has an outlet and is
designated for releasing gas and/or liquid heat medium
from the heat medium circuit. The pressure relief valve
may for example be part of amagnetic filter connected to
the heat medium circuit.
[0005] Due to leakage, for example due to a leak in the
usage side heat exchanger, refrigerantmay leak from the
refrigerant circuit into the heat medium circuit. In this
case, gaseous refrigerant may exit the heat medium
circuit via the pressure relief valve and enter the indoor
unit housing.
[0006] However, the indoorunit housingveryoftenalso
accommodates components such as electrical and/or
electronic components which may be considered an

ignition source. As refrigerants used nowadays are often
flammable or even highly flammable, such as R290,
refrigerant entering the indoor unit housing is hazardous.

Summary

[0007] In view of the aforesaid, it is an object of the
present disclosure to provide a heat pump that can re-
duce the risk of hazardous events caused by leaking
refrigerant.
[0008] A heat pump according to the present disclo-
sure is defined in claim 1. Particular embodiments are
defined in the dependent claims.
[0009] A heat pump according to a first aspect, parti-
cularly for heating and/or cooling of a space inside a
building and/or heating domestic hot water, comprises
a refrigerant circuit connecting at least a heat source heat
exchanger, an expansion valve, a usage side heat ex-
changer and a compressor. The refrigerant circuit con-
tains a refrigerant, which may be R290 (propane). The
heat source heat exchanger may be an air to refrigerant
heat exchanger. The usage side heat exchanger may for
example be a plate or a double plate heat exchanger. As
previously indicated, the heat pump is a so-called hydro
split type heat pump. Accordingly, the refrigerant circuit is
accommodated in a housing of an outdoor unit (outdoor
unit housing).Anoutdoorunit is tobeunderstoodasaunit
being disposed outside the building.
[0010] The heat pump further comprises a heat med-
ium circuit connecting the usage side heat exchanger, a
pumpanda load.Theheatmediumcircuit containsaheat
medium, which may be water. The pump particularly
serves for circulating the heat medium within the heat
medium circuit. The loadmay for example be at least one
of a domestic hot water tank, loops of a floor heating and
radiators. The heat medium circuit further comprises a
pressure relief valve accommodated in an indoor unit
housing. The pressure relief valve has an outlet for
releasing gas and/or liquid from the heat medium circuit.
The pressure relief valve may for example be part of a
magnetic filter connected to the heat medium circuit (see
later). The indoor unit housing has a machine chamber
and the pressure relief valve is located in the machine
chamber. Also other components of the heat medium
circuit may be accommodated in the indoor unit housing,
particularly the machine chamber, such as the pump. In
case the load is a domestic hot water tank, the domestic
hot water tank may be located in a tank chamber of the
indoor unit housing below the machine chamber. More-
over, the heatmediumcircuitmay comprise heatmedium
pipes connecting the usage side heat exchanger located
outdoors with the components of the heat medium circuit
located indoors, such as in the indoor unit housing.
[0011] The heat pump further comprises a separation
box located (accommodated) in the machine chamber in
the indoor unit housing. The separation box has a box
shape. The separation box has a bottom and a top and
defines a space. In particular, the separation box may
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have a top, a bottom opposite to the top, opposite lateral
sides (left and right sides), a back side and a front side.
The separation box may be an injection molded product
made from resin. The separation box may be a two‑ or
more-part product. In one example, the separation box
may bemade from two parts, e.g. a top part and a bottom
part, which are attached to each other. In this context, it
maybebeneficial to haveasealingbetween the twoparts
to effectively seal the space. The two parts may also be
hinged to each other having a snap connection opposite
to the hinge for fixing the parts to each other. This has the
advantage, that the separation box may later be opened
for maintenance purposes such as cleaning. Alterna-
tively, the top part and the bottom part may be perma-
nently welded together in order to enhance the sealing of
the separation box. The separation box may be accom-
modated in an insulation, wherein the insulation may
provide for a double function of thermally and/or electri-
cally insulating as well as supporting the separation box
within the machine chamber of the indoor unit housing.
[0012] The separation box comprises a drain inlet, a
drainage port and a gas outlet. The drain inlet opens into
the space. The outlet of the pressure relief valve is con-
nected to thedrain inlet. Thedrain inletmaybeconnected
to the outlet of the pressure relief valve by a tube, such as
a flexible tube. The drainage port is arranged in the
bottom of the separation box for draining liquid from
the space to the outside of the machine chamber of
the indoor unit housing (particularly liquid heat medium
discharged from the pressure relief valve). The gas outlet
is provided for discharging gas
[0013] (particularly gaseous refrigerant leaked into the
heat medium circuit) discharged from the pressure relief
valve from the space to the outside of the machine
chamber in the indoor unit housing. The gas outlet
may be provided in the bottom of the separation box.
Particularly if a refrigerant is used having a larger specific
gravity than air, such as propane, gaseous refrigerant will
accumulate in the bottom of the separation box and can,
hence, be easily discharged via the gas outlet. A flexible
tube may be connected to the drainage port and/or the
gas outlet leading out of themachine chamber. Further, a
cross sectional area of the drain inlet may be equal to or
smaller than a cross sectional area of the drainage port.
In case the drain inlet and the drainage port are circular in
cross section, the diameter of the drain inlet is equal to or
smaller than the diameter of the drainage port.
[0014] According to this aspect, gaseous refrigerant
that may have leaked into the heat medium circuit and is
discharged from the outlet of the pressure relief valve is
via the drain inlet of the separation box flown into the
space and therefore isolated from any potential ignition
source in the machine chamber of the indoor unit hous-
ing. Even further, the gaseous refrigerant may exit the
space of the separation box via the gas outlet and is
therefore no longer present inside the machine chamber
of the indoor unit housing.Accordingly, anypotential risks
of the refrigerant being ignited can be avoided.

[0015] According to a second aspect, the bottom is
inclined towards the drainage port.
[0016] Asa result, guidanceof any liquidmedium to the
drainage port can be assisted and good drainage be
achieved.
[0017] According to a third aspect, a float valve is ar-
ranged in the drainage port. The float valve only opens
the drainage port once a certain amount of liquidmedium
has accumulated in the space of the separation box and
only then enables drainage of the liquidmedium from the
space.
[0018] Accordingly, escaping of gaseous medium,
such as leaked refrigerant, through the drainage port
can be prevented or at least be minimized.
[0019] According to a fourth aspect, the float valve is a
guided float ball. To guide the float ball, vertical ribs (such
as four diametrically opposite ribs) may protrude from a
circumference of the drainage port and restrict move-
ment of the float ball in a horizontal direction. Further-
more, a stop may be located at or near a free end of the
vertical ribs restricting movement of the float ball in a
vertical direction.
[0020] The provision of a float ball provides for a very
simple but reliable float valve, whereby costs are mini-
mized.
[0021] According toafifthaspect, thedrainageport has
an inlet opening and a ridge circumventing the inlet
opening, wherein the float ball sits on a top of the ridge.
[0022] According to this aspect, a small amount of
liquid will remain in the separation box around the ridge
even when drainage has been concluded. This liquid
serves as an additional sealing between the float ball
and thedrainageport.Accordingly, anygas trapped in the
separation box is reliably prevented from leaving through
the drainage port. Thus, any potentially leaking gaseous
refrigerant can be prevented from exiting the separation
box via the drainage port. Further, the float ball sits higher
than the bottom, whereby stable floating of the float ball
can be ensured.
[0023] According to a sixth aspect, the ridge, starting
from the top, slopes radially outward.
[0024] Asa result, liquid accumulating on the bottomof
the separation box will smoothly and equally around the
circumference of the top be guided towards the float ball
upon an increasing level of liquid in the separation box.
Thus, stable lifting of the float ball from the top of the ridge
may be realized.
[0025] According to a seventh aspect, the top of the
ridge and the float ball are configured to make linear
contact.
[0026] Thus, a good sealing effect may be achieved
between the float ball and the ridge at the same time
assisting sealing the interface between the float ball and
the ridge by means of the accumulating liquid.
[0027] According to an eighth aspect, the drain inlet is
arranged in a side wall of the separation box adjacent to
the top, wherein a baffle plate in the space, which may
extend from the top into the space, faces the drain inlet to
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deflect liquid introduced into the space via the drain inlet
away from the drainage port.
[0028] Thus, liquid introduced into the separation box
may collide with the baffle plate, whereby the inflow
direction of the liquid introduced via the drain inlet is
deflected (changes) and the liquid is prevented from
directly flowing onto the float ball. Thus, the float ball
may be prevented from being pushed against its seat so
that a quick discharge of any liquid in the separation box
from the drainage port may be ensured.
[0029] According to a ninth aspect, a first wall is ar-
ranged in the space of the separation box and extends
from the bottom towards the top separating the space of
the separation box into a first space into which the drain
inlet opens and in which the drainage port is located, and
asecondspace inwhich thegasoutlet is located,wherein
the first space and second space are fluidly communi-
cated.
[0030] According to this aspect, any gaseous refriger-
ant entrained by the liquid discharged from the outlet of
the pressure relief valve and entering the separation box
via the drain inlet can be separated from the liquid and
enter the second space being discharged from the gas
outlet. In this context, it may be preferred that the first
and/or second gas inlet of the first and second air purge
valves are located in the second space. Hence, reliable
separation of any potentially leaking gaseous refrigerant
from any liquid in the separation box and, hence reliable
discharge of leaking gaseous refrigerant from the se-
paration box can be achieved. Additionally, liquid heat
medium accumulating on the bottom can be prevented
from reaching and being discharged via the gas outlet.
[0031] According to a tenth aspect, a second wall is
arranged in the space of the separation box and extends
from the top towards the bottom, the first wall and the
second wall overlap in a direction perpendicular to their
extension direction with a distance between the first wall
and the secondwall to fluidly communicate the first space
and the second space.
[0032] Accordingly, the separationmay easily beman-
ufactured in an injection moulding process at the same
timeeasily realizing the fluid communication between the
spaces by forming a passage between the walls.
[0033] According to an eleventh aspect, the heat med-
ium circuit further comprises a magnetic filter having the
pressure relief valve.
[0034] According to a twelfth aspect, themagnetic filter
further has a first air purge valve, the first air purge valve
havinga first outlet for releasingat least gas from theheat
medium circuit. The first air purge valve is accommo-
dated in themachine chamber in the indoor unit housing.
The separation box has a first gas inlet connected to the
first outlet of the first air purge valve.
[0035] According to this aspect, gaseous refrigerant
that may have leaked into the heat medium circuit and is
discharged from the outlet of the first air purge valve is via
the first gas inlet of the separation box flown into the
space and therefore isolated from any potential ignition

source in the indoor unit housing. Even further, the gas-
eous refrigerant may exit the space of the separation box
via its gas outlet and is therefore no longer present inside
the indoor unit housing.Accordingly, anypotential risksof
the refrigerant being ignited can be avoided.
[0036] According to a thirteenth aspect, the heat med-
ium circuit further comprises a booster heater having a
secondair purgevalve, thesecondair purgevalvehaving
a second outlet for releasing at least gas from the heat
medium circuit, the second air purge valve being accom-
modated in the machine chamber in the indoor unit
housing, wherein the separation box has a second gas
inlet connected to the second outlet of the second air
purge valve.
[0037] According to this aspect, gaseous refrigerant
that may have leaked into the heat medium circuit and is
discharged from theoutlet of the secondair purgevalve is
via the second gas inlet of the separation box flown into
the space and therefore isolated from any potential igni-
tion source in the indoor unit housing. Even further, the
gaseous refrigerant may exit the space of the separation
box via its gas outlet and is therefore no longer present
inside the indoor unit housing. Accordingly, any potential
risks of the refrigerant being ignited can be avoided.
[0038] According to a fourteenth aspect, the separa-
tion box is located in the machine chamber in the indoor
unit housing closer to the magnetic filter than to the
booster heater.
[0039] According to this aspect, the length of a pipe or
tube connecting the outlet of the pressure relief valve and
the drain inlet may beminimized. In this embodiment, the
first air purgevalveof themagnetic filtermaybe located in
oneof the lateral sidewalls to further shorten the length of
the pipe connecting the first outlet of the first air purge
valve and the first gas inlet of the separation box. Be-
cause there are two pipes connected to the pressure
relief valve and the first air purge valve of the magnetic
filter as compared to the second air purge valves of the
booster heater, the overall piping length may be reduced
by the above aspect.
[0040] According to a fifteenth aspect, the heat pump
further comprises a gas sensor arranged in a gas outlet
line connected to the gas outlet of the separation box for
sensing gaseous refrigerant in the gas outlet line.
[0041] Because refrigerant leaking into the heat med-
ium circuit is introduced via the pressure relief valve and
optionally the air purge valve/-s into the space of the
separation box and subsequently discharged vie the
gas outlet, a gas sensor sensing inside the gas outlet
line can reliably sense that a leak occurred. Conse-
quently countermeasures canbe initiatedbyaheat pump
controller.
[0042] In an embodiment, the gas sensor may be
positioned in a gas sensor box. This is particularly applic-
able if the gas sensor is positioned in themachine cham-
ber of the indoor unit. In particular, the gas sensor box
defines a space in which the gas sensor is located.
Additionally, the gas sensor box comprises a first port
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connecting a pipe that connects the gas sensor box with
the gas outlet of the separation box and a second port
connecting the gas sensor box with the outside of the
machine chamber of the indoor unit housing or the out-
side of the indoor unit housing. Thus, any gaseous re-
frigerant may accumulate in the space of the gas sensor
box and the flow rate of the gaseous refrigerant is re-
duced so that reliable sensing of the gaseous refrigerant
by the gas sensor is assisted. Alternatively, the gas
sensor may also be positioned at an end of the outlet
line outside the machine chamber of the indoor unit.

Brief Description of the Drawings

[0043]

Figure 1 is a schematic view of a hydro split heat
pump;

Figure 2 is a perspective view of an indoor unit of the
hydro split heat pump with part of a top cover being
removed;

Figure 3 is an enlarged perspective view of the top
part of the indoor unit of figure 2;

Figure 4 is another enlarged perspective view of the
top part of the indoor unit of figure 2;

Figures 5A-B are perspective views of a separation
box;

Figure 6 is a cross-sectional viewalong the line 6‑6 in
figure 5B;

Figures 7A-B are perspective top views of the lower
part of the separation box;

Figure 8 is a prospective bottom view of the upper
part of the separation box;

Figures 9A-B are a perspective view and an ex-
ploded view of a gas sensor box.

Detailed Description

[0044] It is to be understood that same reference nu-
merals designate sameor similar features throughout the
drawings and the description. Same or similar features in
the different embodiments are only described once in
order to avoid repetition.
[0045] The hydro split heat pump as shown in figure 1
comprises a refrigerant circuit. The entire refrigerant
circuit is arranged outside of a building 1, such as a
residential house or commercial building.
[0046] The refrigerant circuit 10, in its most general
configuration, connects a heat source heat exchanger
12, an expansion valve 14, a usage side heat exchanger

16 and a compressor 18. It is to be understood that the
refrigerant circuit 10 may comprise further components
as it is well known in the art.
[0047] A refrigerant is circulated in the refrigerant cir-
cuit 10 by means of the compressor 18. The refrigerant
may be a flammable refrigerant such asR290 (propane).
The heat source may be air so that the heat pump may
also be called an air-source heat pump. Yet, the heat
pump may use a different source, for example a ground
source heat pump using heat from soil or groundwater.
[0048] The usage side heat exchanger 16 may be a
plate or double plate heat exchanger.
[0049] At least theabove-describedcomponents of the
refrigerant circuit, preferably all components of the re-
frigerant circuitmay be located in an outdoor unit housing
2 of an outdoor unit.
[0050] The heat pump further comprises a heat med-
iumcircuit 20. Theheatmediumcircuit comprises at least
the usage side heat exchanger 16, a pump 22 and a load
29 connected by heat medium piping. The heat medium
may bewater so that the heat pump is an air to water heat
pump.
[0051] The load29maybeadomestic hotwater tank, a
floor heating and/or a radiator.
[0052] The heat medium circuit 20 further comprises a
booster heater 24 and a magnetic filter 26. The booster
heater 24 comprises a second air purge valve 25 (see
figures 3 and 4). The magnetic filter 26 comprises a first
air purge valve 27 and a pressure relief valve 28 (see
figures 3 and 4). Air purge valves are used to automati-
cally purge air (gaseous medium) from the heat medium
circuit. Air purge valves are generally mounted vertically
and preferably at the top of the booster heater 24 and the
magnetic filter 26. A pressure relief valve is a type of
safety valve used to control or limit the pressure in the
heat medium circuit. Otherwise, excessive pressure
might build up and create equipment failure. Also the
pressure relief valve 28 is mounted at the top of the
magnetic filter 26.
[0053] In the present embodiment, the pump 22, the
booster heater 24 including the air purge valve 25, the
magnetic filter 26 including the air purge valve 27 and the
pressure relief valve 28 are accommodated in an indoor
unit housing 3. In particular, the indoor unit 4 may, as in
the present embodiment, be divided into a machine
chamber 5 located in a top portion of the indoor unit 4
anda tankchamber6 inabottomportionof the indoor unit
4. The components of the heat medium circuit 20 are
primarily accommodated in themachine chamber 5. The
indoor unit housing 3 comprises lateral side walls includ-
ing a frontwall 6, right and left sidewalls 7 and a backwall
8.
[0054] Heat medium connection piping 30, 31 connect
the indoor unit 4 to the outdoor unit. Accordingly, heat
may be transferred between the refrigerant circulated in
the refrigerant circuit 10 and heat medium (here water)
circulated in the heat medium circuit 20.
[0055] In case leakage occurs in the usage side heat
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exchanger 16, refrigerant from the refrigerant circuit 10
mayenter theheatmediumcircuit 20. The refrigerantwill,
therefore likely be in the gaseous state and be entrained
in the liquid heat medium. The refrigerant being gaseous
may thus leave the heat medium circuit via the air purge
valves25and27aswell as, if a certainpressure isbuilt up
in the heatmediumcircuit 20, via the pressure relief valve
28.
[0056] The indoor unit housing 3, particularly the ma-
chine chamber 5, also accommodates electric and/or
electronic equipment such as a control board, the pump,
electric valves, etc. Such equipment is a potential ignition
source. Hence, if a flammable gaseous refrigerant were
to be released inside the indoor unit housing 3, particu-
larly the machine chamber 5, it could be ignited by these
ignition sources causing a hazardous event.
[0057] For this reason, the present disclosure sug-
gests a separation box 40.
[0058] The separation box 40 has a boxed shaped
body 46. The separation box 40, or more particularly
its body 46, has a top 41 (top wall), a bottom 42 (bottom
wall), opposite lateral sidewalls 43, 44, a frontwall 47and
a back wall 45. The opposite lateral side walls 43, 44, the
back wall 45 and the front wall 47 respectively connect
the bottom 42 and the top 41. The body 46 may be an
integral one-piece injection molded product. Yet, in the
present embodiment, the body 46 is made of two parts, a
lower part 90 and an upper part 91. In this embodiment,
the body 46 is separated along a horizontal separation
line 92.
[0059] The separation box 40 defines a space 48. The
space 48 is delimited by the top 41, the bottom 42, the
lateral sidewalls 43, 44, the frontwall 47and thebackwall
45. The volume of the space 48 is between 0.15L and
0.75L.
[0060] The space 48 has a first gas inlet 52 and a
second gas inlet 53. Further, the space 48 has a drain
inlet 54 and a drainage port 55.
[0061] The first gas inlet 52 is connected to the air
purge valve 25 of the booster heater 24 by means of a
first preferably flexible tubing 75.
[0062] The second gas inlet 53 is connected to the air
purge valve 27 of the magnetic filter 26 by second pre-
ferably flexible tubing 76.
[0063] The drain inlet 54 is connected to the pressure
relief valve 28of themagnetic filter 26 bya third optionally
flexible tubing 77.
[0064] To put it differently, the first and second gas
inlets 52, 53 and the drain inlet 54 are integrally formed
asportswith the body46, preferably theupper portion91.
The first and second gas inlets 52, 53 and the drain inlet
54 fluidly communicate the space 48 with the respective
outlets of the air purge valves 25, 27 and the pressure
relief valve 28.
[0065] The first and second gas inlets 52, 53 may be
located in anyof the top41, the backwall 45, the frontwall
47 or the lateral side walls 43, 44. In the present embodi-
ment, the first gas inlet 52 is located in the top 41,

whereas the second gas inlet 53 is located in the back
wall 45.
[0066] The drain inlet 54 may be located in any of the
top41, thebackwall 45, the frontwall 47or the lateral side
walls 43, 44. In thepresent embodiment, thedrain inlet 54
is located in the front wall 47 and hence in a wall opposite
to the wall at which the second gas inlet 53 is located.
[0067] The drainage port 55 is arranged in the bottom
42.Further, thedrainageport 55maybe integrally formed
with the body 46, preferably its lower part 90.
[0068] For sealing theseparationbox40, the lowerpart
90 and the upper part 91 may be welded to each other.
For this purpose, the lower part 90 and the upper part 91
may each have a circumferential rim 49, 50. The circum-
ferential rim 49 of the lower part 90 has a groove 51 and
the circumferential rim 50 of the upper part 91 has a
corresponding protrusion 61 (see figure 6). Upon placing
the upper part 91 on the lower part 90, the protrusion 61
engageswith the groove 51. Subsequently the lower part
90 and the upper part 91 are welded together, preferably
usingultrasonicwelding, in theareaof thecircumferential
rims 59, 50.
[0069] Alternatively, the lower part 90 may have a
circumferential rim whereas the upper part 91 may have
a circumferential groove. In order to attach the two parts
90, 91, the circumferential rim may be engaged with the
circumferential groove. A sealingmay be arranged in the
circumferential groove. To fasten the two parts 90, 91
together, a clip may be arranged at the upper part and
engage an undercut in the lower part 90, whereby the
sealing is pressed in the circumferential groove.
[0070] The drain inlet 54 and the drainage port 55 may
becircular in cross section. Thediameter of the drain inlet
54 may be equal to or smaller than the diameter of the
drainage port 55.
[0071] Thebody46of theseparationbox40 further has
a gas outlet 60 which may be integrally formed as port
with the body 46. The gas outlet 60may be located in any
of the top41, thebottom42, thebackwall 45, the frontwall
47 or the lateral side walls 43, 44. In the present embodi-
ment, the gas outlet 60 is located in the bottom 42.
[0072] Thedrain inlet 54 is arranged in asidewall of the
separation box 40 adjacent to the top 41. In the present
embodiment, thedrain inlet 54 isarranged in the frontwall
47. A baffle plate 80 extends from the top 41 into the
space 48 facing the drain inlet 54 to deflect liquid intro-
duced into the space 48 via the drain inlet 54 away from
the drainage port 55.
[0073] As can be best seen from figure 8, the baffle
plate 80 is in the present embodiment integrally formed
with the upper part 91. The baffle plate 80 may in a
horizontal cross section (that is in a cross-section parallel
to the centre axis of the drain inlet 54 and the bottom) be
partly circular connecting at two opposite ends 81 to the
front wall 47 of the upper part 91. Thus, the baffle plate 80
maybe integrally formedwith thebody46, particularly the
upper part 91. As a result, any liquid introduced via the
drain inlet 54 is deflected by approximately 90 degrees
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towards the bottom 42 and parallel to or along the inner
surface of the front wall 47.
[0074] A first wall 62 is arranged in the space 48 of the
separation box 40. The first wall 62 is, in the present
embodiment, integrally formed with the lower part 90 of
the body 46. The first wall 62 extends from the bottom 42
towards the top41separating the space48of the separa-
tion box 40 into a first space 64 into which the drain inlet
54opensand inwhich thedrainageport 55 is located,and
a second space 65 in which the gas outlet 60 is located,
wherein thefirst space64andsecondspace65arefluidly
communicated, particularly via a passage 66.
[0075] A second wall 63 is arranged in the space 48 of
the separation box 40. The second wall 63 is, in the
present embodiment, integrally formed with the upper
part 91 of the body 46. The second wall 63 extends from
the top 41 towards the bottom42. The first wall 62 and the
second wall 63 overlap in a direction perpendicular to
their extension direction with a distance between the first
wall 62 and the secondwall 63 forming the passage 66 to
fluidly communicate the first space 64 and the second
space 65. in this context, the extension direction is in the
present embodiment an up-and-down, i.e. a vertical di-
rection, whereas a direction perpendicular thereto is a
right-to-left direction, i.e. a horizontal direction.
[0076] Moreover, a floating valve 100 is provided with
respect to the drainage port 55. The floating valve 100
comprises a float ball 101 adapted in diameter to fit into
and seal an inlet opening of the drainage port 55.
[0077] Thefloatingvalve100 further comprisesvertical
ribs 102 to provide a guide for the float ball 101 in the
horizontal direction. Hence, movement of the float ball
101 in the horizontal direction is restricted so that the ball
may only float in a substantially vertical direction (away
from the drainage port 55).
[0078] A circumferential annular ridge 93 is provided
on the bottom 42 circumventing the inlet opening of the
drainage port 55. The ridge 93 protrudes from the bottom
42 towards the top 41. The float ball 101 sits on top 94 of
the ridge 93. The float ball 101 and the top 94 of the ridge
93 make a line contact (linear contact) particularly an
annular line contact (linear contact).
[0079] Further, the ridge 93, starting from the top 94
slopes radially outward. To put it differently, the outer
diameter of the ridge 93 is smaller at the top 94 than at
the bottom 42.
[0080] Further, a stop 103 is located at the top of the
vertical ribs 102 as a stop for the ball 101 in the vertical
direction. To put it differently, the stop 103 restricts the
movement of the ball 101 in the vertical direction. In the
present embodiment, the stop 103 is configured as, pre-
ferably cylindrical, protrusion extending from the top 41
towards the bottom 42. In the embodiment, the stop 103
is integrally formedwith thebody 46, particularly its upper
part 91. A reinforcing wall 104 connects the stop 103 to
the back wall 45.
[0081] An outlet line (tube) is connected to the gas
outlet 60 connecting the gas outlet 60 to the outside of

themachine chamber 5 andoptionally the indoor unit 2. A
gas sensor box 121 is located in the indoor unit 2,
particularly the machine chamber 5 thereof. The gas
sensor box 121 (see figures 3, 4 and 9) is arranged in
the outlet line. The outlet line may comprise a fourth,
preferably flexible, tubing 118 connecting the gas outlet
60 to the gas sensor box 121 and a fifth, preferably
flexible, tubing 127 connecting the gas sensor box 121
to the outside of the machine chamber 5 and optionally
the indoor unit 2.
[0082] The gas sensor box 121 comprises a first half
122 and a second half 123 defining a sensing space 124.
The sensor box 121 further comprises a first connection
port 125 connected to the fourth flexible tubing 118 and a
second connection port 126 connected to the fifth flexible
tubing 127. The first connection port 125 may be inte-
grally formed with the first half 122 and the second con-
nectionport 126maybe integrally formedwith thesecond
half 123.
[0083] In order to mount the sensor box 121 in the
machine chamber 5 of the indoor unit 2, the sensor
box 121 further comprises fixing means 130.
[0084] A gas sensor 120 is located in the sensing
space 124. The gas sensor 120 is electrically connected
to a controller. The electrical lines connecting the gas
sensor 120 and the controller pass through an opening
128 in a wall of the gas sensor box 121 by means of a
grommet.
[0085] A flow restrictor 129 (here a straight wall) is
located in the sensing space 124 facing an inlet opening
of the first connection port 125 redirecting the flow direc-
tion of gas flowing into the sensing space 124 so as to
reduce the flow rate and allow gaseous refrigerant to
remain in the sensing space 124 for a certain period.
[0086] In the following, the function of the embodiment
is explained in more detail.
[0087] In normal operation, in which no leakage of
refrigerant from the refrigerant circuit to the heat medium
circuit occurs, air may be released from the first and
second air purge valves 25 and 27. The air is guided
via the first and second flexible tubing 75, 76 and the first
and second gas inlets 52, 53 into the space 48 of the
separation box 40 without being discharged into the
interior of the indoor unit housing 3, particularly the
machine chamber 5. The air is then released from the
separation box 40 via the gas outlet 60.
[0088] The gas is subsequently flown via the fourth
flexible tubing 118 to the sensor box 121 and from the
sensor box 121 via the fifth flexible tubing 127 to the
outside of the machine chamber 5 of the indoor unit 2.
[0089] Further, in case of a pressure increase above a
certain threshold, air and liquid heat medium may be
released from the pressure relief valve 28. The air and
the liquid heat medium are guided via the third flexible
tubing 77 and the drain inlet 54 into the space 48.
[0090] As the drain inlet 54 is oriented facing the baffle
plate 80, the liquid heat medium entraining the air will
collide with the baffle plate 80 assisting the separation of
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air and liquid heat medium.
[0091] In addition, the flow direction of the liquid intro-
duced into the space 48 via the drain inlet 54 is changed
from a first direction (here horizontal direction) to a sec-
ond direction (here vertical direction) along one of the
walls of the body 46 (here the front wall 47). Hence, the
float valve is prevented frombeing forcibly closed by new
liquidheatmediumbeing introducedvia thedrain inlet 54.
[0092] In any case, the liquid eventually reaches the
bottom42of thespace48without hitting thefloat ball 101.
Some of the liquid heat medium may flow along the
inclined portion of the bottom 42 towards the drainage
port 55. With an increasing level of liquid heat medium in
the space 48, particularly the first space 64, liquid heat
medium may seal an interface between the ridge 93 and
the float ball 101 enhancing the sealing properties. The
first wall 62 and the inclination of the bottom 42 further
prevent liquid heat medium from reaching the gas outlet
60.
[0093] Once the level of the liquid heat medium be-
comes higher than the top 94 of the ridge 93, the float ball
101 is lifted from the valve seat (the top 94 of the ridge 93)
in a vertical direction. During this movement, the four ribs
102, provided diametrically opposite to each other, guide
the float ball 101 in the vertical direction restricting its
possible movement in a horizontal direction. Thus, any
liquid heat medium reaching the bottom 42 is not auto-
matically drained via the drainage port 55. Rather, a
certain amount of liquid medium needs to be present
near the inlet opening of the drainage port 55 in order to
float the float ball 101 and open the inlet opening of the
drainage port 55.
[0094] Upon lifting thefloatball 101 from thevalveseat,
liquid heat medium may be drained via the inlet opening
of the drainage port 55 so that the liquid heat medium is
drained from the separation box 40 via the drainage line
56 outside the machine chamber 5 if the indoor unit and
potentially the indoor unit 2.
[0095] In case a leakage occurs in the usage side heat
exchanger 16 and gaseous refrigerant enters the heat
medium circuit, the gaseous refrigerantmay exit the heat
medium circuit again via the first and second air purge
valves 25, 27 and the pressure relief valve 28. As the air,
the gaseous refrigerantmay then alsobeexhausted from
the separation box 40 and the indoor unit housing 3 via
thegasoutlet 60, the fourth flexible tubing118, the sensor
box 121 and the fifth flexible tubing 127.
[0096] Because the liquid heat medium enters via the
drain inlet 54and collideswith thebaffleplate 80gaseous
refrigerant may reliably be separated from the liquid heat
medium inorder to prevent refrigerant frombeingdrained
via the drainage port 55 but rather be vented via the gas
outlet 60. In particular, any gaseous refrigerant in the first
space 64 may flow into the second space 65 via the
passage 66 between the first wall 62 and the second
wall 63.
[0097] In addition, due to the separation of the space
48 into thefirst space64 inwhich thedrainageport 55and

the drain inlet 54 are located and the second space 65 in
which the first and second gas inlets 52, 53 and the gas
outlet 60 are located, discharging of the gaseous refrig-
erant via the drainage port 55 can be minimized. This is
further assisted by the provision of the float valve 100.
[0098] Due to the connection of the gassensor box121
to the gas outlet 60, any gaseous refrigerant discharged
from the separation box 40 via the gas outlet 60 accu-
mulates inside the sensing space 124. The flow rate of
gaseous refrigerant flowing into the sensor box 121 is
decelerated by the flow restrictor 129 so that the gas
remains in the sensingspace124 for anappropriate time.
As a result, the gas sensor 120 can sense the gaseous
refrigerant and communicate it to the controller of the
heat pump which can initiate countermeasures and/or
measures for informing the user as it is known in the art.
[0099] In any of the above embodiments, the separa-
tion box 40 enables to securely guide any gaseous re-
frigerant that has been leaked into the heat medium
circuit and which would otherwise be released into the
interior of the indoor unit housing 3 to the outside of the
indoor unit housing 3 or at least the machine chamber 5
thereof. Therefore, the risk of the gaseous refrigerant
being ignited by an ignition source also located inside the
indoor unit housing 3 can reliably be prevented.
[0100] It is to be understood that the various features of
the above-described embodiments can also be com-
bined unless in contradiction.

Reference Sign List

building 1
outdoor unit housing 2
indoor unit housing 3
indoor unit 4
machine chamber 5
front wall 6
left and right side walls 7
back wall 8
tank chamber 9

refrigerant circuit 10
heat source heat exchanger 12
expansion valve 14
usage side heat exchanger 16
compressor 18

heat medium circuit 20
pump 22
booster heater 24
second air purge valve 25
magnetic filter 26
first air purge valve 27
pressure relief valve 28
load 29
connection piping 30, 31
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(continued)

separation box 40
top 41
bottom 42
opposite lateral side walls 43, 44
back wall 45
boxed shaped body 46
front wall 47
space 48
circumferential rim 49
circumferential rim 50
groove 51
first gas inlet 52
second gas inlet 53
drain inlet 54
drainage port 55
drainage line 56

gas outlet 60
protrusion 61
first wall 62
second wall 63
first space 64
second space 65
passage 66

first flexible tubing 75
second flexible tubing 76
third flexible tubing 77

baffle plate 80
opposite ends 81

lower part 90
upper part 91
horizontal separation line 92
ridge 93
top of the ridge 94

floating valve 100
float ball 101
vertical ribs 102
stop 103
reinforcing wall 104

fourth flexible tubing 118
gas sensor 120
gas sensor box 121
first half 122
second half 123
sensing space 124
first connection port 125

(continued)
second connection port 126
fifth flexible tubing 127
opening 128
flow restrictor 129
fixing means 130

Claims

1. Heat pump comprising

a refrigerant circuit (10) connecting a heat
source heat exchanger (12), an expansion valve
(14), a usage side heat exchanger (16) and a
compressor (18), the refrigerant circuit being
accommodated in an outdoor unit housing (2);
and
a heatmedium circuit (20) connecting the usage
side heat exchanger (16), a pump (22) and a
load (29), the heat medium circuit further com-
prising a pressure relief valve (28) accommo-
dated in a machine chamber in an indoor unit
housing (3) and having an outlet for releasing
gas and/or liquid heat medium from the heat
medium circuit,
characterized by
a separation box (40) located in the machine
chamber in the indoor unit housing (3) having a
bottom (42) and a top (41) and defining a space
(48), the separation box (40) comprising

a drain inlet (54) into the space (48), the
outlet of the pressure relief valve (28) being
connected to the drain inlet (54),
a drainage port (55) arranged in the bottom
(42) of the separation box (40) for draining
liquid from the space (48) to the outside of
the machine chamber in the indoor unit
housing (3), and
a gas outlet (60) for discharging gas from
the space (48) to the outside of themachine
chamber in the indoor unit housing (3).

2. Heat pump according to claim 1, wherein the bottom
(42) is inclined towards the drainage port (55).

3. Heat pump according to claim 1 or 2, wherein a float
valve (100) is arranged in the drainage port (55).

4. Heat pump according to claim 3, wherein the float
valve (100) is a guided float ball (101).

5. Heat pump according to claim 4, wherein the drai-
nage port (55) has an inlet opening and a ridge (93)
circumventing the inlet opening, wherein the float
ball (101) sits on a top (94) of the ridge (93).
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6. Heat pump according to claim 5, wherein the ridge
(93), starting from the top (94), slopes radially out-
ward.

7. Heat pump according to claim 5 or 6, wherein the top
(94) of the ridge (93) and the float ball (101) are
configured to make linear contact.

8. Heat pump according to any one of the preceding
claims, wherein the drain inlet (54) is arranged in a
side wall of the separation box (40) adjacent to the
top (41), wherein a baffle plate (80) in the space (48)
faces the drain inlet (54) to deflect liquid introduced
into the space (48) via the drain inlet (54) away from
the drainage port (55).

9. Heat pump according to any one of the preceding
claims, wherein a first wall (62) is arranged in the
space (48) of the separation box (40) and extends
from the bottom (42) towards the top (41) separating
the space (48) of the separation box (40) into a first
space (64) intowhich thedrain inlet (54) opensand in
which the drainage port (55) is located, and a second
space (65) in which the gas outlet (60) is located,
wherein the first space and second space are fluidly
communicated.

10. Heat pump according to claim 9, wherein a second
wall (63) is arranged in the space (48) of the separa-
tion box (40) and extends from the top (41) towards
thebottom (42), the firstwall (62) and the secondwall
(63) overlap in a direction perpendicular to their
extension direction with a distance between the first
wall and the second wall to fluidly communicate the
first space (64) and the second space (65) .

11. Heat pump according to any one of the preceding
claims, wherein the heat medium circuit (20) further
comprises a magnetic filter (26) having the pressure
relief valve (28).

12. Heat pump according to claim 11, wherein the mag-
netic filter (26) further has a first air purge valve (27),
the first air purge valve (27) having a first outlet for
releasing at least gas from the heat medium circuit
(20), the first air purge valve (27) being accommo-
dated in the machine chamber in the indoor unit
housing (3), wherein the separation box (40) has a
first gas inlet (53) connected to the first outlet of the
first air purge valve (27).

13. Heat pump according to any one of the preceding
claims, wherein the heat medium circuit (20) further
comprises a booster heater (24) having a second air
purge valve (25), the second air purge valve (25)
having a second outlet for releasing at least gas from
the heat medium circuit (20), the second air purge
valve (25) being accommodated in the machine

chamber in the indoor unit housing (3), wherein
the separation box (40) has a second gas inlet
(52) connected to the second outlet of the second
air purge valve (25).

14. Heat pump according to claims 11 and 13 or 12 and
13, wherein the separation box is located in the
machine chamber in the indoor unit housing (3)
closer to the magnetic filter (26) than to the booster
heater (24).

15. Heat pump according to any one of the preceding
claims, further comprising a gas sensor (120) ar-
ranged in a gas outlet line (118, 127) connected to
the gas outlet (60) of the separation box (40) for
sensing gaseous refrigerant in the gas outlet line.
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