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Description

[0001] The invention regards a heat pump system
including a refrigerant circuit with a heat exchanger an-
d/or condenser, wherein the refrigerant circuit comprises
a bypass line bypassing the heat exchanger or conden-
ser, respectively. Refrigerant which is routed through the
bypass line can be heated with an additional heater.
[0002] In particular Air Source Heat Pumps (ASHP)
take heat from the air and use it to vapourise refrigerants.
The componentthat collects this heatis the evaporator. In
cold and damp conditions frost can develop on the eva-
porator surface that will ultimately block the air passages
between the fins and tubes of the evaporators and leave
them unable to effectively absorb any useful heat. This
has the result that the ASHP cannot function properly and
requires the frost to be melted before normal operation
can resume.

[0003] This means that for example in Air To Water
(ATW)ASHP systems awaterloop, which can be the heat
transport means into a building, will not deliver heating
and hot water.

[0004] Thus, efficient performance requires the re-
moval of frosting and icing on the evaporator’s surface.
This operation method is called defrosting and it requires
energy input to keep it running such as electric heater-
based defrosting, hot-gas-bypass-based defrosting an-
d/or reverse cycle-based defrosting and also by a sub-
cooling heat transport process.

[0005] EP 2 677 252 A1 describes a refrigerator in
which a freezing chamber can be defrosted while cooling
a refrigerating chamber. The freezing chamber can be
defrosted without using a heater.

[0006] WO 97/24565 describes an apparatus for heat-
ing or cooling a space. The system has a first bypass line
extending between an outlet of an outside heat exchan-
ger and an inlet of an inside heat exchanger. A thermal
storage device is positioned in the first bypass line.
Furthermore, a second bypass line is provided which
extends between an inlet of the inside heat exchanger
and an outlet of the inside heat exchanger. The second
bypass line communicates with the first bypass line to
bypass the inside heat exchanger.

[0007] A problem in prior art defrosting systems is that
heat which is required for defrosting is obtained from the
entity which in normal mode is to be heated. If this entity is
for example the inside of a building, the temperature
inside the building will drop.

[0008] Itis therefore the object of the presentinvention
to provide a system which allows defrosting without
temperature drop at the entity which is to be heated in
normal mode.

[0009] The object is solved by the heat pump system
according to claim 1 and the method for defrosting the
evaporator of a heat pump system according to claim 6.
The respective dependent claims describe advanta-
geous embodiments of the heat pump system according
to claim 1 and the method for defrosting according to
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claim 6.

[0010] The presentinvention relates to a heat pump as
defined in claim 1.

[0011] In the present invention the refrigerant circuit
comprises a bypass line which bypasses the heat ex-
changer. The bypass line can therefore connect a pipe
that connects one port of the evaporator with one port of
the heat exchanger with a pipe connecting the other port
of the evaporator with the other port of the heat exchan-
ger.

[0012] According to the present invention, the refrig-
erant circuit further comprises a heat source which is
adapted to heat refrigerant which is routed through the
bypass line. This heater according to the invention is in
addition to the heat exchanger and the evaporator, thus it
is not identical to the heat exchanger, if present, not
identical to the condenser and not identical to the eva-
porator.

[0013] Inamethod for defrosting the evaporator of the
heat pump system the refrigerant can be routed through
the bypass line and heated by the heater. In this case, the
heater can provide the heat which is required for defrost-
ing the evaporator to the refrigerant. As the refrigerant
does preferably not pass through the heat exchanger
during this defrosting operation, a cooling of the entity to
be heated can be avoided.

[0014] According to the invention, the heater is located
within the bypass line, that is between the pipes connect-
ing the ports of the evaporator and the heat exchanger.
[0015] The refrigerant circuit of the present invention
comprises an expansion valve located in a line connect-
ing a first port of the heat exchanger with a first port of the
evaporator.

[0016] The refrigerant circuit comprises a compressor
located in the line connecting the second port of the
evaporator with a second port of the heat exchanger,
wherein each first port is different from each second port.
Thus, the expansion valve and the compressor may be
located on opposite sides of to the heat exchanger and
the evaporator.

[0017] Ina preferred embodiment of the presentinven-
tion the bypass line may branch off a line connecting a
first port of the evaporator with the first port of the heat
exchanger in a first three-way valve and an opposite end
of the bypass line may branch off a line connecting the
second port, different from the first port, of the evaporator
with a second port, different from the first port of the heat
exchanger, in a second three-way valve. Thus, the by-
pass line may be connected to the main refrigerant circuit
via a three-way valve. The three-way valves are prefer-
ably designed such that they allow to build up a fluid
conduitbetween the evaporator and the bypass line while
at the same time shutting off a conduit for the refrigerant
from the evaporator to the heat exchanger and from the
heat exchanger to the evaporator, respectively.

[0018] Above mentioned expansion valve may be pre-
ferably located between the bypass line and the evapora-
tor, that is, if the bypass line is connected to the line
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connecting the evaporator and the heat exchanger via
three-way valves, the expansion valve may be located
between the evaporator and one of these three-way
valves.

[0019] Above mentioned compressor may preferably
be located between the evaporator and the bypass line. If
the bypass line is connected to the other line connecting
the heat exchanger and the evaporator via a three-way
valve, the compressor may preferably be located be-
tween the evaporator and the three-way valve.

[0020] The expansion valve and the compressor are
preferably located on opposite sides of the evaporator.
The expansion valve and the compressor are preferably
located on opposite sides of the bypass line.

[0021] Itis also possible and advantageous if the ex-
pansion valve is located between the bypass line and the
heat exchanger and/or the compressor is located be-
tween the heat exchanger and the bypass line.

[0022] Inthis case, the bypass line may in an advanta-
geous embodiment comprise in series the heater as well
as an auxiliary expansion valve, being adapted to expand
refrigerant flowing in the bypass line before entering the
heater, and/or an auxiliary compressor, being adapted to
compress refrigerant flowing through the bypass line
after leaving the heater and before entering the evapora-
tor. The auxiliary expansion valve, the heater and the
auxiliary compressor may be connected in series, which
means that refrigerant flowing into the bypass line in
defrost mode first flows through the expansion valve,
after flowing out of the expansion valve flows into the
heater and after flowing out of the heater flows into the
auxiliary compressor.

[0023] In the embodiment comprising the auxiliary ex-
pansion valve and the auxiliary compressor, the bypass
line would be the line comprising the auxiliary expansion
valve, the heater and the auxiliary compressor.

[0024] Preferably the auxiliary compressoris arranged
such that it compresses refrigerant flowing out of the
heater and outputs compressed refrigerant in the direc-
tion of the evaporator.

[0025] In a preferred embodiment of the invention the
bypass line may comprise a liquid pump, which is
adapted to pump refrigerant flowing in the bypass line.
Preferably the liquid pump is connected in series with the
heater and it is particularly preferred if the liquid pump is
located between a point where the bypass line branches
off the line connecting the evaporator with the heat ex-
changer or the main expansion valve on the one-hand
side and the heater on the other hand side. Preferably the
liquid pump is located upstream of the heater in defrost
mode. Thus, preferably the liquid pump is arranged such
that it pumps refrigerant in the direction of the heater.
[0026] The invention also relates to above mentioned
method for defrosting the evaporator of a heat pump
system wherein the heat pump system is constituted
as described before. In the defrosting method the refrig-
erantis routed through the bypass line and heated by the
heater.
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[0027] According to a non-claimed embodiment, the
refrigerant is routed from the evaporator to the main
expansion valve, from the main expansion valve to the
bypass line, from the bypass line to the main compressor
and from the main compressor back to the evaporator for
defrosting.

[0028] If the bypass line branches off between the
evaporator and the main expansion valve on one hand
side and between the main compressor and the evapora-
tor on the other hand side, the refrigerant in defrost mode
may be conducted from the evaporator through the by-
pass line and back to the evaporator. If in this case the
bypass line comprises above mentioned auxiliary expan-
sion valve and above mentioned auxiliary compressor,
the refrigerant may be conducted from the evaporator to
the auxiliary expansion valve, from the auxiliary expan-
sion valve to the heater, from the heater to the auxiliary
compressor and from the auxiliary compressor back to
the evaporator.

[0029] Preferably the direction in which the compres-
sor compresses refrigerant is reversed in defrost mode
compared to normal mode. That is, while in normal mode
the compressor preferably compresses the refrigerant
flowing out of the evaporator in the direction of the heat
exchanger it may in defrost mode compress refrigerant
flowing in direction of the evaporator. In the present
invention this refrigerant may flow into the compressor
out of the bypass line.

[0030] In a preferred operation mode of the defrosting
method according to the invention it will be decided in a
first step whether frosting has occurred at the evaporator.
If frosting is present at a evaporator, above mentioned
valves are operated such that the heat exchanger is
closed off and refrigerant is guided through the bypass
line, for example via above mentioned three-way valves.
Furthermore, the heater is activated and the compressor
is reversed. This operation state is maintained until it is
determined that frosting has ended. The method canthen
proceed with normal operation and can continuously or at
specific times monitor whether frosting occurs at the
evaporator.

[0031] Advantageously, the heat exchanger may com-
prise a condenser between the first port and the second
port by which ports the heat exchanger is connected to
the refrigerant circuit.

[0032] Advantageously, the heater may for example be
an electrical resistance heater. Such a heater may for
example wrap around the refrigerant pipe, so that if the
heater is power off it does not change the pipe config-
uration.

[0033] Inthe following the invention shall be described
by way of examples with reference to figures. Same
reference signs denote same or corresponding features.
The features in the examples can be combined among
the examples and can be realized independently from
this specific example.
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Brief description of the figures
[0034]

Fig. 1 an air source heat pump according to the prior

art,

Fig. 2  arefrigerant circuit of a heat pump system ac-
cording to an embodiment not belonging to the
invention,

Fig. 3 the system shown in Fig. 2 in defrost mode,

Fig. 4 an operation method of the heat pump sys-
tem shown in Fig. 2 and 3,

Fig. 5 a further embodiment of a refrigerant circuit of
a heat pump system according to the present
invention,

Fig. 6 the system shown in Fig. 5 in defrost mode,

Fig. 7 an operation of the system shown in Figs. 5
and 6,

Fig. 8 a further embodiment of a refrigerant circuit in
a heat pump system according to the present
invention,

Fig. 9 the system of Fig. 8 in defrost mode, and

Fig. 10  an operation of the system shown in Figs. 8
and 9.

[0035] The presentinvention may be realized as an air

source heat pump (ASHP) as an example.

[0036] Fig. 1 shows an air source heat pump system
according to the prior art. The systemin Fig. 1 comprises
on the left hand side a refrigerant circuit comprising an
evaporator 1, a compressor 3, a heat exchanger 7, which
may comprise a condenser, and an expansion valve 11.
On the right hand side the system of Fig. 1 comprises a
heat transport medium circuit, comprising a pump 91, a
water tank 92 and the heat exchanger 7. Heat can be
transferred between the refrigerant circuit and the heat
transport medium circuit in the heat exchanger 7. The
heatexchanger 7 is port of both, the refrigerant circuitand
the heat transport medium circuit.

[0037] Intheheattransportmedium circuitthe pump 91
is connected with the secondary side port of the heat
exchanger 7 via a pipe 96. The pump 91 is connected to
the water tank 92 via a pipe 97. The water tank on an
upper side is connected with an opposite port of the
secondary side of the heat exchanger 7 via pipe 98.
The water tank 92 can be used to store water which is
conducted into the water tank 92 via an inlet pipe 93 and
outof the water tank via an outlet pipe 94. The waterin the
water tank 92 can be heated by the heat transport med-
ium flowing in the heat transport medium circuit.
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[0038] In the refrigerant circuit on the left hand side of
Fig. 1, left of the heat exchanger 7, a refrigerant is
pumped by compressor 3. Compressor 3 is connected
with a first port of a primary side of the heat exchanger 7
via a pipe 4. A second port of the primary side of the
exchanger 7 is connected to the expansion valve 11 via a
further pipe 6. Expansion valve 11 is connected with a first
port of evaporator 1 via pipe 12. Furthermore, a second
port of evaporator 1 is connected to the compressor 3 via
a pipe 2. In the normal mode where heat is pumped
towards the water tank 92, the refrigerant flows in the
refrigerant circuit as indicated by the arrows on the pipes
2,4, 6 and 12. The heat transport medium and the heat
transport medium cycle flows in the direction indicated by
the arrows on the pipes 96, 97 and 98.

[0039] In normal mode, the compressor 3 receives
refrigerant from the evaporator 1 and outputs com-
pressed refrigerant to pipe 4 towards the heat exchanger
7.

[0040] According to an embodiment useful for under-
standing the present invention, in a defrost mode the
compressor 3 reverses its operation direction. Refriger-
ant therefore flows in the refrigerant cycle as indicated by
the dashed arrows. The compressor in defrost mode
receives refrigerant through pipe 4 from heat exchanger
7 and outputs compressed refrigerant to pipe 2 towards
the evaporator 1. By this, heat is received in the heat
exchanger 7 from the heat transport medium cycle and
pumped to the evaporator 1 which is heated and there-
fore defrosted. However, the heat is obtained from water
tank 92 which is therefore cooled in defrost mode.
[0041] Fig. 2 shows a first example of a refrigerant
circuit . The refrigerant circuit corresponds to the left side
of Fig. 1. On the right hand side an element 7 is shown
which could for example be a heat exchanger and which
could forexample comprise a condenser. Ifelement 7 is a
heat exchanger, heat can for example be exchanged with
anoptional heat transport medium circuitas shownon the
right hand side in Fig. 1. Alternatively the element 7 as a
condenser could exchange heat with outside air or could
provide heat to any other entity to be heated. In the
following only the refrigerant cycle will be regarded while
the entity to be heated can for example be a heat trans-
port medium cycle as shown in Fig. 1 or a different entity
to be heated.

[0042] The refrigerant cycle in Fig. 2 comprises the
heat exchanger or condenser 7. A first port of the con-
denser or heat exchanger 7 is connected via a pipe 8to a
three-way valve 9. Three-way valve 9 is connected to a
main expansion valve 11 via a pipe 10. Main expansion
valve 11is connected to afirst port of an evaporator 1 viaa
pipe 12. A second port, different from the first port, of the
evaporator 1is connected to a compressor 3 via a pipe 2.
Compressor 3 is connected with a second three-way
valve 5 via a pipe 4. One port of the second three-way
valve 5 is connected to the heat exchanger 7 or con-
denser 7 via a pipe 6. Another port of the second three-
way valve 5 is connected to a heater 14 via a pipe 13. The
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heater 14 is connected with another port of the first three-
way valve 9 via a pipe 15.

[0043] The pipes 13 and 15 together with the heater 14
constitute a bypass line which bypasses the heat ex-
changer 7 or condenser 7. The heater 14 may advanta-
geously be an electrical heater 14 in all embodiments of
the present invention.

[0044] In Fig. 2 arrows on the pipes indicate a flow
direction of refrigerant in normal mode where heat is
transported from the evaporator 1 to the condenser 7
or heat exchanger 7. In normal mode the first three-way
valve 9 is set such that line 8 is connected to line 10 in
refrigerant conducting manner and the second three-way
valve 5 is set such thatline 4 is connected with pipe 6in a
refrigerant conducting manner. On the other hand, the
three-way valves 5 and 9 are set such that refrigerant is
not guided into the bypass line.

[0045] In normal mode, the compressor 3 is operated
such thatit receives refrigerant coming from the evapora-
tor 1 through pipe 2 and outputs compressed refrigerant
into pipe 4 towards the second three-way valve 5.
[0046] Fig. 3 shows the refrigerant circuit shown in Fig.
2 indefrostmode, in which evaporator 1 is defrosted. The
ports and the relative connection of the ports is the same
as in Fig. 2. Reference is made to above description of
Fig. 2.

[0047] Differently from Fig. 2 the refrigerant in the
defrost mode shown in Fig. 3 flows as indicated by the
arrows on the lines. In defrost mode the first three-way
valve 9 is set such that refrigerant coming from the main
expansion valve 11 through line 10 is guided into pipe 15
of the bypass circuit. Pipe 8 connected with the heat
exchanger 7 or condenser 7 is shut off. Furthermore,
the second three-way valve 5 is set such that refrigerant
flowing into the three-way valve 5 from line 13, the
refrigerant coming from the heater 14, is guided towards
the compressor 3 via pipe 4. Compressor 3 operates in
reverse direction as compared to normal mode shown in
Fig. 2. Thatis, the compressor 3 receives refrigerant from
pipe 4 and outputs compressed refrigerant into line 2
towards the evaporator 1. In defrost mode the heater 14 is
operated so that refrigerant flowing through the heater 14
is heated. The heated refrigerant is conducted to the
evaporator 1 and defrosts evaporator 1.

[0048] Fig. 4 shows a flow diagram of an operation of
the system shown in Figs. 2 and 3. The system monitors
S1 whether frosting occurs at the evaporator. The mon-
itoring can happen continuously or at predetermined or
regular times. If it is determined in S1 that frosting has
occurred the three-way valves 5 and 9 are actuated in S2
to close off the condenser 7. Refrigerantis allowed to flow
through bypass line 15, 14 and 13 via the three-way
valves 9 and 5 in S3. In S4 the heater 14 is activated
and in S5 the compressor 3 is reverted. The systemis run
in this state for a period of time in S6 and is monitored in
S7 whether frosting has ended. If frosting has not ended,
the system is further run in defrost mode in S6. On the
other hand, if frosting has ended, the system returns to
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normal mode, which is not explicitly shown in Fig. 4. The
return to normal mode reverses the actions S2, S3, S4
and S5. It should be noted that the actions S2, S3, S4 and
S5 can happen atthe same time orin any other order than
shown in Fig. 4.

[0049] Fig. 5 shows a further example of a refrigerant
circuit and a heat pump system according to the present
invention.

[0050] Aheatexchanger7 orcondenser?7 isconnected
with a main expansion valve 11 via pipe 8. Main expan-
sion valve 11 is connected to a first three-way valve 9 via
pipe 10. First three-way valve 9 is connected to an
evaporator 1 via a pipe 12. The evaporator 1 is connected
to a second three-way valve 5 via a pipe 2. The second
three-way valve 5 is connected to a compressor 3 via a
pipe 4. The compressor 3 is connected to the opposite
port of the heat exchanger 7 or condenser 7 via pipe 6. A
third port of the three-way valve 9, which is not connected
to the pipes 10 and 12 is connected with an auxiliary
expansion valve 52 via a pipe 51. The auxiliary expansion
valve 52 is connected to a heater 14 via pipe 53.
[0051] A third port of the second three-way valve 5,
which is not connected with pipes 2 and 4, is connected
with an auxiliary compressor 56 via a pipe 55. The
auxiliary compressor 56 is connected to the heater 14
via a pipe 57.

[0052] In this example the line comprising pipe 51,
auxiliary expansion valve 52, pipe 53, heater 14, pipe
57, auxiliary compressor 56 and pipe 55 can be regarded
as the bypass line.

[0053] Fig. 5 shows the system in normal mode. The
flow of the refrigerantis indicated by arrows on the lines. It
is indicated that the refrigerant only flows in the main
refrigerant circuit through main expansion valve 11,
three-way valve 9, evaporator 1, three-way valve 5,
compressor 3, condenser 7 or heat exchanger 7 and
back to the main expansion valve 11. As in the other
figures compressor 3 receives refrigerant from the eva-
porator 1 and outputs compressed refrigerant to the
condenser or heat exchanger 7. The bypass line is shut
off by the three-way valves 5 and 9 in normal mode.
[0054] Fig. 6 shows the same setup as Fig. 5, however,
being switched to defrost mode. Again the arrows on the
linesindicate the flow of the refrigerant. It can be seen that
the three-way valves 9 and 5 are set such that refrigerant
flows in the bypass line. The refrigerant flows out of the
evaporator 1 through the first three-way valve 9 into the
auxiliary expansion valve 52 and from the auxiliary ex-
pansion valve 52 through the heater 14 into the auxiliary
compressor 56. The refrigerant is received by the aux-
iliary compressor 56 from the heater 14 and is com-
pressed and the compressed refrigerant is output to
the evaporator 1 via the second three-way valve 5.
The main refrigerant circuit comprising the main expan-
sion valve 11, the condenser 7 and the main compressor
3is shut offin defrost mode by the three-way valves 5 and
9.

[0055] Via the bypass circuit heat is transported to the
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evaporator 1 and heat 16 is set free at the evaporator 1 to
defrost the evaporator 1.

[0056] Fig. 7 shows an operation of the system shown
in Figs. 5 and 6. The operation is very similar to the
operation shown in Fig. 4. Reference is therefore made
to the description of Fig. 4. However, different from Fig. 4
it is not necessary in S5 to reverse the compressor.
Instead, the auxiliary compressor 56 is activated in S5.
It should also be noted that differently from Fig. 2 and 3
the refrigerant does not flow through the main expansion
valve 11 in defrost mode but rather through the auxiliary
expansion valve 52.

[0057] Fig. 8 shows another advantageous embodi-
ment of the present invention.

[0058] The main refrigerant circuit in Fig. 8 is of the
same structure as in Figs. 5 and 6. That is, the main
expansion valve 11 is connected to the first three-way
valve 9 via pipe 10 and the first three-way valve 9 is
connected to the evaporator 1 via pipe 12. The evapora-
tor 1is connected to a second three-way valve 5 via pipe 2
and the second three-way valve 5 is connected to the
compressor 3 via pipe 4. The compressor 3 is connected
to the condenser 7 via pipe 6 and the condenser 7 is
connected to the main expansion valve 11 via pipe 8.
[0059] Differently from Figs. 5 and 6 a third port of the
first three-way valve 9, which port is not connected to
lines 10 or 12, is connected to a liquid pump 82 via a pipe
81. Liquid pump 82 is connected to a heater 14 via a pipe
83. The heater 14 is connected to a third port of the
second three-way valve 5, which third port is not con-
nected to pipe 2 or 4 via pipe 84. In this example the circuit
comprising the liquid pump 82, the heater 14 and the pipe
84 can be regarded as the bypass circuit.

[0060] Fig. 8 shows the system in normal mode. The
normal mode of this circuitis identical to the normal mode
shown in Fig. 5 as the bypass circuit is shut off equally in
Figs. 5 and 8. Reference to the description above is
therefore made here.

[0061] Fig. 9 shows the system of Fig. 8 operating in
defrost mode. Again, the black arrows indicate the flow of
the refrigerant. It can be seen that the first three-way
valve 9 and the second three-way valve 5 are set such
that refrigerant flowing out of the evaporator 1 is con-
ducted to the liquid pump 82. The liquid pump 82 pumps
the refrigerant into the heater 14 and out of the heater 14
through pipe 84 and the second three-way valve 5 back
into the evaporator 1. The main refrigerant circuit com-
prising the main expansion valve 11, the condenser 7 and
the compressor 3 is shut off in defrost mode in this
embodiment.

[0062] Fig. 10 shows anoperation of the system shown
in Figs. 8 and 9. As in the other embodiments it is
monitored in S1 whether frosting occurs at the evapora-
tor. As above, the monitoring can be done continuously or
at certain times. In case that frosting is detected at the
evaporator, the steps S2, S3, S4 and S5 are carried out.
Although they are shown subsequently in Fig. 10, they
may be carried out at the same time or in different order.
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Thus, if defrosting is detected the first three-way valve 9
and the second three-way valve 5 are actuated to close
offthe condenser 7 to allow refrigerant to flow through the
bypass line via the three-way valves 9 and 5 (S3).
Furthermore, the heater 14 is activated in S4 and the
bypass liquid pump 82 is run. While the systemis running,
is it monitored whether the defrosting has ended or is still
present. As long as the defrosting is still present, the
system is run in the configuration shown in Fig. 9. Ifitis
detected in S7 that the frosting has ended, the steps S2,
S3, S4 and S5 are reverted that is the three-way valves 9
and 5 are activated to shut off the bypass circuit, the
heater 14 is shut down and the liquid pump 82 is shut
down.

Claims
1. Heat pump system comprising

a refrigerant circuit,

the refrigerant circuit comprising an evaporator
(1) and

a heat exchanger (7) which is adapted to ex-
change heat between the refrigerant circuit and
an entity to be heated,

wherein

the refrigerant circuit further comprises a bypass
line bypassing the heat exchanger(7)

and the refrigerant circuit in addition to the heat
exchanger (7) and the evaporator (1) comprises
aheater (14) which is adapted to heat refrigerant
which is routed through the bypass line,
characterised in one of the following:

- the refrigerant circuit comprising a main
expansion valve (11) located between afirst
port of the heat exchanger (7) and the eva-
porator (1) and the refrigerant circuit further
comprising a main compressor (3) located
between the evaporator (1) and a second
port, different from the first port, of the heat
exchanger (7), the main expansion valve
(11) is located between the bypass line
and the heat exchanger (7) and/or the main
compressor (3) is located between the heat
exchanger (7) and the bypass line , and the
bypass line comprising in series the heater
(14) as well as an auxiliary expansion valve
(52), being adapted to expand refrigerant
flowing in the bypass line before entering
the heater (14), and/or an auxiliary com-
pressor (56), being adapted to compress
refrigerant flowing through the bypass line
after leaving the heater (14) and before
entering the evaporator (1);

- the refrigerant circuit comprising a main
expansion valve (11) located between a first



1 EP 3 225 941 B1 12

port of the heat exchanger (7) and the eva-
porator (1) and the refrigerant circuit further
comprising a main compressor (3) located
between the evaporator (1) and a second
port, different from the first port, of the heat
exchanger (7), the main expansion valve
(11) is located between the bypass line
and the heat exchanger (7) and/or

the main compressor (3) is located between the
heat exchanger (7) and the bypass line , and the
refrigerant circuit comprising a liquid pump (82),
being adapted to pump refrigerant flowing in the
bypass line, the liquid pump (82) being prefer-
ably connected in series with the heater (14)
between a point where the bypass line branches
offthe line connecting the evaporator (1) with the
main expansion valve (11) and the heater (14).

Heat pump system according to one of the preceding
claims,

wherein the heater (14) is located between the main
expansion valve (11)and the main compressor (3) on
the side of the bypass line and/or is located within the
bypass line.

Heat pump system according to one of the preceding
claims,

wherein one end of the bypass line branches off
aline connecting a first port of the evaporator (1)
with a first port of the heat exchanger (7) in a first
three way valve (9)

and an opposite end of the bypass line branches
offaline connecting a second port, different from
the first port, of the evaporator (1) with a second
port, different from the first port, of the heat
exchanger, (7) in a second three way valve (5).

Heat pump system according to the preceding claim,
wherein the main expansion valve (11) is located
between the bypass line and the evaporator (1)
and/or the main compressor (3) is located between
the evaporator (1) and the bypass line.

Heat pump system according to one of the preceding
claims,

wherein the entity to be heated is a heat transport
medium circuit, preferably a water circuit.

Method for defrosting the evaporator of a heat pump
system according to one of the preceding claims,
wherein the refrigerant is routed through the bypass
line and heated by the heater (14) and character-
ized by further comprising at least one of:

- expanding the refrigerant flowing in the bypass
line before entering the heater (14) with the
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auxiliary expansion valve (52) and/or
compressing refrigerant flowing through the by-
pass line after leaving the heater (14) and before
entering the evaporator (1) with the auxiliary
compressor (56);

- pumping refrigerant flowing in the bypass line
with the liquid pump (82).

Patentanspriiche

Warmepumpensystem, umfassend:

einen Kaltemittelkreislauf,

wobei der Kaltemittelkreislauf einen Verdampfer
(1) umfasst, und

einen Warmetauscher (7), der ausgelegt ist,
Warme zwischen dem Kaltemittel und einer zu
erwarmenden Einheit auszutauschen,

wobei

der Kaltemittelkreislauf auferdem eine Umge-
hungsleitung umfasst, die den Warmetauscher
(7) umgeht,

und der Kaltemittelkreislauf zusatzlich zu dem
Warmetauscher (7) und dem Verdampfer (1)
einen Erwarmer (14) umfasst, der ausgelegt
ist, Kaltemittel zu erwarmen, das durch die Um-
gehungsleitung geleitet wird,

gekennzeichnet durch eines der Folgenden:

- der Kaltemittelkreislauf umfasst ein Haupt-
entspannungsventil (11), das zwischen ei-
ner ersten Offnung des Wéarmetauschers
(7) und dem Verdampfer (1) angeordnet
ist, und der Kaltemittelkreislauf umfasst fer-
ner einen Hauptverdichter (3), der zwischen
dem Verdampfer (1) und einer zweiten Off-
nung des Warmetauschers (7) angeordnet
ist, die sich von der ersten Offnung unter-
scheidet, wobei das Hauptentspannungs-
ventil (11) zwischen der Umgehungsleitung
und dem Warmetauscher (7) angeordnetist
und/oder der Hauptverdichter (3) zwischen
dem Warmetauscher (7) und der Umge-
hungsleitung angeordnet ist, und die Um-
gehungsleitungin Reihe den Erwarmer (14)
sowie ein Zusatzentspannungsventil (52)
umfasst, das ausgelegt ist, in der Umge-
hungsleitung stromendes Kaltemittel vor
dem Eintritt in den Erwarmer (14) zu ent-
spannen, und/oder einen Zusatzverdichter
(56), der ausgelegt ist, durch die Umge-
hungsleitung strémendes Kaltemittel nach
dem Verlassen des Erwarmers (14) und vor
dem Eintritt in den Verdampfer (1) zu ver-
dichten;

- der Kaltemittelkreislauf umfasst ein Haupt-
entspannungsventil (11), das zwischen ei-



13 EP 3 225 941 B1 14

ner ersten Offnung des Warmetauschers
(7) und dem Verdampfer (1) angeordnet
ist, und der Kaltemittelkreislauf umfasst fer-
ner einen Hauptverdichter (3), der zwischen
dem Verdampfer (1) und einer zweiten Off-
nung, die sich von der ersten Offnung unter-
scheidet, des Warmetauschers (7) ange-
ordnet ist, wobei das Hauptentspannungs-
ventil (11) zwischen der Umgehungsleitung
und dem Warmetauscher (7) angeordnet ist
und/oder der Hauptverdichter (3) zwischen
dem Warmetauscher (7) und der Umge-
hungsleitung angeordnet ist,

und der Kaltemittelkreislauf eine Flissigkeits-
pumpe (82) umfasst, die ausgelegt ist, in der
Umgehungsleitung strémendes Kaltemittel zu
pumpen, wobei die Flussigkeitspumpe (82) vor-
zugsweise mit dem Erwarmer (14) zwischen
einem Punkt, an dem die Umgehungsleitung
von der Leitung abzweigt, die den Verdampfer
(1) mit dem Hauptentspannungsventil (11) ver-
bindet, und dem Erwarmer (14) in Reihe ver-
bunden ist.

Warmepumpensystem nach einem der vorangeh-
enden Anspriche,

wobei der Erwarmer (14) zwischen dem Hauptent-
spannungsventil (11) und dem Hauptverdichter (3)
auf der Seite der Umgehungsleitung und/oder inner-
halb der Umgehungsleitung angeordnet ist.

Warmepumpensystem nach einem der vorangeh-
enden Anspriliche,

wobei ein Ende der Umgehungsleitung von ei-
ner Leitung abzweigt, die eine erste Offnung des
Verdampfers (1) mit einer ersten Offnung des
Warmetauschers (7) in einem ersten Dreiwege-
ventil (9) verbindet,

und ein gegenuberliegendes Ende der Umge-
hungsleitung von einer Leitung abzweigt, die
eine zweite Offnung, die sich von der ersten
Offnung unterscheidet, des Verdampfers (1)
mit einer zweiten Offnung, die sich von der ers-
ten Offnung unterscheidet, des Warmetau-
schers (7) in einem zweiten Dreiwegeventil (5)
verbindet.

Warmepumpensystem nach einem der vorangeh-
enden Anspriche,

wobei das Hauptentspannungsventil (11) zwischen
der Umgehungsleitung und dem Verdampfer (1) an-
geordnet ist, und/oder der Hauptverdichter (3) zwi-
schen dem Verdampfer (1) und der Umgehungslei-
tung angeordnet ist.

Warmepumpensystem nach einem der vorangeh-
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enden Anspriiche,

wobei die zu erwarmende Einheit ein Warmetran-
sportmedium-Kreislauf, vorzugsweise ein Wasser-
kreislauf, ist.

Verfahren zum Entfrosten des Verdampfers eines
Warmepumpensystems nach einem der vorangeh-
enden Anspriiche,

wobei das Kaltemittel durch die Umgehungsleitung
geleitet wird und durch den Erwarmer (14) erwarmt
wird, und gekennzeichnet durch ferner umfassend
zumindest eines von:

- Entspannen des in der Umgehungsleitung
strdomenden Kaltemittels vor Eintritt in den Er-
warmer (14) mitdem Zusatzentspannungsventil
(52), und/oder Verdichten des durch die Umge-
hungsleitung stromenden Kaltemittels nach
Verlassen des Erwarmers (14) und vor Eintritt
in den Verdampfer (1) mit dem Zusatzverdichter
(56);

- Pumpen des in der Umgehungsleitung strom-
enden Kaltemittels mit der Flissigkeitspumpe
(82).

Revendications

Systéme de pompe a chaleur, comprenant

un circuit de fluide frigorigene,

le circuit de fluide frigorigene comprenant un
évaporateur (1) et

un échangeur de chaleur (7) qui est adapté pour
échanger de la chaleur entre le circuit de fluide
frigorigéne et une entité a chauffer,

dans lequel

le circuit de fluide frigorigéne comprend en outre
une ligne de dérivation contournant I'échangeur
de chaleur (7)

et le circuit de fluide frigorigéne en plus de I'é-
changeur de chaleur (7), et I'évaporateur (1)
comprend un dispositif de chauffage (14) qui
est adapté pour chauffer le fluide frigorigéne
qui estacheminé a travers la ligne de dérivation,
caractérisé par I'un des éléments suivants :

- le circuit de fluide frigorigéne comprenant
un détendeur principal (11) situé entre un
premier orifice de I'échangeur de chaleur
(7) et 'évaporateur (1) et le circuit de fluide
frigorigéne comprenant en outre un
compresseur principal (3) situé entre I'éva-
porateur (1) et un second orifice, différent
du premier orifice, de I'échangeur de cha-
leur (7), le détendeur principal (11) est situé
entre laligne de dérivation etI’échangeurde
chaleur (7) et/ou le compresseur principal
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(3) estsitué entre'échangeur de chaleur (7)
et la ligne de dérivation, et la ligne de déri-
vation comprenant en série le dispositif de
chauffage (14) ainsi qu’un détendeur auxi-
liaire (52), étant adapté pour détendre du
fluide frigorigéne s’écoulantdansla ligne de
dérivation avant d’entrer dans le dispositif
de chauffage (14), et/ou un compresseur
auxiliaire (56), étantadapté pour comprimer
du fluide frigorigéne s’écoulant dans la ligne
de dérivation aprés avoir quitté le dispositif
de chauffage (14) et avant d’entrer dans
I'évaporateur (1) ;

- le circuit de fluide frigorigéne comprenant
un détendeur principal (11) situé entre un
premier orifice de I'échangeur de chaleur
(7) et 'évaporateur (1) et le circuit de fluide
frigorigéne comprenant en outre un
compresseur principal (3) situé entre I'éva-
porateur (1) et un second orifice, différent
du premier orifice, de I'’échangeur de cha-
leur (7), le détendeur principal (11) est situé
entre laligne de dérivation etI'échangeurde
chaleur (7) et/ou le compresseur principal
(3) estsitué entre 'échangeur de chaleur (7)
et la ligne de dérivation,

etle circuit de fluide frigorigéne comprenantune
pompe a liquide (82), étant adaptée pour pom-
per du fluide frigorigéne s’écoulant dans la ligne
de dérivation, la pompe a liquide (82) étant de
préférence connectée en série avec le dispositif
de chauffage (14) entre un point ou la ligne de
dérivation est ramifiée en la ligne reliant I'éva-
porateur (1) au détendeur principal (11) et au
dispositif de chauffage (14).

Systéme de pompe a chaleur selon I'une des reven-
dications précédentes,

dans lequel le dispositif de chauffage (14) est situé
entre le détendeur principal (11) et le compresseur
principal (3) sur le coté de laligne de dérivation et/ou
est situé a l'intérieur de la ligne de dérivation.

Systéme de pompe a chaleur selon 'une des reven-
dications précédentes,

dans lequel une premiére extrémité de la ligne
de dérivation est ramifiée en une ligne reliant un
premier orifice de I'évaporateur (1) a un premier
orifice de I'échangeur de chaleur (7) dans une
premiére vanne a trois voies (9)

et une extrémité opposée de la ligne de dériva-
tion est ramifiée en une ligne reliant un second
orifice, différent du premier orifice, de I'évapo-
rateur (1) a un second orifice, différent du pre-
mier orifice, de I'échangeur de chaleur (7) dans
une seconde vanne a trois voies (5).
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4. Systéme de pompe a chaleur selon la revendication

précédente,

dans lequel le détendeur principal (11) est situé entre
la ligne de dérivation et I'évaporateur (1) et/ou le
compresseur principal (3) est situé entre I'évapora-
teur (1) et la ligne de dérivation.

Systéme de pompe a chaleur selon I'une des reven-
dications précédentes,

dans lequel I'entité a chauffer est un circuit de milieu
de transport de chaleur, de préférence un circuit
d’eau.

Procédé de dégivrage de I'évaporateur d’un sys-
téeme de pompe a chaleur selon I'une quelconque
des revendications précédentes,

dans lequel le fluide frigorigene est acheminé a
travers la ligne de dérivation et chauffé par le dis-
positif de chauffage (14) et caractérisé en ce qu’il
comprend en outre au moins 'une des étapes sui-
vantes :

-détendre le fluide frigorigéne s’écoulantdans la
ligne de dérivation avant d’entrer dans le dis-
positif de chauffage (14) a l'aide du détendeur
aucxiliaire (52) et/ou comprimer le fluide frigori-
géne s’écoulant a travers la ligne de dérivation
apres avoir quitté le dispositif de chauffage (14)
et avant d’entrer dans I'évaporateur (1) a I'aide
du compresseur auxiliaire (56) ;

- pomper du fluide frigorigéne s’écoulant dans la
ligne de dérivation a I'aide de la pompe a liquide
(82).



EP 3 225 941 B1

6

T 34NS5I4

INFLSAS ONILVIH

L6

I

6 o
z.

=
S

86

dHSY

10



EP 3 225 941 B1

LT

¢ 34NSl4

11



EP 3 225 941 B1

€ 34NOIA

12



EP 3 225 941 B1

ON

S9A ipspua

3u11504} SeH

L

2w} Jo porsad e o} wasAs uny

1

J0SS3Jd W 0D 3SI9A3Y h

1

191eay 2141039|3 AJel|IXne 91eAIDY

1

Xeo)
(]

7Py

<
w

sanjen Aem 394y3 ein ssedAq y3noayl moj4 01 Juesssdiies MO||V.

7 R

J9SUBPUOD JJO 9SO[D 01 SOABA ABM 334U} 91BNy

EdHSY
ul 8UllIN220

ON

3unsouy s Ie

LS ¥ 34NSI4

13



EP 3 225 941 B1

LT

S 34NSOIA

14



EP 3 225 941 B1

9 34NS5I4

15



EP 3 225 941 B1

ON

SOA ipopua

8usoJ) seHy

L

W} JO poliad e 4o} walsAs uny

{

Jossaidwod ssedAq uny N

1

19183y 211399|2 AJel|IXne 31eAINDY

1

O
wm

PPy

<t
(V9]

sanjen Aem aauy) ein ssedAg ySnoayl moj) 01 JuelaS14484 MO||VY_

i R

J9SU3PUOD JJO 3SO|D 0] SSA|BA ABM 331Y] 91EN1Y -

{dHSVY
ul 8UllINJ20

ON

3u11504} S| Ie

/S 7 39NO14

16



EP 3 225 941 B1

LT

8 34NODI4

17



EP 3 225 941 B1

6 34NSI4

@ VN ¢’
-
"

18




EP 3 225 941 B1

ON

SOA ipapua

8u1soJ) seH

L

W} Jo poliad e 4o} walsAs uny

{

dwnd pinbij ssedAq uny h

1

19183y 211199|2 AJel|IXNE 31BAINDY

1

O
wm

s

<t
(9]

sanjen Aem 934y ela ssedAg ysnouayl moj) 03 Juesa31a4ad MO||Y

i R

J9SUIPUOD JJO 3SO|D 03 SSA|BA ABM 331y} 91ENY -

{dHSY
ul 8UlJINd20

ON

3u11504} S| Ie

/S 0T 39NO13

19



EP 3 225 941 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

« EP 2677252 A1[0005] WO 9724565 A [0006]

20



	bibliography
	description
	claims
	drawings
	cited references

