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(54) HEAT PUMP SYSTEM WITH RAPID DEFROSTING MODE

(57) The invention relates to a heat pump system
comprising
a refrigerant circuit,
the refrigerant circuit comprising an evaporator and
a heat exchanger which is adapted to exchange heat
between the refrigerant circuit and an entity to be heated,
wherein

the refrigerant circuit further comprises a bypass line by-
passing the heat exchanger
and the refrigerant circuit in addition to the heat exchang-
er and the evaporator comprises a heat source which is
adapted to heat refrigerant which is routed through the
bypass line.
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Description

[0001] The invention regards a heat pump system in-
cluding a refrigerant circuit with a heat exchanger and/or
condenser, wherein the refrigerant circuit comprises a
bypass line bypassing the heat exchanger or condenser,
respectively. Refrigerant which is routed through the by-
pass 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 component that collects this heat is the evaporator.
In cold and damp conditions frost can develop on the
evaporator surface that will ultimately block the air pas-
sages 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 prop-
erly 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 a water loop, which can be the
heat transport means into a building, will not deliver heat-
ing and hot water.
[0004] Thus, efficient performance requires the remov-
al of frosting and icing on the evaporator’s surface. This
operation method is called defrosting and it requires en-
ergy input to keep it running such as electric heater-based
defrosting, hot-gas-bypass-based defrosting and/or re-
verse cycle-based defrosting and also by a sub-cooling
heat transport process.
[0005] 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.
[0006] It is therefore the object of the present invention
to provide a system which allows defrosting without tem-
perature drop at the entity which is to be heated in normal
mode.
[0007] 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 10.
The respective dependent claims describe advanta-
geous embodiments of the heat pump system according
to claim 1 and the method for defrosting according to
claim 10.
[0008] The present invention relates to a heat pump
system comprising a refrigerant circuit, wherein the re-
frigerant circuit comprises an evaporator and a heat ex-
changer which is adapted to exchange heat between the
refrigerant circuit and an entity to be heated. The heat
exchanger may comprise a condenser. To build up a re-
frigerant circuit one port of the evaporator can be con-
nected to one port of the heat exchanger and another
port of the evaporator can be connected to another port
of the heat exchanger. In a normal mode, where the entity
to be heated is heated, refrigerant can therefore circulate
between the evaporator and the heat exchanger.
[0009] 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 exchang-
er.
[0010] According to the present invention, the refriger-
ant circuit further comprises a heat source which is adapt-
ed 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 evaporator.
[0011] In a method 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 de-
frosting the evaporator to the refrigerant. As the refriger-
ant does preferably not pass through the heat exchanger
during this defrosting operation, a cooling of the entity to
be heated can be avoided.
[0012] In a preferred embodiment of the invention the
heater may be located within the bypass line, that is be-
tween the pipes connecting the ports of the evaporator
and the heat exchanger.
[0013] Preferably the refrigerant circuit of the present
invention may comprise an expansion valve located in a
line connecting a first port of the heat exchanger with a
first port of the evaporator.
[0014] Preferably the refrigerant circuit may comprise
a compressor located in the line connecting the second
port of the evaporator with a second port of the heat ex-
changer, wherein each first port is different from each
second port. Thus, the expansion valve and the com-
pressor may be located on opposite sides of to the heat
exchanger and the evaporator.
[0015] In a preferred embodiment of the present inven-
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
conduit between 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.
[0016] Above mentioned expansion valve may be pref-
erably located between the bypass line and the evapo-
rator, that is, if the bypass line is connected to the line
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.
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[0017] 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.
[0018] 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.
[0019] It is 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.
[0020] In this case, the bypass line may in an advan-
tageous embodiment comprise in series the heater as
well as an auxiliary expansion valve, being adapted to
expand refrigerant flowing in the bypass line before en-
tering the heater, and/or an auxiliary compressor, being
adapted to compress refrigerant flowing through the by-
pass line after leaving the heater and before entering the
evaporator. 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.
[0021] 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.
[0022] Preferably the auxiliary compressor is arranged
such that it compresses refrigerant flowing out of the
heater and outputs compressed refrigerant in the direc-
tion of the evaporator.
[0023] In a preferred embodiment of the invention the
bypass line may comprise a liquid pump, which is adapt-
ed to pump refrigerant flowing in the bypass line. Prefer-
ably 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 exchanger
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.
[0024] The invention also relates to above mentioned
method for defrosting the evaporator of a heat pump sys-
tem wherein the heat pump system is constituted as de-
scribed before. In the defrosting method the refrigerant
is routed through the bypass line and heated by the heat-
er.
[0025] Preferably 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.
[0026] 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 evapo-
rator on the other hand side, the refrigerant in defrost
mode may be conducted from the evaporator through
the bypass line and back to the evaporator. If in this case
the bypass line comprises above mentioned auxiliary ex-
pansion valve and above mentioned auxiliary compres-
sor, the refrigerant may be conducted from the evapora-
tor to the auxiliary expansion valve, from the auxiliary
expansion valve to the heater, from the heater to the aux-
iliary compressor and from the auxiliary compressor back
to the evaporator.
[0027] 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 in-
vention this refrigerant may flow into the compressor out
of the bypass line.
[0028] 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 can then
proceed with normal operation and can continuously or
at specific times monitor whether frosting occurs at the
evaporator.
[0029] 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.
[0030] 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 configu-
ration.
[0031] In the following the invention shall be described
by way of examples with reference to figures. Same ref-
erence 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.

Brief description of the figures

[0032]

Fig. 1 an air source heat pump according to the prior
art,
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Fig. 2 a refrigerant circuit of a heat pump system ac-
cording to the invention,

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

Fig. 4 an operation method of the heat pump system
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.

[0033] The present invention may be realized as an air
source heat pump (ASHP) as an example.
[0034] Fig. 1 shows an air source heat pump system
according to the prior art. The system in 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
heat exchanger 7 is port of both, the refrigerant circuit
and the heat transport medium circuit.
[0035] In the heat transport medium circuit the 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 sec-
ondary side of the heat exchanger 7 via pipe 98. The
water tank 92 can be used to store water which is con-
ducted into the water tank 92 via an inlet pipe 93 and out
of the water tank via an outlet pipe 94. The water in the
water tank 92 can be heated by the heat transport me-
dium flowing in the heat transport medium circuit.
[0036] 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 sec-
ond 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.
[0037] In normal mode, the compressor 3 receives re-
frigerant from the evaporator 1 and outputs compressed
refrigerant to pipe 4 towards the heat exchanger 7.
[0038] In a defrost mode the compressor 3 reverses
its operation direction. Refrigerant 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 therefore defrosted. However, the
heat is obtained from water tank 92 which is therefore
cooled in defrost mode.
[0039] Fig. 2 shows a first example of a refrigerant cir-
cuit which can be employed in a heat pump system ac-
cording to the present invention. 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 for example comprise
a condenser. If element 7 is a heat exchanger, heat can
for example be exchanged with an optional heat transport
medium circuit as shown on the right hand side in Fig. 1.
Alternatively the element 7 as a condenser could ex-
change heat with outside air or could provide heat to any
other entity to be heated. In the following only the refrig-
erant cycle will be regarded while the entity to be heated
can for example be a heat transport medium cycle as
shown in Fig. 1 or a different entity to be heated.
[0040] 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 8 to
a three-way valve 9. Three-way valve 9 is connected to
a main expansion valve 11 via a pipe 10. Main expansion
valve 11 is connected to a first port of an evaporator 1
via a pipe 12. A second port, different from the first port,
of the evaporator 1 is 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
condenser 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 heater 14 is connected with another port of the
first three-way valve 9 via a pipe 15.
[0041] 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.
[0042] In Fig. 2 arrows on the pipes indicate a flow
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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 that line 4 is connected with pipe 6 in
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.
[0043] In normal mode, the compressor 3 is operated
such that it receives refrigerant coming from the evapo-
rator 1 through pipe 2 and outputs compressed refriger-
ant into pipe 4 towards the second three-way valve 5.
[0044] Fig. 3 shows the refrigerant circuit shown in Fig.
2 in defrost mode, 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.
[0045] Differently from Fig. 2 the refrigerant in the de-
frost mode shown in Fig. 3 flows as indicated by the ar-
rows 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 flow-
ing into the three-way valve 5 from line 13, the refrigerant
coming from the heater 14, is guided towards the com-
pressor 3 via pipe 4. Compressor 3 operates in reverse
direction as compared to normal mode shown in Fig. 2.
That is, 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 oper-
ated so that refrigerant flowing through the heater 14 is
heated. The heated refrigerant is conducted to the evap-
orator 1 and defrosts evaporator 1.
[0046] 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. Refrigerant is 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 system is
run in this state for a period of time in S6 and is monitored
in S7 whether frosting has ended. If frosting has not end-
ed, the system is further run in defrost mode in S6. On
the other hand, if frosting has ended, the system returns
to 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 at the same time or in any other
order than shown in Fig. 4.
[0047] Fig. 5 shows a further example of a refrigerant
circuit and a heat pump system according to the present
invention.

[0048] A heat exchanger 7 or condenser 7 is connected
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 con-
nected to the pipes 10 and 12 is connected with an aux-
iliary expansion valve 52 via a pipe 51. The auxiliary ex-
pansion valve 52 is connected to a heater 14 via pipe 53.
[0049] 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 aux-
iliary compressor 56 is connected to the heater 14 via a
pipe 57.
[0050] In this example the line comprising pipe 51, aux-
iliary expansion valve 52, pipe 53, heater 14, pipe 57,
auxiliary compressor 56 and pipe 55 can be regarded as
the bypass line.
[0051] Fig. 5 shows the system in normal mode. The
flow of the refrigerant is 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, com-
pressor 3, condenser 7 or heat exchanger 7 and back to
the main expansion valve 11. As in the other figures com-
pressor 3 receives refrigerant from the evaporator 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.
[0052] Fig. 6 shows the same setup as Fig. 5, however,
being switched to defrost mode. Again the arrows on the
lines indicate the flow of the refrigerant. It can be seen
that the three-way valves 9 and 5 are set such that re-
frigerant 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 aux-
iliary expansion valve 52 through the heater 14 into the
auxiliary compressor 56. The refrigerant is received by
the auxiliary compressor 56 from the heater 14 and is
compressed and the compressed refrigerant is output to
the evaporator 1 via the second three-way valve 5. The
main refrigerant circuit comprising the main expansion
valve 11, the condenser 7 and the main compressor 3 is
shut off in defrost mode by the three-way valves 5 and 9.
[0053] Via the bypass circuit heat is transported to the
evaporator 1 and heat 16 is set free at the evaporator 1
to defrost the evaporator 1.
[0054] Fig. 7 shows an operation of the system shown
in Figs. 5 and 6. The operation is very similar to the op-
eration 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. In-
stead, the auxiliary compressor 56 is activated in S5. It
should also be noted that differently from Fig. 2 and 3
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the refrigerant does not flow through the main expansion
valve 11 in defrost mode but rather through the auxiliary
expansion valve 52.
[0055] Fig. 8 shows another advantageous embodi-
ment of the present invention.
[0056] 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 con-
nected to the evaporator 1 via pipe 12. The evaporator
1 is 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.
[0057] 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 sec-
ond three-way valve 5, which third port is not connected
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.
[0058] Fig. 8 shows the system in normal mode. The
normal mode of this circuit is 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.
[0059] 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 conduct-
ed 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.
[0060] Fig. 10 shows an operation of the system shown
in Figs. 8 and 9. As in the other embodiments it is mon-
itored in S1 whether frosting occurs at the evaporator.
As above, the monitoring can be done continuously or at
certain times. In case that frosting is detected at the evap-
orator, the steps S2, S3, S4 and S5 are carried out. Al-
though they are shown subsequently in Fig. 10, they may
be carried out at the same time or in different order. Thus,
if defrosting is detected the first three-way valve 9 and
the second three-way valve 5 are actuated to close off
the condenser 7 to allow refrigerant to flow through the
bypass line via the three-way valves 9 and 5 (S3). Fur-
thermore, the heater 14 is activated in S4 and the bypass
liquid pump 82 is run. While the system is running, is it
monitored whether the defrosting has ended or is still
present. As long as the defrosting is still present, the sys-
tem is run in the configuration shown in Fig. 9. If it is

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 and
a heat exchanger which is adapted to exchange heat
between the refrigerant circuit and an entity to be
heated,
wherein
the refrigerant circuit further comprises a bypass line
bypassing the heat exchanger
and the refrigerant circuit in addition to the heat ex-
changer and the evaporator comprises a heat source
which is adapted to heat refrigerant which is routed
through the bypass line.

2. Heat pump system according to the preceding claim,
wherein the refrigerant circuit comprises a main ex-
pansion valve located between a first port of the heat
exchanger and the evaporator and
the refrigerant circuit further comprises a main com-
pressor located between the evaporator and a sec-
ond port, different from the first port, of the heat ex-
changer.

3. Heat pump system according to one of the preceding
claims,
wherein the heater is located between the main ex-
pansion valve and the main compressor on the side
of the bypass line and/or is located within the bypass
line.

4. Heat pump system according to one of the preceding
claims,
wherein one end of the bypass line branches off a
line connecting a first port of the evaporator with a
first port of the heat exchanger in a first three way
valve
and an opposite end of the bypass line branches off
a line connecting a second port, different from the
first port, of the evaporator with a second port, dif-
ferent from the first port, of the heat exchanger, in a
second three way valve.

5. Heat pump system according to the preceding claim,
wherein the main expansion valve is located be-
tween the bypass line and the evaporator and/or the
main compressor is located between the evaporator
and the bypass line.

6. Heat pump system according to claim 2 or 4,
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wherein the main expansion valve is located be-
tween the bypass line and the heat exchanger and/or
the main compressor is located between the heat
exchanger and the bypass line.

7. Heat pump system according to the preceding claim,
wherein the bypass line comprises in series the heat-
er 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 evaporator.

8. Heat pump system according to claim 6,
wherein the bypass line comprises a liquid pump,
being adapted to pump refrigerant flowing in the by-
pass line, the liquid pump being preferably connect-
ed in series with the heater between a point where
the bypass line branches off the line connecting the
evaporator with the main expansion valve and the
heater.

9. 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.

10. 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.

11. Method according to the preceding claim wherein
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.

11 12 



EP 3 225 941 A1

8



EP 3 225 941 A1

9



EP 3 225 941 A1

10



EP 3 225 941 A1

11



EP 3 225 941 A1

12



EP 3 225 941 A1

13



EP 3 225 941 A1

14



EP 3 225 941 A1

15



EP 3 225 941 A1

16



EP 3 225 941 A1

17



EP 3 225 941 A1

18

5

10

15

20

25

30

35

40

45

50

55



EP 3 225 941 A1

19

5

10

15

20

25

30

35

40

45

50

55


	bibliography
	abstract
	description
	claims
	drawings
	search report

