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(54) CYCLE SYSTEM FOR HEATING AND/OR COOLING AND HEATING AND/OR COOLING 
OPERATION METHOD

(57) The present invention relates to a cycle system
for heating and/or cooling comprising a main circuit for
circulating a refrigerant having a compressor, a condens-
er, a first expansion valve and an evaporator, which are
sequentially connected in a flow direction of the refriger-
ant, and a bypass passage for bypassing a first refriger-
ant part around the condenser, wherein the bypass pas-
sage includes an internal heat exchanger for exchanging
heat between the first refrigerant part and a second re-
frigerant part which is branched off from the main circuit
at the evaporator outlet, and the main circuit further com-
prises a liquid receiver, which is connected to the bypass
passage.



EP 3 382 300 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] The present invention relates to a cycle system for heating and/or cooling and a heating and/or cooling operation
method, in particular for partial and low heat load operation.
[0002] A well known problem in cooling or heating operations is that an air-to-water heat pump becomes oversized
when working at low heat load even though the compressor is running at its minimum frequency. This especially occurs
in tight and well-insulated houses where heat pumps work at a very low water flow temperature. An air-to-water heat
pump is generally controlled to keep a supply flow temperature at target value, and the supply flow temperature is
controlled by changing the frequency of the compressor. If the heat load is lower than the minimum capacity with minimum
frequency of the compressor, the heat pump stops running because the supply flow temperature rises above the threshold
of detecting overheating and restarts after the supply flow temperature has fallen below the threshold of restarting. This
results in the heat pump cycling on and off frequently, deteriorating efficiency, shortening system life and increasing
electricity costs for end-users.
[0003] For a load modulation of the heat pump, besides using a variable speed compressor, it is also common to use
a hot-gas-bypass method to enable the system to run at a partial heat load. In this method, the hot-gas-bypass circuit
is connected to the evaporator outlet to either control the evaporator cooling capacity (i.e. outlet bypass circuit) or defrost
evaporator (as described in US 6584794B2) or prevent freezing of the condenser in the reverse cycle-based defrost
cycle (as described in WO 2011/092802).
[0004] In some cases of cooling application, a different configuration of a hot-gas-bypass is used to prevent the
evaporator from freezing and going off on low pressure by connecting the hot gas-bypass circuit with the evaporator
inlet (i.e. inlet bypass circuit). For heating application using air source heat pump, both inlet and outlet bypass circuits
can be used.
[0005] In particular, an inlet bypass circuit enables the heat pump to run at partial or low heat load by bypassing the
refrigerant over the condenser during the normal heating operation. Here, an auxiliary expansion valve is arranged in
the bypass circuit in order to expand hot-gas from the high pressure at compressor discharge to the low-pressure at
evaporator inlet. This configuration is similar to the bypass-circuit described in JP 4799252, which is connected after
the main expansion valve. Another configuration of a bypass circuit is to connect the bypass circuit with the main circuit
before the main expansion valve which is similar to the configuration described in JP 2005-300008. According to this
bypass circuit configuration, an auxiliary valve on the bypass circuit is not required.
[0006] A problem of the bypass circuit configurations in the prior art is that high-pressure refrigerant at vapour state
(i.e. hot gas) is injected directly from the compressor discharge into the main circuit either after the main expansion valve
(bypass-circuit in JP 4799252) or before the main expansion valve (bypass circuit JP 2005-300008). Both bypass circuit
configurations cause an increase of refrigerant dryness at the evaporator inlet. This means that the composition of the
refrigerant fed into the evaporator exhibits a higher fraction of vapour and causes less heat exchange between the
refrigerant inside the evaporator tubes and the ambient air outside the evaporator tubes. This results in the problem that
heat transfer efficiency of the evaporator is downgraded.
[0007] The problem to be solved by the present invention is therefore to provide a cycle system for heating and/or
cooling and a heating and/or cooling operation method in which the heat transfer efficiency of the evaporator is not
downgraded when a part of the refrigerant is bypassed under a low heat load condition wherein the heat load is less
than the minimum capacity of the cycle system.
[0008] The problem is solved by the cycle system for heating and/or cooling according to claim 1 and the heating
and/or cooling operation method according to claim 10. Advantageous embodiments of the cycle system and the heating
and/or cooling operation method are given in the dependent claims 2 to 9 and 11 to 15, respectively.
[0009] The cycle system for heating and/or cooling according to the present invention comprises a main circuit for
circulating a refrigerant having a compressor, a condenser, a first expansion valve and an evaporator, which are se-
quentially connected in a flow direction of the refrigerant, and a bypass passage for bypassing a first refrigerant part
around the condenser, wherein the bypass passage is connected to the main circuit in a first and a second connection
point, wherein the first connection point is arranged between a compressor outlet and a condenser inlet and the second
connection point is arranged between a condenser outlet and an evaporator inlet.
[0010] The cycle system for heating and/or cooling is characterized in that the bypass passage includes an internal
heat exchanger for exchanging heat between the first refrigerant part and a second refrigerant part, wherein the second
refrigerant part is branched off from and fed back into the main circuit between the evaporator outlet and the compressor
inlet, and a second expansion valve sequentially connected in the flow direction of the refrigerant, and in that the main
circuit further comprises a liquid receiver, which is arranged in the second connection point and connected to the bypass
passage or between the second connection point and the evaporator inlet.
[0011] The cycle system for heating and/or cooling according to the present invention enables to condense hot gas
in the bypass passage using an internal heat exchanger before mixing the condensed refrigerant of the main circuit at
either the condenser outlet or liquid receiver. Due to bypassing a part of the refrigerant over the condenser, the heat
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capacity is decreased while the compressor is still running at its minimum frequency. This results in a supply flow
temperature below the threshold for stopping the compressor.
[0012] Furthermore, while the first expansion valve is the main expansion device of the main cycle, the second ex-
pansion valve functions as a bypass passage controlling device for modulating the mass flow rate of the first refrigerant
part. In a further advantageous embodiment of the present invention, the first expansion valve is arranged between the
second connection point and the evaporator inlet or between the condenser outlet and the second connection point.
[0013] Moreover, the cycle system according to the present invention might be further modified such that the first
expansion valve is arranged between the second connection point and the evaporator inlet, and the main circuit further
comprises an additional third expansion valve which is arranged between the condenser outlet and the second connection
point. In this case, the third expansion valve may be used to fine tune the flow rate of the refrigerant together with the
second expansion valve.
[0014] According to another preferred embodiment the internal heat exchanger comprises at least a first flow channel
for conducting the first refrigerant part and a second flow channel for conducting the second refrigerant part.
[0015] According to another preferred embodiment the internal heat exchanger is a double-pipe heat exchanger, a
twisted-coil-type heat exchanger, a counter-flow heat exchanger, a parallel-flow heat exchanger and/or a heat exchanger
comprising or consisting of micro-channels and/or micro-fins on both heat exchange surfaces.
[0016] According to another preferred embodiment the internal heat exchanger comprises a feed line for feeding the
second refrigerant part into the internal heat exchanger, wherein the feed line comprises a first solenoid valve to control
a feed flow of the second refrigerant part.
[0017] According to another preferred embodiment the internal heat exchanger comprises a feed line for feeding the
second refrigerant part into the internal heat exchanger and a discharge line for feeding back the second refrigerant part
into the main circuit, wherein the feed line and the discharge line are connected to the main circuit in a third and fourth
connection point, respectively, and wherein the main circuit comprises a second solenoid valve arranged between the
third and fourth connection point for opening and closing the section of the main circuit A between the third and fourth
connection point and/or for controlling a flow of the refrigerant between the third and fourth connection point.
[0018] According to another preferred embodiment the condenser is a refrigerant-water heat exchanger or a refrigerant-
air heat exchanger and the evaporator is a refrigerant-air heat exchanger.
[0019] According to another preferred embodiment the main circuit comprises a four-way valve arranged between the
compressor outlet and the condenser inlet for switching the cycle system between heating operation and cooling oper-
ation.
[0020] The invention also includes a heating and/or cooling operation method performed by the above-described cycle
system for heating and/or cooling. The heating and/or cooling operation method is characterized in that the bypass
passage is activated and/or deactivated when one or more predetermined conditions are met.
[0021] According to a preferred embodiment the bypass passage is activated by opening the second expansion valve
and deactivated by closing the second expansion valve. In particular, according to another preferred embodiment, the
bypass passage is activated when a number of compressor restarts for a predetermined time interval is higher than a
predetermined threshold number, and the bypass passage is deactivated when a room temperature is lower than a
predetermined threshold room temperature.
[0022] According to another preferred embodiment an opening of the second expansion valve is increased when the
bypass passage is activated, the compressor runs at a predetermined minimum frequency and a supply flow temperature
of the refrigerant is higher than a first predetermined threshold temperature, and the opening of the second expansion
valve is decreased when the bypass passage is activated, the compressor runs at a predetermined minimum frequency
and a supply flow temperature of the refrigerant is lower than a second predetermined threshold temperature.
[0023] According to another preferred embodiment an average heat supply for a predetermined interval is calculated,
a minimum capacity under an operated supply flow temperature and ambient temperature conditions is calculated, and
the bypass passage is activated when the average heat supply is lower than the minimum capacity.
[0024] According to another preferred embodiment an opening of the second expansion valve is increased by the
same percentage as by which the average heat supply is lower than the minimum capacity.
[0025] In the following, some preferred embodiments of the cycle system for heating and/or cooling as well as of the
heating and/or cooling operation method according to the present invention are described in more detail on the basis of
figures 1 to 6. The described features are not only conceivable in the combinations of the disclosed embodiments, but
can be realized independently of the concrete embodiments in various other combinations.

Figure 1 shows a first embodiment according to the invention of the cycle system for heating and/or cooling.

Figure 2 shows a diagram with a sequence of starting and ending an operation of the bypass passage.

Figure 3 shows a flow diagram of a heating operation method according to the first embodiment of the invention.
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Figure 4 shows a diagram with different heat capacities at minimum frequency for different test conditions.

Figure 5 shows a flow diagram of a heating operation method according to a second embodiment of the invention.

Figure 6 shows a third embodiment of the cycle system for heating and/or cooling according to the invention.

[0026] As shown in figure 1, the cycle system for heating and/or cooling according to a first embodiment of the invention
comprises a main cycle A for circulating a refrigerant having a compressor 1 with compressor inlet 1a and outlet 1b, a
condenser with condenser inlet 2a and outlet 2b, a first expansion valve LEV-A, a third expansion valve LEV-B, an
evaporator 3 with evaporator inlet 3a and outlet 3b, a liquid receiver 5 with liquid receiver inlet 5a and outlet 5b, a second
solenoid valve 9 and a four-way valve which are sequentially connected in a flow direction of the refrigerant flowing
through the main circuit.
[0027] Furthermore, the cycle system comprises a bypass passage for bypassing a first refrigerant part over the
condenser 2. The bypass passage is connected to the main circuit via connection points P1 and P2. Connection point
P1 is arranged between the compressor outlet 1b and the condenser inlet 2a. Connection point P2 is arranged between
the third expansion valve LEV-B and the liquid receiver inlet 5a. The bypass passage B includes an internal heat
exchanger 4 and a second expansion valve LEV-C which are sequentially connected in the flow direction of the first
refrigerant part. The internal heat exchanger 4 has at least two flow channels, wherein the first flow channel forms a
section of the bypass passage B with first internal heat exchanger inlet 4a and first outlet 4b and conducts the first
refrigerant part. The second channel extends from a second internal heat exchanger inlet 4c to a second internal heat
exchanger outlet 4d and conducts a second refrigerant part which is branched off from and fed back into the main circuit
A between the evaporator outlet 3b and the compressor inlet 1a. The second internal heat exchanger inlet 4c is connected
via a feed line 6 with the main circuit A in connection point P3. The second internal heat exchanger outlet 4d is connected
via a discharge line 8 with the main circuit A in connection point P4. Connection point P3 is arranged between the
evaporator outlet 3b and the compressor inlet 1a. Connection point P4 is arranged between connection point P3 and
the compressor inlet 1a. The feed line 6 includes a first solenoid valve 7.
[0028] In heating operation, the condenser 2 is a water-refrigerant heat exchanger and functions as an indoor heater,
whereas the evaporator 3 is an air-refrigerant heat exchanger functioning as a cooler. Moreover, the internal heat
exchanger 4 is a refrigerant-refrigerant heat exchanger, wherein heat is transferred from the bypassed first refrigerant
part to the branched off second refrigerant part. In this embodiment 1, the internal heat exchanger 4 is preferably a
counter-flow or parallel-flow heat exchanging device with hot-gas refrigerant flowing through the first channel and cold-
gas or vapor refrigerant escaping from the evaporator outlet 3b flowing through the second channel.
[0029] The first expansion valve LEV-A is the main expansion valve of the main circuit A for expanding the refrigerant
before entering the evaporator 3. The second expansion valve LEV-C expands the first refrigerant part flowing trough
the bypass passage and can be used to control the flow rate of the first refrigerant part. The third expansion valve LEV-
B is used to fine tune the flow rates of the refrigerant flowing through the main circuit A and the bypass passage B.
[0030] The first solenoid valve 7 is used to open and close the feed line 6 as well as to control the flow rate of the
second refrigerant part through the feed line 6, the second channel of the internal heat exchanger 4 and the discharge
line 8. The second solenoid valve 9 is used to open and close the section of the main circuit A between connection
points P3 and P4 as well as to control a flow of the refrigerant in this section of the main circuit A.
[0031] The four-way valve 10 is used to switch between a heating operation and a cooling operation of the cycle
system. The connection point P1 of the main circuit A and the bypass passage B can be either before or after the four-
way valve 10 in the flow direction of the refrigerant.
[0032] The hot compressed refrigerant which is discharged at compressor outlet 1b passes the four-way valve 10. At
connection point P1 a first refrigerant part is branched off into the bypass passage B. In the main circuit A, the high-
pressure hot gas refrigerant enters the condenser 2 where it is cooled and condensed emitting heat to an indoor heater.
The condensed refrigerant is expanded by expansion valve LEV-B and collected as low-pressure cold liquid refrigerant
in the liquid receiver 5. The high-pressure hot gas first refrigerant part passes the first channel of the internal heat
exchanger 4 where it is cooled and condensed. The cooling is effected by the low-pressure cold gas second refrigerant
part branched off at the evaporator outlet 3b and flowing through the second channel of the internal heat exchanger.
The condensed first refrigerant part is expanded by expansion valve LEV-C and collected as low-pressure cold liquid
refrigerant in the liquid receiver 5. The cold liquid refrigerant discharged from the liquid receiver 5 is further expanded
by expansion valve LEV-A and enters the evaporator 3. In the evaporator 3, the cold liquid refrigerant is evaporized and
discharged as low-pressure cold gas refrigerant. At connection point P3 the second refrigerant is branched off from the
main circuit A to be circulated through the internal heat exchanger 4. The remaining low-pressure cold gas refrigerant
continues along the main circuit A to the compressor inlet 1a. At connection point P4 the branched off second refrigerant
part, which has been heated up due to the heat exchange with the first refrigerant part in the internal heat exchanger 4,
is fed back into the main circuit A.
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[0033] Due to the heat exchange with the cold second refrigerant part, the hot gas first refrigerant part is cooled down
and condensed in the internal heat exchanger before being expanded in the expansion valve LEV-C to reduce its pressure
from the discharge pressure of the compressor 1 to the pressure of the liquid receiver 5. By bypassing the first refrigerant
part through the bypass passage B, the refrigerant which reaches the condenser 2 at a lower flow rate causes a reduction
of heating capacity below the minimum capacity of the main circuit A, which is the cycle system without the bypass
passage B. This enables the compressor 1 to run continuously without on-off cycling at low heat load. The hot gas first
refrigerant part in the bypass passage B is condensed before merging with the refrigerant in the main circuit A. In the
liquid receiver 5 the condensed refrigerant is collected before fed into the evaporator 3. Due to connecting the bypass
passage outlet with the liquid receiver 5 via the main circuit A, excess gas can be stored in the liquid receiver 5 even if
the hot gas is not completely condensed. This prevents refrigerant dryness at evaporator inlet from being increased as
occurs in the conventional bypass circuit in the prior art, and a reduction of heat transfer efficiency at evaporator 3 can
be avoided. Furthermore, due to being heated by the bypassed hot gas first refrigerant part in internal heat exchanger
4, the temperature of the refrigerant coming from the evaporator outlet 3b is increased before reaching the compressor
inlet 1a. This helps to increase a superheat degree at the compressor inlet 1a protecting compressor 1 from sucking
refrigerant liquid.
[0034] Figure 2 shows a diagram with a sequence of starting and ending a bypass passage operation of the cycle
system according to the first embodiment. It is known that supplied heat of cycle systems as in the present invention is
controlled based on a temperature difference between a target flow temperature and a measured flow temperature. The
target flow temperature Ttarget_flow is also determined by an ambient temperature or a temperature difference between
a set room temperature and a measured room temperature. A frequency range of the compressor is designed to avoid
overloading, vibration etc. A maximum frequency is 120Hz and a minimum frequency is 30Hz, for example. In the present
invention, a supply flow temperature at the minimum frequency Tfrequency_min is used as an input parameter to activate
the bypass passage (Tfrequency_min = Ttarget_flow + ΔT1, ΔT1 is 1.5°C for example, smaller than the threshold of stopping
the cycle system). The room temperature is used to terminate the bypass passage operation when heat load is required
to be increased. The frequency is fixed at a minimum frequency during bypass passage activation.
[0035] As shown in figure 2, the cycle system as shown in figure 1, for example, is operated in whole compressor
frequency range as long as the measured flow temperature is below a target flow temperature. When the measured
flow temperature equals the target flow temperature, the compressor frequency is fixed to the minimum frequency. The
bypass passage is activated when the measured flow temperature rises above the target flow temperature + ΔT1 and
remains activated as long as the measured room temperature is higher than the target room temperature - ΔT2. When
the measured room temperature is equal to or lower than the target room temperature - ΔT2, the bypass passage is
deactivated.
[0036] A specific example of a heating operation carried out by the cycle system according to the first embodiment
with the bypass passage is shown in figure 3. This control is based on the control strategy in which the flow temperature
and the number of compressor restarts within a predefined interval (5 times per hour for example) are used as a trigger
for the bypass passage activation. When a room temperature drop is detected, which means that an increase of supplied
heat is required, the bypass passage needs to be deactivated to return to normal heat load mode. LEV-C is controlled
within a predefined control interval, which is every 1 minute for example. And a ratio of increment and decrement of
valve openings is also predefined, which is 10% for example.
[0037] In the heating operation of figure 3, it is checked in step ST1, whether the compressor is running at a minimum
frequency. If the answer is no (N), the cycle system remains in the normal cycle (i.e. without bypass passage). If the
answer is yes (Y), it is checked in step ST2, whether the supply flow temperature is higher than the target flow temperature
+ ΔT1. If N, the system remains in the normal cycle. If Y, it is checked in ST3, whether the number of compressor restarts
is above a threshold. If N, the system remains in the normal cycle. If Y, the bypass passage is activated and the system
proceeds to a control loop including steps ST4 to ST10 for controlling the opening degree of the expansion valve LEV-
C. In step ST4, it is checked, whether the supply flow temperature is lower than a target flow temperature - ΔT2. If N,
the system proceeds to step ST5. If Y, the system proceeds to step ST8. In step ST5, it is checked whether the supply
flow temperature is higher than the target flow temperature + ΔT1. If N, the system proceeds to step ST10. If Y, the
system proceeds to step ST6. In step ST6, it is checked whether expansion valve LEV-C is completely open. If Y, the
system proceeds to step ST10. If N, the opening of LEV-C is increased (step ST7) and the system proceeds to step ST10.
[0038] In step ST8, it is checked, whether expansion valve LEV-C is completely closed. If Y, the system proceeds to
step ST10. If N, the opening of LEV-C is decreased (step ST9) and the system proceeds to step ST10.
[0039] In step ST10, it is checked whether the room temperature is below the target room temperature - ΔT3. If N, the
bypass passage remains activated and the system returns to step ST4. If Y, expansion valve LEV-C is closed deactivating
the bypass passage and the system returns to the normal cycle operation.
[0040] Figures 4 and 5 show a further preferred embodiment of a heating operation carried out by the cycle system
of figure 1. The control strategy is based on monitoring supplied heat from the cycle system. This supplied heat is
compared with a minimum heat capacity of the cycle system derived from the performance map of the cycle system
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which is saved in a controller (not shown in figure 1) of the cycle system. The supplied heat is calculated with the following
formula: 

where,

Qsupply : Supplied heat (kW), ρwater: Density of water (kg/L),
Cp,water : Specific heat (kJ/kgK), Fw: Water flow rate (L/s),
Twater, supply : Supply flow temperature, Twater, return : Return flow temperature.

[0041] The bypass cycle is started when the calculated average supplied heat within a predefined interval including
ON/OFF cycle, 30 minutes for example, is below the minimum capacity of the cycle system at the same operating
condition. LEV-C opening increases by reduction of supplied heat. For example, LEV-C opening increases by 10% when
the supplied heat decreases by 10%. The performance map of the cycle system is built based on the cycle system
capacity data at minimum frequency under different test conditions of water and ambient temperature. Minimum capacity
under the operated condition is calculated using the formulas below: 

[0042] Where,
Q: Capacity (kW), tw: measured supply flow temperature, ta: measured ambient temperature t1,t2: reference data of
ambient temperature, w1, w2: reference data of supply flow temperature.
[0043] Figure 5 shows a flow diagram of a heating operation according to the second embodiment of the cycle system
of the present invention with bypass passage. During normal cycle (i.e. with bypass passage deactivated), it is checked
in step ST1, whether the compressor is running at minimum frequency. If the answer is no (N), the system remains in
the normal cycle operation. If the answer is yes (Y), the bypass passage is activated and the system proceeds to step
ST2. In step ST2, the current supplied heat and minimum capacity are calculated. After that, the system proceeds to
step ST3. In step ST3, it is checked, whether the supplied heat is 10% lower than the minimum capacity. If Y, the system
proceeds to step ST4. If N, the system proceeds to step ST6. In step ST4, it is checked, whether the expansion valve
LEV-C is completely open. If Y, the system returns to step ST2. If N, the opening degree of LEV-C is increased by 10%
and the system returns to step ST2. In step ST6, it is checked, whether expansion valve LEV-C is completely closed. If
N, the opening of LEV-C is decreased and the system returns to step ST2. If Y, bypass passage is deactivated and the
system operates in normal cycle.
[0044] Figure 6 shows a third embodiment of the cycle system for heating and/or cooling according to the present
invention. In the following, only the differences between the cycle system according to the first embodiment shown in
figure 1 and the cycle system of the third embodiment are described. In contrast to the cycle system of figure 1, in the
cycle system of figure 3 the internal heat exchanger 4 is reversely connected to the main circuit A. In the cycle system
of figure 3, the first internal heat exchanger inlet 4a and outlet 4b are connected to the second channel of the internal
heat exchanger 4 and the second internal heat exchanger inlet 4c and outlet 4d are connected to the first channel of
the internal heat exchanger 4. In addition, feed line 6, discharge line 8 and solenoid valves 7 and 9 have been omitted
in the cycle system of embodiment 3. The reversed connection of the internal heat exchanger 4 results in a reversed
pressure level for the internal heat exchanger 4. On the low-pressure side, which is connected to the evaporator outlet
3b, the flow rate of the refrigerant is increased compared to the cycle system of the first embodiment. The performance
of the internal heat exchanger 4 of figure 6 is changed due to the heat transfer coefficient changes. Moreover, the internal
heat exchanger 4 of embodiment 3 can be more compact than in embodiment 1.
[0045] Another difference consists in that, in the cycle system of figure 6, the second connection point P2 is arranged
within the liquid receiver 5. The liquid receiver 5 of the third embodiment has one more inlet 5c which enables to merge
the refrigerant flows from the condenser 2 and the internal heat exchanger 4 inside the liquid receiver 5. This improves
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energy conservation within the cycle system.
[0046] The cycle system according to the third embodiment is also configured to carry out the heating operation
methods shown in figures 3 and 5 and the associated description.

Claims

1. Cycle system for heating and/or cooling comprising
a main circuit for circulating a refrigerant having a compressor, a condenser, a first expansion valve and an evaporator,
which are sequentially connected in a flow direction of the refrigerant, and
a bypass passage for bypassing a first refrigerant part around the condenser, wherein the bypass passage is
connected to the main circuit in a first and a second connection point, wherein the first connection point is arranged
between a compressor outlet and a condenser inlet and the second connection point is arranged between a condenser
outlet and an evaporator inlet,
characterized in that
the bypass passage includes an internal heat exchanger for exchanging heat between the first refrigerant part and
a second refrigerant part, wherein the second refrigerant part is branched off from and fed back into the main circuit
between the evaporator outlet and the compressor inlet, and a second expansion valve sequentially connected in
the flow direction of the refrigerant, and
the main circuit further comprises a liquid receiver, which is arranged in the second connection point and connected
to the bypass passage or between the second connection point and the evaporator inlet.

2. Cycle system according to the preceding claim, wherein the first expansion valve is arranged between the second
connection point and the evaporator inlet or between the condenser outlet and the second connection point.

3. Cycle system according to claim 1, wherein the first expansion valve is arranged between the second connection
point and the evaporator inlet, and the main circuit further comprises a third expansion valve arranged between the
condenser outlet and the second connection point.

4. Cycle system according to one of the preceding claims, wherein the internal heat exchanger comprises at least a
first flow channel for conducting the first refrigerant part and a second flow channel for conducting the second
refrigerant part.

5. Cycle system according to one of the preceding claims, wherein the internal heat exchanger is a double-pipe heat
exchanger, a twisted-coil-type heat exchanger, a counter-flow heat exchanger, a parallel-flow heat exchanger and/or
a heat exchanger comprising or consisting of micro-channels and/or micro-fins on both heat exchange surfaces.

6. Cycle system according to one of the preceding claims, wherein the internal heat exchanger comprises a feed line
for feeding the second refrigerant part into the internal heat exchanger, wherein the feed line comprises a first
solenoid valve to control a feed flow of the second refrigerant part.

7. Cycle system according to one of the preceding claims, wherein the internal heat exchanger comprises a feed line
for feeding the second refrigerant part into the internal heat exchanger and a discharge line for feeding back the
second refrigerant part into the main circuit, wherein the feed line and the discharge line are connected to the main
circuit in a third and fourth connection point, respectively, and wherein the main circuit comprises a second solenoid
valve arranged between the third and fourth connection point for controlling a flow of the refrigerant between the
third and fourth connection point.

8. Cycle system according to one of the preceding claims, wherein the condenser is a refrigerant-water heat exchanger
or a refrigerant-air heat exchanger and the evaporator is a refrigerant-air heat exchanger.

9. Cycle system according to one of the preceding claims, wherein the main circuit comprises a four-way valve arranged
between the compressor outlet and the condenser inlet for switching the cycle system between heating operation
and cooling operation.

10. Heating and/or cooling operation method performed by the cycle system according to one of the preceding claims,
wherein the bypass passage is activated and/or deactivated when one or more predetermined conditions are met.
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11. Heating and/or cooling operation method according to the preceding claim, wherein the bypass passage is activated
by opening the second expansion valve and deactivated by closing the second expansion valve.

12. Heating operation method according to one of the two preceding claims, wherein
the bypass passage is activated when a number of compressor restarts for a predetermined time interval is higher
than a predetermined threshold number, and wherein
the bypass passage is deactivated when a room temperature is lower than a predetermined threshold room tem-
perature.

13. Heating operation method according to the preceding claim, wherein
an opening of the second expansion valve is increased when the bypass passage is activated, the compressor runs
at a predetermined minimum frequency and a supply flow temperature of the refrigerant is higher than a first pre-
determined threshold temperature, and wherein
the opening of the second expansion valve is decreased when the bypass passage is activated, the compressor
runs at a predetermined minimum frequency and a supply flow temperature of the refrigerant is lower than a second
predetermined threshold temperature.

14. Heating operation according to claim 11, wherein
an average heat supply for a predetermined interval is calculated,
a minimum capacity under an operated supply flow temperature and ambient temperature conditions is calculated,
and
the bypass passage is activated when the average heat supply is lower than the minimum capacity.

15. Heating operation method according to the preceding claim, wherein an opening of the second expansion valve is
increased by the same percentage as by which the average heat supply is lower than the minimum capacity.
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