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(57) ABSTRACT

A cooling system includes: connected in a loop by fluid lines
and in succession, a compressor, a condenser, an expansion
valve, and an evaporator; and an internal heat exchanger
having a first conduit in heat exchanging contact with a
second conduit, the first conduit being part of the fluid line
between the condenser and the expansion valve and the
second conduit being part of the fluid line between the
evaporator and the compressor. A bypass fluid line is
arranged between two ends of the first conduit of the internal
heat exchanger or extends between one of the two ends of
the first conduit and a position along a length of the first
conduit.
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COOLING SYSTEM WITH ADJUSTABLE
INTERNAL HEAT EXCHANGER

CROSS-REFERENCE TO PRIOR
APPLICATIONS

[0001] This application is a U.S. National Phase applica-
tion under 35 U.S.C. § 371 of International Application No.
PCT/EP2017/064200, filed on Jun. 9, 2017, and claims
benefit to British Patent Application No. GB 1610120.6,
filed on Jun. 10, 2016. The International Application was
published in English on Dec. 14, 2017 as WO 2017/212058
under PCT Article 21(2).

FIELD

[0002] The invention relates to a cooling system compris-
ing, connected in a loop by fluid lines and in succession, a
compressor, a condenser, an expansion valve and an evapo-
rator, further comprising an internal heat exchanger having
a first conduit in heat exchanging contact with a second
conduit, wherein the first conduit is part of the fluid line
between the condenser and the expansion valve and wherein
the second conduit is part of the fluid line between the
evaporator and the compressor.

BACKGROUND

[0003] Such a cooling system is for example known from
EP 1043550. This publication describes a cooling system in
which a fluid, in particular CO2 is used, which is made
super-critical in the high pressure line between the compres-
sor and the expansion valve. Due to the cooling effect of the
condenser, the pressure in the high pressure line could vary.
Especially, dependent on the ambient temperature. In cold
weather, the fluid in the high pressure line would be cooled
down to a far lower temperature, than in hot weather. This
results in a different pressure in the high pressure line
depending on the ambient temperature. This change in
pressure has an adverse effect on the COP (coefficient of
performance) of the cooling cycle.

[0004] EP 1043550 proposes to provide a bypass channel
around the low-pressure line of the internal heat exchanger,
i.e. between the evaporator and the compressor. The bypass
channel is provided with a controllable valve, which is
controlled based on the pressure in the high pressure line to
ensure, that the fluid, in particular CO2, is kept at the optimal
pressure. So, if the pressure rises in the high pressure line,
the bypass channel is closed, such that the fluid in the high
pressure line can be cooled down with the internal heat
exchanger and accordingly lower the pressure in the high
pressure line. On the other hand, if the pressure falls, the
bypass channel is opened, such that the fluid in the high
pressure line is not cooled further by the internal heat
exchanger resulting in a higher pressure.

[0005] An internal heat exchanger (IHX) exchanges heat
between the warm high pressure side and the cold suction
side. Generally, the usage of an internal heat exchanger in a
refrigeration cycle has a positive effect on mainly two
physical values, the cooling capacity and the system effi-
ciency (COP). The cooling capacity is mainly influenced by
two factors, the refrigerant mass flow and the enthalpy
difference in the evaporator.

[0006] The enthalpy difference is influenced by the cool
down of the refrigerant on the high pressure side of the
internal heat exchanger. The lower the temperature of the
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refrigerant at the high pressure side outlet of the THX the
bigger is the enthalpy difference in the evaporator, leading to
increasing cooling capacity. At the suction side of IHX the
refrigerant is heated up and dries out (drop lets of liquid
refrigerant are evaporated in the IHX). This dry out has a
positive effect on the compressor since the power consump-
tion goes down. This additionally leads to a better COP
value.

[0007] An additional potential positive effect is that the
overheating of the evaporator could be partly moved into the
IHX which enables the use of a larger portion of the
evaporator surface for air cooling instead of overheating the
refrigerant. In summary: The higher the available IHX heat
transfer capacity would be the better the above mentioned
positive effects could be exploited. This would help to
provide better cooling capacity and a higher COP of the
entire AC system.

[0008] However, increasing the IHX performance is lim-
ited by the maximum allowable gas temperature on the
suction side of the compressor. The reason is that a higher
suction side temperature increases the operating temperature
in the compressor and as a consequence also the discharge
temperature. The maximum allowable operating tempera-
ture is specified by compressor manufacturers and is the
limiting factor. Therefore, the maximum compressor tem-
perature is also limiting the maximum possible IHX perfor-
mance.

[0009] Also the IHX performance of the base system is not
flexible, IHX length, geometry and material are factors
which determine the heat exchange capacity. These factors
are fixed, but to provide optimal AC system performance in
all changeable environments and drive conditions and also
for different refrigerants used in one system (R134a/
HFO1234yf) adaptable performance of the IHX is required.

SUMMARY

[0010] In an embodiment, the present invention provides
a cooling system, comprising: connected in a loop by fluid
lines and in succession, a compressor, a condenser, an
expansion valve, and an evaporator; and an internal heat
exchanger having a first conduit in heat exchanging contact
with a second conduit, the first conduit being part of the fluid
line between the condenser and the expansion valve and the
second conduit being part of the fluid line between the
evaporator and the compressor, wherein a bypass fluid line
is arranged between two ends of the first conduit of the
internal heat exchanger or extends between one of the two
ends of the first conduit and a position along a length of the
first conduit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The present invention will be described in even
greater detail below based on the exemplary figures. The
invention is not limited to the exemplary embodiments.
Other features and advantages of various embodiments of
the present invention will become apparent by reading the
following detailed description with reference to the attached
drawings which illustrate the following:

[0012] FIG. 1 shows a schematic view of a first embodi-
ment of a cooling system according to the invention.
[0013] FIG. 2 shows a schematic view of a second
embodiment of a cooling system according to the invention.
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[0014] FIG. 3 shows a schematic view of a third embodi-
ment of a cooling system according to the invention.

[0015] FIG. 4 shows a schematic view of a fourth embodi-
ment of a cooling system according to the invention.

[0016] FIGS. 5a and 55 show a schematic view of a two
diagrams governing a preferred embodiment of the method
for controlling a cooling system according to the invention.

DETAILED DESCRIPTION

[0017] In an embodiment, the present invention reduces
the above mentioned disadvantages.

[0018] In an embodiment, the present invention provides
a cooling system, which cooling system is characterized in
that a bypass fluid line arranged between the two ends of the
first conduit of the internal heat exchanger.

[0019] Providing the bypass fluid line between the two
ends of the first conduit and therefore in the high pressure or
liquid line of the cooling system, allows for a direct control
of the heat exchange in the IHX.

[0020] It also provides for the advantage that the pressure
drop is limited. There is no significant pressure drop because
of low flow speed of refrigerant in its liquid phase. With a
bypass on the suction side, as known in the prior art, there
is a risk of pressure drop due to bypass components and a
corresponding negative impact on whole system.

[0021] The hose diameters on the liquid side of the system
are smaller than on the suction side, therefore allowing for
a more compact (smaller, hose, valve and more compact
connectors) arrangement of the invention, for example in the
engine compartment of a vehicle. This also results in lower
production costs.

[0022] The invention has further the advantage, that it has
no negative impact on noise, vibration, and harshness
(NVH) behavior. Compared to a bypass solution on the
suction side, the flow noise in a system according to the
invention will not increase. The NVH behavior is already
critical in conventional AC systems, because the evaporator
often acts as a loud speaker.

[0023] With the invention, there is also no risk of oil
accumulation. The oil transport through the cooling system
is ensured by avoiding to create so called oil pockets since
the oil is dissolved in the liquid. In the prior art, this is way
more critical on the suction side where the refrigerant is in
vapor phase. In such a case, the oil is typically swept along
with the gas-phase refrigerant—a sufficient flow speed needs
to be ensured, which would be at risk with a suction-side
bypass solution.

[0024] Furthermore, a liquid phase bypass, as provided by
the invention, offers improved flow control compared to a
gas-phase (faster and turbulent flow) bypass, as known in the
prior art, due to the lower flow speed (of the liquid) and more
constant conditions.

[0025] In case an internal heat exchanger is used, a by-
pass can more easily be arranged and with a limited number
of modifications, because the liquid side in the internal heat
exchanger is typically the outside tube. This allows for
example for connection of the by-pass channel along the
length of the liquid line of the internal heat exchanger to
provide a partial by-pass. Thus a bypass can easily be added
where needed.

[0026] EP 1043550 discloses a method by controlling the
heat transfer of the IHX by providing a bypass channel in the
low pressure or suction line. With the bypass channel, the
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heat transfer of the IHX can be managed to control the
pressure in the high pressure line.

[0027] As EP 1043550 requires that the pressure in the
high pressure or liquid line is kept constant, a bypass
channel cannot be provided in the high pressure line, as this
would influence the pressure, when the bypass channel is
opened or closed.

[0028] Therefore, EP 1043550 provides a bypass channel
in the low pressure line, such that the heat exchange of the
THX is influenced, while the pressure in the high pressure
line is not influenced directly by opening or closing the
bypass channel. This is also the result of the state of the fluid
in the low pressure line, which fluid has the gaseous state.
The gaseous can easily be compressed, such that any influ-
ences of opening or closing the bypass channel has no
substantial effect on the pressure in the low pressure line, let
alone the pressure in the high pressure line.

[0029] With the invention, the bypass channel is arranged
in the high pressure line, in which the fluid is liquid and
provides easy control of the amount of liquid flowing
through the THX and through the bypass. So, although the
pressure in the high pressure line may fluctuate, the control
of'the IHX is more direct with the bypass channel in the high
pressure line, resulting in a better control of the temperature
on the suction side of the compressor and according results
in a longer lifespan of the compressor, while optimizing the
COP.

[0030] A preferred embodiment of the cooling system
according to the invention further comprises a controllable
valve arranged in the bypass fluid line for controlling the
amount of fluid flowing through the bypass fluid line. This
amount of fluid flowing through the bypass fluid line and
therefore not flowing through the IHX depends on the
necessary amount of heat exchange needed for an optimal
cooling system performance. In a preferred embodiment the
controllable valve is a two way valve. In a further embodi-
ment the controllable valve is a proportional valve. In a
further embodiment the controllable valve is a proportional
three way valve.

[0031] In a further embodiment of the cooling system
according to the invention the controllable valve is a three
way valve and is arranged either at the junction of the bypass
fluid line and the fluid line between the condenser and the
internal heat exchanger (inlet junction) or at the junction of
the bypass fluid line and the fluid line between the internal
heat exchanger and the expansion valve (outlet junction).

[0032] With the three way valve there is direct control
possible of the amount of refrigerant flowing through the
bypass line and the heat exchanger. If a two way valve is
used in the bypass fluid line, then changing resistance in the
internal heat exchanger will influence the ratio of the amount
flowing through the bypass line and the internal heat
exchanger.

[0033] A preferred embodiment of the cooling system
according to the invention, further comprises a temperature
sensor arranged in the fluid line between the compressor and
the first conduit of the internal heat exchanger for control-
ling the controllable valve based on the temperature mea-
sured by the temperature sensor.

[0034] By continuously measuring the refrigerant tem-
perature on the discharge line, i.e. the fluid line between the
compressor and condenser, and corresponding control of the
by-pass valve, it is possible to provide optimal IHX perfor-
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mance in all changeable environments and drive conditions,
wherein the compressor is protected against overheating.
[0035] The coupling between the temperature sensor and
the controllable valve could be a direct connection, using a
thermostatically control. This is a mechanical connection,
wherein typically a gas, expanding in the temperature sensor
part is used to mechanically control a valve. However, it is
preferred to have an electronic controller coupling the
controllable valve and the temperature sensor, as this pro-
vides for more flexibility in the control strategy.

[0036] In a further preferred embodiment the temperature
sensor arranged in the fluid line between the compressor and
the first conduit of the internal heat exchanger is arranged
between the compressor and the condenser, preferably
directly after the compressor.

[0037] A further preferred embodiment of the cooling
system according to the invention further comprises a tem-
perature sensor arranged in the fluid line between the second
conduit of the internal heat exchanger and the compressor
and a control device connected to the temperature sensor and
the controllable valve, for controlling the controllable valve
based on the temperature measured by the temperature
Sensor.

[0038] Preferably, the cooling system further comprises a
pressure sensor arranged in the fluid line between the second
conduit of the internal heat exchanger and the compressor.
[0039] By both measuring the temperature and the pres-
sure on the suction side of the compressor, it is possible to
ensure that only gaseous refrigerant enters the compressor.
This in turn allows for the superheating of the refrigerant,
which typically is done in the evaporator, to be done in the
internal heat exchanger. This enables the full capacity of the
evaporator to be used for cooling air, while the internal heat
exchanger will ensure the superheating of the refrigerant and
accordingly ensure that only gaseous refrigerant enters the
COMpressor.

[0040] In yet another embodiment also the expansion
valve is controllable, such that all aspects of the cooling
system can be controlled and optimal settings can be chosen
depending on the circumstances.

[0041] In a preferred embodiment the cooling system
filled with R134a or HFO1234yf as refrigerant. In a further
preferred embodiment the cooling system is free of CO2.
[0042] In a further embodiment the fluid line between the
condenser and the first conduit of the internal heat exchanger
is permanently open.

[0043] In a further embodiment the bypass fluid line
contains only a single controllable valve and/or the amount
of fluid flowing through the bypass fluid line is controlled
via a single controllable valve.

[0044] In a preferred embodiment the smallest diameter of
the fluid line between the inlet junction and the first conduit
of the internal heat exchanger can be larger than the largest
diameter of the bypass fluid line. This has the advantage that
the bypass fluid line can be dimensioned smaller, which
saves cost.

[0045] In an alternative embodiment the smallest diameter
of the bypass fluid line is larger than the largest diameter of
the fluid line between the inlet junction and the first conduit
of the internal heat exchanger.

[0046] In a further preferred embodiment the condenser is
free of a branch-off. Preferably, the condenser comprises
exactly one inlet and exactly one outlet. In a further pre-
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ferred embodiment the first conduit of the internal heat
exchanger and the expansion valve are connected solely via
a single fluid line.

[0047] In a further preferred embodiment the controllable
valve is integrated in a connecting flange of the internal heat
exchanger.

[0048] In a further preferred embodiment the cooling
system is free of any sensor in a fluid line between the
condenser and the internal heat exchanger.

[0049] Inanembodiment, the invention provides a method
for controlling a cooling system according embodiments
described above, comprising the steps:

[0050] measuring, preferably continuously, a fluid tem-
perature of a refrigerant of the cooling system using a
temperature sensor comprised by a fluid line between
the compressor and the condenser, wherein the tem-
perature sensor is preferably located close to or directly
at the outlet side of the compressor,

[0051] controlling, proportionally to the fluid tempera-
ture measured by the temperature sensor, a mass flow
of fluid passing through the internal heat exchanger by
automatically actuating a controllable valve that is
arranged to control the amount of fluid flowing through
the bypass fluid line.

[0052] In apreferred embodiment the method includes the
step:
[0053] beginning to proportionally reduce the mass

flow of fluid passing through the internal heat
exchanger by automatically actuating the controllable
valve that is arranged to control the amount of fluid
flowing through the bypass fluid line and correspond-
ing, if the measured temperature after the compressor is
shortly before exceeding a predefined temperature
threshold or range and thereby reducing the heat
exchange in the internal heat exchanger.

[0054] Preferably the control is designed such that no

unsteady change in heat exchange occurs.

[0055] In a In an even further preferred embodiment the

method includes the step:

[0056] beginning to proportionally increase the mass
flow of fluid passing through the internal heat
exchanger by automatically actuating the controllable
valve that is arranged to control the amount of fluid
flowing through the bypass fluid line and correspond-
ing, if the measured temperature after the compressor
starts to fall below the predefined temperature threshold
or range and thereby increasing the heat exchange in
the internal heat exchanger.

[0057] In a further preferred embodiment the method
includes the steps:

[0058] measuring, preferably continuously, the fluid
temperature and the pressure of the refrigerant of the
cooling system using a further temperature sensor and
a pressure sensor both of which are comprised by a
fluid line between the second conduit of the internal
heat exchanger and the compressor, wherein the further
temperature sensor and the pressure sensor are prefer-
ably located close to or directly at the inlet side of the
compressor;

[0059] continuously determining or calculating, based
on the measurements of the further temperature sensor
and a pressure sensor and using a controller, an over-
heating of the fluid;
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[0060] In a further preferred embodiment the method
includes the step:

[0061] proportionally increasing the fluid mass flow
through the bypass fluid line if the overheating of the
fluid exceeds or is about to exceed a predefined over-
heating max overheating threshold or overheating
range

[0062] In a further preferred embodiment the method
includes the step:

[0063] proportionally reducing the fluid mass flow
through the bypass fluid line if the overheating of the
fluid falls or is about to fall below the predefined max
overheating threshold or overheating range.

[0064] In a further preferred embodiment the method
includes the step:

[0065] keeping the mass flow through the bypass fluid
line steady close or equal to zero, if the continuously
determined or calculated overheating remains on the
predefined optimal overheating threshold or within the
predefined overheating range.

[0066] FIG. 1 shows schematically a cooling system 1
comprising, connected in a loop by fluid lines and in
succession, a compressor 2, a condenser 3, an expansion
valve 4 and an evaporator 5.

[0067] To further improve the cooling system 1, an inter-
nal heat exchanger 6 is provided with a first conduit 7
arranged in the line 8, 9 between the condenser 3 and the
expansion valve 4, and a second conduit 10 arranged in the
line 11, 12 between the evaporator 5 and the compressor 2.
[0068] Furthermore, a bypass fluid line 13 with a control-
lable valve 14 is arranged between the line 8 and line 9, i.e.
between the two ends of the first conduit 7 of the internal
heat exchanger 6. The bypass fluid line 13 is arranged
between an inlet junction 28 and an outlet junction 29.
[0069] The fluid line 8 between the condenser 3 and the
first conduit 7 of the internal heat exchanger 6 is perma-
nently open. The first conduit 7 of the internal heat
exchanger 6 and the expansion valve 4 are connected solely
via the single fluid line 9.

[0070] A temperature sensor 23 is arranged in the fluid line
17 between the compressor 2 and the condenser 3 to measure
the discharge temperature of the refrigerant exiting the
compressor 2. The temperature sensor 23 is arranged
between the compressor 2 and the condenser 3 close to the
compressor 2.

[0071] Both the controllable valve 14 and the temperature
sensor 23 are connected to a controller 16, such that the
controllable valve 14 can be controlled based on the mea-
sured temperature in the fluid line 17.

[0072] As can be seen from FIG. 1, the bypass fluid line
13 contains only a single valve, that is the controllable valve
14. The amount of fluid flowing through the bypass fluid line
13 is controlled only via this single controllable valve 14.
[0073] The controllable valve 14 is a two way proportional
valve. If the controllable valve 14 is closed (0% position) no
fluid passes through the bypass fluid line 13. The smallest
diameter of the bypass fluid line 13 is larger than the largest
diameter of the fluid line 8, 9 between the inlet junction 28
and the outlet junction via the first conduit 7 ok

[0074] The fluid line 8 between the condenser 3 and the
inlet junction 28 as well the fluid line 9 between the outlet
junction 29 and the expansion valve is sufficiently large in
diameter to transport the combined mass of fluid through the
bypass fluid line 13 and the first conduit.
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[0075] Therefore, if the controllable valve 14 is maximum
open (100% position), the largest share of the fluid exiting
the condenser 3 passes through the bypass fluid line.
[0076] Alternatively or additionally to designing the fluid
line 8, 9 between the inlet junction 28 and the outlet junction
via the first conduit 7 comparatively smaller in diameter, a
slight pressure drop via the first conduit 7 can be achieved
by placing a throttle on the inlet or outlet side of the first
conduit 7, e.g. in a connecting flange 26 of the internal heat
exchanger (see FIG. 6).

[0077] Inthe exemplary embodiment shown in FIG. 1 the
bypass fluid line 13 is embodied by a pipe with about (for
example) 10 mm diameter, while fluid line 8 is embodied by
a pipe with about (for example) 8 mm diameter. Other
diameters are possible.

[0078] With the temperature sensor arranged in the high
pressure line 17 directly after the compressor 2, the dis-
charge temperature can be controlled and accordingly allows
for protecting the compressor 2 against overheating. The
discharge temperature is influenced by the suction tempera-
ture, the compressor rpm and the power consumed by the
compressor. So, also with this temperature sensor 23 being
arranged after the compressor 2, the compressor can be
protected and the heat exchange capacity can be maximized
and optimized.

[0079] FIG. 2 shows a second embodiment 20 of a cooling
system according to the invention. The cooling system 20 is
similar to the cooling system 1 of FIG. 1 and the same parts
are referenced by the same reference signs.

[0080] In the embodiment 20, the bypass fluid line 13 is
provided at the junction of the fluid line 8 and the bypass line
13 with a controllable valve 22. This provides for a better
fluid control and allows for a direct control of the amount of
refrigerant flowing through the bypass line 13 and the first
fluid line 7 of the heat exchanger 6.

[0081] Furthermore, the embodiment 20 comprises a sec-
ond temperature sensor 15 arranged in the line 12 between
the internal heat exchanger 6 and the compressor 2. Also a
pressure sensor 25 is arranged in the line 12 between the
internal heat exchanger 6 and the compressor 2. The second
temperature sensor 15 and the pressure sensor 25 are
arranged directly or close at/to the inlet side of the com-
pressor 2.

[0082] These additional sensors 15 and 25 provide for an
improved control in comparison to the embodiment of FIG.
1 allowing for maximal optimization of the cooling system
performance.

[0083] The pressure value measured by the sensor 25, in
combination with the temperature, measured by the tem-
perature sensor 15, in this line 12, can be used to control the
ideal refrigerant overheating before the compressor 2. This
provides for a higher COP and compressor protection, while
making the partial outsourcing of refrigerant overheating
from the evaporator 5 into the IHX 6 possible.

[0084] The use of a temperature sensor 15, a temperature
sensor just after the compressor 2 and a pressure sensor in
the line 12, can be combined in any configuration desired to
provide optimal controllability and maximal possible opti-
mization of the cooling system performance.

[0085] FIG. 3 shows a schematic view of a third embodi-
ment of a cooling system according to the invention. This
embodiment 30 is almost identical to the embodiment 20 as
shown in FIG. 2.



US 2019/0257562 Al

[0086] The difference is the arrangement of the bypass
fluid line 13, which not fully extends between the line 8 and
line 9, i.e. between the two ends of the first conduit 7 of the
internal heat exchanger 6. In this embodiment 30, however,
the bypass fluid line extends from the line 8 to a position
along the length of the first conduit 7 of the internal heat
exchanger 6. This provides a partial bypass fluid line 13.

[0087] As can be seen from FIGS. 2 and 3, the amount of
fluid flowing through the bypass fluid line 13 is controlled
only via a single controllable valve 22, which is a three way
proportional valve defining the inlet junction 28.

[0088] FIG. 4 shows schematically a cooling system 1
comprising, connected in a loop by fluid lines and in
succession, a compressor 2, a condenser 3, an expansion
valve 4 and an evaporator 5.

[0089] To further improve the cooling system 1, an inter-
nal heat exchanger 6 is provided with a first conduit 7
arranged in the line 8, 9 between the condenser 3 and the
expansion valve 4, and a second conduit 10 arranged in the
line 11, 12 between the evaporator 5 and the compressor 2.

[0090] Furthermore, a bypass fluid line 13 is arranged
between the line 8 and line 9, i.e. between the two ends of
the first conduit 7 of the internal heat exchanger 6. The first
conduit 7 of the internal heat exchanger 6 and the expansion
valve 4 are connected solely via the single fluid line 9.

[0091] The controllable valve 14 in form of a proportional
two way valve is placed, preferably directly, at the input side
of the first conduit 7 of the internal heat exchanger 6.
Alternatively (shown dotted) a controllable valve 14' can be
placed, preferably directly, at the output side of the first
conduit 7 of the internal heat exchanger 6.

[0092] A temperature sensor 23 is arranged in the fluid line
17 between the compressor 2 and the condenser 3 to measure
the discharge temperature of the refrigerant exiting the
compressor 2. The temperature sensor 23 is arranged
between the compressor 2 and the condenser 3 directly after
(and close to the outlet of) the compressor 2.

[0093] Both the controllable valve 14 and the temperature
sensor 23 are connected to a controller 16, such that the
controllable valve 14 can be controlled based on the mea-
sured temperature in the fluid line 17.

[0094] As can be seen from FIG. 4 the amount of fluid
flowing through the IHX line 7 is controlled only via this
single controllable valve 14.

[0095] The controllable valve 14 is a two way proportional
valve. If the controllable valve 14 is closed (0% position) all
fluid from the condenser 3 passes through the bypass fluid
line 13.

[0096] In the embodiment of FIG. 4, the diameter of the
bypass fluid line 13, i.e. between inlet junction 28 and outlet
junction 29 is smaller than the diameter of fluid lines 8, 9
between the inlet junction 28 and the outlet junction 29 via
the first conduit 7.

[0097] Therefore, if the controllable valve 14 is maximum
open (100% position), the largest share (almost 100%) of the
fluid exiting the condenser 3 passes through the first conduit
7 of the internal heat exchanger 6.

[0098] Inthe embodiment of FIG. 4 the controllable valve
14 is, by way of example, integrated in a connecting flange
26 on the inlet side of the internal heat exchanger 6.
Alternatively the controllable valve 14 can be placed in the
fluid line 8 between the inlet junction 28 and the first conduit
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7, or (shown dotted) controllable valve 14 can be placed in
in the fluid line 9 between the outlet junction 29 and the first
conduit 7.

[0099] In the embodiment shown in FIG. 4 the bypass
fluid line 13 is embodied by a pipe with about (for example)
6 mm diameter, while fluid line 8 is embodied by a pipe with
about 8 mm diameter. Other diameters are possible.

[0100] FIG. 5 shows a schematic view of a two diagrams
governing a preferred embodiment of the method for con-
trolling a cooling system cooling system according to the
invention. By way of example FIG. 5 refers to the cooling
system 20 of FIG. 2.

[0101] The vertical axis of diagram a) denotes the mass
flow of fluid through bypass fluid line 13, while the hori-
zontal axis of diagram a) denotes the temperature measures
by temperature sensor 23 on the outlet side of compressor 2.
Thus, diagram a) refers to a first control loop.

[0102] The vertical axis of diagram b) denotes the mass
flow of fluid through bypass fluid line 13, while the hori-
zontal axis of diagram b) denotes the overheating deter-
mined based on the measurements of the further temperature
sensor 25 and the pressure sensor 15 on the inlet side of
compressor 2. Thus, diagram a) refers to a second control
loop.

[0103] Diagram a)

[0104] A fluid temperature of a refrigerant of the cooling
system 20 is measured continuously using the temperature
sensor 23 comprised by a fluid line 17 between the com-
pressor 2 and the condenser 3. The temperature sensor 23 is
located close to the outlet side of the compressor 2.
[0105] Proportionally to the fluid temperature measured
by the temperature sensor 25, a mass flow of fluid passing
through the internal heat 6 exchanger is controlled by
automatically and proportionally actuating the controllable
valve 22 that is arranged to control the amount of fluid
flowing through the bypass fluid line 13.

[0106] In diagram 5 a) the measured temperature T1 after
the compressor is, for example, shortly before exceeding a
predefined range R1 (indicated by solid arrow Al). There-
fore the mass flow of fluid passing through the internal heat
exchanger 6 is reduced by automatically actuating the con-
trollable valve 22. Thus, the mass flow through bypass fluid
line 13 increases as can be seen from the diagram.

[0107] Thereby the heat exchange in the internal heat
exchanger 6 is decreased, which keeps T1 in the desired
range R1 (indicated by dotted arrow Al").

[0108] The desired range R1 extends in the example from
80% Tmax (maximum temperature at the outlet side of
compressor 2) to Tmax. Alternatively, for example, the
desired range R1 could extend from 60% Tmax to Tmax. Of
course, the range R1 can be adapted to a specific cooling
system. Tmax can be, for example, 100° C. or 150° C. or in
between.

[0109] Even though it is generally desirable to keep tem-
perature at the outlet side of compressor 2 as low as possible,
the first control loop allows for a maximum thermal utili-
zation of the internal heat exchanger 6 in the sense that it
allows to operate it safely in a region close to Tmax. In other
operating points of the cooling system measured tempera-
ture T2 after the compressor 2 may be below 50% Tmax. In
this case the flow through the bypass fluid line 13 can be
zero. Thus, it becomes apparent that the first control loop
acts as a first safety loop.
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[0110] If, however, a measured temperature T2 after the
compressor is, for example, shortly before falling below the
predefined range R1 (indicated by solid arrow A2), the mass
flow of fluid passing through the internal heat exchanger 6
is increased by automatically actuating the controllable
valve 22. Thus, the mass flow through bypass fluid line 13
decreases as can be seen from the diagram.

[0111] Thereby the heat exchange in the internal heat
exchanger 6 is increased, which steers T2 back to the desired
range R1 (indicated by dotted arrow A2'").

[0112] In both cases the mass flow is controlled propor-
tionally so that no unsteady change in heat exchange occurs.
[0113] The mass flow through the bypass fluid 13 line is
kept steady, if the temperature measured by temperature
sensor 23 remains ¢ within the predefined range R1.
[0114] Diagram b)

[0115] The fluid temperature and the pressure of the
refrigerant of the cooling system are continuously measured
the using a further temperature sensor 15 and a pressure
sensor 25 both of which are comprised by a fluid line 12
between the second conduit 10 of the internal heat
exchanger 6 and the compressor 2. The further temperature
sensor 15 and the pressure sensor 25 are located close to the
inlet side of the compressor 2.

[0116] Based on the measurements of the further tempera-
ture sensor 15 and the pressure 25 an overheating of the fluid
is continuously determining using controller 16. Controller
16 also controls the proportional three way valve 22.
[0117] In diagram 5 b) the determined overheating OH1
on the inlet side of the compressor 2 is, for example, shortly
before exceeding a predefined overheating range R2 (indi-
cated by solid arrow OA1). By way of example the over-
heating range can be 5 Kelvin to 15 Kelvin, with an optimal
overheating of 10 Kelvin in the middle.

[0118] Thus, the fluid mass flow through bypass fluid line
13 is increased by proportionally opening, controlled by
controller 16, the controllable valve 23 towards the bypass
fluid line 13. Thereby the heat exchange in the internal heat
exchanger 6 is decreased, which steers OH1 back to the
desired range R2 (indicated by dotted arrow OAT1").

[0119] If an overheating OH2 of the fluid falls or is about
to fall below the predefined overheating range R2, which is
indicated by solid arrow AO2, second control loops provides
for proportionally reducing the fluid mass flow through the
bypass fluid line 13, which can be seen in diagram 5 b). In
other words, the controllable valve 22 is proportionally
steered towards its closing position.

[0120] Thereby the heat exchange in the internal heat
exchanger 6 is increased, which steers OH2 back to the
desired range R2 (indicated by dotted arrow OA2").

[0121] The mass flow through the bypass fluid 13 line can
be kept steady, if the continuously determined or calculated
overheating OH1, OH2 remains, for example, within the an
(smaller) overheating range R2' around the optimal over-
heating point.

[0122] Thus, it becomes apparent that the second control
loop acts as a second safety loop, which prevents fluid drops
to enter the compressor 2 and thereby avoids a liquid
hammer.

[0123] The first control loop represented in diagram a)
generally overrules the second control loop represented in
diagram b) the first control loop dominates.

[0124] While the invention has been illustrated and
described in detail in the drawings and foregoing descrip-
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tion, such illustration and description are to be considered
illustrative or exemplary and not restrictive. It will be
understood that changes and modifications may be made by
those of ordinary skill within the scope of the following
claims. In particular, the present invention covers further
embodiments with any combination of features from differ-
ent embodiments described above and below. Additionally,
statements made herein characterizing the invention refer to
an embodiment of the invention and not necessarily all
embodiments.

[0125] The terms used in the claims should be construed
to have the broadest reasonable interpretation consistent
with the foregoing description. For example, the use of the
article “a” or “the” in introducing an element should not be
interpreted as being exclusive of a plurality of elements.
Likewise, the recitation of “or” should be interpreted as
being inclusive, such that the recitation of “A or B” is not
exclusive of “A and B,” unless it is clear from the context or
the foregoing description that only one of A and B is
intended. Further, the recitation of “at least one of A, B and
C” should be interpreted as one or more of a group of
elements consisting of A, B and C, and should not be
interpreted as requiring at least one of each of the listed
elements A, B and C, regardless of whether A, B and C are
related as categories or otherwise. Moreover, the recitation
of “A, B and/or C” or “at least one of A, B or C” should be
interpreted as including any singular entity from the listed
elements, e.g., A, any subset from the listed elements, e.g.,
A and B, or the entire list of elements A, B and C.

LIST OF REFERENCE SIGNS

[0126] 1, 20, 30 cooling system

[0127] 2 compressor

[0128] 3 condenser

[0129] 4 expansion valve

[0130] 5 evaporator

[0131] 6 internal heat exchanger

[0132] 7 first conduit

[0133] 8, 9 line between condenser and expansion valve
[0134] 10 second conduit

[0135] 11, 12 line between evaporator and compressor
[0136] 13 bypass fluid line

[0137] 14 controllable valve

[0138] 15 second temperature sensor

[0139] 16 controller

[0140] 17 fluid line between compressor and condenser
[0141] 22 controllable valve

[0142] 23 temperature sensor

[0143] 25 pressure sensor

[0144] 26 connecting flange

[0145] 28 inlet junction

[0146] 29 outlet junction

[0147] T1, T2 temperatures measured by temperature sen-
sor 23

[0148] OH1, OH2 determined overheating

1. A cooling system, comprising:

connected in a loop by fluid lines and in succession, a
compressor, a condenser, an expansion valve and an
evaporator; and

an internal heat exchanger having a first conduit in heat
exchanging contact with a second conduit, the first
conduit being part of the fluid line between the con-
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denser and the expansion valve and the second conduit
being part of the fluid line between the evaporator and
the compressor,

wherein a bypass fluid line is arranged between two ends

of the first conduit of the internal heat exchanger or
extends between one of the two ends of the first conduit
and a position along a length of the first conduit.

2. The cooling system according to claim 1, further
comprising a controllable valve arranged in the bypass fluid
line and being configured to control an amount of fluid
flowing through the bypass fluid line.

3. The cooling system according to claim 2, wherein the
controllable valve comprises a three way valve and is
arranged either at a junction of the bypass fluid line and the
fluid line between the condenser and the internal heat
exchanger or at a junction of the bypass fluid line and the
fluid line between the internal heat exchanger and the
expansion valve.

4. The cooling system according to claim 2, further
comprising a temperature sensor arranged in the fluid line
between the compressor and the first conduit of the internal
heat exchanger and being configured to control the control-
lable valve based on a temperature measured by the tem-
perature sensor.

5. The cooling system according to claim 2, further
comprising a temperature sensor arranged in the fluid line
between the second conduit of the internal heat exchanger
and the compressor, and a control device connected to the
temperature sensor and the controllable valve, the control
device being configured to control the controllable valve
based on a temperature measured by the temperature sensor.

6. The cooling system according to claim 2, further
comprising a pressure sensor arranged in the fluid line
between the second conduit of the internal heat exchanger
and the compressor.

7. The cooling system according to claim 4, wherein the
temperature sensor arranged in the fluid line between the
compressor and the first conduit of the internal heat
exchanger is arranged between the compressor and the
condenser.

8. The cooling system according to claim 1, wherein the
bypass fluid line contains only a single controllable valve
and/or wherein an amount of fluid flowing through the
bypass fluid line is controlled only via a single controllable
valve.

9. The cooling system according to claim 2, wherein the
controllable valve comprises a proportional valve.

10. The cooling system according to claim 1, wherein a
smallest diameter of the bypass fluid line is larger than a
largest diameter of the fluid line, including the first conduit,
between an inlet junction and an outlet junction, or

wherein the smallest diameter of the fluid line, including

the first conduit, between the inlet junction and the
outlet junction is larger than a largest diameter of the
bypass fluid line.

11. The cooling system according to claim 1, wherein the
condenser is free of a branch-off,

wherein the first conduit of the internal heat exchanger

and the expansion valve are connected solely via the
single fluid line, and

wherein the fluid line between the condenser and the first

conduit of the internal heat exchanger is permanently
open.
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12. The cooling system according to claim 2, wherein the
controllable valve is integrated in a connecting flange of the
internal heat exchanger.

13. The cooling system according to claim 1, wherein the
cooling system is filled with R134a or HFO1234yf as
refrigerant.

14. A method for controlling the cooling system according
to claim 1, comprising the steps of:

measuring, a fluid temperature of a refrigerant of the

cooling system using a temperature sensor comprising
a fluid line between the compressor and the condenser;
and

controlling, proportionally to the fluid temperature mea-

sured by the temperature sensor, a mass flow of fluid
passing through the internal heat exchanger by auto-
matically actuating a controllable valve that is arranged
to control an amount of fluid flowing through the
bypass fluid line.

15. The method according to claim 14, further comprising
the steps of:

measuring, the fluid temperature and a pressure of the

refrigerant of the cooling system using a further tem-
perature sensor and a pressure sensor,. both of which
comprise a fluid line between the second conduit of the
internal heat exchanger and the compressor, the further
temperature sensor and the pressure sensor being
located close to or directly at an inlet side of the
compressor;

continuously determining or calculating, based on mea-

surements of the further temperature sensor and a
pressure sensor and using a controller, an overheating
of the fluid;

proportionally increasing the fluid mass flow through the

bypass fluid line if the overheating of the fluid exceeds
or is about to exceed a predefined max overheating
threshold or overheating range; and/or

proportionally reducing the fluid mass flow through the

bypass fluid line close or equal to zero if the overheat-
ing of the fluid falls or is about to fall below the
predefined max overheating threshold or overheating
range; and/or

keeping the mass flow through the bypass fluid line

steady, close or equal to zero if the continuously
determined or calculated overheating remains on the
predefined overheating threshold or within the pre-
defined overheating range.

16. The cooling system according to claim 7, wherein the
temperature sensor arranged in the fluid line between the
compressor and the first conduit of the internal heat
exchanger is arranged between the compressor and the
condenser directly after or close to the compressor.

17. The cooling system according to claim 9, wherein the
proportional valve comprises a proportional two-way valve.

18. The method according to claim 14, wherein the
measuring is continuous.

19. The method according to claim 14, wherein the
temperature sensor is located close to or directly at an outlet
side of the compressor.

20. The method according to claim 15, wherein the
measuring is continuous.
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