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Description
Title of Invention: HEAT MANAGEMENT
SYSTEM AND METHOD FOR OPERATING

A HEAT MANAGEMENT SYSTEM
Technical Field

The invention relates to a heat management system for a motor vehicle with a
refrigerant circuit and a high-temperature coolant circuit. The refrigerant circuit
has a refrigerant-coolant heat exchanger operated as a condenser/gas cooler and a
refrigerant-coolant heat exchanger operated as a sub-cooler, which are formed as
components of the high-temperature coolant circuit, so that the refrigerant circuit
and the high-temperature coolant circuit are thermally coupled to one another via the
refrigerant-coolant heat exchangers.

The invention also relates to a method for operating the heat management system
for a motor vehicle for conditioning the supply air of a passenger compartment in a
refrigeration system mode, in particular for cooling and/or dehumidifying the supply
air, and in a heating mode, in particular for heating the supply air of the passenger

compartment.

Background Art

Motor vehicles with different drive concepts are known from the state of the art.
The concepts are based on drives by means of a fuel cell, a combustion engine, an
electric motor or a combination of both motor types, for example. Consequently,
motor vehicles with a combination of an internal combustion engine and an electric
motor drive have a hybrid drive so that the motor vehicle can be driven electrically,
electrically/with an internal combustion engine or with an internal combustion engine
as required.

As is known, electric vehicles and vehicles with a hybrid drive and fuel cell vehicles
and vehicles driven with an internal combustion engine with high energetic efficiency
do not create enough waste heat in order to heat the passenger compartment at low
ambient temperatures corresponding to the requirements of thermal comfort.

In addition to the waste heat from the engine, an air-conditioning system with a
heat pump function offers, in addition to operation in a refrigeration system mode,

a possibility for heating the supply air for the passenger compartment. The air-
conditioning system uses different heat sources and heat sinks.

When operating the air-conditioning system of a motor vehicle in the refrigeration
system mode for cooling the supply air of the passenger compartment or a coolant

circulating in a coolant circuit, in particular when operating a refrigerant circuit of
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the air-conditioning system with an evaporator and a condenser/gas cooler of the
refrigerant, the heat required for the evaporation of the refrigerant is absorbed at a
lower temperature level and pressure level in the evaporator from the supply air to the
passenger compartment or from a coolant circuit, also referred to as a low-temperature
coolant circuit, respectively as a heat source. The coolant circuit can be used, for
example, for cooling components of the electric drive train, such as a traction battery,
an internal charger, a transformer, an inverter or a drive motor, of an electrically driven
motor vehicle. The heat absorbed by the refrigerant can be transferred at a higher
temperature level and pressure level to a heat sink, such as the ambient air or a coolant
circuit, also referred to as a high-temperature coolant circuit, in addition to a power
supplied in a compressor of the refrigerant circuit in the condenser/gas cooler.

When the air-conditioning system, in particular the refrigerant circuit of the air-
conditioning system with heat pump function, is operated in a heating mode for heating
the supply air for the passenger compartment, the heat required for vaporising the
refrigerant is taken up at the low-temperature level and pressure level in the evaporator
from a heat source, such as the ambient air or the refrigerant circuit, in particular the
low-temperature coolant circuit. In the condenser/gas cooler, the heat taken up by the
refrigerant plus the power supplied in the compressor of the refrigerant circuit can be
discharged to a heat sink at a higher temperature level and pressure level, in particular
the supply air for the passenger compartment or the coolant circuit. In doing so, the
coolant circuit can be used, in particular, for heating components of the electric drive
train of the electrically driven motor vehicle.

Depending on the operating mode of the air-conditioning system, the heat can also
be transferred from the coolant circulating in the coolant circuit, especially the high-
temperature coolant circuit, to the supply air for the passenger compartment or from
the supply air for the passenger compartment to the coolant circulating in the coolant
circuit, especially the low-temperature coolant circuit, in order to heat or cool and/or
dehumidify the supply air for the passenger compartment.

If the refrigerant is liquefied with carbon dioxide during subcritical operation of the
refrigerant circuit, such as with the refrigerant R134a, R1234yf, R290 or R152a, or
under certain ambient conditions, the heat exchanger is referred to as a condenser.

Part of the heat transfer takes place at a constant temperature. During supercritical
operation or supercritical heat release in the heat exchanger, the temperature of the
refrigerant decreases continuously. In this case, the heat exchanger is also referred to
as gas cooler. Supercritical operation may occur under certain ambient conditions or
modes of operation of the refrigerant circuit, for example, with the refrigerant carbon

dioxide.
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DE 102021 113 104 A1 discloses a thermal management arrangement for a motor
vehicle with a refrigerant circuit and two coolant circuits. The refrigerant circuit has at
least one compressor, a condenser/gas cooler, an expansion member and an evaporator.
A first coolant circuit, also referred to as a refrigeration carrier circuit, is thermally
coupled via the evaporator and a second coolant circuit, also referred to as a heat
carrier circuit, is thermally coupled via the condenser/gas cooler in each case to the
refrigerant circuit.

Conventional systems with at least one refrigerant circuit and several coolant circuits
have a plurality of, in addition, large-volume heat exchangers in order to meet all the
requirements placed on the system with regard to the air conditioning of the passenger
compartment and the temperature control of various components of the, in particular,
electric drive train. With the fulfilment of various functions, moreover, the number of
components which are necessarily to be integrated in the motor vehicle increases. In
this case, the installation space of the motor vehicle is limited.

DE 10 2018 129 988 A1 discloses a compact heat exchanger unit for air-conditioning
systems in motor vehicles for a liquid-cooled condensation of refrigerant of a
refrigerant circuit, storage and sub-cooling of the liquid refrigerant and evaporation
of the refrigerant. A condenser region, a high-pressure refrigerant collector region, a
sub-cooling region and an evaporator region for the refrigerant, especially in the form
of respective plate packs, are formed in a combined manner within a one-piece heat
exchanger, in particular a plate heat exchanger.

In combined air-conditioning systems for heating and cooling, in particular the
supply air of the passenger compartment of the motor vehicle, the conditions, in
particular within the compact heat exchanger unit, are very different for the different
operating modes. For example, on the one hand, the sub-cooling of the refrigerant
following the condensation during operation of the air-conditioning system in the
refrigeration system mode should be at most in the range from 8 K to 12 K. Higher
sub-cooling leads to an energetically inefficient operation of the air-conditioning
system. On the other hand, the energetic efficiency of the air-conditioning system is
improved when the air-conditioning system is operated in the heating mode with a
higher sub-cooling of the refrigerant. Further influencing factors are the required heat
outputs and the required temperature levels for the absorption of heat by the refrigerant
or for the release of heat from the refrigerant.

The liquid-cooled heat exchangers known from the prior art for condensing and sub-
cooling the refrigerant are operated in the sub-cooling region of the refrigerant in the
parallel flow of refrigerant and coolant. The parallel flow of the fluids in this case
causes a lower sub-cooling of the refrigerant at the outlet of the heat exchanger than,

for example, a guiding of the fluids in a counterflow.
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Disclosure of Invention

Technical Problem

The object of the invention is to provide a heat management system which is also
simple to assemble due to a low complexity and a minimum number of components
and whose components are easy to replace, in particular for repair purposes. The heat
management system should also have components which have a minimum installation
space. The heat transfer in heat-transferring components of the refrigerant circuit and
the coolant circuit should be at maximum, and temperature differences of the fluids
which can be achieved with the heat transfer should be adaptable, in particular also in
the case of different operating modes of the heat management system.

Solution to Problem

The object is achieved by the subject matters having the features of the independent
claims. Further developments are specified in the dependent claims.

The object is achieved by a heat management system according to the invention for
a motor vehicle having a refrigerant circuit and a high-temperature coolant circuit. The
refrigerant circuit has a refrigerant-coolant heat exchanger operated as a condenser/
gas cooler and a refrigerant-coolant heat exchanger operated as a sub-cooler for the
refrigerant. The high-temperature coolant circuit is formed with a first coolant unit
with a coolant reservoir and, if necessary, coolant valves and a first conveying device
for conveying a coolant.

A heat management system is to be understood here as meaning an arrangement
or a device with several components and their control means and regulating means,
which ensures the supply of heat or cold, in particular, to a motor vehicle. The
system is connected to various heat sources and heat sinks, for example, heat can be
transferred from the system to ambient air, supply air of the passenger compartment
or components of a drive train as required, or heat can be transferred from the ambient
air, the supply air of the passenger compartment or components of the drive train to
the system. The heat absorbed by the system can be used, in particular at appropriate
temperature levels, for heating the supply air of the passenger compartment or of
components of the drive train. In this case, the heat can also be absorbed from the
supply air of the passenger compartment or from components of the drive train.

The high-temperature coolant circuit is formed in such a way that the coolant
circulating in the high-temperature coolant circuit flows through the condenser/gas
cooler and the sub-cooler in the same direction as at least two coolant partial mass
flows conducted parallel to one another. The flow directions of the refrigerant through

the condenser/gas cooler and the sub-cooler are aligned opposite to one another.
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According to the concept of the invention, the high-temperature coolant circuit has a
switching means of the flow direction of the coolant through the condenser/gas cooler
and the sub-cooler, which is configured such that, in a first switching position of the
switching means, the coolant flows in a counter-current to the refrigerant through
the condenser/gas cooler and in a co-current to the refrigerant through the sub-cooler
and in a second switching position of the switching means, the coolant flows in a co-
current to the refrigerant through the condenser/gas cooler and in a counter-current to
the refrigerant through the sub-cooler.

Thus, depending on the switching position of the switching means, the refrigerant
and the coolant partial mass flows can, on the one hand, act on the condenser/gas
cooler in a counter-current and on the sub-cooler in a co-current and, on the other
hand, act on the condenser/gas cooler in a co-current and on the sub-cooler in a
counter-current.

According to a further development of the invention, the condenser/gas cooler and
the sub-cooler are formed as a single unit within a heat exchanger unit. The heat
exchanger unit has at least one first coolant connection and at least one second coolant
connection, to which the condenser/gas cooler and the sub-cooler of the coolant circuit
are integrated into the high-temperature coolant circuit.

According to an advantageous design of the invention, the high-temperature coolant
circuit has a valve arrangement as a switching means of the flow direction of the
coolant, which is configured such that, in the first switching position, the coolant
is conducted from the conveying device to the first coolant connection of the heat
exchanger unit operated as an inlet and from the second coolant connection of the heat
exchanger unit operated as an outlet to the coolant unit and, in the second switching
position, the coolant is conducted from the conveying device to the second coolant
connection of the heat exchanger unit operated as an inlet and from the first coolant
connection of the heat exchanger unit operated as an outlet to the coolant unit.

When the coolant partial mass flows flow through the condenser/gas cooler and the
sub-cooler in a rectified manner, the coolant either flows through the first coolant
connection into the heat exchanger unit, in particular the condenser/gas cooler and the
sub-cooler, and out of the heat exchanger unit through the second coolant connection,
or the coolant flows through the second coolant connection into the heat exchanger
unit, in particular the condenser/gas cooler and the sub-cooler, and out of the heat
exchanger unit through the first coolant connection.

According to a further development of the invention, the valve arrangement is
formed as a 4/2-way valve with connections for integration into the high-temperature
coolant circuit. A first connection as an inlet is connected to the first conveyor

device via a connecting line, a second connection as an outlet is connected to the first
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coolant unit via a connecting line, a third connection is connected to the first coolant
connection of the heat exchanger unit via a connecting line, and a fourth connection is
connected to the second coolant connection of the heat exchanger unit via a connecting
line.

The valve arrangement is advantageously configured such that, in a first switching
position, the first connection is connected internally to the third connection and the
fourth connection is connected to the second connection, and in a second switching
position, the first connection is connected internally to the fourth connection and the
third connection is connected to the second connection. Thus, in the first switching
position, on the one hand, the first connection and the third connection and, on the
other hand, the fourth connection and the second connection are each connected to the
passage for the coolant.

The condenser/gas cooler and the sub-cooler are preferably in each case formed as
plate packets of a heat exchanger combined in a one-piece plate heat exchanger. The
sub-cooler is arranged downstream of the condenser/gas cooler in the flow direction of
the refrigerant.

According to a preferred design of the invention, the refrigerant circuit has a
refrigerant-coolant heat exchanger operated as an evaporator. The evaporator can be
integrated within the heat exchanger unit, so that the condenser/gas cooler, the sub-
cooler and the evaporator are preferably formed as plate packs combined in the one-
piece plate heat exchanger. The evaporator is arranged downstream of the sub-cooler
in the flow direction of the refrigerant.

An advantage of the invention is that a low-temperature coolant circuit is provided,
in particular with a second coolant unit and a second conveying device. The heat
exchanger unit preferably has at least one third coolant connection and at least one
fourth coolant connection, to which the evaporator of the coolant circuit is integrated
into the low-temperature coolant circuit.

The refrigerant circuit can also be formed with a collector for the refrigerant and a
circuit-internal heat exchanger.

The circuit-internal heat exchanger is to be understood as meaning a heat exchanger
which serves for the heat transfer from the refrigerant at a level of the high pressure to
refrigerant at a level of the low pressure. As such, for example, the liquid refrigerant is
further cooled after the condensation or sub-cooling, on the one hand, and the suction
gas of a compressor is superheated, on the other hand.

The collector for the refrigerant is arranged in the refrigerant circuit at the level of the
high pressure.

The collector for the refrigerant and the circuit-internal heat exchanger can each be

integrated within the heat exchanger unit. In this case, the collector and the circuit-
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internal heat exchanger can each be formed as a plate pack combined in the one-piece
plate heat exchanger. The collector for the refrigerant is preferably arranged in the flow
direction of the refrigerant between the condenser/gas cooler and the sub-cooler, and
the circuit-internal heat exchanger is preferably arranged in the flow direction of the
refrigerant between the sub-cooler and the evaporator.

According to a further preferred design of the invention, the refrigerant circuit has
an expansion member and a compressor. The expansion member, in particular an
expansion valve, can be integrated within the heat exchanger unit.

The individual heat exchanger regions, in particular the condenser/gas cooler, the
sub-cooler, the circuit-internal heat exchanger and the evaporator, as well as the
collector for the refrigerant are advantageously thermally insulated from one another
within the heat exchanger unit. At least one respective thermal insulation plate is
arranged between the individual sections of the heat exchanger unit.

According to a further development of the invention, the high-temperature coolant
circuit has at least one first coolant heat exchanger connected via connecting lines to
the first coolant unit and the first conveying device. The first coolant heat exchanger
can be formed for heating components of the drive train of the motor vehicle or as a
coolant-air heat exchanger for heating the supply air of the passenger compartment or
for transferring heat to the ambient air.

According to an advantageous design of the invention, the low-temperature coolant
circuit has at least one second coolant heat exchanger connected via connecting lines
to the second coolant unit and the second conveying device. The second coolant
heat exchanger can be formed for cooling components of the drive train of the motor
vehicle or as a coolant-air heat exchanger for cooling and/or dehumidifying the supply
air of the passenger compartment or for transferring heat from the ambient air.

The object is also achieved by methods according to the invention for operating a
heat management system for a motor vehicle.

A method according to the concept for operating the heat management system has
the following steps when operating in a refrigeration system mode for conditioning
the supply air of the passenger compartment, in particular for cooling and/or
dehumidifying the supply air of the passenger compartment:

- dividing a coolant circulating in a high-temperature coolant circuit into a first
coolant partial mass flow and a second coolant partial mass flow,

- conducting the first coolant partial mass flow through a condenser/gas cooler and
the second coolant partial mass flow through a sub-cooler, wherein the coolant partial
mass flows flow through the condenser/gas cooler and the sub-cooler in parallel and in

the same direction,
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- mixing the coolant partial mass flows after flowing through the condenser/gas
cooler and the sub-cooler and conducting the coolant through a switching means to a
first coolant unit from which the coolant is drawn in by the first conveying device, and

- conducting a refrigerant circulating in the refrigerant circuit at a high pressure level
through the condenser/gas cooler in a counter-current to the first refrigerant partial
mass flow, wherein the refrigerant is heated and condensed, and

- conducting the refrigerant flowing out of the condenser/gas cooler through the sub-
cooler in a co-current to the second coolant partial mass flow, wherein the refrigerant
is sub-cooled or cooled down further.

According to a further development of the invention, the coolant is passed from a
conveying device through a valve arrangement formed as a switching means to a first
coolant connection of a heat exchanger unit, which is operated as an inlet, before being
divided into coolant partial mass flows, and is divided into the first coolant partial
mass flow and the second coolant partial mass flow before flowing through the heat
exchanger unit. In addition, after mixing the coolant partial mass flows, the coolant
is conducted from a second coolant connection of the heat exchanger unit, which is
operated as an outlet, through the valve arrangement to the coolant unit.

According to an advantageous design of the invention, the valve arrangement is
arranged in a first switching position such that the coolant is conducted from the
first connection operated as an inlet and connected via a connecting line to the first
conveying device to the third connection operated as an outlet and connected via a
connecting line to the first coolant connection of the heat exchanger unit, and from
the fourth connection operated as an inlet and connected via a connecting line to
the second coolant connection of the heat exchanger unit to the second connection
operated as an outlet and connected via a connecting line to the first coolant unit.

A method according to the concept for operating the heat management system has
the following steps when operating in a heating mode for conditioning the supply air
of a passenger compartment, in particular for heating the supply air of the passenger
compartment:

- dividing a coolant circulating in a high-temperature coolant circuit into a first
coolant partial mass flow and a second coolant partial mass flow,

- conducting the first coolant partial mass flow through a condenser/gas cooler and
the second coolant partial mass flow through a sub-cooler, wherein the coolant partial
mass flows flow through the condenser/gas cooler and the sub-cooler in parallel and in
the same direction,

- mixing the coolant partial mass flows after flowing through the condenser/gas
cooler and the sub-cooler and conducting the coolant through a switching means to a

first coolant unit from which the coolant is drawn in by the first conveying device, and
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- conducting a refrigerant circulating in the refrigerant circuit at a high pressure level
through the condenser/gas cooler in a co-current to the first refrigerant partial mass
flow, wherein the refrigerant is heated and condensed, and

- conducting the refrigerant flowing out of the condenser/gas cooler through the
sub-cooler in a counter-current to the second coolant partial mass flow, wherein the
refrigerant is sub-cooled or cooled down further.

A further advantage of the invention is that the coolant is passed from a conveying
device through a valve arrangement formed as a switching means to a second coolant
connection of a heat exchanger unit, which is operated as an inlet, before being divided
into coolant partial mass flows, and is divided into the first coolant partial mass flow
and the second coolant partial mass flow before flowing through the heat exchanger
unit. In addition, after mixing the coolant partial mass flows, the coolant is conducted
from a first coolant connection of the heat exchanger unit, which is operated as an
outlet, through the valve arrangement to the coolant unit.

According to a preferred design of the invention, the valve arrangement is arranged
in a second switching position such that the coolant is conducted from the first
connection operated as an inlet and connected via a connecting line to the first
conveying device to the fourth connection operated as an outlet and connected via a
connecting line to the second coolant connection of the heat exchanger unit, and from
the third connection operated as an inlet and connected via a connecting line to the first
coolant connection of the heat exchanger unit to the second connection operated as an
outlet and connected via a connecting line to the first coolant unit.

By switching the flow direction of the coolant through the heat exchanger unit, in
particular through the sub-cooler, between the operation of the heat management
system in the refrigeration system mode and in the heating mode by means of the
valve arrangement, the operation of the sub-cooler is changed from co-current between
the refrigerant and the coolant to counter-current between the refrigerant and the
coolant. By changing the flow direction of the coolant, in particular through the sub-
cooler, a maximum heat transfer between the refrigerant and the coolant is achieved
with temperature differences between the refrigerant and the coolant that can be
adjusted in the case of different operating modes of the heat management system.

With the reversible flow direction of the coolant, the good heat transfer between two
liquid fluids in the coolant-cooled and thus liquid-cooled sub-cooler is adapted with
predetermined installed hardware.

Especially when operating the heat management system in the heating mode for
conditioning the supply air of a passenger compartment and thus the counter-current of
refrigerant and coolant within the sub-cooler, the heat transfer between the refrigerant

and the coolant is maximised, so that, in addition, the sub-cooling of the refrigerant
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at the outlet of the sub-cooler is increased in co-current in comparison with the
application of fluids to the sub-cooler. The condensation temperature and the level
of the high pressure of the refrigerant are thereby raised and thus the comfort in the
passenger compartment is increased. Switching the flow direction of the coolant in the
condenser/gas cooler has no other influence on the condensation process.

The heat management system according to the invention also has a minimum number
of components and low complexity and is thus easy to assemble. Components in the
system are easy to replace. As a result of the integral construction of the components,

the system also requires only a minimum installation space.

Brief Description of Drawings

The drawings described herein are for illustrative purposes only of selected
embodiments and not all possible implementations, and are not intended to limit the
scope of the present disclosure.

Fig. 1 shows a heat management system during operation in a refrigeration system
mode.

Fig. 2 shows a heat management system during operation in a heating mode.

Mode for the Invention

Further details, features and advantages of the invention will become apparent
from the following description of an exemplary embodiment with reference to the
accompanying drawings.

Figs. 1 and 2 each reveal a circuit diagram of a heat management system 1 with
a refrigerant circuit 2, a high-temperature coolant circuit 6 and a low-temperature
coolant circuit 11, which are thermally coupled to one another via refrigerant-coolant
heat exchangers formed in a heat exchanger unit 4, during operation in a refrigeration
system mode according to Fig. 1 and during operation in a heating mode according to
Fig. 2. The operating modes are illustrated in each case through arrows by means of
the flow directions on fluid-carrying connecting lines of the refrigerant circulating in
the refrigerant circuit 2 and of the coolant circulating in the coolant circuits 6, 11. The
arrows and connecting lines respectively marked with broken dashed lines show the
refrigerant at a high pressure level - short dashed lines - and the refrigerant at a low
pressure level - long dashed lines.

The refrigerant circuit 2 has, in the flow direction of the refrigerant, a compressor 3
and the heat exchanger unit 4 with a condenser/gas cooler 4-1, a collector 4-2, a sub-
cooler 4-3, a circuit-internal heat exchanger 4-4 and an evaporator 4-5. In addition, the
refrigerant circuit 2 is formed with an expansion member 5 which is arranged between

a high-pressure side of the circuit-internal heat exchanger 4-4 and the evaporator 4-5.
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The refrigerant flowing out of the evaporator 4-5 is conducted to a low-pressure side of
the circuit-internal heat exchanger 4-4. The refrigerant is sucked in by the compressor
3 from the low-pressure side of the circuit-internal heat exchanger 4-4. The refrigerant
circuit 2 is closed.

[65] The high-temperature coolant circuit 6 of the heat management system 1 has a first
coolant unit 7 with a coolant reservoir and optionally coolant valves, a first conveying
device 8 and a valve arrangement 9. The valve arrangement 9 is formed as a 4/2-way
valve with four connections 9-1, 9-2, 9-3, 9-4. A first connection 9-1 of the valve
arrangement 9 is connected via a connecting line to the first conveying device 8 and
always serves as an inlet of the valve arrangement 9, while a second connection 9-2 of
the valve arrangement 9 is connected via a connecting line to the first coolant unit 7
and always serves as an outlet of the valve arrangement 9. A third connection 9-3 and a
fourth connection 9-4 of the valve arrangement 9 are each connected via a connecting
line to a coolant connection 4a, 4b of the heat exchanger unit 4 and are operated in
accordance with a switching position of the valve arrangement 9 as an inlet or as an
outlet for the coolant. To fulfil the same function, the valve arrangement can also be
formed from several valves.

[66] Within the high-temperature coolant circuit 6, the condenser/gas cooler 4-1 and the
sub-cooler 4-3 of the heat exchanger unit 4 of the refrigerant circuit 2 are arranged
in such a way that the condenser/gas cooler 4-1 and the sub-cooler 4-3 can each be
charged in parallel with coolant. First coolant connections 4a of the heat exchanger
unit 4, in particular of the condenser/gas cooler 4-1 and of the sub-cooler 4-3, are
connected via a connecting line to the third connection 9-3 of the valve arrangement
9, while in each case second coolant connections 4b of the heat exchanger unit 4, in
particular of the condenser/gas cooler 4-1 and of the sub-cooler 4-3, are connected via
a connecting line to the fourth connection 9-4 of the valve arrangement 9.

[67] The refrigerant-coolant heat exchangers operated as a condenser/gas cooler 4-1
or as a sub-cooler 4-3 of the refrigerant each enable a transfer of heat from the
refrigerant circulating in the refrigerant circuit 2 to the refrigerant circulating in the
high-temperature refrigerant circuit 6, in particular a water-glycol mixture.

[68] By means of the valve arrangement 9 formed as a 4/2-way valve, depending on the
switching position, the first connection 9-1 serving as an inlet can be connected to
the third connection 9-3 or the fourth connection 9-4, so that the third connection 9-3
or the fourth connection 9-4 are operated correspondingly as an outlet of the valve
arrangement 9. In accordance with the switching position, the second connection 9-2
serving as an outlet is connected to the fourth connection 9-4 or the third connection
9-3, so that the fourth connection 9-4 or the third connection 9-3 are correspondingly

operated as an inlet of the valve arrangement 9.
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[73]

[74]

The high-temperature coolant circuit 6 is also formed with at least one first coolant
heat exchanger 10 which is connected via connecting lines to the first coolant unit 7
and the first conveying device 8. The first coolant heat exchanger 10 is operated as
a heat sink for the coolant circulating in the high-temperature coolant circuit 6 and
thus for the coolant circulating in the coolant circuit 2, and can be used for heating,
for example, the supply air of the passenger compartment, components of the, in
particular, electric drive train of the motor vehicle, or the transfer of heat to the
ambient air.

The low-temperature coolant circuit 11 of the heat management system 1 has a
second coolant unit 12 with a coolant reservoir and, if appropriate, coolant valves and a
second conveying device 13. In addition, the evaporator 4-5 of the heat exchanger unit
4 of the refrigerant circuit 2 is arranged within the low-temperature coolant circuit 11.
A third coolant connection 4c of the heat exchanger unit 4 operated as an inlet of the
evaporator 4-5 is connected to the second conveying device 13, while a fourth coolant
connection 4d of the heat exchanger unit 4 operated as an outlet of the evaporator 4-5
is connected to the second coolant unit 12.

The refrigerant-coolant heat exchanger, also referred to as a chiller, operated as an
evaporator 4-5 of the refrigerant, makes it possible to transfer heat from the coolant
circulating in the low-temperature coolant circuit 11, in particular a water-glycol
mixture, to the refrigerant circulating in the refrigerant circuit 2.

Furthermore, the low-temperature coolant circuit 11 is formed with at least one
second coolant heat exchanger 14 which is connected via connecting lines to the
second coolant unit 12 and the second conveying device 13. The second coolant
heat exchanger 14 is operated as a heat source for the coolant circulating in the low-
temperature coolant circuit 11 and thus for the refrigerant circulating in the refrigerant
circuit 2 and can be used, for example, for cooling or dehumidifying the air to be
supplied to the passenger compartment, components of the, in particular, electric drive
train of the motor vehicle or for absorbing heat from the ambient air.

The conveying devices 8, 13 of the coolant circuits 6, 11 are preferably in each
case formed as a pump. The expansion member 5 of the refrigerant circuit 2 can be
configured as an expansion valve.

The heat exchanger unit 4 is formed as a plate heat exchanger consisting of
individual heat exchanger plates. In particular, the condenser/gas cooler 4-1, the sub-
cooler 4-3, the circuit-internal heat exchanger 4-4 and the evaporator 4-5 are combined
from several plates each connected to form a plate pack. The condenser/gas cooler
4-1 and the sub-cooler 4-3 are each formed as a liquid-cooled, in particular coolant-
cooled, heat exchanger. The individual heat exchangers and the collector 4-2 are

each separated from one another, in particular by means of insulating plates, in order
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to thermally insulate the heat exchanger regions operated at different temperature
levels from one another. Alternatively, the heat exchanger unit 4 can also be formed
combined as individual components of the condenser/gas cooler 4-1, of the sub-cooler
4-3, of the circuit-internal heat exchanger 4-4 and of the evaporator 4-5.

Fig. 1 shows the heat management system 1 during operation in the refrigeration
system mode.

The refrigerant compressed to a high-pressure level when flowing through the
compressor 3 flows through a refrigerant inlet of the heat exchanger unit 4 into
the condenser/gas cooler 4-1 and is conducted in a counter-current to the coolant
circulating in the high-temperature coolant circuit 6, which flows into the condenser/
gas cooler 4-1 as a first coolant partial mass flow through the first coolant connection
4a of the refrigerant/coolant heat exchanger operated as an inlet. The refrigerant
liquefied by heat transfer to the coolant circulating in the high-temperature coolant
circuit 6 when flowing through the condenser/gas cooler 4-1 is then conducted to the
collector 4-2, in which the liquid refrigerant is stored.

The refrigerant then flows out of the collector 4-2 into the adjacently arranged sub-
cooler 4-3, in which it is guided in a co-current to the coolant circulating in the high-
temperature coolant circuit 6. The coolant is introduced into the sub-cooler 4-3 as a
second coolant partial mass flow likewise through the first coolant connection 4a of
the refrigerant-coolant heat exchanger operated as an inlet and thus parallel to the first
coolant partial mass flow impinging on the condenser/gas cooler 4-1.

The first and the second coolant partial mass flow of the high-temperature coolant
circuit 6 can either be introduced into the heat exchanger unit 4 through a common first
coolant connection 4a and divided within the heat exchanger unit 4 or can each flow
into the heat exchanger unit 4 through a first coolant connection 4a.

The first coolant partial mass flow flowing through the condenser/gas cooler 4-1 and
the second coolant partial mass flow flowing through the sub-cooler 4-3 are heated
and discharged from the heat exchanger unit 4 by the second coolant connection 4b
operated as an outlet. The first and the second coolant partial mass flow can either be
mixed with one another before flowing out of the heat exchanger unit 4 and can flow
out of the heat exchanger unit 4 together through a second coolant connection 4b, or
can flow out of the heat exchanger unit 4 through a second coolant connection 4b and
then be mixed with one another.

The liquid refrigerant, which is cooled when flowing through the sub-cooler 4-3 by
dissipating heat to the coolant circulating in the high-temperature coolant circuit 6, is
then introduced on the high-pressure side into the circuit-internal heat exchanger 4-4
in which it is passed in counter-current to the vaporous refrigerant flowing out of the

evaporator 4-5 and introduced on the low-pressure side into the circuit-internal heat
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exchanger 4-4. In this case, on the one hand, the liquid refrigerant is further cooled

at the level of the high pressure after the sub-cooling, while on the other hand, the
vaporous refrigerant is superheated at the level of the low pressure as the suction gas of
the compressor 3.

The liquid refrigerant cooled when flowing through the high-pressure side of the
circuit-internal heat exchanger 4-4 is expanded to the level of the low pressure when
flowing through the expansion member 5 and is then introduced into the evaporator
4-5.

In the evaporator 4-5, the refrigerant is conducted in a counter-current to the coolant
circulating in the low-temperature coolant circuit 11, which flows into the evaporator
4-5 through the third coolant connection 4c, operated as an inlet, of the refrigerant-
coolant heat exchanger of the heat exchanger unit 4. The refrigerant evaporated when
flowing through the evaporator 4-5 by absorbing heat from the coolant of the low-
temperature coolant circuit 11 is then passed on the low-pressure side into the circuit-
internal heat exchanger 4-4 in which the vaporous refrigerant is superheated. The
superheated refrigerant is sucked off as suction gas by the compressor 3 from the
circuit-internal heat exchanger 4-4.

The cooled coolant circulating in the low-temperature coolant circuit 11 is discharged
from the evaporator 4-5 of the heat exchanger unit 4 through the fourth coolant
connection 4d operated as an outlet and guided to the second coolant unit 12. The
coolant stored in the coolant reservoir of the second coolant unit 12 is conveyed by
means of the second conveying device 13, on the one hand, through the third coolant
connection 4c of the heat exchanger unit 4 into the evaporator 4-5 of the coolant
and, on the other hand, through the at least one second coolant heat exchanger 14.
When flowing through the second coolant heat exchanger 14, the coolant is heated by
absorbing heat from the supply air of the passenger compartment or from components
of the, in particular, electric drive train of the motor vehicle. In doing so, the supply air
of the passenger compartment or the corresponding components of the drive train of
the motor vehicle are cooled.

The heated coolant circulating in the high-temperature coolant circuit 6 is discharged
from the condenser/gas cooler 4-1 or the sub-cooler 4-3 of the heat exchanger unit 4
through the second coolant connection 4b operated as an outlet and is guided via the
valve arrangement 9 to the first coolant unit 7. The fourth connection 9-4, which is
operated as an inlet, and the second connection 9-2 of the valve arrangement 9 are
connected to one another internally and are switched as a passage.

The coolant stored in the coolant reservoir of the first coolant unit 7 is conveyed by
means of the first conveying device 8, on the one hand, via the valve arrangement 9 to

the first coolant connection 4a of the heat exchanger unit 4 and thus into the condenser/
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gas cooler 4-1 or the sub-cooler 4-3 of the heat exchanger unit 4 and, on the other
hand, through the at least one first coolant heat exchanger 10. The first connection 9-1
and the third connection 9-3 of the valve arrangement 9, which is operated as an outlet,
are connected to one another internally and are switched as a passage.

When flowing through the first coolant heat exchanger 10, the coolant is cooled by
delivering heat to components of the, in particular, electric drive train of the motor
vehicle or to the ambient air. In doing so, the corresponding components of the drive
train of the motor vehicle can be heated.

Fig. 2 shows the heat management system 1 during operation in the heating mode.
The refrigerant circuit 2 and the low-temperature coolant circuit 11 are operated in
the same way during operation of the heat management system 1 in the refrigeration
system mode according to Fig. 1 and in the heating mode. The essential difference
between the operating modes of the heat management system 1 in the heating mode
and in the refrigeration system mode lies in the operation of the high-temperature
coolant circuit 6, in particular in the switching position of the valve arrangement 9.

Internally, the first connection 9-1 and the fourth connection 9-4, which is operated
as an outlet, on the one hand, as well as the third connection 9-3, which is operated as
an inlet, and the second connection 9-2 of the valve arrangement 9, on the other hand,
are connected to one another and each switched as a passage.

The refrigerant compressed to the high pressure level when flowing through the
compressor 3 flows through the refrigerant inlet of the heat exchanger unit 4 into the
condenser/gas cooler 4-1 and is conducted in a co-current to the coolant circulating in
the high-temperature coolant circuit 6, which flows into the condenser/gas cooler 4-1
as a first coolant partial mass flow through the second coolant connection 4b of the
refrigerant/coolant heat exchanger operated as an inlet. The refrigerant liquefied by
heat transfer to the coolant circulating in the high-temperature coolant circuit 6 when
flowing through the condenser/gas cooler 4-1 is then conducted to the collector 4-2.

The refrigerant then flows out of the collector 4-2 into the adjacently arranged sub-
cooler 4-3, in which it is guided in a counter-current to the coolant circulating in the
high-temperature coolant circuit 6. The coolant is introduced into the sub-cooler 4-3 as
a second coolant partial mass flow likewise through the second coolant connection 4b
of the coolant-coolant heat exchanger, which is operated as an inlet, and thus parallel
to the first coolant partial mass flow impinging on the condenser/gas cooler 4-1.

The first and the second coolant partial mass flow of the high-temperature coolant
circuit 6 can either be introduced into the heat exchanger unit 4 through a common
second coolant connection 4b and divided within the heat exchanger unit 4 or can each

flow into the heat exchanger unit 4 through a second coolant connection 4b.
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The first coolant partial mass flow flowing through the condenser/gas cooler 4-1 and
the second coolant partial mass flow flowing through the sub-cooler 4-3 are heated and
discharged from the heat exchanger unit 4 by the first coolant connection 4a operated
as an outlet. The first and the second coolant partial mass flow can either be mixed
with one another before flowing out of the heat exchanger unit 4 and can flow out of
the heat exchanger unit 4 together through a first coolant connection 4a, or can flow
out of the heat exchanger unit 4 through a first coolant connection 4a and then be
mixed with one another.

The heated coolant circulating in the high-temperature coolant circuit 6 is discharged
from the condenser/gas cooler 4-1 or the sub-cooler 4-3 of the heat exchanger unit 4
through the first coolant connection 4a operated as an outlet and is guided via the valve
arrangement 9 to the first coolant unit 7.

The coolant stored in the coolant reservoir of the first coolant unit 7 is conveyed
by means of the first conveying device 8, on the one hand, via the valve arrangement
9 to the second coolant connection 4b of the heat exchanger unit 4 and thus into the
condenser/gas cooler 4-1 or the sub-cooler 4-3 of the heat exchanger unit 4 and, on the
other hand, through the at least one first coolant heat exchanger 10.

When flowing through the first coolant heat exchanger 10, the coolant is cooled by
delivering heat to the supply air of the passenger compartment or to components of
the in particular electric drive train of the motor vehicle, while the supply air of the
passenger compartment is heated. Corresponding components of the drive train of the
motor vehicle can also be heated.

The coolant circulating in the low-temperature coolant circuit 11 is heated when
flowing through the second coolant heat exchanger 14 by absorbing heat from
components of the in particular electric drive train of the motor vehicle or from the
ambient air. In doing so, the corresponding components of the drive train of the motor
vehicle are cooled.

Industrial Applicability

The invention relates to a heat management system for a motor vehicle with a
refrigerant circuit and a high-temperature coolant circuit. The refrigerant circuit
has a refrigerant-coolant heat exchanger operated as a condenser/gas cooler and a
refrigerant-coolant heat exchanger operated as a sub-cooler, which are formed as
components of the high-temperature coolant circuit, so that the refrigerant circuit
and the high-temperature coolant circuit are thermally coupled to one another via the
refrigerant-coolant heat exchangers.

The invention also relates to a method for operating the heat management system

for a motor vehicle for conditioning the supply air of a passenger compartment in a
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refrigeration system mode, in particular for cooling and/or dehumidifying the supply
air, and in a heating mode, in particular for heating the supply air of the passenger

compartment.
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Claims

A heat management system (1) for a motor vehicle, having a
refrigerant circuit (2) with a refrigerant-coolant heat exchanger
operated as a condenser/gas cooler (4-1) and a refrigerant-
coolant heat exchanger operated as a sub-cooler (4-3), and a
high-temperature coolant circuit (6) with a coolant unit (7) and

a conveying device (8), wherein the high-temperature coolant
circuit (6) is formed such that the coolant circulating in the high-
temperature coolant circuit (6) flows through the condenser/

gas cooler (4-1) and the sub-cooler (4-3) as at least two coolant
partial mass flows guided parallel to one another and in the same
direction, wherein the flow directions of the refrigerant through
the condenser/gas cooler (4-1) and the sub-cooler (4-3) are
orientated opposite to one another, characterised in that the high-
temperature coolant circuit (6) has a switching means for the flow
direction of the coolant through the condenser/gas cooler (4-1)
and the sub-cooler (4-3), which is configured such that the coolant
in a first switching position of the switching means flows to the
refrigerant through the condenser/gas cooler (4-1) in a counter-
current and to the refrigerant through the sub-cooler (4-3) in a
co-current and the coolant in a second switching position of the
switching means flows through the condenser/gas cooler (4-1) to
the refrigerant in a co-current and through the sub-cooler (4-3) to
the refrigerant in a counter-current.

The heat management system (1) according to claim 1,
characterised in that the condenser/gas cooler (4-1) and the sub-
cooler (4-3) are formed to be combined within a heat exchanger
unit (4), wherein the heat exchanger unit (4) has at least one

first coolant connection (4a) and at least one second coolant
connection (4b) on which the condenser/gas cooler (4-1) and the
sub-cooler (4-3) of the coolant circuit (2) are formed integrated
into the high-temperature coolant circuit (6).

The heat management system (1) according to claim 2,
characterised in that the high-temperature coolant circuit (6) has a
valve arrangement (9) as a switching means of the flow direction
of the coolant, which is configured such that the coolant in the

first switching position is conducted from the conveying device
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(8) to the first coolant connection (4a) of the heat exchanger unit
(4) operated as an inlet and from the second coolant connection
(4b) of the heat exchanger unit (4) operated as an outlet to the
coolant unit (7) and the coolant in the second switching position
is conducted from the conveying device (8) to the second coolant
connection of the heat exchanger unit (4) operated as an inlet and
from the first coolant connection (4a) of the heat exchanger unit
(4) operated as an outlet to the coolant unit (7).

The heat management system (1) according to claim 3,
characterised in that the valve arrangement (9) is formed as a 4/2-
way valve with connections (9-1, 9-2, 9-3, 9-4) for integrating into
the high-temperature coolant circuit (6), wherein a first connection
(9-1) is formed connected as an inlet via a connecting line to

the conveying device (8), a second connection (9-2) is formed
connected as an outlet via a connecting line to the coolant unit
(7), a third connection (9-3) is formed connected via a connecting
line to the first coolant connection (4a) of the heat exchanger

unit (4) and a fourth connection (9-4) is formed connected via a
connecting line to the second coolant connection (4b) of the heat
exchanger unit (4).

The heat management system (1) according to claim 4,
characterised in that the valve arrangement (9) is configured such
that, in a first switching position, the first connection (9-1) is
connected to the third connection (9-3) and the fourth connection
(9-4) is connected to the second connection (9-2) and, in a second
switching position, the first connection (9-1) is connected to

the fourth connection (9-4) and the third connection (9-3) is
connected to the second connection (9-2).

The heat management system (1) according to any one of claims
2 to 5, characterised in that the condenser/gas cooler (4-1) and the
sub-cooler (4-3) are formed as plate packs of a heat exchanger
combined in a one-piece plate heat exchanger.

The heat management system (1) according to any one of claims
2 to 6, characterised in that the refrigerant circuit (2) has a
refrigerant-coolant heat exchanger operated as an evaporator
(4-5).
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The heat management system (1) according to claim 7,
characterised in that the evaporator (4-5) is formed integrated
within the heat exchanger unit (4).

The heat management system (1) according to claim 8,
characterised in that the condenser/gas cooler (4-1), the sub-cooler
(4-3) and the evaporator (4-5) are formed as plate packs combined
in a one-piece plate heat exchanger.

The heat management system (1) according to any one of claims
7 to 9, characterised in that a low-temperature coolant circuit (11),
in particular with a coolant unit (12) and a conveying device (13),
is formed, wherein the heat exchanger unit (4) has at least a third
coolant connection (4¢) and at least a fourth coolant connection
(4d), on which the evaporator (4-5) of the refrigerant circuit (2) is
formed integrated into the low-temperature coolant circuit (11).
The heat management system (1) according to any one of claims

1 to 10, characterised in that the refrigerant circuit (2) has a
collector (4-2) and a circuit-internal heat exchanger (4-4).

The heat management system (1) according to claim 11,
characterised in that the collector (4-2) and the circuit-internal
heat exchanger (4-4) are formed integrated within the heat
exchanger unit (4).

The heat management system (1) according to claim 12,
characterised in that the collector (4-2) and the circuit-internal
heat exchanger (4-4) are formed as plate packs combined in a one-
piece plate heat exchanger, wherein the collector (4-2) is arranged
in the flow direction of the refrigerant between the condenser/gas
cooler (4-1) and the sub-cooler (4-3) and the circuit-internal heat
exchanger (4-4) is arranged in the flow direction of the refrigerant
between the sub-cooler (4-3) and an evaporator (4-5).

The heat management system (1) according to any one of claims

1 to 13, characterised in that the high-temperature coolant circuit
(6) has at least one first coolant heat exchanger (10) which is
connected via connecting lines to the coolant unit (7) and the
conveying device (8) and is formed for heating components

of a drive train of the motor vehicle or as a coolant-air heat
exchanger for heating supply air of a passenger compartment or

for transferring heat to ambient air.
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The heat management system (1) according to any one of claims
10 to 14, characterised in that the low-temperature coolant circuit
(11) has at least one second coolant heat exchanger (14) which

is connected via connecting lines to the coolant unit (12) and the
conveying device (13) and is formed for cooling components of a
drive train of the motor vehicle or as a coolant-air heat exchanger
for cooling and/or dehumidifying supply air of a passenger
compartment or for transferring heat from ambient air.

A method for operating a heat management system (1) for a motor
vehicle in a refrigeration system mode for conditioning the supply
air of a passenger compartment, in particular for cooling and/

or dehumidifying the supply air of the passenger compartment,
having the following steps:

- dividing a coolant circulating in a high-temperature coolant
circuit (6) into a first coolant partial mass flow and a second
coolant partial mass flow,

- conducting the first coolant partial mass flow through a
condenser/gas cooler (4-1) and the second coolant partial mass
flow through a sub-cooler (4-3), wherein the coolant partial mass
flows flow through the condenser/gas cooler (4-1) and the sub-
cooler (4-3) in parallel and in the same direction,

- mixing the coolant partial mass flows after flowing through

the condenser/gas cooler (4-1) and the sub-cooler (4-3) and
conducting the coolant through a switching means to a coolant
unit (7) from which the coolant is drawn in by a conveying device
(8), and

- conducting a refrigerant circulating in a refrigerant circuit (2)
through the condenser/gas cooler (4-1) in a counter-current to the
first coolant partial mass flow, wherein the refrigerant is heated
and condensed, and

- conducting the refrigerant flowing out of the condenser/gas
cooler (4-1) through the sub-cooler (4-3) in a co-current to the
second coolant partial mass flow, wherein the refrigerant is sub-
cooled.

The method according to claim 16 for operating the heat
management system (1) for a motor vehicle according to any

one of claims 3 to 15, characterised in that the coolant, before

being divided into coolant partial mass flows, is conducted from a
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conveying device (8) through a valve arrangement (9) formed as
a switching means to a first coolant connection (4a), operated as
an inlet, of a heat exchanger unit (4) and, before flowing through
the heat exchanger unit (4), is divided into the first coolant
partial mass flow and the second coolant partial mass flow, and
in that the coolant, after mixing the coolant partial mass flows,

is conducted from a second coolant connection (4b), operated

as an outlet, of the heat exchanger unit (4) through the valve
arrangement (9) to a coolant unit (7).

[Claim 18] The method according to claim 17, characterised in that the valve
arrangement (9) is arranged in a first switching position such that
the coolant is conducted from a first connection (9-1) operated
as an inlet and connected via a connecting line to the conveying
device (8) to a third connection (9-3) operated as an outlet and
connected via a connecting line to the first coolant connection (4a)
of the heat exchanger unit (4), and from a fourth connection (9-4)
operated as an inlet and connected via a connecting line to the
second coolant connection (4b) of the heat exchanger unit (4) to a
second connection (9-2) operated as an outlet and connected via a
connecting line to a coolant unit (7).

[Claim 19] A method for operating a heat management system (1) for a motor
vehicle in a heating mode for conditioning the supply air of a
passenger compartment, in particular for heating the supply air of
the passenger compartment, having the following steps:

- dividing a coolant circulating in a high-temperature coolant
circuit (6) into a first coolant partial mass flow and a second
coolant partial mass flow,

- conducting the first coolant partial mass flow through a
condenser/gas cooler (4-1) and the second coolant partial mass
flow through a sub-cooler (4-3), wherein the coolant partial mass
flows flow through the condenser/gas cooler (4-1) and the sub-
cooler (4-3) in parallel and in the same direction,

- mixing the coolant partial mass flows after flowing through
the condenser/gas cooler (4-1) and the sub-cooler (4-3) and
conducting the coolant through a switching means to a coolant
unit (7) from which the coolant is drawn in by the conveying
device (8), and
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- conducting a refrigerant circulating in a refrigerant circuit (2)
through the condenser/gas cooler (4-1) in a co-current to the first
coolant partial mass flow, wherein the refrigerant is heated and
condensed, and

- conducting the refrigerant flowing out of the condenser/gas
cooler (4-1) through the sub-cooler (4-3) in a counter-current to
the second coolant partial mass flow, wherein the refrigerant is
sub-cooled.

The method according to claim 19 for operating the heat
management system (1) for a motor vehicle according to any
one of claims 3 to 15, characterised in that the coolant, before
being divided into coolant partial mass flows, is conducted

from a conveying device (8) through a valve arrangement (9)
formed as a switching means to a second coolant connection
(4b), operated as an inlet, of a heat exchanger unit (4) and, before
flowing through the heat exchanger unit (4), is divided into the
first coolant partial mass flow and the second coolant partial mass
flow, and in that the coolant, after mixing the coolant partial flow
mass, is conducted from a first coolant connection (4a), operated
as an outlet, of the heat exchanger unit (4) through the valve
arrangement (9) to a coolant unit (7).

The method according to claim 20, characterised in that the
valve arrangement (9) is arranged in a second switching position
such that the coolant is conducted from a first connection (9-1)
operated as an inlet and connected via a connecting line to the
conveying device (8) to a fourth connection (9-4) operated as

an outlet and connected via a connecting line to the second
coolant connection (4b) of the heat exchanger unit (4), and from
a third connection (9-3) operated as an inlet and connected via

a connecting line to the first coolant connection (4a) of the heat
exchanger unit (4) to a second connection (9-2) operated as an

outlet and connected via a connecting line to a coolant unit (7).
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