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(57) The invention relates to a cooling device (1) for comprises at least one thermoacoustic heat pump (11)

a vehicle, the cooling device (1) comprising at least one
thermoacoustic converter (8) configured to convert waste
heat (10) from at least one first component (2) of the
vehicle into atleast one acoustic waves (9) and to provide
the acoustic waves (9). The cooling device (1) further
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configured to receive the acoustic waves (9) and to use
the received acoustic waves (9) to cool at least one cool-
ing fluid (12) for cooling at least one second component
(6) of the vehicle.
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Description

[0001] The invention relates to a cooling device for a
vehicle, in particular a motor vehicle. The invention also
relates to a vehicle, in particular a motor vehicle.

[0002] EP 1201906 A2shows anexhaust heatenergy
recovery system for an internal combustion engine,
wherein in a stack of a sound wave generating portion
provided at one end portion of a resonance pipe is dis-
posed adjacently to an exhaust gas clarification catalytic
converter intermediately disposed in an exhaust system
of the internal combustion engine. JP 2010 286 203 A
shows a thermoacoustic engine. Moreover, JP 2011 002
152 A shows a loop tube-type thermoacoustic engine.
[0003] Itis an object of the presentinvention to provide
a cooling device for a vehicle as well as a vehicle such
that a particularly efficient operation of the vehicle may
be realized.

[0004] This objectis solved by a cooling device having
the features of patent claim 1 and a vehicle having the
features of patent claim 11. Advantageous embodiments
with expedient developments of the invention are indi-
cated in the other patent claims.

[0005] A first aspect of the present invention relates to
a cooling device for a vehicle, in particular a motor vehi-
cle. Preferably, the vehicle is configured as a passenger
vehicle. Thus, in a completely assembled state of the
vehicle, the vehicle comprises the cooling device. The
cooling device comprises at least one thermoacoustic
converter which is also referred to as a thermoacoustic
transducer or a first thermoacoustic engine. The ther-
moacoustic converter is configured to convert waste heat
from at least one first component of the vehicle into
acoustic waves. The acoustic waves are also referred to
as sound waves. Thus, in the completely assembled
state of the vehicle, the vehicle comprises the first com-
ponent. The first component is configured to provide said
waste heat. In other words, in particular during an oper-
ation of the first component, the first component provides
said waste heat. For example, the thermoacoustic con-
verter is configured to receive the waste heat. For exam-
ple, the waste heatis transferred from the first component
to the thermoacoustic converter by a transfer medium
which may be configured as afluid or a gas. Forexample,
the transfer medium may at least comprise water. For
example, the waste heat provided by the first component
may be transferred, in particular via a transfer heat ex-
changer, from the first component to the transfer medium
which may flow through the transfer heat exchange.
Thus, the transfer medium is heated. For example, the
heated transfer medium is guided, in particular by at least
one duct, to the thermoacoustic converter. Thus, the
transfer medium can flow through said duct. Forexample,
the thermoacoustic converter may receive the transfer
medium and thus said waste heat transported by the
transfer medium to the thermoacoustic converter. The
thermoacoustic converter is configured to use the waste
heat, in particular from the transfer medium, to generate
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said acoustic waves. Moreover, the thermoacoustic con-
verter is configured to provide the acoustic waves. In oth-
er words, during an operation of the cooling device, the
first component provides the waste heat which, for ex-
ample, is transferred to the thermoacoustic converter.
During said operation of the cooling device, the thermoa-
coustic converter converts the waste heat provided by
the first component into acoustic waves which are pro-
vided by the thermoacoustic converter during said oper-
ation of the cooling device.

[0006] Moreover, the cooling device according to the
present invention comprises at least one thermoacoustic
heat pump which is also referred to as a second ther-
moacoustic engine. The thermoacoustic heat pump is
configured to receive the acoustic waves provided by the
thermoacoustic converter. For example, the acoustic
waves provided by the thermoacoustic converter may be
guided, in particular from the thermoacoustic converter,
to the thermoacoustic heat pump by at least one duct
element in which, for example, the acoustic waves may
propagate. Moreover, for example, a working fluid such
as, for example, a working gas may be received or ar-
ranged in said duct element, wherein, for example, the
acoustic waves provided by the thermoacoustic convert-
er are guided to the thermoacoustic heat pump by said
working fluid. Furthermore, the thermoacoustic heat
pump is configured to use the received acoustic waves
(i.e. the acoustic waves provided by the thermoacoustic
converter and received by the thermoacoustic heat
pump) to cool at least one cooling fluid for cooling at least
one second component of the vehicle. Thus, forexample,
in the completely assembled state of the vehicle, the ve-
hicle also comprises the second component which may
be arranged at a distance from the first component. Thus,
for example, the components are configured as sepa-
rately manufactured components which are spaced away
from each other. For example, during said operation of
the cooling device, the cooling fluid cooled by the ther-
moacoustic heat pump is guided to the second compo-
nent. Moreover, for example, heat may be transferred
from the second component to the cooling fluid, in par-
ticular via a cooling heat exchanger, thereby cooling the
second component. In other words, in particular during
said operation of the cooling device, the thermoacoustic
heat pump receives the acoustic waves provided by the
thermoacoustic converter such that the thermoacoustic
heat pump is driven or operated by the acoustic waves.
By driving or operating the thermoacoustic heat pump by
the acoustic waves, the cooling fluid is cooled such that
the cooling fluid is cooled by the thermoacoustic heat
pump. Thus, the cooling device according to the present
invention may efficiently use the waste heat to cool the
cooling fluid and thus the second component such that,
for example, the second component may be operated in
a particularly efficient and effective way. Alternatively or
additionally, excessive wear and/or excessive load of the
second component may be avoided. Thus, by the inven-
tion, the waste heat which, in conventional solutions, is
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lost unused may be used such that a particularly energy-
efficient operation of the cooling device and the vehicle
may be realized. Thus, excessive energy consumption
and thus excessive CO2 emissions of the vehicle may
be avoided.

[0007] In an advantageous embodiment of the inven-
tion, the thermoacoustic converter and the thermoacous-
tic heat pump are spaced away from each other. In other
words, the thermoacoustic converter and the thermoa-
coustic heat pump are configured as separately manu-
factured, in particular single, components which are
spaced away from each other. This means the thermoa-
coustic converter and the thermoacoustic heat pump are
not the same component. Thus, a particularly efficient
and effective operation of the cooling device may be re-
alized.

[0008] Preferably, the cooling device comprises the
first component.

[0009] In a further particularly advantageous embodi-
ment of the invention, the first component comprises an
internal combustion engine configured to drive the vehi-
cle. This means, in the completely assembled state of
the vehicle, the vehicle comprises the internal combus-
tion engine which is configured to drive the vehicle. In
order to drive the vehicle by the internal combustion en-
gine, for example, the internal combustion engine is op-
erated in its fired operation. In said fired operation, com-
bustion processes occur or take place in the internal com-
bustion engine, in particular in at least one combustion
chamber of the internal combustion engine. In the re-
spective combustion process, a mixture comprising at
least fuel and air is burned in the internal combustion
engine thereby producing exhaust gas of the internal
combustion engine. Thus, in particular during the fired
operation which is also referred to as a fired mode, the
internal combustion engine is hot and/or heated and may
provide said waste heat. In particular, said waste heat
may be contained in the exhaust gas. In this regard, the
cooling device according to the present invention may
efficiently and effectively use the waste heat, in particular
in the exhaust gas, to cool the second component such
that a particularly energy-efficient operation of the vehicle
may be realized.

[0010] Preferably, the vehicle may be configured as a
hybrid vehicle, in particular as a hybrid electric vehicle
(HEV). For example, the hybrid vehicle may be config-
ured as a plug-in hybrid electric vehicle (PHEV), a strong
HEV or a mild HEV. Thus, in the completely assembled
state of the vehicle, the vehicle comprises the internal
combustion engine and at least one electric machine
which is configured to drive the vehicle. For example, the
vehicle may be driven by the electric machine without
the help of the internal combustion engine (i.e. whilst the
combustion engine is switched off). Thus, for example,
a purely electric drive of the vehicle may be realized, in
particular by driving the vehicle by the electric machine.
Alternatively or additionally, the vehicle may be driven
simultaneously by the combustion engine and by the
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electric machine. This means that the combustion engine
provides at least one first torque and, in particular simul-
taneously, the electric machine provides at least one sec-
ond torque such that the vehicle is driven by the first and
second torques. In order to drive the vehicle by the elec-
tric machine, the electric machine is operated in a motor
mode and thus as an electric motor. Thus, for example,
the electric machine is also referred to as an electric mo-
tor. The electric motor may assist an operation of the
internal combustion engine. In other words, the electric
motor may support or assist the internal combustion en-
gine in driving the vehicle such that, for example, the
vehicle is simultaneously driven by the electric machine
and the internal combustion engine. Thus, an energy
consumption and thus CO2 emissions of the vehicle may
be kept particularly low.

[0011] Preferably, the electric machine may be config-
ured as a high voltage component having an electric volt-
age, in particular an electric nominal voltage or an electric
operating voltage, wherein, for example, the electric volt-
age is higher than 50 volts, in particular higher than 60
volts. Preferably, the electric voltage of the electric ma-
chine is several hundred volts such that particularly high
electric power for driving the vehicle may be realized.
[0012] In order to operate the electric machine in its
motor mode, the electric machine is supplied with elec-
trical energy, in particular electrical current. For this pur-
pose, preferably, the vehicle, in its completely assembled
state, comprises at least one energy storage configured
to store and provide electrical energy, in particular elec-
trical current, for operating the electric machine for driving
the vehicle (i.e. for operating the electric machine in said
motor mode). Preferably, the energy storage is config-
ured as a high voltage component having an electric volt-
age, in particular an electrical operating voltage or an
electrical nominal voltage, wherein, preferably, the elec-
tric voltage of the energy storage is higher than 50 volts,
in particular higher than 60 volts. Preferably, the electric
voltage of the energy storage is several hundred volts
such that a particularly high electric power for, in partic-
ular electrically, driving the vehicle may be realized. For
example, the energy storage may be configured as a
battery such as, for example, a lithium-ion battery (LIB).
Moreover, preferably, the energy storage is configured
to store the electrical energy electrochemically.

[0013] In a particularly advantageous embodiment of
the invention, the first component comprises said energy
storage configured to store and provide the electrical en-
ergy for operating the electric machine for driving the
vehicle. Thus, a particularly efficient operation of the cool-
ing device and thus the vehicle may be realized. Thus,
in said embodiment, the waste heat is provided by the
energy storage. Whilst, in conventional solutions, the
waste heat provided by the energy storage is lost unused,
by the invention, the waste heat provided by the energy
storage may be used to cool the second component.
[0014] In a further advantageous embodiment of the
invention, the cooling device comprises the second com-



5 EP 4 043 704 A1 6

ponent.

[0015] In order to realize a particularly efficient opera-
tion of the cooling device and the vehicle, in a further
embodiment of the invention, the second component
comprises the energy storage. Thus, the cooling fluid
may be used to cool the energy storage. In other words,
for example, the waste heat provided by the first compo-
nent, in particular by the internal combustion engine, may
be used to cool the energy storage such thata particularly
energy-efficient operation may be realized. Thus, by the
invention, a particularly advantageous thermal manage-
ment of the energy storage may be realized. Particularly,
the invention is based on the following considerations
and insights: hybrid vehicles, in particular hybrid electric
vehicles, comprise an internal combustion engine and at
least one electric machine which may assist the internal
combustion engine in driving the vehicle. For example,
the hybrid vehicle may be purely electrically driven by
the electric machine which may be supplied with electri-
cal energy by an energy storage such as a battery. As
such batteries, lithium-ion batteries have been widely
employed. Conventionally, athermal management of the
vehicle is provided to keep the energy storage in an ad-
vantageous temperature range. In other words, the ther-
mal management is configured to keep a temperature of
the energy storage in an advantageous range. Thus, a
long life with a high performance of the energy storage
may be realized as the performance ofthe energy storage
may degrade significantly when the energy storage is
exposed to excessively high or low temperatures. Con-
ventionally, measures of the thermal management use
electrical energy whichresultsin a reduction of an electric
driving range over which the vehicle can be driven elec-
trically. The above-mentioned problems and disadvan-
tages may be avoided by the invention which may use
the waste heat to cool the second component such as
said energy storage. Thus, excessive high temperatures
of the energy storage may be avoided without using an
excessive amount of the electrical energy stored in the
energy storage for cooling the second component, in par-
ticular the energy storage.

[0016] Athermoacoustic engine may produce acoustic
waves or sound waves from a difference in temperature.
Moreover, a temperature difference may be created by
acoustic waves by using the thermoacoustic effect. The
invention uses the thermoacoustic effect in such a way
that the thermoacoustic converter converts the waste
heat provided by the first component into the acoustic
waves. The thermoacoustic heat pump is operated or
driven by the acoustic waves such that the thermoacous-
tic heat pump uses the acoustic waves to cool the cooling
fluid and thus the second component. By introducing the
cooling device according to the present invention to a
vehicle such as a hybrid vehicle, waste heat from the
internal combustion engine may be used to cool the cool-
ing fluid and thus the second component such as the
energy storage. Thus, a temperature of the energy stor-
age may be controlled without consuming an excessive
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amount of electrical energy stored in the energy storage.
[0017] Since the cooling device according to the
present invention uses the thermoacoustic effect to drive
the thermoacoustic heat pump and to cool the cooling
fluid, the cooling device according to the present inven-
tion is also referred to as a thermoacoustic cooler. Com-
pared with traditional energy conversion systems, atleast
the thermoacoustic heat pump, in particular the cooling
device according to the present invention, has no moving
parts (i.e. may be completely free of moving parts). Thus,
the thermoacoustic heat pump or the thermoacoustic
cooler respectively may be particularly robust against
mechanical failures such that the cooling device may
have a particularly high reliability and a particularly low
maintenance frequency. Moreover, the cooling device
according to the present invention may be realized with-
out any gas which may be disadvantageous for the cli-
mate such that a particularly high environmental friend-
liness of the cooling device according to the present in-
vention may be realized.

In order to realize a particularly efficient operation of the
cooling device and thus the vehicle, in a further embod-
iment of the invention, the energy storage is configured
to electrochemically storing the electric energy. Moreo-
ver, preferably, the energy storage may comprise an
electrolyte for providing the electric energy stored in the
energy storage. In other words, said electrolyte is at least
used to provide the electrical energy stored in the energy
storage. Particularly, the electrolyte is used to transport
charge carriers between electrodes of the energy storage
which may be configured as an accumulator.

[0018] Inthisregard, preferably, the electrolyte is a sol-
id, in particular all-solid, electrolyte such that, preferably,
the energy storage may be completely free of a liquid
electrolyte for providing the electrical energy (i.e. for
transporting charge carriers between the electrodes of
the energy storage). For example, the solid electrolyte
may be configured as an organic solid electrolyte such
as, for example, a polymer electrolyte, a gel electrolyte
with organic solvents. Moreover, for example, the solid
electrolyte may be configured as an inorganic solid elec-
trolyte such as, forexample, an oxide electrolyte, s sulfide
electrolyte, a hydride electrolyte. From viewpoints of the
performance (ionic conductivity) and processability,
sulfide electrolytes are most preferable. However, as
they may be chemically unstable in ambient air, oxide
electrolytes are also preferable, though the ionic conduc-
tivity is lower than that of sulfide electrolytes.

[0019] In a particularly advantageous embodiment of
the invention, the second component comprises the in-
terior of the vehicle. Thus, for example, in a completely
assembled state of the vehicle, the vehicle comprises a
structure which may be configured as a self-supporting
body which is also referred to as self-supporting body-
work. The interior of the vehicle is bound by said struc-
ture, wherein persons may be, in particular, sitin the ve-
hicle while the vehicle is in motion. Thus, preferably, the
waste heat is used to cool the interior such that a partic-
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ularly efficient operation of the vehicle may be realized.
For example, the cooling fluid cooled by the thermoa-
coustic heat pump may be introduced into the interior (i.
e. may flow into the interior) such that the interior may
be efficiently cooled by the cooling fluid.

[0020] Alternatively or additionally, the second compo-
nent comprises atleast one heat exchanger, in particular
of an air conditioning device of the vehicle. The heat ex-
changer is configured to transfer heat from air to the cool-
ing fluid thereby cooling the air. In this regard, the air
conditioning device is configured to introduce the cooled
air into the interior of the vehicle thereby cooling the in-
terior of the vehicle. For example, both the air and the
cooling fluid may flow through the heat exchanger such
that the air may be cooled via the heat exchanger by the
cooling fluid. Subsequently, the cooled air may flow into
the interior (i.e. may be introduced into the interior). Thus,
a particularly energy-efficient cooling of the interior may
be realized.

[0021] Alternatively or additionally the second compo-
nent may comprise said electric machine configured to
drive the vehicle. Thus, the electric machine may be
cooled and thus operated particularly efficiently. Since,
during an operation of the electric machine driving the
vehicle, the electric machine may become warm. Thus,
in order to avoid excessive temperatures of the electrical
machine and in order to realize a particularly high per-
formance of the electric machine, cooling the electric ma-
chine is advantageous.

[0022] Alternatively or additionally, the second compo-
nent may comprise an electronic control unit which is
also referred to as a battery management unit (BMU) or
a battery management system (BMS). The electronic
control unit is configured to control a charging procedure
for charging the energy storage. During the charging pro-
cedure (i.e. during charging the energy storage) electrical
energy stored in the energy storage. By cooling the BMU,
excessive temperatures of the BMU may be avoided and
thus a particularly high performance of the BMU may be
realized.

[0023] Alternatively or additionally, the second compo-
nent may comprise a charging device, in particular an
onboard charging device which is also referred to as an
onboard charger (OBC). This means the vehicle, in its
completely assembled state, comprises the charging de-
vice which is a component of the vehicle. The charging
device is used to charge the energy storage such as, for
example, the energy storage is charged via the charging
device (OBC) during said charging procedure. By cooling
the OBC, excessive temperatures of the OBC may be
avoided and thus a particularly high performance of the
OBC may be realized.

[0024] In a further advantageous embodiment of the
invention, the cooling fluid is a gas which is also referred
to as a cooling gas. For example, the gas may comprise
at least air such that the cooled cooling fluid may be
cooled air. Thus, a particularly efficient operation can be
realized in a particularly cost-effective way.
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[0025] Alternatively, the cooling fluid may be a liquid
which may comprise at least water. Thus, the second
component may be cooled in a particularly efficient way.
[0026] Preferably, the cooling gas is a gas different
from the exhaust gas of the engine. In other words, the
cooling gas is not the exhaust gas of the engine such
that the second component may be cooled in a particu-
larly advantageous way.

Further thoughts and insights on which the invention is
based are that a high energy density of the energy stor-
age is advantageous to realize a high driving range over
which the vehicle may be driven by the electric machine.
However, another effective strategy to realize a particu-
larly high driving range is to keep the consumption of the
electrical energy stored in the energy storage particularly
low. In particular, the latter may be realized by the inven-
tion. Moreover, conventionally, energy storages such as
lithium-ion batteries comprise a liquid electrolyte. Pref-
erably, according to the present invention, the energy
storage is configured as an all-solid battery, in particular
as an all-solid lithium-ion battery which is free of a liquid
electrolyte used to transport charge carriers between
electrodes of the energy storage. Preferably, the electro-
lyte of the energy storage is solid. It has been found that
a solid electrolyte has a much higher thermal stability
than a liquid electrolyte, and an all-solid energy storage
may have a better performance at high temperatures for
a long time without degradation in comparison with an
energy storage having a liquid electrolyte. Therefore,
measures of the thermal management for the energy
storage can be simplified, resulting in more energy-effi-
cient operation of the vehicle. Furthermore, the cooling
device according to the present invention is an energy-
saving cooling system such thata particularly high driving
range may be realized.

[0027] Preferably, excessive oscillating temperature
differences of the cooling device may be avoided by at
least one measure. In other words, the first component
with low temperature waste heat may be used to drive
the cooling device. Said measure may comprise that air,
in particular humid air, is used as said working fluid. In
other words, preferably, said working fluid may be con-
figured as a working gas which may be configured as air,
in particular humid air. Alternatively or additionally, the
measure may comprise introducing a resonant tube to a
main loop pipe in which, for example, the acoustic waves
may propagate. Thus, for example, the thermoacoustic
converter and the thermoacoustic heat pump may be ar-
ranged in said main loop pipe which may comprise said
duct element. Alternatively or additionally, the measure
may comprise introducing a reduced diameter area in
the main loop pipe such that, for example, at least one
first length area of the main loop pipe may have a first
diameter which may be smaller than second diameters
of second length areas of the main loop pipe, wherein
the first length area is arranged between the second
length areas.

[0028] A secondaspectofthe presentinventionrelates
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to a vehicle which may be configured as a motor vehicle.
Preferably, the vehicle is configured as a passenger ve-
hicle. According to the second aspect of the present in-
vention, the vehicle comprises a cooling device accord-
ing to the first aspect of the present invention. In other
words, the vehicle according to the second aspect of the
presentinvention comprises a cooling device which com-
prises at least one thermoacoustic converter configured
to convert waste heat from at least one first component
of the vehicle into acoustic waves and to provide the
acoustic waves. Moreover, the cooling device comprises
at least one thermoacoustic heat pump configured to re-
ceive the acousticwaves and to use the received acoustic
waves to cool at least one cooling fluid for cooling at least
one second component of the vehicle. Advantages and
advantageous embodiments of the first aspect of the
present invention are to be regarded as advantages and
advantageous embodiments of the second aspect of the
present invention and vice versa.

[0029] Further details of the invention will be apparent
from the following description of a preferred embodiment
with the accompanying drawing. The drawing shows in
Fig. 1 a schematic view of a cooling device according to
the present invention.

[0030] Fig. 1 shows, in a schematic view, a cooling
device 1 for a vehicle. Thus, in a completely assembled
state of the vehicle, the vehicle comprises the cooling
device 1. In the embodiment shown in Fig. 1, the vehicle
is configured as a motor vehicle. Preferably, the vehicle
is configured as a passenger vehicle. In its completely
assembled state, the vehicle comprises at least one first
component 2 which may be a part of the cooling device
1. The first component 2 comprises an internal combus-
tion engine 3 which is particularly schematically shown
in Fig. 1. The internal combustion engine 3 (ICE) is con-
figured to drive the vehicle in a fired mode or a fired op-
eration of the internal combustion engine 3. During the
fired operation, combustion processes take place in com-
bustion chambers 4 of the internal combustion engine 3.
The respective combustion chamber 4 may be bound by
a respective cylinder of the internal combustion engine
3. In the respective combustion process, a mixture of air
and fuel is burned thereby producing exhaust gas of the
internal combustion engine 3. The exhaust gas compris-
es heat which is also referred to as waste heat of the
internal combustion engine 3. The exhaust gas is guided
out of the respective combustion chamber 4 such that
the internal combustion engine 3 and thus the first com-
ponent 2 provide the exhaust gas and thus said waste
heat.

[0031] In the embodiment shown in Fig. 1, the vehicle
is configured as a hybrid vehicle. This means the vehicle
also comprises at least one electric machine 5 which is
particularly schematically shown in Fig. 1. The electric
machine 5 may be operated in a motor mode and thus
as an electric motor by which the vehicle may be electri-
cally driven. Moreover, the vehicle further comprises at
least one second component 6 which comprises at least
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one energy storage 7. For example, the energy storage
7 is a battery, in particular a high voltage battery. The
energy storage 7 is configured to electrochemically store
electrical energy (i.e. electric current). Moreover, the en-
ergy storage 7 is configured to provide the electrical en-
ergy storedinthe energy storage 7. Moreover, the electric
machine 5 is configured to receive the electrical energy
provided by the energy storage 7. Thus, the electric ma-
chine 5 may be supplied with the electrical energy stored
inthe energy storage 7. By supplying the electric machine
5 with the electrical energy stored in and provided by the
energy storage 7, the electric machine 5 may be or is
operated in said motor mode.

[0032] In order to realize a particularly energy-efficient
operation of the vehicle, the cooling device 1 comprises
at least one thermoacoustic converter 8 configured to
convert the waste heat provided by the first component
2 into acoustic waves illustrated by an arrow 9. As illus-
trated by the arrow 9, the thermoacoustic converter 8 is
also configured to provide the acoustic waves generated,
from the waste heat, by the thermoacoustic converter 8.
As illustrated by an arrow 10, the waste heat is provided
by the first component 2. Moreover, for example, the ther-
moacoustic converter 8 is configured toreceive the waste
heat.

[0033] Moreover, the cooling device 1 comprises at
least one thermoacoustic heat pump 11 which is config-
ured to receive the acoustic waves provided by the ther-
moacoustic converter 8. Moreover, the thermoacoustic
heat pump 11 is configured to use the received acoustic
waves to cool at least one cooling fluid for cooling the
second component 6 and thus the energy storage 7. The
cooling fluid is also referred to as a refrigerant. For ex-
ample, the cooling fluid, in particular the cooled cooling
fluid, is illustrated by an arrow 12. Thus, for example the
thermoacoustic heat pump 11 is configured to provide
the cooled cooling fluid. For example, the second com-
ponent 6 is configured to receive the cooled cooling fluid
such that the second component 6 may be cooled by the
cooled cooling fluid.

[0034] As shown in Fig. 1, the cooling device 1 may
comprise a loop pipe 13 which is also referred to as a
main loop pipe. The thermoacoustic converter 8 and the
thermoacoustic heat pump 11 are arranged in the loop
pipe 13 through or in which the acoustic waves provided
by the thermoacoustic converter 8 may propagate. For
example, the loop pipe 13 comprises at least one duct
element 14 by which the acoustic waves provided by the
thermoacoustic converter 8 are guided, in particular from
the thermoacoustic converter 8, to the thermoacoustic
heat pump 11. Preferably, in the duct element 14, in par-
ticular in the loop pipe 13, a working medium is received
or arranged. Preferably, the working medium is a working
fluid which may be configured as a working gas. The
acoustic waves provided by the thermoacoustic convert-
er 8 are guided, transferred or transported by the working
medium inside the duct element 14, in particular the loop
pipe 13, to the thermoacoustic heat pump 11. Preferably,
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the working medium is air, in particular humid air. As
shown in Fig. 1 and illustrated by the arrow 9 and a further
arrow 15, the acoustic waves may be guided in a circle
by the loop pipe 13 and inside the loop pipe 13. Thus, a
particularly efficient operation of the cooling device 1 may
be realized.

[0035] For example, the thermoacoustic converter 8
may comprise a first heat exchanger 16 through which
the waste heat or the exhaust gas and thus the waste
heat can flow. In other words, a transfer medium, in par-
ticular a transfer fluid, for transporting the waste heat can
flow through the heat exchanger 16. For example, the
transfer medium is the exhaust gas of the internal com-
bustion engine 3. Thus, for example, the waste heat is
contained inthe transfer medium. Via the heat exchanger
16, the heat contained in the transfer medium may be
transferred to the working medium received in the loop
pipe 13 thereby heating the working medium or generat-
ing temperature differences of the working medium ar-
ranged in the loop pipe 13 and thus generating the acous-
tic waves.

[0036] Alternatively oradditionally, the thermoacoustic
heat pump 11 may comprise a second heat exchanger
17 through which the cooling fluid can flow. Via the heat
exchanger 17 or by the heat exchanger 17 the cooling
fluid is cooled by using the acoustic waves and the ther-
moacoustic effect. In other words, the thermoacoustic
heat pump 11 uses the acoustic waves provided by the
thermoacoustic converter 8 to cool the cooling fluid flow-
ing through the thermoacoustic heat pump 11, in partic-
ular the heat exchanger 17. Thus, the thermoacoustic
heat pump 11 may provide the cooled cooling fluid by
which the second component 6, in particular the energy
storage 7, may be cooled. Thus, an excessive use of
electrical energy stored in the energy storage 7 for cool-
ing the second component 6 may be avoided such that
a particularly high range over which the vehicle may be
electrically driven by the electric machine 5 may be re-
alized.

List of reference signs

[0037]

1 cooling device

2 first component

3 internal combustion engine
4 combustion chamber

5 electric machine

6 second component

7 energy storage

8 thermoacoustic converter
9 arrow

10 arrow

11 thermoacoustic heat pump
12 arrow

13  loop pipe

14  duct element
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15  arrow
16  first heat exchanger
17  second heat exchanger

Claims

1. A cooling device (1) for a vehicle, the cooling device
(1) comprising:

- at least one thermoacoustic converter (8) con-
figured to convert waste heat (10) from at least
onefirstcomponent (2) of the vehicle into atleast
one acoustic waves (9) and to provide the
acoustic waves (9), and

- at least one thermoacoustic heat pump (11)
configured to receive the acoustic waves (9) and
to use the received acoustic waves (9) to cool
at least one cooling fluid (12) for cooling at least
one second component (6) of the vehicle.

2. The cooling device (1) according to claim 1,
wherein the thermoacoustic converter (8) and the
thermoacoustic heat pump (11) are spaced away
from each other.

3. The cooling device (1) according to claim 1 or 2,
wherein the cooling device (1) comprises the first
component (2).

4. The cooling device (1) according to claim 3,
wherein the first component (2) comprises an inter-
nal combustion engine (3) configured to drive the
vehicle.

5. The cooling device (1) according to claim 3,
wherein the first component (2) comprises an energy
storage (7) configured to store and provide electrical
energy for operating an electric machine (7) for driv-
ing the vehicle.

6. The cooling device (1) according to any one of the
preceding claims,
wherein the cooling device (1) comprises the second
component (6).

7. The cooling device (1) according to claim 6,
wherein the second component (6) comprises an en-
ergy storage (7) configured to store and provide elec-
trical energy for operating an electric machine (5) for
driving the vehicle.

8. The cooling device (1) according to claim 5 or 7,
wherein the energy storage (7) is configured to elec-
trochemically storing the electrical energy and com-
prises a solid electrolyte for providing the electrical
energy.
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9. Thecoolingdevice (1) according to any one of claims
6 to 8,
wherein the second component (6) comprises:

- the interior of the vehicle, and/or 5
- atleast one heat exchanger of an air condition-

ing device of the vehicle, the heat exchanger
being configured to transfer heat from air to the
coolingfluid (12) thereby cooling the air, wherein

the air conditioning device is configured to intro- 70
duce the cooled air into the interior of the vehicle,
and/or

- at least one electric machine (5) configured to
drive the vehicle, and/or

- an electronic control unit configured to control 75
a charging procedure for charging an energy
storage (7) configured to store and provide elec-
trical energy for operating an electric machine

(5) for driving the vehicle, and/or

- a charging device for charging an energy stor- 20
age (7) configured to store and provide electrical
energy for operating an electric machine (5) for
driving the vehicle

10. The cooling device (1) according to any one of the 25
preceding claims,
wherein the cooling fluid (12) is a gas or a liquid.

11. Avehicle comprising a cooling device (1) which com-
prises: 30

- at least one thermoacoustic converter (8) con-
figured to convert waste heat (10) from at least

one firstcomponent (2) of the vehicle into acous-

tic waves (9) and to provide the acoustic waves 35
(9), and

- at least one thermoacoustic heat pump (11)
configured to receive the acoustic waves (9) and

to use the received acoustic waves (9) to cool

at least one cooling fluid (12) for cooling atleast 40
one second component (6) of the vehicle.

45

50

55
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