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(57) ABSTRACT 

The invention discloses the multistage cooling of an aircraft 
electronic system (2) with at least one electronic component 
which delivers heat. The multistage feature results from the 
use of a plurality of circuits for transferring the waste heat. An 
internal coolant (14) circulating in a closed circuit which is 
thermally coupled to the electronic component carries heat 
from the at least one electronic component to a heat 
exchanger (6) which delivers the heat to an external coolant 
which flows and/or circulates from a source outside of the 
aircraft electronic system (2) through the heat exchanger (6) 
to a sink outside of the aircraft electronic system (2). The 
internal coolant flows from the heat exchanger (6) in the 
direction of the at least one electronic component and/or 
circulates in a closed circuit. 
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MULTISTAGE COOLING OF ELECTRONIC 
COMPONENTS OF AN AIRCRAFT 

0001. The invention relates to multistage cooling of elec 
tronic components and electronic assemblies, in particular of 
an electronic entertainment system, in an aircraft. 
0002 Electronic entertainment systems are an essential 
part of the comfort provided for an air passenger in modern 
passenger aircraft. The requirements to be met by the enter 
tainment electronics depend on increasingly more efficient 
electronic components, electronic assemblies and computer 
systems. The accompanying high power density results in the 
generation of a continuously increasing amount of waste heat, 
which must be removed in order to ensure that the entertain 
ment electronics can operate over a long period of time. 
0003 Modern electronic systems and, in particular, enter 
tainment systems of an aircraft require such large quantities 
of air for cooling them that these cannot always be removed 
from the Surrounding air-conditioned passenger cabin. In 
order to cool electronic aircraft entertainment systems, long 
air ducts, for example, are used in the prior art in order to 
Supply an appropriate quantity of cold air to the aircraft elec 
tronic system and to remove heated air from the latter. These 
long air ducts are difficult to install in an aircraft, as they must 
have special minimum bend radii and, on account of their 
relatively large cross section, take up space which could be 
used for other aircraft components. 
0004 Also known are cooling systems for the entertain 
ment electronics of an aircraft which draw in air from a bilge 
region or a cargo region in order to cool an entertainment 
system of the aircraft. However these non-air-conditioned 
regions have the disadvantage of depending on the ambient 
air temperature. The temperature of the air in the bilge region 
and in the cargo compartment can rise significantly when the 
aircraft is on the ground. 
0005 Components of the aircraft electronic system may 
be damaged on account of a high operating temperature. 
0006. It is an object of the invention to provide an aircraft 
electronic system with efficient cooling. 
0007. A multistage cooling system for an aircraft elec 
tronic system, in particular an electronic aircraft entertain 
ment system, comprises at least one electronic component 
which delivers heat. The aircraft electronic system also com 
prises a closed circuit which is thermally coupled to the 
electronic component and in which an internal coolant circu 
lates in order to carry heat from the at least one electronic 
component to a heat exchanger. The heat exchanger is 
adapted to deliver the heat with which it is supplied by the 
internal coolant to an external coolant which flows and/or 
circulates from a source outside of the aircraft electronic 
system through the heat exchanger to a sink outside of the 
aircraft electronic system. The closed circuit of the aircraft 
electronic system is configured so that the internal coolant 
flows from the heat exchanger in the direction of the at least 
one electronic component. The at least one component of the 
aircraft electronic system is therefore cooled by a multistage 
cooling system, wherein the heat exchanger can be associated 
with precisely one aircraft electronic system. The multistage 
feature results from the use of a plurality of cooling circuits. 
0008 Generally speaking, it was initially to be expected 
that the use of a multistage cooling system to cool an aircraft 
electronic system would lead to a weight increase of particu 
lar disadvantage in aircraft construction. However it surpris 
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ingly became apparent that, depending on the aircraft size and 
the number of installed aircraft electronic systems, it is even 
possible to achieve a weight reduction, as the long air ducts 
initially mentioned are omitted. The closed internal circuit in 
particular contributes to efficient cooling, which enables the 
refrigerating devices of the aircraft to be of a smaller design. 
0009. As the internal coolant circulates in a closed circuit, 
no dirt is brought into the aircraft electronic system by the 
coolant. This increases the functional reliability of the elec 
tronic aircraft electronic system. Should the aircraft elec 
tronic system malfunction, contamination of the external 
coolant is prevented. The fail safety of other aircraft compo 
nents which are cooled with the external coolant is as a result 
increased. Moreover, the thermal behaviour of the aircraft 
electronic system and the cooling thereof can be tested inde 
pendently of other cooling devices of the aircraft. 
0010. The aircraft electronic system can be disposed in an 
electronics cabinet, a so-called rack. The aircraft electronic 
system can be located in a closed container. The heat 
exchanger can be disposed inside or outside of the container 
for the aircraft electronic system. 
0011. The internal coolant is cooled in the heat exchanger 
by the external coolant which flows through the latter. The 
internal coolant is therefore actively cooled. The closed cir 
cuit of the internal coolant can represent an internal cooling 
circuit. The internal cooling circuit can comprise the heat 
exchanger as the only heat sink. Therefore the internal coolant 
does not pass through an evaporator of a refrigerating 
machine or similar. The external coolant can circulate in a 
closed circuit which can form an external cooling circuit. The 
external coolant can be actively cooled. In the case of a closed 
external cooling circuit a pump or a cooling system for the 
external coolant can be considered both as a source and as a 
sink. 
0012. The internal coolant can beata temperature which is 
different to that of the external coolant. The aircraft electronic 
system can as a result always be kept within a suitable tem 
perature range, irrespective of the temperature of the external 
coolant. Moreover, high temperature gradients within the 
aircraft electronic system on account of a possibly very cold 
external coolant are prevented. 
0013 The closed circuit can be thermally coupled to a 
plurality of electronic components, so that the internal cool 
ant can cool a plurality of electronic components. 
0014. The internal coolant can be gaseous. The internal 
coolant can circulate on the basis of natural convection or on 
the basis of forced convection. The forced convection can be 
produced by a fan, for example. If the internal coolant is 
gaseous, no Smoke can enter the cabin in the event of the 
aircraft electronic system malfunctioning, as the gaseous 
internal coolant circulates in a closed circuit and the aircraft 
electronic system is located in a closed container. 
0015. As the gaseous internal coolant circulates in a closed 
circuit, the formation of condensation water at the electronic 
components and/or inside the aircraft electronic system is 
prevented. The gaseous internal coolant preferably has a low 
air humidity. 
0016. The internal coolant can be liquid and circulate on 
the basis of natural convection or on the basis of forced 
convection. The forced convection can be guaranteed by a 
pump. The liquid coolant can flow around individual compo 
nents, through the printed circuit boards of electronic assem 
blies, and/or coolant can flow completely or partly through 
the container, so that coolant flows around the electronic 
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components. It is in addition possible to dispose electronic 
assemblies on bodies through which liquid flows. The advan 
tage of this lies in the fact that the circuit of the internal 
coolant does not have to be opened when an electronic assem 
bly is to be replaced. Further possibilities for cooling elec 
tronic assemblies which can be employed in the present 
invention are described in DE 10 2006 041 788.7 or the 
corresponding international application, the content of which 
is hereby included by reference. The applicant expressly 
reserves the right to direct an application for protection on a 
combination of the content of this application and the content 
of DE 10 2006 041 788.7. 
0017. The internal coolant can always be in the gaseous or 
in the liquid state when flowing through the cooling circuit. 
However the internal coolant can also change its state from 
gaseous to liquid and vice versa when flowing through the 
cooling circuit. 
0018 Preferably, the circuit of the internal coolant is con 
nectable to a feed line via which a further coolant can be 
supplied from outside into the closed circuit in order to cool 
the at least one electronic component. In other words, the 
circuit of the internal coolant is adapted to be opened in order 
to enable a coolant which is supplied from outside to cool the 
at least one electronic component. Valves can be provided in 
order to open the circuit of the internal coolant. Should the fan 
or the pump of the circuit of the internal coolant fail, no forced 
convection takes place in the aircraft electronic system. This 
can lead to failure of the aircraft electronic system. In this case 
the previously described valves can be opened, so that the 
external coolant, as further coolant, cools the components. A 
further coolant supplied from outside can be used if the exter 
nal coolant or the heat exchanger fails. 
0019. The external coolant can circulate in a circuit which 

is connected to a liquid cooling system in order to cool the 
external coolant. In this case the external coolant can be 
liquid. A liquid external coolant has the advantage that only a 
relatively small cross section is required for the lines of the 
external coolant, as a liquid coolant can remove Substantially 
more heat than a gaseous coolant. A central liquid cooling 
system or a plurality of decentralised liquid cooling systems 
can be provided in the aircraft. 
0020. If the external coolant is liquid, the internal coolant 
can be gaseous or liquid, in which case a liquid coolant is 
preferred, so that, in the event of a failure, the external coolant 
can be used to cool the at least one component. As previously 
mentioned, the internal coolant can be at a higher temperature 
than the external coolant, so that the components of the air 
craft electronic system are within a suitable temperature 
range and high temperature gradients within the aircraft elec 
tronic system are prevented. The air-conditioning system of 
an aircraft could have Smaller dimensions if using a liquid 
cooling system. 
0021. The external coolant can always be in the gaseous or 
in the liquid state when flowing through the cooling circuit. 
However the external coolant can also change its state from 
gaseous to liquid and vice versa when flowing through the 
cooling circuit. 
0022. The liquid external coolant and/or the liquid internal 
coolant can be replaced during operation by water from a 
water system, for example the fresh water system, of the 
aircraft. For this purpose the closed circuit in which the inter 
nal coolant circulates and/or the circuit in which the liquid 
external coolant circulates is connectable to a water system of 
the aircraft. It is as a result possible to compensate for leak 
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ages also during flight, and the electronic devices of the 
aircraft and, in particular, the aircraft electronic system, can 
continue to be operated. Additives can be admixed with the 
water which replaces the internal and/or external coolant. 
0023 The external coolant can be cooled with an adsorp 
tion cooling system. For this purpose the heat exchanger 
through which the external coolant flows is preferably con 
nected to the adsorption cooling system. A plurality of decen 
tralised adsorption cooling systems can be provided in the 
aircraft. DE 10 2006 054560.5 or the corresponding interna 
tional application, the content of which is hereby included by 
reference, discloses an adsorption cooling system for an air 
craft. An adsorption cooling system described therein can be 
used in the present invention. The applicant expressly 
reserves the right to direct an application for protection on any 
desired combination of the content of this application and the 
content of DE 10 2006 054 560.5. 

0024. The external coolant can be fresh water. The fresh 
water can flow from a freshwater tank to a waste water tank. 
The freshwater can also flow from a freshwater tank to a tank 
for heated freshwater. The freshwater can be used as coolant 
in particular, in an emergency if the liquid cooling system or 
the adsorption cooling system for the external coolant has 
failed. The fresh water can be cooled by another cooling 
system after flowing through the heat exchanger and returned 
to the fresh water tank again. Additives for improving the 
cooling properties can be added to the fresh water which is 
used as coolant. The above-mentioned valves can also be 
opened in an emergency, so that the fresh water cools the 
components and/or assemblies of the aircraft electronic sys 
tem directly, provided that the liquid in question is not con 
ductive or the internal circuit is equipped with a plate-shaped 
heat exchanger on which the assemblies are mounted. 
0025. The external coolant can be gaseous. Air can be used 
as the external coolant, for example. If the external coolant is 
gaseous, it is preferable for the internal coolant likewise to be 
gaseous. Should the forced convection of the internal coolant 
fail, in this case the previously described valves can be 
opened, so that the external coolant cools the at least one 
electronic component. The internal coolant can be at a tem 
perature which is different to that of the external coolant. The 
internal coolant can be at a higher temperature than the exter 
nal coolant, so that the electronic components of the aircraft 
electronic system are within the optimum temperature range 
and no excessively high temperature gradients occur within 
the aircraft electronic system. The external coolant can be at 
a higher pressure than the environment. 
0026. The invention also relates to an aircraft electronic 
system with at least one electronic component which delivers 
heat and a closed circuit which is thermally coupled to the 
electronic component and in which an internal coolant circu 
lates in order to carry heat from the at least one electronic 
component to a Peltier element. The closed circuit of the 
aircraft electronic system is configured so that the internal 
coolant flows from the Peltier element in the direction of the 
at least one electronic component. In this aircraft electronic 
system the Peltier element forms the heat exchanger. The 
Peltier element is connected to the electrical power supply of 
the aircraft, so that cold can be generated on the basis of a flow 
of current. 

0027. The invention further relates to an aircraft electronic 
system with at least one electronic component which delivers 
heat and a closed circuit which is thermally coupled to the 
electronic component and in which an internal coolant circu 
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lates in order to carry heat from the at least one electronic 
component to a heat exchanger of a refrigerating machine 
with a compressor, a condenser and an evaporator. The closed 
circuit of the aircraft electronic system is configured so that 
the internal coolant flows from the heat exchanger of the 
refrigerating machine in the direction of the at least one 
electronic component. The external coolant therefore 
changes its state from gaseous to liquid and vice versa. The 
heat exchanger can be the evaporator. The refrigerating 
machine can be associated with one or a plurality of aircraft 
electronic system(s). 
0028 Embodiments of the invention and cooled aircraft 
electronic systems are illustrated by way of example in the 
following with reference to the accompanying drawings. 
0029. The applicants expressly reserves the right to direct 
an application for protection on any cooled aircraft electronic 
system which is described in the following. The applicant also 
reserves the right to direct an application for protection on a 
combination of the aircraft electronic systems which are 
described in the following or the cooling thereof. 
0030. In the drawings: 
0031 FIG. 1 shows an electronic aircraft entertainment 
system which is cooled with an actively cooled airstream; 
0032 FIG. 2 shows an embodiment of the invention in 
which the electronic aircraft entertainment system comprises 
a closed internal coolant circuit which contains air, 
0033 FIG. 3 shows an embodiment of the invention in 
which the closed circuit of the internal coolant can be opened 
in order that the electronic aircraft entertainment system can 
be cooled with a coolant which is supplied from outside; 
0034 FIG. 4 shows an embodiment of the invention in 
which the internal coolant is liquid and assemblies of the 
electronic aircraft entertainment system are disposed on 
plate-shaped heat exchangers; 
0035 FIG.5 shows an embodiment of the invention with a 
heat exchanger wherein the internal coolant is liquid; 
0.036 FIG. 6 shows an embodiment of the invention in 
which the external coolant is cooled by a liquid cooling sys 
tem; 
0037 FIG. 7 shows an embodiment of the invention in 
which the external coolant is cooled by an adsorption cooling 
system; 
0038 FIG. 8 shows an embodiment of the invention in 
which the external coolant is fresh water; 
0039 FIG. 9 shows an embodiment of the invention in 
which the external coolant can be replenished with water 
during operation; 
0040 FIG. 10 shows an embodiment of the invention in 
which the internal coolant can be replenished with water; 
0041 FIG. 11 shows an embodiment of the invention in 
which a Peltier element replaces the heat exchanger; and 
0.042 FIG. 12 shows an embodiment in which the internal 
coolant is cooled with a refrigerating machine. 
0043. The cooling of an aircraft electronic system is now 
described in greater detail using the example of an electronic 
aircraft entertainment system. It is understood that the teach 
ing described in the following can be employed in any aircraft 
electronic system. 
0044 FIG. 1 shows an electronic aircraft entertainment 
system 2 (IFE: In flight Entertainment System) which is 
cooled by an airstream 8, 10, 12. A fan 16 draws in air 8 from 
the environment and Supplies it to a heat exchanger 6. The air 
8 which is drawn in is the internal coolant. The heat exchanger 
6 is connected to a cooling system via a connection 4. An 
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external coolant, which can be gaseous or liquid, is Supplied 
to the heat exchanger 6 via the connection 4. The air 8 which 
is supplied to the heat exchanger 6 by the fan 16 is delivered 
as cooled air 10 and flows into the electronic aircraft enter 
tainment system 2. As it cools the electronic components of 
the aircraft entertainment system the air warms up and leaves 
the aircraft entertainment system 2 as relatively warm outlet 
air 12. The temperature of the air 10 leaving the heat 
exchanger 6 is lower than the temperature of the air 8 which 
is drawn in as well as the temperature of the outlet air 12 
leaving the aircraft entertainment system 2. 
004.5 FIG. 2 shows an embodiment of the invention in 
which an internal coolant 14 circulates in a closed circuit. The 
internal coolant 14 is air, although any other desired gaseous 
coolant can be used. The fan 14 provides forced convection. 
The heat exchanger 6 cools the internal coolant before it 
enters the electronic aircraft entertainment system 2. 
0046. The electronic aircraft entertainment system 2 com 
prises a closed container or a closed housing in order to 
minimise the loss of internal coolant 14. It is possible to 
pressurise the internal coolant 14 to a pressure which is higher 
than ambient pressure. The heat exchanger 6 is connected via 
a connection 4 to a cooling system which Supplies an external 
coolant. The external coolant can be gaseous or liquid. 
0047. The temperature of the internal coolant 14 can be in 
a range which is different to that of the external coolant. The 
components of the aircraft electronic system 2 can as a result 
be kept within a suitable temperature range, irrespective of 
the temperature of the external coolant. The internal coolant 
14 preferably has a low moisture content. 
0048. This embodiment of the invention has the advantage 
of preventing condensation water from precipitating. This 
embodiment of the invention also has the advantage of no dirt 
being brought into the electronic aircraft entertainment sys 
tem 2 by the internal coolant 14, as the internal coolant 14 
circulates in a closed circuit. If Smoke is produced on account 
of the electronic aircraft entertainment system 2 malfunction 
ing, this cannot enter the cabin, as the Smoke remains in the 
closed circuit of the internal coolant. The passengers of the 
aircraft are consequently not alarmed by the possible devel 
opment of Smoke. 
0049 FIG. 3 shows an embodiment of the invention in 
which the circuit of the internal coolant can be opened. If the 
fan 16, the flow of the external coolant or the cooling of the 
external coolant fails, so that there is no cooled external 
coolant at the connection 4 of the heat exchanger 6, valves 5a 
and 5b are switched so that a further coolant stream with a 
coolant 14a, 14b supplied from outside flows through the 
electronic aircraft entertainment system 2. In the embodiment 
which is shown in FIG. 3 the internal coolant is gaseous and 
the coolant which is Supplied from outside must consequently 
also be gaseous. It is also possible to dispose the valves 5a and 
5b so that the external coolant flows through the electronic 
aircraft entertainment system 2. However this arrangement 
has no redundancy in the case of a failure where the flow of the 
external coolant or the cooling of the external coolant fails. 
0050. If the internal coolant is gaseous, the previously 
described fan, the heat exchanger 6 and the connection 4. 
described previously in connection with FIGS. 1 to 3, of the 
heat exchanger 6 can be formed integrally as a unit. This unit 
can be disposed in the aircraft entertainment system 2. 
0051 FIG. 4 shows a liquid-cooled electronic aircraft 
entertainment system 2. Liquid coolant is Supplied to the 
aircraft entertainment system 2 via a connection 4 and a line 
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18. A plurality of electronic assemblies 24 are disposed on a 
plate-shaped heat exchanger 26 through which cooling liquid 
flows. A liquid coolant can remove a substantially greater 
quantity of heat from the aircraft entertainment system 2, so 
that the lines 18 can have a smaller cross section. If the 
electronic aircraft entertainment system 2 is cooled with a 
liquid coolant, any desired cooling arrangement which is 
described in DE 10 2006 041 788.7 can be used. 
0052 FIG. 5 shows a further embodiment of a liquid 
cooled electronic aircraft entertainment system. This 
embodiment comprises, in addition to the embodiment of 
FIG. 4, a heat exchanger 6 which delivers the heat of the 
internal coolant to the external coolant. The external coolant 
flows through a connection 4 into the heat exchanger 6. The 
external coolant can be liquid or gaseous. On account of the 
heat exchanger 6, the internal coolant can be within a tem 
perature range which is different to that of the external cool 
ant, thereby ensuring that the electronic components of the 
aircraft entertainment system 2 are always within an optimum 
temperature range and high temperature gradients in the air 
craft entertainment system are prevented. A pump which is 
responsible for forced convection can be provided in the 
circuit of the internal coolant. Any desired arrangement 
which is described in DE 10 2006 041 788.7 can also be used 
to cool the electronic components or assemblies of the aircraft 
entertainment system 2 in this embodiment. 
0053. The pump, the heat exchanger 6 and the connection 
4 can be formed integrally as a unit. This unit can be disposed 
in the aircraft entertainment system 2. 
0054 The cooling of an aircraft entertainment system 2 
with a closed circuit of the internal coolant can be tested 
independently of the cooling system of the aircraft. More 
over, no dirt can be transferred between the external and the 
internal coolant. This aircraft entertainment system 2 with the 
heat exchanger 6 and the connection 4 can also be replaced 
particularly easily. 
0055 FIG. 6 shows an embodiment of the invention in 
which the external coolant is constantly in the liquid state. 
The external coolant circulates in a closed circuit 22. A liquid 
cooling system 20 cools the external coolant. The external 
coolant absorbs the heat which is generated by the aircraft 
entertainment system 2 via a heat exchanger 6. 
0056. If a liquid cooling system 20 is used, the mass of the 
aircraft increases to a lesser extent when compared with a 
conventional cooling system which Supplies cold air to the 
aircraft entertainment system 2 which is to be cooled or the 
heat exchanger 6. If the external coolant is liquid, pipelines 
having a smaller cross section can be used, as distinctly larger 
quantities of heat can be transported away with a liquid cool 
ant than with a gaseous coolant. The space required for cool 
ing is as a result also reduced. On account of the Smaller cross 
section of the coolant lines, the coolant lines of a liquid-based 
cooling system can be installed in the aircraft with greater 
flexibility, i.e. with fewer restrictions, and also supply with a 
high cooling capacity locations which could not be supplied 
with Such a high cooling capacity by a conventional cooling 
system. Furthermore, if the external coolant is liquid, the 
previously described improvement in efficiency results in a 
lower power consumption for cooling the aircraft entertain 
ment system and therefore the entire aircraft. 
0057. In the embodiment which is depicted in FIG. 6 the 
external coolant can be gaseous or liquid. The electronic 
aircraft entertainment system 2 and the circuit with the inter 
nal coolant can be formed as described on connection with 
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FIGS. 1 to 3, with the closed cooling circuit according to 
FIGS. 2 and 3 being preferred. If a liquid internal coolant is 
used, the electronic aircraft entertainment system 2 and the 
circuit with the internal coolant can beformed as described in 
connection with FIGS. 4 to 5. 
0058. The liquid cooling system can be a central or decen 
tralised liquid cooling system. 
0059 FIG. 7 shows an embodiment in which the external 
coolant 6 is cooled by an adsorption cooling system. The 
external coolant flows through the heat exchanger 6 in order 
to absorb from the internal coolant the heat which is generated 
by the aircraft entertainment system 2. The internal coolant 
can be gaseous or liquid, the internal coolant can flow in a 
closed circuit and/or the aircraft entertainment system 2 can 
be cooled as was described with regard to FIGS. 1 to 5. 
0060 An adsorption cooling system 28 can be used as a 
local cooling system which is independent during flight. 
However it is also possible for a central adsorption cooling 
system to be provided. 
0061 FIG. 8 shows an embodiment in which the external 
coolant is freshwater. The external coolant flows from a fresh 
water container 30 via a heat exchanger 6 to a waste water 
container 32. In the process the external coolant absorbs the 
heat of the internal coolant which is generated by the elec 
tronic aircraft entertainment system 2. The electronic aircraft 
entertainment system 2 can be formed and cooled as was 
described with regard to FIGS. 1 to 5. After the water has 
flowed through the heat exchanger 6, the water can also flow 
into a hot water container. This type of cooling can be pro 
vided as emergency cooling, for example. Referring to FIGS. 
4 and 5, the fresh water can also be used to directly cool the 
electronic components or assemblies of the aircraft entertain 
ment system 2 by opening the circuit of the internal coolant 
through valves, for example. 
0062 FIG.9 shows a further embodiment of the invention 
in which a liquid external coolant flows through a cooling 
circuit 34 with the heat exchanger 6 and the liquid cooling 
system 20. Should there be a leakage in the circuit of the 
external coolant, water can be supplied as external coolant 
from the water system 38 of the aircraft via a valve 36, so that 
Substantially the original quantity of liquid external coolant 
can be re-established. The valve 36 can be actuated automati 
cally, even during flight. 
0063 FIG. 10 shows a further embodiment of the inven 
tion in which a liquid internal coolant flows through the heat 
exchanger 6 and the plate-shaped heat exchanger 26 to cool 
the electronic assembles 24 of an electronic aircraft entertain 
ment system 2. Should there be a leakage, the valve 36 can be 
opened in order to remove water from the water system 38 of 
the aircraft to replenish the internal coolant. The valve 36 can 
be actuated automatically, even during flight. 
0064 FIG. 11 shows a further embodiment of the inven 
tion in which a Peltier element 40 replaces the heat exchanger. 
In the case of a Peltier element 40 a temperature difference is 
produced through applying an electrical Voltage and the asso 
ciated flow of current. This temperature difference can be 
used to cool a medium. In the embodiment which is repre 
sented in FIG. 11 the Peltier element 40 cools the internal 
coolant, which was heated upon cooling the electronic air 
craft entertainment system 2. The electronic aircraft elec 
tronic system 2 and the cooling thereof can be formed as was 
described with regard to FIGS. 1 to 5. 
0065. If the internal coolant is gaseous, a Peltier element 
or a plurality of Peltier elements can be disposed in the circuit 
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of the internal coolant. The other side of the Peltier element 
can be disposed outside of the circuit of the internal coolant 
and deliver the heat to the environment or a coolant by means 
of a cooling body. 
0066 A Peltier element can also supply a liquid internal 
coolant with cold and a Peltier element can consequently also 
be used in conjunction with the embodiments which are 
depicted in FIGS. 4 and 5. 
0067 FIG. 12 is an embodiment in which the internal 
coolant for cooling the electronic aircraft entertainment sys 
tem 2 is cooled by a refrigerating machine 42, a so-called air 
chiller. The refrigerating machine 42 comprises a compres 
Sor, a condenser and an evaporator. The refrigerating machine 
can, for example, be formed as a local, decentralised refrig 
erating machine. The external coolant changes its state from 
gaseous to liquid and Vice versa in a closed circuit. 
0068. The electronic aircraft entertainment system 2 can 
in this respect be composed and cooled as was described in 
connection with FIGS. 1 to 3 if the internal coolant is gaseous. 
If the internal coolant is liquid, the aircraft entertainment 
system 2 can be composed and cooled as was described in 
connection with FIGS. 4 and 5. 
0069. One advantage of the present invention is that, on 
account of the closed circuit of the internal coolant, no dirt can 
enter the aircraft electronic system. As a result of separating 
the external coolant from the internal coolant by means of the 
heat exchanger 6, which is responsible for a heat transfer 
between the external and the internal coolant, it is possible for 
the internal coolant to have a temperature range which is 
optimum for the electronic components and assemblies. High 
temperature gradients in the aircraft electronic system can as 
a result also be prevented. Moreover, the precipitation of 
condensation water is prevented due to the closed circuit of 
the internal coolant. The cooling of the aircraft electronic 
system is independent of the air-conditioning system of the 
aircraft. The described type of cooling of the aircraft elec 
tronic system produces less noise than conventional elec 
tronic cooling systems. As the airstream which is intended for 
the cabin is not used for cooling the aircraft electronic system, 
the comfort of an air passenger is not reduced. If the external 
coolant is liquid, the previously described improvement in 
efficiency results in a lower power consumption for cooling 
the aircraft electronic system and therefore the entire aircraft. 
The air-conditioning system which is used for the air condi 
tioning of the cabin can therefore be of a smaller design, 
which entails an additional weight saving. 

1.-14. (canceled) 
15. Multistage cooling system for an aircraft electronic 

system (2) comprising, 
an inner circuit which is thermally coupled to at least one 

electronic component of the aircraft electronic system 
and in which an inner coolant (14) circulates in normal 
operation in order to carry heat from the at least one 
electronic component to a heat exchanger (6), wherein 
the heat exchanger (6) is adapted to deliver the heat with 
which it is supplied by the inner coolant (14) to a liquid 
outer coolant which circulates from a source outside of 
the aircraft electronic system (2) through the heat 
exchanger (6) to a sink outside of the aircraft electronic 
system (2), wherein the inner circuit is configured so that 
the inner coolant (14) flows from the heat exchanger (6) 
in the direction of the at least one electronic component, 

characterised in that the circuit (22) in which the liquid 
outer coolant circulates is connectable by a third valve 

Feb. 25, 2010 

(36) to a water system (38) of the aircraft in order to at 
least partly replace the liquid outer coolant by water, if 
required, during operation of the aircraft electronic sys 
tem (2). 

16. Multistage cooling system for an aircraft electronic 
system (2) according to claim 15. 

characterised in that the inner circuit is thermally coupled 
to a plurality of electronic components, so that the inner 
coolant (14) cools a plurality of electronic components. 

17. Multistage cooling system for an aircraft electronic 
system (2) according to claim 15. 

characterised in that the inner coolant (14) is gaseous. 
18. Multistage cooling system for an aircraft electronic 

system (2) according to claim 15. 
characterised in that the inner coolant (14) is liquid. 
19. Multistage cooling system for an aircraft electronic 

system (2) according to claim 15. 
characterised in that the inner circuit is configured so that 

the inner coolant (14) circulates on the basis of natural 
convection. 

20. Multistage cooling system for an aircraft electronic 
system (2) according to claim 15. 

characterised in that the inner circuit is configured so that 
the inner coolant (14) circulates on the basis of forced 
convection. 

21. Multistage cooling system for an aircraft electronic 
system (2) according to claim 15. 

characterised in that the outer coolant circulates in a circuit 
(22) which is connected to a liquid cooling system (20) 
in order to cool the outer coolant. 

22. Multistage cooling system for an aircraft electronic 
system (2) according to claim 15. 

characterised in that the inner circuit in which the liquid 
inner coolant (14) circulates is connectable by a fourth 
valve (36) to a water system (38) of the aircraft in order 
to at least partly replace the liquid inner coolant (14) by 
water, if required, during operation of the aircraft elec 
tronic system (2). 

23. Multistage cooling system for an aircraft electronic 
system (2) according to claim 15, wherein additives are 
admixed with the water which replaces the inner and/or outer 
coolant. 

24. Multistage cooling system for an aircraft electronic 
system (2) according to claim 15. 

characterised in that the heat exchanger (6) is connected to 
an adsorption cooling system (28) in order to cool the 
outer coolant by means of the adsorption cooling system 
(28). 

25. Multistage cooling system for an aircraft electronic 
system (2) according to claim 15. 

characterised in that the outer coolant is fresh water (30). 
26. Multistage cooling system for an aircraft electronic 

system (2) according to claim 15. 
characterised in that the outer coolant is gaseous. 
27. Multistage cooling system for an aircraft electronic 

system (2) comprising, 
an inner circuit which is thermally coupled to at least one 

electronic component of the aircraft electronic system 
and in which an inner coolant (14) circulates in normal 
operation in order to carry heat from the at least one 
electronic component to a heat exchanger (6), wherein 
the heat exchanger (6) is adapted to deliver the heat with 
which it is supplied by the inner coolant (14) to an outer 
coolant which flows and/or circulates from a source 
outside of the aircraft electronic system (2) through the 
heat exchanger (6) to a sink outside of the aircraft elec 
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tronic system (2), wherein the inner circuit is configured 28. Multistage cooling system for an aircraft electronic 
so that the inner coolant (14) flows from the heat system (2) according to claim 27, 
exchanger (6) in the direction of the at least one elec 
tronic Sh 8, characterized by a second valve (5b) disposed in the inner 

characterized in that the inner circuit of the inner coolant circuit, wherein in the opened position of the second 
(14) is connected by a first valve (5a, 36) to a feed line, valve (5b) coolant can exit from the inner circuit. 
by which additional coolant (14a) is supplied from out 
side to the inner circuit, when the first valve (5a, 36) is 
opened. 


