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(57) ABSTRACT 

A replaceable cartridge for coupling to a consumer or to a 
filling station, wherein the replaceable cartridge comprises at 
least one disconnectable connection coupling for connection 
to the consumer or the filling station. Furthermore, the 
replaceable cartridge comprises a tank for holding liquid 
hydrogen. 
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REPLACEABLE CARTRIDGE FOR LIQUID 
HYDROGEN 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a division of U.S. patent appli 
cation Ser. No. 1 1/072,550, filed on Mar. 4, 2005, which 
claims priority to U.S. Provisional Patent Application No. 
60/598.257 filed Aug. 3, 2004, and to German Patent Appli 
cation No. 10 2004 010937.0 filed Mar. 5, 2004, the disclo 
sures of each of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 The present invention relates to the storage of 
hydrogen, preferably in vehicles, such as for example aircraft. 
In particular, the present invention relates to a replaceable 
cartridge for coupling to a consumer or to a filling station, a 
connection coupling for a consumer or for a filling station, an 
aircraft comprising a respective replaceable cartridge as well 
as a method for handling a replaceable cartridge. 
0003. In its liquid form, hydrogen has been used for some 
considerable time in industry and in space technology. In its 
gaseous form, hydrogen is available in hybrid metal storage 
devices or pressure tanks. Up to now, no corresponding sys 
tem has been available for liquid hydrogen. 

SUMMARY OF THE INVENTION 

0004. There may be a need to simplify the handling of 
liquid hydrogen. 
0005 According to one exemplary embodiment of the 
present invention, a replaceable cartridge for coupling to a 
consumer or to a filling station is provided, wherein the 
replaceable cartridge comprises at least one disconnectable 
connection coupling for connection to the consumer or to the 
filling station. Furthermore, the replaceable cartridge com 
prises a tank for receiving liquid hydrogen. 
0006. The replaceable cartridge is for example re-usable. 

It is believed that a very good energy density at a compara 
tively low weight may be achieved in the design of the 
replaceable cartridge for storing liquid hydrogen. This may 
be advantageous where the storage quantity exceeds 5 kg. 
Furthermore, by providing a replaceable cartridge, safe, 
quick and easy handling of the energy storage device with the 
liquid hydrogen is achieved. 
0007. In this context it should be pointed out that, for the 
sake of simplicity, the following description only refers to 
liquid hydrogen. However, it should be stressed that the 
present invention also relates to the application of partially 
solidified hydrogen, so-called “slush hydrogen'. In other 
words, in the present patent specification the designation 
“liquid hydrogen' covers both liquid hydrogen and partially 
Solidified hydrogen. 
0008. The design of the replaceable cartridge for storing 
the liquid hydrogen may make it possible to store a relatively 
large quantity of hydrogen in as little space as possible and 
with a storage weight as low as possible, thus making it 
possible to optimise energy storage if hydrogen is considered 
to be the energy storage medium. 
0009. According to a further embodiment of the present 
invention, a replaceable cartridge is provided which is 
designed for application in aircraft. 
0010 For example, this embodiment of a replaceable car 
tridge can be used in an on-board water generation system 
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(OBOWAGS) which is based on the operation of a fuel cell. In 
this way, with the use of hydrogen and oxygen, outstanding 
water quality that always remains constant may be achieved 
because the purest form of water can be produced directly. 
The water obtained in this way may, for example, be used 
directly for flushing toilets and/or for cabin humidification. If 
minerals are added, drinking water can be produced. This 
may make it possible, for example, to provide water on board 
an aircraft without the need for taking water on board when 
the aircraft is on the ground. Furthermore, this process is 
assumed to generate a Sufficient quantity of electrical energy 
for it to be supplying part of the needs of the on-board elec 
trical system. Furthermore, the thermal output resulting dur 
ing this process may be used to reduce the requirement for 
electrical heat. To this effect it is, for example, possible to use 
the thermal output for heating the passenger cabin. Overall, it 
is believed that the use of such a system in conjunction with 
the easy-change cartridge according to the invention may 
result in a reduction in weight, and thus also cost advantages. 
0011. It is believed that it is the replaceable cartridge 
according to the invention which for the first time makes it 
possible to generate water on board an aircraft, because up to 
now the required hydrogen was neither provided on board an 
aircraft nor at airports. According to the present invention, a 
replaceable cartridge system can now be achieved in which 
the replaceable cartridges can be exchanged whenever 
required. Such easy-change cartridges can easily be stored 
without any problems at an airport too. Furthermore, in an 
emergency situation no direct detonating gas explosion is to 
be expected in the case of liquid hydrogen, a factor which 
provides increased safety. 
0012. According to a further embodiment of the present 
invention, the tank of the replaceable cartridge is designed or 
arranged for receiving liquid or partially liquefied hydrogen. 
In order to Subsequently provide gaseous hydrogen to a con 
Sumer, heat is fed to the liquid or partially liquefied hydrogen 
in the tank So that said hydrogen assumes a gaseous state of 
aggregation. The gaseous hydrogen is then Supplied to a 
consumer, for example by way of the connection couplings. 
0013. In an advantageous way the replaceable cartridge 
according to the present invention may make it possible for a 
replaceable cartridge to be brought on board an aircraft when 
required and for said replaceable cartridge to then be easily 
connected to the aircraft's on-board hydrogen system. If the 
cartridge is empty, i.e. if the hydrogen has been used up or has 
fallen below a certain threshold value, the replaceable car 
tridge can conveniently be exchanged for a full replaceable 
cartridge. The empty replaceable cartridge can then be 
refilled in a corresponding filling station and can be returned 
to the cycle. 
0014. According to a further embodiment of the present 
invention, the tank comprises an internal tank and an external 
tank. Between the internal tank and the external tank Super 
insulation is provided which thermally decouples the internal 
tank and the external tank in Such a way that the internal tank 
is Suitable for storing liquid hydrogen or partially liquefied 
hydrogen. 
0015. According to a further embodiment of the present 
invention, taking into consideration ambient temperatures 
and requirements, i.e. hydrogen requirements of the con 
Sumer, the Superinsulation can be designed Such that heat 
transmission from the environment with the ambient tem 
perature to the internal tank by way of the Superinsulation is 
Sufficient during operation to cover the consumer's require 
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ment for gaseous hydrogen. It is thus possible in a simple way 
to provide a replaceable cartridge which “automatically 
forms a sufficient quantity of gaseous hydrogen from the 
liquid hydrogen to cover the requirements of the consumer. 
This may make it possible to provide a replaceable cartridge 
which does not require any regulating devices for controlling 
the quantity of hydrogen delivered. In this way it is possible to 
provide a simple and cost-effective replaceable cartridge. 
Moreover, because this embodiment does not involve failure 
of a regulator System, it is possible to provide a very safe 
replaceable cartridge. 
0016. According to a further embodiment of the present 
invention, at least one protective cap is provided for each of 
the at least one disconnectable connection couplings. For 
example, this protective cap can protect the connection cou 
plings against mechanical damage. The protective cap can be 
designed to provide not only mechanical protection, but also 
a leakage safety device. To this effect, in a space defined by 
the protective cap, a catalyst can be provided which utilises 
any hydrogen that evaporates from the connection coupling 
into said space. 
0.017. In an advantageous way this may prevent any accu 
mulation of evaporating hydrogen, for example in any cavi 
ties in the Surroundings of the replaceable cartridge. 
0018. According to a further embodiment of the present 
invention, a device for Supplying heat to the internal tank is 
provided. By controlling the heat Supplied, an output quantity 
of gaseous hydrogen can be controlled which can be supplied 
to the consumer. In an advantageous way it may thus be 
possible to match the replaceable cartridge to the various 
fields of application and to the various consumers. 
0019. According to a further advantageous embodiment of 
the present invention, the replaceable cartridge comprises 
encoding. Such encoding makes it possible, for example, for 
a user, a consumer or a filling station to detect, for example 
automatically, the type of replaceable cartridge involved. For 
example, the information contained in the code may relate to 
the following: a type of filling; a temperature of the stored 
hydrogen; an average Supply quantity of gaseous hydrogen to 
a consumer, a fill pressure; a shape; a tank size; a maximum 
removal quantity; an application; a maximum heat infeed 
and/or a maximum operating pressure. Furthermore, for 
example a nominal Volume can be encoded. 
0020. According to a further embodiment of the present 
invention, encoding is implemented by means of the discon 
nectable connection couplings. For example, this can be 
implemented by the form and/or dimensions of the connec 
tion couplings. Advantageously, encoding may be imple 
mented Such that corresponding connection couplings can 
only be connected to matching or Suitable consumers or fill 
ing stations. In this way safe handling of the replaceable 
cartridges can be ensured. 
0021. According to a further embodiment of the present 
invention, a connection coupling for a consumer or a filling 
station is stated wherein the connection coupling is designed 
for interaction with an easy-change cartridge according to an 
embodiment of the present invention. 
0022. Furthermore, according to the present invention an 
aircraft with a replaceable cartridge according to the present 
invention is provided. 
0023. Furthermore, the present invention relates to a 
method for handling a replaceable cartridge according to the 
present invention, wherein the replaceable cartridge is 
arranged in a vehicle, and wherein said replaceable cartridge 
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is removed from the vehicle if the fill level drops below a 
certain value. According to a further embodiment of the 
present invention, the vehicle is an aircraft. 
0024. In other words, according to the present invention, a 
replaceable cartridge system is provided which is designed 
for storing liquid hydrogen or partially liquefied hydrogen. 
The cartridge system can in particular comprise an encoded 
connection coupling system which can only be connected to 
respective connection couplings. In this way it is possible to 
provide simple and safe handling of storage devices for liquid 
hydrogen, which storage devices are moreover very user 
friendly. In particular when used in aircraft, the present inven 
tion provides safe and easy handling. Furthermore, as a result 
of the present invention, any hydrogen infrastructure on an 
airport can be reduced to a single corresponding storage loca 
tion, which if required is Supplied by a central filling and 
service station for replaceable cartridges. 
0025. In the following, advantageous embodiments of the 
present invention are described with reference to the figures: 

BRIEF DESCRIPTION OF THE DRAWINGS 

0026 FIG. 1 shows a section view of an embodiment of a 
replaceable cartridge according to the present invention. 
0027 FIG. 2 shows a section view of an embodiment of a 
replaceable cartridge according to the present invention, in a 
storage state. 
0028 FIG. 3 shows a section view of an embodiment of a 
replaceable cartridge according to the present invention, dur 
ing removal of hydrogen. 
0029 FIG. 4 shows a section view of an embodiment of a 
replaceable cartridge according to the present invention, for 
refueling with hydrogen. 
0030 FIG. 5 shows a coupling comprising a space and a 
catalyst. 
0031 FIG. 6 shows a coupling comprising an encoding. 
0032 FIG. 7 shows an aircraft having arranged therein the 
replaceable cartridge according to the invention. 

DETAILED DESCRIPTION 

0033. It should be pointed out that in order to simplify 
illustration, FIGS. 1 and 4 show automated logic diagrams for 
various elements. In the following description of FIGS. 1 to 4 
identical or corresponding elements have the same reference 
numbers. 
0034 FIG. 1 shows a section view of a replaceable car 
tridge comprising an embodiment of the present invention for 
coupling to a consumer or to a filling station. Reference in the 
following to “replaceable cartridge' shall be construed as a 
reference to the “replaceable cartridge 700. The replaceable 
cartridge comprises a plurality of disconnectable connection 
couplings, which are described in detail below, for connection 
to the consumer or the filling station, as well as a tank 1 for 
holding liquid hydrogen. The tank 1 comprises an external 
tank 114 as well as an internal tank 112. The external tank 114 
and the internal tank 112 are thermally decoupled by means of 
an insulation, for example a Superinsulation 113. The Super 
insulation 113 can for example be implemented by means of 
a vacuum. Preferably, this decoupling is implemented Such 
that at an ambient temperature at the location of use, and at a 
predefined consumption or requirement of gaseous hydrogen 
by the consumer, thermal transfer from the environment at 
ambient temperature to the internal tank 112 is sufficient to 
bring a quantity of hydrogen from the liquid or partially 



US 2011/004 1307 A1 

liquefied State to a gaseous state which corresponds to the 
need of the consumer. In this way it is possible to provide a 
self-sufficient system which at a constant ambient tempera 
ture automatically feeds a constant quantity of gaseous 
hydrogen to the consumer. Furthermore, for example, the 
delivery of gaseous hydrogen to the consumer can be con 
trolled by way of controlling the ambient temperature. Fur 
thermore, it is possible to provide a replaceable cartridge 
which need not comprise a regulating system. In particular, in 
this way a very safe replaceable cartridge can be provided 
because no failure of a regulating system may occur, and the 
delivered quantity of gaseous hydrogen is always predictable 
on the basis of the ambient temperature. 
0035. According to the present invention it is however also 
possible to provide a submerged tube 12 comprising a heat 
exchanger 13 in order to feed heat to the internal tank 112 in 
a targeted and controlled way and in order to control the 
quantity of gaseous hydrogen to be delivered. 
0036. The replaceable cartridge further comprises a check 
valve 2, which for example serves to control the heat supply 
to the internal tank 112 by way of the submerged tube 12 and 
the heat exchanger 13. Furthermore, an additional check 
valve 3 can be provided which is coupled to a removal pipe 7 
which leads from the outside of the tank 1 through the exter 
nal tank 114 and the insulation 113 into the internal tank 112. 
Hydrogen removal and filling can be carried out by way of the 
valves 2 and 3. Furthermore, the removal pipe 7 is coupled to 
overpressure valves 4 and 5, which can relieve pressure to the 
Surroundings if, for example, overpressure builds up in the 
internal tank 112. However, the overpressure valves 4 and 5 
can also be arranged in conjunction with exhaust pipes 9 for 
removing exhaust gases from the internal tank 112. For 
example, gaseous hydrogen (GH) can be an exhaust gas. 
0037. Furthermore, the replaceable cartridge according to 

this embodiment comprises a vent pipe 8 which leads from 
the outside of the replaceable cartridge to the internal tank 
112. An overpressure valve 6 is arranged on the vent pipe 8. 
0038 Reference number 14 designates a check valve 
which comprises a coupling 15 and a sealing cap. The sealing 
cap can for example be made such that it protects the coupling 
against mechanical influences. Furthermore, the sealing cap 
can be designed to create a space around the coupling 15 in 
Such a way that any evaporating hydrogen is collected in this 
space. In an advantageous way a catalyst is then provided in 
this space, wherein said catalyst automatically utilises the 
evaporating hydrogen and converts it for example to water, 
which poses no problem when being handled. 
0039 Reference numbers 30 and 31 designate pressure 
gauges which may for example have a drag indicator func 
tion. The pressure gauges indicate the pressure in the internal 
tank 112. Reference number 32 designates a thermometer 
which may also have a drag indicator function, and which 
indicates a temperature in the internal tank 112 of the replace 
able cartridge. In conjunction with the pressure gauges 30 and 
31 and the thermometer 32, couplings 33, 34 and 35 are 
provided which are used to connect the cartridge to the con 
Sumer. These couplings make it possible for the consumer for 
example to register pressure or a pressure development in the 
internal tank of the replaceable cartridge, or to register a 
temperature in the internal tank 112. 
0040. Reference number 37 designates a fill level sensor in 
the internal tank 112, which interacts with a corresponding fill 
level indicator 38 arranged on the outside of the replaceable 
cartridge and on the outside displays the fill state of the liquid 
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hydrogen in the internal tank 112. It is also possible for the fill 
level to be picked up by a consumer, by means of a coupling 
39. 

0041 Reference numbers 110 and 111 designate cou 
plings with sealing caps which are provided above the check 
valves 2 and 3. Preferably, the consumer is connected to the 
couplings 110 and 111. The check valves 2 and 3 prevent 
hydrogen from flowing out when the tank is not closed off. 
Advantageously, the couplings 110 and 111 are arranged 
coaxially and the valves 2 and 3 close or open automatically 
during the connection procedure or during decoupling. 
0042. The couplings 110 and 111 can comprise corre 
sponding sealing caps which mechanically protect the valves 
2 and 3. Furthermore, the sealing caps of the couplings 110 
and 111, in a way similar to that of the sealing cap of coupling 
15, can be designed such that they define a space 701 in which 
for example a catalyst 702 is provided (See FIG. 5). By means 
of the catalyst, evaporating hydrogen in the space 701 can be 
catalytically utilized, which can prevent unintended issuing 
of gaseous hydrogen, or such hydrogen can be bound. 
0043 Reference number 120 designates a monitoring sys 
tem which is connected to the respective couplings 39,35,34, 
33 by electrical connections 1005, 1004, 1003, 1002, respec 
tively, shown in FIG. 1. Furthermore, the monitoring system 
120 can also be designed for controlling or checking a func 
tion or activation of the valves 2, 3, 4, 5, 6 and 14. 
0044) Moreover, the monitoring system 120 can be 
designed to control the supply of heat by way of the heat 
exchanger 13, and thus to control the quantity of gaseous 
hydrogen that is delivered. 
0045 Preferably the monitoring system 120 is coupled to 
the fill level sensor 37 and the fill level indicator 38, to the 
temperature provider and indicator 32, the internal pressure 
provider and indicator 31, and a measuring system 30 (the 
pressure gauge) for monitoring the low pressure between the 
internal tank 112 and the external tank 114. The respective 
connections between the monitoring system 120 are shown in 
FIG. 1. For example, a connection between the respective 
sensors and valves and the monitoring system 120 can be 
implemented by means of corresponding electrical connec 
tions, 1002, 1003, 1004, and 1005. When the replaceable 
cartridge is connected to the consumer, these signals can be 
displayed or processed on board the consumer, for example 
on corresponding display devices in an aircraft. 
0046. As mentioned above, the valves 4, 5 and 6 are over 
pressure valves. Valve 5 responds if for example the pressure 
level reaches p and the process of degassing due to “super 
position' commences. Valve 4 responds when the pressure 
level reaches p (pp), i.e. when the pressure can no longer 
be released by valve 5. If the internal pressure p is exceeded 
or pipe 7 and/or downstream pipes are blocked, the overpres 
Sure valve 6 opens at a pressure of p. 
0047 For example, the check valve 14 and the coupling 15 
can be designed as a connection element to a vacuum pump. 
0048 FIG. 2 shows the replaceable cartridge shown in 
FIG. 1 in its storage state. In the storage State and/or transport 
state, no consumer is connected to the replaceable cartridge. 
According to the present invention, the valves 2 and 3 are 
closed. As described above, protective caps 110 and 111 can 
be provided which protect the respective connection cou 
plings. Such protective caps can for example also be blind 
caps. 
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0049 Couplings 50, 51 and 52 can be provided on the 
valves 4, 5 and 6. By way of coupling 52, valve 6 can be 
connected to an exhaust pipe 55. 
0050. By way of coupling 51, valve 5 can be connected to 
a recombination unit 54 which in turn is connected to an 
exhaust pipe 56 by way of which, for example, water can be 
conveyed. By way of coupling 50, furthermore valve 4 can be 
connected to a further exhaust pipe 53 by way of which an 
exhaust gas, for example GH, can be conveyed. 
0051 During “normal heat infeed and extended storage it 

is, for example, possible for the pressure level p to be 
exceeded. In Such a case valve 5 opens, thus relieving the tank 
by way of a recombination unit (optional) or by way of an 
exhaust pipe (pipe into the open not shown). If the heat 
infeed becomes too high as a result of complete loss of the 
insulation, for example as a result of loss of the vacuum of the 
superinsulation 113, relief takes place by way of valve 4. In 
particular, relief by way of valve 4 takes place ifa pressure ps 
is exceeded and/or a temperature T is exceeded. 
0052 Against this background it is advantageous to 
design a storage depot for Such replaceable cartridges Such 
that, for example, a hydrogen probe in an exhaust gas flue is 
provided, which probe triggers an alarm if hydrogen is 
detected in the exhaust gas flue. 
0053 If during storage or transportany damage occurs, for 
example as a result of an accident, i.e. if the heat infeed is still 
further increased, then Valve 6 opens, thus preventing the tank 
or the replaceable cartridge from bursting. 
0054 FIG. 3 shows the replaceable cartridge of FIG. 1 
during removal of hydrogen. 
0055 For the sake of clarity, the arrangement shown in 
FIG.3 does not show any relief valves, spray system, pressure 
reducers or pressure regulators, drive valves or non-return 
valves. However, Such systems can be provided as in known 
arrangements. 
0056 Reference numbers 70 and 71 denote valves which 
by way of the couplings 110 and 111 are connectable or 
connected to the valves 2 and 3. By way of a removal pipe 73, 
valve 71 is connected to a heat exchanger 77, which in turn is 
connected, by way of inflow pipes 74, return pipes 75, and a 
valve 76, to a consumer. A return pipe 72, connected to the 
heat exchanger 77, is connected to valve 70. 
0057 The consumer, for example an on-board watergen 
eration device for an aircraft, or a combustion motor, is pro 
vided with airby way of the air inlet 79. Exhaust gas from the 
consumer can be removed by way of a corresponding exhaust 
system. For example water can be an exhaust gas from the 
COSU. 

0058. The valve 6 can for example be designed such that if 
a pressure ps or a temperature Ts is exceeded, GH, is con 
veyed to the exhaust pipe 55. 
0059 Reference numbers 90,91, 92 and 93 designate 
display instruments by means of which the corresponding 
operating states can be indicated to a user. 
0060. During removal of hydrogen, i.e. in the connected 
state ready for operation, the tank would normally have an 
operating pressure of p to p at about 20 Kelvin. The con 
Sumer removes hydrogen from the gas phase of the internal 
tank 112 and if necessary in excess. The removed gas flows by 
way of pipe 7, valve 3, coupling 111, valve 71 and pipe 73 to 
the heat exchanger 77 and then to the consumer 78. This heat 
exchanger heats the gas to a temperature which is above the 
minimum temperature required by the consumer. The 
removal pressure p to p is above the pressure required by the 
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consumer. If more gaseous hydrogen is demanded by the 
consumer, valve 20 can be opened. Gaseous hydrogen is fed 
through the heat exchanger, is heated, and can then be 
returned to the tank. In this way, heat infeed to the tank takes 
place, which leads to evaporation of the liquid hydrogen. 
0061. In the connected quiescent state, no hydrogen is 
removed. The valves 2 and 3 on the side of the tank then 
remain open. The valves on the side of the consumer are 
closed, thus interrupting the hydrogen connection between 
the tank and the consumer. All connections remain intact. In 
particular, advantageously, the function of the safety valves 4. 
5 and 6 remains intact. 
0062 FIG. 4 shows the replaceable cartridge of FIG. 1 
during filling with hydrogen. For the purpose of filling, cou 
plings of the filling facility are for example connected to the 
couplings 110 and 111. During this connection process the 
valves 2 and 3 are opened. By way of couplings 110 and 111, 
valves 2 and 3 are connected to check valves 100 and 101 
which are connected to an inflow pipe 102 and an equalising 
pipe 103. For the purpose of filling, the check valves 100 and 
101 are opened. Consequently, liquid hydrogen from the fill 
ing station flows through the pipe 102 into the internal tank 
112. Volume equalisation then takes place by way of pipe 103. 
0063 Advantageously the replaceable cartridge system is 
designed in various forms, depending on the field of applica 
tion. For example, the replaceable cartridge can be designed 
So as to be cylindrical, for arrangement in a spare wheel well 
of a vehicle, or said replaceable cartridge can for example be 
designed so as to be cuboid. Possible tank sizes are for 
example 500 1, 1000 1 or 1500 l. The maximum removal 
quantity can for example be 250 kW or 500 kW. The replace 
able cartridges can for example be operated in a stationary 
situation, but they can also be operated in automobiles, air 
craft 800 (see FIG. 7), field vehicles, boats or ships. The 
maximum heat infeed can be in the order of 6 to 72 hours until 
evaporation. The maximum operating pressure p top can be 
in the magnitude of 1 to 6 bar. Maximum removal quantities 
are of course matched to the consumers. For example, a 
removal quantity of 250 kW for a consumer would equate to 
approximately 100 kW of electrical output. 
0064 FIG. 6 shows that the coupling 15 may also com 
prise an encoding 1001 Such as a form and/or dimensions of 
the connection couplings. Such encoding 1001 makes it pos 
sible, for example, for the user, the consumer or the filling 
station to detect, for example automatically, the type of 
replaceable cartridge involved. 
0065. It should be noted that the term “comprising does 
not exclude other elements or steps and the “a” or “an does 
not exclude a plurality. Also elements described in associa 
tion with different embodiments may be combined. 
0066. It should also be noted that reference signs in the 
claims shall not be construed as limiting the scope of the 
claims. 

1. A method for handling a replaceable cartridge for cou 
pling to a consumer system or to a filling station, the replace 
able cartridge comprising at least one disconnectable connec 
tion coupling for connection to the consumer system or to the 
filling station and a tank for receiving liquid hydrogen, the 
method comprising the steps: 

arranging or connecting the liquid hydrogen filled replace 
able cartridge to a consumer system in an aircraft; and 

removing the replaceable cartridge when it is detected that 
a fill level of the replaceable cartridge has fallen below a 
preset value. 
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2. A method for handling or keeping a replaceable cartridge 
for coupling to a consumer System or to a filling station, the 
replaceable cartridge comprising at least one disconnectable 
connection coupling for connection to the consumer system 
or to the filling station and a tank for receiving liquid hydro 
gen, the method comprising the steps: 

connecting the liquid hydrogen filled replaceable cartridge 
to the consumer system or to the filling station; and 

automatically detecting by way of an encoding on the 
disconnectable connection coupling, information relat 
ing to the type of the replaceable cartridge so connected. 

3. The method for handling a replaceable cartridge of claim 
2, wherein the encoded information relating to the type of the 
connected replaceable cartridge comprises at least one of: 

a type of filling: 
a temperature of the stored hydrogen; 
an average Supply quantity of gaseous hydrogen to the 

consumer, 
a fill pressure; 
a shape; 
a tank size; 
a maximum removal quantity; 
an application; 
a maximum heat infeed; 
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a maximum operating pressure; 
a nominal Volume. 
4. A method for handling a replaceable cartridge for cou 

pling to a consumer or to a filling station, the replaceable 
cartridge comprising at least one disconnectable connection 
coupling for connection to the consumer or to the filling 
station and a tank for receiving liquid hydrogen, the method 
comprising the steps of 

entrapping a catalyst in a space defined by a protective cap 
arranged above the disconnectable connection coupling; 

utilizing, by way of the entrapped catalyst, any hydrogen 
that evaporates from the connection coupling into said 
Space. 

5. The method for handling a replaceable cartridge of claim 
4, wherein 

the utilizing of the catalyst comprises converting of the 
evaporated hydrogen into water to prevent any accumu 
lation of evaporating hydrogen. 

6. The method of claim 2, wherein the consumer system is 
in an aircraft. 

7. The method of claim 4, wherein the consumer is in an 
aircraft system. 


