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The present invention relates to a refrigeration vehicle com-
prising at least one refrigeration space, which can be cooled
via at least one supplemental heat exchanger. The supplemen-
tal heat exchanger in the refrigeration space is connected to
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other components, preferably via couplings and flexible lines,
establishing a heat exchange loop being able to exchange heat
with an evaporator for low-temperature liquefied combustible
gas. Moreover the Refrigeration vehicle comprises at least
one first vehicle part and one second vehicle part being divid-
able and wherein the first vehicle part comprises an internal
combustion engine and the evaporator for the low-tempera-
ture liquefied combustible gas. The refrigeration vehicle in
addition comprises a first nitrogen tank for liquid nitrogen
and a nitrogen heat exchanger as well as a boil-off device in
the first vehicle part for joint storage and/or transportation of
low-temperature liquefied combustible gas and liquid nitro-
gen by keeping the combustible gas cooled in a fuel tank
indirectly or directly by the liquid nitrogen. The invention
relates, furthermore, to a refrigeration method for refrigerat-
ing at least one refrigeration space of a refrigeration vehicle
via at least one supplemental heat exchanger. Heat is
extracted from the refrigeration space via the supplemental
heat exchanger and conducted via a heat exchange loop to an
evaporator, for evaporation of low-temperature liquefied
combustible gas, especially liquefied natural gas, which is
afterwards supplied to an internal combustion engine of the
refrigeration vehicle. The present invention is especially suit-
able for refrigeration transporters operated with natural gas,
which are used for the distribution of frozen and chilled goods
to retail dealers. In particular the economic employment of a
combustion engine operated with natural gas in a transporter,
storing the natural gas in the liquid phase, and the combined
use of this cold for cooling a refrigeration space is highly
advantageous, because the amount of energy needed all in all
can be explicitly lowered. Moreover, using the boil-off device
in the tractor is particularly advantageous, because a simul-
taneous, combined filling mode for liquid nitrogen and natu-
ral gas at a corresponding filling station unit becomes pos-
sible, realizing an extraordinary increase in efficiency.
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REFRIGERATION VEHICLE AND METHOD
FOR COOLING ITS REFRIGERATION SPACE
USING A LOW-TEMPERATURE-LIQUEFIED
COMBUSTIBLE GAS

[0001] The present invention relates to a refrigeration
vehicle with at least one refrigeration space and a method for
cooling the refrigeration spaces using a low-temperature-
liquefied combustible gas, in particular natural gas.

[0002] It is known to operate internal combustion engines
of motor vehicles with natural gas. The natural gas is carried,
either under pressure or in low temperature liquefied form, in
special storage tanks in the motor vehicle. In refrigeration
vehicles operated with low-temperature liquefied natural gas,
which have a refrigeration space for the transport of refriger-
ated stock, it is known from EP 0 788 908 A2 to utilize the
evaporation energy of the natural gas to keep the refrigeration
space at a low temperature or to at least support the cooling.
Therefore the low-temperature liquefied natural gas is com-
monly conducted to an evaporator of a refrigeration unit for
evaporation, which is connected to the refrigeration space for
transmitting the cold. The gaseous natural gas is subsequently
supplied to an internal combustion engine designed for natu-
ral gas. At times when the vehicle is not being operated, but
the refrigeration space has to be kept cold, the refrigeration
space is cooled conventionally, in which case the conven-
tional cooling engine may, in turn, be driven by natural gas.
Among other things it is disadvantageous that the natural gas
itself needs to be conducted all the way from a natural gas tank
mostly close to the combustion engine to the cooling unit,
usually arranged in or close to the refrigeration space, which
implies risks according to the flammable properties of the
natural gas in case of defects like leakages in the supplying
fuel lines. Moreover, especially the use of such a cooling
method in a trailer truck is only applicable quite limited,
because no appropriate, workable systems for disconnecting
fuel lines, which would be necessary in case of decoupling a
trailer from a tractor, are available. Therefore the refrigeration
space of a trailer in a trailer truck usually is cooled by liquid
nitrogen or by conventional compressor cooling methods
solely, even if the tractor is driven by natural gas.

[0003] Another aspect that has to be taken into account is
that the natural gas is carried, either under pressure or in low
temperature liquefied form, in special storage tanks in the
motor vehicle. In the latter case, the liquid natural gas has a
temperature of at most —161° C. at atmospheric pressure, and
part of the natural gas may constantly evaporate on account of
the heat supplied by the surroundings. Evaporation is unde-
sirable, especially when the motor vehicle is not in operation.
The gaseous part of the natural gas mainly contains the more
volatile constituents of the gas which have a higher vapour
pressure or a lower boiling temperature. The extraction of part
of the natural gas present in gaseous form in the storage tank
leads, in the long term, to an enrichment of higher hydrocar-
bons, in particular propane, in the low temperature liquefied
part of the natural gas. The high propane gas fraction may be
harmful for an internal combustion engines, when later sup-
plied to it. Moreover, the mixture composition changes with
time, this being undesirable. In an extreme case, the higher
hydrocarbons may also freeze out of the solution.

[0004] Theobject ofthe present invention, therefore, is to at
least partially solve the problems known from the prior art
and, in particular, to specify a refrigeration vehicle and a
method, which make it possible to cool a refrigeration space
of a trailer truck powered by a low-temperature liquefied
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combustible gas by utilizing the cold of the stored gas. More-
over a device which makes it possible to store combustible
gases at low temperature, without evaporating fractions of
these being discharged into the atmosphere is specified. Thus,
in particular, low temperature liquefied combustible natural
gas is to be used for cooling and simultaneously stored and
transported more efficiently.

[0005] These objects are achieved by means of a refrigera-
tion vehicle with the features of claim 1 and a method accord-
ing to claim 11. Further advantageous embodiments of the
invention are specified in the dependent claims. It should be
pointed out that the features listed individually in the claims
and the description may be combined with one another in any
technologically expedient way and define further embodi-
ments of the invention. Furthermore, the features specified in
the claims are more precisely detailed and explained in the
description, and further details and preferred embodiments of
the invention being are illustrated in the drawing.

[0006] A Refrigeration vehicle according to the present
invention comprises at least one refrigeration space, which
can be cooled via at least one supplemental heat exchanger,
wherein the supplemental heat exchanger in the refrigeration
space is connected to other components establishing a heat
exchange loop being able to exchange heat with an evaporator
for low-temperature liquefied combustible gas. The heat
extracted from the refrigeration space via the supplemental
heat exchanger is conducted to the evaporator for evaporating
the low-temperature liquefied combustible gas, especially
liquefied natural gas. Preferably the supplemental heat
exchanger is connected to the other components of the heat
exchange loop via couplings and flexible lines.

[0007] A supplemental heat exchange loop is in particular
advantageous for safety reasons. In the prior art it is known to
conduct a fluid combustible gas through an evaporator
located in the refrigeration space for extracting its heat. This
method is practicable and efficient, but bears risks in case of
a leakage, as combustible gas then possibly enters the refrig-
eration space. An evaporator outside the refrigeration space
connected to a heat exchange loop, which transports the heat
from the refrigeration space to the evaporator, can completely
avoid the risk that combustible gas enters the refrigeration
space in case of any leakage or other failure of the system.
Moreover it even allows a more flexible local arrangement of
the evaporator and shorter fuel supply lines.

[0008] In a preferred embodiment of the invention the
refrigeration vehicle comprises at least one first vehicle part,
which comprises a motor tractor, and one second vehicle part.
The vehicle parts can be divided in that the flexible lines and
the couplings form two detachable connections between the
two vehicle parts. The evaporator for the low-temperature
liquefied combustible gas is arranged on the first vehicle part.
It is especially preferred that the second vehicle part com-
prises a refrigeration space and a corresponding supplemental
heat exchanger. The second vehicle part may in particular be
a semi-trailer generating a trailer truck in combination with
the first vehicle part being a motor tractor. Moreover it is
preferred, that the first vehicle part comprises a fuel tank for
low-temperature liquefied combustible gas, in particular
natural gas, and an internal combustion engine, which can be
operated with combustible gas. The low-temperature lique-
fied combustible gas is conducted to an evaporator for evapo-
ration, which is connected via fuel lines to the internal com-
bustion engine on the one hand and to the fuel tank on the
other hand. Afterwards the low-temperature liquefied com-
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bustible gas is supplied to the internal combustion engine via
a fuel pump and fuel. The heat required for the evaporation is
hereby extracted from the refrigeration space via the heat
exchange loop.

[0009] Combustion engines being operated with natural
gas as fuel are already available and used in trailer trucks.
Commonly the gas is stored in the gaseous phase, which is,
even if stored under pressure, disadvantageous according to
the amount of fuel that can be carried and therefore the oper-
ating distance of the vehicle is limited. Thus, the operating
distance can be improved by transporting the gas in the liquid
phase. Such motor tractors are available in the market. How-
ever, commonly the energy inserted for the liquefication of
the combustible gas is basically wasted, as long the cold
included within the fluid combustible gas for storage is unem-
ployed lost: The boiling temperature of natural gas under
atmospheric pressure is —161° C. and it needs to be stored in
special cryogenic tanks below this temperature, providing a
significant, potentially exploitable amount of cold. Because
before being supplied to the internal combustion engine of the
vehicle, the fluid combustible gas needs to be evaporated and
warmed in an evaporator for being suitable for combustion.
This cold might be used for cooling a refrigeration space by
operating an evaporator located in the refrigeration space.
Additionally to the safety problems, related to evaporating
the natural gas inside the refrigeration space, as described
above, which can be avoided by a supplemental heat
exchange loop according to the present invention, this
arrangement can only be used in a refrigeration vehicle,
wherein the refrigeration space, the evaporator and the inter-
nal combustion engine are all located at the same vehicle part
without the possibility of separation. If there is the need for an
increase in loading space and a supplementary trailer is
attached to the vehicle, the trailer has to comprise its own,
additional cooling system, as long as no safe couplings for
fluid combustible gas are available. Therefore the refrigera-
tion vehicle according to the invention creates the possibility
for constructing a refrigeration vehicle, wherein the energy
for evaporating the combustible gas is extracted from a refrig-
eration space and the mentioned techniques for operating a
refrigeration vehicle can be combined, while their intrinsic
disadvantages are avoided. The ability of the supplemental
heat exchange loop to be dividable into two parts as men-
tioned via the couplings in the flexible lines is hence in par-
ticular important for long way transportation of chilled and
frozen goods. In this case usually trailer trucks are used for the
distribution, wherein the refrigeration space is located on the
trailer and the evaporator is installed on the truck. It has to be
pointed out, that the invention of course is not only suitable
for long way transportation; also in the local distribution of
goods such trailer trucks are commonly used.

[0010] The combustible gas can thus be employed both for
cooling a refrigeration space and for operating an internal
combustion engine. When the internal combustion engine is
in operation, the low-temperature liquefied gas is first
employed, during phase transformation, for cooling the
refrigeration space, before it is supplied to the internal com-
bustion engine.

[0011] In another preferred embodiment of the invention
the heat exchange loop comprises a first heat exchanger,
which is arranged in the refrigeration vehicle in such a way,
that the first heat exchanger is able to exchange heat with the
evaporator and that the first heat exchanger is connected to the
supplemental heat exchanger in the refrigeration space via the
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flexible lines. The heat, which is extracted from the refrigera-
tion space via the supplemental heat exchanger, is transmitted
to a coolant in the heat exchange loop before being conducted
to the first heat exchanger, using a coolant pump for trans-
porting the coolant, and being transmitted to the evaporator
via the first heat exchanger. The coolant is used as heat trans-
fer medium, which preferably still remains flowable even at
temperatures of liquid combustible gas and has a boiling point
of markedly above 50° C. The lowest temperature at which
the coolant is still to be usable is determined by the lowest
temperature within the heat exchange loop to prevent freezing
of the coolant and therefore avoid blockage of the loop. The
heat transfer medium used as coolant is mostly commercially
available oils and the like. The circulation of the coolant is
ensured by operating a coolant pump.

[0012] Moreover it is especially preferred, that the coolant
pump is directly operated by the internal combustion engine
via a mechanic pump drive, for example a vee-belt. This way
of operating the coolant pump is in particular very energy and
cost effective, as a direct, mechanic connection between the
combustion engine of the vehicle and the pump is very solid,
long-living, requires low maintenance efforts and energy
losses are notably reduced in comparison with a pump being
operated by an electric motor. Another advantage of the direct
mechanic connection between the pump and the engine is,
that this ensures a working coolant pump when it is required,
thus at times when the internal combustion engine is in opera-
tion, because then evaporation of the low-temperature lique-
fied combustible gas and therefore a heat transfer from the
refrigeration space to the evaporator is necessary. Moreover
no supplemental components like an electric motor, its energy
supply and the corresponding periphery elements need to be
installed on the vehicle.

[0013] Inanother preferred embodiment of the invention a
closable air flap for supplying the evaporator with additional
ambient air for evaporating the low-temperature liquefied
combustible gas is installed on the refrigeration vehicle. Once
the set temperature in the refrigeration space is reached, there
might not be a sufficient supply of heat to the evaporator via
the heat exchange loop to ensure adequate evaporation of the
low-temperature liquefied gas before it is supplied to the
internal combustion engine, which might lead to damages in
the combustion engine. In this case the required heat can be
supplied through a closable air flap, conducting ambient,
warm air to the evaporator. In an advanced embodiment of the
refrigeration vehicle, the closable air flap might be located
close to the internal combustion engine, using its rejected heat
for warming up the air which is afterwards conducted to the
evaporator for increasing effectiveness of the evaporation
process, as the evaporation becomes more effective if the
temperature gradient between the liquefied gas and the sup-
plied heat is enhanced. Moreover the air flap can be opened to
deliver heat from the internal combustion engine to the first
heat exchanger if the refrigeration space has to be heated. This
case might occur in winter, when the ambient temperature is
lower than the required set temperature in the refrigeration
space. For example, if transportation of chilled food requiring
a temperature above 0° C. is carried out and the ambient
temperature is below this value. Commonly a regulation unit
being connected to the mentioned elements of the heat
exchange loop and to corresponding sensors will be installed
on the vehicle for controlling the different modes of operation
and to ensure a sufficient supply of heat or cold to the refrig-
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eration space and a sufficient amount of heat to the evaporator
to avoid applying fluid combustible gas to the internal com-
bustion engine.

[0014] In another preferred embodiment of the invention
the refrigeration vehicle comprises in addition a bypass con-
nection and a bypass valve being arranged such that the
supplemental heat exchanger is bypassed by opening the
bypass valve, when the refrigeration space does not require
any cooling because its set temperature is reached. The
bypass valve is also opened, if the two vehicle parts are
disconnected and thus the corresponding couplings between
the vehicle parts are detached. For supporting effectiveness of
the bypass connection it is preferred to close a switching
valve simultaneously, which is mounted in a row to the first
heat exchanger such that the first heat exchanger is, in case of
a closed switching valve and an opened bypass valve, still
passed through with circulating coolant for not freezing. The
heat required for the evaporation of the low-temperature lig-
uefied combustible gas in the evaporator is in this case sup-
plied by air being conducted through the closeable air flap. In
particular, freezing of the first heat exchanger, which might
occur if not enough coldness is taken for being conducted to
the refrigeration space, is avoided, because it is warmed by
the air delivered by opening the air flap. Refining this embodi-
ment a regulation unit might be installed, which opens and
closes the valves with respect to the required mode of opera-
tion.

[0015] In another preferred embodiment of the invention
the refrigeration vehicle moreover comprises a first nitrogen
tank for liquid nitrogen, nitrogen lines, a nitrogen pump, a
nitrogen outlet and a nitrogen heat exchanger arranged in a
refrigeration unit together with the supplemental heat
exchanger enabling indirect cooling of the refrigeration space
via liquid nitrogen, in particular when the combustion engine
is not operated and the refrigeration vehicle is at a standstill.

[0016] The liquid nitrogen might be used for cooling the
refrigeration space, either in combination with the natural gas
cooling mode or individually. Common techniques for nitro-
gen cooling might be practiced; in particular it is preferred to
use indirect cooling methods, whereby heat is extracted via a
to nitrogen heat exchanger from the refrigeration space.
Because the nitrogen and/or the combustible gas, depending
on the current circumstances, is employed for cooling a
refrigeration space, higher energy efficiency in the use of low
temperature liquefied combustible gases and of liquid nitro-
gen is achieved. If the low temperature liquefied combustible
gas has to be present in gaseous form for further use, the
evaporation energy can be employed in the phase transforma-
tion from liquid to gaseous in order to cool a refrigeration
space. At times when the combustible gas is not required for
further use in the gaseous state, the liquid nitrogen may be
employed for cooling the refrigeration space. The advantage
of this is that nitrogen can be discharged harmlessly into the
environment, in contrast to most combustible gases. A syn-
ergy effect is achieved by the coordinated use of both gases
for cooling a refrigeration space depending on the outer cir-
cumstances. When the vehicle is in operation, the low tem-
perature liquefied combustible gas is extracted from the fuel
tank from the liquid phase, is first initially evaporated,
employed for cooling the refrigeration space and is supplied
only thereafter to the internal combustion engine. Thus, dur-
ing operation, less or no liquid nitrogen has to be supplied to
the refrigeration space, with the result that the efficiency of
the refrigeration vehicle is further increased. However, a
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cooling of the refrigeration space by low-temperature lique-
fied combustible gas and liquid nitrogen is also possible,
depending on the refrigeration requirements. Furthermore,
the liquid nitrogen may be employed, as required, for cooling
the refrigeration space, especially at times when the refrig-
eration vehicle is not being moved, but the refrigeration space
is to be cooled. Thus, when the internal combustion engine is
at a standstill, only nitrogen is employed for cooling the
refrigeration space and is conducted into the atmosphere.
[0017] The combination of refrigeration techniques for
nitrogen and natural gas cooling gives rise to an energy
advantageous and environmentally advantageous use of low
temperature liquefied combustible gas and of liquid nitrogen.
[0018] In another preferred embodiment of the invention a
boil-off device is located on the refrigeration vehicle, for joint
storage and/or transportation of low-temperature liquefied
combustible gas and liquid nitrogen. The boil-off device com-
prises a fuel tank for low-temperature liquefied combustible
gas, a second nitrogen tank for liquid nitrogen and a heat-
transmitting connection element between the fuel tank and
the second nitrogen tank, which is designed in such a way,
that the combustible gas in the fuel tank can be cooled or kept
cool directly or indirectly by the liquid nitrogen.

[0019] Liquid nitrogen has a boiling temperature of at most
-196° C. at normal pressure and can therefore cool low-
temperature liquefied combustible gas in the liquid phase
having a higher boiling temperature of all the constituents
than —196° C. There is a theoretical possibility of cooling the
low-temperature-liquefied combustible gas by directly sup-
plying liquid and/or gaseous nitrogen to the low-temperature
liquefied combustible gas and therefore cooling it. It is pref-
erable, however, to discharge heat indirectly from the low
temperature liquefied combustible gas, in that liquid and/or
gaseous nitrogen or a heat transfer medium is supplied in a
pipeline system to the low temperature liquefied combustible
gas, so that heat transmission takes place indirectly via the
pipeline system. The direct or indirect cooling prevents the
low temperature liquefied combustible gas from evaporating
unintentionally due to the supply of heat from the surround-
ings. Loss free storage of a low temperature liquefied com-
bustible gas is thus made possible. This affords the further
advantage that the low temperature liquefied combustible gas
preserves its composition of different components and is not
enriched with less volatile constituents which have a higher
boiling point. On account of the transmission of heat from the
low temperature liquefied combustible gas to the nitrogen,
what can be achieved, according to the boil-off device, is that
the low temperature liquefied combustible gas is constantly
cooled so that the low temperature liquefied combustible gas
does not evaporate due to the additional introduction of heat
from the surroundings. Owing to the transmission of heat
from the low temperature liquefied combustible gas to the
liquid nitrogen, only the latter evaporates and is at least par-
tially in gaseous form. The still cold gaseous nitrogen may be
employed for cooling further refrigeration spaces and may
subsequently be routed to the atmosphere or employed else-
where, for example for inertization. It is perfectly safe to
discharge nitrogen into the free ambient air.

[0020] From the interaction of low temperature liquefied
combustible gas and liquid nitrogen, a synergy effect is
achieved, and environmental pollution caused by natural gas
which possibly escapes is reduced to zero. Moreover, the low
temperature liquefied combustible gas is stored, free of loss,
in the first storage tank, and an enrichment of the low tem-



US 2013/0055728 Al

perature liquefied combustible gas with higher boiling con-
stituents is avoided. In addition, using the boil-off device in
the tractor is particularly advantageous, because a simulta-
neous, combined filling mode for liquid nitrogen and natural
gas at a corresponding filling station unit becomes possible,
realizing an extraordinary increase in efficiency. In addition
available techniques for operating trucks with an internal
combustion engine driven by a low-temperature liquefied
combustible gas can be used according to elements of the
present invention and be combined with common trailers
employing liquid nitrogen for cooling of the refrigeration
space. Intrinsic disadvantages like not to exploit the cold of
the stored liquefied gas as executed in the state of art are
overcome. Thus the realisation of further synergy effects
becomes possible, while this cold is used for cooling a refrig-
eration space and in particular the use of the supplemental
heat exchange loop enables a significant increase in safety,
practicability and in economic as well as environmental
effectiveness in the daily application of refrigeration trucks
for food distribution.

[0021] The invention and the technical context are
explained below, by way of example, by means of the draw-
ing. It should be pointed out that the drawing shows an espe-
cially preferred design of the invention, which, however, is
not restricted to this.

[0022] FIG. 1 shows schematically an embodiment of the
invention in a refrigeration trailer truck.

[0023] FIG. 1 shows a refrigeration vehicle 1 comprising a
first vehicle part 2, being a motor tractor, and a second vehicle
part 3, being is a semi-trailer, which can be separated. The first
vehicle part 2 comprises a fuel tank 7 for low-temperature
liquefied combustible gas LNG, preferably natural gas. The
low-temperature liquefied combustible gas LNG can be con-
ducted via fuel lines 9 and a fuel pump 8 into an evaporator to
for evaporating. After a phase transition in the evaporator to
the now gaseous combustible gas can be conducted into an
internal combustion engine 4, which can be operated with
combustible gas. The second vehicle part 3 comprises a
refrigeration space 5, which can be cooled by a refrigeration
unit 6, composed of a supplemental heat exchanger 22 and a
nitrogen heat exchanger 44, and a fan 11 for circulating the air
in the refrigeration space 5, whereby the air is conducted
through the refrigeration unit 6. The refrigeration unit 6 cools
the refrigeration space 5, in that heat of the refrigeration space
5 is extracted via the supplemental heat exchanger 22 and/or
the nitrogen heat exchanger 44.

[0024] The nitrogen heat exchanger 44 is an essential part
of'anitrogen cooling system in the refrigeration space 5 of the
second vehicle part 3 comprising an insulated nitrogen tank
40 for liquid nitrogen LIN;, nitrogen lines 42, a nitrogen pump
43 and a nitrogen outlet 45. The liquid nitrogen LIN can be
piped via the nitrogen pump 43 through the nitrogen lines 42
into the nitrogen heat exchanger 44 in the refrigeration space
5, in which the liquid nitrogen LIN is evaporated and the heat
required for warming up the liquid nitrogen LIN and for its
phase transition is taken from the refrigeration space 5, by
what the desired indirect cooling power is achieved. After the
evaporation the nitrogen can be emitted into the environment
via the nitrogen outlet 45. Other known methods for cooling
a refrigeration space with nitrogen can be used in parallel or
alternatively to the one mentioned. Moreover, a simultaneous
use of a conventional compressor based cooling circuit is
possible.
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[0025] Furthermore the refrigeration space 5 of the second
vehicle part 3 can be cooled indirectly by extracting its heat
with the supplemental heat exchanger 22 of the refrigeration
unit 6 via a heat exchange loop 20 by leading the heat into a
first heat exchanger 21, which is located in the first vehicle
part 2 close to the evaporator to for the low-temperature
liquefied combustible gas LNG, with the result that the phase
transition of the combustible gas from liquid to gaseous takes
place in the evaporator to. The heat exchange loop 20, more-
over, contains a coolant circulating in the heat exchange loop
20, by means of being driven by a coolant pump 24. The heat
exchange loop 20 in addition comprises flexible lines 23 as
well as detachable couplings 25, which enable the disconnec-
tion of the heat exchange loop 20 into two parts, if the first 2
and the second 3 vehicle part are separated, whereby for
increasing safety and practicability these two parts of the heat
exchange loop 20 are sealed by reconnecting the elements of
the detachable couplings 25 on each vehicle part 2, 3, so that
two smaller loops are generated. The detachable couplings 25
are designed in such a way, that in case of disconnecting all
ends are automatically sealed simultaneously and thus no
losses of coolant can occur. The coolant pump 24 is mounted
on the first vehicle part 2 and is preferentially directly oper-
ated by the internal combustion engine 4 by using a mechanic
pump drive 26, for example a vee-belt.

[0026] If more heat is required for evaporating the low
temperature liquefied combustible gas LNG in the evaporator
to, for example if the set temperature of the refrigeration
space 5 is reached, warm ambient air can be supplied to the
evaporator to by opening a closable flap 30. The closable air
flap 30 can be mounted in a way, that the ambient air imbibes
rejected heat of the internal combustion engine 4 and after-
wards supplies this additional heat to the evaporator to, there-
fore even if the ambient air is not warm enough for supporting
an efficient evaporation of the low-temperature combustible
gas LNG in the evaporator to a sufficient amount of heat is
available. Another case when this additional heat rejected
from the internal combustion engine 4 might be needed is,
when the refrigeration space 5 contains chilled food requiring
a temperature above the temperature of the surrounding, for
example in winter, when chilled food is transported not being
capable of temperature below a certain set value. Commonly
a regulation unit being connected to the mentioned elements
of'the heat exchange loop 20 and to corresponding sensors not
included to the FIGURE will be installed on the refrigeration
vehicle 1 for controlling the different modes of operation and
to ensure a sufficient supply ofheat or cold to the refrigeration
space 5 and a sufficient amount of heat to the evaporator to
avoid applying fluid combustible gas LNG to the internal
combustion engine 4. The line system of the heat exchange
loop 20 moreover comprises a bypass-connection 27 to
bypass the supplemental heat exchanger 22 and the detach-
able couplings 25. For the regulation of the coolant flow, a
bypass valve 31 is included in the bypass connection 27,
which is inserted parallel to the detachable couplings 25 and
parallel to the supplemental heat exchanger 22 on the first
vehicle part 2. The bypass connection 27 provides a loop only
consisting of the first heat exchanger 21, the coolant pump 24
and the bypass valve 31, if the bypass valve 31 is opened and
a switching valve 32, being inserted in a row with the first heat
exchanger 21, is closed. The switching valve 32 is mounted in
such a way, that the first heat exchanger 21 is, in case of a
closed switching valve 32 and an opened bypass valve 31, still
passed through with circulating coolant for not freezing. The
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bypass connection 27 is applied, when the refrigeration space
5 does not require any cooling because its set temperature is
reached. The bypass valve 31 is also opened, if the two vehicle
parts 2, 3 are disconnected and thus the corresponding cou-
plings 25 between the vehicle parts 2, 3 are detached. The heat
required for the evaporation of the low-temperature liquefied
combustible gas LNG in the evaporator to is in case of bypass-
ing the supplemental heat exchanger 22, hence opened bypass
valve 31 and closed switching valve 32, supplied by air being
conducted through the closeable air flap 30. In particular,
freezing of the first heat exchanger 21, which might occur if
not enough coldness is taken from the low-temperature lig-
uefied combustible gas LNG for being conducted to the
refrigeration space 5, is avoided, because it is warmed by the
air delivered by opening the air flap 30.

[0027] The refrigeration room cooling, using the heat
exchange loop 20 as mentioned before is preferably used
when the internal combustion engine 4 of the refrigeration
vehicle 1 is in use, because in this case gaseous combustible
gas LNG is required in the internal combustion engine 4 and
the synergistic effects of the process can be fully utilized. In
case of not operating the internal combustion engine 4 or
when the first 2 and the second 3 vehicle parts are separated
and simultaneously a cooling of the refrigeration space 5 is
necessary, the required cold can be supplied by the liquid
nitrogen LIN cooling method as described. In this way an
extraordinary efficient technique for distributing the available
forms of energy canbe realized, and therefore in particular the
consumption of liquid nitrogen LIN in a refrigeration truck
can be minimized. Even if the energy extracted from the
refrigeration space 5 for evaporation of the low-temperature
liquefied combustible gas LNG is not sufficient to reach a
given set temperature in the refrigeration space 5, the liquid
nitrogen cooling method can be used simultaneously. For a
further reduction of nitrogen consumption, especially if cool-
ing powers of liquid nitrogen LIN and low-temperature lig-
uefied gas LNG are combined, the nitrogen heat exchanger 44
is arranged behind the supplemental heat exchanger 22
according to the fan 11 in the refrigeration unit 6, so that the
air circulating in the refrigeration space 5 firstly flows through
the supplemental heat exchanger 22.

[0028] The first vehicle part 2 is additionally equipped with
a boil-off device 50, which enables a connection of the fuel
tank 7 to a second nitrogen tank 41 via a heat-transmitting
connection element 51. The boil-off device 50 hereby enables
an exceptionally efficient joint storage and/or transport of
low-temperature liquefied combustible gas LNG and liquid
nitrogen LIN, because the low-temperature liquefied com-
bustible gas LNG can be cooled directly or indirectly with the
liquid nitrogen LIN in the second nitrogen tank 41. An evapo-
ration of the low-temperature liquefied combustible gas LNG
on account of the supply of heat from the surroundings is thus
prevented. Moreover, the boil-off device 50 ensures that the
temperature of the low-temperature liquefied combustible
gas LNG in the fuel tank 7 is kept below the boiling point of
all the constituents, which temperature amounts, in the case
of a pressureless storage of natural gas, to -161° C. Thus, an
enrichment of constituents of the low-temperature liquefied
combustible gas LNG, possessing a relatively high boiling
point, in the fuel tank 7 can be avoided. Following especially
a potentially damaging increase of the part of propane in the
low-temperature liquefied combustible gas LNG can be obvi-
ated.
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[0029] The present invention is especially suitable for
refrigeration transporters operated with natural gas, which
are used for the distribution of frozen and chilled goods to
retail dealers. In particular the economic employment of a
combustion engine operated with natural gas in a transporter,
storing the natural gas in the liquid phase, and the combined
use of this cold for cooling a refrigeration space is highly
advantageous, because the amount of energy needed all in all
can be explicitly lowered. Moreover, using the boil-off device
in the tractor is particularly advantageous, because a simul-
taneous, combined filling mode for liquid nitrogen and natu-
ral gas at a corresponding filling station unit becomes pos-
sible, realizing an extraordinary increase in efficiency.

LIST OF REFERENCE SYMBOLS

[0030] LIN Liquid nitrogen

[0031] LNG Liquid natural gas
[0032] 1 Refrigeration vehicle
[0033] 2 First vehicle part

[0034] 3 Second vehicle part
[0035] 4 Internal combustion engine
[0036] 5 Refrigeration space
[0037] 6 Refrigeration unit

[0038] 7 Fuel tank

[0039] 8 Fuel pump

[0040] 9 Fuel lines

[0041] 10 Evaporator

[0042] 11 Fan

[0043] 20 Heat exchange loop
[0044] 21 First heat exchanger
[0045] 22 Supplemental heat exchanger
[0046] 23 Flexible lines

[0047] 24 Coolant pump

[0048] 25 Coupling

[0049] 26 Mechanic pump drive
[0050] 27 Bypass connection
[0051] 30 Closable air flap

[0052] 31 Bypass valve

[0053] 32 Switching valve

[0054] 40 First Nitrogen tank
[0055] 41 Second Nitrogen tank
[0056] 42 Nitrogen line

[0057] 43 Nitrogen pump

[0058] 44 Nitrogen heat exchanger
[0059] 45 Nitrogen outlet

[0060] 50 Boil-off-Vorrichtung
[0061] 51 Heat-transmitting connection element

1-16. (canceled)

17. A refrigeration vehicle comprising at least one refrig-
eration space, that is cooled via at least one supplemental heat
exchanger, wherein the supplemental heat exchanger is con-
nected to a heat exchange loop exchanging heat between said
at least one supplemental heat exchanger and an evaporator
for low-temperature liquefied combustible gas.

18. The refrigeration vehicle of claim 17, wherein the
supplemental heat exchanger is connected to other compo-
nents of the heat exchange loop via couplings and flexible
lines.

19. The refrigeration vehicle of claim 18, further compris-
ing at least one first vehicle part comprising an internal com-
bustion engine and one second vehicle part being dividable,
wherein:
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the flexible lines and the couplings form two detachable
connections between said at least one first vehicle part
and said one second vehicle part; and

the evaporator for the low-temperature liquefied combus-

tible gas is arranged on the first vehicle part.

20. The refrigeration vehicle of claim 19, wherein:

said at least one first vehicle part further comprises a fuel

tank for low-temperature liquefied combustible gas;
the internal combustion engine can be operated with com-
bustible gas; and

the evaporator is connected via fuel lines between the inter-

nal combustion engine and the fuel tank, so that the
combustible gas can be conducted to the internal com-
bustion engine.

21. The refrigeration vehicle of claim 20, wherein the low-
temperature liquefied combustible gas is natural gas.

22. The refrigeration vehicle of claim 17, wherein the heat
exchange loop comprises a first heat exchanger, which is
arranged in the refrigeration vehicle in such a way, that the
first heat exchanger is able to exchange heat with the evapo-
rator and that the first heat exchanger is connected to the
supplemental heat exchanger in the refrigeration space.

23. The refrigeration vehicle of claim 17, wherein the heat
exchange loop contains a coolant and comprises a coolant
pump.

24. The refrigeration vehicle of claim 17, wherein a clos-
able air flap for supplying the evaporator with additional
ambient air for evaporating the low-temperature liquefied
combustible gas is installed on the refrigeration vehicle.

25. The refrigeration vehicle of claim 21, wherein a bypass
connection and a bypass valve are arranged such that the
supplemental heat exchanger can be bypassed by opening the
bypass valve.

26. The refrigeration vehicle of claim 17, wherein the
refrigeration vehicle comprises a first nitrogen tank for liquid
nitrogen, nitrogen lines, a nitrogen pump, a nitrogen outlet
and a nitrogen heat exchanger, preferably arranged in a refrig-
eration unit together with the supplemental heat exchanger.

27. The refrigeration vehicle of claim 17, wherein in the
refrigeration vehicle a boil-off device is located, for joint
storage and/or transportation of low-temperature liquefied
combustible gas and liquid nitrogen, comprising a fuel tank
for low-temperature liquefied combustible gas, a second
nitrogen tank for liquid nitrogen and a heat-transmitting con-
nection element between the fuel tank and the second nitro-
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gen tank, which is designed in such a way, that the combus-
tible gas in the fuel tank can be cooled or kept cool directly or
indirectly by the liquid nitrogen.

28. A refrigeration method for refrigerating at least one
refrigeration space of a refrigeration vehicle via at least one
supplemental heat exchanger, characterized in that heat is
extracted from the refrigeration space via the supplemental
heat exchanger and conducted via a heat exchange loop to an
evaporator for evaporation of low-temperature liquefied com-
bustible gas, especially liquefied natural gas.

29. The refrigeration method of claim 28, wherein the
low-temperature liquefied combustible gas is liquefied natu-
ral gas.

30. The refrigeration method of claim 28, wherein:

the refrigeration vehicle is separated into a first vehicle

part, comprising a motor tractor and the evaporator and
into a second vehicle part, comprising the refrigeration
space and the supplemental heat exchanger, via two
detachable couplings in flexible lines of the heat
exchange loop;

the low-temperature liquefied combustible gas is stored in

a fuel tank, conducted to the evaporator via fuel lines,
and afterwards supplied to an internal combustion
engine; and

the heat required for the evaporation is extracted from the

refrigeration space via the heat exchange loop.

31. The refrigeration method of claim 30, wherein the
low-temperature liquefied combustible gas is conducted to
the evaporator via the fuel lines and a fuel pump.

32. The refrigeration method of claim 28, wherein the
extracted heat is transmitted to a coolant in the heat exchange
loop, conducted to a first heat exchanger via a coolant pump,
and then transmitted to the evaporator via the first heat
exchanger.

33. The refrigeration method of claim 28, wherein addi-
tional heat from the environment can be supplied to the
evaporator via a closable air flap.

34. The refrigeration method of claim 28, wherein the
supplemental heat exchanger is bypassed through a bypass
connection and a bypass valve by opening the bypass valve
when the refrigeration space does not require any cooling.

35. The refrigeration method of claim 31, wherein the
coolant pump is directly operated by the internal combustion
engine via a mechanical pump drive.
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