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DESCRIPTION

[0001] The invention relates to a device and process for refuelling containers with pressurized
gas.

[0002] The invention relates more particularly to a device for refuelling containers with
pressurized gas, notably for refuelling gaseous hydrogen tanks, comprising a pressurized gas
source, a transfer circuit comprising one upstream end connected to the gas source and at
least one downstream end (6) intended to be removably connected to a container, the device
comprising a refrigeration system for cooling the gas flowing from the gas source prior to its
entering into the container, the refrigeration system comprising a refrigerant cooling loop circuit
comprising, arranged in series, a compressor, a condenser section, an expansion valve and an
evaporator section, the refrigeration system comprising a cold source in heat exchange with
the condenser section and a heat exchanger located in the transfer circuit and comprising a
heat exchange section between the gas flowing in the transfer circuit and the evaporator
section.

[0003] Hydrogen refuelling stations are designed for fast refuelling (few minutes) of Fuel Cell
Electrical Vehicles (FCEV) with hydrogen at high pressure (for example equal or above 70
MPa). Hydrogen needs to be precooled (generally below -33°C) at dispenser refuelling nozzle
in order to avoid overheating in the tank.

[0004] A known cooling or refrigeration system feeds a hydrogen cooling heat exchanger with
a refrigerant of a refrigerant cooling loop circuit.

[0005] Refrigerant may be CO2. See for example documents JP20150921108A or
US2016348840A. See also WO2018104983A1.

[0006] See also WO2018104982A1 and WO2009135297A1.

[0007] Generally, the heat exchanger includes a mass or block of material for storing cold for
responding to high demand. The refrigeration device may provide nearly constant cooling and
the cooling energy is stored in the thermal inertia of the heat exchanger (high thermal inertia).

[0008] However, the thermal inertia may be not sufficient in some situations to provide the cold
needed. In addition, when using another type of heat exchanger (ex: a compact diffusion
bonded heat exchanger) the thermal inertia is small. In that cases, the cooling energy has to
be provided when there is a demand. This demand might change within seconds from zero to
full cooling power.

[0009] Most efficient use of the cooling power is done using counter-current heat exchanger. In
that case, it is desirable that the temperature of the refrigerant at the inlet to the heat
exchanger remains in a pre-determined range of temperature.
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[0010] For that purpose, pre-determined evaporation pressure range should be maintained at
the inlet of the heat exchanger. Also, sufficient superheat should be maintained at the suction
of the compressor. Superheat is for example the predetermined amount of heat added to the
refrigerant after it has already vaporized. It can be defined by a temperature at a given
pressure and may be measured at the outlet of the heat exchanger or at compressor inlet. The
evaporation temperature of the refrigerant depends on pressure.

[0011] The reason why superheat is controlled is to make sure that the liquid refrigerant in the
evaporator section has fully changed from a liquid to vapour (since it is wanted to have only
vapour returning to the compressor suction/inlet).

[0012] The refuelling device (or station) may also be set in standby mode (waiting situation for
refuelling) for an extended time. And even if there is a refuelling, the amount of gas might
below the maximum design values. In those cases, the refrigeration system will operate at low
load.

[0013] One goal is to overcome or reduce at least one of the preceding problems.

[0014] To this end, the device according the invention, according to the generic definition
above, is defined by claim 1 in that the refrigerant cooling loop circuit comprises a bypass
conduit comprising an upstream end connected to the outlet of the compressor and a
downstream end connected to the refrigerant cooling loop circuit upstream the compressor
inlet and bypassing the condenser section and expansion valve, the device comprising a
bypass regulating valve for controlling the flow of refrigerant flowing into the by-pass conduit,
and in that the downsteam end of the by-pass conduit is connected to the outlet of the heat
exchanger, that is to say closer to the refrigerant outlet of the heat exchanger than to the
compressor inlet, preferably between one and forty centimeters after the outlet of the
evaporator section.

[0015] This given quantity of hot compressed bypass gas which is reinjected upstream the
compressor allows to rise the refrigerant temperature and pressure at compressor inlet. This
allows also to vary the quantity of refrigerant flowing through the evaporator. In case of full
cooling capacity needed, the bypass valve can be closed.

[0016] In addition, embodiments might include one or several of the below features:

« the downstream end of the bypass conduit is connected at the outlet of the heat
exchanger of the transfer circuit,

» the bypass valve is a controlled valve able to be set in a closed position or a plurality of
open positions for varying the flowrate of refrigerant flowing in the bypass conduit, the
device comprising an electronic controller connected to the bypass valve and configured
for controlling the opening of said the bypass valve,

e the compressor is a variable speed compressor and in that the electronic controller is
connected to the compressor and configured for controlling the compressor (8) and
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notably the compressor speed,

the electronic controller is connected to the expansion valve and configured for
controlling the cooling power produced by the refrigeration system via the control of the
opening of the expansion valve,

the device comprises a differential temperature sensor system measuring the difference
between the temperature of the refrigerant in the refrigerant cooling loop circuit at the
outlet of the heat exchanger and the temperature of the refrigerant in the cooling loop
circuit at the inlet of the heat exchanger, the electronic controller being configured for
controlling the cooling power produced as a function of this temperature differential,

the electronic controller is configured to generate or receive a signal indicative of the
cooling power needed at heat exchanger for cooling the flow of gas in the transfer circuit
through the heat exchanger and, in response, for controlling the cooling power produced
by the refrigeration accordingly,

the signal indicative of the cooling power needed at the heat exchanger comprises at
least one among: the quantity or the flowrate of gas flowing through the transfer circuit,
the temperature of the gas flowing through the transfer circuit, the pressure of the gas
flowing through the transfer circuit, a pressure value or pressure change in the gas
source, an external demand such as a wireless signal,

the process comprises a step of controling the cooling power produced in the
evaporator section of the refrigerant cooling loop circuit via the control of the opening of
the expansion valve,

the device comprises and expansion vessel comprising an inlet connected to the
refrigerant cooling loop circuit downstream the compressor outlet and an outlet
connected to the refrigerant cooling loop circuit upstream the compressor inlet, the
device comprising a set of valve(s) for controlling the flow of refrigerant to the expansion
vessel and from the expansion vessel for controlling the pressure in the refrigerant
cooling loop circuit and in the expansion vessel,

the device comprises a pressure sensor for sensing the refrigerant pressure in the
cooling loop circuit between the compressor inlet and the heat exchanger outlet, notably
at the inlet of the compressor,

the electronic controller is configured for regulating the suction pressure at the inlet of
the compressor on a predetermined pressure set point via the control of the compressor
speed and the opening of the bypass valve,

the device comprises a temperature sensor for sensing the refrigerant temperature in
the refrigerant cooling loop circuit between the compressor inlet and the heat exchanger
outlet and, notably at the inlet of the compressor,

the electronic controller is configured for regulate the temperature of the refrigerant at
the inlet of the compressor on a predetermined temperature set point via a control of the
compressor speed and the opening of the bypass valve,

the electronic controller is configured for regulating the temperature of the refrigerant at
the inlet of the heat exchanger on a predetermined temperature set point via a control of
the compressor speed and the opening of the bypass valve,

the device comprises a temperature sensor for sensing the heat exchanger
temperature, the electronic controller being configured to be able to switch the
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refrigeration system in first standby mode, in the first standby mode, when the
temperature of the heat exchanger is equal or below a predefined first standby
temperature threshold, for example comprised between -40°C and - 20°C, the electronic
controller switches off the compressor, and when the sensed temperature of the heat
exchanger is above a second standby threshold, for example equal or above the first
standby temperature threshold, the electronic controller starts the compressor for
producing cooling power and cooling the heat exchanger.

+ the electronic controller is configured in the first standby mode for starting the cold
source when the sensed pressure in the refrigerant cooling loop circuit is above a preset
standby pressure threshold and thus lowering the pressure in the refrigerant cooling
loop circuit,

« the electronic controller is configured in the first standby mode for starting the
compressor when the sensed pressure in the refrigerant cooling loop circuit is above a
preset standby pressure threshold and thus lowering the pressure in the refrigerant
cooling loop circuit,

+ the electronic controller is configured in the first standby mode for starting the
compressor when the sensed pressure in the refrigerant cooling loop circuit is above a
preset standby pressure threshold and thus lowering the pressure in the refrigerant
cooling loop circuit,

» the cold source and the compressor are both started when the heat exchanger 7 must
be cooled,

[0017] The invention also deals with a process according to claim 9 for refuelling containers
with pressurized gas, notably for refuelling gaseous hydrogen tanks, with a device comprising
gas source, a transfer circuit for transferring compressed gas from the gas source to a
container, the process comprising a step of cooling a heat exchanger located in the transfer
circuit, the heat exchanger being in heat exchange with the gas flowing from the source to the
container(s), the step of cooling comprising the production of a cooling power in a evaporator
section of a refrigerant cooling loop circuit, the cooling loop circuit comprising, arranged in
series, a compressor, a condenser section, an expansion valve and the evaporator section, the
condenser section being in heat exchange with a cold source, the process comprising the step
of controlling the quantity refrigerant compressed by the compressor which is reinjected via a
bypass conduit upstream the compressor, without flowing via the condenser section and the
expansion valve, the downsteam end of the by-pass conduit is connected to the outlet of the
heat exchanger, that os to say closer to the refrigerant outlet of the heat exchanger than to the
compressor inlet, preferably between one and forty centimeters after the outlet of the
evaporator section.

[0018] According to other embodiments, the invention can additionally include one or several
of the below features:

» the compressed gas reinjected via a bypass conduit upstream the compressor is
reinjected at the outlet of the heat exchanger,
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the process comprises a step of regulating the suction pressure at the inlet of the
compressor to a predetermined pressure level via the control of the compressor speed
and the quantity of refrigerant reinjected via a bypass conduit upstream the compressor,
the process comprises a step regulating the temperature of the refrigerant at the inlet of
the compressor on a predetermined temperature set point via the control of the
compressor speed and the degree of opening of the bypass valve,

the process comprises a step of controling the cooling power produced in the
evaporator section of the refrigerant cooling loop circuit as a function of the temperature
differential between the temperature of the refrigerant in the refrigerant cooling loop
circuit at the outlet of the heat exchanger and the temperature of the refrigerant in the
cooling loop circuit at the inlet of the heat exchanger,

the process comprises a step of controlling the cooling power produced at the
evaporator section of the refrigerant cooling loop circuit as a function of a signal
indicative of the cooling power demand at the heat exchanger, said signal including at
least one among: the quantity or flowrate of gas flowing through the transfer circuit, the
temperature of the gas flowing through the transfer circuit, the pressure of the gas
flowing through the transfer circuit, a pressure or pressure change in the gas source, a
demand from a user for refuelling a container, a wireless signal,

the process comprises a step of directing some refrigerant of the refrigerant cooling loop
circuit to an expansion vessel for lowering the pressure in the refrigerant cooling loop
circuit below a predetermined value,

when the pressure in the expansion vessel is above a predetermined value, the process
comprises a step providing cold to the refrigerant cooling loop circuit via the cold source
and withdrawing gas from the expansion vessel to the refrigerant cooling loop circuit,

the process comprises a step of switching the device in a first standby mode when there
is not demand for refuelling a container, in the first standby mode the compressor being
switched on when the temperature of the heat exchanger is equal or below a predefined
first standby temperature threshold, for example comprised between -40°C and -20°C,
and wherein the compressor is started for producing cooling power for cooling the heat
exchanger when the temperature of the heat exchanger is above a second standby
threshold, for example equal or above the first standby temperature threshold,

in the first standby mode, the process comprises a step of lowering the pressure in the
refrigerant cooling loop upstream of the compressor via the starting of the cold source
when the pressure in the refrigerant cooling loop circuit is above a preset standby
pressure threshold

in the first standby mode, the process comprises a step of lowering the pressure in the
refrigerant cooling loop upstream of the compressor via the starting of the compressor
when the pressure in the refrigerant cooling loop circuit is above a preset standby
pressure threshold,

in the first standby mode, the process comprises the step of starting the compressor for
producing cooling power and cooling the heat exchanger when the temperature of the
heat exchanger is equal or below a predefined first standby temperature of the heat
exchanger is equal or below a predefined first standby temperature threshold, for
example comprised between -40°C and -20°C, and the step of switching off the
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compressor when the temperature of the heat exchanger is above the predefined first
standby temperature threshold.

[0019] The invention mays also relate to any alternative device or process comprising any
combination of the above or below features within the scope of the claims.

[0020] Other particularities or advantages will be apparent from the reading of the below
description, referring to the drawings wherein:

» figure 1 is schematic and partial view showing the structure and operation of a refuelling
device according to a first not claimed embodiment,

« figure 2 is schematic and partial view showing the structure and operation of a refuelling
device according to a second not claimed embodiment,

« figure 3 is schematic and partial view showing the structure and operation of a refuelling
device according to a third embodiment,

« figure 4 is schematic and partial view showing the structure and operation of a refuelling
device according to a fourth embodiment,

» figures 5 et 8 are schematic and partial views of different possible operations of the
device and process that might be implemented (independently or combined),

figure 9 is schematic and partial view showing the structure and operation of a refuelling device
according to a further embodiment.

[0021] As illustrated in the drawings, the device 1 for refuelling containers 3 might be a fuelling
station for refuelling a pressurized gas to vehicle tanks (for example hydrogen but it may apply
to other gases: natural gas...).

[0022] The device 1 comprises a pressurized gas source 2, a transfer circuit 4 comprising one
upstream end 5 connected to the gas source 2 and at least one downstream end 6 (for
example provided with a nozzle) intended to be removably connected to a container or tank 3
to be filled.

[0023] The gas source 2 may include for example at least one among: pressurized gas
storage(s) or buffer(s), compressor(s), bundle(s) of pressurized gas cylinders or tube
trailers(s), a liquefied gas source and a vaporiser, an electrolyser, a gas network outlet.

[0024] The transfer circuit 4 may comprise a set a valves controlled by an electronic controller
according to a predefined refuelling strategy (pressure increase or rate of pressure increase
and/or mass injected control and/or control of the density in the tank 3 and/or control of the
temperature increase in the tank 3).

[0025] The device 1 comprises a refrigeration system for cooling the gas flowing from the gas
source 2 prior to its entering into the container 3 (for example to a predefined temperature
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below 0°C notably between -33°C and -40°C). The cooled gas temperature may also be
controlled to vary according to refuelling condition(s) (as a function of temperature and/or
pressure in the tank 3, rate of pressure increase in the tank 3, flowrate of gas in the transfer
circuit 4, the ambient temperature...).

[0026] The refrigeration system comprises a refrigerant cooling loop circuit 20 comprising,
arranged in series, a compressor 8, a condenser section 9, an expansion valve 10 and an
evaporator section 11. The refrigerant flowing in the cooling loop circuit 20 is preferably carbon
dioxide but another refrigerant might be used such as R717 (ammonia), R22, R134a, R404a,
R507 or any refrigerant capable of reaching a temperature of at least -40°C.

[0027] The condenser section 9 may include heat exchanger for cooling the refrigerant
compressed by the compressor 8.

[0028] The refrigeration system comprises a cold source 12 in heat exchange with the
condenser section 9. This cold source 12 may include a cooling fluid circuit such as a loop. For
example, air, water, nitrogen or any appropriate cooling fluid or refrigerant. The cold source
may include any other cold organ or device able to cool the refrigerant such as
thermoconvectors, cooling tower or secondary refrigerating cycle. The cooling fluid from the
cold source 12 may be in heat exchange with the condenser section 9 in a heat exchanger.

[0029] The refrigeration system comprises a heat exchanger 7 located in the transfer circuit 4
and comprising a heat exchange section between the gas flowing in the transfer circuit 4 and
the evaporator section 11. The evaporator section 11 may comprise a circuit (for example
coils) in heat exchange with the transfer circuit 4 and/or with a mass of material (aluminium or
the like) forming an organ having a high thermal inertia for storing cold (for example a several
centimetres thick metal or aluminium block and/or other material such a Phase Change
Material).

[0030] The refrigerant cooling loop circuit 20 comprises a bypass conduit 13 comprising an
upstream end connected to the outlet of the compressor 8 and a downstream end connected
upstream the compressor 8 in the refrigerant cooling loop circuit 20 and bypassing the
condenser section 9 and expansion valve 10. The refrigeration device comprises a bypass
regulating valve 15 for controlling the flow of refrigerant flowing into the by-pass conduit 13.

[0031] As illustrated in figure 1 at least part of. the compressor 8, the condenser section 9, the
cold source 12, the bypass regulating valve, and possibly the expansion valve 10 might be
located in a frigorific module 14.

[0032] As illustrated in the not claimed embodiment of figure 1, the downstream end of the
bypass conduit 13 (the upstream is connected to the compressor outlet) may be connected
directly to the suction line of the compressor 8. This means that the hot compressed bypassed
refrigerant is reinjected directly into the inlet of the compressor 8.
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[0033] In another not claimed embodiment (figure 2) the downstream end of the bypass
conduit 13 may be connected upstream the inlet of the heat exchanger 7. This second solution
allows the mixing of the hot compressed bypassed refrigerant and the colder refrigerant flow
regulated by the expansion valve 10 before entering into the heat exchanger 7. This permits
the expansion valve 10 to maintain superheat level (a sufficient temperature) in the circuit. This
allows also a higher fluid velocity in the heat exchanger 7 and suction line of the compressor.

[0034] In case the compressor is an oil lubricated piston compressor, this allows to better carry
along oil that would have leaked and accumulated in the refrigerant circuit and especially in the
heat exchanger 7. However, at low evaporator load keeping the temperature at the heat
exchanger inlet constant might be more difficult to control.

[0035] In the claimed embodiment illustrated in figures 3 and 4, the downstream end of the
bypass conduit 13 is connected to the outlet of the heat exchanger 7 of the transfer circuit 4.
This is to say the hot compressed bypassed refrigerant is reinjected and mixed with the
refrigerant exiting the said heat exchanger 7.

[0036] As detailed below, in case the temperature of the refrigerant exiting the evaporator 11
(heat exchanger 7) needs to be measured (typically via temperature sensor 17), the tie in of
the bypass conduit 13 should not be too close to the outlet of the evaporator 11 since it would
influence the temperature measurement. A possible advantageous solution is to located the
temperature measurement as close as possible to the outlet of the evaporator 7 (for example
around 5-10cm due to the required fittings). The connection of the bypass conduit 13 is thus
preferably is around 20 to 30cm downstream of the first bend of the refrigerant circuit
downstream the evaporator 7. Since the evaporator 7 is generally mounted inside the gas
dispenser and the pipes come from below, the location may nearly automatically be defined
due to the available space.

[0037] Compared to the solution described on figure 2, this solution prevents or lowers the
problems of a fluctuating temperature at the inlet of the heat exchanger 7 as there is not
mixing of hot and cold refrigerant at the inlet of the heat exchanger 7. Compared to the
solution described on figure 1, this solution helps oil return and prevents liquid refrigerant
accumulation in the return line of the refrigerant cooling loop circuit 20 (i.e. in the line from heat
exchanger to the compressor inlet.

[0038] Preferably, the bypass valve 15 is a controlled valve able to be set in a closed position
or a plurality of open positions or able to be set in opened and closed positions (for example
full open and full closed) for modulated periods of time (e.g. Pulse Width Modulation on
solenoid valves for example). This allows interrupting or for varying the flowrate of refrigerant
flowing in the bypass conduit 13. The device 1 may comprise an electronic controller 21
connected to the bypass valve 15 and configured (for example programmed) for controlling the
opening of said the bypass valve 15 (see figure 4).

[0039] The electronic controller 21 may comprise organ(s) for storing treating receiving and/or
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sending data. For example, it comprises microprocessor(s) and/or calculator(s) and/or
computer. The electronic controller 21 might be located in the device or station or might
distant. This electronic controller 21 may also control the flow of gas in the transfer circuit 4 to
the tank 3.

[0040] The compressor 8 is preferably a variable speed compressor. The electronic controller
21 might be connected to the compressor 8 and configured for controlling the compressor 8
(on/off state) and the compressor 8 speed.

[0041] The cooling power of the refrigeration system may be primarily controlled by the
opening of expansion valve 10. The controller 21 is preferably connected to the expansion
valve 10 and configured for controlling cooling power produced by the refrigeration system via
the control of the opening of the expansion valve 10.

[0042] In order to maintain a constant evaporation pressure, the suction pressure upstream
the compressor 8, especially at the inlet of heat exchanger 7, has to remain in a predetermined
range.

[0043] The control of the evaporation pressure might thus be made via the control of the
bypass valve 15 and the compressor 8 speed.

[0044] The evaporation temperature, i.e. the temperature of the refrigerant after the expansion
valve is depending on the pressure downstream of the expansion valve 10.

[0045] Based on the desired evaporation temperature (for a predetermined cooling of the
refuelling gas) the required suction pressure can be calculated (by mean of appropriate
equation of sate or correlation).

[0046] The pressure can be measured at the exchanger 7 or preferably at the suction side of
the compressor 8. As illustrated in figure 4, the device may comprise a pressure sensor 16 for
sensing the refrigerant pressure in the cooling loop circuit 20 between the compressor 8 inlet
and the heat exchanger 7 outlet, notably at the inlet of the compressor 8.

[0047] To compensate for pressure losses, a measurement 18 of the temperature at the inlet
of the heat exchanger 7 may be used to decrease the setpoint of the suction pressure control.

[0048] As illustrated in figure 4, the device may comprise a temperature sensor 18 for sensing
the refrigerant temperature in the evaporation section 11 upstream the heat exchanger 7,

notably at the inlet of the heat exchanger 7.

[0049] The suction pressure of the compressor 8 may be controlled with the control of the flow
of hot gas admitted in the bypass conduit 13 and with the speed of the compressor 8.

[0050] Zero refrigerant flow through the heat exchanger 7 may be achieved if the compressor
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8 is at minimum speed (or stopped) and the bypass regulating valve 15 is fully open.

[0051] The maximum flow of refrigerant through the heat exchanger 7 is obtained when
bypass regulating valve 15 is closed and the compressor 8 is at its maximum speed.

[0052] This relation might be controlled with a split range control technology.

[0053] This permits to make sure that there is always sufficient superheat at the suction side of
the compressor 8.

[0054] Fast load changes may result in fast reactions of the expansion valve 10. This has an
effect on the suction pressure of the compressor 8. For a fast reaction of the pressure control,
the opening of the expansion valve 10 can be as associated with a feed forward signal to the
pressure control output (i.e. by-pass regulating valve 15 and compressor 8 speed set-points).

[0055] If the cooling demand increases, the opening of expansion valve 10 is increased. To
keep the evaporation pressure constant, the signal to the expansion valve 10 may also be
used to calculate a feed forward signal to the suction pressure control. This means that the
increase of the opening of the expansion valve might command the decrease of the by-passed
refrigerant flow and/or the increase of compressor 8 speed.

[0056] In typical refrigeration applications, the superheat (refrigerant temperature) can be
measured just after the evaporator section 11 (at the outlet of the heat exchanger 7).

[0057] Alternatively, or in addition, it is possible to measure the superheat closer to the
compressor 8 inlet, for example at the inlet of the frigorific module 14 (the frigorific module may
be named also chiller).

[0058] The main reason to measure temperature close to the evaporator section 11 (heat
exchanger 7) is energy consumption. In the device, the distance between the chiller and the
dispenser 6 can be used to subcool the liquid refrigerant and increase the temperature of the
gaseous refrigerant at the suction side of the compressor 8. For example, referring to figure 4,
this can be achieved by running the line between outlet of condensing section 9 and expansion
valve 10, along with the line evaporative section 11 and superheat control 22, within the same
heat insulation material or structure. For this reason, the superheat control is preferably
controlled closer to the compressor 8 than to the heat exchanger 7.

[0059] Thus, the device 1 preferably comprise a temperature sensor 17 for sensing the
refrigerant temperature in the refrigerant cooling loop circuit 20 between the compressor 8 inlet
and the heat exchanger 7 outlet and, notably a sensor 22 at the inlet of the compressor 8.

[0060] The electronic controller 21 can configured for regulating the temperature of the
refrigerant at the inlet of the compressor 8 in a predetermined temperature range via a control
of the compressor 8 speed and the opening of the bypass valve 15.
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[0061] As illustrated in figure 5, based on the actual (measured or calculated pressure P and
the Pressure set-point PS (pressure needed), the electronic controller acts on the bypass valve
15 and compressor 8.

[0062] The control of the cooling power may be based on temperature measure (a superheat
control) at the outlet of the heat exchanger 7. This control scheme works well when there are
only slow changes in cooling demand. However, in case of tanks refuelling station, fast load
changes might happen. The simple temperature control strategy would fail to keep the gas
temperature (example H2) to be cooled at the right temperature range for refuelling (typically
between -33°C and -40°C).

[0063] In a typical refrigeration application, the cooling demand changes are quite slow. In
those cases, the reaction speed of the chiller is thus not important.

[0064] For refuelling stations, the cooling demand may change within seconds from zero to full
cooling power. For this reason, a single temperature based control might not be sufficient.

[0065] Preferably, the device comprises a differential temperature sensor system measuring
the difference between the temperature of the refrigerant in the refrigerant cooling loop circuit
20 at the outlet of the heat exchanger 7 and the temperature of the refrigerant in the cooling
loop circuit 20 at the inlet of the heat exchanger 7. The electronic controller 21 may be
configured for controlling the cooling power produced as a function of this temperature
differential.

[0066] For example, the temperature differential is calculated based on temperature sensors
17, 18 at outlet and inlet of the heat exchanger 7.

[0067] The temperature at the inlet 18 is equal to the evaporation temperature given by the
suction pressure. Instead a measuring, a calculated inlet temperature via the suction pressure
reacts faster and gives better control.

[0068] In this context the terms « temperature sensor » means a device for directly or
indirectly measuring a temperature and/or a device for calculating the temperature based on
appropriate parameter(s).

[0069] The expansion valve 10 might be control via a closed loop control on refrigerant
temperature difference between inlet 18 and outlet 17 of the heat exchanger 8. When there is
no or low cooling power required, (heat exchanger cold in standby mode for example),
temperature difference is very low. As the cooling demand increases, the temperature
difference increases and the control will cause the expansion valve 10 to open as required.

[0070] As the actual cooling power is directly linked to the opening of the expansion valve 10
(typically with proportional and/or modulated opening times), a measurement to control if the
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supplied cooling power is too high or too low may thus be the temperature difference between
refrigerant inlet and refrigerant outlet to heat exchanger 7.

[0071] The device 1 may be switched in a refuelling mode when there is a refuelling demand.

[0072] For example, the refuelling mode might be activated upon generating or receiving in the
electronic controller 21 a signal or command. For example, a payment/demand from a user
and/or when the refuelling nozzle 6 is removed from a base dispenser.

[0073] After the nozzle 6 is removed it may take some time (for example 10s to 20s) for the
user to attach the nozzle 6 to the car and to activate the refuelling sequence.

[0074] When the connection of the nozzle to the tank 3 is made, then a pressure pulse test
may be done (about 30s for example) and the actual refuelling can then start.

[0075] Within a short period after the refuelling starts (for example 30seconds) a
predetermined low gas temperature should be reached at the dispenser outlet 6 (for example
about -33°C).

[0076] The device can be designed so that within a time period (example 60s) after the nozzle
is removed from its base the heat exchanger 7 is cooled at predetermined temperature (-38°C
for example).

[0077] This means that the heat exchanger is subcooled prior to the gas flow in the transfer
circuit 4 to the tank 3.

[0078] If the system is in stand-by mode (as described below) when cooling of heat exchanger
11 prior to the gas flow is requested, electronic controller 21 may start compressor 8 and
control expansion valve 10 and by-pass regulating valve 15 as described above. This will
cause a fast cooling.

[0079] The refuelling of a tank 3 can take between 150s and 500s for example. During that
time, the actual cooling demand may change rapidly. These rapid changes are typically too fast
for a classical control. To maintain a stable temperature of the hydrogen a feed forward control
is preferably implemented.

[0080] For example, the operating parameters of the refrigeration system will be based on the
actual required cooling energy.

[0081] Thus, once the actual refuelling starts, the refuelling will create a cooling demand.
Based on the actual cooling demand the required cooling power may be calculated/provided.

[0082] The electronic controller 21 may calculate and control the required refrigerant flow in
the heat exchanger 7 (as the cooling demand increases the refrigerant flow has to increase
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accordingly).

[0083] The compressor 8 may start shortly after the refuelling start. To limit the power
consumption, the refrigeration system may cool the internal heat exchanger 9 (condenser
section) and the heat exchanger 7 as much as possible at the beginning.

[0084] As the cooling demand increases first the bypass valve 15 might be closed and then the
compressor 8 speed might be increased as required. This can be done via a split range
control.

[0085] To react faster on load changes, the required cooling power may be calculated based
on the gas flow to be cooled. The calculated cooling demand may act as on offset to the
electronic controller 21. The expansion valve 10 may thus be opened before a significant
change in differential temperature occurs at the heat exchanger 7.

[0086] A feed forward control based on the actual cooling demand may be used. Based on the
gas flow in the transfer circuit 4 and the (expected) inlet temperature, the required cooling
power may be calculated. Based on the required cooling power, the required refrigerant flow
can be calculated and then the required opening of the expansion valve 10. The required
expansion valve 10 opening may thus be used to generate a feed forward signal for the
cooling power control.

[0087] An estimate of the required cooling power may be calculated using the instrumentation
available on the device 1. For example, the cooling power required might set equal to the gas
flowrate to be cooled multiplied by the difference between the enthalpy of the gas at the inlet of
the heat exchanger 7 and the enthalpy of said gas at the outlet of the heat exchanger 7. This
can be calculated with the expected outlet gas temperature at the nozzle 6 (typically -40°C). As
a minimum, gas flow estimate may be needed. This can preferably be taken from a flow meter
signal in the transfer circuit for example. But this can be also calculated from the signal of other
instruments (e.g. a pressure drop or pressure change in the source 2 such as buffer(s)). To
improve the accuracy of cooling power calculation, other measured values may be taken into
account such as gas pressure upstream the heat exchanger 7, gas pressure downstream the
heat exchanger 7, gas temperature upstream the heat exchanger, ambient temperature,
temperature of the heat exchanger...

[0088] As illustrated in figure 7 a cooling power demand signal 24 will cause electronic
controller 21 to acts on compressor 8 and bypass valve 10 to fit with the demand.

[0089] The device might also be put in a standby mode (between two fillings).

[0090] During this standby mode the heat exchanger 7 might be kept at a temperature that
allows a quick start of a refuelling (with a predefined time period, for example within 60s).

[0091] This requirement may define the maximum temperature of the heat exchanger 7 during
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standby mode. For example, if the refrigeration system is capable to cool the heat exchanger 7
by 20°K within 60s, then the active cooling during standby mode shall start when the heat
exchanger 7 temperature is above a predefined threshold, for example above -18°C.

[0092] If the system is at a low temperature (for example heat exchanger temperature below a
first standby temperature threshold, for example below -20°C) the system is put/kept in
standby mode. The compressor is then preferably switched off.

[0093] During standby mode, the liquid refrigerant warms up and the pressure in the
refrigerant cooling loop circuit 20 will increases.

[0094] To reduce the pressure in the refrigerant cooling loop circuit 20 (pressure increases
beyond a preset limit), the cooling source 12 might be started to produce or provide cold to the
refrigerant circuit.

[0095] In case the temperature of the heat exchanger 7 must be lowered (or maintained cold),
the compressor 8 might be started. The start of compressor 8 will cause flow in the loop and a
reduction of the pressure at its inlet.

[0096] If during standby mode the heat exchanger 7 warms up too much, it is preferably
cooled again.

[0097] At this operating scenario the time to reach the low temperature is not important. Thus
the compressor 8 can be operated at the speed with the highest efficiency (typically its lowest
speed).

[0098] At minimum speed of the compressor 8, the cooling power is for example 10 to 20kW.
This is enough cooling power to cool a typical heat exchanger by 30°K within 120sec. The
minimum operating time of the compressor 8 might be fixed (for example 120s). Thus there
might be no need for a higher compressor speed during this standby cooling of the heat
exchanger 7.

[0099] For example, if the heat exchanger 7 temperature T17 (sensor "19" at figure 8) falls
below first standby temperature threshold ("TS1" at figure 8 and for example equal to -37°C),
the refrigeration system (the cooling) or compressor 8 can switched off (on maintained
switched off, see ref. 25 at figure 8). The heat exchanger 7 temperature can be for example be
measured via temperature sensor 19 or calculated based on other parameter(s).

[0100] However, if this temperature T17 is above a second standby temperature threshold
TS2 (for example above -20°C or the like) the refrigeration system is (or can) be switched on
(see "Y" and ref. 26 at figure 8). Otherwise the refrigeration system (the cooling) or
compressor can be switched off (on maintained switched off, see ref. 25 at figure 8.

[0101] The electronic controller 21 may control the refrigeration system so that the set point of
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the refrigerant temperature at the heat exchanger inlet is a predefined temperature, for
example -40°C.

[0102] Thus the electronic controller 21 may regulate the evaporation temperature, for
example measured at the inlet of the heat exchanger 7. If this temperature increases too much
a pressure setpoint at compressor 8 inlet may be decreased (i.e. the temperature to be
achieved at the heat exchanger inlet).

[0103] The expected pressure losses via the heat exchanger 7 and the compressor suction
line might be less than 1bar. Thus, the effect on the evaporation temperature due to pressure
losses can be said less than 2°K in case refrigerant is CO2.

[0104] If a different refrigerant is used the temperature effect might be much bigger.

[0105] The electronic controller 21 may control the temperature difference between inlet 18
and outlet 17 of heat exchanger 7. If the heat exchanger warms up (given by temperature
differential AT increase) see reference 27 and arrow "Y" at figure 6, the controller 21 can open
the expansion valve 10 (see reference 122 at figure 6).

[0106] As the heat exchanger 7 cools down, the temperature differential decreases (see arrow
"N" at figure 6) and the electronic controller 21 will close expansion valve 10 (see reference 23
at figure 6).

[0107] Thus, the amount of refrigerant flowing in the heat exchanger 7 can be controlled
based on this temperature differential (between inlet and outlet). If the differential temperature
increases the output of the controller 21 increases and more refrigerant is sent to the heat
exchanger (and vice versa). This can be controlled as feed forward control signal on the valve
10.

[0108] The minimum output might be adjusted in such a way that at zero load the superheat
temperature at the inlet of the compressor 8 is around a predefined temperature (for example
+10°K).

[0109] In case of a "standby cooling" the set point can be higher, for example +20°K.

[0110] The electronic controller 21 can control the compressor 8 speed and the bypass valve
15 to maintain a constant pressure at the inlet of the compressor 8.

[0111] The superheat control (temperature control) is preferably always in operation. In case
the superheat temperature drops too low the expansion valve 10 can be closed as required.

[0112] Preferably, if the superheat temperature at the inlet of the compressor is too low the
expansion valve 10 is closed independent of the actual cooling demand.
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[0113] In case the superheat temperature increase too much the expansion valve 10 can be
opened as required.

[0114] If the superheat temperature at the inlet of the compressor is too low the hot gas
bypass valve 15 can be opened.

[0115] To avoid complete closing of the expansion valve 10 valve, a minimal opening of the
expansion valve 10 can be set. This minimum opening can be set such that the suction
temperature at the compressor 8 inlet is always sufficiently superheated due to the hot
bypassed gas injection.

[0116] In addition to the advantages above, the device may allow a very fast change in cooling
power while maintaining a constant evaporation pressure and sufficient superheat at the
suction of the compressor 8.

[0117] When the device 1 is in the standby mode, the refrigerant (typically liquid CO2)
downstream of condenser heat exchanger 9 warms up and may evaporate leading to a
pressure increase on the discharge side of the compressor 8. One solution is to start the
cooling source 2 for providing cold and lowering the refrigerant pressure. To reduce the
number of starts of the cold source 12, as illustrated at figure 9, the device may comprise an
expansion vessel 29 comprising an inlet connected to the refrigerant cooling loop circuit 20 at
the outlet of the compressor 8 side. The expansion vessel 29 comprises an outlet connected to
the refrigerant cooling loop circuit 20 at the outlet of the compressor 8 side. The device
comprises set of valves 28, 30 for controlling the flow of refrigerant from the circuit 20
(downstream the compressor outlet) to the expansion vessel 29 and from the expansion vessel
29 to the circuit 20 (upstream the compressor 8 inlet). The electronic controller 21 may be
configured to open the inlet valve 28 to the expansion vessel 29 until the pressure downstream
the compressor 8 is below a certain value (typically open at 35barg) and close at preset value
(for example33barg).

[0118] When the temperature of heat exchange 7 is too high or when the pressure in the
expansion vessel 29 is too high (for example above 15barg) the cold source 12 might be
started and the compressor 8 might be started. Outlet valve 30 of expansion vessel 29 might
be opened and the pressure in the expansion vessel 29 is thus reduced to appropriate value
again (10barg for example).
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Patentkrav

1. Anordning til pafyldning af beholdere med tryksat gas, iser
til pafyldning af tanke til gasformigt hydrogen, hvilken
anordning omfatter en kilde til tryksat gas (2), et
overforselskredslegb (4), der omfatter en opstremsende (5), som
er forbundet med gaskilden (2), og mindst én nedstromsende (6),
der er beregnet til at vare aftageligt forbundet med en beholder
(3), idet anordningen (1) omfatter et kglesystem til at afkole
den gas, der stregmmer fra gaskilden (2), for den kommer ind i
beholderen (3), idet kgolesystemet omfatter et kolekredslgb med
kzlemiddel (20), som, anbragt i serie, omfatter en kompressor
(8), en kondensatorsektion (9), en ekspansionsventil (10) og en
fordampersektion (11), idet kolesystemet omfatter en kilde til
kulde (12) 1 varmeveksling med kondensatorsektionen (9) og en
varmeveksler (7), der befinder sig i overfgrselskredslegbet (4),
og som omfatter en varmevekslingssektion mellem den gas, der
strommer 1 overfeorselskredslgbet (4), og fordampersektionen
(11), kendetegnet ved, at kolekredslgbet med kglemiddel (20)
omfatter en bypassledning (13), der omfatter en opstremsende,
som er forbundet med kompressorens (8) udleb, og en
nedstregmsende, der er forbundet med koglekredslgbet med
kzlemiddel (20) opstrems for kompressorens (8) indlgb, og som
bypasser kondensatorsektionen (9) og ekspansionsventilen (10),
idet anordningen omfatter en bypass-reguleringsventil (15) til
at styre den strem af kolemiddel, der strommer 1ind i
bypassledningen (13), samt ved, at bypassledningens (13)
nedstremsende er forbundet med varmevekslerens (7) udlgb, det
vil sige tattere pa varmevekslerens (7) keglemiddeludleb end til
kompressorens indlgb, fortrinsvis mellem én og fyrre centimeter

efter fordampersektionens (11) udlgb.

2. Anordning ifglge krav 1, kendetegnet ved, at
bypassledningens (13) nedstromsende er forbundet ved

varmevekslerens (7) udlgb.

3. Anordning 1ifelge krav 1 eller 2, kendetegnet ved, at

bypassventilen (15) er en styret ventil, som kan sattes 1 en
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lukket position eller en flerhed af abne positioner for at andre
strogmningshastigheden af det keolemiddel, der strgmmer i
bypassledningen (13), idet anordningen (1) omfatter en
elektronisk styreenhed (21), der er forbundet med bypassventilen
(15), og som er konfigureret til at styre abningen af

bypassventilen (15).

4, Anordning ifelge krav 3, kendetegnet ved, at kompressoren
(8) er en kompressor med variabel hastighed, samt wved, at den
elektroniske styreenhed (21) er forbundet med kompressoren (8)
og er konfigureret til at styre kompressoren (8) og iser

kompressoren (8) hastighed.

5. Anordning ifelge krav 3 eller 4, kendetegnet ved, at den
elektroniske styreenhed (21) er forbundet med
ekspansionsventilen (10) og er konfigureret til at styre den
kezleeffekt, der produceres af kglesystemet, ved styring af

ekspansionsventilens (10) &abning.

6. Anordning ifwlge et af kravene 3 til 5, kendetegnet wved,
at den omfatter et differenstemperatur-sensorsystem (17, 18),
der méaler forskellen mellem temperaturen af kglemidlet 1
kzlekredslgbet med kglemiddel (20) ved varmevekslerens (7) udlgb
og temperaturen af keglemidlet 1 kelekredslebet (20) wved
varmevekslerens indlgb, idet den elektroniske styreenhed (21)
er konfigureret til at styre den producerede kgleeffekt som en

funktion af denne temperaturforskel.

7. Anordning ifwlge et af kravene 3 til 6, kendetegnet wved,
at den elektroniske styreenhed (21) er konfigureret til at
generere eller modtage et signal, der angiver den kgleeffekt,
som kraves ved varmeveksleren (7) til at afkeole gasstreogmmen 1
overforselskredslgbet gennem varmeveksleren (7), og som reaktion
derpad til at styre den kgleeffekt, der produceres af kelingen,

1 overensstemmelse hermed.

8. Anordning ifelge krav 7, kendetegnet ved, at det signal,

der angiver den péakravede koleeffekt ved varmeveksleren (7),
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omfatter mindst ét blandt: mengden eller stregmningshastigheden
af gas, der strommer gennem overfgrselskredslgbet (4,
temperaturen af den gas, der strommer gennem
overforselskredslgbet (4), trykket af den gas, der streommer
gennem overfogrselskredslgbet (4), en trykvaerdi eller trykendring

i gaskilden (2), en ydre opfordring, sasom et tradlest signal.

9. Fremgangsmade til péafyldning af beholdere med gas under
tryk, diser til pafyldning af tanke til gasformigt hydrogen, med
en anordning, der omfatter en gaskilde (2), et
overforselskredslegb (4) til at overfere gas under tryk fra
gaskilden (2) til en beholder (3), idet fremgangsmaden omfatter
et trin med afkgling af en varmeveksler (7), der befinder sig i
overforselskredslogbet (4), hvilken varmeveksler (7) er 1
varmeveksling med den gas, der streommer fra kilden (2) til
beholderen (eller beholderne) (3), idet afkglingstrinnet
omfatter produktion af en kgleeffekt i en fordampersektion (11)
af et kolekredslegb med kglemiddel (20), idet kolekredslgbet med
kzlemiddel (20), anbragt 1 serie, omfatter en kompressor (8),
en kondensatorsektion (9), en ekspansionsventil (10) og
fordampersektionen (11), idet kondensatorsektionen (9) er 1
varmeveksling med en kilde til kulde (12), idet fremgangsmaden
omfatter et ftrin med styring af mengden af kglemiddel, der
komprimeres af kompressoren (8), og som spregjtes ind igen ved
hjaelp af en bypassledning (13) opstrems for kompressoren (8),
uden at streomme gennem kondensatorsektionen (9) og
ekspansionsventilen (10, idet nedstreomsenden aft
bypassledningen (13) er forbundet med varmevekslerens (7) udlegb,
det vil sige tattere pad varmevekslerens (7) keolemiddeludleb end
til kompressorens 1indlgb, fortrinsvis mellem én og fyrre

centimeter efter fordampersektionens (11) udlob.

10. Fremgangsmade ifglge krav 9, kendetegnet wved, at den
komprimerede gas, der sprejtes ind igen ved hjalp af en
bypassledning (13) opstrems for kompressoren (8), spreojtes ind

ved varmevekslerens (7) udlgb.

11. Fremgangsmade 1ifglge krav 10, kendetegnet wved, at den
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omfatter et trin med regulering af sugetrykket ved kompressorens
(8) indlgb til et forud fastlagt trykniveau ved styring af
kompressorens (8) hastighed og mengden af kolemiddel, der
sprojtes ind igen ved hijzlp af en bypassledning (13) opstrems

for kompressoren (8).

12. Fremgangsmade ifglge et af kravene 9 til 11, kendetegnet
ved, at den omfatter et trin, der regulerer temperaturen af
kelemidlet ved kompressorens (8) indleb pa et forud fastlagt
indstillingspunkt for temperaturen ved styring af kompressorens

(8) hastighed og graden af bypassventilens (15) abning.

13. Fremgangsmade ifglge et af kravene 9 til 12, kendetegnet
ved, at den omfatter et trin til styring af den kgleeffekt, der
produceres 1 fordampersektionen (11) af kglekredslgbet med
kzlemiddel (20), wved styring af ekspansionsventilens (10)

abning.

14. Fremgangsmade ifglge et af kravene 9 til 13, kendetegnet
ved, at den omfatter et trin med styring af den kgleeffekt, der
produceres 1 fordampersektionen (11) af kglekredslgbet med
kzlemiddel (20), som funktion af temperaturforskellen mellem
kozlemidlets temperatur i1 kglekredslgbet med kglemiddel (20) wved
varmevekslerens (7) udleb og kzlemidlets temperatur i

kaglekredslobet (20) ved varmevekslerens indleb.

15. Fremgangsmade ifglge et af kravene 9 til 14, kendetegnet
ved, at den omfatter et trin med styring af den kgleeffekt, der
produceres ved fordampersektionen (11) af keolekredslgbet med
kzlemiddel (20) som funktion af et signal, der angiver behovet
for kgleeffekt ved varmeveksleren (7), hvilket signal omfatter
mindst ét blandt: mengden eller stregmningshastigheden af gas,
der streommer gennem overforselskredslebet (4), temperaturen af
den gas, der streommer gennem overfgrselskredslgbet (4), trykket
af den gas, der strgmmer gennem overfegrselskredslebet (4), et
tryk eller en trykendring i gaskilden (2), en opfordring fra en

bruger om at pafylde en beholder, et tradlest signal.
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16. Fremgangsmade ifglge et af kravene 9 til 15, kendetegnet
ved, at den omfatter et trin med at lede noget kglemiddel fra
kozlekredslebet med kglemiddel (20) til en ekspansionsbeholder
(29) for at sanke trykket i kolekredslgbet med kolemiddel (20)

til under en forud fastlagt wverdi.

17. Fremgangsmade ifeglge krav 16, kendetegnet wved, at
fremgangsméaden, nar trykket i ekspansionsbeholderen (29) er over
en forud fastlagt verdi, omfatter et trin til at tilfere kulde
til kglekredslgbet med kglemiddel (20) ved hjelp af kilden til
kulde (12) og til at udlede gas fra ekspansionsbeholderen (2)
til kelekredslgbet med kelemiddel (20).
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