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(54) APPARATUS AND METHOD FOR TESTING COMPRESSED GAS DISPENSING STATIONS

(67)  Testing apparatus and method for testing com-
pressed gas dispensing stations where a back pressure
regulator is used to imitate filling of receiving vessels with-
out the need for receiving vessels. A mass flow sensor
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measures the mass of compressed gas dispensed to the
testing apparatus, and a controller calculates the pres-
sure for the back pressure regulator to imitate filling of a
receiving vessel.
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Description
BACKGROUND

[0001] Compressed gas dispensing stations are being developed to fill hydrogen-powered vehicles, and compressed
natural gas-powered vehicles. Designs of compressed gas dispensing stations can vary from manufacturer to manu-
facturer.

[0002] Industry desires to test hydrogen dispensing stations and compressed natural gas (CNG) dispsensing stations.
[0003] Industry desires to test compressed gas dispensing stations under varying conditions. Some conditions desired
for testing may not be practical at the presenttime. For example, industry may desire to test a hydrogen or CNG dispensing
station for conditions where hydrogen or CNG is dispensed to multiple vehicles in rapid succession, but a large number
of vehicles are not available. Industry may desire to test a hydrogen or CNG dispensing station for various prescribed
initial pressures in the receiving vessel, where receiving vessels with the prescribed initial pressures are not available.
Industry may desire to test a hydrogen or CNG dispensing station for various receiving vessel volumes, where receiving
vessels with the prescribed volumes are not available.

BRIEF SUMMARY

[0004] The present disclosure relates to a testing apparatus and method for compressed gas dispensing stations.
[0005] There are several aspects of the invention as outlined below. In the following, specific aspects of the invention
are outlined below. The reference numbers and expressions set in parentheses are referring to an example embodiment
explained further below with reference to the figures. The reference numbers and expressions are, however, only illus-
trative and do not limit the aspect to any specific component or feature of the example embodiment. The aspects can
be formulated as claims in which the reference numbers and expressions set in parentheses are omitted or replaced by
others as appropriate.

[0006] Aspect 1. A testing apparatus for a compressed gas dispensing station, the testing apparatus comprising:

areceptacle (205) for providing a sealing connection with a dispensing nozzle (135) of a compressed gas dispensing
station;

afluid transfer line (255) having an upstream end and a downstream end, the upstream end attached to the receptacle
(205);

a back pressure regulator (220) in the fluid transfer line (255), the back pressure regulator (220) operatively disposed
to control the pressure of a gas in the fluid transfer line (255) upstream of the back pressure regulator (220), the
back pressure regulator (220) operatively configured to be responsive to a control signal corresponding to a repre-
sentative fill pressure from a controller (201);

a mass flow sensor (230) in the fluid transfer line (255), the mass flow sensor (230) operatively disposed to measure
a value relatable to a quantity of gas transferred in the fluid transfer line (255) and provide a signal in response
thereto; and

the controller (201), the controller (201) operatively connected to the mass flow sensor (230), the controller (201)
configured to calculate the representative fill pressure using the signal from the mass flow sensor (230), the controller
operatively configured to provide the control signal corresponding to the representative fill pressure.

[0007] Aspect 2. The testing apparatus according to aspect 1 further comprising:

a temperature sensor (210) operatively disposed to measure a value relatable to a temperature of the gas in the
fluid transfer line (255) upstream of the back pressure regulator (220) and provide a signal in response thereto;
wherein the controller (201) is operatively connected to the temperature sensor (210) and configured to calculate
the representative fill pressure also using the signal from the temperature sensor (210).

[0008] Aspect 3. The testing apparatus according to aspect 1 or aspect 2 further comprising:

an ambient air temperature sensor (250) operatively disposed to measure a value relatable to a local air temperature
and provide a signal in response thereto;

wherein the controller (201) is operatively connected to the ambient air temperature sensor (250) and configured
to calculate the representative fill pressure also using the signal from the ambient air temperature sensor (250).

[0009] Aspect 4. The testing apparatus according to aspect 1 or aspect 2 further comprising:
a user input device (265) for entering parameter values for use by the controller (201).
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[0010] Aspect 5. The testing apparatus according to any one of aspects 1 to 4 further comprising:

aforward pressure regulator (225) in the fluid transfer line (255), the forward pressure regulator (225) operatively disposed
downstream of the back pressure regulator (220), the forward pressure regulator (225) operatively disposed to control
the pressure of the gas in the fluid transfer line (255) downstream of the forward pressure regulator (225).

[0011] Aspect 6. The testing apparatus according to any one of aspects 1 to 5 further comprising:

a heating device (245) to provide heat to at least back pressure regulator (220).

[0012] Aspect 7. The testing apparatus according to any one of aspects 1 to 6 further comprising:

a pressure sensor (215) operatively disposed to measure a value relatable to a pressure of the gas in the fluid
transfer line (255) upstream of the back pressure regulator (220) and provide a signal in response thereto;
wherein the controller (201) is operatively connected to the pressure sensor (215).

[0013] Aspect 8. The testing apparatus according to any one of aspects 1 to 7 further comprising:

one or more receiving vessels (240), wherein the one or more receiving vessels (240) are operatively connected to the
downstream end of the fluid transfer line (255).

[0014] Aspect9. The testing apparatus according to any one of aspect 1 to 8 wherein the compressed gas is hydrogen.
[0015] Aspect 10. A method for testing a compressed gas dispensing station, the method comprising:

connecting a dispensing nozzle (135) of the compressed gas dispensing station to a receptacle (205) of a testing
apparatus, the testing apparatus comprising afluid transfer line (255) with a back pressure regulator (220) operatively
disposed in the fluid transfer line (255), the back pressure regulator having a pressure setting that is adjustable;

passing a quantity of compressed gas from the dispensing nozzle (135) through the fluid transfer line (255);
measuring a value relatable to the mass of the quantity of compressed gas passed through the fluid transfer line (255);

calculating a representative fill pressure from the value relatable to the mass of the quantity of compressed gas
passed through the fluid transfer line (255); and

adjusting the pressure setting of the back pressure regulator (220) in the fluid transfer line (255) responsive to the
calculated representative fill pressure.

[0016] Aspect 11. The method according to aspect 10 further comprising:

measuring a value relatable to compressed gas temperature of the quantity of compressed gas passing through
the fluid transfer line (255) at a location upstream of the back pressure regulator (220);

wherein the representative fill pressure is calculated also from the value relatable to the compressed gas temperature.
[0017] Aspect 12. The method according to aspect 10 or aspect 11 further comprising:

measuring a value relatable to a local air temperature;

wherein the representative fill pressure is calculated also from the value relatable to the local air temperature.

[0018] Aspect13. The method according to aspect 10 or aspect 11 wherein the representative fill pressure is calculated
using one or more user-provided values for one or more respective parameters, the one or more parameters selected
from the group consisting of local air temperature, initial gas pressure, and representative receiving vessel volume.
[0019] Aspect 14. The method according to any one of aspects 10 to 13 wherein the quantity of compressed gas is
passed in the fluid transfer line (255) from the back pressure regulator (220) to a forward pressure regulator (225) to
adjust the pressure of the quantity of compressed gas downstream of the forward pressure regulator (225).

[0020] Aspect 15. The method according to any one of aspects 10 to 14 wherein the back pressure regulator (220) is
heated.

[0021] Aspect 16. The method according to any one of aspects 10 to 15 wherein the quantity of compressed gas is
passed from the fluid transfer line (255) to one or more receiving vessels (240).

[0022] Aspect 17. The method according to any one of aspect 10 to 16 wherein the compressed gas is hydrogen.
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BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

[0023] The figure shows aschematic of acompressed gas dispensing station and a testing apparatus for a compressed
gas dispensing station.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0024] The ensuing detailed description provides preferred exemplary embodiments only, and is not intended to limit
the scope, applicability, or configuration of the invention. Rather, the ensuing detailed description of the preferred ex-
emplary embodiments will provide those skilled in the art with an enabling description for implementing the preferred
exemplary embodiments of the invention, it being understood that various changes may be made in the function and
arrangement of elements without departing from the scope of the invention as defined by the claims.

[0025] The articles "a" and "an" as used herein mean one or more when applied to any feature in embodiments of the
present invention described in the specification and claims. The use of "a" and "an" does not limit the meaning to a single
feature unless such a limit is specifically stated. The article "the" preceding singular or plural nouns or noun phrases
denotes a particular specified feature or particular specified features and may have a singular or plural connotation
depending upon the context in which it is used.

[0026] The adjective "any" means one, some, or all indiscriminately of whatever quantity.

[0027] The term "and/or" placed between a first entity and a second entity includes any of the meanings of (1) only
the first entity, (2) only the second entity, and (3) the first entity and the second entity. The term "and/or" placed between
the last two entities of a list of 3 or more entities means at least one of the entities in the list including any specific
combination of entities in this list. For example, "A, B and/or C" has the same meaning as "A and/or B and/or C" and
comprises the following combinations of A, B and C: (1) only A, (2) only B, (3) only C, (4) A and B and not C, (5) A and
C and not B, (6) B and C and not A, and (7) A and B and C.

[0028] The phrase "at least one of" preceding a list of features or entities means one or more of the features or entities
in the list of entities, but not necessarily including at least one of each and every entity specifically listed within the list
of entities and not excluding any combinations of entities in the list of entities. For example, "at least one of A, B, or C"
(or equivalently "at least one of A, B, and C" or equivalently "at least one of A, B, and/or C") has the same meaning as
"A and/or B and/or C" and comprises the following combinations of A, B and C: (1) only A, (2) only B, (3) only C, (4) A
and B and not C, (5) A and C and not B, (6) B and C and not A, and (7) A and B and C.

[0029] "Downstream"and "upstream" refer to the intended flow direction of the process fluid transferred. If the intended
flow direction of the process fluid is from the first device to the second device, the second device is in downstream fluid
flow communication of the first device. In case of a recycle stream, downstream and upstream refer to the first pass of
the process fluid.

[0030] The present disclosure relates to a testing apparatus and method for a compressed gas dispensing station, for
example a hydrogen dispensing station. The testing apparatus and method will be described with reference to the sole
figure showing dispensing station components 100 and testing apparatus components 200.

[0031] The dispensing station components shown in the figure include one or more storage vessels 105 for supplying
compressed gas to the testing apparatus, a pressure control valve 110 to control the pressure increase of compressed
gas being dispensed, a heat exchanger 115 to cool the compressed gas that is dispensed, a block valve 120, a bleed
valve 125, a pressure sensor 130, a dispensing nozzle 135, and a controller 101. The dispensing station may comprise
any known components of a compressed gas dispensing station. The dispensing station may be a fixed station or a
mobile station.

[0032] The testing apparatus comprises a receptacle 205. Receptacle 205 is suitable for providing a sealing connection
with a dispensing nozzle 135 of a compressed gas dispensing station. Receptacle 205 has the same structure as a
receptacle of a hydrogen-powered vehicle for the case where H, is dispensed. Receptacle 205 is the counterpart or
companion mating device to dispensing nozzle 135 of a compressed gas dispensing station. The receptacle may include
an IR transmitter or similar device for providing information such as receiving vessel volume, temperature, and pressure
from the testing apparatus to the compressed gas dispensing station. The IR transmitter or similar device may be
equivalent to the device used to transmit temperature and pressure information from a vehicle to a compressed gas
dispensing station for a so-called "communication fill."

[0033] The testing apparatus comprises a fluid transfer line 255. The fluid transfer line 255 has an upstream end and
a downstream end. The upstream end of the fluid transfer line 255 is attached to the receptacle 205.

[0034] The testing apparatus comprises a back pressure regulator 220 in the fluid transfer line 255. The back pressure
regulator 220 is operatively disposed to control the pressure of a gas in the fluid transfer line 255 upstream of the back
pressure regulator 220. The back pressure regulator 220 is operatively configured to be responsive to a control signal
corresponding to a representative fill pressure, Prep,, from controller 201. The back pressure regulator 220 may be, for
example, a Tescom 26-1760-66 back pressure regulator.
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[0035] The back pressure regulator 220 may be operatively configured to be responsive to the control signal via a
current to pressure transducer 260, such as a Ronon X-55 current to pressure transducer.

[0036] The testing apparatus comprises a mass flow sensor 230 in the fluid transfer line 255. As used herein, the term
"mass flow sensor" includes any device that can be used to determine the mass flow rate in the fluid transfer line, and
includes within its scope a "mass flow meter." The mass flow sensor 230 is operatively disposed to measure a value
relatable to a quantity of gas transferred in the fluid transfer line 255 and provide a signal in response thereto. The mass
flow sensor 230 may be, for example, a Rheonic RHM-04 mass flow sensor.

[0037] The term "relatable" means to have a direct relation, association, correspondence, or connection with.

[0038] The testingapparatus comprises controller 201. Controller 201 is operatively connected to the mass flow sensor
230. Controller 201 is configured to calculate the representative fill pressure, P, using the signal from the mass flow
sensor 230. The controller is operatively configured to provide the control signal corresponding to the representative fill
pressure, P,

[0039] The controller 201 may calculate the representative fill pressure from a cumulative mass of gas (eg. hydrogen
gas) that has passed through the mass flow sensor 230 using an equation of state for the gas. Preferably, a non-ideal
gas (real gas) equation of state is used to calculate the representative fill pressure. Any suitable real gas model may be
used, for example, the Redlich-Kwong model, Virial model, or Peng-Robinson model. Alternatively, National Institute of
Standards (NIST) values may be used (cf. "Revised Standardized Equation for Hydrogen Gas Densities for Fuel Con-
sumption Applications," J. of Res. Natl. Inst. Stand. Technol., Vol. 113, pp 341-350, 2008).

[0040] The volume used to calculate the representative fill pressure may be set to a fixed value for the calculation of
representative fill pressure, or a value may be entered using a user input device 265. This same value for the volume
may be transmitted to the dispensing station via an IR transmitter in the receptacle 205. Intentional erroneous signals
may be transmitted as part of the dispenser testing to see how the dispenser responds.

[0041] Accordingly, the apparatus may comprise user input device 265 for entering parameter values for use by
controller 201. The user input device 265 may be any known user input device known in the art, for example, a mouse,
keyboard, touch pad, touch screen, and the like.

[0042] The initial pressure for calculating the representative fill pressure may be set to a fixed value or a value may
be entered using user input device 265.

[0043] Thetemperature, T;,, ofthe gasintroduced into the fluid transfer line 255 may be set to a fixed value or measured
using temperature sensor 210. The testing apparatus may comprise temperature sensor 210. If present, temperature
sensor 210 is operatively disposed to measure a value relatable to a temperature of the gas in the fluid transfer line 255
upstream of the back pressure regulator 220 and provide a signal in response thereto. If the temperature sensor 210 is
present, controller 201 is operatively connected to temperature sensor 210 and the controller 201 is configured to
calculate the representative fill pressure also using the signal from the temperature sensor 210.

[0044] The calculated representative fill pressure, P, may also depend on the local air temperature, T4 The local
air temperature, T,.,, may correspond to the ambient air temperature in the vicinity of the testing apparatus. The local
air temperature can affect the temperature of a receiving vessel due to heat transfer between the receiving vessel and
its surroundings. The local air temperature may correspond to an air temperature in the immediate vicinity of the testing
apparatus and may be measured using temperature sensor 250.

[0045] Accordingly, the testing apparatus may comprise temperature sensor 250 operatively disposed to measure a
value relatable to a local air temperature, T,.,;, and provide a signal in response thereto. If the temperature sensor 250
is present, controller 201 is operatively connected to temperature sensor 250 and the controller 201 is configured to
calculate the representative fill pressure also using the signal from the temperature sensor 250.

[0046] Alternatively, the local air temperature, T, used for the calculation of the representative fill pressure can be
a fixed value or a value may be entered using user input device 265.

[0047] The representative temperature, T, used for calculating the representative fill pressure, P,
culated by the controller 201 using an empirical equation or based upon theoretical equations.

[0048] Several publications describe the calculation of the representative temperature based upon thermodynamic
principles, for example, Bourgeois et al., "The temperature evolution in compressed gas filling processes: A review," Int.
J. of Hydrogen Energy, vol. 43, pp. 2268-2292, 2018; Xiao et al., "Charge-discharge cycle thermodynamics for com-
pression hydrogen storage system," Int. J. of Hydrogen Energy, vol. 41, pp 5531-5539, 2016; Xiao et al., "Estimation of
final hydrogen temperature from refueling parameters," Int. J. of Hydrogen Energy, vol. 42, pp 7521-7528, 2017; Si-
monovski et al., "Thermal simulations of a hydrogen storage tank during fast filling," Int. J. of Hydrogen Energy, vol. 40,
pp. 12560-12571, 2015.

[0049] Alternatively, historical data acquired from dispensing hydrogen to many receiving vessels can be used to
develop empirical equations such as:

pr» May be cal-
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where T,,pient IS the local air temperature in °C;

C, C,, C;, C4, and Cs are empirically derived constants;

Prepr is the representative fill pressure at t=n-1;

Pt is the pressure at the start of the simulated fill;

T4y is the gas temperature measured by temperature sensor 210 in °C;

Pramp-rate 1 the rate of pressure rise over the time of the simulated fill (MPa/min); and

Trepr is the calculated tank temperature in °C.
[0050] The representative fill pressure, P, and representative temperature , T, may be calculated in time steps.
The representative fill pressure may be calculated using the representative temperature for the previous time step or
the representative fill pressure may be calculated using the representative temperature for the previous time step.
[0051] In case of a "communication fill," the representative fill pressure calculated by the controller 201 and optionally
the representative temperature may be transmitted to the controller of the compressed gas fueling station. The data for
the pressure and optionally the temperature may be transmitted using the same protocol (i.e. SAE J2799 transmission
protocol) used for dispensing compressed gas to vehicles, i.e. through an IR transmitter in the compressed gas fueling
coupling comprising the receptacle 205. The data may be received by the compressed gas dispensing station via an IR
receiver in the compressed gas fueling coupling comprising the dispensing nozzle 135.
[0052] The testing apparatus may comprise a forward pressure regulator 225 in the fluid transfer line 255 positioned
downstream of the back pressure regulator 220. The forward pressure regulator 225 is operatively disposed to control
the pressure of the gas in the fluid transfer line 255 downstream of the forward pressure regulator 225. The set point
pressure for the forward pressure regulator 225 may be set manually or through controller 201.
[0053] The mass flow sensor 230 may be located downstream of the optional forward pressure regulator 225 in order
to reduce the pressure rating requirements for the mass flow sensor 230.
[0054] Hydrogen dispensed from a hydrogen dispensing station is often cooled to a temperature well below ambient
temperature (e.g. to -40°C) due to heating of the hydrogen as it is expanded in a receiving vessel in order to avoid
overheating of the receiving vessel.
[0055] Since very cold hydrogen passing through back pressure regulator 220 may affect the operation of the back
pressure regulator 220, the apparatus may comprise a heating device 245 to provide heat to the back pressure regulator
220. The heating device may be a electrical resistance heater, heat exchanger, or any other suitable device that can
provide heating to the back pressure regulator 220.
[0056] The heating device may also heat forward pressure regulator 225, if present.
[0057] The apparatus may comprise a pressure sensor 215 operatively disposed to measure a value relatable to a
pressure of the gas in the fluid transfer line 255 upstream of the back pressure regulator 220 and provide a signal in
response thereto. If the pressure sensor 215 is present, the controller 201 is operatively connected to the pressure
sensor 215. The pressure sensor 215 can be used to improve the control of the back pressure regulator 220 by providing
a feedback signal.
[0058] The testing apparatus may comprise one or more receiving vessels 240 to capture the compressed gas dis-
pensed from the compressed gas dispensing station. The one or more receiving vessels 240 may be operatively con-
nected to the downstream end of the fluid transfer line 255. The one or more receiving vessels 240 may be vessels on

board a tube trailer. One or more pressure relief valves 235 may be installed in the fluid transfer line 255.
[0059] Alternatively, the downstream end of the fluid transfer line 255 may be connected to a vent line (not shown) or
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a flare (not shown).

[0060] The present disclosure also relates to a method for testing a compressed gas dispensing station.

[0061] The method comprises connecting a dispensing nozzle 135 of the compressed gas dispensing station to a
receptacle 205 of a testing apparatus. The testing apparatus comprises a fluid transfer line 255 with a back pressure
regulator 220 operatively disposed in the fluid transfer line 255. The back pressure regulator has a pressure setting that
is adjustable.

[0062] The method comprises passing a quantity of compressed gas from the dispensing nozzle 135 through the fluid
transfer line 255.

[0063] The method comprises measuring a value relatable to the mass of the quantity of compressed gas passed
through the fluid transfer line 255. The value relatable to the mass of the quantity of compressed gas passed through
the fluid transfer line 255 may be determined from mass flow sensor 230 where the mass flow sensor provides a signal
in response to measuring the value.

[0064] The method comprises calculating a representative fill pressure from the value relatable to the mass of the
quantity of compressed gas passed through the fluid transfer line 255. The representative fill pressure may be calculated
by controller 201. The controller 201 may be configured to calculate the representive fill pressure using the signal from
the mass flow sensor 230.

[0065] The representative fill pressure is a function of a representative receiving vessel volume, the value relatable
to the mass of the quantity of compressed gas passed through the fluid transfer line 255, an initial gas pressure, and
an incoming compressed gas temperature. The incoming compressed gas temperature may be measured or entered
manually using a user input device 265.

[0066] The method comprises adjusting the pressure setting of the back pressure regulator 220 in the fluid transfer
line 255 responsive to the calculated representative fill pressure. The controller 201 may be operatively configured to
provide a control signal corresponding to the calculated representative fill pressure. The back pressure regulator 220
may be operatively configured to be responsive to the control signal. Since compressed gas passing through the fluid
transfer line 255 may be cooled prior to being passed to fluid transfer line 255, the back pressure regulator may be heated.
[0067] The method may comprise measuring a value relatable to compressed gas temperature of the quantity of
compressed gas passing through the fluid transfer line 255 at a location upstream of the back pressure regulator 220.
In case the value relatable to the compressed gas temperature of the quantity of compressed gas is measured, the
representative fill pressure is calculated also from the value relatable to the compressed gas temperature.

[0068] The representative fill pressure may also be a function of the local air temperature, which may be measured
on entered manually using a user input device 265.

[0069] The method may comprise measuring a value relatable to a local air temperature. In case the value relatable
to the local air temperature is measured, the representative fill pressure is calculated also from the value relatable to
the local air temperature.

[0070] The method may comprise passing the quantity of compressed gas from the back pressure regulator 220 to a
forward pressure regulator 225 to adjust the pressure of the quantity of compressed gas downstream of the forward
pressure regulator 225. The forward pressure regulator 225 may be positioned upstream of the mass flow sensor 230
in order to reduce the pressure rating requirements for the mass flow sensor 230.

[0071] The method may comprise passing the quantity of compressed gas from the fluid transfer line 255 to one or
more receiving vessels 240.

Claims
1. A testing apparatus for a compressed gas dispensing station, the testing apparatus comprising:

areceptacle for providing a sealing connection with a dispensing nozzle of a compressed gas dispensing station;
afluid transfer line having an upstream end and a downstream end, the upstream end attached to the receptacle;
a back pressure regulator in the fluid transfer line, the back pressure regulator operatively disposed to control
the pressure of a gas in the fluid transfer line upstream of the back pressure regulator, the back pressure
regulator operatively configured to be responsive to a control signal corresponding to a representative fill pressure
from a controller;

a mass flow sensor in the fluid transfer line, the mass flow sensor operatively disposed to measure a value
relatable to a quantity of gas transferred in the fluid transfer line and provide a signal in response thereto; and
the controller, the controller operatively connected to the mass flow sensor, the controller configured to calculate
the representative fill pressure using the signal from the mass flow sensor, the controller operatively configured
to provide the control signal corresponding to the representative fill pressure.
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The testing apparatus according to claim 1 further comprising:

a temperature sensor operatively disposed to measure a value relatable to a temperature of the gas in the fluid
transfer line upstream of the back pressure regulator and provide a signal in response thereto;

wherein the controller is operatively connected to the temperature sensor and configured to calculate the rep-
resentative fill pressure also using the signal from the temperature sensor.

The testing apparatus according to claim 1 or 2 further comprising:

an ambient air temperature sensor operatively disposed to measure a value relatable to a local air temperature
and provide a signal in response thereto;

wherein the controller is operatively connected to the ambient air temperature sensor and configured to calculate
the representative fill pressure also using the signal from the ambient air temperature sensor.

The testing apparatus according to any one of claim 1 to 3 further comprising:
a user input device for entering parameter values for use by the controller.

The testing apparatus according to any one of claim 1 to 4 further comprising:

aforward pressure regulator in the fluid transfer line, the forward pressure regulator operatively disposed downstream
of the back pressure regulator, the forward pressure regulator operatively disposed to control the pressure of the
gas in the fluid transfer line downstream of the forward pressure regulator.

The testing apparatus according to any one of claim 1 to 5 further comprising:
a heating device to provide heat to at least back pressure regulator.

The testing apparatus according to any one of claim 1 to 6 further comprising:

a pressure sensor operatively disposed to measure a value relatable to a pressure of the gas in the fluid transfer
line upstream of the back pressure regulator and provide a signal in response thereto;
wherein the controller is operatively connected to the pressure sensor.

The testing apparatus according to any one of claim 1 to 7 further comprising:
one or more receiving vessels, wherein the one or more receiving vessels are operatively connected to the down-
stream end of the fluid transfer line.

A method for testing a compressed gas dispensing station, the method comprising:

connecting a dispensing nozzle of the compressed gas dispensing station to a receptacle of a testing apparatus,
the testing apparatus comprising a fluid transfer line with a back pressure regulator operatively disposed in the
fluid transfer line, the back pressure regulator having a pressure setting that is adjustable;

passing a quantity of compressed gas from the dispensing nozzle through the fluid transfer line;

measuring a value relatable to the mass of the quantity of compressed gas passed through the fluid transfer line;
calculating a representative fill pressure from the value relatable to the mass of the quantity of compressed gas
passed through the fluid transfer line; and

adjusting the pressure setting of the back pressure regulator in the fluid transfer line responsive to the calculated
representative fill pressure.

10. The method according to claim 9 further comprising:

measuring a value relatable to compressed gas temperature of the quantity of compressed gas passing through
the fluid transfer line at a location upstream of the back pressure regulator;

wherein the representative fill pressure is calculated also from the value relatable to the compressed gas
temperature.

11. The method according to claim 9 or 10 further comprising:

measuring a value relatable to a local air temperature;
wherein the representative fill pressure is calculated also from the value relatable to the local air temperature.
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The method according to any one of claim 9 to 11 wherein the representative fill pressure is calculated using one
or more user-provided values for one or more respective parameters, the one or more parameters selected from
the group consisting of local air temperature, initial gas pressure, and representative receiving vessel volume.

The method according to any one of claim 9 to 12 wherein the quantity of compressed gas is passed in the fluid
transfer line from the back pressure regulator to a forward pressure regulator to adjust the pressure of the quantity
of compressed gas downstream of the forward pressure regulator.

The method according to any one of claim 9 to 13 wherein the back pressure regulator is heated.

The method according to any one of claim 9 to 14 wherein the quantity of compressed gas is passed from the fluid
transfer line to one or more receiving vessels.
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