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Field testing in a nutshell
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• Not possible to calibrate the meter separately 

with hydrogen in the relevant pressure and flow 

rate range

• 8 measurements in total

• Testing performed at HRS with a traceable 

standard



Test equipment challenges
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Requirement Solution

Testing of complete measuring system with 

hydrogen 

On-site field testing

• Mobile test rig

• Can be placed next to the HRS

• Can be connected to the HRS

Safety (explosive atmosphere) Certification of test rig (Ex)

Safety (additional or national regulations) ?

Nominal working pressure of 70 MPa or 35 MPa Standard with required pressure rating

Temperature range (-40 °C hydrogen, heating due 

to flow force, ambient temperature conditions, …)

Standard with required temperature rating, 

protected from weather conditions



Test equipment challenges
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▪ Uncertainty requirements on the traceable standard

▪ Less than 1/5 of applicable MPE for type-approval

▪ Less than 1/3 of applicable MPE for verification

Quantity MPE Uncertainty of test rig

1 kg (MMQ) 4 % 40 g 8 g 0.8 %

4 kg 2 % 80 g 16 g 0.4 %

Quantity MPE Uncertainty of test rig

1 kg (MMQ) 4 % 40 g 13.3 g 1.33 %

4 kg 2 % 80 g 26.7 g 0.67 %



Test equipment challenges
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36 L type 4 cylinders

1.44 kg H2 @ 70 MPa

300 kg scale

0.1 g resolution

Pt 100 probe, 27 cm

inserted in tank

100 MPa pressure 

transducer

Venting line

METAS

CESAME



Test equipment challenges
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U(k=2) = (3 to 5 )g



Challenges due to testing method

9

pi, Ti

ΔFb(pi,Ti)ΔV(pi,Ti)
Buoyancy change :

Thermal expansion:

α = -0.1 *10-6 /K

Buoyancy change :

Material expansion:

Δpi of 700bar ≈ 2 g

with U = 20% ≈ 0.4 g

pamb, Tamb

ΔFb(pamb,Tamb)

Buoyancy change:

Δpamb of 1 mbar ≈ 0.2 g

with U = 0.5 mbar ≈ 0.1 g

Buoyancy change:

ΔTamb of 1 K ≈ 0.8 g

with U = 2.5 K ≈ 2 g

Fm

x

y

α

Center of mass:

~ no impact

(Experiment)

Orientation:

Scale is levelled.

Convection currents:

Stability of temperature

ΔTSurface

Condensation, ice:

U = 1 g

Wind:

~ almost no impact
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Challenges due to testing method
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Limited data in Europe about stability of master 

meter method



Challenges due to testing method
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Conclusion

▪ Field testing has its challenges

▪ Test equipment must fulfil safety and metrological requirements 

▪ Testing method requires good understanding and characterisation of the test 

equipment

▪ Gravimetric system has an upper limit on size

▪ Testing method requires good understanding of the design of the HRS and of 

error sources

▪ Further characterisation work and improvements on the master meter method 

are needed
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