Practical calibration procedures for Coriolis flow meters in
high pressure hydrogen applications

With the increasing use of hydrogen as a clean energy carrier, particularly in the area of
refueling infrastructure for fuel cell vehicles, the need for high-precision mass flow
measurements is growing. Coriolis flow meters are the preferred technology for these
applications due to their direct mass flow measurement. However, the calibration of these
devices under realistic operating conditions poses particular challenges: Hydrogen has a very
low density, high compressibility and extreme operating conditions of up to 875 bar and -40 °C
- far from standard calibration environments.

In this study by the TrigasFI GmbH calibration laboratory, practical calibration methods were
investigated, in particular the use of air pressurized to a density matching that of hydrogen
under actual operating conditions, based on calibration data collected over a period of 5 years.
The study identifies air-based density-matched calibration as a cost-effective and accurate
alternative to hydrogen calibration, achieving uncertainties of 1% or better, compared to >2%
for water and up to 2% for low-pressure air.

Introduction

Hydrogen applications require accurate high pressure mass flow measurement, which is critical
for custody transfer metering and refueling of fuel cell vehicles and typically includes the
following:

o Pressure: 200 to 870 bar

e Flow rates: <8 kg/min (hydrogen refueling stations), up to 20 kg/min
(hydrogen delivery vehicles)

o Temperature: Ambient to -40°C

Challenges with Coriolis flow meters in hydrogen operation

It is a well-documented fact, also confirmed by this study, that the performance of Coriolis flow
meters is affected by density, pressure, temperature and time:

e Low gas density: Reduces signal strength and affects sensitivity and accuracy.

o Pressure effects: Stiffen the sensor tubes and change the vibration behavior.

o Temperature changes: Affect the tube materials and sensor alignment, but are
compensated for by a zero-point correction under real operating conditions (down to -40 °C
for 700-bar gas stations)

o Drift over time: Noticeable in gas service due to lower signal strength and environmental
wear.

Calibration options: Comparison and limitations

e Gravimetric hydrogen calibration: Primary standard, but costly.

o Water: Cannot replicate the dynamics of the gas phase; unsuitable.

e Low pressure air: at 12-14 bar, inadequate density matching, significant errors;
unsuitable.

o High pressure air (density matched): Optimal balance between practicality and
accuracy.
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0.09-0.15% (ideal, but impractical
for commercial use)

Hydrogen 500 bar (gravimetric) [|~31 at ~20°C

- >2%, not suitable, exceeding PTB
Water 1000 guidelines of 1.5%-2.5% (low flow)

Air @ 12 bar (*, standard Shop ~14.2 Up to 2%, more for H2 at
Air) ' pressures > 366 bar

. —_— 5 1% or less, current PTB guidelines
Air @ matched density (~26 bar) |[~31 are 1.5% for high flows

*- Low-pressure air calibration is an alternative of convenience for calibration facilities that
use normal compressed air as a calibration medium. It is usually performed at 12-14 bar,
because of limitations of compressor capability or piping and calibration rig pressure rating.
These limitations make it impossible to match the operating density of Hydrogen, or generate
enough upstream pressure to overcome the Pressure Drop of the flowmeter and reach
maximum flow.

To match the density of Hydrogen at pressures of 200-870 bar, density-matched air
calibration must be performed at pressures of about 22 and 58+ bar respectively. Since the
Pressure Drop of the Coriolis flowmeter must also be overcome, pressures of up to 100 bar
are needed in order to be able to achieve maximum flow.

Study methodology

Calibration data for Hydrogen applications generated by TrigasFI GmbH over five years were
analyzed, comparing:
e Coriolis Manufacturer-supplied water calibrations
o Low Pressure (12-14 bar) shop air calibrations
e Pressurized air calibrations matched to hydrogen density (~31 kg/m? at 366 bar & -
40°C)
Equipment: ISO 17025-accredited lab, Sonic Nozzle calibration system, Air up to 100 bar.

Calibration results

Pressurized air calibrations show significant deviations from the water calibrations supplied

by the Coriolis manufacturers:

o Water calibrations of Coriolis flowmeters showed a deviation from ideal performance
spread of 0.17-0.73%, from high to low flow. Notably, the large deviations at low flow
were primarily in the negative direction. See fig 1.

e The same flowmeters, calibrated with low pressure (12-14 bar) air showed deviations of
0.8 to 2.6% from ideal performance, 5x worse than the water calibration. The spread of
the shift from the water calibration was primarily in the positive direction as can be seen
in fig 2.
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o Density-Matched high-pressure Recalibrations of flowmeters K-factors corrected through
12-14 bar calibrations show deviations of up to 2.9%. This indicates that low pressure
calibrations do not adequately compensate for the effects of density. See fig 3

e Through Density-matched high pressure air calibration and corresponding flowmeter K-
factor correction, the total error in Hydrogen operation was reduced to less than 1% over
the total useable range of the flowmeter. See fig 4.
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Manufacturing tolerances

Sensor alignment, tube thickness and other physical parameters significantly impact meter
performance. As can be seen in fig.1 and 2, the effect of this performance variability is
amplified in gas operation by a factor of 5 or more.

Proper density-matched calibration "absorbs" these variances—but only under conditions
close to operational use.

These results support high pressure density-matched air as a practical, high-fidelity calibration
alternative. In order to match the density of hydrogen under normal operating pressure of
200-870+ bar and temperatures as low as -40°C, density-matched calibrations must be
performed with air at pressures of about 22-58 bar.

Drift observations

Over a two-year operational cycle, the drift remained within the tolerances of OIML R 137 for
custody transfer:

o Data scatter is 1.2-1.4% at high flow rates
e The scatter increases to 3.4 % at the lower end of the flow range
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Fig. 5: Drift in Coriolis flow meters
over two years of field operation

These findings confirm that recalibration in a two-year cycle is sufficient to maintain the
required flow measurement accuracy for transport-grade hydrogen flow measurement.



Recommendations: Verification Routine for Hydrogen Flowmeters

1.

2.

3.

4.
5.

Baseline Calibration: Gravimetric, using Hydrogen* at actual operating pressure or
density-matched air at pressures of 22-58 bar.
Routine Checks:
o Before every use (if possible): Zero-point verification
o Every 2 years: Recalibration by accredited lab
Field Verification: Gravimetric* or by reference meter
Drift Monitoring: Maintain zero and span check logs
Documentation: Record all test and recalibration data for traceability

*- Gravimetric Hydrogen calibration, although ideal, is in most cases nor practical due to its
time consuming (up to 2 days) and expensive nature

Conclusion

Coriolis flowmeters are suitable for high-pressure hydrogen custody transfer, provided they

are:

Calibrated with density-matched air at pressures of 22-58 bar, depending on actual
operating pressure

Regularly verified and recalibrated

Operated with proper pressure and temperature compensation

This approach balances accuracy, safety, and economic feasibility, ensuring robust
metrological integrity in hydrogen infrastructure.
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