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Metrology: measurement science CryoMet
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How do you know that the gas meter measurements are correct?

Answer: its accuracy is verified by
reference measurement standards
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Institute
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 Experimental setups

Workamp et al., 2024, IMEKO
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Dedicated LH, reference measurement standards are needed  ¢rvoMet

Ensuring accuracy in this way requires se
dedicated LH, reference measurement
standards

e~ -0.2

-0.3

-0.4 = Water
-0.5

0.6 LNG
-0.7
-0.8

o

Error

Flow rate [kg/s]

Bockler et al., 2024, Measurement. https://doi.org/10.1016/j.measurement.2024.114675



Next slides CryoMet

* The CryoMet European metrology project

* LH, reference measurement standards

1. Temperature measurement
2. Ortho-and para-spin isomer composition of liquid hydrogen
3. Quantity determination (flow)

* Summary



Background CryoMet — stakeholder measurement needs
(SlmplifIEd) CryoMet

* Industry/academia:

= Consistent LH, isomeric composition measurements
" [H, production plants can improve efficiency

* Safety testing: LH, temperature measurement at large-scale

* Aviation: Our interest is focused on traceability to LH, standards for producing

operational aircraft .
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= European Partnership on Metrology: metpart.eu

Saecker et al., 2023, EFMW
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LH, temperature measurement reference

CryoMet

 Temperature measurement: reference
measurement standards do exist

 However: they are (too) scarce and not
fit-for-purpose

Primary

Comparative

+ Modelling:
static
dynamic

Saecker et al., 2023, EFMW

Standiford, 2021, LNG Industry

Field conditions, uncertainty <0.5 °C (k = 2)




LH, ortho/para spin ratio measurement reference
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CryoMet
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Luther et al., 2025, Int. J. H2 En.

Leachman et al., 2009, J. Phys. Chem. Ref.
C. Glinz, M9 MetHyInfra Cryogenic training
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https://www.methyinfra.ptb.de/

LH, flow (quantity) measurement reference

LH;

6m’

2-13 bar

CryoMet

Flow

D

150 mbar

FT1) 2

Cryogenic Laser Doppler
Velocimetry flow meter

(1?
B34

Coriolis flow meter calibration results

1800 7200 [kg/h]

————

™y [ke/s]

cturers

________
-

o Water

LNG

Gugole et al., 2024, Int. J. H2 En.
D8 )


https://www.methyinfra.ptb.de/

S umma ry CryoMet

Metrology ensures accuracy by direct link to the Sl-units of measurement

Reference measurement standards are maintained at National Metrology Institutes, one
per country

Rise of LH, projects leads to requests for accurate and reliable measurements

Dedicated reference measurement standards for LH, are needed

CryoMet project is Europe’s response to develop these standards
1. Temperature measurement
2. Ortho- and para-spin isomer composition of liquid hydrogen
3. Quantity determination
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THANK YOU

@ mschakel@vsl.nl

% cryomet.eu

CryoMet

A~ The project (24GRDO7 CryoMet) has received funding from the European Partnership on
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