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Metrology?

World Metrology Day

www.worldmetrologyday.org
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Errors caused by non- linear response
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Mathematical Errors

Rounding
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Mathematical Errors

Rounding

2.346 = 2.35 =24
2.346 = 2.3
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Top Tips




Is there already a
standard method?
ISO standards,
literature
review. Don't
reinvent the wheel.
wheel.




CHECKL/ST

Experimental Design

Define Objective

Outline the purpose and goals of the
experiment.

What do you need to measure?
How accurate?

Ranges?

Difficulty?

Data Collection

Implement experiment according to
procedures, ensuring accuracy and
consistency in the measurements.

Traceable calibration with appropriately sized
datasets for calibration and sample

Setup

Plan and outline the procedures, variables
and controls.

Understand the pros and cons of the
measurement and design the method
mMaximising the pros and minimising the
cons

Interpret &Conclude

Check for Outliers, instrument linearity and
uncertainties before concluding

Analyse the data, drawing conclusions
based on results. How confident are you in
the results?



How many measurements?
Taylors Mantra

Measure thrice cut once?
once”?




Hydrogen






Sl Unit - Amount of Substance

The Mole

. Similar concepttoa dozen,a dozen is 12 things, a
mole 1s 602214085700000000000000 things

. Allows ratios ofatoms and molecules to be compared
.Imole ofa substance =molecular mass in gram s
.Imole of Carbon Dioxide =44.01g

. Used because gas com position expressed in moles is
independent oftem perature and pressure...unlike
volum etric units perm 3




Atmospheric CO, at Mauna Loa Observatory

Scripps Institution of Oceanography
400 - NOAA Earth System Research Laboratory
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Hydrogen Measurement Challenge

Hydrogen for Vehicles

1 Hydrogen Quality - High purity for PEM fuelcells

2 Hydrogen Quantity - Lim ited traceability

3 Hydrogen Safety - 700 Bar pressure




Impurity

Helium

Nitrogen

Argon

Water

Oxygen

Carbon dioxide
Total hydrocarbon
Formic acid
Carbon monoxide
Ammonia

Total halogenated
Formaldehyde
Total sulphur

Amount fraction/ymol mol *

300
100




2 -Hydrogen Quantity - Lim ited Traceability

Properties - low density &high compressibility
make measurements difficult

Leakage - smallmolecule, easily leaks, losses
difficult to quantify

High pressure filling ~ 700 Bar, flow meters andg
thermodynamic models not validated at these
pressures

Realtime measurements - Variations in flow
rates,pressure,and temperature make it
difficult to obtain accurate and instantaneous
measurements.




3 - Hydrogen Safety

Hindenburg Disaster 1937

Wide flammability range 4% -74% in air c.f.
naturalgas 5% - 15%

Low minimum ignition energy 0.02 mJ c.f.
naturalgas 0.29 mJ, propane 0.26 m]J

No smell
Almost invisible flame
More buoyant than air

700 Bar storage




What's your
challenge?
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