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Measurement Needs

For commercial purposes, flow computers are unable to convert volume to 
mass flow measurements in some situations:

- ISO-12213-3:2006(E) SGERG........: 0< x(CO2) < 0.20 and 0 <x(H2) < 0.1;
- ISO-12213-2:2006(E) AGA8-DC….: 0< x(CO2) < 0.20 and 0 < x(H2) < 0.1;
- ISO 20765-2/3 GERG-2008…………: 0< x(CO2) < 0.20 and 0 < x(H2) < 0.1;

All the standard models suffer of the same limitations.

The contribution of the WP3 aim to provide the necessary set of new 
experimental measurements to implement and validate new models.



Task 3.1 - Density, speed of sound and 
energy content

H2 + iC4H10 (85/15)%

Comparison between experimental density and 

reference density1 as a function of pressure

1E.W. Lemmon, M.L. Huber, M.O. McLinden, NIST Standard Reference Data 23. REFPROP Version 10.0, NIST (2018)

H2 + iC4H10 (95/5)%

Comparison between experimental density and 

reference density1 as a function of pressure



Task 3.1 - Density, speed of sound and 
energy content

H2 + iC4H10 (85/15) % H2 + iC4H10 (95/5) %

Source of uncertainty Relative uncertainty Relative uncertainty

Period up to 0.003 % up to 0.004 %

Temperature up to 0.001 % up to 0.001 %

Pressure 0.06 % to 0.74 % 0.04 % to 1.49 %

Helium density 0.02 % 0.02 %

Composition negligible negligible

Overall uncertainty 0.07 % to 0.8 % 0.05 % to 1.5 %



Task 3.1 - Density, speed of sound and 
energy content
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2 PT100 thermometers

Lamb wave transducers 
(zone 2 - ATEX).

Specially designed 
to work with gases.
Frequency: 1MHz

Viscoelastic polymer layer 
damping mats used for 
the gas measurement 

to reduce acoustic noise 
influences on the 

measurement.



Task 3.1 - Density, speed of sound and 
energy content

Repeatability and reproducibility:

For p > 1.5 MPa: 0.2 %

For p < 1.5 MPa: 0.56 %



Task 3.1 - Density, speed of sound and 
energy content



Task 3.2 - Vapour liquid equilibrium

Dew points (90H2 + 10C3H8) and (85H2 + 15C3H8) mixtures

EOS: O. Kunz, O.; Wagner, W. The GERG-2008 Wide-Range Equation of State for Natural Gases and Other Mixtures: An Expansion of 

GERG-2004. J. Chem. Eng. Data. 2012, 57(11), 3032–3091

• Uncertainty: in 

progress



Task 3.3 -Accurate physical property models for 
new energy gases

New Equations of State for Binary Hydrogen Mixtures Containing Methane, 

Nitrogen, Carbon Monoxide, and Carbon Dioxide,  J. Phys. Chem. Ref. Data 50, 

013102 (2021); https://doi.org/10.1063/5.0040533

The work of preparation of selected sets of experimental measurement has 

been completed;

New advanced models are under development. Preliminary works have 

been published for reviewing binary interaction coefficients of some 

molecules. For example, 

When new experimental measurements obtained in this project will be 

available, the procedure to update the interaction coefficients will 

include the complete series of light alkanes (C1-C5);

New models of hydrogen mixtures will be validated on the basis of 

obtained experimental measurements.

https://doi.org/10.1063/5.0040533


When new thermodynamic models for mixture are published it doesn’t 

mean they are suitable to be embedded into new instrumentation.  

Task 3.4 - Internet of Things for 
physical property measurements

Decarb project aims to provide the tools necessary 

- to test new models in-field;

- to adopt low cost and powerful board interfaces able to interact 

with the control units of commercial instrumentation;

- to create a non-invasive metrological measurement network

able to be adapted to a wide range of applications.

Tests of some main new models (i.e: GERG-2008 and optimized virial 

and cubic equations) implemented on low-end microcontrollers are 

ongoing.  

ARM CORTEX-M0 microprocessors (40 MHz) have been selected since 

they seems to have a good balance between performances and costs.



Conclusions

The work of the WP3 is going on and soon

- New experimental measurements;

- New improved thermodynamic models;

- New IoT devices will be available.

We need your collaboration to drive the development of new solution in the 
direction of your needs. 

The risk is that new knowledge will remain closed in laboratories.

For further discussion and questions: Alberto a.albo@inrim.it

mailto:a.albo@inrim.it
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