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Article in press at Metrologia
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Background:

Joint 2016 Article of

CCT WG Hu & IAPWS

4574 Downloads by 1 May 2017
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Ambiguity of existing RH definitions

From: Lovell-Smith et al. (2016)
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Aim: Contribute to discussion on possible SI definition of RH

New RH definition should:

- Possess clear physical justification

- Allow for non-ideal gas effects

- Cover the „extended range“ p < e   (or, T > Tboil)

- Properly express thermodynamic non-equilibrium forces

- Include some current definitions as ideal-gas limits

- Allow for dissolution of air in water

- Be rigorously continuous and unambiguous across water phases

- Envisage application to humid gases other than air
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Activity and Fugacity

Fugacity is a „real-gas equivalent“ of the partial pressure:

Activity is a „real-gas equivalent“ of the mole fraction / concentration:

Standard or reference state µ0 where a = 1, independent of x

Activity – fugacity conversion:

Phase equilibria: equal activities / fugacities 

(not partial pressures or so)
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Relative Humidity

De-facto standard RH definition of WMO, ASHRAE, etc:

Substitute x, pV by their „real-gas equivalents“: Relative Fugacity

Define activity reference state µ0 by the saturation state:

Available from IAPWS

Definition ?
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IAPWS: T – p Phase Diagram of Water

New Full Range of RH

„Extended Range“
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Extended-Range Definition of RH

Problem: No saturation state of humid air if p < e.       How to specify a = 1 ?

Approach: Onsager force remains valid also in (G): 

Argument:

Let RH be insensitive 

to ambient dry gas
RH
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Virial Equations

Virial approximation of the fugacity coefficient:

Available from IAPWS
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Outlook

Open tasks and problems:

- Measurement procedures and references

- Standard equations for RF calculation from measurands

- Standard equations for converting legacy data

- Uncertainties

- Metastable phases

- Discussion of pros, cons and potential alternatives

- Independent verification and recommendation ?

- Official „blessing“ of RH by CCT ?

IAPWS-BIPM Humidity Workshop at the 17th ICPWS in Prague 2018:

www.icpws2018.com


