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ABSTRACT

This booklet gilves tabulations of numerical walues of a Bet of
thermophysical constants and properties for over 530 pure wmolecular specles
typlcally found i{n natural gas or in related fluld mixtures, such as those
encountered in natural gas processing, the production of substitute
{synthetic) natural gas, and in gas characterisation. Source references,
means of derivation and contextual commentary, often given rather skimpily in
documents of rhis sort, are given here in some detall. The complete set of
values has been prepared as a collaborative effort by the Thermodynamics
Research Committee of G.E.R.G., and 1s Intended to form a sort of iunformal
European standard. An {ntroductory abbreviated version of thils document was
published 1n the preceedings of the 1986 International Gas Research
Conference held in Toronto, but space limitations prevented the publication
there of this full version.

RESUME

Ce livret donne les tableaux des données numériques d'un ensemble des
congtantes et propri&tés thermophysiques de plus de 50 espdces moléculaires
purs gque l'on trouve typiquement dans le gaz naturel ou dans les mélanges
fluides apparentés, tels que ceux recontrés dans le traitement du gaz
naturel, la productlien de gaz naturel de substitution (gaz de synth@se), et
dans la caracr2rization des gaz. Les sources des péférences, les moyens de
dérivation et les commentaires sur le contexte qui, dans les documents de ce
genre sont donnés souvent d'ume fagon plutdt bréve, sont fournis en dérails

dans ce livret. L’ensemble complet des donneg résulte d'un travail de
collaborarion du comité de recherche “propriétés thermodyramiques” du
G.E.R.G. er a wvacation 2 constituer une sorte de norme eurcpéenne. Une

verslon d'introduction abrégée de ce document fut publife dans la rapport du
Congrgs Intetrnational de la Recherche Gazldre 1986 qui eu lieu 2@ Toronto,
mais les limitations d'espace enp2chdrent la publication de la version
compl2te dans ce rapport.
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FOREWORD

The Groupe Européen de Recherches Gazikres or, as it 1s more
colloguially known, GERG, 1z an assoclation of European gas utilities which
meets for the purposes of exchanging information on research toples of common
Interest and of contributing sets of research results intoc a common pool for
mutual bepefit. Currently the membership of G.E.R.G. comprises A.R.G.B.
(Belgium), Gaz de France (France), Ruhrgas (Federal Republic of Germany),
Italgas (Italy), the VEG-Gasinstituvut (Netherlands) and British Gas {United
Ringdom) as the officlal national members, but with strong ilnvolvement in
technical activities of the group from Distrigaz (Belgivm}, S.N.A.M. {Italy)
and Gasunle (Netherlands). G.E.R.G. activicies date from 1961, becoming
formalised in 1965.

The Thermodynamles Research Committee, moTre preclsely the G.E.R.G.
Committee on the Thermodynawmlc Properties of Natural Gases, was formed within
this framework 1n 1971 with the aim of co-erdinating approaches to common
problems Invelving the application of thermophysical knowledge. Relevant
topics for study arlse from many areas of gas lndustry operations. Some
aspects of the Commirtee'’s past and continuing work have been discussed
elzewhere !. The chairmanship of the G.E.R.G. Thermodynamics Committee is
held by British Gas.

The present document clearly owes its orlgin ko the natural wish {and
need) within any such group to carry out 1lts tasks on a uniform and agreed
basls, a2 most fundamental aspect of which concerns pure component
thermophysical constants and properties. In that sense the total compilation
forms a sort of lnternal, informal European gas industries standard; wider
currency would have obvious benefics.



INTRODUCTION

Because of the prospect of increasing internztional trade (custody
transfer) of netural gas amongst the G.E.R.G. member countrles, as well as
for other reasons relating to the mutual interests of the European gas
industries, it is important that there be a subatantial (preferably complete)
measure of agreement about how best to determine the relevant thermophysical
properties of pipeline quality gas and other fluids. Specislised
instruments, notably recording calorimeters, play their part in this, but
increasingly it is a compositional analysis (made invariably by gaa
chromatography) that is the more readily and generally availlahle, and from
which the mixture properties must be Inferred. The negative aapect of this
is the consequeant need to have an international standerd calculationzl method
(recipe} of acceptable accuracy for the prediction of each property of
interest from composition, but on the positive alde it does open up the
possibllity that - given enough thermodynamically consistent recipes - a
whole range of otherwise more or less inaccessible properties can be
predicted 2,

Even given such reclpes, there {8 one further and most fundamental
aspect, viz. what are the best values for the thermophysical coostants (e.g.
critical temperatures and pressures), or variable properties at fixed
conditiens (e.g. compressibllity factors), of the Individual components, that
are in gome way to be combined by the recipes? Thatvis the question which is
addregsged here.

This bowklet presents a compilation of such pure compomnent constants and
propertieg prepared as a collaborative effort by the G.E.R.G. Thermodynamics
Research Committee. Previously, no such compilation enjoyed widespread
currency within Europe, although to some extent the present set of values
supersedes a much more restricted set Eublished at the 1973 World Gas
Conference {held in Nice) by Loremz 126, In general, each country's gas
industry formerly used its own “preferred” values, a situaticon which was
alided, abetted and obscured by the fact that the legal "standard”
metrological condi{tion at which some properties are defined (nmotably
calorific wvalues) varies from country to country; these standard condirions
have not generally changed, but values referring to the different conditicns
have now been made mutually consistent.
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SUMMARY OF CONTENTS

The physical constants snd properties glven for each distinet molecular
species are as follows:

Table l: Simple Physical Propertles

Relative Molecular Mass (Molecular Welght}

Wormal {(Atmospheric) Meltiung Temperature {or Triple Point
Temperature and Pressure)

Normal (atmogpheric) Bodiling Tewmperature {or Sublimarion
Temperature)

Table 2: Critical Properties

Critical Tewmperature

Critical Pressute

Cricical Denslity

Critical Molar Volume

Crirical Compressibility Factor
Pitzer's Acentric Factor

Tabkle 3: Standard Volumetric Propercies

Compressibility Factor {a) 0°C, 1.01325 bar
(b) 15°C, 1.01325 bar
Second Virial Coefficient at 15°C
Tdeal Relative Density
Real-Gas Relative Density (a) 0°C, 1.01325 bar
{b) 15°C, 1.01325 bar

Table 4: Enthzlples of Formaticn and Combustion

Standard Enthalpy of Formatiom at 25°C
Standard Enthalpy of Combustion (a) 25°C

{b) 15°C
Real-Gas Enthalpy of Combustion (a) 25°C, 1.01325 bar
{molar basis} {b) 15°C, 1.01325 bar

{c) ©°C, 1.01325 bar
Table 5: Calorifie Values

Ideal Gas Gross Calovific Value (a) 25/0°C
{volume basis) {b) 15/0°C
{e) 15/15°¢C

Real-Cas Gross Calorific Value (a) 25/0°C, 1.01325 bar

{volume basis) (b} 15/0°C, 1.01325 bar
(e) 15/15°C, 1.01325 bar
{mass basls) (d) 25°C, 1.01325% bar

Table 6: Flammability Data

Lower Flammability Limi: in Alr
Upper Flammability Limit in Adr
Minimum Autolpgnition Temperature.
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