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ESDU DATA ITEM No.89018

ESDU DATA ITEMS

Data ltems provide validated information in engineering design and analysis for use by, or under the supervision of,
professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both published
and unpublished, and invariably supported by original work of ESDU staff engineers or consultants. The whole process is
subject to independent review for which crucial support is provided by industrial companies, government research
laboratories, universities and others from around the world through the participation of some of their leading experts on
ESDU Technical Committees. This process ensures that the results of much valuable work (theoretical, experimental and
operational), which may not be widely available or in a readily usable form, can be communicated concisely and
accurately to the engineering community.

THE PREPARATION OF THIS DATA ITEM

The work on this particular Data ltem was monitored and guided by the Physical Data and Reaction Kinetics Committee,
which first met in 1966 and now has the following membership:

Chairman

Mr C.F.Beaton — Independent

Members

Dr D.Ambroset — Independent

Dr E.Brunner* — BASF AG, Ludwigshafen, West Germany

Dr M.W.Chase* — National Bureau of Standards, Gaithersburgh, USA
Dr J.R.Downey* — Dow Chemical, Midland, USA

Dr G.Hobson — Imperial Chemical Industries pic, Petrochemicals and Plastics Division
Dr A.E.Humphreys — British Gas plc

Dr D.T.Jamieson — National Engineering Laboratory

Mr S.R.Knight — Stone & Webster Engineering Ltd

Dr M.Schoenberg* — Hoechst AG, Frankfurt, West Germany.

" The technical work involved in the construction and subsequent development of the Data Item was undertaken (under

contract to ESDU) by
Mr J.Walton — Independent.

in consultation with Dr D.Ambrose.

The person with overall responsibility for the work in this subject area is Mr G.H.Walter, Head of Heat Transfer, Internal
Flow and Physical Data.

KEEPING UP TO DATE

We are constantly striving to develop new work and review data already issued. Any comments arising out of your use of
our data, or any suggestions for new topics or information that might lead to improvements, will help us to provide a
better service.

Whenever Items are revised, subscribers to the service automatically receive the material required to up-date the
appropriate Volumes. If you are in any doubt whether your ESDU holding is up to date, please contact us.

(Continued on inside back cover)
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INTRODUCTION

This Item provides explanatory notes and additional information to supplement that given in
each Data Item on the orthobaric densities and molar volumes of liquids issued from August
1989 onward. The text in each Item provides adequate information for its use.

SOURCES OF DATA

Experimental orthobaric liquid density or volumetric measurements have been made from the
triple point to the critical point for a number of low molecular weight liquids, for example
methane, which have normal boiling points and sometimes critical temperatures below ambient
temperatures. For these liquids the density or molar volume of the saturated vapour has
also been measured in the same investigation and the critical density calculated using the
'law of rectilinear diameters'.

For a large number of liquids with normal boiling points higher than about 30 °C, densities
have been determined at only a few temperatures between 10 and 30 °C at atmospheric pressure.
However, for some of these liquids, densities over wider ranges of temperature termipating
below the normal boiling point have also been determined, again at atmospheric pressure.
Those orthobaric densities that have been measured have usually been restricted to the range
above the normal boiling point. In these cases the saturated vapour density or molar volume
has usually also been measured and the critical density calculated as described above.

Experimental data at temperatures around ambient for liquids boiling above this temperature
can be of very high accuracy, possibly with an uncertainty in density as low as 0.01 per cent. -
For most liquids densities at other temperatures are less accurate and in the critical region
errors may be a few per cent.

Except in the critical range the compressibility of liquids is very low. Consequently, below
the normal boiling point, the difference between the densities at one atmosphere and at
saturation pressure, for a particular liquid at a given temperature, is usually less than
the uncertainty in the measured values. Hence in the Data Items, for each liquid, densities
at atmospheric pressure have been combined with orthobaric densities and fitted by a single

equation.

To indicate the extent of the experimental data on which the tabulated values for each
compound are based, each source used to derive the constants of the liquid density/molar
volume equation is followed by one of the letters 'L', 'M', 'H' or 'C' which denote the
temperature range of the data of each source. These letters correspond respectively to the
arbitrary temperature ranges defined as:-

L: low temperature, below the temperature at which the vapour pressure is 1 kPa,

M: medium temperature, from the temperature at which the vapour pressure is 1 kPa to the
normal boiling point,

H: high temperature, from the normal boiling point to the critical point,

C: the critical point.
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