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ESDU DATA ITEMS

Data Items 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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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.

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.

THE PREPARATION OF THIS DATA ITEM

The work on this particular Data Item was monitored and guided by the Physical Data and Reaction Kinetics
Committee, which first met in 1966 and now has the following membership:
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THERMAL CONDUCTIVITY, VISCOSITY, ISOBARIC SPECIFIC HEAT CAPACITY 
AND PRANDTL NUMBER OF GASES AT LOW PRESSURE: HALOGENATED 
HYDROCARBONS – HALOPROPANES, BUTANES, ETHYLENES, BENZENES
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ESDU 03008
THERMAL CONDUCTIVITY, VISCOSITY, ISOBARIC SPECIFIC HEAT CAPACITY 
AND PRANDTL NUMBER OF GASES AT LOW PRESSURE: HALOGENATED 
HYDROCARBONS – HALOPROPANES, BUTANES, ETHYLENES, BENZENES

1. INTRODUCTION

This Item presents in tabular form values of thermal conductivity, viscosity, isobaric specific heat capacity
and Prandtl number of the vapours of various halogenated hydrocarbons at or below atmospheric pressure.
The range covered is from below the normal boiling point to about 620 K.  Previous Data Items in this
group were restricted to thermal conductivity but the importance of the Prandtl number for chemical
engineering design makes the inclusion of the isobaric specific heat capacity and viscosity desirable.

The data on which these values are based are believed to be the most reliable available and have been
reviewed and suitably extended. Sections 4, 5 and 6 describe, respectively, the procedures used to obtain
the values of thermal conductivity, viscosity and isobaric specific heat capacity and indicate the effects of
pressure. Section 7 gives an explanation of the Tables, the Prandtl number equation and indicates the
uncertainties in the values presented. 

References to sources of supplementary information are given in Section 8. Appendix A provides a full
bibliography of relevant data sources for viscosity, specific heat capacity and thermal conductivity. The
data sources for each particular compound are listed with the appropriate table.

2. NOTATION AND UNITS

The units of each property are based on SI units. The SI units of thermal conductivity, viscosity and specific
heat capacity are the watt per metre kelvin (W/m K), the newton second per square metre (N s/m2) and the
joule per kilogram kelvin (J/kg K) respectively. Convenient units for the properties in this Item are: thermal
conductivity, the milliwatt per metre kelvin (mW/m K); viscosity, the micronewton second per square metre
( s/m2); isobaric specific heat capacity, the kilojoule per kilogram kelvin (kJ/kg K). Conversion factors
are given in Section 3. The correlation parameters are not dimensionless but take the units listed in
Tables 9.1, 9.2 and 9.3.

constants for each fluid in Equation (4.1), (5.1), (6.1) *

* See footnote at end of this section.

specific heat capacity kJ/kg K

molecular weight (relative molecular mass) –

pressure kPa

Pr Prandtl number –

kelvin temperature K

t Celsius temperature, -273.15 °C

dynamic viscosity s/m2

thermal conductivity mW/m K

µN

b1,b2,b3,b4

c

M

p

T

T

η µN

λ
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ESDU 03008

3. CONVERSION FACTORS

Thermal conductivity
1 mW/m K  kcal/m h °C

 cal/cm s °C
 Chu/ft h °C
 Btu/ft h °F
 Btu in/ft2 h °F

Viscosity
1 s/m2  cP

 lbf s/in2

 kgf s/m2

 kg/m s

Specific heat capacity
1 kJ/kg K  cal/g K

 Btu/lb °F

Pressure
105 Pa  bar

 lbf/in2

 kgf/cm2

 atm
 mmHg.

4. THERMAL CONDUCTIVITY OF GASES

4.1 Thermal Conductivity at Low Pressure (Dilute Gas)

A comprehensive survey of the literature on the thermal conductivity of gases was prepared with the
assistance of the National Engineering Laboratory (NEL), East Kilbride, UK. An attempt has been made
to correlate the data between compounds in the same way as for the alkanes (Reference 29). The results
given for the halopropanes and halobutanes in Data Item 91005 (Reference 18) and the haloethylenes and
halobenzenes in Data Item 92010 (Reference 20) were confirmed by the use of a prediction routine

Superscripts
id denotes ideal gas
(o) denotes dilute gas

Subscripts
c denotes value at critical point
p denotes constant pressure
r denotes reduced quantity, for example .

* The units of these constants for thermal conductivity, viscosity and ideal gas heat capacity can be found in Tables 9.1, 9.2
and 9.3 respectively.

Tr T Tc⁄=

0.8598 10
3–×=

2.3885 10
6–×=

0.5778 10
3–×=

0.5778 10
3–×=

6.9335 10
3–×=

µN 10
3–

=

145.04 10
12–×=

101.972 10
9–×=

10
6–

=

0.239=
0.239=

1=
14.5038=
1.0197=
0.9869=
750.062=
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ESDU 03008
developed by NEL (Reference 16), and they are reproduced here unless more recent data were available to
update them.

Agreement of the data among the various authors and differing methods was reasonable and it was possible
to extend the range of results to between at least 120 and 347 °C in  all cases, using the theoretical predictions.

The correlated data are represented by the equation

. (4.1)

The derived values of the constants given in Table 9.1 give the best fits to the data.

Using these values with the values of  given in Table 9.1 (References 15, 19, 21), values of  in
mW/m K have been calculated at 20 K and at 20 degree Celsius intervals for each compound.

4.2 Effect of Pressure

The thermal conductivity of all gases increases with pressure but the effect is small at low pressures from
0.1 to 1000 kPa (approximately 1% per 100 kPa). At higher pressures it is difficult to generalise. The
correlations of Stiel and Thodos (Reference 3) remain the best method of evaluating the pressure effect in
terms of the density and critical properties. Data sources for the thermal conductivity of  refrigerant C318
at various pressures are marked with an asterisk in Appendix A2, and a table for thermal conductivities at
pressures of 1 and 10 bar is presented in Data Source A2.: 891.

Near the critical point, the thermal conductivity increases asymptotically and at the critical point tends to
infinity. This phenomenon, the so-called critical enhancement implies that, in the critical region the thermal
conductivity is very sensitive to temperature and pressure and cannot be predicted reliably. As a rough
guide, for the subcritical vapour for , the critical enhancement takes effect at pressures exceeding

 and is greatest at saturation. For values of  in the range , the thermal conductivity at
any specified temperature passes through a maximum at values of ; the maximum declines and shifts
to higher pressures with increasing temperature. A useful discussion of the anomalous behaviour of thermal
conductivity near the critical point is given in References 22, 24 and Data Source A2.: 7512.

5. VISCOSITY OF GASES

5.1 Viscosity at Low Pressure (Dilute Gas)

Well-documented and correlated data are available for a few of the compounds listed and these data were
extended to lower and/or higher temperatures by using the predictions based on theoretical considerations.
The prediction procedure based on the Chapman-Enskog theory as used by NEL (Reference 16), requires
the density of the liquid at the normal boiling point and the acentric factor. Less experimental viscosity data
were available than for thermal conductivity, but the results using the method were adequate and successful
in supporting the predictions for thermal conductivity. In general the densities were taken from
References 21 and 27 and the acentric factors from References 15, 19 and 26. However for several
fluorinated hydrocarbons the required densities and acentric factors were not available from ESDU Data
Items and these were obtained from Reference 30 and Data Source A1.: 13.

λ o( )
b1 b2 1 Tr–( ) b3 1 Tr–( )2

b4 1 Tr–( )3
+ ++=

Tc λ o( )

0.9 T≤ r 1≤
0.5pc≈ Tr 1 T≤ r 1.1≤

pr 1>
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ESDU 03008
The experimental and estimated dilute gas viscosities are adequately represented by the following equation
of the same form as that used for thermal conductivity and it is valid over the same temperature range.

 . (5.1)

The derived values of the constants given in Table 9.2 give the best fit to the data. Using these values with
the value of  given in Table 9.2, values of  in s/m2 have been calculated at 20 K and at 20 degree
Celsius intervals for each compound.

5.2 Effect of Pressure

The viscosity of gases increases with pressure, but the effect is small at low pressures (0.1 to 1000 kPa).
The correlations of Stiel and Thodos (References 2, 4) may be used to evaluate the pressure effect in terms
of the density and critical properties. Near the critical point, however, the pressure effect is greater and
cannot be predicted reliably but is less significant than in the case of thermal conductivity. The only
compound for which data are available at specified pressures is C318, Data Source A1.: 2.

6. ISOBARIC SPECIFIC HEAT CAPACITY 

6.1 Isobaric Specific Heat Capacity at Low Pressure (Ideal Gas)

The isobaric specific heat capacity approaches the ideal gas value as the pressure tends to zero and these
are the values tabulated in this Data Item.

Data for the isobaric specific heat capacity of the ideal gas were taken, with two exceptions, from Data
Source A1.: 13. Over the temperature ranges covered by this Data Item, they can be adequately represented
by the following simple polynomial in reduced temperature:

 . (6.1)

The values of the constants given in Table 9.3 were derived from the best fit to the selected data over the
given temperature range. Using these values with the value of Tc given in Table 9.3, values of  in kJ/kg K
have been calculated at 20 K and at 20 degree Celsius intervals for each compound.

6.2 Effect of Pressure 

For non-reacting non-associating vapours, far from the critical point, the effect of pressure is small. At the
critical point cp tends to infinity and large effects in the critical region will occur.  Estimates may be obtained
from general equations of state such as the Soave-Redlich-Kwong, Lee-Kesler and Peng-Robinson
(References 9, 10, 13). Fortran programs for the Soave-Redlich-Kwong and Peng-Robinson equations may
be found in Reference 22. For more accurate calculations, fluid specific equations of state should be used.
A useful discussion on these may be found in a review article by de Reuck, Craven and Elhassan
(Reference 23).

Tables of specific enthalpy at saturation pressure are presented in Reference 17 for refrigerant C318. 

η o( )
b1 b2 1 Tr–( ) b3 1 Tr–( )2

b4 1 Tr–( )3
+ + +=

Tc η o( ) µN

cp
id

b1 b2Tr b3Tr
2

b4Tr
3

++ +=

cp
id
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7. EXPLANATION OF TABLES AND THE PRANDTL NUMBER EQUATION

For each compound the constants in Equations (4.1), (5.1) and (6.1) are given in Tables 9.1, 9.2 and 9.3
respectively, together with the critical temperature and the range of applicability. Because of possible
decomposition of these compounds the experimental data, where they exist, and the tables are limited to a
maximum of 350 °C.

Within the compound tables, values of thermal conductivity and viscosity that are supported by
experimental data are presented in bold type. Isobaric specific heat capacity values from Data Source
A1.: 13 are also given in bold type.

Experimental data for thermal conductivity from the most reliable individual sources have a repeatability
of about ±2%. However, differences in methods and technique increase the uncertainty of the absolute
values to ±3% or more. Such reliable data are not available for most of the compounds considered, however,
nor over the whole temperature range covered.

Although it is considered that the procedure adopted for thermal conductivity keeps the errors in the values
presented to a minimum, the user should allow for an uncertainty of ±5% in all values, except those
unsupported by experimental data (presented in plain type) where the uncertainty increases to ±10%.

Experimental data for the viscosity of the principal refrigerants have been reviewed, and the reliable data
have an uncertainty of about ±3%. For values unsupported by experiment the uncertainty is greater.
Although it is considered that the procedure adopted here keeps the errors in the values presented to a
minimum, the user should allow for an uncertainty of ±3% in all values supported by experimental data.
For values unsupported by experiment (presented in plain type), the uncertainty increases to ±5%.

Except for C318 and iodobenzene the isobaric specific heat capacity values are based on tables published
by the Thermodynamics Research Center (TRC). Comparisons with reliable experimental data indicate
that the TRC values have uncertainties of ± 2%. For the other compounds C318 and iodobenzene,
uncertainties of ± 5% should be allowed for.

At any specific temperature, the Prandtl number entry was calculated from Equations (4.1), (5.1), (6.1) and
the relation

 . (7.1)

No attempt has been made to smooth the values thus obtained. Rounding errors, which may affect the last
significant figure may produce differences between the tabulated values and those calculated directly  from
the tabulated entries for thermal conductivity, viscocity and isobaric specific heat capacity.

8. REFERENCES 

The references given are recommended sources of information supplementary to that in this Data Item.
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Pr
o( ) cp

idη o )(

λ o )(
-------------------=

Copyright Engineering Sciences Data Unit 
Provided by IHS Markit under license with ESDU Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: ESDU 03008 2003

http://www.avadocuments.com/doc/esdu-03008-2003
http://www.avadocuments.com/doc/esdu-03008-2003


 

ES
D

U
 C

op
yr

ig
ht

 m
at

er
ia

l. 
 F

or
 c

ur
re

nt
 s

ta
tu

s 
co

nt
ac

t E
SD

U
. 

6

ESDU 03008
3. STIEL, L.I.

THODOS, G.
The thermal conductivity of non-polar substances in the dense gaseous
and liquid regions. AIChEJ., Vol. 10, No. 1, pp. 26-30, 1964.

4. STIEL, L.I.
THODOS, G.

The viscosity of polar substances in the dense gaseous and liquid
regions. AIChEJ., Vol. 10, No. 2, pp. 275-277, 1964.

5. LANDOLT-
BÖRNSTEIN

Transport phenomena. Vol. 5, Part 1 and Part II, Springer-Verlag, Berlin,
1968.

6. STULL, D.R.
WESTRUM, E.F.
SINKE, G.C.

The chemical thermodynamics of organic compounds. Wiley, New York,
1969.

7. GOLUBEV, I.F. Viscosity of gases and gas mixtures. Israel program for scientific
translations, TT70-50022, 245 pp., Jerusalem, 1970.

8. TOULOUKIAN, Y.S.
LILEY, P.E.
SAXENA, S.C.

Thermophysical properties of matter. The TPRC Data Series, Vol. 3-
Thermal conductivity. IFI/Plenum, New York, 531 pp., 1970.

9. SOAVE, G. Equilibrium constants from a modified Redlich-Kwong equation of
state. Chem. Eng. Sci., Vol. 27, pp. 1197-1203, 1972.

10. LEE, B.I.
KESLER, M.G.

A generalized thermodynamic correlation based on three-parameter
corresponding states. AIChEJ., Vol. 21, No. 3, pp. 510-527, 1975.

11. REICHENBERG, D. New methods for the estimation of the viscosity coefficients of pure
gases at moderate pressures (with particular reference to organic
vapors). AIChEJ., Vol. 21, No. 1, pp. 181-183, 1975.

12. TOULOUKIAN, Y.S.
SAXENA, S.C.
HESTERMANS, P.

Thermophysical properties of matter. The TPRC Data Series, Vol. 11-
Viscosity. IFI/Plenum, New York, 643 pp., 1975.

13. PENG, D. -Y.
ROBINSON, D.B.

A new two-constant equation of state. Ind. Eng. Chem. Fundam.,
Vol. 15, No. 1, pp. 59-64, 1976.

14. VARGAFTIK, N.B.
FILIPPOV, L.P.
TARZIMANOV, A.A.
TOTSKII, E.E..

Thermal conductivity of liquids and gases. (In Russian). Moscow,
470 pp., 1978. (English edition: Handbook of thermal conductivity of
liquids and gases. CRC Press, 368 pp., Boca Raton, Florida, 1994.)

15. ESDU Vapour pressures and critical points of liquids: Halogenated C3 and
higher hydrocarbons. Data Item 89006, ESDU International plc,
London, UK, 1989.

16. NEL Private communication to ESDU from the National Engineering
Laboratory, East Kilbride, UK, 1990.

17. PLATZER, B.
POLT, A.
MAURER, G.

Thermophysical properties of refrigerants. Springer-Verlag, Berlin,
pp. 383-413, 1990.

18. ESDU Thermal conductivity of gaseous halogenated hydrocarbons. Data Item
91005, ESDU International plc, London, UK, 1991. Superseded by this
Item and References 33, 34.

19. ESDU Vapour pressures and critical points of liquids: Halogenated ethylenes.
Data Item 91006, ESDU International plc, London, UK, 1991.

20. ESDU Thermal conductivity of gaseous halogenated hydrocarbons. Ethylenes
and benzenes. Data Item 92010, ESDU International plc, London, UK,
1992. Superseded by this Item.

Copyright Engineering Sciences Data Unit 
Provided by IHS Markit under license with ESDU Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: ESDU 03008 2003

http://www.avadocuments.com/doc/esdu-03008-2003
http://www.avadocuments.com/doc/esdu-03008-2003


 

ES
D

U
 C

op
yr

ig
ht

 m
at

er
ia

l. 
 F

or
 c

ur
re

nt
 s

ta
tu

s 
co

nt
ac

t E
SD

U
. 

7

ESDU 03008
21. ESDU Orthobaric densities and molar volumes of liquids: Halogenated

ethylenes. Data Item 92018, ESDU International plc, London, UK,
1992.

22. ASSAEL, M.J.
TRUSLER, J.P.M.
TSOLAKIS, T.F.

Thermophysical properties of fluids. An introduction to their prediction.
Imperial College Press, London, UK, 1996.

23. DE REUCK, K.M.
CRAVEN, R.J.B.
ELHASSAN, A.E. 

Equations of state. Transport properties of fluids. Their correlation,
prediction and estimation. (Ed: Millat, J., Dymond, J.H. and Nieto de
Castro, C.A.), Cambridge University Press, Cambridge, pp. 165-186,
1996.

24. SENGERS, J.V.
LUETTMER-
STRATHMANN, J.

The critical enhancements. Transport properties of fluids. Their
correlation, prediction and estimation. (Ed: Millat, J., Dymond, J.H. and
Nieto de Castro, C.A.), Cambridge University Press, Cambridge,
pp. 113-137, 1996.

25. ASHRAE Refrigerant properties. Handbook – Fundamentals, Chapter 17,
American Society of Heating, Refrigerating and Air Conditioning
Engineers Inc., New York, 1997.

26. ESDU Vapour pressures and critical points of liquids: Halogenated benzenes.
Data Item 98014, ESDU International plc, London, UK, 1998.

27. ESDU Orthobaric densities and molar volumes of liquids: Halogenated
benzenes. Data Item 98015, ESDU International plc, London, UK, 1998.

28. KRAUSS, R.
STEPHAN, K.

Literature survey on thermophysical properties of refrigerants. Int. J.
Thermophys., Vol. 19, No. 6, pp. 1615-1621, 1998.

29. ESDU Thermal conductivity, viscosity, isobaric specific heat capacity and
Prandtl number of gases at low pressure: Aliphatic hydrocarbons -
alkanes. Data Item 99011, ESDU International plc, London, UK, 1999.

30. YAWS, C.L. Chemical properties handbook. McGraw Hill, New York, 1999.

31. POLING, B.E.
PRAUSNITZ, J.M.
O’CONNELL, J.P.

The properties of gases and liquids. 5th Edition, McGraw Hill, New
York, 2001.

32. XIANG, H.W. The new simple extended corresponding – states principle: complex
molecular transport properties in dilute gas state. Fluid Phase
Equilibria. Vol. 187/188, pp. 221-231, 2001.

33. ESDU Thermal conductivity, viscosity, isobaric specific heat capacity and
Prandtl number of gases at low pressure: Halogenated hydrocarbons -
halomethanes. Data Item 02003, ESDU International plc, London, UK,
2002.

34. ESDU Thermal conductivity, viscosity, isobaric specific heat capacity and
Prandtl number of gases at low pressure: Halogenated hydrocarbons -
haloethanes. Data Item 02004, ESDU International plc, London, UK,
2002.

Copyright Engineering Sciences Data Unit 
Provided by IHS Markit under license with ESDU Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: ESDU 03008 2003

http://www.avadocuments.com/doc/esdu-03008-2003
http://www.avadocuments.com/doc/esdu-03008-2003

