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ESDU DATAITEMS

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unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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 expertson ESDU
Technical Committees. This process ensures that the results of much vauable 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 suggestionsfor new topics or information that might lead to improvements, will help usto provide abetter service.
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THERMAL CONDUCTIVITY OF LIQUIDS: HALOGENATED ALIPHATIC
HYDROCARBONS
Part 4. Halogenated alkenes and alkadienes (C; to Cy)
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8 HALOGENATED ETHENES (ETHYLENES)
o)
g 1. H,C=CHCI Chloroethene Chloroethylene 7
Vinyl chloride
Ethenyl chloride
Refrigerant 1140
2. H,C=CHBr Bromoethene Bromoethylene 8

Vinyl bromide
Ethenyl bromide
Refrigerant 1140B1

3. CI,C=CH, 1,1-Dichloroethene 1,1-Dichloroethylene 9
Vinylidene chloride
Refrigerant 1130a

4. cis-CIHC=CHCI cis-1,2-Dichlor oethene cis-1,2-Dichlor oethylene 10
sym-Dichlor oethylene
Refrigerant 1130 (cis)

5. trans-CIHC=CHCI trans-1,2-Dichlor oethene trans-1,2-Dichlor oethylene n
Refrigerant 1130 (trans-)
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Formula Name Alternative Name(s)
6. CI,C=CHCI Trichloroethene Trichloroethylene 12
Refrigerant 1120
7. ClI,C=CCl, Tetrachloroethene Tetrachloroethylene 14

Per chloroethylene
Refrigerant 1110

HALOGENATED PROPENES (PROPYLENES)

8. H,C=CCICHj 2-Chloroprop-1-ene 2-Chloropropylene 15

9. H,C=CHCHCI 3-Chloroprop-1-ene 3-Chloropropylene 16
Allyl chloride

10. H,C=CHCH,Br 3-Bromoprop-1-ene 3-Bromopropylene 17
Allyl bromide

11. H,C=CHCHCI, 3,3-Dichloroprop-1-ene 3,3-Dichloropropylene 18

Acrolein dichloride

HALOGENATED BUTENES (BUTYLENES) and BUTADIENES

ESDU Copyright material. For current status contact ESDU.

12. H,C=CH[CH,],ClI 4-Chlorobut-1-ene 4-Chloro-1-butylene 19
13. H,C=CHCHCICHCI 3,4-Dichlorobut-1-ene 3,4-Dichloro-1-butylene 20
14. trans-(CIH,C)HC=CHCH,C| trans-1,4-Dichlorobut-2-ene trans-1,4-Dichloro-2-butylene 21
15. (CIHC=CH)HC=CH, 1-Chlorobuta-1,3-diene 22
16. (H,C=CCI)HC=CH, 2-Chlorobuta-1,3-diene Chloroprene 23
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THERMAL CONDUCTIVITY OF LIQUIDS: HALOGENATED ALIPHATIC
HYDROCARBONS
Part 4. Halogenated alkenes and alkadienes (C, to C))

INTRODUCTION

This Item presents values of thermal conductivity at saturation pressure, in tabular form, for liquid
halogenated alkenes and alkadienes.

The data on which these recommended values of thermal conductivity are based are the most reliable
available and the temperature range covered is from the melting temperature to approximately 0.9 of the
critical temperature. Quantitiesare expressed in Sl unitsand conversion factorsto other units are provided
in Section 3.

Section 4 describes the procedure used to obtain the values of thermal conductivity presented and indicates
the effect of pressure. Section 5 gives an explanation of the Tables and indicates the uncertainties in the
values presented in them.

References to sources of supplementary information are given in Section 6. The data sources for each
particular compound are listed on the appropriate data sheet.

NOTATION AND UNITS

The SI unit of thermal conductivity is the watt per metre kelvin (W/m K). A convenient submultiple Sl

unit for the range of thermal conductivity in this Item is the milliwatt per metre kelvin (mW/m K); hence
that is the unit adopted here.

A constant for each liquid in Equation (4.2) mw/m K
A constant for each liquid in Equation (4.1) mwW/m K
B’ non-dimensional constant for each liquid in Equation (4.1) —

B,C,D non-dimensional constants for each liquid in Equation (4.2)

pressure N/m? (Pa)
T kelvin temperature K
t Celsius temperature, T —273.15 °C
A thermal conductivity mW/m K
Subscripts
C denotes value at the critical point
p denotes value at pressure p
r denotes reduced quantity, e.g. T, = T/T,..
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3. CONVERSION FACTORS

1 mW/m K = 0.8598 x 103 kcal/mhoC”

= 2.3885x 107 ca/cms°C’

= 05778 x 1073 Chu/ft h°C”

= 05778 x 1073 Btu/ft h °F"

= 6.9335x 103 Btuin/ft> hoF
10° N/m? = 1bar

= 14.5038 Ibf/in?

= 1.0197 kgf/cm2

= 0.9869 atm

= 750.062 mmHg.

* The values used for the calorie and British Thermal Unit are International Table values.

4. THERMAL CONDUCTIVITY
41 Thermal Conductivity at Saturation Pressure

In Reference 2 Riedel showed that the experimental data for the thermal conductivity of normal (that is
unassociated) liquids along the saturation line could be represented by the equation:

ho= AL+ (208)(1-TH7.

For theliquidsconsidered in thisItem abetter representation of the datais obtained, over awidetemperature
range, from the modified equation which was used in some earlier ESDU Iltems:

» o= AL+B(1-T)7). (4.1)

ESDU Copyright material. For current status contact ESDU.

Therange of applicability of Equation (4.1) islimited for most compounds; recent datafrom several sources
show that there may be marked deviations in the regions of the triple point and the critical point from
extrapolations of Equation (4.1) fitted in the intermediate region.

For the liquids considered in this Item agood representation of the data’ between the melting temperature
and T, = 0.9 isobtained from the equation:

n= A+BA-T)®+ca-1)+pa-T). (4.2)

Measurements of thermal conductivity have been madefor relatively few liquidsat T, > 0.9 and so, because
of the uncertain variation of thermal conductivity in the critical region, data are presented only for
temperatures up to T, = 0.9. The equation extrapolates in a physically realistic manner to within a few
kelvin of the critical point.

" Experimental data at temperatures below the normal boiling temperature, t, areoftenat 1 atm pressure. Asindicated in Section 4.2 the
difference between values of A at 1 atm pressure and at saturation pressure below t,, is not significant.

Documents
2 Document Sharing Hub

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESDU 94024 1994


http://www.avadocuments.com/doc/esdu-94024-1994
http://www.avadocuments.com/doc/esdu-94024-1994

=I5, 94024

The critical temperatures for these compounds have either been taken from ESDU 89006 (Reference 8) or
estimated. In this Item, the critical temperatures should be regarded as correlating parameters only and
should not be taken as a source of accurate values.

The derived values of A, B, C and D givenin Table 7.1 are a correlated set of values giving the best fit to
the experimental data, not only asindividual compounds but also as membersof their chemical series. This
method of correlating data for a series of compounds has been described in References 5 and 6. For the
halogenated alkenes and alkadienesin thistem, it wasfound that C and D aredirectly related to B*, aswas
observed for ather non-hydrogen-bonded compounds such asthealkanes. Correlated valuesof the constants
A, B, C and D were used to estimate constantsfor liquidsfor which no experimental dataexist. Using these
values with the values of T, givenin Table 7.1, values of A in mW/m K have been calculated for each
compound from Equation (4.2) and are presented in the data sheets.

4.2 Effect of Pressure

At temperatures up to the normal boiling point, the effect of pressure from the saturation pressure to
50 x 10° N/m? (up to 50 atm) isto increase the thermal conductivity by approximately 1 per cent and, for
most practical purposes, val uesat saturation pressure may betaken asequal to those at atmospheric pressure.

Reference 1 gives measurements of thermal conductivity for anumber of liquids up to 12 000 x 10° N/m?
(= 12000 atm) at 30°C and 75°C. A generalised correlation of these resultsis given in Reference 3, but
aknowledge of the critical pressure of the substance is required for its use.

For pressures up to 500 x 10° N/m? (=500 atm) between the melting temperature and the normal boiling
point avery approximate rel ationship:

Aok =1+02px 107, (4.3)

may be used where A, is the thermal conductivity at pressure p and A is the thermal conductivity at a
pressure of 10° N/m? (=1 atm), both at the same temperature.

5. EXPLANATION OF TABLES

The constants of Equation (4.2) are given in Table 7.1 and on the data sheets. Values of the thermal
conductivity are given in the data sheets at 10 kelvin intervals in K and °C, from within 10 kelvin of the
melting temperature, or an appropriate starting temperature where the melting temperature is unknown, to
atemperature corresponding with T .= 0.9.

ESDU Copyright material. For current status contact ESDU.

The sources are given in the data sheets and extrapolated values are indicated in parentheses.

For uniformity and ease of interpolation the data are presented and can be read to more significant digits
than iswarranted by their estimated accuracy.

The experimental data from the most reliable individual sources have arepeatability of about +1 per cent
although differences in technique used by different workers (and possibly aso in the purity of samples)
can increase the uncertainty in the absolute values to about +2 per cent. However, such reliable data are
not available for all the compounds considered, nor over the whole temperature range covered. Although
itisconsidered that the correl ation procedures adopted keep the errorsin the val ues presented to aminimum,
the user should in general allow for an uncertainty of £5 per cent unless the value in the data sheet is
truncated to a whole number. Where whole numbers are given the uncertainty increasesto +10 per cent.

C=1-3BadD = 3B.
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Somefluidshave poor thermal stability coupled with ahigh critical temperature. Valueshavebeentabulated
for al fluids up to T, = 0.9 but many of these fluids will decompose at elevated temperatures. As most
compounds will decompose rapidly at temperatures above about 300 °C, uncertainties of greater than £10
per cent may occur for temperatures > 573K.
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7. TABLES
TABLE 7.1 Constantsfor Equation (4.2)
Compound Te A B C D Range of
Applicability
K mwW/m K °C
1. Chloroethene 424. 62.8 1.55 -3.65 4.65 -160 to 120
2. Bromoethene 472. 49.0 1.55 -3.65 4.65 -140 to 160
3. 1,1-Dichloroethene 492. 53.6 1.60 -3.80 4.80 -120 to 180
4. cis-1,2-Dichloroethene 544.15 58.0 1.60 -3.80 4.80 -80 to 220
5. trans-1,2-Dichloroethene 516.45 58.0 1.60 -3.80 4.80 -50 to 200
6. Trichloroethene 574. 50.4 1.75 -4.25 5.25 -90 to 250
7. Tetrachloroethene 620. 43.2 2.05 -5.15 6.15 -20 to 290
8. 2-Chloroprop-1-ene 468. 60.2 1.30 -2.90 3.90 -140 to 160
9. 3-Chloroprop-1-ene 504. 63.0 1.30 -2.90 3.90 -140 to 190
10. 3-Bromoprop-1-ene 548.15 515 1.30 -2.90 3.90 -200 to 230
11. 3,3-Dichloroprop-1-ene 555.15 59.0 1.50 -3.50 4.50 -100 to 230
12. 4-Chlorobut-1-ene 534.15 57.2 1.35 -3.05 4.05 -100 to 220
13. 3,4-Dichlorobut-1-ene 589.15 53.4 1.50 -3.50 4.50 -100 to 270
14. trans-1,4-Dichlorobut-2-ene 630.15 60.3 1.50 -3.50 4.50 0 to 300
15. 1-Chlorobuta-1,3-diene 527.15 60.5 1.35 -3.05 4.05 -70 to 210
16. 2-Chlorobuta-1,3-diene 516. 59.7 1.35 -3.05 4.05 -120 to 200
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