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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 al 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unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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: ALICYCLIC COMPOUNDS -

CYCLOALKANES, ALKENES, ALKANOLS, ALKANONESAND ALKYLAMINES
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oo Formula Name Alter native Name(s)
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S CYCLOALKANES
>
9, 1. ¢-CsHqg Cyclopentane Pentamethylene 7
- 2. ¢-CgHyo Cyclohexane Hexamethylene 9
3. ¢-C;Hyy Cycloheptane Heptamethylene Suberane 11
4. c-CgH46 Cyclooctane Octamethylene 12
5. ¢-CgHyg Cyclononane Nonamethylene 13
6. c-CqoHog Cyclodecane Decamethylene 14
METHYLCYCLOALKANES
7. c-C5HgCH3 Methylcyclopentane Cyclopentylmethane 15
8. c-CgH11CH3 M ethylcyclohexane Cyclohexylmethane 16
9. ¢-C;H3CH3 Methylcycloheptane Cycloheptylmethane 18
10. ¢-CgH15CH3 M ethylcyclooctane Cyclooctylmethane 19
11. cis-1,2-c-CgH19(CH3),  cis-1,2-Dimethylcyclohexane 1, cis-2-Dimethylcyclohexane 20
12. trans-1,2-c-CgH1o(CH3), trans-1,2-Dimethylcyclohexane 1, trans-2-Dimethylcyclohexane 21
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Formula Name Alter native Name(s)
CYCLOALKENES
13. ¢c-CgHg Cyclopentene 22
14. c-CgHqg Cyclohexene 23
15. ¢-C4Hq» Cycloheptene 25
16. c-CgHy Cyclooctene 26
CYCLOALKADIENES
17. ¢c-1,3-CgHg Cyclohexa-1,3-diene 1,3-Cyclohexadiene 27
18. ¢c-1,4-CgHg Cyclohexa-1,4-diene 1,4-Cyclohexadiene 28
g CYCLOALKANOLS
% 19. ¢c-C5HgOH Cyclopentanol Cyclopentyl alcohol 29
§ 20. ¢-CgH1OH Cyclohexanal Cyclohexyl alcohol Hexalin 30
S Hexahydrophenol
It 21. ¢-C;H30H Cycloheptanol Cycloheptyl alcohol Suberal 32
% 22. ¢-CgH150OH Cyclooctanal Cycloocty! alcohol 33
17
)
3 CYCLOALKANONES
5 23. ¢-CgHgO Cyclopentanone K etocyclopentane Adipic ketone 34
E 24. c-CgH1O Cyclohexanone K etocyclohexane Pimelic ketone 35
_ 25. ¢-C;H,0 Cycloheptanone K etocycloheptane Suberone 37
©
= 26. c-CgH 1,0 Cyclooctanone Ketocyclooctane 38
®
E CYCLOALKYLAMINES
49
%: 27. ¢-CgHgNH, Cyclopentanamine Cyclopentylamine Aminocyclopentane 39
= 28. c-CgH11NH, Cyclohexanamine Cyclohexylamine Aminocyclohexane 40
g 29. ¢-C;H3NH>, Cycloheptanamine Cycloheptylamine Aminocycloheptane 41
g 30. ¢c-CgH1s5NH, Cyclooctanamine Cyclooctylamine Aminocyclooctane 42
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THERMAL CONDUCTIVITY OF LIQUIDS: ALICYCLIC COMPOUNDS -
CYCLOALKANES, ALKENES, ALKANOLS, ALKANONESAND ALKYLAMINES

INTRODUCTION

This Item presents values of thermal conductivity at saturation pressure, in tabular form, for liquid
cycloalkanes, methylcycloalkanes, cycloalkenes, cycloalkadienes, cycloalkanols, cycloalkanones and
cycloalkylamines.

The data on which these recommended values of thermal conductivity are based are the most reliable
available and the temperature range covered for most compounds is from the melting temperature to
approximately 0.9 of the critical temperature. Quantities are expressed in Sl units and conversion factors
to 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 uncertaintiesin 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 Sl 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) mwW/m K
A constant for each liquid in Equation (4.1) mw/m K
B,C,D non-dimensional constants for each liquid in Equation (4.2) -

pressure N/m? (Pa)
T kelvin temperature K
t Celsiustemperature, 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/m hoC”

= 2.3885x 10 ca/lcms°C’

= 0.5778 x 1073 Chu/ft hoC"

= 05778 x 1073 Btu/ft hoF

= 6.9335x 1073 Btu in/ft? h°F"
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
4.1 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-T)7. (4.1)

The range of applicability of Equation (4. *1) islimited for most compounds. For the liquids considered in
this Item agood representation of the data between the melting temperatureand T, = 0.9 is obtained from
the equation:

»= A+BA-T)®+ca-1)+pa-T). (4.2)

ESDU Copyright material. For current status contact ESDU.

Measurements of thermal conductivity have been made for relatively few liquids at 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.

The critical temperatures for these compounds have either been taken from ESDU 82016, 93009, 97012.
(References 7, 10 and 11) or estimated from correlations of ESDU values with chemical structure. Inthis
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 members of their chemical series. This
method of correlating data for a series of compounds has been described in References 5 and 6. The
cycloalkanols and cycloalkylamines in this Item have B, C and D values' typical of hydrogen bonded

' Experimental data at temperatures below the normal boiling temperature, t,, are often at 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.
T B =30,C=-65for cycloalkanolsand cycloalkylamines. D = 4.4for cyclopentanol, cyclopentanamine; 5.4 for the other cycloalkanols
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compounds such as the aiphatic alcohols and amines. For the cycloakanes, methylcycloalkanes,
cycloakenes, cycloalkadienes and cycloalkanones in this Item, it was found that C and D are directly
related to B, aswas observed for other non-hydrogen-bonded compounds such asthe alkanes. Correlated
values of the constants A, B, C and D were used to estimate constants for liquids for which no experimental
dataexist. Using these valueswiththevaluesof T, giveninTable 7.1, valuesof 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 a number 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 relationship:

Aglh=1+02px 10", (4.3)

may be used where A, is the thermal conductivity at pressure p and A is the thermal conductivity at af
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 intervalsin 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.

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

ESDU Copyright material. For current status contact ESDU.

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

The experimental datafrom 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 alow 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.

Somefluidshave poor thermal stability coupledwithahighcritical temperature. Valueshave been tabulated
for all fluidsup 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
110 per cent may occur for temperatures > 573 K.

*

C = 1-3Band D = 3B for cycloakanes, methylcycloalkanes, cycloakenes, cycloakadienes and cycloakanones.
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The structural formulae of all the compounds in this Item are given in Appendix A.
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7. TABLES
TABLE 7.1 Constantsfor Equation (4.2)
Compound Te A B C D Range of
Applicability
K mW/m K °C
1.  Cyclopentane 511.7 52.0 2.8 -7.4 84 -100 to 200
2. Cyclohexane 553.5 46.0 2.8 -74 8.4 0 to 230
3. Cycloheptane 604.3 43.0 2.8 -74 84 -10 to 280
4.  Cyclooctane 647.2 41.0 2.8 -74 8.4 0 to 320
5.  Cyclononane 682.75 403 2.8 -7.4 8.4 0 to 350
6.  Cyclodecane 71275 399 2.8 -74 8.4 0 to 380
7. Methylcyclopentane 532.8 45.3 2.8 -1.4 84 -140 to 210
8. Methylcyclohexane 572.2 42.4 2.8 -7.4 8.4 -130 to 250
9. Methylcycloheptane 615.15  40.3 2.8 -7.4 8.4 -50 to 290
10.  Methylcyclooctane 646.15 399 2.8 -74 8.4 -50 to 320
11.  cis1,2-Dimethylcyclohexane 603. 39.0 2.8 -7.4 8.4 -50 to 280
12.  trans-1,2-Dimethylcyclohexane  594. 39.0 2.8 -7.4 8.4 -90 to 270
13.  Cyclopentene 506. 54.9 2.8 -74 84 -140 to 190
14.  Cyclohexene 560.5 49.0 28 -74 8.4 -110 to 240
15.  Cycloheptene 601.75 449 2.8 -74 84 -60 to 280
16.  Cyclooctene 639.15 424 2.8 -74 8.4 -20 to 310
17. Cyclohexa-1,3-diene 559. 50.0 2.8 -74 8.4 -90 to 240
18.  Cyclohexa-1,4-diene 567. 54.0 2.8 -7.4 84 -50 to 250
19.  Cyclopentanol 619.5 96.0 30 -6.5 44 -20 to 290
20.  Cyclohexanal 650. 65.2 3.0 -6.5 54 0 to 320
21.  Cycloheptanol 653.15 59.2 3.0 -6.5 54 0 to 320
22.  Cyclooctanol 666.15 554 3.0 -6.5 54 0 to 330
23. Cyclopentanone 624.5 72.9 10 -2.0 3.0 -60 to 300
24.  Cyclohexanone 653. 65.9 1.0 -2.0 30 -50 to 320
25. Cycloheptanone 680. 59.4 1.0 -2.0 3.0 -50 to 350
26.  Cyclooctanone 701. 55.6 10 -2.0 3.0 -50 to 370
27.  Cyclopentanamine 589. 95.7 3.0 -6.5 44 -90 to 270
28. Cyclohexanamine 625. 65.7 3.0 -6.5 5.4 -20 to 300
29.  Cycloheptanamine 654.15  59.7 3.0 -6.5 54 -20 to 320
30.  Cyclooctanamine 678.15 559 3.0 -6.5 54 -20 to 350
Documents

5 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 05010 2005


http://www.avadocuments.com/doc/esdu-05010-2005
http://www.avadocuments.com/doc/esdu-05010-2005

=IHS

ES DU

05010

ESDU Copyright material. For current status contact ESDU.

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU
No reproduction or networking permitted without license from IHS

Full document details: ESDU 05010 2005

This page isintentionally blank

6

Licensee=/, User=,
Not for Resale,

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/esdu-05010-2005
http://www.avadocuments.com/doc/esdu-05010-2005

=I5, 05010

c-CcHyg CYCLOPENTANE (PENTAMETHYLENE)

A= A1+BAL-T)Y3+c@-T)22+DA-T)
where

A = thermal conductivity at saturation pressure (mW/m K)

ESDU Copyright material. For current status contact ESDU.

T, =TT, T = temperature (K)

T, = 5117 K

A=520, B=28 C=-74 D=284
T A T A t A t A
K mwW/m K K mwW/m K oC mW/m K °c mW/m K
170 (a77.) 330 117.3 -100 (176.) 60 116.2
180 (273) 340 113.9 -90 (a72) 70 112.9
190 (169.) 350 110.7 -80 (167.7) 80 109.7
200 (165.0) 360 (107.5) -70 (163.7) 90 (106.5)
210 (161.2) 370 (104.9) -60 (159.8) 100 (103.9)
220 (157.2) 380 (101.3) -50 156.0 110 (100.4)
230 153.3 390 (98.4) -40 152.1 120 (97.5)
240 149.5 400 (96.) -30 148.3 130 (95.)
250 145.7 410 (93) -20 144.6 140 (92)
260 142.0 420 (90.) -10 140.8 150 (89.)
270 138.3 430 (87.) 0 137.2 160 (87.)
280 134.7 440 (85.) 10 133.6 170 (84.)
290 1311 450 (83) 20 130.0 180 (82)
300 127.6 460 (80.) 30 126.4 190 (80.)
310 124.1 470 (78.) 40 123.0 200 (78.)
320 120.6 50 119.6

SAKIADIS, B.C. AIChEJ., Vol. 3, No. 1, pp. 121-126, 1957.

COATES, J.

PARKINSON, W.J. Therma conductivity of binary liquid mixtures. Ph.D. Thesis,

University of Southern California (UCLA), California, USA, 1974.
University Microfilms No. 74-21, A95, Ann Arbor, Michigan, 1974.
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Unpublished data, National Engineering Laboratory, East Kilbride, UK.
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c-CgHip, CYCLOHEXANE (HEXAMETHYLENE)

A= A1+BAL-T)YB+c@-T)22+DA-T)

where

A = thermal conductivity at saturation pressure (mW/m K)

T, =TT, T = temperature (K)

T, = 5535K
S A =460, B=28 C=-74
%
5 T A T
o K mwW/m K K
c
o
§ 270 (129.) 390
& 280 (126.0) 400
2 290 123.0 410
C
o 300 120.0 420
3 310 117.0 430
5
L
= 320 114.1 440
s 330 111.3 450
g 340 108.4 460
= 350 105.6 470
2 360 102.9 480
2
o
2 370 100.2 490
2 380 97.5 500
w

RIEDEL, L.

FILIPPOV, L.P.

BRIGGS, D.K.H.

SAKIADIS, B.C.

COATES, J.

MUKHAMEDZYANOV, GKh.

USMANOV, A.G.
TARZIMANQV, A A.
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D = 84
A t A t A
mwW/m K °c mwW/m K °c mwW/m K
94.9 0 (128.1) 120 94.1
924 10 125.0 130 91.6
89.9 20 122.0 140 89.1
87. 30 119.1 150 87.
8b. 40 116.1 160 84.

83. 50 113.2 170 82.
81. 60 110.4 180 80.
78. 70 107.5 190 78.
76. 80 104.8 200 76.
74. 90 102.0 210 74.
73. 100 99.3 220 72.
71. 110 96.7 230 70.

Mitt. Kaltetech. Inst., Karlsruhe, No. 2, 1948.

Vestn. Mosk. Gos. Univ., Ser. Fiz.-Mat. Est. Nauk., Vol. 9, No. 12,
pp. 45-48, 1954.

Ind. Eng. Chem,, Val. 49, No. 3, pp. 418-421, 1957.
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c-C-H,;, CYCLOHEPTANE (HEPTAMETHYLENE, SUBERANE)

A= A1+BAL-T)YB+c@-T)22+DA-T)
where

A = thermal conductivity at saturation pressure (mW/m K)

ESDU Copyright material. For current status contact ESDU.

T, =TT, T = temperature (K)

T, = 604.3K

A=430, B=28 C=-74 D=284

T A T A t A t A
K mW/m K K mW/m K °C mW/m K °C mW/m K

260 (230.) 410 (92) -10 129.1 140 (92)
270 127.2 420 (90.) 0 126.4 150 (89.)
280 1245 430 (88.) 10 123.7 160 (87.)
290 121.9 440 (86.) 20 1211 170 (85.)
300 119.3 450 (84.) 30 118.4 180 (83)
310 116.7 460 (81) 40 115.9 190 (81)
320 114.1 470 (79.) 50 113.3 200 (79.)
330 1115 480 (77.) 60 110.7 210 (77.)
340 109.0 490 (76.) 70 108.2 220 (75.)
350 (106.5) 500 (74.) 80 (105.8) 230 (73)
360 (104.) 510 (72.) 90 (103)) 240 (71.)
370 (102.) 520 (70.) 100 (101.) 250 (70.)
380 (99, 530 (69.) 110 (99, 260 (68.)
390 (97.) 540 (67.) 120 (96.) 270 (67.)
400 (95.) 550 (66.) 130 (94.) 280 (65.)

WATANABE, H. J. Chem. Eng. Data, Vol. 49, No. 4, pp. 809-825, 2004.

HIDEY UKI, K.

JAMIESON, D.T. Unpublished data, National Engineering Laboratory, East Kilbride, UK.
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