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unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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

THE PREPARATION OF THISDATA ITEM

8 The work on this particular Data Item was monitored and guided by the Physical Data and Reaction Kenetics Committee,
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Formula Name Alternative Name(s)
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O
8 ALKYLALKENOIC ACIDS
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31. H,C=C(CH3)COOH 2-Methylpropenoic acid M ethacrylic acid 46
32. cis(CH3)HC=C(CH3;)COOH cis-2-M ethylbut-2-enoic acid Angelic acid 47
33. trans-(CH3)HC=C(CH3;)COOH trans-2-M ethylbut-2-enoic acid ~ Tiglic acid 48
34. H,C=C(CH,CH3)COOH 2-Ethylpropenoic acid Ethacrylic acid 49
Ethylacrylic acid
ALAKADIENOIC and ALKATRIENOIC ACIDS
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THERMAL CONDUCTIVITY OF LIQUIDS: CARBOXYLIC ACIDS

INTRODUCTION

This Item presents values of thermal conductivity at saturation pressure, in tabular form, for straight and
branched chain liquid aliphatic carboxylic acids.

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 units and 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 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) 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)

p pressure N/m? (Pa)
T kelvin temperature K

t Celsiustemperature, T —273.15 oC

A thermal conductivity mwW/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

0.8598 x 103 kcal/m h°C”

= 2.3885x 108 cal/lcm s°C”

= 0.5778 x 1073 Chu/ft h°C"

= 0.5778 x 1073 Btu/ft h °oF"

= 6.9335 x 1073 Btu in/ft® h oF

I mW/mK

10° N/m?

1 bar

14.5038 Ibf/in?

= 1.0197 kgf/cm?
= 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 aong the saturation line could be represented by the equation:

A= AL+ (203)(1-TH7.

For theliquids considered inthis|tem abetter representation of the dataisobtained, over awidetemperature
range, from the modified equation which was used in some earlier ESDU Items:

A= AL+ B(1-T)%%. (4.1)

Therangeof 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.

ESDU Copyright material. For current status contact ESDU.

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

ro= AlL+B(L-T)P +ca-T)* +pa-T1)]. 4.2)

Measurements of thermal conductivity have been madefor relatively few liquidsat T, > 0.9 and so, because
of the uncertain variation of therma 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,, areoften 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.

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 93017 A 2005


http://www.avadocuments.com/doc/esdu-93017-a-2005
http://www.avadocuments.com/doc/esdu-93017-a-2005

=I5, 93017

The critical temperatures for these compounds have either been taken from ESDU 80029 (Reference 6) 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 series of compounds has been described in References 5 and 7. For the
carboxylic acidsin this Item, it was found that B and C could be held constant*, as was observed for other
liquids exhibiting hydrogen bonding such as the acohols and amines. Correlated values of 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 given in 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, vauesat 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 rel ationship:

Aolh ~1+02p x 10, (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

ESDU Copyright material. For current status contact ESDU.

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.

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

*

B=35andC = -65.
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truncated to a whole number. Where whole numbers are given the uncertainty increasesto +10 per cent.

Somefluidshave poor thermal stability coupled with ahigh critical temperature. Valueshave beentabulated
for all 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.

6. REFERENCES

The references given are recommended sources of information supplementary to that in this Item.
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7. TABLES
TABLE 7.1 Constantsfor Equation (4.2)
Compound T. A B C D Range of
Applicability
K mW/m K °C

1. Methanoic acid 579. 126.9 35 -6.5 4.70 10 to 260
2. Ethanoic acid 592.7 76.0 35 -6.5 4.80 20 to 270
3. Propanoic acid 611. 68.7 35 -6.5 490 -20 to 280
4. Butanoic acid 631. 64.2 35 -6.5 505 -10 to 300
s 5. Pentanoic acid 649. 61.1 35 -6.5 515 -40 to 320
- 6. Hexanoic acid 665. 59.1 35 -6.5 5.25 0 to 330
p 7. Heptanoic acid 680. 57.5 35 65 535 -10 to 350
g 8. Octanoic acid 695. 56.0 35 -6.5 5.50 20 to 360
3 9. Nonanoic acid 709. 55.0 35 -65 560 10 to 370
é 10. Decanoic acid 722. 54.5 35 -6.5 5.70 30 to 380
E 11. Undecanoic acid 750. 53.6 35 -6.5 5.80 30 to 410
3 12.  Dodecanoic acid 748, 53.1 35 -6.5 590 40 to 410
E 13.  Tridecanoic acid 773. 52.7 35 -6.5 6.00 40 to 430
_ 14. Tetradecanoic acid 770. 518 35 -6.5 6.15 50 to 430
% 15.  Pentadecanoic acid 794. 51.4 35 -6.5 6.25 50 to 450
g 16.  Hexadecanoic acid 791. 51.8 35 -65 635 60 to 450
b= 17. Heptadecanoic acid 813. 50.6 35 -6.5 6.45 60 to 470
g 18.  Octadecanoic acid 810, 49.8 35 65 655 70 to 460
§' 19. Nonadecanoic acid 831. 49.4 35 -6.5 6.65 70 to 480
8 20. Eicosanoic acid 839. 48.4 35 -6.5 6.80 70 to 490

i
21. Heneicosanoic acid 847. 47.7 35 -6.5 6.90 70 to 500
22. Docosanoic acid 855. 47.2 35 -6.5 7.00 80 to 500
23.. 2-Methylpropanoic acid 620. 55.5 35 -6.5 505 -50 to 290
24. : 3-Methylbutanoic acid 639. 53.6 35 -6.5 515 -40 to 310
25.. 4-Methylpentanoic acid 655. 51.6 35 -6.5 525 -30 to 320
26.  Propenoic acid 615. 731 35 -6.5 4.90 10 to 290
27. cis-But-2-enoic acid 650. 66.7 35 -6.5 5.05 10 to 320
28. trans-But-2-enoic acid 670. 66.7 35 -6.5 5.05 70 to 340
29. cis-Octadec-9-enoic acid 797. 47.6 35 -6.5 6.55 10 to 450
30. trans-Octadec-9-enoic acid 799. 47.6 35 -6.5 6.55 40 to 450
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TABLE 7.1 Constantsfor Equation (4.2) (Continued)

ESDU Copyright material. For current status contact ESDU.

Compound T. A B C D Range of
Applicability
K mW/m K °C
31. 2-Methylpropenoic acid 638. 62.8 35 -6.5 5.05 10 to 310
32. cis-2-Methylbut-2-enoic acid 668. 59.7 35 -6.5 5.15 40 to 340
33. trans-2-Methylbut-2-enoic acid ~ 688. 59.7 35 -6.5 5.15 60 to 350
34. 2-Ethylpropenoic acid 656. 59.7 35 -6.5 5.15 30 to 330
35.  Octadeca-9,12-dienoic acid 817. 475 35 -6.5 655 -10 to 470
36. Octadeca-9,12,15-trienoic acid 812. 47.5 35 -6.5 655 -10 to 470
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HCOOH METHANOIC ACID (FORMIC ACID)

»= AlL+BL-T)Y2+c@-T)?2+D(-T))

where

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

T

r C
T, = 579.K
= A=1269, B = 35,
(7]
[WH]
g T A
S K mwW/m K
(]
>
£ 280 (260.)
@ 290 257.9
5 300 2555
5 310 2532
= 320 250.9
L
= 330 248.7
£ 340 246.5
E 350 244.4
= 360 2423
S 370 240.3
o
o
Q
2 380 238.
A 390 236.
400 234,
WEBER, H.F.
RIEDEL, L.
VARGAFTIK, N.B.
FILIPPOV, L.P.
JOBST, W.
USMANOV, I.U.
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TIT, T = temperature (K)

C=-65 D=470

T
K

410
420
430
440
450

460
470
480
490
500

510
520
530

A t A t A
mwW/m K o°C mwW/m K oc mwW/m K
233. 10 259.5 140 232.
231. 20 257.1 150 230.
229. 30 254.8 160 229.
(228) 40 2525 170 (227)
(226.) 50 250.2 180 (225.)
(224)) 60 248.0 190 (224.)
(223) 70 245.8 200 (222)
(221) 80 243.7 210 (221
(220.) 90 2416 220 (219)
(218)) 100 239.6 230 (218.)
(217)) 110 238, 240 (216.)
(215.) 120 236. 250 (215)
(213) 130 234, 260 (213.)

Rep. Phys., Vol. 22, pp. 116-122, 1886.
Mitt. Kaltetech. Inst., Karlsruhe, No. 2, 1948.
I2v. Vses. Teplotekhn. Inst., Vol. 20, 1951.

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

Measurement of the conductivity of organic aiphatic liquids and gases by a
dynamic, absolute method. (In German). Ph.D. Thesis, Technische
Hochschule, Zurich, Switzerland, 1964.

Izv. Akad. Nauk., Uzbek. SSR., No. 1, pp. 70-71, 1968.
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POWELL, RW. Int. J. Heat Mass Trans., Vol. 15, No. 2, pp. 360-366, 1972.

GROOQOT, H.

GUSEINQV, K.D. Zh. Fiz. Khim,, Vol. 48, No. 3, pp. 570-573, 1974.

MAGERRAMOV, S.G

USMANOV, I.U. I2v. Wssh. Ucheb. Zaved., Neft. Gaz., Vol. 18, No. 9, pp. 61-64, 1975.
SALIKHOV, A.S.

JAMIESON, D.T. Unpublished data, Private communication, 1989.
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CH,COOH ETHANOIC ACID (ACETIC ACID)

»= AlL+BL-T)Y2+c@a-T)?2+D(-T))

where

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

T, =TT, T = temperature (K)
T.=5927K

Cc

A =760, B=35 C=-65 D = 4.80

ESDU Copyright material. For current status contact ESDU.

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

290 159.3 420 (142.) 20 158.8 150 (141)
300 157.8 430 (140.) 30 157.3 160 (140.)
310 156.3 440 (139.) 40 155.8 170 (139.)
320 154.8 450 (138.) 50 154.3 180 (138.)
330 153.3 460 (137.) 60 152.9 190 (137.)
340 151.9 470 (136.) 70 1515 200 (136.)
350 (150.5) 480 (135.) 80 (150.2) 210 (135.)
360 (149.1) 490 (134.) 20 (148.7) 220 (134.)
370 (147.8) 500 (133) 100 (147.4) 230 (133)
380 (146.5) 510 (132)) 110 (146.1) 240 (132))
390 (145.2) 520 (131.) 120 (144.8) 250 (131.)
400 (144.) 530 (130.) 130 (244.) 260 (130.)
410 (143) 540 (129.) 140 (142) 270 (128.)

WEBER, H.F. Rep. Phys., Vol. 22, pp. 116-122, 1886.

LEES, C.H. Phil. Trans. R. Soc. London, Ser. A, Vol. 191, pp. 339-440, 1898.

FRONTASEV, V.P Zh. Fiz. Khim., Vol. 20, No. 1, pp. 91-104, 1946.

VAN DER HELD, E.EM. Physica, Vol. 15, No. 10, pp. 865-881, 1949.

VAN DRUNEN, F.G

VARGAFTIK, N.B. I2v. Vses. Teplotekhn. Inst., Vol. 18, No. 8, 1949.

KERZHENTSEV, V.V. Candidate Phys. Mat. Sci., Thesis, Moscow Aviation Institute, Moscow,

USSR, 1951.
FILIPPOV, L.P. Vestn. Mosk. Gos. Univ., Val. 8, No. 9, pp. 109-114, 1953.
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Zh. Tekhn. Fiz, Vol. 29, No. 10, pp. 1277-1284, 1959.

Vestn. Mosk. Gos. Univ. Ser. 3, Fiz. Astron., Vol. 15, No. 3, pp. 61-68, 1960.

NEL Report No. 81, National Engineering Laboratory, East Kilbride, UK,
1963.

M easurement of the conductivity of organic aliphatic liquids and gases by a
dynamic, absolute method. (In German). Ph.D. Thesis, Technische
Hochschule, Zirich, Switzerland, 1964.

Proceedings of the 7th Conference on Thermal Conductivity,
Gaithersburgh, Maryland, USA, 1967.

I2v. Akad. Nauk., Uzbek. SSR,, No. 1, pp. 70-71, 1968.
Int. J. Heat Mass Trans., Vol. 15, No. 2, pp. 360-366, 1972.

J. Appl. Chem. Biotechnol., Vol. 27, No. 6, pp. 296-302, 1977.
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CH,CH,COOH PROPANOIC ACID (PROPIONIC ACID)
» = AlL+BL-T)Y2+c@-T)?2+D(-T))

where

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

T, =TT, T = temperature (K)
T. = 611.K
) _ _ _ _
I A = 68.7, B = 3.5, = -6.5, D =490
i
S T ) T A t A t A
= K mW/m K K mW/m K °C  mwmK  °C mW/m K
(]
% 250 (155.) 410 132.6 -20 (154.) 140 132.2
:‘Z’ 260 (153)) 420 131.4 -10 (153.) 150 131.1
§ 270 (152.) 430 130.3 0 151.4 160 129.9
§ 280 150.3 440 (129.1) 10 149.9 170 (128.8)
5 290 148.8 450 (128.0) 20 148.4 180 (127.7)
L
.Té 300 147.4 460 (126.9) 30 146.9 190 (126.6)
2 310 145.9 470 (125.9) 40 145.4 200 (125.5)
E 320 1445 480 (125.) 50 144.0 210 (124.)
ﬁo 330 143.1 490 (124.) 60 142.6 220 (223)
% 340 141.7 500 (123)) 70 141.2 230 (122)
(@]
O
8 350 140.3 510 (122)) 80 139.9 240 (121)
i 360 139.0 520 (121) 90 138.5 250 (121)
370 137.6 530 (120.) 100 137.2 260 (120.)
380 136.4 540 (119)) 110 136.0 270 (118.)
390 135.1 550 (118) 120 134.7 280 (117.)
400 133.8 130 1335
WEBER, H.F. Rep. Phys., Val. 22, pp. 116-122, 1886.
JOBST, W. Measurement of the conductivity of organic aliphatic liquids and gases by a

dynamic, absolute method. (In German). Ph.D. Thesis, Technische
Hochschule, Zirich, Switzerland, 1964.

MUKHAMEDZYANQV, GKh. Izv. Wssh. Ucheb. Zaved., Neft. Gaz., Vol. 10, No. 1, pp. 75-78, 1967.

USMANQV, A.G
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Int. J. Heat Mass Trans., Val. 15, No. 2, pp. 360-366, 1972.
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CH4[CH,],COOH BUTANOIC ACID (BUTYRIC ACID)
»= AlL+BL-T)Y2+c@-T)?2+D(-T))

where

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

T

TIT, T = temperature (K)

r C
T, = 63L.K
> _ _ _ _
a A =642 B =35 =65 D =505
o
S T A T A t A
= K mW/m K K mW/m K °C  mwW/mK
(S]
= 260 (150.) 420 127.5 -10 (150.)
@ 270 (149.) 430 126.3 0 148.1
& 280 147.1 440 125.1 10 146.6
5 290 145.6 450 (123.9) 20 145.1
5 300 144.1 460 (122.7) 30 143.6
L
o 310 142.6 470 (121.6) 40 142.1
2 320 141.1 480 (120.) 50 140.6
E 330 139.7 490 (119.) 60 139.2
= 340 138.2 500 (118.) 70 137.8
s 350 136.8 510 (117.) 80 136.4
S
2 360 135.4 520 (116)) 90 135.0
% 370 134.1 530 (115.) 100 133.6
380 132.7 540 (114.) 110 132.3
390 131.4 550 (113) 120 131.0
400 130.1 560 (112.) 130 129.7
410 128.8 570 (111) 140 128.4
WEBER, H.F. Rep. Phys., Vol. 22, pp. 116-122, 1886.

SKRYNNIKOVA, GM.

t
°c

150
160
170
180
190

200
210
220
230
240

250
260
270
280
290

300

A
mw/m K

127.1
125.9
124.7

(123.5)

(122.4)

(121.2)
(120)
(119.)
(118)
(117.)

(116,
(115.
(114.)
(113)
(112.)

(110,

An investigation of the thermal conductivity and other physicochemical

properties of certain organic liquids. (In Russian). Thesis, Leningrad State

University, Leningrad, USSR, 1954.

FILIPPOV, L.P. Vestn. Mosk. Gos. Univ. Ser. 3, Fiz. Astron., Vol. 15, No. 3, pp. 61-68, 1960.
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Measurement of the conductivity of organic aliphatic liquids and gases by a
dynamic, absolute method. (In German). Ph.D. Thesis, Technische
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I2v. Wssh. Ucheb. Zaved., Neft. Gaz., Vol. 10, No. 1, pp. 75-78, 1967.
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