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AN EXPERIMENTAL STUDY OF THERMAL CONDUCTIVITY
OF AROMATIC HYDROCARBONS AT HIGH TEMPERATURES
AND PRESSURES

R. A. Mustafaev and D. M. Gabulov UDC 536.6

Results are presented of an experimental study of thermal conductivity of aromatic hydro-
carbons over a wide range of state parameters. Calculated equations which describe the
experimental results well are obtained.

There are serious experimental difficulties connected with studying thermal conductivity at high pres-
sures and temperatures. This evidently explains the fact that there is very limited information available in
the literature on the thermal conductivity A of aromatic hydrocarbons at high temperatures and pressures.
Data on the values of A for aromatic hydrocarbons at pressures up to 1500 kg/ecm? are given only in {11. Un-
fortunately even the experimental data of [1] encompass only temperatures below 200°C,

The present study offers results of an experimental investigation of thermal conductivity of m-xylol, n-
xylol, o-xylol, and ethylbenzol in the temperature range 30-400°C and pressures to 1000 kg/ecm?. The thermal
conductivity of benzol, toluol, and cumol were presented in [2-4].

The characteristics of the hydrocarbons studied are presented in Table 1. The monotonic heating method
was employed. The theory of the method, experimental techniques, and device construction were described in

{5-7].

The basic component of the apparatus is a cylindrical bicalorimeter, with a gap filled by the liquid to be
studied. The inner cylinder (rod) is made of M1 copper. The operating surface of the rod was carefully
ground, chrome plated, and polished. The outer cylinder is a massive copper block, in which a tube of
1Kh18N9T is pressed. In contrast to previous construction, a single seal with cone-shaped lip is used to
maintain high pressure. The cone angle used is 60°. The bicalorimeter dimensions are as follows: internal
diameter of copper block, 11.360 + 0.005 mm; copper rod diameter, 10.320 = 0.002 mm, length of bar measure-
ment segment, 100 mm.

Experimental measurement of thermal conductivity reduces to measurement of the time delay of rod
temperature relative to temperature of the block. For these measurements a class 0.001 R-345 potentiometer
and 51-8d stopwatch were used, while pressure was generated and measured by an MP-2500 piston manometer,
class 0.05, and a set of reference manometers. All corrections essential to the method used [7] were introduced
in calculating the thermal conductivity. The maximum calculated uncertainty comprises 2%. Reproducibility
of experimental data obtained at one and the same state parameters lies within the limits + 1%. Possible con-
vection effects were checked by series of experiments at different heating rates (temperature differences). The
good agreement of the results indicates the absence of convection. Moreover, for all measurements the prod-
uct GrPr was significantly less than 1000. Due to the absence of information on absorption spectra the cor-

Ch. II'drym Azerbaidzhan Polytechnic Institute, Baku. Translated from Inzhenerno-Fizicheskii Zhurnal,
Vol. 33, No. 5, pp. 857-863, November, 1977. Original article submitted December 9, 1976.
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TABLE 1. Characteristics of Hydrocarbons Studied

Hydrocarbon M } Uhoilr C | 220 1 420
x
{
m~Xylol 106,16 | 1387 [ 1952 | 0.8622
n-Xylol 106,16 138,8 | 1,5006 | 10,8616
o-Xylol 106,16 145.1 15104 | 08908
Ethylbenzol | 10816 135.6 Lagst | 08682

rection for radiation was not considered in thermal-conductivity measurements. The experimental results
obtained are presented in Table 2. On their basis isobars were constructed, and for internal agreement of the
latter, isotherms of corresponding sections were constructed. Figure 1 shows isobars and isotherms of
ethylbenzol thermal conductivity. The isobars and isotherms for the other liquids studied have analogous
forms.

The results obtained here agree well with the data of [1], with a divergence at low temperatures of about
1.5%, and about 3% for temperatures above 140°C.

Recently the Rivkin method [8] has been widely used for generalization of experimental data. Inthe P—t
diagram lines of constant thermal conductivity are constructed, being straight lines described by the equation

P = g - bi. 1)

Construction of lines A=const on the basis of our data revealed that these lines for the hydrocarbons
studied are not straight, but curved, especially in the high-temperature region.

A shortcoming of Eq. (1) is the fact that the coefficients g and b are functions of thermal conductivity;
i.e., they are of an individual character for each liquid. In this relationship the Rivkin method is suitable for
generalization and compilation of detailed tables for separate individual liquids. Generalization of the function
A=F(P, t) for an individual liquid is & special case. In this respect it is of great interest to develop a method
of calculating A=F(P, t) for an entire class of hydrocarbons on the basis of minimum information on the objects
of study.

Analysis of the voluminous experimental material obtained herein haspermitted constructing a generalized
formula for calculating thermal conductivity of hydrocarbons of the aromatic series as a func¢tion of tempera-
ture and pressure in the form

Aoy = A(t) exp (JC‘—?,,C— P) s 2)

where A is a universal coefficient, the temperature dependence of which is shown in Fig. 2.

A unique feature of the proposed formula is that it permits direct calculation of A=F(P, t) over a wide
range of state parameters. The acecuracy with which the proposed formula reflects the results obtained is
evident from Fig. 3, where experimental data obtained at 200°C are compared with those calculated by this
formula. There is a similar divergence at other temperatures.

With the aid of Eq. (2) one can calculate A= F(P, t) for hydrocarbons which have not been studied or are
difficult to obtain, avoiding cumbersome and expensive experiments.

The majority of theoretical studies of the thermal-conductivity mechanism in liquids is connected with
Bridgman's theory [9]. According to this theory, the liquid molecules occupy positions corresponding to their
equilibrium states, forming a cubic lattice with a distance between neighboring molecules equal to 1=3v M/ Np.

According to Bridgman, the energy~transfer mechanism is that energy propagates along isothermal
molecular chains at the speed of sound [10]. On this basis Bridgman established the well-known formula
relating thermal conductivity to the speed of sound. This relationship is also established by the well-known
formula of Borovik [11]. These formulas describe the temperature dependence of thermal conductivity properly,
but quantitatively both give large deviations from experimental data.

On the basis of the experimental results on thermal conductivity obtained here and data available in the
literature on the speed of sound in various liquids [12, 13] we have constructed the following relationship
between the two quantities:

c
— 3050 - K (P
Vnc 3950 K( ) 1, {3)

where K(P) is a universal monotonically decreasing function of pressure (Fig. 4).
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Fig. 1. Isobars and isotherms of the ethylbenzol thermal conduc~
tivity. A, W/ m +°C; t, °C; P, kg/cm?.

TABLE 2. Experimental Values of Thermal Conductivity A, W/m -
°C, of Aromatic Hydrocarbons versus Temperature and Pres-

sure
I P, kg/cm?
1, °C { . ,
1 200 l 400 | 600 800 | 1ooo
m=-Xylol
33,1 0,1278 0,1347 0,1395 0, 1447 0,1478 0.1583
45,2 0,1246 0,1314 0,1361 0,1416 0,1468 0,1504
56,9 0,1215 0,1290 0,1340 0,1393 0,1430 0,1470
70,0 0,1185 0,1261 0,1313 0,1364 0,1417 0, 1458
82,1 0,1157 0,1229 0,1285 0,1342 0,1386 0,1427
94.3 0,1126 0,1195 0,1263 0,1315 0,1355 0,1404
106,0 0,1100 90,1174 0,1235 0,1294 0,1336 0,1383
118.8 0, 1064 0,1145 0,1210 0,1270 0,1316 0, 1360
130,9 0,1038 0,1120 0,1186 0,1241 0,1300 - 0,1336
143,2 0,1093 0,1158 0,1214 0,1270 0,1321
155,0 0,1074 0,1132 0.1190 0,1244 0,1289
168, 1 0,1049 0,1109 0,1166 0,1228 0,1286
180,3 0,1026 0,1087 0,1142 0,1206 0,1260
193.2 0,1008 0,1065 0,1117 0,1177 0,1238
205,1 0,0998 0,1046 0,1105 0,1161 0,1207
230,0 0,0969 0,1019 0,1076 0,1126 0,1176
242,3 0,0957 0,1005 0,1061 06,1113 0,1162
259,9 0,0943 0,0994 0,1049 0,1098 0,1154
278,1 0,0931 0,0983 0,1040 0,1084 0,1139
290,0 0,0018 0,0977 0,1033 0,1077 0,1130
303,2 0,0913 0,0972 - 0,1026 0,1073 0,1124
320,8 0,0906 0,0967 0,1019 0,1064 0,1118
352.2 0,0900 0,0964 0,1014 0,1061 0,1110
368.,7 0,0897 0,0963 0,1011 0,1062 0,1110
387,1 0,0899 0,0964 0,1012 0,1062 0,1106
399.4 0,0899 0,0966 0,1014 0,1064 0,1108
n-Xylol

33,1 0.1262 0,1338 0,1402 0,1461

45,2 0,1244 0,1305 0,1374 0,1432 0,1432 0, 1488
56,9 0,1201 0,128! 0,1348 0,1410 0,1460 0,1486
70,0 0,1182 0,1253 0,1320 0,1482 0,1444 0, 1484
82,1 0,1145 0,1226 0,1284 0,1355 0,1406 0,1455
94,3 0,1126 0,1202 0,1278 0,1331 0,1395 0,1447
106,0 0,1089 0,1170 0,1246 0,1306 0,137! 0.1412
118,8 0,1066 0,1154 0,1214 0,1283 0, 1360 0,1403
130,9 0,1037 0,1124 0,1197 0,1250 0,1325 0,1375
143,2 06,1103 0,1161 0,1242 0,1291 0,1344
1565,0 0,1075 0,1146 0,1203 0,1275 0,1338
168,1 0,1056 0,1128 0,1194 0,1244 0,1301
180,3 0,1022 0,1092 0,1157 0,1227 0,1288
193,2 0,1014 0,1081 0,1149 0,1205 0,1269
205,1 0,0995 0,1057 0,1120 0,1196 0,1232
230,0 0,0968 0,1036 0,111 0,1169 0,1203
242,3 0,0959 0,1028 0,1042 0,1143 0,1193
259,9 0,0946 0,1007 0,1076 0,1136 0,1185
278,1 0,0935 0,1006 0,1068 0,1122 0,1171
290,0 0,0927 0,0993 0,1062 0,1121 0,1165
303,2 0,0921 0,0985 0,1058 0,1116 0,1163
320,8 | 0,0914 0,0988 0,1045 0,1114 0,1154
352,9 0,0909 0,0977 0,1042 0,1102 0,1145
387,1 0,0911 0,0982 0,1045 0,1096 0,1142
399,4 0,0912 0,0984 0,1046 0,1098 0,1146
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TABLE 2. Continued

; P, kg/cm?
t, °C ’ | T
1 200 ; 100 . 600 800 i 1000
o-Xylol
33,1 0.128¢ ¢ 0,1338 0.1406 0.145¢ | 0,1495 0,1530
15.2 90,1248 . 0,1325 0.1388 0,1445 | 0,1481 0.1514
56,9 0.1222 ' 0,1303 0.1363 0.1411 0,1454 0. 1490
70.0 0.1187 0.1275° ©  0,1336 0,138 , 0.1436 0.1482
82,1 . 0.1166 0.1244 | 0.1307 0,137t | 0,1420 0, 1464
94,3 | 0.1133 0,1216 0,1285 0,1340 | 0,1395 0, 1445
106,0 0.1108 . 0.1184 0.1255 0.1321 10,1374 i 01423
118.8 0107t | 0.1163 0.1230 0,184 . 0,1346 ' 0,139
130,9 | 0.1056 | 0.1134 0.1207 0.1266 , 0,132 | 0.1377
1432 Y] 0.1170 01247 | 0,1305 © 0.1353
155.0 0.1091 0,114 | 0.1214 . 0,128 0.1333
168, 1 0.1083 01136 1 0,198  0,1262 0.1316
180.3 0, 1046 0.1116 | 0,1168 01240 0.1291
1932 01025 0,006 i 0.1162 . 0,1218 0.1266
2051 0,1007 ' 0.1082 | 0.1132 | 0,1198 0.1245
2300 | £0.0975 1 0.1041 0.1104 | 0.1163 0.1219
2493 | ©0.0054 ¢ 01012 0.1088 | 0,1147 0,1196
259.9 | 0.0940 0.1008 0.1070 : 0,1126 01172
278.1 ! L 0.0921 0.0976 0,1047 0,1120 01158
290.0 | | 0,0898 0.0072 0.1046 0.1101 0.1156
303,2 S 0,001 10,0968 0.1034 0.1094 0,1143
320.8 i 0,0803 | 0,0068 0.1016 0,1075 © 0.,1125
352.9 | 0,081 . 0,095 | 0.1009 : 0,1063 | 01114
368.7 [ 00885 | 0,0948 | 0.1008 0,1060 ' 0.1113
387.1 | 0.0885 | 00050 | 0.1010 0,108 | 0.1101
3994 [ 0,0886 0,005¢ | 0,102 0,1062 + 0.1102
i i i '
Ethylbenzol
33,1 0.1965 0,1320 1 0,1371 : 0,1415 0,1450 | 0,1481
45,2 01299 | 01204 | 0.1349 | 0,138 0,1423 | 01469
56.9 0,1203 01275 | 0.1325 0,1364 0,1409 | 0,1444
70.0 01177 | 0,124 0.1292 01434 01378  0.1425
82.1 0.113¢ | 0,1209 0.1271 0.1318 0, 1361 90,1405
94.3 0.1108 | 0,1189 0.1244 0.1295 0.1342 | 0,1383
106,0 0,1086 . 0,1164 0.1218 01274 0,1321 0.1364
118.8 0,104 0,1128 0.1195 0,1252 0.1295 0.1338
1309 | 0,106 | 0.1116 0.1169 0.,1298 8.1977 0.1316
1432 ' 0,1003 01150 0.1209 0.1254 0,1304
155.0 0.1069 0.1127 0.1191 0,1238 0.1278
168, 1 0.1048 0.1108 90,1167 0.1234 | 0.1269
180,3 0,1036 0.1095 0,1152 0,1208 | 0,1243
193,2 0,1017 0,1076 0,1126 | 0,118 | 0,1221
2051 0,1006 0. 1061 01114 | q.1162 0.1219
230,0 0.0981 0.1034 0,1086 0.1141 01185
242.3 0.0968 0.1018 0,1075 0.1193 01170
269.9 0,0949 0.1013 0,1064 0,1114 0.1158
2781 0.0936 0.0998 0.1055 ; 0,1104 0,1154
290,0 0.0928 0.0991 0.1049 0.1092 0,1143
303.2 0,0916 0.0986 0.1044 0,1088 0.1140
320,8 0.0906 0.0981 0.1038 0, 1084 0,1133
352,2 0,0897 0.0971 0,1032 0,1081 0.1126
368.7 0.0893 0,0967 0.1028 0,1082 0,118
3871 0.0895 0.0966 0.1028 0, 1085 0.1133
399.4 0.0896 00968 0.1030 0.1086 0,1134
Alt)
912 \\
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Fig. 2. Temperature dependence of A =£(t) for aromatic hydro-

carbons.

Fig. 3. Comparison of experimental data at 200°C and calculated

thermal-conductivity values:

n-xylol; 5) o-xylol; 6) ethylbenzol; 7) cumol. A, &.

1) benzol; 2) toluol; 3) m-xylol; 4)
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Equation (3) allows use of A to calculate the speed of sound c over a wide range of temperature and pres-
sure. Therefore, it can be considered a more accurate correlation of the thermal-conductivity coefficient with
the speed of sound.

Analysis of data from the literature reveals that there is only scanty information available on c. Only in
recent years have experiments been performed measuring c¢ at high pressure [12, 13]. Unfortunately, those
experiments encompass only a narrow temperature range, from room temperature to 120°C.

Comparison of speed of sound values calculated from Eq. (3) with available data for high pressures shows
that the proposed formula describes the function ¢ = F(P, t) with sufficient accuracy. Average deviation of cal-
culated values of ¢ from experiment comprises about + 1.3%, with 2 maximum of not more than = 3¢,

The proposed formula allows calculation of the speed of sound in aromatic hydrocarbons over the tem-
perature range of 40-400°C at pressures to 1000 kg/cm?,

NOTATION

A, thermal-conductivity coefficient; nc, number of carbon atoms in molecule; M, mass of molecule; ps
density of liquid; c, speed of sound.
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