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AN E X P E R I M E N T A L  S T U D Y  OF T H E R M A L  C O N D U C T I V I T Y  

OF A R O M A T I C  H Y D R O C A R B O N S  A T  H I G H  T E M P E R A T U R E S  

A N D  P R E S S U R E S  

R.  A.  M u s t a f a e v  a n d  D. M. G a b u l o v  UDC 536.6 

Results are  presented of an experimental  study of the rmal  conductivity of aromat ic  hydro-  
carbons over  a wide range of state pa rame te r s .  Calculated equations which descr ibe  the 
experimental  results  well are obtained. 

There  are  ser ious  experimental  difficulties connected with studying thermal  conductivity at high p r e s -  
sures  and tempera tures .  This evidently explains the fact that there  is very  limited information available in 
the l i terature  on the the rmal  conductivity )t of a romat ic  hydrocarbons at high t empera tu res  and p r e s s u r e s .  
Data on the values of X for  a romat ic  hydrocarbons  at p r e s s u r e s  up to 1500 kg /em 2 are  given only in [1]. Un- 
fortunately even the exper imental  data of [1] encompass  only tempera tures  below 200~ 

The present  study offers resul ts  of an experimental  investigation of thermal  conductivity of m-xylol ,  n- 
xylol, o-xylol,  and ethylbenzol in the t empera tu re  range 30-400~ and p re s su re s  to 1000 kg/cm 2. The thermal  
conductivity of benzol, toluol, and cumol were presented in [2-4]. 

The charac te r i s t i cs  of the hydrocarbons studied are  presented in Table 1. The monotonic heating method 
was employed. The theory of the method, experimental  techniques, and device construct ion were described in 
[5-7]. 

The basic component of the apparatus is a cyl indrical  b ica lor imeter ,  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 careful ly 
ground, chrome plated, and polished. The outer Cylinder is a massive copper block, in which a tube of 
1Kh18N9T is pressed.  In contras t  to previous construction,  a single seal with cone-shaped lip is used to 
maintain high p ressu re .  The cone angle used is 60 ~ The b ica lor imete r  dimensions are as follows: internal  
diameter  of copper  block, 11.360 • 0.005 mm; copper  rod diameter ,  10.320 :~ 0.002 ram, length of bar m e a s u r e -  
ment segment,  100 mm. 

Experimental  measurement  of the rmal  conductivity reduces to measurement  of the t ime delay of rod 
tempera ture  relat ive to t empera tu re  of the block. For  these measurements  a class 0.001 R-345 potent iometer  
and 51-Sd stopwatch were used, while p r e s s u r e  was generated and measured  by an MP-2500 piston manometer ,  
class 0.05, and a set of re fe rence  manometers .  All correc t ions  essent ia l  to the method used [7] were introduced 
in calculating the thermal  conductivity. The maximum calculated uncertainty compr ises  2%. Reproducibil i ty 
of experimental  data obtained at one and the same state pa ramete r s  lies within the limits • 1%. Possible  con- 
vection effects were checked by ser ies  of experiments at different heating rates  ( temperature  differences).  The 
good agreement  of the resul ts  indicates the absence of convection. Moreover ,  for all measurements  the prod-  
uct G r P r  was significantly less than 1000. Due to the absence of information on absorption spect ra  the co r -  

Ch. I I ' d rym Azerbaidzhan Polytechnic Institute, Baku. Transla ted f rom Inzhenern0-Fizicheski i  Zhurnal,  
Vol. 33, No. 5, pp. 857-863, November, 1977. Original ar t ic le  submitted December  9, 1976. 
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TABLE 1. Charac te r i s t i c s  of Hydrocarbons Studied 

~ Hydrocarbon M tboil, nD0 ~0 

m-Xylot 
n-Xylol 
o-Xylol 
Eth~Ibenzol 

106,16 
106,16 
106,16 
106,16 

138,7 
138,8 
145,1 
135,6 

1,4952 
1,5005 
1,5104 
1,4864 

0 ,8622  
0,8616 
0,8908 
0,8682 

rect ion for radiation was not considered in thermal-conduct iv i ty  measurements .  The experimental  resul ts  
obtained are  presented in Table 2. On their  basis i sobars  were constructed,  and for internal  agreement  of the 
latter,  i so therms  of corresponding sections were constructed.  Figure 1 shows isobars  and i so therms of 
ethylbenzol the rmal  conductivity. The isobars  and isotherms for the other  liquids studied have analogous 
forms. 

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

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

P = a - , -  b[ .  (1) 

Construct ion of lines k = const on the basis of our data revealed that these lines for the hydrocarbons 
studied are not s t raight ,  but curved,  especial ly in the h igh- tempera ture  region, 

A shor tcoming of Eq. (1) is the fact that the coefficients a and b are  functions of thermal  conductivity; 
i.e., they are of an individual cha rac t e r  for each liquid. In this relationship the Rivkin method is suitable for 
general izat ion and compilation of detailed tables for separa te  individual liquids. Generalization of the function 
X = F(P, t) for an individual liquid is a special  case.  In this respect  it is of great  in teres t  to develop a method 
of calculating X= 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  ma te r i a l  obtained herein has permit ted  construct ing a general ized 
formula  for calculating thermal  conductivity of hydrocarbons of the aromat ic  ser ies  as a function of t empera -  
tu re  and p r e s s u r e  in the form 

~,P,t=A(t) exp \ M2 P , (2) 

where A is a universal  coefficient,  the t empera tu re  dependence of which is shown in Fig. 2. 

A unique feature of the proposed formula  is that it permits  direct  calculation of ~ = F(P, t) over a wide 
range of state pa rame te r s .  The accuracy  with which the proposed formula ref lects  the resul ts  obtained is 
evident f rom Fig. 3, where experimental  data obtained at 200~ are compared with those calculated by this 
formula.  There  is a s imi la r  divergence at other  t empera tu res .  

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

The major i ty  of theoret ical  studies of the thermal-conduct iv i ty  mechanism in liquids is connected with 
Br idgman ' s  theory  [9]. According to this theory,  the liquid molecules occupy positions corresponding to their 
equil ibrium sta tes ,  forming a cubic lattice with a distance between neighboring molecules equal to l =3~7-N-p-. 

According to Bridgman, the ene rgy - t r ans f e r  mechanism is that energy propagates along i so thermal  
molecular  chains at the speed of sound [10]. On this basis Bridgman established the well-known formula 
relat ing thermal  conductivity to the speed of sound. This relationship is also established by the well-known 
formula of Borovik [11]. These formulas descr ibe  the tempera ture  dependence of thermal  conductivity proper ly ,  
but quantitatively both give large deviations f rom experimental  data. 

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

c 
l / ~  - 3 9 5 0  - -  K (P)  t, (3)  

where K(P) is a universal  monotonically decreas ing  function of p r e s su re  (Fig. 4). 
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Fig .  1. I s o b a r s  and  i s o t h e r m s  of  t h e  e t h y l b e n z o l  t h e r m a l  c o n d u c -  
t i v i t y .  X ,  W / m  �9 ~ t ,  ~ P ,  k g / c m  z. 

T A B L E  2. E x p e r i m e n t a l  V a l u e s  o f  T h e r m a l  C o n d u c t i v i t y  X, W / m '  

~ of  A r o m a t i c  H y d r o c a r b o n s  v e r s u s  T e m p e r a t u r e  and  P r e s -  

s u r e  

p, kg/cmz 
t, ~ 

1 200 400 600 / 800 1000 

33,1 
45,2 
56,9 
70,0 
82,1 
94.3 

106,0 
118.8 
130,9 
143,2 
155,0 
168,1 
180,3 
193,2 
2C5,1 
230,0 
242,3 
259,9 
278,1 
290,0 
303,2 
320,8 
352.2 
368.7 
387,1 
399.4 

0,1278 
0,1246 
0,1215 
0,1185 
0.1157 
0.1126 
0.1100 
0,1064 
0,t038 

0,1347 
0,1314 
0,1290 
0,126t 
0,1229 
0,1195 
0,1174 
0,1145 
0,1120 
0,1093 
0,1074 
0,1049 
0,1026 
0,t008 
0.0998 
0,0969 
0,0957 
0.0945 
0,0931 
0.0918 
0,0913 
0,0906 
0,0900 
0,0897 
0.0899 
0.0899 

m-Xylol 

0,1395 
0,1361 
0,1340 
0,1313 
0,1285 
0,1263 
0,1235 
0,1210 
0,1186 
0,1158 
0, I132 
0,1109 
0,1087 
0,1065 
0,1046 
0,1019 
0,1005 
0,0994 
0,0983 
0,0977 
0,0972 
0,0967 
0,0964 
0,0963 
0,0964 
0,0966 

0,1447 
0,1416 
0,1393 
0,1364 
0,1342 
0,1315 
0.1294 
0,1270 
0,1241 
0.1214 
0.1190 
0,1166 
0.1142 
0,1117 
0.1105 
0,1076 
0,1061 
0,1049 
0,1040 
0,1033 

0,1026 
0,1019 
0,1014 
0,1011 
0,10!2 
0,1014 

0,1478 
0,1468 
0,1430 
0,1417 
0,1386 
0,1355 
0,1336 
0,1316 
0,t300 
0,t270 
0,1244 
0,1228 
0,1206 
0,1177 
0.I161 
0,1126 
0,1113 
0.1098 
0.1084 
0.1077 
0,1073 
0,1064 
0,1061 
0,1062 
0,1062 
0,1064 

0,1583 
0,1504 
0,1470 
0,1458 
0,1427 
0,1404 
0.1383 
0,1360 
0,1336 
0,132I 
0,1289 
0,1286 
0,1260 
0,1238 
0,1207 
0,1176 
0,1162 
0,t154 
0,t139 
0,]130 
0.1124 
0,1118 
0.1110 
0,1110 
0,1106 
0,1108 

33,1 
45,2 
56,9 
70,0 
82,1 
94,3 

106,0 
118,8 
130.9 
143,2 
155,0 
168.1 
180.3 
193,2 
205,1 
230,0 
242.3 
259.9 
278,1 
290,0 
303,2 
320,8 
352,9 
387,1 
399,4 

0.1262 
0.1244 
0,1201 
0,1182 
0,1145 
0,1126 
0,1089 
0.1066 
0,1037 

0,1338 
0,1305 
0,1281 
0,1253 
0,1226 
0.1202 
0,1170 
0,1154 
0,1124 
0,1103 
0,1075 
0,t056 
0.1022 
0,1014 
0,0995 
0,0968 
0.0959 
0,0946 
0,0935 
0,0927 
0,0921 
0,0914 
0,0909 
0,0911 
0,0912 

n-Xylol 

0,1402 
0,1374 
0,1348 
0,1320 
0,1284 
0.1278 
0,1246 
0,1214 
0,1197 
0,1161 
0.1146 
0,1128 
0,1092 
0,1081 
0,1057 
0,1036 
0,1028 
0,1007 
0,1006 
0,0993 
0,0985 
0,0988 
0,0977 
0,0982 
0,0984 

0,1461 
0,1432 
0.1410 
0,1482 
0,1355 
0.1331 
0,1306 
0,1283 
0,1250 
0,1242 
0,1203 
0,1194 
0,1157 
0,1149 
0,1120 
0.1111 
0.t042 
0,1076 
0.1068 
0.1062 
0,1058 
0,1045 
0,1042 
0,1045 
0,1046 

0,1432 
0,1460 
0,1444 
0,1406 
0,1395 
0,137t 
0,1360 
0,1325 
0,1291 
0,1275 
0,1244 
0. t227 
0,1205 
0,1196 
0,1169 
0,1143 
0,1136 
0,1122 
0,1121 
0,1116 
0,1114 
0,1102 
0,1096 
0,1098 

0,1488 
0,1486 
0,1484 
0,1455 
0,1447 
0.1412 
0,1403 
0,1375 
0,1344 
0,1338 
0, t301 
o,1288 
0,1269 
0,1232 
0,1203 
0.1193 
0,1185 
0,1171 
0,1t65 
0,1163 
0,1154 
0,I145 
0,1142 
0,1t46 
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T A B L E  2. C o n t i n u e d  

p, kg/cm2 
t, ~ 

1 ! 200 400 600 800 I000  

33,1 
45,2 
56,9 
70.0 
82,1 
94,3 

106,0 
t18,8 
I30,9 
143,2 
[55,0 
168,1 
180,3 
193,2 
205,1 
230,0 
242,3 
259.9 
278.1 
290,0 
303,2 
320,8 
352,9 
368,7 
387,1 
399,4 

0,1284 
0, I248 
0, t222 
0,1187 
0,1166 
0,1133 
0.1108 
0.1071 
0,1056 

0,1358 
0,1325 
0.1303 
0,1275 
0,1244 
0,1216 
0,1184 
0,1163 
0,!134 
0,1112 
0.1091 
0,1063 
0, I046 
0,1025 
0,1007 
0.0975 
0,0954 
0,0940 
0,0921 
0,0898 
0,0901 
0,0893 
0,0881 
0,0885 
0,0885 
0,0886 

o-Xylol 

0,1406 
0,1388 
0,1363 
0,]336 
0.1307 
0,1285 
0,1255 
0,1230 
0,1207 
0,1170 
0,1149 
0,1136 
0,1116 
0,1096 
0,1082 
0,1041 
0,1012 
0.1008 
0,0976 
0,0972 
0,0968 
0.0968 
0,0955 
0,0948 
0,0950 
0,0954 

0.1454 
0,t445 
0,1411 
0,1386 
0,1371 
0,1340 
0,1321 
0,1284 
0,1266 
0,1247 
0,1214 
0,1198 
0,1168 
0,1162 
0,1132 
0,1104 
0.1088 
0.1070 
0,1047 
0,1046 
0,1034 
0,1016 
0,1009 
0,1008 
0,t010 
0,1012 

0,1495 
0,148I 
0,1454 
0,1436 
0,1420 
0,1395 
0,1374 
0,I346 
0,1324 
0,1305 
0.1281 
0,1262 
0,1240 
0,1218 
0,1198 
0,1163 
0,1147 
0,1126 
0,ti20 
0,1101 
0,1094 
0,1075 
0,1063 
0,1060 
0,1058 
0,1062 

33,1 
45,2 
56.9 
70,0 
82,1 
94,3 

106,0 
118,8 
130,9 
143,2 
155,0 
168,1 
180,3 
193,2 
205,1 
230,0 
242,3 
269,9 
278,1 
290,0 
303,2 
320,8 
352,2 
368,7 
387,1 
399,4 

o,71 

o,70 

0,1265 
0,1229 
0,1203 
0,1177 
0,1134 
0,1108 
0,t086 
0,1041 
0,1026 

0,1329 
0,1294 
0,1275 
0,1244 
0,1209 
0,1189 
0,1164 
0,1128 
0,1116 
0,1093 
0,1069 
0,1048 
0,1036 
0,1017 
0,1006 
0,0981 
0,0968 
0,0949 
0,0936 
0,0928 
0,09t6 
0,0906 
0,0897 
0,0893 
0,0895 
0,0896 

Eth)lbenzol 

0,1371 
0,1349 
0,i325 
0,I292 
0,1271 
0,1244 
0,1218 
0, t195 
0,1169 
0,1150 
0,1127 
0,1t08 
0,1095 
0,1076 
0,1061 
0,1034 
0,1018 
0,1013 
0,0998 
0,0991 
0,0986 
0,0981 
0,0971 
0,0967 
0,0966 
0,0968 

0,1415 
0,1388 
0,1364 
0,1434 
0,1318 
0,1295 
0,1274 
0,1252 
0,1228 
0,1209 
0,1191 
0,1167 
0,1152 
0,1126 
0,1114 
0,1086 
0,1075 
0,1064 
0,1055 
0,1049 
0,1044 
0,1038 
0,1032 
0,1028 
0,1028 
0,1030 

0,1450 
0,1423 
0,1409 
0,1378 
0,1361 
0,1342 
0,1321 
0,1295 
0,I277 
0,1254 
0,1238 
0,1234 
0,1203 
0,1188 
0,1162 
0,1141 
0,1123 
0, tt14 
0,1104 
0,1092 
0,1088 
0,1084 
0,1081 
0,1082 
0, t085 
0,1086 

70O Zgg YO0 
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0,1530 
0,1514 
0,1490 
0,1482 
0,1464 
0,1445 
0,1423 
0,1395 
0,1377 
0,1353 
0.1335 
0,1316 
0,1291 
0.1266 
0,I245 
0,1219 
0,1196 
0,1172 
0,1158 
0,1156 
0,1t4~ 
0, I125 
0,1114 
0,t113 
0,1101 

i 0,1102 

0,148l 
0,1469 
0,1444 
0,1425 
0,1405 
0,1383 
0,1364 
0,1338 
0,1316 
0,1304 
0,1278 
0,1269 
0,1243 
0,1221 
0,12t9 
0,1t85 
0,1170 
0,1158 
0,1154 
0,1143 
0,1140 
0,1t33 
0,1126 
0,1128 
0,1133 
0,1134 

- t 
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J 

Fig .  2. T e m p e r a t u r e  dependence  of  A = f(t) for  a r o m a t i c  h y d r o -  

c a r b o n s .  

Fig.  3. C o m p a r i s o n  of  e x p e r i m e n t a l  data at 200~ and c a l c u l a t e d  
t h e r m a l - c o n d u c t i v i t y  v a l u e s :  1) benzo l ;  2) to luo l ;  3) m - x y l o l ;  4) 

n - x y l o l ;  5) o - x y l o l ;  6) e thy lbenzo l ;  7) cumol .  A ,  %. 

1327 



K 
6 

2 

0 q#O 800 P 

Fig. 4. Coefficient  K v e r -  
sus p r e s s u r e .  

Equation (3) allows use of  X to ca lcula te  the speed of sound c over  a wide range of t e m p e r a t u r e  and p r e s -  
sure .  The re fo re ,  it can be cons idered  a m o r e . a c c u r a t e  co r re l a t ion  of the the rmal -conduc t iv i ty  coefficient  with 
the speed of sound. 

Analys is  of data f r o m  the l i t e ra tu re  revea l s  that t he re  is only scanty  informat ion avai lable  on c. Only in 
recent  yea r s  have exper imen t s  been p e r f o r m e d  measu r ing  c at high p r e s s u r e  [12, 13]. Unfortunately,  those 
exper iments  encompass  only a na r row t e m p e r a t u r e  range,  f r o m  room t e m p e r a t u r e  to 120~ 

Compar i son  of speed of sound values calculated f r o m  Eq. (3) with avai lable  data for high p r e s s u r e s  shows 
that  the proposed fo rmula  desc r ibes  the function c = F(P,  t) with sufficient accuracy ,  Average  deviat ion of ca l -  
culated values  of c f rom exper iment  c o m p r i s e s  about + 1.3%, with a m a x i m u m  of not more  than • 3%. 

The proposed formula  allows calculat ion of the speed of sound in a roma t i c  hydrocarbons  over  the t e m -  
p e r a t u r e  range of 40-400~ at p r e s s u r e s  to 1000 kg/cm 2. 

NOTATION 

~, the rmal -conduc t iv i ty  coefficient;  nc ,  number  of ca rbon  atoms in molecule ;  M, mass  of molecule;  p, 
density of liquid; c, speed of sound. 
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