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The thermal conductivity of n-pentane and n-hexane was measured by a relative method in a 
coaxial cylindrical cell along the isobars at 0.4 and 1.0 bars including the transition into 
metastable states. The amount of fluid superheating above the saturation temperature  
reached 55~ The applicability of l inear extrapolation of I along isotherms or isobars 
beyond the line of saturation is shown. 

The intensification of processes  which accompany phase transitions leads to the need to study the the r -  
mophysieal propert ies  of matter  in the metastable state since the actual phase transition always occurs in a 
system displaced from equilibrium. Such studies are  made complicated by the low stability of a system in 
a metastable state. For example, a liquid is easily superheated in small volumes [1], but in a measuring 
cell of large dimensions it is difficult to create and maintain a highly superheated fluid during the t ime of 
measurement .  

There is no published data on the thermal  conductivity of a superheated fluid. Although one would 
expect a smooth continuation of all thermophysical propert ies  across the line of saturation from general 
considerations (with maintenance of the homogeneity of the material),  it is necessary to obtain experimen- 
tal verification of this.  In addition, it is impossible to establish a priori  the reliability of data extrapola- 
tion from the stable region into the metastable region. Thermal conductivity of fluids depends only slight- 
ly on pressure  and the isotherms X = t (p) are nearly straight lines; consequently, extrapolation of values 
of I across  the line of saturation along the isotherms represents  a good method for which experimental 
verification i s desirable.  

In the proposed work, measurements of X for superheated fluids (n-pentane, n-hexane) were f i rs t  
made by the relative method of coaxial cylinders [2]. The measuring cell was made of glass.  The liquid 
studied filled a 0.6 mm gap between thin-walled vert ical  tubes; the outer tube was surrounded by a thermo-  
statically controlled water bath. Mercury was poured into the Lnternal cylinder (5 mm in diameter) and a 
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Fig. 1. Thermal  conductivity X, W/m-deg, of liquid n-hexane as a function 
of the temperature  T, ~ 1) present data; 2) [6]; 3) [7]; 4) [8]; 5) [5]. 

Fig.  2. Comparison of experimental values of the thermal conductivity 1, 
W/m-deg,  for liquid n-hexane at various temperatures  T, ~ (1), with cal-  
culated resul ts  from the Weber--Predvoditelev formula (2), and the Filippov 
formula (3). Atmospheric pressure ,  The arrow indicates the boiling point. 
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TABLE 1. T h e r m a l  Conductivity X, W / m - d e g ,  of N-1)entane and 
N-Hexane  for  Pene t ra t ion  into the Metas tab le  Region 

T, ~ 

30 
40 
50 
60 
70 
80 
90 
97,4 

n-pentane 

p = I  bar 
T s = 3 6 , 2 ~  

0,114 
0,111 
0,108 
0,105 

p=0,4ba~ 
T s = l l , 2  r 

0,114 
0,111 
0,108 
0,105 

n-hexane 
i .., 

p=1 bar 
T s = 6 8 , 7  C 

0,120 
0,117 
0,I13 
0,109 
0,106 
0,102 
0,099 
0,096 

p = o,4 ba[ 
T s ~ 4 i ,7  ~C 

o, 120 
0,117 
0,113 
o, 109 
o, 106 
o, 102 
0,099 
0,096 

heat ing e lement  placed in it to c r ea t e  a control led s t eady - s t a t e  t h e r m a l  flux in the ce l l .  The t e m p e r a t u r e  
d i f fe rence  between the m e r c u r y  and the wa te r  bath was m e a s u r e d  by a di f ferent ia l  copper - -cons tan tan  t h e r m o -  
couple connected to a 1)-306 po ten t iome te r .  An automat ic  w a t e r - t e m p e r a t u r e  control  (~-0.01 ~ hooked up 
in a photoeompensat ion  c i rcui t  was instal led in an externa l  t h e r m o s t a t i c  bath (HSppler type) f r o m  which 
w a t e r  was supplied to the m e a s u r i n g  cell  and to which the wa te r  was r e tu rned .  

The theo ry  of the method has  been explained [2 ]. The computat ional  fo rmula  fo r  the de te rmina t ion  
of X takes  the f o r m  

(z - 8) ~ = c (1) 

H e r e ,  ~ = e /E  2, e is  the emf  of the di f ferent ia l  the rmocouple  in the  s t e a d y - s t a t e m o d e ,  and E is  the hea te r  
vo l tage .  The p a r a m e t e r s  C and fi, which depend on t e m p e r a t u r e ,  a r e  de te rmined  by cal ibra t ion of the in-  
s t rumen t  with two m a t e r i a l s  having a known t h e r m a l  conductivity (toluol [3] and water  [4]). The p a r a m e t e r  
fl t akes  into account  the t e m p e r a t u r e  drops  in the g lass  walls  of the in ternal  and externa l  tubes .  M e a s u r e -  
men t s  we re  made  fo r  two values  of AT in the range  1-2 ~ The value of ~ f o r  each ma te r i a l  was independent 
of hea t e r  vol tage,  which indicates  the absence  of ma rked  convection in the ce l l .  This  was conf i rmed by 
evaluation of the Rayleigh n u m b e r  for  the exper imenta l  conditions 0Ra = 60-250 < Rac r ) .  

Mate r i a l s  used were  of cp g rade .  To r e m o v e  gases ,  the liquids were  disti l led before  an exper iment  
or  were  boiled in a f lask  connected to a ref lux condenser .  
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F ig .  3. Dependence of t h e r m a l  
conductivity X, W / m - d e g ,  of 
liquid n -hexane  on p r e s s u r e  p, 
ba r ,  in the s table  and me ta s t ab l e  
reg ions  (points denote p re sen t  
data,  dashed l ine is  l ine of s a t u r -  
at ion,  and the solid l ines  a r e  
i s o t h e r m s ,  for  T,  ~ 1) 30.0; 
2) 40.0;  3) 50.0; 4) 60.0; 5) 70.0; 
6) 80.0; 7) 90.0; 8) 97.4 .  

M e a s u r e m e n t s  of the t h e r m a l  conductivity of n-pentane  and 
n-hexane  for  deep penet ra t ion  into the me ta s t ab l e  region were  made 
at two p r e s s u r e s ,  1.0 and 0.4 b a r .  The e r r o r  in the de te rmina t ion  
of ~t was 30/0. P r e s s u r e  below a tmosphe r i c  was produced by con-  
nect ing the m e a s u r i n g  cell  to a p rev ious ly  pumped-down r e s e r v o i r  
and was moni tored  with a s tandard vacuum gauge.  

The exper imenta l  r e su l t s  a r e  shown in Table  1. A c o m p a r i -  
son with the m e a s u r e m e n t s  of other  authors  fo r  s table  s ta tes  of 
n -hexane  is  shown in Fig .  1. F igure  2 shows that t r ans i t ion  along 
an i soba r  through the boiling point is  accompanied  by no change 
wha tever  in the t e m p e r a t u r e  dependence of ~t. The t h e r m a l  conduc-  
t iv i ty  of n -hexane  along i s o t h e r m s  is  shown in Fig .  3. The slope 
of t h e  i s o t h e r m s  is taken f r o m  [5]. The measu red  values  of the 
t h e r m a l  conductivity for  n -hexane  a r e  compared  in F ig .  2 with ca l -  
culated values  based on the Weber- -1)redvodi te lev  formula  

~. = B 9 4 / 3  (2) 

and on the Fi l ippov fo rmula  [6] 

)~ = 0.307u (Cpp) 2/3 ( [JT)  1/3 . (3) 

The constant  B was de te rmined  f r o m  ?:he exper imen ta l  value of 7t 
at T = 30~ Equation (2) gives  a t e m p e r a t u r e  coefficient  of v a r i -  
at ion for  ~. which does not ag ree  with exper imen t .  The t h e r m a l  
conductivity calculated f r o m  Eq.  (3) is  sy s t ema t i ca l ly  a p p r o x i m a t e -  
ly 10% higher  than m e a s u r e d  va lues .  

The  expe r imen t s  p e r f o r m e d  allow one to conclude that  the 
change in t h e r m a l  conductivity of a fluid during the t rans i t ion  f r o m  
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the stable region to the metastable region occurs smootbly without discontinuities. Such a behavior of )~ 
during superheating is evidence of the lack of specific changes in the nature of thermal motion and in the 
structure of the fluid. The results indicate the permissibility of linear extrapolation of ~ along isotherms 
and isobars into the metastable region. Extrapolation along isotherms is more convenient because of the 
weak dependence of )~ on pressure. 
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