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Resul ts  are  shown of exper iments  in which the thermal  conductivity and the specific heat at 
constant p r e s s u r e  of n-deesne  were measured  under p r e s s u r e s  f rom 1 to 140 ba r s  and at t em-  
pe ra tu res  f rom 40 to 330~ 

Only a few studies have been made concerning the thermophysica l  p roper t i es  of liquid n-decane under 
high p r e s s u r e s .  The thermal  conductivity of n-decane under p r e s s u r e  was measured  by var ious  test  
methods [1-3], namely:  with a double ca lo r ime te r  (transient method), with a hot wire,  and with a spher i -  
cal probe.  

In [1] the test  range of p r e s s u r e s  was 0.98-392 ba r s  and the tempera ture  range was 20-171~ In 
[2] these ranges were somewhat  wider,  namely,  p = 0.98-490 ba rs  and t = 20-200~ In [3], where a 
spher ical  probe was used, the tempera ture  ranged f rom 4.4 to 171.2~ and the p r e s s u r e  up to 346 bars .  
Unlike in [1, 2], here the measurements  covered  both liquid and gaseous n-decane.  

Liquid decane under a tmospher ic  p r e s s u r e  was studied by many r e s e a r c h e r s  [4, 5]. A survey of the 
r e fe rences  l is ted here  indicates wide d iscrepancies  in the resul ts ,  in some specific cases  up to 20%. 

Only meager  data are  available on the specific heat of decane at constant p r e s su re .  There  are  no 
data to be found in the technical l i te ra ture  pertaining to h igh -p res su re  measurements ,  while the test  data 
obtained under a tmospher ic  p r e s s u r e  [6, 7] re fe r  to a very  nar row tempera ture  range.  

In this ar t ic le  the authors will show the resul ts  of thermal  conductivity and specific heat m e a s u r e -  
ments  pertaining to n-deeane at t empera tures  f rom 40 to 330~ and p r e s s u r e s  f rom 1 to 140 ba r s .  The 

T 
specific heat per  volume Cp of n-decane under high p r e s s u r e s  was considered f i rs t .  

Both ~ and Cp were measured  composi te ly ,  by the method of monotonic heating in a ca lo r ime te r  
which we had developed ea r l i e r  [8, 9]. The basic  dimensions of the coaxial cyl inders  were the same as in 
[8]. The tests  were pe r fo rmed  along isobars  and in about t0~ tempera ture  steps.  Both ~ and Cp were 
then calculated according to well-known equations [8, 9], with cor rec t ions  to account for the variabi l i ty  of 
the physical  p roper t i es  and for the heating rate  of the sys tem.  

The heating rate during the test  was var ied over the range b = 59-104 deg/h,  and the tempera ture  
drop ac ros s  the tested layer  of liquid was 0 = 2.97-4.97~ in the solid cylinder or  0' = 1,89-4.23~ in the 
hollow cylinder.  

During monotonic heating in a ca lo r ime te r ,  the top test  p r e s s u r e  and tempera ture  are  very  much l imited 
by the choice of mater ia l  for the autoclave,  since experience has shown that during heating the t empera -  
lure field becomes  increas ingly  nonuniform along both the cyl inder  height and c i rcumference .  All c o m -  
ponents in our apparatus  were made of copper and this ensured the bes t  possible thermal  mode of operation.  
The test  p r e s s u r e  is a lso l imited by the feasibil i ty of maintaining it constant in large volumes of c o m -  
p re s sed  a i r  throughout the experiment ,  in o rde r  to measure  c~. For  these reasons ,  the p r e s s u r e  in our 
tes ts  did not exceed 140 ba r s .  
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T A B L E  1. T h e r m a l  Conduct iv i ty  X (W/m .deg)  and Specif ic  Heat  
I 

per Volume at Constant Pressure Cp (J/m 3. deg) of n-Decane (Aver- 
age values) 
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0,1345 
0,1300 
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0,1180 
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0,1106 
0,1070 
0,1034 
0,1000 
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1,558 
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1,565 
1,569 
1,574 
1,581 
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1,640 
1,668 
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1,755 
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0,1407 
0,1362 
0,1319 
0,1278 
0,1238 
0,1200 

0,1164 
0,1130 
0,1097 
0,1065 
0,1033 
0,1004 
0,0978 
0,0954 
0,0932 

1,552 
1,555 
1,558 
1,561 
1,565 
1,571 
1,578 
1,588 
1,601 
1,616 
1,636 
1,665 
1,707 
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The  r e s u l t s  of ou r  m e a s u r e m e n t s  a r e  shown in Tab le  1 with rounded  off t e m p e r a t u r e  and p r e s s u r e  
va lue s .  The  e s t i m a t e d  m a x i m u m  e r r o r  is +2% fo r  X and +3% fo r  Cp. 

Our  va lues  a r e  c o m p a r e d  with those  obta ined by  o t h e r s  u n d e r  a t m o s p h e r i c  p r e s s u r e  in F ig .  1, where  
a wide d i s c r e p a n c y  with the data  f r o m  [2, 3] can be  seen  (up to 13 and 17%, r e spec t i ve ly ) .  T h e r e  is a c lose  
a g r e e m e n t  in the t e m p e r a t u r e  coef f ic ien t  of t h e r m a l  conduc t iv i ty  a c c o r d i n g  to us  and to [2]. 

The  absolu te  va lues  of X a c c o r d i n g  to [1] c o m e  c lose  to ou r s ,  a l though the va lues  of its t e m p e r a t u r e  
coef f i c i en t  d i f fe r .  

Our  data  a g r e e  fa i r ly  well  with those  in [5] (the va lues  in [5] a r e  3.0-4.5% lower) .  

A c o m p a r i s o n  be tween  our  va lues  with those in [1-3] f o r  high p r e s s u r e s  shows that in [1] the va lues  
f o r  p = 100 b a r s  a r e  only 2% l o w e r  at  t = 45~ and 1% h ighe r  at  t = 171~ in [2] the va lues  for  p = 100 b a r s  
a r e  12% l o w e r  at  40~ and 13.5% lower  at  t = 200~ in [3] the va lues  f o r  p -- 140 b a r s  a r e  11% lower  at  
t = 38~ and 18% l o w e r  at  t = 171~ 

An a n a l y s i s  of the data  in [10] on the t h e r m a l  conduc t iv i ty  of l iquids would indicate  that  the va lues  in 
[2, 3] a r e  m u c h  too high a l so  fo r  o the r  r e p r e s e n t a t i v e s  of the pa ra f f in  s e r i e s .  The va lues  in [1] a g r e e  
c lo se ly  with those  in [10]. They  a g r e e  f a i r ly  wel l  with m o s t  r e c e n t  data  on the t h e r m a l  conduct iv i ty  of 
n -hep t ane  [11 ]. 

Such a wide d i s c r e p a n c y  be tween  ou r  data and those in [2, 3] is ,  appa ren t ly ,  due to the fundamenta l  
d i f f e r ences  be tween  the m e t hods  u s e d  fo r  m e a s u r i n g  the t h e r m a l  conduct iv i ty .  

It is  to  be noted that  ex i s t ing  e x p e r i m e n t a l  me thods  of m e a s u r i n g  s t i l l  l eave  m u c h  to be d e s i r e d .  As  
of  today,  m a n y  p r o b l e m s  have not  ye t  been  so lved .  

A c o m p a r i s o n  be tween  our  Cp va lues  and those in o the r  s o u r c e s  [6, 7] has  shown that  ou r s  a r e  s l ight ly  
h i g h e r  (by a p p r o x i m a t e l y  0.80/0). 
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Fig. 1. Compar ison between thermal  conductivity data for n-decane under 
a tmospher ic  p r e s s u r e ,  )t (W/m.  deg): 1) according to Abas-zade  and Gusei-  
nov; 2) according to Rastorguev,  Bogatov, and Gr igor ' ev ;  3) according to 
Carmichae l  and  Sage; 4) according to Mukhamedzyanov, Usmanov, and 
Tarz imanov;  5) according to Naziev and Alley. 

Fig. 2. Compar ison  between measured  and calculated values of thermal  
conductivity for  n-decane:  1) test  data; 2) Eq. (1); 3) Eq. (3); 4) Eq. (2); 
5) Eq. (4). 

with gc 1 determined f rom the equation 

Fo r  determining the tempera ture  dependence of ep 
posed the following formulas :  

the Sokolov equation [12] 
3 
~- (7"-- 0.5 rcr) 

[r(rc - r)] 

for n-alkanes ,  var ious  r e s e a r c h e r s  have p ro -  

T cat/mole" deg~ (1) 

ttc~ - - -  8.318 2 6n; 

the Hadden equation [13] 

cp =: a :,- bT r T' cTr2 -P' d r  3 -'t- m( Aa 4- AbTr @ hcrT~ @ hdTa~), cal/g" deg; 

the Naziev equation [14] 

,ttcp = gc 1 + 0.086/x (~t - -  14) T - -  T______L , cal/mole" deg, 
L 

(la) 

(2) 

(3) 

with Dc 1 = -1 .00  + 0.52~; 

the Anghelescu equation [15] 

~tcp __ ( _  0.082 q-0.074n)0 + (9.072 + 0.012n), cal/mole" deg, (4) 
u - -  2 

where 0 = f f - T m ) / C r c r - T m ) .  (4a) 

The constants in Eq. (2) for  n-alkanes are  a = 0.84167; b = 1.47040; e = 1.67165; d = 0.59198; Aa 
= -0 .003826;  Ab = 0.000747; Ae -- 0.041126; Ad = -0.013950.  

Formulas  (1)-(4), af ter  a p roper  convers ion,  were applied to the Cp of n-decane under a tmospher ic  
p r e s s u r e .  The calculated resu l t s  are  shown and compared  with test  data in Fig. 2. 

It is quite evident here that Eq. (1) yields a close agreement  with test  resul ts  at low Lemperatures.  
As the tempera ture  r i s e s ,  the d iscrepancy becomes  much wider (a -6% difference at t = 174~ The 
e r r o r  of Eq. (2) is maximum at modera te  t empera tu res  (+70% at t = 100~ The e r r o r  of Eq. (3) is r e l a -  
tively smal le r  (maximum +3% at t = 120~ 

According to Eq. (4), ep should be a l i n e a r  function of the tempera ture  and its t empera ture  coeffi-  
eient should be small .  Tes ts  have not conf i rmed this, as we see in Fig.  2. 
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On the bas is  of our  Cp data, we r ecommend  a more  accura te  empi r ica l  equation: 

y~cp = A t- BTr b CT~ ~- DT~, r/mole- deg. 

withA = - 6 4 . 6 3 ,  B =1367,  C = - 1 8 3 3 ,  andD =932.  

X 
! 

Cp, Cp, and~cp  

T c r  
Tm 
Tb 
n 
m 
T 1 = 0.5 T c r ;  
T r = T / T b ;  
L 
A, B, C, D, a,  b, c, d, Aa, Ab, Ac, and Ad 

N O T A T I O N  

is the thermal  conductivity of a substance; 
a re  the specif ic  heat p e r  mass ,  pe r  volume, and per  mole,  
respec t ive ly ;  
is the c r i t i ca l  point; 
is the melt ing point; 
is the boiling point; 
is the total number  of all a toms in a molecule;  
is the number  of carbon atoms in a molecule;  

is the heat  of evaporat ion,  pe r  mole; 
a re  constants in the equations.  
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