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The results of comprehensive experimental investigations of the thermophysical 
properties of n-hexane and cyclohexane and the thermoconductivity of liquid 
petroleum products are presented. 

The thermophysical properties (specific volumes v, isobaric heat capacity Cp, and dyna- 
mic viscosity ~) of n-hexane and cyclohexane were studied from the triple point to their 
transition points, including the liquid, vapor, two phase, critical, and supercritical re- 
gions. The C6H14 specimen, after additional purification, contained 99.93% of the principal 
component (mixture: 2- and 3-methylpentane 0.047%, methylcyclohexane 0.023%); the C6H12 
specimen contained 99.90% of the principal component (mixture: cycloparafin and its deriva- 
tives 0.06%, aromatic hydrocarbons 0.04%). We monitored the purity of the specimens studied 
by periodic sampling for different values of the parameters p and t while making sample tests 
followed by a determination of their relative density ~o and index of refraction n~ ~ and 
analysis on the Tsvet-4.69 and Khrom-4 chromatographs. 

The upper temperature limits for measurements of the properties of n-hexane (350~ and 
cyclohexane (425~ are determined by the thermostability of these substances in piezometers~ 
calorimeters, and viscosimeters, made of chrome--nickel steels. The parameters (p and t) 
corresponding to the transition points of hydrocarbons were established in experiments mea- 
suring v. For C6H14, beginning with 325~ and for C6H12 beginning with 375~ samples were 
extracted at different pressures in the piezometers, which were subjected to special physico- 
chemical tests, including fractional distillation in a capillary column (d = 0.25 mm, I = 50 
mm) followed by chromatographic analysis. It was established that in C6H14 there are no 
transitions for t ~350~ and in C6H12, for t ~425~ and p > 11MPa. 

In view of the fact that the measurements of v, Cp, and ~ for cyclohexane at low tem- 
peratures and high pressures were carried out near its melting curve, special tests were 
made in order to determine the melting pressure pmelt in the temperature range 9.9-42.9~ 
Pmelt was measured with the use of the falling body method [I, 2] and the capillary method 
[3], used in viscosimetry. The melting curve was approached from the solid phase side. The 
values of Pmelt, obtained with two experiments, agree within0.2-0.3%. The experimental 
values of Pmelt for cyclohexane were approximated by the equation 

Pmel~ - -  10.8918 ~ 1,65297t + 0,0037149t 2. ( 1 ) 

The mean-square deviation of the computed values of Pmelt from the experimental values 
constitutes 0.15%, and the maximum error in determining Pmelt is 3%. Equation (I) encom- 
passes the temperature range from 6.554 to 43~ The value Pmelt = 0.1013 }~a at t = 6.554~ 
was taken from the data in [4]. 

The saturated vapor pressure for C6HI~ and C6H~2 was studied by the piezometer method at 
constant volume [5] in the temperature ranges I00-234.7~ and 110-281~ in which there is 
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considerable disagreement in the data of different workers, Two series of measurements were 
performed for each substance (alongisochores and isotherms)~ For ~ > 0,92 (T = T/Tcr) Psi were 
measured for different times Ps in the experiments along isochores for fixed temperatures. 
Then, in order to eliminate errors in determining ei, due to the fact that an equilibrium 
state may not have been reached, the limiting value of Ps' which was taken as the satura- 
tion pressure at a given temperature, was determined by graphical extrapolation in the coor- 
dinates Ps -- 1 /0  to the value 1 /0  = 0. 

As a result of simultaneous analysis of the results of this work, as well as more re- 
liable data of other researchers [4, 6], interpolation equations were obtained for calcula- 
ting the saturated vapor pressures: 

n-hexane 

l n p s = - - 1 0 . 2 3 9 6 5  Te-~ - 6 2 0 . 0 3 2 7 3 - - 1 4 . 4 5 6 1 6  
T 

Tcr -6 5,78056 ; ( 2 )  

cyclohexane 

lgps = 0 .6443041g(T- -273 .15 ) -63 ,275631(T- -273 .15 ) - l - - l l . 274370-6  
(3) 

-64.655635.10-ZT--7,5738335.10-STZ-64,55841.10-ST 3, 

where Ps is the saturated vapor pressure, MPa; T, ~ 

The average errors in calculating Ps from (2) and (3) in the temperature ranges 95.32- 
234.7~ and 20-281~ constitute 0.1%, with the exception of regions near the triple point of 
n-hexane, where the computational errors attain 1.5%. 

The specific volumes of C6HI4 and C6H~2 were measured by the unloaded spherical con- 
stant volume piezometar method, developed in the All-Union Heat Engineering Institute (AHI). 
The design of the experimental setup and the technique for the studies are described in [5, 
7]. The measurements of v for n-hexane were performed in the temperature range 50-375~ and 
pressure range 0.1-150 MPa, while for cyclohexane, the measurements were carried out in the 
range 10-450~ and 0.1-85 }~a. More than 1500 experimental values of the specific volumes 
were obtained [8-12]. The experimental magnitudes were measured with the following errors: 
temperature 0.006-0.03~ pressure 0.02-0.05%, and specific volumes 0.05-0.07% (liquid phase) 
and 0. I-0.2% (vapor phase). 

In order to provide an analytic description of the experimental data, we checked the 
following equations of state for liquids: Tait, Lennard-Jones and Devonshire, Akhundov, 
Byron-Manedov, et al. The best results were obtained for the equations proposed by Akhundov 
and his co-workers [13]. As a result of analyzing the experimental data for n-hexane, we 
obtained the equation 

pv z = K,  (T) -6 L~ (T)/v G, (4) 

where 

For cyclohexane 

where 

5 5 

Ki (T) = ~ kz (T/100)i; L i (T) = Z li (T/IO0)i ; 
'i=O 1=0 

ko = -- 1246,5786; k3 ---- -- 62.3731; lo = 14058.506; 13 ---- - -  2610.768;  

ki = 760.1567;  k~ = - - 7 , 8 3 3 4 ;  li = - -  17122.152; l~ = 344,1504;  

k2 = - - 2 6 7 . 9 3 6 1 ;  k5 = 0,3995;  12---- 9685.21; 15 = - -  17.5632. 

PV 2 = K2 (T) -6 L2 (V)/v v, 

3 3 25,,2378 Z K~ (T) = - -  k~T~; L~ (T) = l~T i .  
T - -  273.15 

~=0 f=0 

ko = --698.15712; k2 = 0 .2736962 .10-z ;  lo - -  928.1661;  12 = 1 .583636 .10-s ;  

(5) 
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= 2 , 3 5 4 9 7 5 4 ;  k3 = 1 A 8 6 2 4 . 1 0 - 6 ;  l i  = 0 , 4 8 7 7 7 ;  l a = 1,239365.10 -5- 

The dimensions are MPa for p, I0 -~ m3/kg for v, and K for T. 

The error in calculating the specific volumes of n-hexane from (4) in the temperature 
range 50-350~ and v < 0.47 Vcr does not exceed 0.15%. Equation (5) describes the experi- 
mental data for cyclohexane in the temperature range 25-425~ and v < 0.54 Vcr with an error 
not exceeding 0.05%. 

Equations (4) and (5) describe satisfactorily the variation in the isobaric heat capa- 
city of C6H~4 and C6H12 as a function of pressure. The deviations of the computed values of 
Cp from the experimental values do not exceed 0.5%. 

In order to explain the P--v~T data for C6H14 and C6H12 in the vapor phase, the virial 
form of the equation of state was used. The experimental data obtained permitted separating 
out the second and third virial coefficients. The correcting temperature function D (fourth 
virial coefficient) was also computed for n-hexane. The virial coefficients were determined 
by Keis's grahical method and by the Moscow Energy Institute (MEI) method [14]. 

The virial equations adopted have the following form: 

for n-hexane 

for cyclohexane 

Z= I + B-}- C_~_+ D 
v v ~ v-- ~ ; ( 6 )  

Z=l_}_B q_ C 
0 0 2 

T h e  a n a l y s i s  o f  d a t a  o n  t h e  v i r i a l  c o e f f i c i e n t s  r e s u l t e d  i n  t h e  f o l l o w i n g  e q u a t i o n s :  

(7) 

for n-hexane 

where 

5 5 4 

b'''' c = X c , ' "  <s) 
i = 0  i=0 /=0 

bt~ = - -  4 3 3 , 7 4 ;  
b i  = 1 8 7 0 . 0 7 ;  
be = - -  3 3 9 2 . 2 2 ;  
bs= 3 1 5 3 , 1 6 ;  
b~ = - -  1 4 8 4 . 3 6 ;  
b5 = 2 8 1 . 4 1 ;  

c o = 6 2 5 0 . 1 8 ;  
c t =  - -  3 3 3 1 9 . 5 5 ;  
c~ = 7 0 0 7 4 , 9 0 ;  
C 3 =  - -  7 2 5 9 8 . 0 1 ;  

e~, = 3 7 0 9 4 . 5 4 ;  
C5 = - -  7 4 8 9 . 2 3 ;  

do = 8 9 1 2 , 0 6 ;  
d i = -- 3 4 6 3 . 1 5 ;  
d~ = 4 9 9 4 2 , 1 3 ;  
d3 = -- 3 1 7 3 9 . 0 5 ;  
d,, = 7 5 0 7 . 3 2 ;  

for cyclohexane 

2 

B = b l g t + X  bit~ ' 
i = - - I  

(9) 

where 

C = ci q -  {c~ cos  [ca (t  + c~)l + c5 s i n  [ca (t  q -  c~)]} exp  [c6 (t + c~)], (~o) 

b = 1 2 , 2 3 8 5 8 ;  b I = 0 , 0 1 3 2 0 2 ;  ci  = 5 , 3 8 1 7 ;  c~ = - -  1 7 6 , 6 0 0 ;  

b _ l =  - -  9 5 . 9 4 6 4 6 ;  b~ = - -  0 , 2 3 3 3 9 .  lO-a;  cz = - -  1 3 , 3 8 1 7 ;  c5 = 2 8 , 3 7 6 9 ;  

bo = - -  3 6 . 0 7 5 3 3 ;  ca = 0 , 0 1 4 3 2 7 2 ;  c6 = - -  0 . 0 2 5 6 6 5 .  

Equation (6) describes the experimental data on v for n-hexane in the vapor phase (for 
v > vcr) with an average error _+0.14%, and Eq. (7) describes the experimental data on v for 
cyclohexane in the temperature range 160-425~ (for v > 2Vcr) with average error _+0.15%. 
The deviations of the values of Cp computed using (6) and (7) from the experimental values do 

not exceed 1.5%. 

For n-hexane, analysis of the experimental P--v--T data in the liquid and vapor phases 
using the MEI methods [14] yielded a single equation of state: 

2 0 0  



TABLE 1. Values of the Coefficients {bij} for the 
Equation of State (I]) 

i 0 1 3 3 

--3,1405882 
8,5208681 

--15,077490 
10,365252 
272,30117 
506,08372 

--1921,9996 
--3643,9528 

19895,918 
--20026,383 

--7,5742526 
28,894534 

--186,8287 
--734,52141 

4977,7671 
3454,8027 

--67064,398 
156091,04 

--140944,31 
44709,446 

1,8126773 
168,05948 

--817,38044 
--4983,0247 

37380,440 
~18211,685 
--446671,09 

1562659,4 
--2154O46,6 

1102957,8 

--0,0809262 
387,52014 

--1408,3184 
--9491,2784 

54523,489 
--34142,572 
--265972,58 

580288,83 
--341936,47 
--18705,192 

z = 1 + p a .  (p - per)  - i , ( 1 
i=01=0 

where Z = p/oRT i s  the c o m p r e s s i b i l i t y  c o e f f i c i e n t ;  T = T /Tcr  , reduced tempera tu re ;  Per,  
c r i t i c a l  d e n s i t y .  

The va lue  Per = 233.6 kg/m 3 i s  ob ta ined  from the r e s u l t s  o f  the p resen t  i n v e s t i g a t i o n .  

The m a t r i x  o f  c o e f f i c i e n t s  { b i j }  i s  presented i n  Table ] .  The s p e c i f i c  volumes i n  the 
v i c i n i t y  o f  the l i q u i d  s t a t e  are computed from ( I I )  w i t h  an average e r r o r  o f  0.07% and i n  the 
gas phase f o r  t = 234.7-350~ w i t h  an e r r o r  o f  0.15%. For t < t e r ,  the e r r o r s  i n  computing 
v i nc rease  and a t t a i n  0.8%. 

Detailed tables of the specific volumes of n-hexane and cyclohexane, as well as the 
values of Ps, v', v", and the heat of vaporization, were computed from the proposed equations 
(I)-(11) starting with the triple point to the transition points. 

The isobaric heat capacity of n-hexane and cyclohexane was studied using the method of 
flow-through adiabatic calorimetry with a closed circulation loop and with a calorimetric 
measurement of the flow rate [15, 16]. In reproducing the well-known technique []5], the 
construction of the separate units involved changes related to the specific properties of 
the substances being examined (the construction of the gear-type pump for creating a con- 
stant flow rate was modified; the reducer of the pump gear was improved so as to stabilize 
the flow rate of the substance being studied through the calorimeter and to decrease the 
fluctuations in pressure; a system was created for heating the supply lines in order to 
avoid the transition of cyclohexane into the solid phase at high pressures; better insula- 
tion was used for the thermoelectrodes of the platinum-gold thermocouples on the principal 
calorimeter). 

The isobaric heat capacity of C6H14 was measured in the temperature range 20-350~ and 
pressures up to 60 MPa, C6HIa at 20-400~ and 0.5-50 ~a []6-]8]. The experiments were 
mainly carried out along isotherms with equal pressures. Near the saturation line, as well 
as near the maxima in the heat capacity, the measurements were carried out along the isobars 
with small steps in temperature. The steps in pressure and temperature were determined 
according to the change in the Cp-P-T surface for given state parameters. The smallest mag- 
nitude of the pressure step was 0.5 MPa. For subcritical pressures, the heat capacity of 
C6H14 ~Tas measured for pressures 0.5, 1.0, 1.5, 2.0, 2.5, 2.7, 2.8, 2.9, and 3.0 MPa, and for 
C6HIa for pressures 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, and 4.0 }~a. 

V f! 
In order to separate out values of Cp and Cp, the saturation curve was approached from 

the liquid side as well as from the vapor side. In this case, the temperature of the experi- 
O Y ment differed from the saturation temperature by 0.7-2 C. The values of Cp and Cp for n- 

hexane and cyclohexane were determined graphically by extrapolating the isobars to the satu- 
. C v ration temperature For n-hexane, the data on p obtained in the temperature range 20-232~ 

were analyzed simultaneously with the more precxse data []9] in the low temperature region. 
As a result, an interpolation equation was obtained, which described Cp from the triple point 
to T = 0.995 with a standard deviation of 0.32%: 

~'C--e-" = 7.5137 -- 2.78802 
& r  T 

T 100 
4-2.94048( Tcr-Z T) 2 

�9 \ 100 
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- - 1  16467( Tcr= I ( ~ (Tcr=T) -~'2~ §  009 ? 00 100 (12) 
] 

! 

w h e r e  Cp, J / k g - K ;  T c r  = 5 0 7 . 8 5  K. 
IT 

I n  t h e  v a p o r  p h a s e ,  Cp o f  n - h e x a n e  was  d e t e r m i n e d  f r o m  t h e  n o r m a l  b o i l i n g  t e m p e r a t u r e  
up t o  231~ and  a p p r o x i m a t e d  b y  Eq.  (13)  w i t h  a s t a n d a r d  d e v i a t i o n  o f  0 .48%:  

C~ _ 4.67467 + 0.2841 Tcr --T (Tcr - - T )  I'091 
T " ]00 ~- 0.737207 k 100 (13)  

Detailed tables of the heat capacity for equal values of temperature and pressurewere con- 
structed from the results of the experimental investigation of Cp for n-hexane and cyclohex- 
ate. A graphical analytical method was used here. Sections of the thermodynamic Cp(p, t) 
surface were constructed with a temperature step of 10~ and a pressure step of 0.5 MPa: 
p = const, t = const, and Cp = const. For regions where graphical interpolation is reliable, 
smooth values of Cp were obtained. In the region of maxima in Cp, smoothing and interpreta- 
tion were carried out by the method proposed in [15]. The experimentally measured isobars 
in the Cp(p, t)-surface were constructed first. Then, using Timrot's rectilinear diameter 
method, the magnitudes of CP and the position of the tP maxima were determined. Then, the 
isobars Cp/C p .-- (t tp ) p,m m were constructed from the experimental data, and the coordinates 

(t- tP)F~or_ the Cp/C p~ = const diagram were obtained according to them. Cp/CP,m~ curves P ,m 
with ~ small curvature have a single common point and allow for reliable interpolation of the 
experimental data near the maxima. 

In order to construct detailed tables of the heat capacity near the maxima, it is neces- 
to have an analytic equation that permits calculating the magnitude of (cP m)~ and the sary 

position of the (t p) maxima. Due to the limited size of the region in which the relations 
proposed in [15, 20, 21] can be used, the magnitudes and positions of the maxima in the pres- 
sure range 3.3-9 MPa for C6H~4 and 4.5-10 MPa for C~H12 were approximated by the following 
empirical equations : 

P" ~ (T~n--Tc~) i (T~I~ooT) n (14)  C p ' m -  a~ -t- a3 _ _  c r  , 
T p --  T0-6 

1TI i ~ 0  

4 

(15)  
]=1 

w h e r e  (Cp,  J / k g . K )  f o r  n - h e x a n e  

a o =3 ,36044;  a3 = 1.9263; bi = 4.432207; b3 = 4.572416; al = 1.38181; 

n ~ - - 1 , 0 2 5 ;  bu=  1.32616; b ~ = - - 3 . 9 8 5 6 6 ;  a2 = - - 0 . 5 0 6 8 ;  

for cyclohexane 

a o = 1.570908; aa = 2.62076; b i = 5.456341; b3 = 6.18454; a i = 2.453624; 

n = - - 0 . 8 8 7 0 ;  b2 = 0.20997; ba = - - 4 . 8 2 5 ;  a 2 = - - 0 . 7 5 1 6 9 .  

in determining C~, m_ from (14) is 0.38% and the maximum error is 0.56%. The mean-square error 

The mean error in computing the position of the maxima on the isobars from (15) is 0.05~ 
and the maximum error is 0.13~ 

The critical specific volumes Vcr for C6H~4 and C6H~2 were determined from the experi- 
mental Cp data in the supercritical region by linear extrapolation of the function m 
C~) -I = f(v) to the critical point at which (Cp, m -- C~) -~ = 0. These values agree (Cp' within 

1% with the values found from the p--v--T data using the phenomenological Planck--Gibbs rule. 

The enthalpy and the entropy of C6H~4 and C6H~2 were determined from detailed tables of 
the isobaric heat capacity by graphical integration and tables were constructed for all 
values of state parameters studied. In doing so, the crystalline state was taken at 0~ 

The dynamic coefficient of viscosity for n-hexane and cyclohexane was studied by the 
capillary method using the Golubev viscosimeter design [22] (the IV variant). The experi- 
mental setup and the technique for doing the analysis are presented in [3]. Analysis of the 
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Fig. I. Viscosity of cyclohexane (experimental values) along iso- 
therms, ~ I) 8; 2) I0; 3) 13.5; 4) 15; 5) 17.5; 6) 20; 7) 25; 8) 
35; 9) 50; 10) 55; 11) 100; 12) 125; 13) 150; 14) 175; I5) 200; 16) 
250; 17) 300; t8) 350; 19) 400; 20) 275; 21) 281; 22) 281.5; 23) 
285; 24) 325; 25) 375. ~ .107, Pa . sec ;  P, MPa; t ,  ~ 

Fig.  2. Viscos i ty  of n-hexane (experimental  va lues ) :  isotherms,  
~ l)  200; 2) 225; 3) 250; 4) 275; 5) 300; 6) 325; 7) 350; 8) 225; 
9) 230; 10) 231; 11) 232; i sobars ,  MPa: 12) 3.2; 13) 3.4; 14) 0.1.  

computed equation for the viscosity, taking into account residual systematic errors in the 
quantities entering into the formula, their random errors~ and errors in relating to tem- 
perature and pressure, showed that the relative error in the measurement of the viscosity 
for a confidence probability of a = 0.997 in the vicinity of the liquid state does not ex- 
ceed • and does not exceed • in the vapor and supercritical regions. Some increase 
in the error is possible near the critical region and near the phase transition curves, 
which results from the presence of small quantities of impurities in the substances being 
studied as well as errors in interpolating data on density, necessary for calculating the 
viscosity. 

The viscosity of C6H14 was measured in the temperature range 20-350~ and that of 
C6HI2 in the temperature range 6.7-400~ for pressures up to 60 MPa. The experiments were 
conducted with equal values of temperature and pressure along isotherms with steps of 25~ 
The step in pressure was 5 MPa, and near phase transitions it was decreased to 0.1MPa (Figs~ 
I and 2). 

Similar studies of the viscosity were carried out for cyclohexane near its melting 
curve. The measurements were carried out near the isotherms 6.7, 8, 10, 13.5, 15, 17.5, 25, 
and 35~ with gradual (every 0.05 MPa) increases in pressure up to the point at which the 
substance in the autoclave with the viscosimeter was transformed into the solid phase. Then~ 
the pressure was lowered and the melting curve was approached from the solid state side, in 
order to exclude possible overcooling of the liquid. The system for creating and measuring 
the pressure was configured in such a way that it eliminated the possibility of crystalliza- 
tion of cyclohexane outside the autoclave with the measuring capillary. The experiments car- 
ried out showed that there was no sharp change in the viscosity on the isotherms when the 
melting pressure Pmelt was attained. The characteristic behavior of viscosity isotherms 
without any anomalies is observed up to solidification of the substance (see Fig. I), which, 
apparently, is related to the finite growth rate of the crystals during the formation of the 
solid phase. [The content of the principal component in the specimen being studied was 99.9% 
and that of impurities was 0.1%.] 
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Fig. 3. Excess viscosity of n-hexane and cyclo- 
hexane as a function of density. The notation 
is the same as in Fig. 2. 

The viscosity near critical region was measured for C6H14 (tcr = 234.7~ Pcr = 3.058 
MPa) along the isotherms 220, 225, 230, 232, and 233~ and along the isobars 3.2 and 3.4 
MPa, and for C~H12 (tcr = 279.9~ Pcr = 4.105 ~a) along the isotherms 275, 28], 281.5, and 
285~ Some 104 experimental points were obtained. In performing the measurements near 
the critical region, special attention was paid to the quality of temperature control (tem- 
perature fluctuations in the thermostat did not exceed 0.0]~ establishing an equilibrium 
state of the substance for given parameters, and taking into account corrections for deter- 
mining temperature and pressure. Repeated tests were carried out for fixed values oft and 

P. 

The experimental data on the viscosity of C6H14 and C6H12 were compared with the data 
in the literature. For n-hexane in the temperature range 20-275~ our data agree with the 
results in [23] within ].8%. For t > 275~ no data are available in the literature for the 
viscosity of C6H~4. For cyclohexane in the temperature range 20-90~ the results of our 
work agree with the data in [24] within 1.5%. For higher temperatures, the data in [24] are 
systematically higher, and in addition, the deviations at 250~ constitute 25-30%. For t > 
250~ there is no information in the literature on changes in the viscosity of C6H~2. It 
should be noted that in [24] values of the viscosity are presented for low temperatures and 
high pressures, for which, as our studies showed, cyclohexane is in the solid state. 

On the basis of the experimental information obtained, we constructed different sections 
of the n-P-T surface for n-hexane and cyclohexane and we constructed detailed tables of 
for uniform values of temperature and pressure. The graphical representation of the data in 
excessive viscosity-density coordinates (Fig. 3) revealed the presence of stratification 
along isotherms with increasing density. 

We will now examine the status of the investigations of thermoconductivity of liquid 
hydrocarbons and petroleum products and the methods developed for calculating ~. It is well 
known that the theoretical methods for calculating the thermal conductivity of liquids can- 
not be used for petroleum products due to the absence of the necessary starting information 
(data on structure, nature of the intermolecular forces, individual hydrocarbon composition). 

The existing semiempirical and empirical relations, as a check of these relations in 
[25] has shown, do not provide the necessary precision for calculating thermal conductivity. 
In this connection, it becomes necessary to create new methods for calculating the thermal 
conductivity of petroleum and petroleum products, which provide data with the precision re- 
quired for practical purposes and which are based on easily accessible starting information. 
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A complex of computational formulas, which permit calculating the thermal conductivity 
in the temperature range 0-200~ and pressures 0.]-50 MPa, was developed from selected data 
on the properties of a large group of petroleum products of various origins and hydrocarbon 
composition [26-47]. 

Analysis of the existing methods for describing the temperature dependence of the ther- 
mal conductivity of liquids [48-50] showed that for petroleum products in the temperature 
range 0-200~ the most useful equation is 

~t = ~,~o[1 - - r  to)l, ( I 6 )  

where ~to is the coefficient of thermal conductivity for some fixed temperature (20 or 70~ 
W/m.K; ~% is the temperature coefficient of thermal conductivity, K -x. The values of ~to and 
a% are first computed from the following formulas: 

~,to = Ao 4- A~M 4- A2 (9~o)3 4- A3 lg (n~); (17)  

to = 20~ (petroleum products with tcg < 20~ 

M / >  400, Ao = 0.2362; A~ =- 0,67.10-~; A2 = -- 0,0292; A3 = -- 0.674; 

M < 400, "Dn20 __ '~4n20 >~ 0.595; Ao = - -0 .2269 ;  A~ = 0.168.10-3; 

A2 = - -  0.308; A3 = 2.977; 

M < 400, n~ ~ - -  942~ < 0,595; Ao = - -  0.1127; A~ = 0,402.10-3; 

Az = 0,475.10-3; Aa -~ 0,729; 

to = 70~ (petroleum products with tcg ~20~ 

Ao = 0,t023; A~ = 0.948.10-~; A2 = -- 0.120; A3 = 0.389; 

~ = Ao 4- A~ (n~ - -  9~o) 4-  A2/(n~ - -  9~o), (18)  

to = 2 0 ~  Ao ---- - -  0.02159; A~ = 0.02517; A2----0.00442; 

to = 70~ Ao = 0.02215; A~ = - -0 .01324 ;  A2 = - - 0 . 0 0 8 0 2 ,  

where M is the molar mass of petroleum product; n~ ~ index of refraction of the petroleum 
product for the D line of sodium at a temperature to; p~o, relative density of the petro- 
leum product at a temperature to; tcg, congealing temperature of the petroleum product. 

A check of formula (16) showed that in using %to and a% obtained from formulas (]7) and 
(18) the errors in the computation of thermal conductivity for petroleum products in the en- 
tire temperature range do not exceed 8% with an average of ~2.5%. 

In the absence of data on the index of refraction or the molar mass, their values can be 
computed from the formulas presented below. These formulas are based on the correlation be- 
tween the physicochemical quantities of petroleum products and are obtained by the method of 
least squares from the experimental data: 

~ = Ao + A~ (@)~, ( ~ 9) 

M = (n~ - -  9~o) exp (Bo + B t t  boil), (20)  

1 
- -  0,0102 + 0,00825 (p~O)3 _ 0.0604 lg (n~)  - -  0,00142 lg (V~o. 106) + 0.0034/(%0" 106), (21 ) 

M 

where tboil is the average boiling temperature of the petroleum product, ~ n~ ~ index of 
refraction at 20~ v2o, coefficient of kinematic viscosity at 20~ m2/sec; to = 20 ~: Ao = 
].218; A] = 0.358; Bo = 4.5687; B] = 0.00453; to = 70~: Ao = ].232; A] = 0.332; Bo = 4.7115; 
B] = 0.00396. 

Analysis of the existing methods for describing the pressure dependence of the thermal 
conductivity of liquids [29, 33, 50, 5]] showed that for petroleum products in the tempera- 
ture range 0-200~ and pressures 0.1-50 M~a, the most useful relation similar in form to the 
isothermal Tait equation in integral form for specific volumes is: 

~p,t=~t/I1--A~In B~(T)+P ] B~(T) 4-p ~ , (22)  

where AX is a coefficient equal for different petroleum products and does not depend on 
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temperature and pressure (A% = 0.1988); B%(T) is a function of temperature; Po is the atmo- 
spheric (or close to it) pressure, MPa; P is the pressure in MPa. 

The Values of %t are first computed from (16), while B%(T) is computed from the follow- 
ing formula: 

B~(T) = B~=o,31 (-- 3,1495 -}- 2,744~ -]- 1.0203/T), (23) 

where BT=o.3 x = 38.42 MPa; T = BT is the reduced temperature; B is the temperature coeffi- 
cient for the density, computed using Zenkevich's method [39], K-I; T is the temperature, K. 

A check established that the errors in computing the pressure dependence of the thermal 
conductivity for petroleum products over the entire pressure range do not exceed 3% with an 
average less than I%. 

The methods proposed for calculating the temperature and pressure dependences of the 
coefficient of thermal conductivity are recommended for petroleum products of straight-run 
distillation, products of thermal and catalytic cracking, petroleum fuel', and oil. As analy- 
sis shows, formulas (16)-(23) provide an accuracy for data on % that is useful for engineering 
calculations. These formulas can easily be used in practice, since the starting quantities 
in them involve only physicochemical characteristics that are determined by standard methods. 
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SHIROKOV'S FORMULA CONNECTING THE TRANSFER PROPERTIES OF 

LIQUIDS WITH THE VELOCITY OF SOUND 

A. M. Mamedov UDC 534.22 

According to existing data for u, q, I, it is established that Shirokov's for- 
mula can become a quantitative relation if we introduce into it a dimensionless 
quantity e, which depends on the temperature and pressure. 

Starting from the idea of heat transfer by means of hyperaeoustic oscillations of the 
medium, and assuming the mean free paths of the molecules in these processes to be equal, 
Shirokov [I] established a relation between the translational properties and the velocity 

of sound in liquids: 
T 
u2 (1) 

Our investigations have shown that the Shirokov complex u2n/Tk * at any temperature and 
pressure for different liquids always differs from unity. Denoting the deviations of this 
complex by ~, Eq. (I) can be represented in the form 

u2N 

TL (2) 

*The Shirokov complex in [2] is represented as ~/~=u~"{r)/A(T). 

M, Azizbekov Azerbaidzhan Institute of Petroleum and Chemistry, Baku. Translated from 
Inzhenerno-Fizicheskii Zhurnal, Vol. 40, No. 2, pp. 332-335, February, 1981. Original arti- 
cle submitted October 16, 1979. 
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