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An equation that descr ibes  the exper imental  data on the thermal  conductivity of a gas in the 
c r i t i ca l  region I T / T c r - - l l  < 0.03 and Ip /Pcr- - l l  < 0.4, is presented.  

It has often been noted (see [1-4] among others)  that the thermal  conductivity of gases inc reases  
anomalously as the cr i t ica l  point is approached. Recently,  Sengers and Keyes [5] suggested that one should 
express  the anomalous part  of the thermal  conductivity in t e rm s  of its value on the c r i t i ca l  i sochor ,  this 
to be determined on the basis  of exper imenta l  data in accordance with the formula obtained by Kadanoff 
and Swift [6] by means of the scaling theory of c r i t ica l  phenomena. By analogy with the thermodynamic 
behiavor  of a gas near  the c r i t i ca l  point, 
is  

where 

Sengers and Keyes analyzed Eq. 

it was assumed in [5] that the dependence between these var iables  

](~A~,(p, T) = AL (Per, T)[(x), (1) 

A)~ (Pcr' T) = A I x - -  1 l V. (2) 

(1) quali tat ively,  const ruct ing for this the function f(x) =~fwf, X(p, T) 
/Ah(Pcr , T) of the argument x/3 for smoothed values of )~ for carbon dioxide [1]. According to Sengers and 
Keyes [5], the empir ica l ly  introduced function ~fc0 must  re f lec t  the displacement  of the maxima of A;~(p, T) 
to the region of subcr i t ical  densi t ies  when T > Tc r .  Since only some of the points plotted on the graph can 
be represen ted  by a single curve,  Sengers and Keyes concluded that the data on the the rmal  conductivity 
of carbon dioxide are  descr ibed sa t is factor i ly  by Eq. (1) in the r e s t r i c t ed  pa ramete r  range IT--11 < 0.065 
and Ic0"ll < 0.4. In [5] an analytic express ion  was not obtained for the function f(x) nor  was any est imate  
made of the accuracy of descr ip t ion of the thermal  conductivity of a gas in the c r i t i ca l  region by means of 
Eq. (1). 

~r(x) 

o, rs t~xP 

v ~ 4 r 

-~qr -a,~ -~es o z~ o,~ 

Fig.  1. The function f(x) =~fo.~X{p, T)/AX(Pcr, T) ofx~ in the in- 
t e rva l  T = 1.000493-1.029421 and w = 0.63-1.39." 1) and 1') T 
=304.35"K; 2) and 2 I) 305.25; 3)and 3') 307.95; 4)and4 ' )  313.15. 
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TABLE 1. Re la t ive  Dev ia t ions  of  the T h e r m a l  C o n d u c t i v i t y  C a l c u -  
l a t e d  in Accordance  with Eq. (1) f rom the D a t a  of  [1]: 6h = [(Xcalc 
--hexp)/Xexp] �9 i00,  % 
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In this  paper we der ive  an equation for ca lcu lat ing  the thermal  conduct iv i ty  of  a gas  in the form (1) 
f rom the s a m e  data [1] as  w e r e  used in [5]. The anomalous  part o f  the thermal  conduct iv i ty  i s  defined by 
m e a n s  of  the equation 

AX(p, T):= ~--Zid. {3) 

The quantity hid w a s  found by means  of  the equations 

}~:id = ~'0 (Q ~- ~ (co), (4) 

~'o (x). 106 = - -  0.348 q- 7.623t -k 13.49t ~ - -  4.352t z -k 0.4367t4 (kW" m'Z" deg "z) (5) 

(co). 106 = 14.32o) 4- 41,12o) 2 - -  36.63co 3 4- 15.60o) ~ - -  1.634co 5 (kW" m "z. deg "i) (6) 

F or  ca lcu la t ions  in acoordance  with Eqs .  (5) and (6) we adopted the fo l lowing va lues  of  the cr i t i ca l  
p a r a m e t e r s  of  CO 2 [1]: T c r  = 304.2~163 and Per = 236.7 amagat  ( 4 6 7 . 8 k g .  m3). We der ived Eq. (5) on the b a s i s  
of the smoothed  va lues  of  the thermal  conductivi ty  [7] in the temperature  range  200-900~ and it d e s c r i b e s  
them with an e r r o r  up to 1.5%. In obtaining the genera l i zed  dependence  (6), we used the exper imenta l  data 
of  [1, 8 -10 ] ,  which together  c o v e r  the range  of  t e m p e r a t u r e s  293-373~ and p r e s s u r e s  (0.1-210)  �9 106 N / m  2 
(w = 0 -2 .5 ) .  The e r r o r  in this  range of  p a r a m e t e r s  for ca lculat ing  hid does  not exceed  3%. 

The v a l u e s  of  A and r in Eq. (2) w e r e  found from the graph of  the function lgAMPcr ,  T) = f ( Ig lr - - l l ) .  
A straight  l ine in these  coord inate s  was  drawn from the condit ions  o f  bes t  sa t i s fac t ion  of  the va lues  of  
MPcr, T) at the t e m p e r a t u r e s  304.35,  305.25,  and 307.95~ s ince  at higher t e m p e r a t u r e s  the points depart 
appreciably  from a straight  l ine,  i . e . ,  f r o m  the power law (2) dictated by sca l ing  theory .  As  a resu l t ,  we 
obtained the fo l lowing va lues  of  the p a r a m e t e r s :  A = 2 . 8 5 . 1 0  -6 kW.  m -1 . d e g  -1 and ~p = - -0 .6 ,  and we d e -  
scr ibed  the va lues  of  h(Pcr, T) for t e m p e r a t u r e s  304 .35-307 .95~  with e r r o r  from - -2 .4  to + 1 . 6 ~ .  At 
313.15~ the e r r o r  r e a c h e s  5.570, and when T = 348.15~ the thermal  conduct iv i ty  i s  more  accurate ly  de ter -  
mined by Eq. (4); 

The function f(x) was  calculated in accordance  with Eq. (1) and plotted as a function of  x/3 in loga§ 
r i thmic  coord inate s  (Fig.  1). We took  the value  of  the cr i t i ca l  index ~ = 0 .35 in accordance  with the data 
of  [11]. The points for the t emperature  range 304 .35-313 .15~  ('r = 1 .000493-1 .029421)  and the reduced 
dens i t i e s  w = 0 .63 -1 .39  exhibit  a s trat i f icat ion with r e s p e c t  to i s o t h e r m s ,  this be ing  part icular ly  not iceable  
at the t empera t ure  T = 313.15~ H o w e v e r ,  as  x - - * ~  and as x ~ 0  the points co l lapse  onto a s ingle  curve  
in such a way that f(x) = 1 on the cr i t i ca l  i s o c h o r ,  and on the cr i t i ca l  i s o t h e r m  the tangent of  the s lope of  
the curve  is  1 .71,  i . e . ,  f(x) van i shes  here  as (x/3)-q73. E a c h o f t h e l i m i t s o f t h e f u n c t i o n s a t i s f i e s t h e c o n d i -  
t ion Ah(Pcr,  Tcr)  = ~.  The points  ly ing outs ide the given range of  p a r a m e t e r s  depart  appreciably  from the 
genera l i z ing  curve  for all  x and are not shown in Fig .  1. 

We descr ibed  the function f(x) sa t i s fy ing  the l imit  condit ions  on the cr i t i ca l  i s o c h o r  and the cr i t i ca l  
i s o t h e r m  by the dependence  
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TABLE 2. Comparison of Experimental  Values of the Anomalous 
Par t  of the Thermal  Conductivity AX(O, T) with the Values Calcu- 
lated in Accordance with Variants  I and II near  the Cri t ical  Isochox 

T~304,35 ~ T=305.25 ~ T=307,95 ~ T=313,15 ~ 

expt. I I I  

0,88720 109,4 110,5 '101,6 
0,92945 183,51194,01180,7 
0,97169 261,3 256,01248,4 
1,01394 276,4]259,8 1 259,1 
1,05619 224,4 212,0 211,2 
1,09844 126,3 120,9 123,3 

expt. 

68,3 
82,1 
89,6 
87,1 
76,1 
60,9 

I I I  

68,7 63,3 
77,5 73,7 
81,5 79,8 
81,3 81,5 
74,9 76,1 
65,6 67,4 

expt. 

36,8 
38,8 
39,2 
37,9 
35,3 
31,4 

I I I  

34,3 32,4 
36,1 34,9 
37,4 36~4 
37,3 37,3 
34,6 35,6 
31,7 33,3 

expt. ] 

19,5 
20,1 
20,1 
19,6 
18,6 
17,3 

I I I  

19,6 18,8 
20,5 20,1 
21,4 21,3 
21,5 21,8 
19,7 20,5 
18,0 19,3 

lg f (x)= + (]/lg~ x ~ + c ~ _  lg x~), (7) 

where ~o = --0.6 and/3 = 0.35. The dependence (7) holds for values of x for the range -r = 1.00-1.03 and 
w = 0.6-1.4. The values of the fitting parameter  e 2 on the i so therms were found by averaging the values 
calculated for each experimental  point in the given range of densit ies and tempera tures .  It was found that 
the average values of c 2 on the i so therms increase  with increas ing tempera ture .  Since it was not estab-  
lished in [5] by how much the accuracy of the approximation of the thermal  conductivity is increased by t h e  
introduction into Eq. (1) of the function V-w, we calculated the thermal  eonduetivity of CO 2 in the cr i t ica l  
region both with and without allowance for this function (variants I and II). The corresponding dependences 
of c 2 on the tempera ture  are 

c~ = - -  2.886 + 2.9203~, (8) 

e~i = --  2.240 + 2.2815x. (9) 

In Fig. 1 we have plotted the curves  f(x) calculated in accordance with formula (7) with allowance for 
the dependence (8), and in Table 1 we give the relat ive deviations of the calculated values of the thermal  
conductivity f rom the smoothed data of [!]. In connection with the e r r o r  of Eqs. (8) and (9), the deviations 
in the neighborhood of the cr i t ica l  i sochor  for both var iants  differ f rom the deviations obtained on the c r i t i -  
cal isochor i tself  in the calculation of AX{Per, T) in accordance with Eq. (2). Comparison of the exper i -  
mental  [1] and calculated values of the anomalous part  of thermal  conductivity shows (Table 2) that the slight 
displacement of the maxima of AX(p, T) into the region of subcri t ical  densit ies when the temperature  is 
increased is not completely reflected when the function V-w is used. However,  it can be seen from Table 1 
that on all the i so therms the r m s  deviations 6Xav for variant  I are less than for var iant  II. Thus, the in- 
troduction of the function ~fw increases  the accuracy of the calculation of the thermal  conductivity of carbon 
dioxide in the c r i t ica l  reg ion:  Although the limit condition ~,X --* 0 as w ~ 0 is violated when the function 
V'w is used, this occurs  in a region in which Eq. (!) does not hold. 

Since it is difficult to determine from Fig. 1 the extent to which allowance for the strat if icat ion of the 
i so therms in the coordinates lgf(x) and lgx~ increases  the accuracy  in the descript ion of the thermal  con- 
ductivity data in the cr i t ica l  region,  we also calculated the values of X for a constant (for all isotherms) 
average value of the pa ramete r  e~i I = 0.057. The corresponding deviations 6X are given in the third column 
of Table 1, f rom which it can be seen that in this case the accuracy  of the approximation is lower than for 
var iant  I. 

On the bas is  of our analysis we can recommend Eq. (1) for the calculation of the thermal  eondtmtivity 
of a gas in the c r i t ica l  region for IT--l] < 0.03 and Iw--ll < 0.4; in it the function f(x) is represented by the 
expressions (7) and (8) with ~0 = --0.6 and ~ = 0.35. 

A~,(o, T) 
AX(Pcr , T) 
w = P / P c r  

T = T / T c r  
f(x) 
x = I~--l[ / Iw--l l  1//~ 
A 
r 

N O T A T I O N  

is the anomalous part  of the thermal  conductivity; 
is the anomalous part  of the thermal  conductivity on the cr i t ica l  isochor;  
is the reduced density; 
is the reduced temperature ;  
is the function of the pa ramete r  x; 
is the scal ing parameter ;  
is the coefficient of proportionality; 
is the cr i t ica l  index of the thermal  conductivity on the cr i t ica l  isoehor;  
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lid 
c 2 

is the critical index of the coexistence line; 
is the "ideal" thermal conductivity in the absence of anomaly; 
is the fitting parameter.  
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