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ABSTRACT 

Bhatnagar, Gross and Krook developed a collision model for one component 
neutral assembly in order to overcome the inherent difficulties of the Boltzmann 
collision integral. This has been generalized to an N-component assembly of 
charged and neutral particles by Bhatnagar and Devanathan. However, for the 
simplicity of the model, the above mentioned authors have taken the collision 
cross section to be a constant. In fact the collisipn cross section is some unknown 
function of the relative velocity between the .particles, as has already:been pointed 
out by Krook and also by Koga. Koga gave some expressions for the cross section, 
which are linear and exponential function of the square of relative velocity, and 
calculated the coefficients involved in the model. In this paper, choosing the same 
types of cross section as suggested by Koga, we have obtained the transport 
equations by expanding the distribution functions in generalized Hermite 
polynomials following Grad. It is found that variable cross section enhances the 
relaxations times of all physical variables and thereby decreases the electrical 
conductivity and diffusion coefficients. Also such variable cross section introduces 
very high anisotropy even in the absence of magnetic field and the magnitudes of 
the viscosity coefficients in the principal directions are decreased. The bulk 
viscosity of the plasma is increased apart from introducing anisotropy. Further 
this model introduces anisotropy in the heat flux tensor also. All the transport 

properties have been obtained in an earlier paper by Devanathan, Uberoi and 
Bhatnagar. We have obtained the modified expressions for viscosity, electrical 
conductivity, heat conductivity and diffusion coefficients. 

I. INTRODUCTION 

Bhatnagar, Gross and Krook 1  gave a simple meaningful model for the 

binary collisions in an assembly. This was later generalized by Bhatnagar 2, 

Bhatnagar and Devanathan 3  for two component and multicomponcnt 

assemblies respectively including the electrornagnetic effects. One of the 
basic assumptions in the above quoted investigations is that they considered 

the collision cross section ,  between two interacting particles of two specified 

species to be constant. Devanathan, Uberoi and Bhatnagar 4  have used the 

fr,r evaluatine the transport properties using the 
generalIZCLI 	tritn.ava 
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4r,z,  

C 	?g. 	(e 	Ftif 	e E lik o i lo g. a  - 	 _ 
a  V al — 

6t 	 6 Xi 	ea  Ma 	 C 	 0a; 

+ 
log (N les  ) 	"glog N fe 3 ) 

et
a a  +Ca  

?, 
! 2 A T Ta a. 	

e xp. 
 ) 	a _ 	[ Taa  

2  ---- kirci  — 140 • [Ka m  + L i si  v ai  Allsev,:l a 2 ir Ti. 	a?: 2 Tat   

N' 8  • EIC + L -v + Afaav;] gx — -76 ba 	bar a 8 a 
 

at [2 4] 

In writing the above we have denoted by 0 3a  the non-dimensional velocity 
and by Taa  the temperature of the scattered a particles due to their encounter 
with 8 type particles ; Ka ti , Laa  and Moe  are the constant coefficients of the 
reconsidered B-G-K model. We expand the non-dimensional distribution 
function g. in the form 

gs (v. , r, t) onto (v.) E da*)  (r. t). if 	 [2.51 
a -0 

where 	 w  (v.) 	
(2 .7:) 3  ' 

• exp.( — 	 [2.6] 
2 

It has already been pointed out by Grad that all the physical variables are 
given by only considering n as 3 terms in the above expansion of distribution 
function. Hence we will truncate the series for the non-dimensional distri- 
bution function only at n 3. By the orthogonality property of the generalised 

Hermite polynomials .1-1 (n)  (v.) we have 

(r, 	(1/4:1 • fit (4)  (To ga d v. 	 [2.1 

where 	 At)  f w (v.) • [s(*)(v.)1 2  y 	 [2.8] 

From the kinetic equation [2.4] 
can be obtained by multiplying 

over the entire velocity range of v.. 

we have 

A a 	Rn + 3) x (cm) accio 

 

• 
the equations governing the coefficients 

throughout by 11 (1) (..) and integrating 
In Cartesian tensor product notation, 

(n) log C4  v(n2) R(2) nOg---21 	
te-4-1) 	ai 

t 	 4.  43 	 " j 	
4. Ca 	a  -us-- 

a t 	 6 xi  

X,( " -1)  8(2) 0i 	41) 	" (As" 	
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1°g  , 	a ai 	Xas 	gam- I) 	cla 
a xi  

x,  
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Concentrating on the first power of velocity components in [3.l] the expres- 
sions for the electrical conductivity a and the generalized diffusion coefficients C a  and a 13 are given by 

(eg Np — C a  NJ D2 
a • 

 4 Naii  lV 	D i 	 13.3j 

(eg N 	e a  NO LI I, a  
er a,—  	_ 

2 D 7 	 13.4) 

(ea  Na — e fl  NO Doh  
13i.51 a p e 	

 

2 D I  

where 

D i em Na  Dfl a  D a .y  + 	D t3 a  D 13.1  + N, 0i3 ), aya 	 13.6) 

and 

D2= N„, 	+ N. D13.), 	 13.71 

where 

Daa e nl a (Kaa  Ta .c. 4 + 5 Ma as  To es ) 
a (I,a)  Taa 	

aos 	 [ 3 . 81 

From [3.3] we see that electrical conductivity decreases in the case of variable 
cross section. because D 1  has increased. We now consider the gradient 
dependance of the stresses. For simplicity, we have chosen the Z-axis along 
the direction of magnetic field and deduced the stress components and hence 
the expressions for visocity and bulk viscosity : 

(0) 	 (1) ( 
Pcc.33 	— Pact.33 ea.33 	Ma 33 k

,,
all 	ea22 	ecx33) 

[3.9] 

where 

(o) 	2 k2  
dua33  

[3.10] 

and 

(I) 	k 2  T a2 a Cr a +5 
Aa33 2 
	 -- 

(ra + 10 4) (Ta + 7 /a) 

[3.11] 

[3.12] 
.1 1%231 	ma(03) lea231.  • 

Pa31 	 ea31 
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where 

Kafi) 	5k 2  Tact  T a  4- 9 /a  ) 
[3.221 int.2  [Tc2L.  1- 23 T a  / a  + 126 421 

[

Sa I } 	
T  
Taa RX I  1 

sa  2 	 aabX2 	 [3.23] 

where 

	

4 	toe, 	
[3.24} 

3 k 2  Ta  

, ct  + 14 /c, 

IC,r) n, 2 re.,2 , ra
id:I

-
4y] 	—

a+ 14 
wa 

Lwa. 	a. 

As in the case of stress tensor both the magnetic field and variable cross 
section introduce anisotropy in the heat flux vector. The coefficient of heat 
conductivity along the magnetic field is given by 

5 k 2  Taa  ( e  +  9 Iva) am —7-7— 
h.; j-ra ± 23 Ta  

[3. 25} 

This expression for heat conductivity along the magnetic field shows that the 
ratio of heat conductivity and the coefficient of viscosity along the magnetic 
field is no longer a constant. 
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