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Abstact A kinetic theory for the rarefied gas consisting of roughsphe-
rical molecules is developed, in which a macroscopic state is charac-
terized by the 29 scalar fields of density, velocity, pressure tensor,
temperature, translational heat flux, rotational heat flux, spin and
spin flux. The relations of Navier-Stokes and Fourier are obtained by
the use of an iteration method akin to the Maxwellian procedure.

1. INTRODUCTION

In this work a kinetic theory of a rarefied polyatomic gas con-
sisting of spherical molecules with rotational energy is developed.

The model used is that of Bryan (see!) which assumes the sphe-
rical molecules as perfectly rough, elastic and rigid. This model states
that the molecules grip to each other without slipping during a binary
collision such that the relative velocity of points of contact is re-
versed.

V¢ follow? and characterize a macroscopic state by the 29 scalar
fields of density, linear momentum, pressure tensor, translational heat
flux, temperature, rotational heat flux, density of spin and spin flux.
The corresponding balance equations are obtained from a general equation
of transfer derived from the Boltzmann equation.

In order to get the relations of Navier-Stokes and Fourier we
use an iteration method akin to the Maxwellian procedure?.The resulT™ng
transport coefficients agree with those obtained from the Chapman-Enskog
method!.

Cartesian notation for ténsors is used and

i) angular parentheses around two indices denote the symmetric
and traceless part of a tensor; for example
id

} 1 ) 1
Peij> =7 PpitPi) =3Py 6
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Pegepy e 1 [p Pk, _3351] -1, Per s
B:cn> 2 (F<ig> amn> <zk> 3xn> 3 Fir> 3xn> Jk
ii) brackets indicate the antisymmetrié part of a tensor; for
example

AC R e
2 {0z, oz,
J T

2. THE DYNAMICS OF A BINARY COLLISION

& denote respectively by m, a and | the mass, the diameter and
the moment of inertia about an arbitrary axis, of a spherical molecule.
Further we denote by (3,31) and (3,;1) the linear and angular velocities
of two molecules before collision while (Z',E;) and (5',-13'1) are the
same velocities after collision. i

For a binary collision of perfectly rough, elastic and rigid
spherical molecules, the equations which give the final velocities in

L 1
terms of the initial ones are

B2l 3 =3 -W, B eB-0, 5 =3 -1,

> X > a > > 1 - > 2 - ’

M —'m- [g -2- ZX(ZAH-ZJI) + b4 (%.g)ﬂ , V= JZXM . (2.])
In eq. (2.1) % is the unit vector in the directions of the line which

joint the two molecule centers at collision, pointing from the molecule
labeled by 1 to the other; S: 31 - : is the relative linear velocity
and K is the dimensionless mment of inertia defined by X = L1/ (ma?).The
values of the dimensionless moment of inertia X may range from zero,
which corresponds to a concentration of the mass at the center of the
molecule, to 2/3 which corresponds to a uniform distribution of the mass
on the surface of the spherical molecule.

For the case of smooth spheres, any direct collision taking
(Z,Zl) as the initial velocities, (Z‘,Z:) as the final velocities and %
as the direction of the apsidal line, allow an inverse colision taking

> > L . > > . .
(c:c;) as the initial velocities, (c,cl) as the final velocities and -%

371



Revista Brasileira de Fisica, Vol. 17, n® 3, 1987

as the direction of the apsidal line.

For the case of rough spheres no such inverse ¢ollision exists
and we denote by (Z*, ;’1‘, \-I\'-/", 5’1") the initial velocities which corres-
pond to the final velocities (_g,_cl_l,w,gl) and to the direction of the

apsidal line -Z.

3. THE GENERAL EQUATION OF TRANSFER

The state of the gas |s characterized by the distribution func-
>
tion f(zx, 35 t) such that f'(:x: by w t)dz de dw glves at tlme t the num-
+
ber of molecules in the volume element between x and :c+dx with linear
velocities between C and c+dc and angular velocities between ¥ and
>
wdw .
The distribution function f(x,c,w,t) must satisfy the Boltzmann

equation®
%E +ec. %xL +F, %GL J (f‘*f;* - fj‘l)az(g.z)dz le dz:;1 . (3.1)

In equation (3.1) Fi is the specific external body force and it has
been assumed that there are no external torques. W have also intro-
duced the abbreviations f, = f(‘a;,gl,gl,t), f* = f(—a;,z*,-u;*,t) and f* =
= f(x c l,t). Moreover d& = sinO do dr, and O and C are polar coor-
dinates specifying the direction of Z; O is the angle between g+and 72
while C is the angle between the plane containing k_> and gand a re-
ference plane through 5

The general equation of transfer follows through the multipli-
cation of the Boltzmann equation by an arbitrary function WEW(;,Z,$,:‘:)

- -
and the integration over all values of C and w.

9 & > 3 o aw 3¢ 3(‘; o
era f.wf‘dcdw + S—x; Jci Yfdedw J E)-E +e, ax +F$ Sos fdedw =

- Ji (p*-y)dr =%j -yl - )T . (3.2)

where :
.

= £f, a®(g.%) dk dé, dv, do b
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In order to get the two terms on the right-hand side of eq.(3.2)

one must proceed as follows.
It is straightforward to prove from eq. (2.1) that

~

3 AT % A% T
‘ (3.3)

de di doy din, = do' du' do) doy = do* do* do¥ dot

>
In equations (3.3) 3', 6* and %* are given by —g’| = Z;-Z', g* =cy- o
> >
and k¥ = -k.
Further by taking into account equations (3.3) one can write

the integral |

I = b(@,8,5,8) % o’ (§.R)dk doy dvy do b (3.4)
in the form of

I = [ 0(@,3,5,8) 7% o (g* k) dk* dB* dix dBx do* . (3.5)

. > > s
Since (3*,w*,3;,w;) are initial velocities corresponding to the
. . +> > > > . . . . )
final velocities (e,w,e,,w,) and the direction of the apsidal line given
. R - > > > ->
by *=-$ we may relabel the initial velocities as (e,w,c1,21), the
final velocities as (a'. 5', 3'1' w'l) and the direction of the apsidal

line as %. Hence, equation (3.5) becomes

L= IG5, QDR B, B, & (3.6)
Then ) }
Fulesx - £ )at (g R)dk de, do, do b =
=7 W-vffy a?@GR)dk 2| &, do dv . (3.7)
Nowv the change of roles of the colliding molecules in eq. (3.7)
implies
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<>

£ Ul - ff et G Rk do, db, de b =
= J W -)ff, ot Rdk d&, du, de di . (3.8)

The right-hand side of eq. (3.2) can be obtained now from
equation (3.7) and (3.8).

4. THE BALANCE EQUATIONS

The macroscopic state of a polyatomic gas can be described by
the 29 scalar fields of density ¢, linear momentum D‘I)i, pressure tensor
pij

density of spin DY,; and spin flux M4 defined by:

, temperature T, translational heat flux dzs rotational heat flux hi’

_.m m a2, I o2 > S o

T'skonc-“zg}ded"” % fzccifdca}w’ -0
N Y > o = > o = e do
’%'fz” C,fde dw , ey, =/ Tw fded , ”’ij‘”gicjfd“ﬁ"

In eq. (b.1) %k is the Boltzmann constant, Ci = Ci- \.li the peculiar
linear velocity and Qi =w.- 8, the peculiar angular velocity. More-
over g, = (m/I)YZ. is the spin velocity.

The balance equations for the 29 scalar fields (4.1) are ob-

tained by choosing ¥ in the general equation of transfer (3.2) equal to

i) Balance of mass: ¥ = m

dpv .
ap 7
-§E+ axi =0 . (4.2)
ii) Balance of linear momentum: ¢ = me
dpv.
7. .
i ng—(pij + pvivd) = PE. . (4.3)
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iii) Balance of pressure temsor: ¥ = mC.C,

17
Bpi. a W, avi
ot Ay, Ca PP TP Y g = Py (4.4)
iv) Balance of translational heat flum: ¢ = % c*c,
9q - . o,
R S R N J Wy _ Prg s - Ppp g -
a + 5}7:; V‘lij"‘l‘l:",jl d t’IJ k a-x‘; + QJ- 3377- o) %Ejg 2{; BxJ Qi .
(4.5)
v) Balance of energy: ¢ :—21- (me? +1 w?)
3 k pol 3_
57 Bl +qe +537 pY)*ax. [qi+hi+pijvj+
m k 1 2 _
+ I e + (3 - ol + 5 pv? + 2I oY )v'] PEv, - (4.6)
. |
vi) Balance of rotational heat fluw: y=3 o’c,
oh.. 3y . m.., om.
i .9 L i _m gt gk
3t (g v )+ ki e, T, W
J J k
Ppp, 3P4 m Tgl
‘(B_T""_‘ _._._axj =H‘L’ -7 5 Mj . (4.7)
vii) Balance of density of spin: v= 1w,
A ) (4.8
R (myy *+ oYz0) = My -8)
viit) Balance of spin fluxz: ¢ = 1 Q,L.CJ.
.. o ’ 3, w, :
L+ (m =L =u,. R

1
5t T O, gk *mp o) ¥ Py Bz, * e 5z, " Uif

In the derivation of eq. (4.5) and (4.7)we have used the egs.
(4.3) and (4.8). Moreover, we have defined

375



Revista Brasileirade Ffsica, Vol. 17, n® 3, 1987

_ > - . N m A2 >
—fmCiCjCkfdcdw (4.10.1) ,q..—frz—C_Ciijdc (4.1)0.2)

Piix

. <> > v -
m..k=fIQiCjCkfdcd§u (4.10.3) L, &,. =7

2 > .
ZJ Qcicjfdcdw (L.10.4)

= - = m 2h1_p2
P, =f m(CéCJ{ cedr  (h.10.5) @ = [ 3 (cr’ci-c’c)dl (4.10.6)

1d [

M, =f1(w£ - wi)dl‘ (4.10’.7). . Mij =/ I(Qéc;—nicj)dr (4.10.8)
-r L 2m1_0y2 |

B, =/ 5 @"ci-*c)dr (4.10.9)

P::ys Ge:y Mm.., and z,., are called the moments of the distribution func-
gk’ gt Tigk ig
tion while P.., Q, M., M.. and H. are the production terms.
1 | 1 1J [
5. THE DISTRIBUTION FUNCTION

In order to get the distribution function close to equilibrium
we seek the extremum of the entropy density pn under the constraints

eq. (4.1) (see®). The entropy density is defined by
pn=~7<Jf en fdo v . (5.1)

This problem is equivalent to finding the extremum of the func

tional
~ - _ Y oW oy oAz I 2
F= J[k o f Am: Ao, = KTu, - MG €% + 5 %)
, (5.2)
- - M oa2n 3 BI 2, _ 3P
R mCiCs = Ay g 20, - X 7 9°C; Aijmicj] f de &
v T R s s .
A A, AL, Aij , h, >‘i’ Ai and )‘ij are Lagrange multipliers which do

not depend on the distribution function f.
Now we set the first derivative of eq. {(5.2) with respect to
f equal to zero and get the distribution function which maximizes the

entropy density under the constraints (4.1).
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% ) v, E,C? IR
f = exp{(- %)EE + A+ Aivi + Ay, N (T + ET):I}
x -0, + L%, + a0, + L2, |
expi = et Y A 371 d T om i
T ¢? R Q2 1VEC2 192]1
+A1TC$'+E>\’L 2 C7/+>\ ) (53)

Ineq. (5.3) we have splitted the Lagrange multiplier A
into two parts XE and XNE corresponding respectively to the values of
A in equilibrium and in non-equilibrium.

Since we are interested in processes close to equilibrium we
can use the approximation exp(-&) = I->xfor the second exponential func-
tion and write f = f°(|+¢). f'o is a Maxwellian distribution function and

é its deviation.

w E,c? I Q _
f: exp{(- nE?) [r-kﬁ + A+ szi + A‘I:Y + A (-— -YE T]} {]
| R
i

m Ve W wq rc? IR,
-,K_P\ Azi+AijCicj+ by = 5 ¢

3|—'

+NE:'_+£§27} Ji)
WRZCJ AT (5 ) . "(5 )

In order to get the Maxwellian distribution function in equi-
librium, we identify the Lagrange multiplier )\E as the reciprocal of the
absolute temperature, i.e., A = 1/T.

For the determination of the other Lagrange multipliers we
insert the distribution function (5.4) into the definitions (k.1) and

get after some calculations

' % )™ Peiis m
= - = {Qn pmi) +]} ’A<'_>=___L._.__ R
M (2nkT) w

3

: q. 2 . h. 2
moqbxrm T 2% w1 R 2 2o m? 1 )
hpm 3B N5 @ N3 @ w69

m.. 2
WE ptm ol wgm LAY = e (gehl) A =0
ka2 ) pIkT2 T Dsz 7
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Now it follows fromegs. (5.4) and (5.5), by neglecting all non
-linear terns, that

D( )3/2 m 2. I
B i kT)aeprW(c+E§22)]{l Ty,
Tr ——
p* (my2eoe _ L g2y , Tid (my2
T (kT) (c it ) + 5 (kT) QiCJ. (5.6)
9z m¢? ke z
v E my? G PR .8 (m—l)ci}

In egs. (5.5) and (5.6) Pegis represents the pressure deviator(the
traceless part of the pressure temsor), while p* = Ppp/37k0T/m is the
dynanm ¢ pressure.

6. THE EVALUATION OF THE PRODUCTION TERMS AND OF THE MOMENTS OF THE
DISTRIBUTION FUNCTION

The moments of the distribution function P,
d q; and
hij can be determned by insertion of the distribution funcf|on 1‘5 6)
into the egs. (4. 10.1)—(4.19.4) and integration:

2
P =5 O G v 8 4 00
5 (KT * kT 1k
[ p( +5 i7 Y 7w Peig> (6.1)
= = 2 (K2 3 kT
me =0 h‘LJ 5 p(m) (Si,j * 50 Peiss
In the derivation of eq.(6.1) we have used egs. (A.1) and (A?2).
The eval uation of the production terns P Q . Mi’ Mz’f and

I—Lb is a routine but |aborious work, and a schene o the calculation is
given in the appendi x.

/2
- ApT! - 32 o s _ 8
B rril s A PEE . MIEL) p<ij;l : (6.2)
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2] =§ﬂ'_l_/_21:._£(l,+]7]()q‘ +i0_Kh:l M,:fl_pi/_.z.[- 16 Y],
L ka)? 15 i g T (k1) 3
/2
_ Apr! _ 16 2Ka r_nlr_ ]
M%J' = D) [ 3 (K”)mij + o5 (kT €k Mk
1/2
g, =4PT [ﬁxq. -8 ks s I)h] . (6.2)
1 (k+1) 2 3773 7
in eq. (6.2) 4 = (al'TTk/ms)l/2 is a constant.

7. THE FIELD EQUATIONS

Without loss of generality, we may take the spin velocity Sz
equal to zero since we have made the assumption that the rarefied gas
under study is free of external torques. For this reason we shall not
take into account the balance of the density of spin eq.{(4.8}) and of
the spin flux eq.(%.9) in the following analysis.

Hence, insertion of the production terms (6.2) and of the mo=
ments of the distribution function (6.1) into the balance equations (42)

through (4.7) leads to the following field equations for the 17 scalar

. * ‘
fields p, Vs 7, p*%, Peigs » 93 » &

7::
. avi
Prog—=0, (7z.1.1)
1
.. .
. i
OU,;+$;-—DF,; , (7.1.2)
v 3q.. v,
k * 5 (k * 2 7 i Aer [32 ﬂ
(. e +3(’”pT+p)’5— 3%, " 3p<w>3_j (k+1)? :
(7.1.3)
. 5 ka y 3q< . 3v<j> v 5 ' Bv-B
Pegg> * 3 Peij> 32, ¥ 5 ’5—* Pekei> Tap * Peki> Tagy P> Tagy
dv_. 1/2
k <Z  ApT 8
s 2 Eor g p) F - T EIN AN
(m4 g Zi> (ke1)2 L 15 Peig>
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- Fm e T - 5)5?3 3‘.’%?”%-3%’3) %—:‘L}
(7.1.5)
3%p'_7.7+.§-%+%+ Q%DT+p*);Z—z+p<ij>%=0 (7.1.6)
z; i
-8 (e +iz}<+1)h7:] , (7.1.7)

Egs. (7.1.3), (7.1.4) are respectively the trace and the traceless
part of eq. (2.4). Moreover, a dot denotes the material time de-

rivative.

8. THE RELATIONS OF NAVIER-STOKES AND FOURIER

The system of eqs. (7.1) represents the field equations
of extended thermodynamics of an ideal gas with an internal variable in
the absence of external torques®.

In ordinary thermodynamlcs this system reduces to the field
equations of balance of mass (7.1. 1), tinear momentum (7.1.2) and in-~

*
ternal energy (7.1.6). *) Moreover, the fields p*, and n.

Peiis g

are related to the baslc fields, p, T and v; by constitutive functlonsq’

(*) For an ideal gas the thermodynamic pressure p and the specific in-
ternai energy € are related by p = kpT/m = 2pe/3.
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In order to get constitutive equations for the fields p, p<7,'j>’
g. and h. we use the remaining eqs. (7.1.3), (7.1.4), (7.1.5) and
(7.1.7) and an iteration method akin to the Maxwellian procedure®.

Ve begin with the elimination of T frorn eq. (7.1.3) by the
use of eq.(7.1.6):

. . ., 1/2
. L 1k b P2 1D - 1 i _Aert’? [32]
P+(3mpT+3p)&—;+3~3—§(qi i)+3p<1J>8xJ K+])2
(8.1)
Npw we insert the equilibrium values p*(o) =0, p.(;;- = O,qéo)
= 0 and h(.o) =0 into the leff hand side of eqs.(7.1.4), (7.1.5),(7.1.7)

and (8.1). By n?g)lectlng all non-linear terms we get the first iterated

values p* s q( 1 and h( 2 on the right hand side:

v Peggs 7
v _ . 1/2
, k o1 o5 <i _ ApT [: _§§ 13K + 6) p<(71;).;] -
m xj> (k+1) 2 J
5 (o 2 ser” [—i (h+170)qf ) + Lk h(.‘):]
2 'm Iz, (ke1) 2 15 A g © Y
, (8.2)
/2
3 &y op 2 der EK (1) _ 8 (k% 4 2 h(.l)]
5 (m) p 'agi' (K+])2 a,; 3 .(2 + 2K + 1) 7 ,
L L T ]
S 3m 7 Oy (K+1)
From eq.(8.2) it follows that:
v, .,
(1) <7 (1) i
p<7:j> =~ 2u '5;“" (83’) ’ P* =-7N a_‘i.— ’ (8.3-2_)
) 7> 1 .
(1) _ _,ror (1) _ 4R OT
. ==~ T (8.3.3) , hi = - A ’5;; . (8.3.4)

Egqs. (8.3. 1), (8.3.2).representthe Navier-Stokes relations while
eqs. (8.3.3), (B.3.4)represent the Fourier relation. Hence we

identify u as the shear viscosity, n as the volume viscosity, hT as the
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. o R .
translational thermal conductivity and A as the rotational thermal con-

ductivity. Moreover we have

palg kot e no L kY2 an)®
8 m A (13%+6) 32m 4 J4
1/2 3
3T _ 225 (E)Z T (1 +2000 + X , (8.4)

T A 02k & 101K% 475K + 12)

ko2 TV/2 (3+ 19000 + &)°
@ (102K® + 101K + 75X + 12)

Now we define the total heat flux qz as the sum of the trans-

lational and rotational heat flux:

. B or
q;}=qi+hi—-(>\ A)—;—'v. 8.5)

In eq.(8.5) the thermal conductivity h is given by:

1/2 2 2
y =2 %)zT (37 + 151K + 50K°) (1 + K)* (8.6)

=
16 4 (102%% + 101K%2 + 75K + 12)

The results in egs. (8.4) and (8.6) are the same as those obtained

by the use of the Chapman-Enskog method (see ref.1).

APPENDIX
A.l - Some results on integration

tf 2 is a vector in a 3-dimensional vector-space V, then (see

for example ref.7):

[ ¢ fle )g=%6..chf(cz)dg )
v (A.1)

= L " 2y >
Jv ; Jercsf(c Yde = TS (6ij6rs+5ir6js+6iséjr)if fle?)de .
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The following definite integrals can be found in standard

tables of integrals:

o 2n+1
i) -uc mo(n=1) N7
[ e F R

.70

: i
2+l —oe?, _ n! (1 nt
rc e de= [a]

[}

(A. 2)

On the other hand, the following formulae are valid for all
n=20,1,2,3,...:

f(_g*z d? —(—mg s
7

-> n-1
S k(g R)" dk = 17279 g: »

-2
R i N T PRl

- _ 27 n-3 2
! kikjkk(g.?)dz = T Gy 9 ]Ey (gi‘sjk * g8t gk‘sij)
+ (n-1)g.9 gk:[
27 n-h T,
k.k k ., , 8, + 6.8,
f k?/ Jkr’ 8(9 %)dz (n'*']) (n+3) (n+5) g ]:g (674761’3 + 67/1’ J8 18 Jr)

2 v
+ng (gigjdrs * gigr‘sjs * gigssjr + grgjaﬂs * gsgjav,'r grgsézg)

One can derive the formulae (A.3) using the method described on pages
319-321 of ref.l.

A.2 - The calculation of the production terms

First we build from eq.(5.6) the product ff1 and neglect all
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non-linear terms:

ol p,2 (mI)3 [ 2 2 . I .2 I 2 { A
= (= .__G - = 7 - 1 +
=G (2nkD) ¢ g_ kT BRT #

Peis> 2 ] * 2 1
<ig> (o m ! 2,1 2
* 20 v <2G~;Gj 7 97:9j) * % @ |2 tzg

m, ..
21 2 _ I 2 17 (my? 1
B L i TR SRR

|
2, [ (6 + 5 %) - IR B2 it }

+ 2 ()2 AL
P (kT {ZG Ek’l’( +KZ) I_I+-3J7<_Tgizzlﬂzp }} (A.4)

-5
In eq.(A.4) g is the linear relative velocity, ¢ the linear mean vel-

>
ocity, 2z the angular relative velocity and Z the angular mean velocity,

2
k

which are defined by
g=Ci-C, 26=0,+C,2=0,-8, 22=8,+8 . (A5)
From equations (A.5) it follows that
dédvde dw, = dgdGdzdi . (A.6)

Since the scheme of the calculation for all production terms
eq.(6.2) is the same, we shall illustrate it by the calculation of P‘l,j'
According'to eq. (4.10.5) Pij is given by
N

= Voo 1 2.7
Py = mlcict - c.efft a*(g. DdRdcdy dey dsy . (A.7)

On the other hand it follows from equation (2.1):

- X - - an

¢ {Ca T [gw a zrskrzs I Ews r's @ g)k]}{

+ K }:g -aqe, k72 -Le py +-]—(Z_’)k (A.8)
K+l J Jmr m n I gmm'n K GIKs :
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Now we insert egs. (A.6) and (A.8) into eq. (A.7) and integrate
with respect to the angles © and C using egs. (A.3)

- K 2
= [ Tma?frt dgdede {K+l [:ging -3 €09, ng

2 am 1 _2
3T eirsgrYst * K ggiGj +ngig 3 aejrsngsGi
-iam YG, + 5 gg.G. - +%¢ z
3T SirsInVe s Y 2x 99555 T 99595 T3 CipsIn®sI;

1 a
*3r 3I €irsIn" 9 T g g 9t 3 ejrsgrzsg¢ 3I Jrsgrysg;l

K? -2 _2am 1
Y E’igjg 3 %9, 1ps9% T3 T Sarsdreds * X 99595

-1

-2 2
39 Jrsgr'zs i 74- g Eirszse‘jzmzn (g Som * grgm)
+lgie Y € .Z (gZG +gg) —2—9- z_(g%6,
57T “ire's immn 9 m 5% ° Jrs’s ir

- ..2_@ ) I __rﬂ 26
M zgrgi) 37 gze,jrs »s T E T Sips s grmYng (g m

1 g%m? 2
* grgm) ] 12 ewsYs imn'nd (g 6 * 99y )

-2 an 2 . 2a 2
15 1K EjrsYs(g 8 r * Zgigr) 15 K E7l1r'szs (g djr + Zgjgr)

. 2anm 2 2 ' '
75 % SireYs (g 5jr +25.9 )+ glg 5ij + Bgigj):]} . (A.9)

Finally we insert eq.(A.4) into eq.(A.9) and integrate bymaking
use of eq.(A.1) and eq.(A.2), and neglecting all non-linear terms leads

to:

_a’ mkry1/2  p 32 _ 8 '] A.10
P‘I,j = (——m—) W EN Kp*(s 15 (13k+46) p<ij> . (A.10)
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Resumo

Desenvolve-se uma teoria cinética para un gas rarefeitc, cons-
tituido de moléculas esféricas e rugosas, caracterizada por 29 campos
escalares: densidade, velocidade, tensor pressdo, temperatura, fluxo de
calor translacional, fluxo de calor rotacional, spin e fluxo de spin. As
relagdes de Navier-Stokes e Fourier sdo obtidas através da utilizagao de
um método de iteracdo semelhante ao método de iteracao de Maxwell.
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