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Burnett’s equations for a multicomponent gas mixture when there are external forces present which do not depend on the velocities
and internal energies of the molecules are obtained using the system of kinetic equations in the quasiclassical spherically
symmetrical approximation for the case of light exchanges of translational and internal energies of the molecules in the single-
liquid approximation, when the system of gas-dynamic equations consists of equations for the concentration of the chemical
components, the mean-mass velocity and the mean temperature. Exact and approximate formulae are obtained for the Burnett
transport coefficients. Special cases, including the question of the general equations of thermal-stress and concentration-stress
convection are considered. © 2000 Elsevier Science Ltd. All rights reserved.

Burnett’s equations have mainly been derived (see the review [1] and later papers [2, 3]) for a simple
gas [4, 5]. The most complete derivation of the expressions for the Burnett transport properties of
multicomponent mixtures of monatomic gases, i.e. gases consisting of molecules with frozen internal
degrees of freedom [6),1 is refined and extended below, the results are represented in a more effective
form, and both exact and approximate “working” expressions are obtained.

1. INITIAL RELATIONS
The system of kinetic equations employed here has the form [5, 7, 8]

afﬂ - afﬂ ia %_ —
at Q,a a"u m; aéia —Lﬂ(ff) (11)

Here fq = f(§;, Eq, 1, t) is the number of molecules of the ith chemical sort in internal state w at the
instant of time ¢ in an element of volume of the phase space (r, §); & and m; are the velocity and mass
of a molecule, Eq, is its internal energy, Q = iw, Lg is the operator of elastic and inelastic binary collisions,
andi,j = 1,2,..., S, where S is the number of chemical components; the components of the radius
vector r are introduced by the subscripts «, B, v, and the usual rules of summation over repeated
subscripts are used.

The Chapman-Enskog method gives the expansion
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In (1.2) the natural velocities of the molecules ¢; = § — u and gg is a degeneration of the Q-level.
Henceforth we will use the following operations with Y(7T)

+Prikl. Mat. Mekh. Vol. 64, No. 4, pp. 590-604, 2000.
$See also: Shavaliyev, M. Sh., Transport phenomena in gas mixtures in the Burnett and super-Burnett approximations, Candidate
dissertation, 01.02.05, Novosibirsk, 1978.
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Here and below N means any quantity on which the operator considered acts, (€q), is the mean internal
energy of molecules of the ith sort and c,, is the heat capacity due to the internal degrees of freedom
at constant volume.

Expansion (1.2) enables us to close the system of gas-dynamic equations which, in the case of light
exchanges, has the form [7.8]
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In (1.7) we have used the same notation as in (1.3). System (1.5) contains S-1 equations. The gas-
dynamic variables can be calculated from the formulae
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Formula (1.10) defines the mean temperature T. By virtue of (1.8)—(1.10) perturbations ¢, r = 1
make no contribution to the density, the mean-mass velocity and mean energy. The corresponding
contributions to the transport properties, i.e. the diffusion velocity V;, the scalar and non-divergent
components of the stresses Il and 7,5, and the heat flux g, are given by the formulae

N
J(r)..nv(r)_(c f(’))“ q =Y (c; Uf(’))cs r=1
i=1

S
n"’=%__2‘,I @S5 Ty = Z ([ CiaCip = Sasc ]f m) (111)

In (1.11) we have used the notation from (1.2), (1.8) and (1.10)
The correction of the first approximation, corresponding to the Navier-Stokes approximation, will
be sought in the form

[}
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For brevity, we will mean by the Navier-Stokes approximation the linear approximations for the
transport properties, and we shall mean by the Navier-Stokes equations the corresponding complete
system of conservation equations [1]. The structure of solution (1.12) differs from that assumed earlier
[6-8] in three terms, to determine which a more effective method is employed [5].

The following notation is used

ﬂ

The functions, A, B, D and I’ satisfy the equations

f‘°’ SiPa(w})+ Aq)eiy = —Ro(Acy) (1.14)
‘°’2<w,aw,,,>——Rg(8<c.,c,,>) (1.15)
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n P
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Herei,j,k=1,2,...,S, and RQ(N) is the linearized collision operator [5, 7, 8] related to n.

It can be seen from (1 14)~(1.17) that 4, B, D and I depend on w?, o, T, x; and are independent of
n (the latter was not taken into account earher [6)).

The solutlons of system of equations (1.14)—(1.17) are usually sought in the form of series in Sonin
polynomials % (w?) and in polynomials which depend on &g,

2 m {5 rehe 2y S, K
An——s sz { aniDTi"';"ris% (w; )_2lﬁc,,,- Agqg +...
m; Tl, i ()e.,2
+..., D} =—[nD~ +yis ! +] 1.1
0= (kT) (93 kT (/] Yi (W, ) ( 8)

Fa= —«;,-(x,-m" [sipw2r+ 0,800 +..]

In (1.18) m;, &; N/;, Ay; are the partial shear (dynamic) and volume viscosity coefficients and the partial
translational and internal thermal conductivities, and D;; and Dy; are the diffusion and thermal diffusion
coefficient of the multicomponent mixture of polyatomic gases (for example, the shear viscosity
coefficient of the mixture n = ¥; ).

We will write the system of equations for determining the Burnett perturbations ¢%in the form

(0)
Mg =nRo(e™), Mg = a,a? +Hg - Lo(f ") (1.19)
The mhomogem.ous part of integral equation (1.19) Mg includes a group of terms Hp contain-
ing derivatives of 7 which can be conveniently expressed in terms of the natural velocities of the

molecules [4, 5]
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In (1.19) and (1.20) we have used the expansion d/0t = dy/ot + 9/t + ...

This expansion is the main feature of the Chapman-Enskog method, but in a number of textbooks on kinetic
theory it is not mentioned when describing the general algorithm of the method [9, 10]. Moreover, inaccuracies
in describing the general algorithm occur even in well-known textbooks [4, 5] for the case of unsteady external
forces. In certain sections of [4, 5] it should have been written that £ depends on r, ¢ not only in terms of the
hydrodynamic variables but also in terms of F; = F(r, 1), beginning with f% for a simple gas and f*) for a mixture
of gases. It can be shown that the requirements of the method are satisfied if the partial derivatives with respect
to time of the gas-dynamic variables are expanded rather than the partial derivatives with respect to time of the
known functions F;,(r, #), i.e. one can use the well-known general algorithm of the Chapman-Enskog method with
the additional definitions

aOFi aFl anFi

Then, for example, we obtain

Dod,-u ( m,-n]Do alnp X; ( S nj DOT
a-ountad B TR bkt g Fa—mi X —Fig |~
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kT Dt 'j.-_| P Dt aru arﬂ
To calculate the derivatives of the gas-dynamic variables from Eqs (1.4)-(1.7) we obtain
Dop Dox~ D U ] ap S
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etc. As in [4] we obtain D,/D, of the various combinations of spatial derivatives, in particular

DyVu 9 1 & dp | 94 du
—_— i — Y Qg iy RN e ' § .
Dr o, p[,E, i o aruJ 3, O, (1.23)

Finally Mq can be expressed in terms of well-known quantities. As is well known, it is not necessary to
know ¢ in order to obtain the Burnett transport properties.

Using the symmetry properties of the operator Ro(¢), Eqs (1.14)—(1.17) and the conditions for ¢3
to make no contribution to (1.8)-(1.10), as in [4, 5] we obtain the following formula for Burnett’s
contributions to the transport properties

(RGP D:H) =

1
=‘"£2§ | (Bn@.u%);rn;;D:zcia;AnCia)Mndci (1.24)

Hence, each of the transport properties can be expressed in terms of the sum of integrals with respect
to ¢; of Mg with a corresponding weight. The reduced heat flux, by definition, is

S (5
hy = gq - kTE. (5+<en>c)!;a (1.25)

2. THE CONTRIBUTIONS OF BURNETT’S APPROXIMATION
TO THE TRANSPORT PROPERTIES

To determine the contributions we will use the method described in [4], the only difference being that
we will take x; and Y (1.3) into account. Using formulae (1.12) and (1.8)—(1.25), after carrying out
fairly lengthy calculations similar to those in [4] we obtain
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In (2.1) we have used the symbols from (1.13) and (1.20), and summation over k and / is carried out
from 1 to S. For brevity, here and below we will use the following notation for the spatial derivatives

Q%uy _afaror
bopy = arpar.:' (TaTp)y = arY [ara arﬂ} (22)

etc. The coefficients with an asterisk are determined by the moments of Lo(fVf(), while those without
an asterisk are determined by the convective part
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In (2.3) A, etc. are introduced by formula (1.12) in the same way as in [4], and 8 is the unit tensor.
By definition

8 (kT)’ 4
N = - iy é ,
(N}, 2 15 min | BaNw}de,
dinN b
a N =—_, = . . =N
N=o— El pi =nkT (24)

Here and below the first expressions for the coefficients (written in terms of {N},, etc.) are exact
while the second expressions are approximate, obtained taking into account the terms of expansions
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in polynomials given in (1.18). The transport coefficients which occur in (1.18) can be regarded as exact
or corresponding to the given polynomial approximation. The final choice can be made only after making
comparative calculations. In [6] a smaller number of expansion terms are retained than in (1.18), which
does not enable the non-zero approximate expressions to be obtained for all the transport coefficients.

When writing the transport properties we will initially write a group of terms with S = 1 which transfer
into terms for a simple gas (with coefficients & + &), then the diffusion terms, equal to zero when S = 1
(Em + &), after which the terms due solely to the multiatomicity. The latter do not occur in (2.1), and
the polyatomicity only has a direct effect on &; and £}. The vector Z; can be expressed [6] in terms of g;
using (1.13) and (1.20), but in this case the sequence described breaks down. Note that Z;, = p~ p « When
§ = 1. Using the propemes of isotropic tensors when carrying out the convolutions, we obtain

& = { wT + Thoglne 3= Eg{(bmb,a + by )} £l = —{(aaaﬁ)}
Eae = g{(aad; rdiap)l . B ={(dia)] (25)
Ao = AqCiar baop = By (Ciuci[))’ dgo = DfiCig
In (2.5) we have used the operator
{HNY, = —3—2 [bapLa(HN)de,, Lo(ng®ne®) = nLo(r OV f®) (2.6)

In (2.6) H belongs to the class of Q-particles and N belongs to the other class of y-particles, and the
summation is carried out over the index ¥ = ji in L. Approximate expressions for £*, etc. are obtained

below in Section 3.
For the contribution to the scalar part of the stress tensor we obtain
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We have used the notation from (2.5) and instead of (2.4) and (2.6) we have introduced the

operators
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The contribution to the reduced heat ﬂux has the form
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In this case, when taking (2.5) and (2.6) into account we introduced the operators

{N}y——3—k2T2): j— Aﬂwzdc,, {HN}, = ): | age Lo (HN)de, (2.14)
Q

In (2.12) we assumed that

5 , 5 k
b = =S mkDp, 5" =hj, bP =22, — (2.15)

vi
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The expression for V(Z) is obtained from (2.11)~(2.13) by replacing vy by 3. When calculating the
coefficients 8 the operators (2.14) are replaced by (2.16), and relations (2.15) are replaced by (2.17).

2 i aze,2 * j g*
{N}S = —-37/(7'% I"—n-i-D(lle,‘ dci, {HN}s = n4 % dellalﬁ(HN)dci (2'16)
b — _ S 2 xD.. bV = __S_x,y! 6@ =0 (217)
: ar w8 T g it '

3. THE WEAK INELASTICITY APPROXIMATION

When carrying out gas-dynamic calculations, formulae for the transport properties in the Navier—
Stokes approximation are usually employed, which hold on the assumption that the contributions of
the inelastic collision integrals in Ag, B, D are negligibly small, while the elastic collision cross-sections
are averaged over the the internal variables. For the general case of non-equilibrium excitation of the
internal degrees of freedom of the molecules we than have [11, 12]

a In Yn
or,

£ = v £ O, o Z o _we, + Xo(w?, €) G.1)

Here Yq = ng/n;, ng is the population (the density of Q-particles), and ¢@and W; are calculated from
the elastic collision cross-sections and are independent of inelastic processes so that ¢%is given by the
well-known formula for a mixture of monatomic gases [5].

Approximation (3.1) is called the generalized non-equilibrium Eiken approximation [11, 12]. When
the distribution over the internal energies is close to a Boltzmann distribution. Yg is replaced by the
equilibrium function (1.2), the quantity X, becomes proportional to Vu, and ¢®reduces to the form
(1.12), but now

-1
. . S X
B, =B, Dj=D/, Ag=A"+APAe,, AP =nW, =20 . 3.2
Q ! Q Q T ,2=:| @, (D) (32)

In (3.2) the quantities B;, D, A and A® do not depend on Eg and are calculated using the elastic
collision cross-sections, the expression for W, is given to a first approximation by Sonin polynomials
[12] and D; (1) is the binary diffusion coefficient in this approximation. The difference between 3.2)
and the case of a monatomic gas lies in the occurrence of the term with the coefficient 42 The next
aim is to show how the Burnett transport coefficients are calculated both in the monatomlc case and
how they are calculated taking A% and c,; into account. The coefficients, expressed in terms of Ty, are
determined, of course, by inelastic processes.

Using relations (3.2) we will take into account the fact that
2 Yo =1 X Y,Ae, =0, %Z'Q' = 3.3

()]

© i

etc. and that the operators { }* are now determined from the elastic collision integrals
Lo(fOf =3 [Y¥e fO1 20 o - 0Q0¢)g;do de; (3.4)
¥

where ¥ = jis, and the collision cross-sections are independent of the “inner” indices w and ¥, summation
over which is carried out independently, since for elastic collisions of Q-particles with -particles the
internal energies do not change. Properties (3.3) hold for Yjy. By virtue of (3.2) we can introduce the
notation

(Bill’ D'f' A!,l“) 1(2))_yn(B' Di’j’ A‘-'('), A,((Z))

We will first consider relations (2.3)—(2.6). With the exception of &; and &% in all the o?erators {1}
and { }7 the functions By, D¢ and Ag are replaced by the “monatomic” B}, D ” and A;""”, while the
sums over Q and W are replaced by sums over i and j (after summation over o and ¥, respectlvely)
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For example, for &; we have

dAg _9Yg i, 4@ Al aA® /(2) 98Eq
—t = 2l (A Al'YAgq)+ Y 4 + A .
ot~ ar A HATT AR o St T Ak + AT o (35)

Since By = B, it is this expression that is summed over w. After summation and taking (1.3) and (3.3)
into account from (3.5) there remains

Aif(2)ﬁ"_"+ M —A{‘z’—qi= FYID
kT oT kT aT

zI)Jends onc; and I'g and &F depends on I, These conclusions transfer dlrectly to the coefficients
din V( (because D’ = D), with the exception of 5) ) 810 01, 8%, 8% Moreover ¢ occurs in 84).
Anafyms of the coefﬁc1ents v is quite complex, since A # A,. If only A is taken into account, we
obtain g ahtatlvely the same results as for the coefficients 5. The contrlbutlon of the “non-monatomic”
term A Aeq is non-zero when the quantity N in {N}, contains A% or (B’ Dé’)angaT Instead of the
operator {N}, it is more convenient to introduce the operators (N} {N}( Y obtained from the first
formula of (2. 14) by replacing Ag by A€ 1 and 4D, respectively, and the sum over Q by a sum over i.

Then
@ 2
; oY, G
P = (A0 ) g il {B n} =g vi
(Aaly ={A7")y "ok, oT kT ],

etc. The coefficients w are expressed in terms of I'g although, of course, the expressions for them are
simplified using (3.2). We emphasize that when using the approximate expressions for the Burnett
coefficients, given in (2.3), (2.8), (2.12), (2.15) and (2.16), it must be recalled that in this case m;, Dj,
Dy;, v, \;; = \] are calculated from formulae for a mixture of monatomic gases; at the same time [12]

= xj )
A =nig,; (3.6)

j D; (1)

Polyatomicity affects the non-divergent stress tensor weakest of all, since those of its terms w3z which
are due to the spatial derivatives of the temperature and concentration are given by the “monatomic”
formulae. This result also holds when the internal degrees of freedom have an arbitrary non-equilibrium
[13].

The simplifications considered enable us to complete the calculations of the coefficients £*, w*, y*,
5*. In the general case the expressions for these have a formal form in view of the insufficiency of the
information on the inelastic collisions. When only the elastic collisions are taken into account, even
within the framework of the main approximations in terms of Sonin polynomials, very complex formulae
are obtained and they are only accurate in the case of Maxwell molecules. Hence, we will inmediately
consider the case of Maxwell molecules and we will write the results in a form suitable for arbitrary
intermolecular potentials [6]. For a simple gas the coefficients £* and v* turn out to be zero, and in
the general case they can be neglected [4]. For mixtures the majority of the coefficients £*, w*, v*, 8*
are also zero and, as in [4-6], they can be neglected. Only the following coefficients are non-zero

211,

Eiou = (I)(M —M;+34;M; )Dla'Dlj 3.7
> GI
Wy = 2 (;) (M M; )DraD:, (3.8)
. Dy % A;

+[(M,- —Mj) +4AﬁMiMj];;{———#L} (3.9)
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. 4 Dlunj i A; A
=Y — M. -M. oM. )L -
Yor = =5 % (]){( i ,){(M, M’)x- +2M, x.' +

J

A .
+A,~J~M,-(M i~ 3Mi{—’ + l’-]} (3.10)

In deriving formulae (3.7)—(3.10) we used formulae (1.18), (2.5), (2.6), (2.9), (2.10), (2.13), (2.14),
(2.16) and (3.4) and the notation

(m;.m;) QP2 3T
(M,',Mj)= ] , A u(])=-—-————————-
16nm;M; QP (1)

m;+m; ij = 5 Q(I)(]) (3.11)

The quantities Q are defined in [4], the coefficients ;, N;, Dj are calculated from formulae for a mixture
of monatomic gases [5]; and A; is calculated from (3.6).

4. APPROXIMATE FORMULAE FOR A BINARY MIXTURE
OF MONATOMIC GASES

We will neglect external forces and thermal and barodiffusion. Then
Dyd,

=y a6 =1 A=A, (4.1

Dy; =0, Y‘ii =0, dig = x4, Dt

Zia =P ' Par B(D=
From (2.3) and (2.12), taking (2.4) and (4.1) into account, we obtain

E,=Y— __!_2(_7.- 11) E, = '=.'_§
3 p; Thp A, T
4n; Is 4 n; dA;
= ——k.:—, '——- =
§4 25 Pi i T gS 25 P, aT §6 O
4 m, 2 7 2 m;
=Y — i)l . =Y <liy2
Y ZlSkp,- ,(2 arl,). Y, sz A2 4.2)
_yAmnh; 4\ 1 m
Y3 25 P Ya = ):5 [n( arn,)+--x]

(the summation over i is from 1 to 2).

Terms in which the other coefficients £ and -y occur can be combined using (4.1), the representation of
D; in terms of the binary diffusion coefficient D12 [5], which is inversely proportional to , and the equality
Jcl o = X3, Finally, these terms 11'(2) and 1? take the form

S _al(xl aﬂ) [ (Har@n)*'zgl-a% Zax,‘p)—
_ a|;l7""2 (ning —mpny )(P,axl_p)+{2a, %(mz -m)+ &:2}<x|.ax1_p) (4.3)

21 . A; on; .
S = ;[almlmZ(}‘l'h ~Aan )+ 24'—'%‘*&9}8@&'3

2%,
X1 X2P

The coefficients 8%, and 3y% in (4.3) are obtained by a corresponding combination of the coefficients

o, =a;(1’hpz "ﬂzpl)» oy =
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(3.7) and (3.10). Using (3.11) we have

2
* n s U QD
&, =2(;) By mym, 3, %[3A,i-93'_?—M,-Mi+Mj -—3A,2Mj]

e _8mmy o, M Dy A; A;
&9 _ETZ -";(-1) {414;;5’_7/"1/”2 ;i“‘* (M, °M.-)—-i'+ (4.4)
A
+2M, —’}(Mj - M)+ ApM (M, -3M,)(1”'-+5l)}
X; X X
7 ! 2

In (4.4) ¥’ means the sum over i from 1 to 2 when Jj #i,and ZJU is the self-diffusion coefficient of
the ith component. The greatest simplifications occur for the diffusion velocity

5 2
Vlg) = 0‘2(_%1;' P2 — ___aaﬂ; pl)T:ﬁeuﬂ +aoy %;; op.p T+ 3“3(1 “S'argblz)xl.uvu -
an, on,
_ ) Th, _ 2
2a3uB'axLB L {a, +a2( ax, P2 o, P |(€paX1 B 4.5)

@, = 2m,n%, L o= miman® Dl [p_Z_l)
pip’ ) pp’ o

The partial quantities m; and \;, occurring in (4.2)-(4.5), are calculated from the formulae

-1
M= x(xHY - HP HPHY - HPHY)

1

A= x(x A - AL YA - Al AL

Here, as in (4.4),i,j = 1,2,j # i. The functions H and A are defined in [5])-

5. THE EQUATIONS OF THERMAL AND
CONCENTRATION-STRESS CONVECTION

For slow flows, by definition, the following estimates hold
u~Kn, D/Dt~Kn, p=py(1+3p), p,=nkT = const
Kn=MRe™ -0, Re=0(l), 8p=0(Kn?) .1)

where Kn, M and Re are the Knudsen, Mach and Reynolds numbers and 3p is the dimensionless variable
part of the pressure. If in this case, due to the boundary conditions, the characteristic relative temperature
and concentration drops are of the order of unity, in the momentum equation and in the expression
for the local force acting on an element of the surface of the body around which the flow occurs, we
must take into account o, 1.€. those terms of the stress tensor which contain derivatives of the
temperature and concentration. Consequently, the Navier-Stokes equations in this continuous-mean
limit are invalid, and the stresses ;g cause new effects, in particular, new types of free convection when
there are no external forces (see the review [1]).

For simplicity and clarity the analysis of these effects has been confined to slow steady flows of a
simple gas [14] and an isothermal binary mixture of monatomic gases [15].

We will consider the more general case, following from Eqs (1.4)—(1.7), taking all the stresses due
to the variability to T and x; into account. We will assume, naturally, that the transient effects and the
action of external forces do not change the defining estimates (5.1). The conservation equations are
then simplified as described previously in [14, 15): we assume p = p, in the coefficients of the equations,
Eqs (1.4), (1.5) and (1.7) are simplified within the framework of the Navier-Stokes approximation, and
in the energy equation terms with external forces and viscous stresses are dropped, i.e. (PBop + Toptap
= poVu. (We recall that in the case considered the coefficients of dynamic viscosity, n and volume viscosity
§ are commensurable; we will use the notation (2.2) for the spatial derivatives.)
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The variable part of the complete stress tensor will only occur in the momentum equation and the
expression for the local force. Using the fact that 8p is small, as in the approach described earlier [14,
15], we will write it in the form

PodPBog + Tog = XBog + RRog, X =podp+I1+©
Rmtyp =Tyg ~ @8y = RRGL + RAg +..., ©=%nVu+...

Hence, X includes, in particular, the volume viscosity and the Burnett terms of the scalar II, due to
multiatomicity polyatomicity and those terms of the tensor .z which contain 3,5 and which are not
taken into account in Rms. The specific features of the problem are such that X can be assumed to be
a new gas-dynamic variable, whose structure it is not necessary to know.

After this from the derivatives (Rm3z), occurring in the momentum equation we separate the third
derivatives of T and x; and we combine them with VX, which leads to a reduction in the order of the
system of equations. For example.

(8eTen)p = (84Ts) oy ~ (BeaTs)

Finally, neglecting quantities O(Kn?) compared with unity, we can reduce the divergence of the total
stress tensor, occurring in momentum equation (1.6), to the form

(PBag +Tap) g = A - [ n(ap + “p.u)J_p +Wop,p

A=X+V(ET)+ ZV(E;,Vx;) (52)
J
Wop =~84aTp + (gs + 5;)7}:7:;3 +
+§.{-§7k.uxk,p + ‘;'(Fm +8or +8ox )(T:axk,ﬁ + Tﬂxk.a)*'

+—]2-211(§nu +&.«|'2k1)(xk.axl.a +xk,pxl,a)} (53)

The quantity A is the new dependent variable of the system of conservation equations. In the cases
considered previously in [14, 15] one can make a further simplification of expressions (5.2) and (5.3).
In the approximation considered in Section 3, the coefficients £ in (5.2) and (5.3) are calculated as for
a mixture of monatomic gases.

6. CONCLUSION

The expressions for the Burnett transport coefficients are operators of scalar functions of the velocities
and internal energies of the molecules A, B, D and T', specified by the first approximation of the
Chapman-Enskog method. In the general case these expressions have a formal form, which is due to
the insufficiency of the information on the inelastic collision cross-sections and purely mathematical
difficulties. However, the latter are not a very serious obstacle in the present state of computational
techniques, at least for the case of a mixture of monatomic gases. The results of the corresponding
numerical solution could be very important for analysing the applicability of approximate analytic
expressions for the Burnett coefficients, obtained by representing the functions A, B, D and I’ by sections
of series in polynormials. The convergence of the series for the Burnett coefficients, even in the case of
a simple gas, is very much slower, generally speaking, than for the Navier-Stokes transport coefficients.
This is even more true for a mixture of monatomic gases, when there are only separate results [1, 6],
a sufficiently complete analysis has not been carried out, but there is a fact that supports this conclusion,
namely, the approximate expressions are exact for Maxwell molecules and, consequently, can be used
in the case of “soft” intermolecular potentials.
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