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Two problems are investigated: the structure of a weak shock wave and the propagation of perturbations of small amplitude in
a binary mixture of monatomic gases. In the first problem, the contributions to the hydrodynamic quantities are obtained in the
second approximation with respect to the wave intensity. In the second problem, acoustic, thermal and diffusion mode are
considered and it is shown that there is negative dispersion of the acoustic mode. © 1999 Elsevier Science Ltd. All rights reserved.

When investigating the structure of a shock wave in a binary mixture, only one dissipative mechanism
was initially taken into account, namely, diffusion [1], and later [2] all dissipative mechanisms were
considered and an analytic solution of the problem was obtained for molecular gases using the
Navier-Stokes equations.

In the problem of the structure of a weak shock wave, the distribution of the hydrodynamic quantities
in the wave is constructed in the form of power series in a small parameter e—the wave intensity. In the
papers mentioned above the first non-trivial terms in these expansions were taken into account, which,
in particular, enabled an expression to be obtained for the thickness of the shock wave based on the
maximum slope of the density profile. The finer properties of the shock-wave structure, namely, the asym-
metry of the profiles of the hydrodynamic quantities, the distance between their centres, etc., have been
investigated in recent years experimentally [3] and by a numerical solution of the hydrodynamic equations
using the Chapman-Enskog method [4]. In the case of weak shock wave terms of the first order in € in
the expansions of the hydrodynamic quantities incorrectly describe these properties of the wave structure
not only quantitatively but also qualitatively. Also, the effect of higher-order terms in € on the shock-
wave structure have not been investigated either in single-component gases or in gaseous mixtures.

In this paper, using the hydrodynamic equations of the Burnett approximation of the Chapman-
Enskog method, we calculate the second-order terms in € in the distributions of the hydrodynamic
quantities in a,weak shock wave. Using these we derive and investigate expressions for the asymmetry
parameter of the density, velocity and temperature profiles, the distances between the centres of these
profiles and the correction to the wave thickness. It is shown that the Burnett terms in the hydrodynamic
equations are decisive in the expression for the asymmetry parameter. Only monatomic gases and their
mixtures are considered, since only for these can Burnett terms be calculated completely and have a
relatively simple form.

We also investigate the propagation of small perturbations in a binary mixture of monatomic gases
using Burnett’s equations for the case of arbitrary intermolecular interactions. In addition to acoustic
modes, we also consider non-propagating modes (thermal and diffusion). The resuits are presented
both for the initial and for the boundary-value problems.

We separately consider the case of a mixture with sharply differing molecular masses. It is shown
that in such a mixture, containing a small content of the light component, negative dispersion occurs
(a reduction in the velocity of sound as the frequency increases), unlike positive dispersion in single-
component gases and “normal” mixtures, which gives the experimental fact a theoretical basis.

1. THE STRUCTURE OF A WEAK SHOCK WAVE

Formulation of the problem. The laws of conservation of mass of the mixture, of the mass of one of the
components of the mixture (we will suppose, to fix our ideas, that this is the component of the lightest
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molecules, m; < m,, where m; is the mass of a molecule of the ith kind), of momentum and tqtal energy
of the mixture in a system of coordinates moving together with the wave in the negative direction of
the z axis, have the form

pu=Cqy, Co=pu 1.1

pucy +i =G, C=pru” (12)
p+put-6=C; Cy=p +p () (1.3)

pu{%uz +cpT)—uo+q =C,;, C4 =p'u‘(-§-(u')2 +c;T") (1.4)

YT =X = ko
C; _-—‘-, Cp -—Clcpl +C2Cp2, Cp,' = ’Y—lRi’ R,' = m,

Here c; is the mass concentration of the ith component, c, is the specific heat capacity of the mixture
at constant pressure, in a monatomic gas Y = 5/3, kg, is Boltzmann’s constant, and u is the hydrodynamic
velocity. The pressure p is related to the concentrations, the density p and the temperature T by the
equation of state of a mixture of ideal gases

p=(ciRy +cR)PT (1.5)

The superscripts minus and plus denote quantities in the free stream and downstream of the wave,
respectively.
The viscous stress tensor o, the diffusion flux of the first component of the mixture i; and the heat
flux g are given by the following relations [5]
du

4
o=—3—u§z—+o,, (1.6)

1.7
h=np %W,(e‘fgzem;r.g)ﬂ,y]

dar , ,
=—x7d;+(cp| ~Cp2)Th + 0 i +qp (1.8)

nzm,mz

Here p, D and % are the coefficients of dynamic viscosity, diffusion and thermal conductivity, o is
the thermal diffusion factor and o, = (m, — m)n/p.

The complete expressions for the Burnett contributions 63, i1, g in the case of mixtures of monatomic
gases were obtained previously in [5]. In the approximation considered here we only need to retain
terms that are linear in the derivatives. Then

d*p , d*T _ d%, . du
op=0 ) +B, ] +P5 dzzl' 'w=ﬂ4—dzz
. d’u ui-. p - It
=pBs—, =] @ —~-W,0 D = =03 —
g5 =Bs dz2 B p( 'p 20 p31)2 B, 3 P
- . N n.
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2 2
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In the case of a single-component gas [7] we have
for Maxwellian molecules

.~ 4 8§ . 4
(0|=‘3-. 0)3='1‘§» ms—l_S-

for solid spheres

~ 4 . 8 - 4
=1014-—, =0.806-—, ©5=1014-—
o, =1.014 3 @3 =0.806 TRl T

By analogy with the case of a single-component gas [6] we introduce the following dimensionless
quantities

D D —=p E—EO_u p:..l.-p
Pi C&p" P P ¢, G
= 2 = R
T=—C22-T. R=M, R =—+% (1.9)
G Co R
2
=t m=2 =S p ;=-%2,
H Rp G

In what follows it will be more convenient to choose the velocity u, the temperature T and the
concentration ¢; as the independent hydrodynamic quantities. The density p and the pressure p are
found from Eqgs (1.1) and (1.5)

1 T
P=;“, p=(a R +02R2)‘; (1.10)

Equations (1.2)—(1.4) can then be written in the form (here and henceforth we will omit the bar above
dimensionless quantities)

- o, +0 o, di d’u _
cl —Dl[(l+aPC‘Cz _EL_‘EL)‘di'i’ClCz(‘_E_Lﬂ—’_Ll)]“‘ﬁ‘ Il;: Cl (1.11)
u

aR +e Ry ) dz T di u dz
{(l-f-apc!czﬁz—)%-chz(ap ';ar %—%’-%}]+
*[ﬁs +PBylcpn —c,2)1+[s4:n_;"7nf_lﬂm_2._ﬁ,p]%+
v(ﬂ. £+8, )u%z-,’-ﬂsl(k, - Rz)T+Bau]% =4, A= Cg? 113)

The boundary conditions to system (1.11)-(1.13) have the form
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o (Feo)=cf, uFo)=u®, T(Foo)= T*

(1.14)
(dc _du_ ﬂ] =0
dZ dZ dz z=Foo
The downstream and upstream quantities are related by the equations
- -2y M-l +_ + t
= = —— , T  =u 1-u )
a=as e T I M+ (
2 -\4
u = ™ TM=u" -p—_-
™ +1 it
The shock-wave intensity will be represented by the parameter [6]
E=u" u*--——z‘Y —T—Mz_l
- Y+1yM% +1
Using the relations
u=—y—7+%ev. o =c +&f
L (1.15)

Y y-1 €

(~,+1Yf+2(~1(+1)$T 4

we introduce the new variables v, 1, f. From (1.14) we have the following boundary conditions for
these

dv dv df
=Foorw =#1, T=Fl, f=0, —==—="=0
z v =L =0 TR T &

System of equations (1.11)—(1.13) is autonomous, i.c. it is invariant under a shift of the coordinate
z =z + zo. Hence, we can introduce an additional condition, fixing the origin of coordinates

0) =0 (1.16)

The solution for weak shock waves. For weak shock waves € < 1. The solution of system (1.11)—(1.13)
will be sought in the form of power series in €

U=y + &V +E, 4+ . (1.17)

and similarly for t and f. :
We will introduce the scale transformation

z=12[e (1.18)
since differentiation with respect to z increases the order of smallness with respect to € by unity, and
we will also take into account the fact that

2
T2 Yl (1.19)

A=
202 -1)  8(y-1)

We substitute expressions (1.17)—(1.19) into Egs (1.11)—(1.13) and equate terms of like powers of €.
The approximation of €? leads to identities. In the approximation of € we obtain

fo=0, To=-u% (1.20)

but, to determine the explicit form of v, we need to consider the next approximation with respect to ¢,
in which we obtain
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bdvy/di=—(1-vd) (1.21)
4y [4 . -1 - 2 ] T s
= —U A" +(y+Da’D” |, a=0,+—0r
(Y+l)2[3u ¥ Y Py
N PR Y
A —-“57'0‘)’1)'2 & (1.22)
sl o 4 -1 y-1 \dve
Y= 2y ( Uo)+(3l»1 Y Y 7 (1.23)

The solution of Eq. (1.21) which satisfies the conditions
vp(Fe0) =11, 1p(0) = 0

is

vy = —th(#/b) (1.24)
It then follows from (1.22) that
(y+)! D 2fZ
h= 727 —b—a)ﬁ)’zch ('5) (1.25)

Hence, in complete agreement with well-known results [2], the change in the concentration is a second-
order infinitesimal in €, and within the shock wave the concentration of the light component increases,
reaching a maximum at the point z = 0 (the centre of the wave), and then decreases to an asymptotic
value. It also follows from (1.25) that the diffusion rate of the heavy molecules of the mixture is
everywhere greater than that of the light molecules.

To determine v, and 7, we must change to the third approximation in €. In this approximation it is
necessary to take into account the Burnett terms in the equations and the changes in the Navier-
Stokes transfer coefficients due to changes in the temperature and pressure

N iu_)'
p=p +£2(y+l)t°(dT +... (1.26)

and also the expressions for %, pD, o.

Here we will only derive those necessary for further correction, taking into account the fact that
D ~ p~! and the concentrations can be assumed constant.

The structure of the equations is the same as that of the equations of the previous approximation:
the first-order differential equation for v; and the relations which define f, and 1, + v,. The equation
for v; has the form

dv, __% _Gdu,
For what follows it will be convenient to split the coefficient G into three parts
G=G,+G,+G,4 (1.28)
__16 2 Gy+by-1’ o 4
G = gh = A - (= D3~
4+’ 2 ¥=1 5 3y +y-I v =1y .3
_ s+ -
3y )’1)'2( Py or+ YA +D) o0 WD 72 [(‘Y +

-1
+2y2 - ad +(y* +2y-3)f + %—(273 +77? +3y - Do ,,oz,]yl yoxD - (129)
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‘Y+l 72+Y+1 2‘¥-—1 ‘Y2+1
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+—_—_f-—_—

Y Gpar)]YI)'2°‘2D2

2 - 2 - _ -
Gzzz_-_l,,[(z&) 4, -0 ) +y,y2a,(17_1a+ap oy,

4 dar) 3 Y dar dar
B} (1.30)
-1 _{ do
AL (2]

Y (y+1°

where G is the contribution from the main (Navier-Stokes) terms in the hydrodynamic equations with
unperturbed values of the kinetic coefficients, G, is the additional contribution from them due to changes
in the kinetic coefficients and G; is the contribution from the Burnett terms.

The solution of Eq. (1.27) which satisfies the boundary conditions

v (Foo)=0, 14(0)=0

3 2 3
G3=6),(7+———-———(7_1)y(27+1) ]p2—6)3(y+1) (7'1)[1+ Y )ux+6)syzz—;:—u2 (131)

is
8y G In(ch?)
(y+1)? b? ch’z

V(2= (1.32)

The width of the shock wave A is found from the maximum slope of the density profile of the mixture
using the relation

A—l= +_——||d_p| .
®*-p) Zl (1.33)

The terms of the expansion of the density in powers of € are obtained from (1.10)

p=7—;-1+e<po+e’<p, +..

2 (1.34)
—_Ytlyg o _dfy+l)fy+l
9o Y 2v‘P| 2y 27”0 vy
Then A™! can also be written in the form of a series in €
A =eAT + €207 + .. (1.35)

(the expansion begins with the first power of €, since when € = 0 the shock wave disappears, i.e.
A > o0),
In the main approximation in € from (1.33)-(1.35) we obtain the well-known formula for the width

of the shock wave [2]
- —11dP
A 1 =g + 1 0
1 =€ -p7) ‘Tiz

We will calculate the correction to A;, which arises when ¢, is taken into account in the expansion
of the density (1.34). The point z = z*, at which the density profile has the maximum slope, is found
from the condition

€
=% (1.36)
z=
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d? 2
zz—z(scpo +€°9,)=0

The approximate solution of this equation has the form

*= Y+1-JJ—% +0(e?)
2y ('y+1) b

N P | d(€¢o+£2¢|)
A =" -p7) }‘_r

Hence, the second approximation makes no contribution to the width of the shock wave. This can
obviously be explained by the fact that formula (1.36) agrees satisfactorily with experimental data and
the results of numerical calculatlons up to the values of the Mach number M ~ 1.8 (for which € = 0.437)
[8]. The non-zero correction ~ £ obtained in [9] can be explained by the fact that in [9] the point
z = 0 is taken instead of z* as the point of maximum slope of the density profile.

We will consider the asymmetry of the profiles of the hydrodynamic quantities and the distances
between their centres for the case of single-component gases.

For the quantitative characteristic of the degree of asymmetry of the profiles of the hydrodynamic
quantities in the shock wave we will use the asymmetry parameter of the density profile (the asymmetry
quotient) [3]

Then

£ 3
=25 +O(g”) (1.37)

z=2*

-1
[ [pu(2)dz I [ —P.(z)]dzJ , P(D)= p;Z)_ pp_ (1.38)
where z3 is the centre of the density profile, i.e.
Pu(z)=l (1.39)
The approximate solution of Eq. (1.39) is
g =¢ ’27 b+0(e?) (1.40)

Substituting (1.40) into (1.38) we obtain

-1
8y G ( 1 ) 8y G ( 1 )
=|1- 5| —-1{{ 1+ —| — -1 14
% [ S+ 2 \In2 I (y+17 6% \In2 (1.41)
In the first approximation, the density, temperature and velocity profiles are described by a hyperbolic
tangent. They are strictly antisymmetric. Here Q; = 1(i = p, 4, T). In the next approximation, the profiles

become asymmetric. It follows from (1.41) that Q, > 1if G < 0and Q, < 1if G > 0.
We need to establish the sign of the coefficient G The coefficients Gl, G, and G4 can be reduced to

the form
=_<_v_—_1£( 2 ) _a=n’Y4 )
G, Y x 31-‘- 1 4y i <0
2 2
G, == 1)( e =D iniu_J_Y_:D__i’i}o (1.42)
(v +1)° Y 3dr Y dr

3 3 2 3
= Y+ -y 2 - (YD) (Y-l)( b ) ~  2Y-1 2
Gy =0 (TR 1) 1+ X + @Y ——%
3 ' 72 3 Y (r+1)° ’ Y

+1
It can be verified that the contribution to G from the Navier-Stokes terms (G; + G;) < 0. This is
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easily done for the power potentials of intermolecular interaction, for which % ~ i ~ 7°. The limiting
cases here are Maxwellian molecules (s = 1) and solid elastic spheres (s = 1/2). Takmg into account
the fact that x = 15 p/4, y = 5/3, from (1.29), (1.30) and (1.31) we obtain

Gy =~2.4948 n2, Gy =0.1215 sp?, Gj = 27.2438 p2

We have
G=G,+G,+G3=248705 42> 0

for Maxwellian molecules (for solid spheres the value of G is even greater).

Experiments [3] and numerical solutions of Burnett’s equations [4] indicate that Q, < 1 when M <
1.8. At the same time, a numerical solution of the Navier~Stokes equations [4] leads to the qualitatively
incorrect result O, > 1 in this range of Mach numbers.

Hence, only when the Burnett terms are taken into account in the hydrodynamic equations can one
obtain qualitatively correct values of the asymmetry parameter of the density profile in a weak shock wave.

The calculation of the centre z} and the asymmetry parameter Qr of the temperature profile T+(z)
is similar to the calculation of 2}, and Q,. It leads to the results

ly+l 4 v B
2y-1 3y-1b (143)

It follows from (1.40) and (1.43) that z; > 0 and zF < 0, i.e. the temperature profile leads the density
profile. This result is physically obvious. Molecules having a higher velocity penetrate into the upstream
region of the shock-wave front. The contribution of these molecules to the density is small in view of
the small number of such molecules, but the contribution to the temperature is finite in view of their
high energy. The effect noted above also occurs in a shock wave of medium intensity.

For the velocity profile, calculation leads to the result z;; = 0. The velocity profile lies between the
temperature and density profiles.

Note that, in the first approximation, the centres of the profiles of the hydrodynamic quantities coincide.

0r=0, z2;=-eB+0(e’), B=

2. THE PROPAGATION OF SMALL-AMPLITUDE
PERTURBATIONS IN GASEOUS MIXTURES

The initial problem. We will take as the macroscopic quantities which describe the state of the binary gaseous
mixture the mass concentration of one of the components of the mixture ¢; = py/p, the hydrodynarmc velocity
u, the pressure p and the temperature 7. Suppose small fluctuations in the macroscopic quantities

aq=cp+cy, u=0+u’, p=py+p, T=T+T 2.1)

are produced in a mixture at rest and in thermodynamic equilibrium. The density fluctuations are defined
in terms of these using the equation of state

2

4 7 T ’

p =ng _Por_Po O (R, - R,)c] (2:2)
p T Po

Substituting (2.1) and (2.2) into the one-dimensional Burnett equations [5] and linearizing, we obtain

] o oy 3%p" oy 3T )| By 3w

ot {azz +c'°czo( Po 2 M T, 9z° +po o7’ =0
ou' odp 4 32 ’ ’p ’r 83

Pt T3H a2 B'a’ B2a-” B3

’ 2
3&3T'+po_é_)£__xaT 5 popooc
27T ot az 3% 2 mimm,
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2.3)
o, 3% oy T u (
+ L =0
cuen| 2 S+ S| {pr om0 1%
We will seek the solution of system (2.3) in the form of plane waves
I'(t,2)=Texplikz —iwn), T"=(c{,u',p"T") (24)

where k is the wave number and o is the frequency. Substituting (2.4) into (2.3) we obtain a system of
linear homogeneous algebraic equations for the amplitudes

iwPTo (R _ R), +iki— i p+iotT=0
Po Po T

o ~
(—i(l) + kzp)él - ik354 "l"ﬁ + kzcloCm%_L ﬁ "‘—T’ T] =0
Po P I

. -~ . 4 a . A . e
ik*B3é, -(nmpo—k’-3-u)u+z(k+k’al)p+:k’ﬁzr=o (2.5)

K2 ;—,‘—’—"a D¢, +[tkpo+1k3[BS+B 3P °p°a )]u+

nomym, 2 mlmz

5_po% 3pg o .5 ap )l
+k2 20 o cnDp m—-—"- Bl x+= o p|iT=0
T—mmz 10€20°P — [’ 27, 2)’10J’2o Ty

Here o = a, + 2017/5 and we have omitted the zero subscripts for simplicity.
For non-trivial solutions of (2.5) to exist it is necessary for the determinant of its coefficients to be
zero. Expanding the determinant, we obtain the dispersion equation

(® —kag—iwkzb.)[coz—ia)kz(x+D‘)]~m2k4[( x+—-y,y2a DX4v+x D )

5 5 3 ,
+-—(1 +y,y2af,)xD]+ k¢ Exb[gag —iw(+ y,yzaf,)gv]-f (2.6)
2T(5 1
4"‘"[ Lp+B,+(R - RZ)(4ap+aT)B‘+—BS]=
3plL2 T
Here
6, 4 2 5 M x
by=—b=—v+— - D, =, = —
5073V v =

2.7
5 14 % » 2 2 ( )
ay = 30} D =D(1+§}’1)'2°‘r)

v, X, are the kinematic viscosity and the thermal diffusivity, u, is the adiabatic velocity of found, and
the coefficient b« occurs in the Kirchhoff-Stokes formula as a factor (it was given previousl Xm Eq. (1.21)
in dimensionless form). When obtaining Eq. (2.6) we dropped terms of the order of Kn” since we are
considering the Burnett approximation.

Equation (2.6) is a fourth-order algebraic equation in o, if k is regarded as a given quantity (the initial
problem) The roots of the equation will be sought in the form of an expansion in . In fact, the expansion
is carried out in terms of dimensionless quantities vk/ag, yk/aq, Dk/a,. Taking into account the fact that
v~y ~D~19,k=2n/A(l is the mean free path of the molecules, v is the thermal velocity of the
molecules, v ~ gy and A is the wavelength), we obtain that these quantities are proportional to the
Knudsen number Kn = //A.

Hence we obtain two pure imaginary roots
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5 = -ik20 + O(k*) (2.8)
—-—-(x+D ):t—w/(x+D ) - 49D

Another pair of roots has the form

3 ¢ = tagk - i-;-b.k2 :%TGO—”LP + 0k (2.9)

4 7 4 10 5 12
k= --9-v2 +-9—x2 -—9—vx+y|y2uo[-—;ozv+-9-(a+—5—a,)x+

5 5 24

hz —"gmlv +"28§6)5x —%)'6)3” szylyza VD+C,C2(--—(1 +‘__‘ar)a D2
Here we have denoted by A and h; the contributions which derive from the Navier-Stokes and Burnett
approximations.
A definite mode corresponds to each root We will explain the physical meaning of these modes. We
substitute into (2.5) the first root 0 = —lk /2, in which we have neglected the small term proportional

to a7. Solving (2.5) for the amplitudes T, we obtain that
fi~p~& ~KnT<T

In this mode the temperature fluctuations decay due to the thermal conductmty whenu = 0 and p and
¢, are constant (the thermal mode). Similarly, the second root ®, = -ik®D/2 leads to the relation

i~p~T~Kng<g

Here the concentration fluctuations decay due to diffusion when # = 0 and p and T are constant (the
diffusion mode). These modes are weakly related to one another via the thermal diffusion. Substituting
w5 and @, into (2.5) we obtain that the motion of the medium consists of two sound waves propagating
in opposite directions. The number of independent modes of motion, having different physical meanings,
is identical with the number of conservation laws (the hydrodynamic equations).

The boundary-value problem. For comparison with experimental results obtained by measurements
of the velocity and absorption of coefficient of sound, in which the frequency w is a specified real quantity,
we need to solve dispersion equation (2.6) for the wave number & (the boundary-value problem). The
order of Eq. (2.6) is higher with respect to k than with respect to o, so there are additional roots.
Numerical solution of the dispersion equation in the case of a single-component gas [10] indicates that
the wave corresponding to these roots is strongly attenuated. The relation Im k; < Im k; < Im &5 holds
between the attenuation factors of the acoustic, thermal and additional waves (the I-wave, the 1I-wave
and the Ill-wave in the terminology of [10]) in the low-frequency domains. Moreover, the III-
wave possesses non-physical properties: Im k; > Re k3 unlike the I-wave (Im k; < Re k;) and the II-
wave (Im k, < Re k;), and at high frequencies Re k3 changes sign (this denotes that the direction of
the wave propagation is reversed). Some doubt has been expressed regarding its reality [10].

From a mathematical point of view it is much simpler to convert expansions (2.8) and (2.9) rather
than obtain solutions of Eq. (2.6) in the form of series in w. Moreover, in this case we get rid of non-
physical roots. We then have from (2.9)

. b,

1
=t—
k34 PRLE Y A

d= x +—vx y‘yzaD[——ocv+
5 4 5 5 2
+(-§a——3-u1)x——3-ab(l - y,yz(?"-oc2 —;a%))}h,z

:F;‘L-w +0(0*) (2.10)
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for the acoustic modes. For the thermal and diffusion modes we obtain from (2.8)

by =31+ i)J% +0(*) 2.11)

From (2.10) we obtain and following equations for the phase velocity of sound vy, and the absorption

coefficient at the wavelength S
=( ) (1--"—03 ‘. J 2.12)
24

= aok +£0)-—+ 2
s Im( o ) 27 (2.13)

It follows from (2.12) that there is a dispersion of the sound curves, the dispersion coefficient
d ~ Kn? and it contains both the Navier-Stokes contributions and the Burnett contributions, and they
are of the same order of magnitude. An analysis of the expression for d shows that in general, d > 0.
Consequently, the velocity of sound increases as the frequency increases (positive dispersion). The
attenuation factor is determined solely by the Navier-Stokes terms, while the next term gives the
contribution of the super-Burnett approximation also.

Another situation arises in a mixture in which the masses of the molecules differ considerably
(m2 > my) In a helium-xenon mixture with an 80% xenon content it has been shown experimentally
that there is negative dispersion. We can assume here that ¥(m/m;) ~ y, < 1. Then, we can obtain
from the general formulae [5, 7]

~ zﬁ_kBo 1 <<
By =Hpy, K2 2A12W i

(2,2)
Y Q3

Wy =Ny, Wy BNy e

1 11 2 ¥ 22 Sﬂﬁ;l)

3 kp,T
D=— Bo
16 myn Q{'j”

Consequently
vV~ x ~ m2m| D< D

Hence the term with D? is the largest in the dispersion coefficient. As estimates show, the Burnett con-
tributions are small. We then have

d=-222p2 <
Iy

which leads to negative dispersion.

One further fact is worth mentioning. The domain of apphcablhty of the solution in the form of a
series in o is limited by the frequency w* ~ (my/my)t (17! is the collision frequency of the light
molecules), for which the second term in (2.12) becomes of the same order as the first. The limiting
frequency w* is identical with the well-known estimate of the inverse relaxation time of the temperature
of the components of the mixture. In the frequency range o = ®* it is necessary to use the equations
of two-temperature gas dynamics or the equations of two-velocity and two-temperature gas dynamics.
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