On the theory of the isothermal motion of a binary gas mixture in a capillary
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The isothermal motion of a binary gas mixture in capillaries under the action of a concentration
gradient is studied theoretically. The diffusion fluxes of the mixture components and the
diffusion slipping velocity of the mixture as a whole are calculated for arbitrary Knudsen number
on the basis of a solution of the gas-transport equation. The theory is compared with
experimental data. © 1996 American Institute of Physics. [S1063-7761(96)01207-3]

1. INTRODUCTION

We study a binary gas mixture in which a concentration
gradient is present, the pressure and temperature are spatially
uniform, and there are no external forces. Then the fluxes
J; and N; of the molecules of the i-th component relative to
the number-average velocity U of the entire mixture in a
stationary coordinate system are correspondingly determined
according to Fick’s first law by the following expressions:

Ji=n(U;—U)=—nDVx;, N;=nU+]);, i=12,
(1)
U=x,U,+x,U,=0,DVx,,
where
x;=n;/n, n=n;+n,,

D is the interdiffusion coefficient, n; and n are the partial
and total number of molecules per unit volume, x; is the
fraction of molecules of the ith kind per unit volume, U; is
the macroscopic velocity of the ith component in a stationary
coordinate system, and ¢, is the diffusion slipping coeffi-
cient.

It is known that the expressions (1), which were obtained
on the basis of linear transport theory for an unbounded gas,
can be used to describe the diffusion of gases in capillaries
only under certain conditions. The flow must be averaged
over the transverse cross section of the capillary. The Knud-
sen number (Kn is the ratio of the average mean-free path
length ! of the molecules to the radius R, of the capillary)
must be small (Kn<1). The reflection of molecules from the
capillary surface should not be completely specular.

It is convenient to extend Fick’s law to arbitrary Kn as
follows:

J=—SmDVx,, i=12, @

where the correction factor S; (diffusion factor) depends on
Kn, the accommodation coefficients £, and €, of molecules
of each component and the concentration x; (x,=1—x;).
Moreover, S; depends on the mass ratio m, /m, and the ratio
d,/d, of the effective diameters of the molecules.

The form of the expression (1) for the number-average
velocity U of the mixture remains unchanged. The extension
to arbitrary Kn refers only to the diffusion slipping coeffi-
cient ;.
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The calculation of S; and o, is a problem in the kinetic
theory of gases. There are a large number of works which are
devoted to solving this problem. The main works are briefly
discussed in Refs. 1-3. In Ref. 1, the motion of a binary gas
mixture in a capillary with intermediate values of Kn is de-
scribed on the basis of a solution of the transport equation
with an approximate collision integral. The scattering of the
molecules by the capillary surface is assumed to be com-
pletely diffuse. In Ref. 2, the model of specular—diffuse scat-
tering is used for the boundary conditions, but the results are
valid only for small Kn (Kn <0.25).

In the present paper, we describe the isothermal isobaric
motion of a binary gas mixture in a capillary for arbitrary
values of Kn in the approximation of specular—diffuse gas—
surface interaction. Our interest in this problem arose in con-
nection with the need to compare the theory of light-induced
drift of gas mixtures in capillaries* with the experimental
data.’ The experimental methods are based on the action of
resonance laser radiation on one component of a gas mixture
followed by measurement of the difference of the concentra-
tions of the absorbing gas established along the capillary. In
Ref. 5 a theoretical model relating the displacement of the
concentration to the velocity of light-induced drift in the cap-
illary is proposed. This model assumes that the diffusion flux
of the absorbing gas is known. Since in the experiment of
Ref. 5 the pressure of the buffer gas and mixture as a whole
varied over quite a wide range, the generalized Fick’s law (2)
should be used for the diffusion flux.

The diffusion factor S; should not be calculated on the
basis of the theory of Ref. 1 for two reasons. First, in the
theory of Ref. 1 the concentration x, is a variable parameter,
while in experiments on light-induced separation of mixtures
the concentration of the absorbing gas is low. The assump-
tion that the concentration is low in the formulation of the
problem greatly simplifies the mathematical operations and
decreases the volume of computational work, since for
x;<€1 the quantity S; does not depend on x;. Second, and
this is the main point, the theory of Ref. 1, which presup-
poses diffuse scattering of molecules by the capillary sur-
face, does not permit reconstructing the values of the accom-
modation coefficients of the excited particles by comparing
theory with experiment. The calculation of S; on the basis of
the results of Ref. 2 makes sense only for Kn=<0.25. Only a
small number of experimental points falls within this range
of Kn’
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The calculation of S; and o, as a function of Kn and the
accommodation coefficients £, and &, on the basis of the
solution of the gas-transport equation under the condition
that the concentration of one component of a binary mixture
is low is the main objective of the present paper.

2. FORMULATION OF THE PROBLEM

We study steady-state mass-transfer processes in a bi-
nary gas mixture in a capillary with radius R,. The state of
the gas is perturbed by a longitudinal concentration gradient.
The total pressure p and the temperature T of the mixture are
uniform and no external forces are present. We choose a
cylindrical coordinate system (7, ¢,z) with origin at the cen-
ter of the capillary so that the z axis is oriented along the
concentration gradient. As always in linear transport theory,
we assume that the relative concentrations x;=n;/n of the
components change very little over distances of the order of
the molecular mean free path. The weakly nonequilibrium
state of the gas is described by distribution functions which
can be represented in the form of perturbed Maxwellian dis-
tributions, i.e.,

Fi®z,v) = fiol 1+ miz+ hi(tyv)], (3)

where

m 3/2 02

| — _ i
in "10( 27TkBT) exp( U_'z) ’
_ [2kgT\'2 1 dx;
Vi ’ #'_x,- dz’

m;

n;o is the equilibrium number density of the i-th component,
m; is the mass of a molecule of the i-th kind, kp is Boltz-
mann’s constant, and T is the radius vector in a plane per-
pendicular to the z axis. The expression (3) takes account of
the fact that the length of the capillary is much greater than
its radius, so that the end distortions in the flow profiles can
be neglected. For this reason, the disturbances 4; do not de-
pend on the longitudinal coordinate z.
The h; satisfy the linearized transport equations

oh;
vii'a_'+viz/“'i:Lii+Lij’ (i,j))=12, (4)

where L;; and L;; are the linearized collision integrals of type
i—i and i— j, respectively, and v;, is the component of the
molecular velocity vector v; in a plane perpendicular to the
Z axis.

As boundary conditions, we choose the model of
specular—diffuse reflection. The fraction g; of particles of the
i-th kind is scattered diffusely at each point of the capillary
surface with a Maxwellian velocity distribution correspond-
ing to the local number density, and the fraction (1—g;) is
reflected specularly. Then the perturbations A; satisfy the fol-
lowing boundary conditions:

hi(v)=(1—g)h(v;(—2(v;-m)n), (v;-m)>0, r=R,,

©)

where n is the inner normal to the surface of the capillary.
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For the linearized collision integrals, we employ their
second-order approximations,6 for which the first ten mo-
ments of the total and approximate collision integrals are
equal, and which make it possible to obtain accurate results
in describing isothermal mass transfer. Isothermal heat trans-
fer, which is a subtle effect, will be neglected.

We confine our attention to the case in which the con-
centration of one component of the mixture is low
(n,<n,). Then, after being rendered dimensionless and lin-
earized with respect to the small parameter n, /n,, retaining
only terms of leading order in this ratio, the transport equa-
tions (4) assume the form

oh 1 ny

€y F‘I‘ ;—Ro,uclz=Rl[~hl+26‘lz(l—(P(lé))ul
1

+acye (1-R)m,), (6
3h2 _ m,n; 1)
Czl'_a—l'-"_ROy,CzZ'—Rz _h2+2C22 u2+ m_zn—zllllz u,
+ 4CZrCZZ( ( 1- (//(2;)_}- (/1(2;))’772,1
n
+;“/’(l;)7rlrz)}’
2
where
Vi dx, T Yi2
C'='-", =—, r:—’ R:——-R s
i 13—, M dZ RO i U—, 0

_ Ui _ _Pirz _
ui=—= | ¢ Ehide;, m;,= 2. circi Eihide;,
v; Pi
(7
(k) (k)
2 14 V:
E;= ,"—3/2e—c‘., (l,;)z 12 (k) — 12 i=12.

’ i2 ’
Y12 Y22

Here P;,, and p; are, respectively, the partial tensor of tan-
gential stresses and the pressure of the i-th component and
vi; is the effective collision frequency between molecules of
the i- and j-th kinds. The expressions for the frequencies
Vg-‘) in terms of the masses, the concentrations, and the
Chapman—Cowling ()-integrals are presented in Ref. 6; R; is
the rarefaction parameter for the i-th component of the gas
mixture and is inversely proportional to Kn [see Eq. (18)].

We note that on account of the assumption that the con-
centration of the first component is low, the transport equa-
tion for this component is not coupled to the equation for the
second component and can be solved independently. In turn,
the equation for the second component includes macroscopic
quantities of both components of the mixture.

Equations (6) and (7), together with the boundary con-
ditions (5), uniquely determine the distribution function (3).

Ultimately, the quantities S; and ¢, are of interest. In
the first Chapman—Enskog approximation for the diffusion
coefficient’ [D],= 1)_%/2 V(l;) these quantities have the follow-
ing form in the case n,<<n,:

S,=—5 2R m R=R 8
1= 2= R_(),u.-nz(ul)’ =K, (®)
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FIG. 1. Scheme of integration along the direcion c; .

L (T \/%u»), o)

where the angular brackets denote averaging over the trans-
verse cross section of the capillary

(up)= 2] ui(r)rdr. (10)

We note that the diffusion factor S; is completely determined
by the macroscopic velocity of the first component, while the
diffusion slipping coefficient o, includes the velocity of
both components of the gas mixture.

3. SOLUTION OF THE TRANSPORT EQUATIONS

We employ the integral-moment method, based on the
transformation of the integrodifferential transport equation
for the distribution function into a system of integral equa-
tions for its moments.

We assume temporarily that the quantities u;(r) and
7i,,(r) on the right-hand side of Egs. (6) are known. Then
the transport Egs. (6), taking account of the boundary condi-
tions (5), can be integrated along an arbitrarily chosen direc-
tion of molecular velocity ¢;, (Fig. 1).® Using the integral
form of the kinetic equations and the definitions (7) of the
macroscopic quantities, we obtain two systems of integral
equations for the dimensionless velocities u; and stress ten-
sors 1;,, of the components of the gas mixture (i=1,2):

1) for the first component (i=1)

R, 1 ny uRy
141(’)=’;L:[_—"‘ ——Aq+(1—¢{y)u (r')Ag

2 n, R
.3 ’ l'_’ '
+2(1 P12 )’".lrz(r )Bll' rI dr ’ (11)
R, I ny MRO ,
'”lrz(r)=?J[_'2—;l—l' R, Ap+(1-ei)u (rAy,

3) r'ler |
+2(1=¢1)m1,,(r")By- 7 —r—dl‘ ;0 (12)
2) for the second component (i=2)
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R,
u2(r)—— 5 R, A02+ uy(r')
+\/—————n//“)ul(r’) Ag+2{ (1— ¢t
l.I
+¢22)7T2rz(r )+ ¢(4)7Tlrz(r,))B12' r_r]dr,,
(13)
R2 1 #‘RO
772;2(’)—_ |2’ ——Apt|uyr')
mn,
+\/m—2n—2¢‘1;’u1(r') At2| (1-yf)
(4) o o) ,
+ ) T (r )+n2 Yia Tirr')
r'le-r ,
XBy,- g le‘ , (14)
where
o= r—r’ e__1'1,,—1" _Tw K
F S A PV R P T R T T
B T,e K ,.i€
" Te=rT Ty

t

T.(t)= fo x™ exp( e -) dx,

X

Ty T
Kmi=_2_M 2 (1—e)* T [R((k—1)|ry—rp
re k=1

+lr=ryl+|ry—r'])], =12

The integration extends over the transverse cross-sectional
area 3, of the capillary. The argument ¢ of the functions T, is
t=R,|r—r’| in Egs. (11) and (12) and t=R,|r—r’| in Egs.
(13) and (14).

The Egs. (11)-(14) are Fredholm integral equations of
the second kind. We employ the Bubnov—Galerkin method
to solve them.’ The advantage of this method is that it makes
it possible to determine with the required degree of accuracy
the quantities (;) and (7;,,), averaged over the cross sec-
tion of the channel, without calculating their profiles u;(r)
and 7;,,(r). The rate of convergence of the Bubnov-—
Galerkin method depends on the choice of approximating
expressions for the macroscopic parameters. It has been
established® that approximations of the form
MRoasr,

~ nj 2 ~ ny
uy(r)= ;;MRo(aﬁazr ), Ti(r)= Py

uy(r)=—pRo(az+agr?), ,,,(r)=—uReagr (15)

give satisfactory accuracy (the error does not exceed
~3%) with arbitrary Kn for the average quantities (u;).
Here a; are unknown constants, which depend on Kn, the
accommodation coefficients €;, and the molecular param-
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eters. In addition, from the conservation of momentum for
the mixture as a whole n,m,,+n,m,,,=0 it follows that
as=ag.

In the Bubnov—Galerkin method the coefficients a; are
determined by requiring that the expressions obtained by
substituting the approximations (15) for u;(r) and w;,,(r)
into the integral equations (11) and (13) be orthogonal to the
functions 1 and r2, and that the expressions obtained by
substituting the approximations (15) into Egs. (12) and (14)
be orthogonal to the function r. Here the condition of or-
thogonality of any two functions f(r) and g(r) has the form

1
(f,g)=27rf0f(r)g(r)rdr=0. (16)

In this manner we obtain the following system of linear al-
gebraic equations:

6
> aya;=a,, k=12345.6. (17
i=1

The expressions for ay; and «; are complicated and are not
presented here.

We choose the effective collision frequency v, in the
form y;,= V(&) and the frequency 7,, in the form
Y2=v5)— 5. This choice relates the frequency of colli-
sions between different kinds of molecules to the diffusion
coefficient, and the frequency of collisions between mol-
ecules of the same kind to the viscosity coefficient of the
second component, which for n<<n, determines the viscos-
ity of the mixture as whole.

We model the gas particles as hard elastic spheres with
diameters d; (i=1, 2). Then the rarefaction parameter R, is
related to Kn by the following relation:

R 8 m, 1 Kn= ll
l*m ml+m2 Kn’ n_RO’

1 m,
1,= \/ S 18
1 and%z m+m, (13)
Ry, 3(d,\? /2(ml+m2) p _ditd,
R, 5\d, m, ~ 12 2

Here /; is the mean free path of particles of the first compo-
nent.

To reduce the number of free parameters and to simplify
the numerical calculations, we assume that the scattering of
particles at the surface of the capillary is almost diffuse:

i=1,2. (19)

1_8i<1,

Linearizing the problem with respect to the small param-
eters 1 —¢; gives

Si=5V+5V(1-¢y),

op=0Q+0)(1—&))+aB(1-¢,). (20)
The quantities S and {9 characterize the diffusion factor

and the diffusion slipping coefficient with total accommoda-
tion of the molecules at the surface of the capillary. We note
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that in the approximation n,<n,, S, does not depend on the
nature of the interaction between molecules of the second
component and the wall.

Analytic expressions for S and ') can be obtained
only for large and small values of Kn.

1. Almost free-molecular regime (Kn >1 or R<1):

Up to terms of order R? the kinetic coefficients have the
form

S{9=1.505R +R? In R—(0.25® ,+0.384)R2+ . . .

(21)
S{"=3.009R + 6R%In R+3.240R*+ ... , (22)
m m
o{9=1.505( \|——1|R+| \/=®,~1|R2n R
mj mj
ml »
+[ 0250, +0.384— \/ —(2.264-0.250,
2
- 1.879®,—®,In®,) [R%+... , (23)

3

o' =—3.009R — 6R?In R — ( 3.240+4.527 m_‘) R?
2

+..., (24)

m
oP=1/ -';1—1[3.()09R+6<I>2R21n R—(4.527—12.2940,
2

—6®,Ind,)R*]+... , (25)

where

4m2 12 V2(l+ml/m2)

=5 Ty b TS Tyt

4 \/ml/mz

(1)3‘:5 1+m1/m2'

2. Hydrodynamic regime with slipping (Kn<1 or
R>1):

Up to terms of zeroth order the kinetic coefficients have
the form

R

1 m, (I)2+(D3
() Y b —Z  _C)_
gy 2\/m2(1+ =, 1+..., 27

1
SO=1+..., S(l')=0(—-), (26)

1 ml q)2+q)3

() _ 22

o 2\/m2(1+ =%, ., (28)
m

a'(é)= Ly (29)
m;

The numerical results for intermediate values of Kn for
He—-Ar and Na-He mixtures displayed in Figs. 2—4.
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FIG. 2. $” and ${" components of the diffusion factor (a) and o3,

'), and ¢{? components of the diffusion slipping coefficient (b) as a

function of the rarefaction parameter R for an Ar—He gas mixture: a) 1-—Eq.
(21), 2—Eq. (22); b) 1—Eq. (23), 2—Eq. (24), 3—Eq. (25).

4. DISCUSSION OF RESULTS AND COMPARISON WITH
EXPERIMENT

The results of the model calculation of the quantities
S® and o{¥) for a mixture of gases, in which the effective
diameters of the molecules are equal (d,=d,) but the
masses can be different, are presented in Tables I and II. One
can see that for a fixed value of the rarefaction parameter
R the diffusion factor S,fo) is essentially independent of the
ratio of the molecular masses m/m,. When the ratio
my /my is varied, the maximum change in S,fo) is ~4%. This
dependence is incorporated in the parameter R itself [see Eq.
(18)].

The diffusion slipping coefficient oy, in the limit of
small Kn (27)-(29) is of interest in its own right. In this limit
01, does not depend on the geometry of the surface bound-
ing the flow and can be calculated independently by solving
the Knudsen layer problem. A detailed review of these works
is given in Ref. 10.

It is convenient to compare the results (27)—(29) of the
present work with other theories for a gas mixture with simi-

84 JETP 83 (1), July 1996

G,
1.5

Ar-He

% .. >
]

! \\
0.5
0

-3 =2 -1 0 1 2

logR

FIG. 3. Comparison of theory (solid lines) and experiment:® Curve I corre-
sponds to £4,= &y= 1, and curve 2 to £,,~0.98, £4,=0.92.

lar masses and effective diameters of the molecules. We also
assume that the partial accommodation coefficients differ by
a small amount. In this case the expression for o, can be
written in the form

5,
1
08 ]
R / ©
/ 5
a
0.6 /
0.4 -
0.2
(1)
Sl \\
0
-0.25 0 0.25 0.5 0.75 1
logR
9,
25
Na-He 0,(2) I
12
2 /_/_/-——-//
/ V/”.—
° / / -oi(z
LS — =
/ L &
s —
1 / / "] ""—L—_
0.5 ==
0
-0.25 0 0.25 0.5 0.75 1
logR

FIG. 4. S(l°’ and S(l” components of the diffusion factor (a) and cr(,g),
(¥, and o) components of the diffusion slipping coefficient (b) as a

function of the rarefaction parameter R for a Na—He gas mixture.
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TABLE L. ${* and S{" components of the diffusion factor as a function of m, /m;.

S{U) S{U
ml/mz ml/mz
R 0.1 1 10 0.1 1 10
0.01 | 0.0146 | 0.0146 | 0.0146 | 0.0276 | 0.0276 | 0.0276
0.1 0.123 0.124 0.125 0.185 0.185 0.185
0.4 0.357 0.361 0.366 0.339 0.334 0.329
1 0.591 0.600 0.609 0.314 0.299 0.285
4 0.868 0.873 0.877 0.124 0.114 0.107
10 0.945 0.947 0.948 0.0530 | 0.0506 | 0.0489
m,—m, d,—d, the almost free-molecular regime (Kn>1) S;~R and
op=a - +c(e,—8y). (30)  o;,~R%InR, and in an almost continuous medium (Kn

From the expressions (27)—(29) we have a=1.063,
b=0.750, and ¢=1.0. According to the data of Ref. 10, the
different methods for solving the Boltzmann equation in the
case of an equimolar mixture (x;=x,=0.5) give the follow-
ing values:

a=0.7—-1.29,

According to experiments'! on diffusiophoresis of oil drops
in binary gas mixtures a =0.95 and b=1.05.

Table III gives the computational results for o, in iso-
topic mixtures of molecules with identical masses and differ-
ent effective diameters. In this case, for intermediate values
of Kn, according to the theory, the direction of the diffusion
slipping velocity is reversed. If m=m,, &,=¢,, and
d,<d,, then the number-average flux of the gas mixture is
directed opposite the concentration gradient of the first com-
ponent for large Kn and along the concentration gradient for
small Kn. If d,>d,, the opposite is true. We note that rever-
sal of the diffusion slipping velocity for intermediate Kn in
the case of equimolar mixtures (x;=x,) has been recorded
experimentally in measurements of the diffusion baroeffect
and barodiffusion separation of mixtures for the gases
Ar-C0,,"? N,-C,H,,'"'? C,H,—Ne," and He-D,."*

In the case of physically indistinguishable molecules
(m;=m,, d;=d,, €,=¢,), a relative fraction x; of which
is tagged, there exist diffusion fluxes of the components
(self-diffusion) and a molar flux of the mixture as a whole.
The functional dependence of the fluxes on Kn changes. In

m;+m,

b=0-1.18, ¢=0.667—2.

TABLE II. 09, o), and o{? components of the diffusion slipping
coefficient as a function of m,/m, ford,/d,=1.

<1) S;~1 and o~ 1/R. Obviously, the latter results for
Kn<1 cannot be obtained on the basis of the standard Knud-
sen layer theory, where the motion of a gas along a flat wall
in the half-space is studied.

The quantities S{”, (", 'Y, '}, and 0\ are dis-
played in Figs. 2(a) and (b) as functions of the rarefaction
parameter R for the Ar—He mixture. One can see that in the
hydrodynamic regime with slipping (R=10), the contribu-
tion of the accommodation component Si" to the diffusion
factor S, is negligible. This means that for R=10 and
(1—¢;)<1 the diffusion fluxes are essentially independent
of the character of the interaction between the molecules and
the capillary surface. The accommodation components o}
and 0(1%) of diffusion slipping coefficient o, are important
for any regime of motion of the gas.

The diffusion factors S{? calculated for the Ar-He and
Na-He mixtures differ from one another by at most 0.2% for
any values of the rarefaction parameter R. In the experiment
of Ref. 5 on light-induced separation of a Na—He mixture,
the pressure of the buffer gas (He) in the capillary varied
over the range p=0.021-12.5 kPa, which corresponds to
rarefaction parameters R=0.4—240. In Ref. 5, in the analy-
sis of the experiment for the purpose of determining the val-
ues of the light-induced drift velocity of Na vapor, it was
assumed that S;=1 for arbitrary R. The error made in so
doing can be estimated from Fig. 4(a). We note that when
isothermal diffusion and light-induced drift problems are
solved simultaneously, the transport equations include terms

TABLE 11 ‘9, 0%, and o{2) components of the diffusion slipping coef-
ficient as a function of 4, /d, form,/m,=1.

oD, 1073 oD, 102 | oD, 102 0, 103 —o0, 1072 | o2, 102
m/my mi/m; m;/my di/d, d/d; di/dy
R 0.1 1 10{01] 1 ]10]01|11]10 R| 05 1 1.5 [0.5{ 1 |1.5({05| 1 |L5
0.01{—9.94|-0.0411{30.6/2.78{2.81{2.89{0.891/2.78|8.41 0.01{—0.180{—0.0411{0.0413{2.80}2.81{2.81/2.71]2.78{2.83
0.1 {—84.3] —1.030 | 257 {19.4{21.1{26.6] 6.77 |20.7|59.4 0.1]-255] —1.03 | 0.464 |21.1{21.1{21.1[19.4/20.7|21.7
0.4]—-244| —36.2 | 813(39.9/52.3[94.9{ 16.9 |51.5] 151 0.4] 7.65 | —36.2 [—5.25]/52.9/52.3(/52.2{49.0/51.5|54.0
1 |—407| —5.20 |1520{45.6{74.8{ 186 | 24.6 |74.4| 225 1 | 58.3 | —5.20 |—28.8{79.7|74.8173.0|73.1{74.4{76.5
4 | -606] —2.76 |2589{37.0{89.7|311( 29.7 |90.1} 278 4 | 208 | —2.76 [—96.11109]89.7/81.3/90.8{90.1/89.8
10 [ —663 | —0.758 {2892(32.6{94.1]{ 359 30.5 |94.4| 296 10| 262 | —0.758 | —121[119]94.1{82.9/95.0/94.4(93.9
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that take account of induced intramolecular transitions in a
resonance interaction of the radiation with the gas as well as
the radiative decay of the excited level.* This results in a
renormalization of the diffusion transport coefficients. As a
result, the expressions for the diffusion coefficient D, the
diffusion factor S;, and diffusion slipping coefficient o,
will include corrections due to the drift motion of the gas.
However, it can be shown (as done for D in Ref. 5) that these
corrections are of order Ad/d—the relative difference of the
effective diameters of the excited and unexcited particles.
Then the corresponding corrections for the diffusion fluxes
J; and the number-average velocity U of the mixture will be
of the same order RouAd/d. Since Rou<1 and Ad/d<1,
these corrections can be neglected.

In Fig. 3 the theory is compared with an experiment'* on
the diffusion slipping of a Ar—He mixture. The quantity
o, represents the ratio of o, to the free-molecular value
o' [the first term in the expression (23)]. In Ref. 14 the
experimental values of o}, were found from measurements
of the magnitude of the barodiffusion separation of the
Ar—He mixture. The measurements were performed over a
wide range of values with concentration ratios
n . /nyue~0.08. One can see from Fig. 3 that the discrepancy
between the theory with £, =&g.=1 (curve I) and the ex-
perimental data is greatest in the free-molecular regime and
is ~20%. The theoretical curve (2), corresponding to the
accommodation coefficients £,,=0.98 and ey,=0.92, satis-
factorily describes the experiment for R<1. We note that the
accommodation coefficients £,,=0.975 and &yk.=0.935
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were extracted from the experiments of Ref. 8 on Poiseuille
flow in glass capillaries. The small discrepancy between
theory and experiment in the intermediate regime could be
due to two factors. First, the approximation n,<<n, adopted
in the theory does not completely meet the conditions of the
experiment. Second, the calculations were performed for a
model of hard spherical molecules. It can be expected that
better agreement between theory and experiment can be ob-
tained by using the Lennard—Jones potential.
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