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In our work (1) it was shown that, for the most rigorous determination of the
thermal slip velocity of a gas along a solid wall in the presence of a temperature
gradient tangential to the latter, it is necessary to compute the velocity distri-
bution function of the gas molecules by solving the Boltzmann kinetic equation.

In (1) an attempt was made to carry out this task by a rough approximation
of the collision integral in the Boltzmann kinetic equation by the Bhatnagar-
Gross-Krook method (2). In this case the distribution function, as is to be
expected, depends on the distance to the solid wall, but the slip velocity turns
out to be equal to

u=73/,vdInT/dy, (1)

which exactly coincides with the result obtained earlier by Maxwell (3).

In the present work the distribution function is determined considerably more
correctly than in (). The distribution function will be determined as the sum
of three terms, each of which satisfies the Boltzmann equation. This approach
is more convenient (in the sense of overcoming mathematical difficulties) than
the Gross-Ziering method (*?).

Let us consider a gas situated in the field of a temperature gradient tangential
to an infinite wall. We choose the origin of coordinates on the surface of the
wall. The z-axis is directed perpendicular to the wall, and the y-axis along the
surface. Along the y-axis there is a temperature gradient in the gas. Under
these conditions the velocity distribution function of the gas molecules will,
generally speaking, depend on the coordinates z and y, and can be found from
the Boltzmann kinetic equation, which in the stationary case has the form

(CV)f = 8f/atcolb (2)
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where ¢ = (m/2kT)'/?v is the dimensionless velocity; f = f(x,y,c) is the
distribution function; (9f/0t)..y is the collision integral. The collision integral
in Boltzmann form is given by the expression

(Z)COH/dvl/gbdbds(f’f{ffl), (3)

where g = |c; — c| is the relative velocity of two colliding molecules; b is the
impact parameter of the collision; € is the azimuthal scattering angle.

At large distances from the wall the gas is described by the Chapman-Enskog
distribution (%), which may be written in the form

F=FON+2cu+7¢, S5 (c?) 0InT/dy), (4)

where

O = n(m/27kT)3/? exp(—mv?/2kT);
u is the dimensionless mass velocity; 7 = 1°/;4A7!/2 (X is the mean free path);
1 5
Syh(c?) =5y — 2.

It is assumed that at infinity from the wall there is a concentration gradient
On/0y, which in relation (4) is expressed through 91nT /9y, as well as a mass
transport velocity wu.

We shall seek the distribution function in the form:

F2 = fOIL+ (00, y, €) + D*(z,y, )], ()

where the signs 4+ denote the distribution functions for molecules flying away
from the wall and toward the wall, respectively; f(°)[1+¥(oo,y, c)] is the Chap-
man-Enskog distribution (4).

From the estimates given in work (1), it follows that

|0®/0y| <« |0®/0x|,

which makes it possible to regard ® as a function only of  and c.

Taking into account the form of the distribution function at large distances from
the wall (4), and the fact that at arbitrary distances the distribution function
contains terms proportional to c,,y0u/0x, we shall seek the correction to the
distribution function in the form
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P+ (z,¢c) = B3 (x,¢) + D7 (x,¢) + D5 (z,¢) + P35 (x, ¢), (6)

where

o5 (z,¢) = ag(z)e, Py(z,0) =ay(@)e,y, Pg(x,¢) = a5 (v)e,.y,

1
bF(z,¢c) = aF (x)c?(iszg/z (c2).

Substituting the distribution function (5) into equation (2), we obtain

oLy 1 of0

“or T oy

= J(®) + J(D),

where J(®) and J(¥) are the linearized collision integrals. The function
U (00, 3, c) satisfies the equation

of00)
cyg—y = O W),

therefore ®*(x, c) will be found from the solution of the equation

¢, 09/0x = J(P). (7)

We choose the functions &5 (z, ¢) so that they satisfy the equations:

0
Cz%(q)o"‘q)l) = J(®y + ®y), (8)
0
Cwaith = J((D2)7 (9)
0
Cm%(bi} = J(‘I)3)- (10)

The solution of equation (8) is contained in works (5, 7). Using the data of work
(7), it is easy to write the expressions for the functions af (z) and af(z):

al = ag+ ¢y exp(—=7.56z/N), ag = ¢, exp(—T7.56z/)), (11)

aj = ay + ¢y exp(—T7.56z/N), a] =y —c;exp(—7.56x/A),
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where af = —4.487; af =4.643; oy = 1.551; ¢, is a constant determined from
the boundary conditions at the wall.

Let us find the solution of equation (9). It is convenient to introduce the auxil-
iary function signc, = +1 for ¢, > 0 and signc, = —1 for ¢, < 0. With its aid
®, is expressed through @5 and ®; as follows:

@2 - q);r LS Sign % + (I)g 1= Sign Co - a; + GE CeclY + a’; — a5 CszSign Cp-
2 2 2 2
(12)
Since J(®,) is a linear operator, we have
+ 4 a= + o=
T(@y) = BT (e, ) + B e,y signe,) (13)

Substituting (12) and (13) into equation (9), multiplying both sides of the re-
sulting equation by ¢,.y(1 +sign c,) exp(—c?) dc, and integrating over the entire
velocity space, we obtain

d I, +1 I -1 d _ I, - I L+ 1
%a';:;lﬁQJranWQ, dx%:*a;lFQ*azlﬂza (14)
where
I = [cpels Cpey] = /cmy exp(—c?)J(c,.y) de = —0.400 ;,
. . 7r
I, = [c,.ysigne,, ¢, ysigne,] = —1.698 3
The solution of system (14) has the form
as = 2.897 ¢y exp(—1.652/\), ay = cyexp(—1.65z/)\), (15)

where ¢, is an arbitrary constant determined from the boundary conditions at
the wall.

Equation (10) for the function ®4 is solved in the same way. The function @
is given by the expression

_ Ot ) ey % 0 )

@3(1'7 C) 2 y53/2 2 y53/2

(c?)signc,, (16)

and the collision integral of ®; has the form
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a3 +az

J((I):a) = 9

=+ —
(1) 2 a3 —ag (1) o\ -
<cy53/2(c )) + TJ cy53/2(c )signe,|.  (17)

Substituting (16) and (17) into equation (10), multiplying both sides of the
resulting equation by

) (A)(1 4 signe,) exp(—c?) de,

3/2

and integrating over the entire velocity space, we obtain

d . A3+ 1) Ay — 1)
dz® T T 3y BT g o

d _ LA — 1) _A(I3+ 1)
il — _ _ 1
dz™ T BT 13y 33 (18)

where

—_ .0 (1) —
I; = [cys3/2 (c2), Cys, (02)} = —1.3337/],

1 . 1 .
I, = [cés)s/z (c?)signe,, 0515)3/2 (c?)sign cz] = —1.2627/\.
The solution of system (18) has the form:

ad = —73.09¢; exp(—0.798 z/\), az = c3exp(—0.798 z/\); (19)

¢ is an arbitrary constant of the system.

The arbitrary constants of the differential equations are determined from the
boundary conditions at the wall, which for the complete distribution function
have the form (1)

er(OvC) = Qf<0> +(1*q)f7(03 *C:mcyacz)v (20)

where ¢ is the coefficient of diffuse reflection.

Substituting the distribution function (5) into (20), it is easy to obtain the
boundary condition for the function ®(z,c)

O1(0,¢) = —q¥(o0,¢) + (1 — )P (0,—c,, ¢, C,)- (21)

T Fys Yz
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(1)
YSg/2
+

%

Equating the coefficients of ¢, c,.y, ¢ (c?) in relation (21), we obtain the

boundary conditions for the functions a

a5 (0) = —q-2u+ (1—q)ag(0),  ay(0)+a;3(0) =

g1 (0 + a3 (0)),  ai(0) = —gromT/dy+(1—qaz(0).

Substituting expressions (11), (15), (19) into the boundary conditions (22), we
obtain

_ 2u _ 2u(6.194 —1.551q)
AT TN s 2T T2 9384 — 2138
_ T olnT (23)
STU7400—q oy

The correction to the distribution function has the form

— + — + —

4 - +
ay +a ay —a . a; +a a; —a .
®(x,c) =2 5 Se, + =2 5 e, signe, + 1Tlcgwy + 1Tlcmys1gncz+
+ o + - + o=
ay +ag Ay — 4y : as +as @
5 Cacd T T Cacysign e, + = Cys)3/2<02)+
a§ — a3 (1)

+ (c?)signc,.

2 Cy33/2
(24)

From (24), (11), (15), (19), after carrying out the calculations we shall have

Bz, c) = — 3.487 %cy exp(—7.562/\)—
— 5.487 %cy sign ¢, exp(—7.56x/\) + 6.194 %lczcy exp(—7.56z/\)+
+3.092 %cxcy sign ¢, exp(—7.56x/\) + 3.897 %cxcy exp(—1.65z/\)+

+1.897 %cmy sign ¢, exp(—1.652/A) — 72.09 %sc;{gw (¢?) exp(—0.7982/\)—

C3 (1 .
—74.09 5301(13?3/2 (c?)sign c, exp(—0.798z /).

The distribution function obtained differs substantially from the one derived by
us earlier (1) in that the distribution function for the incident molecules depends
explicitly on the distance to the wall; consequently, one may expect that on the
basis of the distribution function obtained there should result a slip velocity
different from the expression obtained in (!). This question will be the subject
of our next paper.
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