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1. Kinetic boundary conditions were formulated by Maxwell (1). The corre-
sponding requirements on the distribution function for stationary motions
of a gas were proposed by Epstein (?). In paper (%), on the same basis,
boundary conditions were formulated for the “moments”of the distribution
function, valid for nonstationary motions of a gas at a stationary bound-
ary. In the author’s paper (*) the apparatus of generalized hydrodynamics
was considered, with the help of which, in principle, it is possible to solve
boundary-value problems for gases at any value of ¢ = At,/At (At, is
the relaxation time of a monatomic gas; At is the time interval character-
istic of the process under consideration). The aim of the present work is
to formulate the boundary conditions of generalized hydrodynamics with
a nonuniformly moving heat-conducting boundary with accommodation,
primarily for the case of one-dimensional linear problems.

2. Let some element of the boundary surface move with velocity u,(t). Sup-
pose that a fraction s of the gas atoms incident on this surface element
is reflected from it diffusely, and (1 — s) specularly, while the diffusely
reflected gas atoms obey the Maxwell distribution in velocities (relative to
the velocity of the surface element!) with the temperature acquired by the
gas particles as a result of accommodation at the surface (the accommo-
dation process is assumed instantaneous). Then the boundary condition
is written as follows:

FH(+v],vh,v5) = (1 — 8) f~(—v], vh,v5) + sAexp[—(v')?/2c2]; v; >0. (1)

Here v/ = v —u,(t); v is the velocity of the gas particles in a stationary co-
ordinate system; v} is the projection of the relative velocity on the outward
normal to the surface element; v}, v5 are the projections on two other axes di-
rected in the plane of the surface element; f* =0 if v] < 0, i.e., fT is the part
of the distribution function corresponding to reflected gas particles; f~ = 0 if
v] > 0, i.e., f~ is the part of the function corresponding to incident particles;
consequently, f = f© + f7; ¢2 = kT, /m, T, is the temperature of the diffusely
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reflected particles; T, — T = o(T, —T); T, is the temperature of the surface
element; o is the accommodation coefficient; A is a quantity to be determined,

independent of the particle velocity v’.

The boundary condition (1), if the boundary is regarded as stationary, passes
into Maxwell’s condition. As already noted, condition (1) assumes instantaneous
reflection of all gas particles incident on the wall. Consequently, there is no flux
of gas particles through the boundary:

(ug)y = ug; u= %/Vfdv. (2)

From (2) one can determine the quantity A entering condition (1). To do this,
we shall find the flux of the number of particles from the wall, multiplying (1)
by v, and

integrating over the region v} > 0:

+o0o +oo +oo
+ ’oo ’
/ / / vy [T (4o, v5,v5) dv’ =
0 —00 —00

+oo  pto0  ptoo +00 o0 ptoo (v
—an [ [ [ et [ [ [ e |-
0 —00 —00 0 —00 —00

Let us pass to other variables:

c=v—u=v —-U, U=u,—u (4)

Then (2) is written as follows:

Taking (4), (5) into account, from (3) we obtain:

+o00o +oo +oo
[ ] et e
0 —00 —00

+0oo +oo +oo
=(1 *8)/ / / (¢p +ui)f™ (=, 09, 03) det
0 —o0 —oo

+oo +o0 +o0 (,U/)Q
—|—5A/ / / (v 4+ uy) exp [— > ] dv’. (6)
0 —00 —00 268
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The expansion of f in Hermite polynomials (see (3)) gives, with accuracy up to
“moments” of the fourth order:

1p;ccc 184ccc.  18S.e
_ 14 2Pig%i% 2 Pk 2 0 7
/ fo{ T2 per "6 pet 2 pct )
where
2 2 1 [ mc?
fo (2m)3/2c3 exp { 22] ) p= /mfdv’ Ce = gea €= ; decv
bij; = ]Dij *p(sija p= cha 'Pz'j = /mcicjf de,
Sijk = /mcicjckf dce, S, = ZSijj.
J
Substituting (7) into (6) and carrying out the corresponding integration, we
obtain an expression for A. We give several intermediate integrals:
+o00 +o0o
/ / / ey, q,05)de =
B +oo +00 +o00o n CQ . 1 ) ) )
~ ) WGXP 92 + m[l’nﬁ + Pgacs + P3ges]+
1 3 2 2 1
iw[&uq + 381950165 + 3513301 ¢3] F %5101 de =
e e
-1 (2m)Y2pcd F Yo b, (8)
T 2327123 PCe T 3P111 [

+00 +oo +o0 1 1
/ / / ey fE(£ey, ¢0,05) de (QW)I/QC - (p + 51911) . 9)

AR PR A e

Taking (7), (8), (9), (10) into account, we obtain from (6)
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—s\ (ug)S
[zpll +p (1 +3 21/2 (ce)lﬂ — (% )(:);Tm

(2m)Y/2me, ct (1 + 21?5 <uCQ>1)

sA =

Thus, the boundary condition (1) with A, determined in (11), is a kinetic bound-
ary condition in the case of a nonuniformly moving heat-conducting boundary
with accommodation*.

3. Let us consider the conditions imposed on the hydrodynamic quantities by
condition (1). One of them is condition (2). The other requirements** will be
the requirements on the heat fluxes S, 1, S22, 5135; they are connected with
the thermal conductivity at the gas-solid boundary. We obtain these boundary
conditions by multiplying (1) by me;c? de (i = 1,2,3) and integrating over the
region vj > 0.

Carrying out calculations analogous to the preceding ones (see (7), (8), (9), (10))
and taking (4), (5) into account, we obtain:

+o0o “+o0o +oo
1 C
/ / / me} fE(+ey, ¢q, ¢3) de = ﬂ:§S111 + W@p +3py1); (12)

+00 +00 +oco 1
/ / / me,c3 f*(dey, ¢y, 05) de = 4= 5122"’( )1/2 (P + 5P1 +P22> ;
0 —o0 &S]
(13)

+o00 400 +o0o
1
/ / / meyc3 fE(dey, ¢, 03) de = £ 3133+( )1/2 (P +5Pu +p33> ;
0 —oo oo

/*‘” [ e [For ] = ane (15)
[ e[ - (1) 0o
[ [t ] w12 5) o

Taking (12), (15) into account, we obtain the boundary condition for S;;;:

25 6 Ce .
Slll = E {mA47TCS — W(2p + 3p]_1>}a (18)
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* As we see, when u,; ~ c,, A may tend to infinity. Since in the present work
we are primarily seeking to obtain boundary conditions for linear problems, the
discussion of this circumstance, which is connected with nonlinear problems,
will be carried out later.

** In the present work we consider only those boundary conditions that are
significant for one-dimensional problems, with the distribution function having
the form (7).

where A is defined in (11). Taking into account (13), (16) and (14), (17) for
S99 and S35, respectively, we obtain:

2s U3 Ce 1
S1g2 = 5 {mA 2mct (1 + 02> L (P + 5P +p22>}; (19)

— 3 <

2s U2 c 1
— (§} 3
S133 - 2_g {mA 27Tcs (1 + c2 > - (27_[_)61/2 (p + §p11 +p33)} ) (20)

S

where A is defined in (11). Since the conditions (19), (20) coincide in form, as
unknowns, in accordance with the requirement of one-dimensionality, we may
introduce Sy95 + Sy35 or Sy = >, Sy;;.* Then from (18), (19), (20) for S5 we
obtain:

2s 6 U2 Ce
S, = . {87rcsmA (1 + 40§> — W<4p —+ 31711)} . (21)

The conditions (2), (18) and (21), in which U, = U; = 0, are the boundary
conditions of generalized hydrodynamics for one-dimensional prob-
lems. The corresponding results of work (3) are obtained from ours if in (2),
(11), (21) one sets (u,), =0, 0 = 1, and discards (18).

4. We shall now obtain linear boundary conditions for one-dimensional flows.
Let

n=ng+An, u=uy+Au, p=p,+ Ap,
P11 = (P11)o + Apyy,  S1=(S1)o +ASy, Sip = (S111)o + AS1y1,  (22)
Ts = {JTU + TO(l - 0)} + (1 - U)AT7

where the subscript 0 refers to the stationary state, and A to small nonstationary
perturbations. In (22) we set, for definiteness,
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ug =0, (P11)o=0, (S1)o=0, (Si11)0=0, T,=T1,. (23)

Substituting (22), (23) into (11), (18), (21) and neglecting quantities of second
order, we obtain

_ L) _ / 1 ’ 7 L.
A= (2m)3/2(c,)3 {1 + (1 —ay)p + 22011 +on }» (24)
AS
St +26{op" +pj; —on’} =0, S, = 11135 (25)
pO(Ce)O
AS
Sy + B{dop’ +piy —don'} =0, S]=—2=, (26)
Po(ce)o
where
A A A 2 1 1
oA Ap o Apy s Lion—o.

ng p Py P11 = PR B:EW, 01:2
The conditions (2), (25), (26) are the boundary conditions of generalized
acoustics for one-dimensional problems.

In conclusion I express my deep gratitude to Academician N. N. Bogolyubov for
discussing the results.
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* The equations of generalized hydrodynamics have an analogous property as
well (see (4)).

Note: Figure translations are in progress. See original paper for figures.
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