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collision is rather long in comparison to %/4E, and
the transition probability is small. Moreover,
transitions involving a change of K are restricted
by selection rules prohibiting conversion of A-
ammonia into E-ammonia or viceversa. Hence
energetically inelastic collisions should indeed be
exceptionally rare in ammonia. This implies a
drastic reduction of the contribution from the term
[J]®, and correspondingly a dominance of other
terms. Korving’s analysis?2 indicates a strong
dominance of J[W]®. This is not very surprising,
since J[W]® is the next simplest term in the
expansion and since the dipole-dipole interaction,
very far from being spherical, causes certainly
many collisions without an inverse to occur, thereby
allowing large contributions from the terms odd
in J14. In the authors’ opinion the positive sign of
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the effect should not be related to the inversion of
the molecule, the latter effect being much too slow
to affect the collisions. Indeed, if inversion was
important, the effect should be qualitatively
different in heavy ammonia where inversion is
15 times slower, in contradiction to experiments.
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The Slip Problems for a Simple Gas
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Simple and accurate expressions for the velocity slip coefficient, the slip in the thermal creep,
and the temperature jump coefficient are obtained by applying a variational technique to the
linearized Boltzmann equation for a simple gas. Completely general forms of the boundary
conditions are used, and the final results are presented in a form such that the results for any
particular intermolecular force law or the gas-surface interaction law can easily be calculated.
Further, it is shown that, with little extra effort, the present results can be easily extended to
include the case of a polyatomic gas. It is felt that the present work, together with a recent paper
in which the author has considered the solutions of the linearized Boltzmann equation for a mon-
atomic multicomponent gas mixture, provide the desired basis for the consideration of the various
slip problems associated with the polyatomic gas mixtures.

I. Introduction

Recently, in a series of papers we!™* have con-
sidered the slip problems for a simple monatomic
gas. In these studies, we applied variational techni-
ques (for some general remarks on the use of the
variational techniques in the kinetic theory, see
Refs. % 5) to the linearized Boltzmann equation and
we were able to obtain some simple and very ac-
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Thus in this paper, for a simple gas, we derive
simple and accurate expressions for the velocity slip
coefficient (the Kramers’ problem), the slip in the
thermal creep, and the temperature slip coefficient
by applying variational techniques to the linearized
Boltzmann equation with completely general forms
of the boundary conditions. Our final results are
presented in terms of simple scalar products in-
volving only the pertinent Chapman-Enskog solu-
tions 8719, the collisional invariants, and an opera-
tor A containing the effects of the gas wall inter-
actions 11717, Since for any particular combination
of the gas and the surface, the operator 4 may have
some specialized form, and since the experimental
and the theoretical work for the determination of
these specific forms is still only in the initial stages,
we have found it advisable to present our results in
as general a form as possible. However, just for the
sake of illustration, we do show that from our ex-
pressions, for the Maxwellian diffuse-specular re-
flection at the boundary, the corresponding slip
terms can be deduced in a simple and almost trivial
manner. For the velocity slip coefficient and the
temperature slip coefficient, these results, as must
be expected, are in agreement with the results for
these quantities given earlier by the author. How-
ever, quite interestingly, we find that the thermal
creep velocity is only weakly dependent on a (the
fraction of the molecules that are diffusely reflect-
ed).

We have tried to keep our formalism and the re-
sults in a fairly general form, and an added ad-
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vantage of this procedure is that our results can, in
a straightforward fashion, be generalized to include
even the cases of the gas mixtures and the poly-
atomic gases. We discuss these generalization in the
Section V of this paper.

II. The Velocity Slip Coefficient
(The Kramer’s Problem)

We consider a semi-infinite expanse of a gas,
bounded by a flat plate located at =0, and lying in
the y — z plane. Far from the plate, the gas is main-
tained at a constant velocity gradient Ogp, sy () /O
normal to the plate. For small values of this gra-
dient, we consider the linearized Boltzmann equa-
tion (to avoid unnecessary confusion, unless other-
wise specified, we shall retain all quantities in their
actual dimensional forms),

3% 9 Ly (z,€)
= —o0(c) Pp(z,€)

+[de fO() K(e,e’) Dp(z, )

& -0 Pp+K Dp (1)
where L is the linearized Boltzmann collision opera-
tor, Pp(z, €) is a measure of the perturbation in

the distribution function fp(z, €) from the absolute
Maxwellian f©@, i.e. fp=f© (14 @Pp), where

fO =ng(m/27 kTy) " exp{ —m c2/2kTy}. (2)

Here € = (c;, ¢y, ¢;) is the velocity and X(z,y, 2)
is the position vector.

The boundary condition at =0 is, quite generally, expressed in the form
QP(()’ C) =4 QP(O’ C) = f dc, 7]( == cz,) f(O) (C’) | CZ, | B(c’ c’) QP(O’ c,) s Cz > 0 (3)

where B(e, €’) is determined by the properties of the gas and the wall. It satisfies the reciprocity rela-
tion. Some details regarding the various methods for the construction of its specific form have been
given by several authors 1717, In particular, for the Maxwell’s diffuse-specular reflection, we have

ADp(0,€) =(1—a) D(0, —czeysc,) +afde’ n(—c) fO)| e | Pp(0,€’) (1/ny) (27 m/k Ty)™. (4)

In this %(c;) =1, ¢,>0; 7(c;) =0, ¢c,<0.
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For x— oo, the function @p has the form

S.K.LOYALKA

lim @p(z,€) = (m/kT,) c. qp, asy (0) + kl;ro c:x+cz ¢, Dy(c)| Ogp, asy () [Ox & Pp, asy (2, €) . (5)

Z— o0

Here c,c, D,(c) is the solution of the Chapman-
Enskog viscosity equation, i. e.

(m[kT,) czc;=L(cyc; Dp(c)) . (6)

Also, gp(x) is the mass velocity of the gas, gp, 35y (%)
indicates its asymptotic value.

We find it useful to consider the Hilbert spaces
in which the scalar product is defined by

(01(z, €), 05(x, €)) = [de gy (z, €) [0 (2, €), (7)

((91 (1‘, C) > Q2 (I: c)))zofoodx (@1 (x: C) s Q2 (.’It, C)) . (8)

and, the operator U is given by

’
T —x
C.

Uo(z,e€) = c%{’?(cz) br’dx’ exp [o(c)

¥

Note that
(MCICZ,CICZQP(C))=—,U- (9)

where u is the viscosity of the gas.

Now, Eq. (1), with the boundary conditions (3)
and (5) is easily converted into an integral equa-
tion

Dp(z,¢) =UK Dp(z,¢) +UE A Dp(z,€e) (10)
where the operator E is defined by

E=6(x) n(c) cq (11)

Jo@, ) —n(~ec f & exp|o() ¥ %] 0@, €) } (12)

It is convenient to carry out an iteration in the second term on the right-hand side of the Eq. (10), i. e.,

we have

Dp(z,0) =UK Pp(z,€) +UEAWUK+UE A) Dp(z,¢) .

Noting that UE A(U E A) @p =0, we can write this
in the form

Dp (z,€) =L Dp(z, €) (13)
L-_UK+UEAUK. (14)

Now it is convenient to introduce an operator K

such that

where

K=RK (15)
where R is the reflection operator, i. e.
Rf (z,€) = f (z,—¢). (16)

Now, we consider a function gp (z, €) defined by

Dy (z, c) = [QP (z,€) + (m/k To) C:T+CzC; Qpp((;)] aQP, asy(x) /ax .

It is easily shown that the operators X and (XK L)
are, respectively, self adjoint in the spaces defined
by the scalar products (7) and (8), i. e.

K* =X
(KL)*=LrK*=L*K=KL.

Here we have used the facts that K(e, €’) is sym-
metric and rotationally invariant, and that B(¢, €’)
satisfies the reciprocity relation 17.

(17)
(18)

Substituting this in Eq. (13), we find that gp is determined by the equation

where

(19)
Op (I, c) = £ %3 (13, c) + Pr (.’27, c) (20)
pr(,€) = —n(cs) exp | —o(e) Z| [1-A] cse, By(c). (21)

Further, taking scalar product (7), of Eq. (1), respectively on mec, and c,c, @,(c), and using the

asymptotic solutions (5), we can show that

a asy (T
(= kT ( gr.a0y(0) +2 22 ) — (e, B,(c), Do (2, 0)).

(22)
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Evaluating this equation at z=0, and using Eqgs. (19) — (21), we find that
qgp, asy(o) = {(012 Cz Qp(c) 1 (cz)[1—A] czc, qu(c)) == [(QP (z,€), Pf’ (, C))]} (k TO//“) aqP, asy () /al‘ (23)

in this

Hence, using the Roussopolous variational principle (see, e. g. Ref. 4 5), we find that

qP,asy(O) = {(012 Cz Qpp(c), 77(0.1:) [l—A] CrCz Qp(c)) +FSt[éP ’éﬁ]} (k TO//“) aQP,asy(x)/ax

where Fg; is the stationary value of the functional

and op is the solution of the adjoint equation,

or =L"0p +pp.

pr (=€) =X ppls, €). (24)

(25)

Flop,0p] = —((¢p,pp)) +((0b,0p—Lop—pp)) (26)
i. e. we take i

(27) ep=aymec,, (29)

op =K(ayme,) (30)

Also, 0p and 0% are the trial functions, correspond-
ing, respectively to the solutions of the Egs. (20)
and (27).

Further, a simple analysis of Eq. (27) shows that

(28)

For evaluating Fg;, we use the asymptotic solutions
of the Egs. (20) and (27) as the trial functions,

op (z,¢) =Kop(z,€).

where @, is an unknown constant. Using the above
in the Egs. (25) — (26), we can write the Eq. (25)
in the form

qP,asy(x) = (aQP,asy(I)/ax)]z,':O (31)

where { is known as the velocity slip coefficient,
and here it is explicitly given by

—[ (e2 (m ez ez, n(ca) [1—A] ez ¢c: Pp(9)* | kT,
£ = (cz Cz gpp(c)sn(cz) [1-4]c;c, Qp(c))'l' (m ¢z cz,7 (cz) [L—A] m c2) @ " (32)
Generally, { is written in an alternative form
:: AP lp (33)
/2
where ly= (T: (ﬂ?o) (34)
is the viscosity mean free path. g, is the mass density.
Thus,
1 2k T, \"2 [ (cz? cz Pp(c), 7 (cz) [1—A] cz cz Pp(c))
AP:ékTOQO( m ) ( (mczcz,cz ez Pp(c))?
(m cz cz, 9 (cz) [1—4] cz cz Pp(c))* e
¥ (’" CxCz,CrCz dip(c))2 (m ¢z cz, 7 (cz) [1—4] mcz) j (35)
Note that for Maxwell’s boundary conditions,
[1-4]mc,=amc,, [1-A4] czc, dsp(c) =(2—a) c;c, ¢p(c)a (36), (37)
and we immediately get a result derived earlier by the present author 3; i. e.
Tdv exp{—v2} v7 Dp?(v)
'l 75 0 (2—a)2 | | - m \"
dp="51(2—0) 133 < g [¢ ¥ <2kTO> e (58}

[Of dv exp{—2*} v* Dp(v) ]*

Similarly, a simple calculation shows that for the model equation (4.19) of Ref. 16, p. 167, the expres-
sion (35) yields the correct result.

II1. Slip in the Thermal Creep Flow

Since the influence of the accommodation on the slip in the thermal creep flow has, as yet, not been
calculated accurately, the present work should be of specific interest. In this problem, we consider a semi-
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infinite expanse of a gas, at uniform pressure, bounded by a flat plate and lying in the y —z plane. The
plate, and the gas, are maintained at a constant temperature gradient 07//3z in the z-direction, and for the
small values of this gradient, we consider the linearized Boltzmann equation

3P (z,¢) 1 3T(z)

: 5
r __ax = @T (1', C) —C (é ]::nj“o ?— ) T, 3z

(39)
where @r is a measure of the perturbation in the distribution fr from a local Maxwellian fD, i. e.
5\ 1 3T
(M) i 2
fr(x, €) = {1 + Pr(, €)) f>(1+(2k,b 2)Toazz4-®rwrcﬂ (40)
Again, the boundary equation at =0, is given by an equation of the form (3), i. e.

D7(0,e) =4 D7 (0,¢), >0, (41)

while for x— ~ the function @7(z,€) has the form

T
lim (pT(x c) = kT Cz qr,asy + T Bz Cz th(c) ¢T a=y(x c) (42)

& —>co

where g, .5y, at present an unknown constant, is the asymptotic mass velocity of the gas in the z-direc-
tion, and ¢, P;(c) is the Chapman-Enskog heat conductivity solution, i. e.

Cz((m/szO) ¢t — g):L(cz @t(c)) (4‘3)
and it satisfies the condition
(mcz’cz ¢t(c)):0- (44)
Also, note that
(e: ((m/2ETy) @—%), c; By(c)) = — Ak (45)

where 4 is the heat conductivity of the gas, and % is the Boltzmann constant.
Now, as in the previous section, we introduce a function o7 (z, €) defined by the relation,

Pr(z,€) = [or(2,€) +¢: Dulc)] 737 (46)
and note that this function is determined by the integral equation
or(x,€) =L or(z, €) +pr(z, €) (47)
where
pr(z, €) = —(es) exp( —o(e) 7 ) [1-4]; Dy(e). (48)

Now we consider scalar product (7) of Eq. (39) on mec, and c,c, D,(c), then using the asymptotic
solution (42), we can show that

— %1, sy = (e ¢ By (), Pr(2,€)) —(exe: Byle)sccs Bole)) 75, (49)
Evaluating this expression at x =0, and using the Eqgs. (46) — (47), we find that
gr, sy = (e By (0), () [1—A] & Bu(c)}— [(er(z, ©), pir (7, €)1} - 5. (50)
In this, Here Fg; is the stationary value of the functional
Pl 6 ) =R gl P) GV Flar, i1 = ~ (er,p1) + (32— Loz —pr)
where pp has been defined earlier. Thus (53)
gr, asy = (e ¢; Pp(c), z(ng) [1-4] . Pi(c)) and o7 is the solution of the adjoint equation

+Fsiler, 01} (52)

u 8z ° or (z,€) =L* o7 (z,€) +pr (z,€). (54)
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Now, with the use of the properties (17) — (18) it
is easily shown that

or (z,¢) =K gp(z, €) (55)

where op is the solution of the Eq. (20). Again, we
use the asymptotic solutions of the Eqs. (47) and

qr, asy = (czczé (c), 1]((,‘:) c:[1-A]c, th(c))

(m cz ¢z, 1 (cz) [1—A4] ez cz Pp(c)) (m ez cz,m (cz) [1—A] ez Di(c)) | k Ty

(mczcz,m(cz) [1— A] m cz)

969
(54) as the trial functions,
er(z,€) =ayme;, (56}
e(x,¢) =K(ayme,), (57)
and after some algebra we find that
W 69

which then is the slip velocity in the thermal creep flow. Usually, this expression is written in an alterna-

tive form 4,

qr, asy =

- 4i<mTo .
t= 5 p\ 2k -

where

is a thermal mean free path2~%. A7 is a dimensionless number and is given by (note,

E [ (czceDp(e),m(ca) cz[l—A] cz De(c))

Ar= - 2 P | (cz cz Dp(c), m ez cz)

1 2T, \'» 1 dT
45 4
4 1 m 1y m ° 5
E n(; (2 k To—) (Cz (m ct— E) » Cz ¢l(c)) (60)
p=nokTy);
L (mcacaym(ea) [1—A] ca c: Bp(@)) (m ez o, 7 (ca) [1=A] 2 B1(9)) | (61)

(meczcz.cecePp(c)) (mezcz,n(ca) - AA] m cz) i

Now let us consider the specific case of the Maxwellian diffuse-specular reflection at the boundary. Then

(1-A]me, =amc,, [1-A4]c, Pi(c) =ac, Di(c),

[1-4]czec, Qp(c)
and we have (a+0),
Ap= —

Py

Further, specialising it to the case of the Maxwell
molecules

1z 5
& 0ue) =—(ghr) e (zrE e 3)»
(66)
Cz Cy qsp(c) ;7 z Cz Cy (67)

and we find that

Ar(@) = 5+ =4r() - 4 (1-a). (68)

Thus, our calculations indicate that A7 has only a
weak dependence on a. Quite interestingly, for the
model boundary condition (4.19) of Ref. 16, p. 167,

we find that for all intermolecular force laws
Ar(a) =Ar(1), (69)

i. e. for this model boundary condition the slip velo-
city does not depend on the accommodation coeffi-

5 k | (czc: Pp (©),7(cz) ez cz ¢t () )7 @
2 (C.z Cz ¢p (¢),meg Cz)

(62), (63)
=(2—a) czc; Dy(c) (64)
(m cz ¢z, (cz) ¢z Pt(c)) 27“&} . (65)

(m ¢z cz,7(cz) m Cz) 2

cient. Of course, for this model boundary condition,
the above result could be directly shown by simply
noting that there is no shear stress in the gas.

IV. The Temperature Jump Coefficient

Here we consider a semi-infinite expanse of a
gas, bounded by a flat plate located at =0, and
lying in the ¥ — z plane. Far from the plate, the gas
is maintained at a constant temperature gradient
9T sy () /O, normal to the plate. For small values
of this gradient, we consider the linearized Boltz-
mann equation (we shall again use the subscript T
here; no confusion should arise as the solution of
this problem and the solution of the creep problem
are quite unrelated),

aQST (z,€)

CIT =L (.DT(I, c), (70)
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where @7 (z, €) is a measure of the perturbation in fr(z,e) =fO(c) (1 + Dp(z,€)). (71)
the distribution function fr(z, €) from an absolute
Maxwellian f© (¢) corresponding to the tempera-
ture of the wall, 1. e. Dr(0,¢) =4 Dy (0,0), >0, (72)

Again, the boundary condition at =0 is given by

While for x— o, the function @7 has the form

. _(.m s 5\ Tasy(0) —T, 2 5\ 1 OTasy(2)
th;@T(x’c)“(szoc‘ 2) T, +<2AT ol 2)T0 3r
1 aT,ls
+Cz dst(c) 83 QT asy (z,¢€). (73)

Here T (z) is the temperature of the gas, T, (z) indicates the value of its asymptotic component.
D, (c) is the Chapman-Enskog heat conductivity solution, and has been disussed in the previous section.

Now we introduce a function o7 (z, €) defined by the relation

= 5 1 OT.sy(z
Br(2,€) = [or(z, €) + (, 11— )zt o) |7 T (74
and note that this is determined by the integral equation
or (xs c) e ‘C or (x’ c) + pT(x: c) ) (75)
in which pr(z, €) = —n(c;) exp ‘ —oa(c) sz} [1—-A4]c, Di(c) . (76)

Again, we consider scalar product (7) of Eq. (70) on ((m/2kT,) ¢*—3) and ¢, P;(c). Then, using the
asymptotic solution (73), we can show that

A [ Tasy (0) —T i aT sy (Z
S ) s,

Evaluating this expression at 2 =0, and using Egs. (74) and (75), we find that

Tesr@=To _ {(c,2 B1(c),m(ex) [1 - 4] € () + ((er,p2)} 5 7 o2 (78)
where pr=Xpr. (79)
This P07 (e Bi(0), n(ea) 11— 4] e Pu(e) ~Fslir, 021} 5 7~ 5. (80)
In this Fg; is the stationary value of the functional
Flor, or] = — ((er, p7)) + (07, 07—L o7 —pr)) (81)
and o7 1s the solution of te adjoint equation
er(z, ¢) =L o7 (x,€) +pr (2, €) . (82)

With the use of the properties (17) and (18), again it is easily shown that o7 is simply related to the
function o7, i. e. we find

or (z,€) =K or(z,€). (83)

For evaluating Fg;, we choose asymptotic solutions of the Eqs. (75) and (82) as the trial functions,
or(z,€) = ag[ (m/2kT,) *— §], (84)
o7 (z,¢) =K (ag[(m/2kT,) - £1) (85)

where @, is an unknown constant. Thus we find that

Tour(z) =To+ G757 (86)

=0
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where (, known as the temperature Jump coefficient, is given by

Usually, G is written in an alternative form

, b 1
€= ny(2kTy/m)" l

(cz(§~,'g‘—f e-2) nean-Mead@) |,
G = (e @e(c)on(c) call—A] e; B(e)) + 2T = |%. (87)
PORE L SRR, PR = . e
(czszoc 2) 7 (cz) [1 A](sz & 2))
= 8’ lt ’ (88)
where, [; has been defined earlier, ¢" is a dimensionless number 3 and is given by

(e De(c), 9 (cz) [1—A] ez De(c))
(cz[(m[2 k Tg) 2—$], cz De(c))?

(cz[(m/2 k Ty) ¢2—31, 1 (c2) [1—A] cz De(c))? (89)

T (el mf2ETy) 31, 2 B1(0)) (cal (m/2 £ To) —§1), 7 (ca) [1— AT ((m[2 K Tg) *— 3))

Note that for the Maxwellian boundary conditions,
[1-A] ¢z Di(c) = (2—a) c; Pe(c) ,  (90)

[I—A](sz & ;) =a(2;”T0 c2_2) (91)

and the expression (89) immediately reduces to

_f dv exp{—12} 15 D2 (v)
r_ 5
€=g7

(2-a) =2

o0

[J dv exp{—o'} * Do) T*
(2—a)®

L 24 ’

(92)

which is precisely the result obtained earlier by the
present author [see Eq. (3.14), Ref.3]. In a similar
way, the results for any form of the boundary con-
ditions are easily deduced.

V. The Case of a Polyatomic Gas

It is well known that for a polyatomic gas, in
place of the Boltzmann equation, one should use
the WANG-CHANG-UHLENBECK '8 (WCU) equation
(or for more complicated cases the WALDMANN-
SNIDER !® equation). The distribution function now
depends also on ¢;, the internal energy correspond-
ing to the i-th state, i.e. f=f(z, €, ¢;). The lineariz-
ed WCU equation can be written in the form

Cz —&ﬁg;ﬁ‘ = - O(C, Ei) Q(x, C, ai)

+ 2 [de fy(c, &) K(e, ;5 €, ;) P(x, €, ¢5)
i

LV & (2, e, &) (93)
— "N Pz, 0,2) + K"V Dz, ¢,8) ,

>

where @ (z, €, ¢;) is a measure of the perturbation
in the distribution function f from the absolute

Maxwellian fO (c, &), i.e. f=fO(1 + D) [no doubt
if the linearization is about a local Maxwellian, then
as in the Eq. (39), inhomogeneous terms may ap-
pear in the Eq. (93); similar considerations hold for
the boundary conditions]. Note that K (e, ¢;, €, ¢;)
is symmetric and rotationally invariant.
Again, corresponding to the Eq. (3), for the
boundary conditions we have 17
@(0, e, g) =A ¢p(0, C,¢)
= % f de’ (- Cz’) f(O) (e &)

b I CI’ I B(c, €5 c’, 8]') @(0, c’, 8]') .

(94)

While for — ~ we use the Chapman-Enskog ex-
pansions appropriate to a polyatomic gas 18 Thus,
for the collisional invariants now we have 1, m e,
and [(m/2kT,) c®—% + & —&]. Also, the Chapman-
Enskog viscosity and the heat conductivity solutions
are, respectively, determined from the equations 18

(m[kTy) czc; =LV (¢, ¢, Dy(c, &) (95)

and
c:[(m/2kTy) 2— 5§ +e;—8] =LV (¢, Dy(c, &) .
(96)

Now it is easily shown that the procedures em-
ployed for the calculation of the slip terms for a
simple gas, can be equally well adopted for the
calculation of the slip terms for a polyatomic gas.
Only now, instead of the Eqs. (7) and (8), we
must use the Hilbert spaces that are defined by the

18 C. S. WaANG CHANG, G. E. UHLENBECK, and J. DE BOER,
in: Studies in Statistical Mechanics, ed. J. DE BOEr and
G. E. UHLENBECK, North-Holland Publ. Co., Amsterdam
1964, p. 243.

19 1,, WALDMANN, in: Fundamental Problems in Statistical
Mechanics, II., ed. E. G. D. CoHEeN, North-Holland Publ.
Co., Amsterdam 1968, p. 276.
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scalar products

(Ql (x’ C, 81’) s O2 (:L‘, C, Ei)) (97)
= Z f dc 01 (x> ca si) f(O) (C’ Ei) 02 (Z’, c’ Ei) ’

(o1 (=, €,€), 0s(x, €, ) (98)
= B f d:t‘ (Ql (1‘, c, 8i) 502 (:II, C, 81')) »

Thus, it is easily shown that in the expressions (32),
(58), (87) (and in the other expressions derived
from these), if we replace [(m/2kT,) c>—3] by
[(m/2EkT,) -3 +e—E]; Dy(c) by Dylc,¢),
and D;(c) by D;(c,¢;), and interpret the scalar
products in the sense of the Eq. (97), then these
expressions give the slip terms for the polyatomic
gases too. It is clear that some similar extensions
should be valid for the gas mixtures also.

As an interesting consequence of this generaliza-
tion, it is a simple matter to show that, at least for
the first order solutions 18 of the Eqgs. (95) and (96),
and the diffuse reflection, the slip in the thermal
creep is dependent only on the translational part of
the thermal conductivity. This result is in qualita-
tive agreement with the results derived via the use
of some other theories 20 21. However, quantitative-
ly, we feel that the results reported here should be
more accurate.

We have considered some simple calculations for
the temperature jump coefficient also, and for some
special model baundary conditions our results im-
mediately reduce to a result (derived via the use
of the integrodifferential form of the variational
principle) to be reported shortly 22. The details of
such calculations will not be given here.

20 V. M. ZuapNov, Zh. Tekh. Fiz. 37, 192 [1967] I, Sov.
Phys. Tech. Phys. 12,134 [1967] 1.
21 B.K.ANN1s and E. A.MasoN, Phys. Fluids 13,1452 [1970].

THE SLIP PROBLEMS FOR A SIMPLE GAS

VI. Discussions and Conclusions

We have shown that our previous work on the
slip problems can be easily extended to include the
general forms of the boundary conditions. Also, we
have presented the final results in such a form that
for a simple gas, the numerical values for a parti-
cular intermolecular force law and the gas-wall in-
teraction law can be easily calculated.

Our formalism has an added advantage that our
results, in a simple manner, can be generalised to
include the case of a polyatomic gas. We believe
that in view of the present work, and a recent paper
in which we considered the soultion of the problems
associated with multicomponent monatomic gas mix-
tures 23, it should be an easy matter to treat the
problems associated with the polyatomic gas mix-
tures. Also, the strikingly simple and similar forms
of our results suggest that, perhaps, it should be
possible to construct a simple general rule for the
calculation of the slip terms. These aspects of the
problem will be investigated in a later paper.
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