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Abstract:

Moments method has been used to replace a
medel kinetic.equation far a rarefied electron
gas by non-linear moments equations. These
equa jons are solved by small parameter methed
to get inaight into the behaviour of the flow for
any degree of rarefaction.

!
Introduction and baéic equationss
i

The electron gas is considered filling the space betwveen

two parallel impermeable non-heat conduclting planea distance d
apart. The upper plape is moving with a constant velocity
(+ U) in the x-direction, and is kept at a constant temperat-

ure TD'

The lower plane is-moving with \.f_eji.ucity (- U) and is
kept™ &t a cﬁh;;ﬁnt téhberature T,- There is an external
mageptic induction B0 in the z-direction which is imposed
on the system, The moments equations of the madel kinetic

equation [1]are:
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vhere f is the distribution function of the charges, fa
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the focal Maxwell distribution, n the density, R is the
gss constant, M the coefficient of viscosity, T the
temperature,‘fﬁ is a function of velocity, T the velocity
of the charges and T its position vector. The moments
equations from equetions (1) are nor-linear differentiel
equafions and they are solved by using of the small par-
ameter method assuming a small relative temperature diff-
erence (K= 1 +9€.\, :)(\-2 << 1) betw=en the two plates.

Wie shall agsume also that the Flow occurs with e small Mact

number and that:
B U
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From dimensional analysis it is clear that the induced
maqenekic field can be neglected relative to the induced
electric Tield E, The latter is assumed to act in the
y-direction. It cen be considered composing of two {ields
Ey emerging from electrons for which cyciﬂ_ and [, ercrging

from electrons for which cy>r0. The flow velocity v is
- . e g

- a a- -
assumed at%o’”in the x-direction. As for the dirlribution

functicn f we shall use two-stream local Maxwellian dis-

tribution Function(z):
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vhere Ny» MNps Viu Vo Tl and T2 are six unknowns

to be determined from equations of type (1),

Boundary conditiaonas

Taking ‘5’1= 1, ‘?2 oo, \P}.: Cy’ EPQ=C£‘+ r.':-l-ci,
2 . .
\PS= ey Gy \-?6 = S, Cu» and taking f in

the form (2) substituting in equation (1) we gets

AT = T, e (3)
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Supplemented with Poisson's equation
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where e is the charge aof the electron and & the dieletrig

constant Assuming complete momentum and energy accomeda-

tion at the two plates the boundary conditions will be:

vi = U, T, =T y E

v ==y Ty =k,

E2= o,

assuning that Mgy

Mebthod of selution:

Let y= y‘d, n; =n\i N

1

n

[}

2

is given at the lower plate.

0 at y = -zd-
{11)
nD at y = - T
T, w.= v U,
1 o 1 1

EizéanU ;i i= 1,2 and neglecting terms of order
HE (n = _u ) ve get:
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' mkT .
Cem e o pe s d . 0 is a measure of
. : vhere = 374
S (1+)e) I
rarefaction
' eB Ud
K'z T is a measure of magnetic field
o
)
3’_ "o 0 is a measure of the induced electric _
- 2
28,0
Field, and _ = cp/Gb
Together with the non-dimenional boundary conditions:
AJPEA S A A vl
N,= Ty = 1, vy = -1, Ep = 0 for y'= - 5 eevrasasa(20)
A"
N v Mo v 1
Ty = 1+ X, vi = 1, Ey = 0 for y = > ceensvea(21)

To solve the system (12 - 19) we put in it:
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Then, equating in both the aides of the equations of the
system (12 - 19) termes free of ¥ gives:
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vhich has a snlugion of the form:
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The coefficients of ¥ in system (12 - 19) give the

system of equations for frist appoximation:
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with boundary conditions

n\z(l). B} T;(l) - uxztl) i} E‘z(l) =0 for y =~ 1/2... (55)
T\(l)= U\(l) = E\(l) =0 ,For y =

1 1 1 1/2... (58)

The system of equations (47 - 54) has the solution:

. .
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Discussion and numerical tesults:

We have obtained the following analytical expressic
for the density, temperature, velocity , end electrie,

field
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We may note the Following:

. AY
For the number density n(y):
i) There is a density drop at the lower plate which

-
equals to m .

= . - e . I -
It._-,i_sf‘_j,-i'ndependent of the fields and increases with 2

ii) For ¥ = o, the density varies linearly vith y,

agreeing with the carrespending neutral case.

(IL) For the temperature distribution we may nate the following:

i) There is a temperature jump at the two plates

-

\
T (+ 1/2) = —(5—_?_'82;_—)—

1t is independent of the fields and decreases with3d

1n the continum case (& —= @ ) it vanishes.




- {I11)

ii)

For

i)

ii)

-
For the neutral case T uaries linearly with y.
For charged case T decreases with y to a minimum
value then increases, 1t is larger at any point
for the neutral case than that_ﬁor the charged

case.

the mean velocity we may note the folloving:

There is a slip velocity at the two plates

us(: 1/2)= + l-v{(+ 1/2), the magritude
of the slip velocity at the lower plaete is
larger in the neutral case than that for the
charged csse, For the_charged.case the slip
velocity decreases with K\, and for both cases

it decreases with 3 and vanishes as © —> .

At any point the magnitude of velocity is larger

for the neutral case.

\ \
(1V) The non-dimensional shear stress p; = °¢(°)+fcﬂil)
[

{(\v)

Y 1 1

== -

is esnstant and we may note that it decreases with
1

E’and‘ﬁ\. I

The

and

and-

; \
v ‘=5 .
heat flux vector q y © Tg—:;géy—— is constant

is independent of the fields. It decreases wi

vanishes in the continuum limit.
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