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Assuming the occurrence of a boundary shook wave as postulated by Martm, this paper studiesits structure in
conducting gas in the presence of a magnetic field. .

Martin? postulated the concept of a boundary shock wave, a thin viscous region dominated by viscous
compressive stress (rather than viscous shear) and the associated heat conduction in the gas adjacent to
the body surface. He discussed the occurrence of boundary shock waves, developed the general theory for
one dimensional laminar steady flow through a boundary shock in a perfect gas with longitudinal
Prandtl number equal to unity. He also obtained explicit expressions for the jump conditions, the
heat conduction co-efficient at the wall and the structure or variation of quantities through the boundary
shock. From arguments similar to those given by Martin, Verma & Prasad?, presumed the occurrence of
boundary shock wavein a conducting gas in the presence of a magnetic field and, extended the results of
Martin to obtain the analogues of the well known Rankine Hugoniot jump relations, Prandtl number as
well as other properties of the boundary shock. In this note, our purpose is to obtain the structure of a boun-
dary shock wave in a conducting gas.

BASIC EQUATIONS

*  The equatlons for conservation of mass, momentum field and, energy in one—dlmensmna,l steady flow

in a non-accelerating co-ordinate system are

= (o) =0 : o
and :
pu%(e-&—;uz)—‘—"-gg‘(—d-l'“f) (4)

where % is the distance to the right of the boundary, e is the internal energy per unit mass, H is the intensity
of the magnetic field, and f is the sum of the surface forces in the x-direction on an element of mass and, is

given by,

i |
f=—p— g+ | ©®)
~ du . 4 S
T=R (n =3 #) (6)
where p is the shear viscosity coefficient and p, is the magnetic permeability. Also,
‘ dT
—he @

k being the coefficient of thermal conductivity.
The boundary conditions at # = z,"= 0+ , are,

=1, T =Ty,0=g,, p=py,7=1,, ®)
p=p,H=H
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and at © —> o0,
du ar

On integration the equations (1) to (4) give
' p 4 = Constant. (10)
s HE . ,
pwd4p+ s, T = Constant. (11)
and u H = Constant, (12)
pule+3ut) +g—u f = Constant. , (13)

STRUCTURE OF A BOUNDARY SHOCK

The differential equations (1) to (4) and the boundary conditions (8) and (9) may be put in terms of two
variables « and T. Then it is convenient to make the equations dimensionless by defining and substituting
the dependent variables,

. H ' s

%
Hy ~

Up

= (14)

— T
s T'= T H=
and a new independent variable - . _ :
du »
=ppU | = - 16
£=rpyy f = (16)

With the assumption, />, = constant, /i is proportional to b, since cp is constant. Then from (11) and (13),
we have ‘ :

da 1 7 a % 1 1
i€ T "7 VME @ T 2MEm, = Pothy 1— YME ~ 2M°g, (16)
and .
d [1 ( T T o] [ T T . ]
—_— | —= 72 | — 73
i |7 (7=t + wamr) +10 | = [ =y + gy +47 |
_ 1 1 1 — g b ]
""[(v—l)Mb“L 20, T 7]+ PR "
and the boundary conditions,
d_ -
§—>00:T§-—>0,—%~-—>0. (18)
where in deriving (17) we have assumed that
st _ T _g
p= Py Ty
In the special case where we have considered ~, = 1, it is convenient to define,
= CpT +}uw T T f
L=12 . = e a2 19
uwt =1 Mg + 3 Mg, +14a | (19)
so that ‘ ”
_ kdr up du
AL __dz dz _ 4 +ur (20)
d¢ Py Us® Py U’ Py s
Further defining, .
- . Q=L—1I, ‘ (21)
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o= (),

the equation (17) can be written as,

where by definition, @ = 0, at £ = 0 and from the boundary conditions (18), —% - 0 as § - 0.

only possible solution is, obviously,

Hence (20) to (22) give

7 —1 11 y—1 Mg
2l 2 —— |
1+ —— M [1 #+ Mﬁﬂb]—T[l_'_ ) Mﬂyb]
and - '
q#‘ur
Equation (16) then becomes,
da i R 8
ag =P+ —Z+am. -
where by definition,
' g=1 as £€-0 -
and , _ . o K
. N . . . d ;
d? >0 ag £ o, !
Y41 + Y1 Mg
P - 2y 2 Mg
- 1+ Yy—1 M2
2 M2y
1 1 1
1 Y—1 1
R = Y M + 27 (1+ MEH(,)
- 14 Y—1 M3
2 Mz2pg,
and '
1
AS = 2M2H[,.
For integrating (26) we put it in the fallowing form
. 21da P d ¢ + Constant
(a——‘el)w—ea)(a—es)“f €t omente
if the roots of

R .

are all real. In oase one. root of (34) is real and other two are complex, (26) can be written as

@da '
f (@ +ad+B) (7 —7) =de§+Gonstant.

8 — %

(22)

The

(23)

(24)

{(25)

(26)

(28)

(29)

60)

(31)

(32)

(33)

(34)

. .(27) B

(35)
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TABLE 1
Varues or 7 p, T, p CORRESPONDING TO REPRESENTATIVE
VALUES OF %

u P T P

6 1-6 1-21 1-93

-7 1-4 1-16 1-62
1 " -8 1-2 1-11 1-33
!

‘9 1l 1-06 1-16

o
% 10 10 1o 10

Fig. 1—Variation of pressure density, temperature and velo-
oity within a boundary shock for y = 5/3 My=1,
0},6—% Mﬂbr- 10; P,,-—l

The form (35) is however not admissible in the physical problem we are encountered with because the value
of 4 cannot be complex, it being the ratio between the velocities in front and behind the boundary shook.
Then, integrating (33) in the usual manner and applying the condition (27) we have

2% : ) &g’ ar ’
i—e (ex— eg) (&1 — ¢3) ( i— e u)»(ez —e) ,(e'._ —e) ( u— ey )(ea 1) (e3— eg) P
(1'——‘31) 1__32 1'—‘63 —ef. (36)

In order to have a qualitative picturé of the (36), we take
r‘ .
Y= o Cho="5 , My=1, Mg, =10.

and substitute them in the relations (29) to!(32) to obtain_values of P, Q, R and 8. Then (34) becomes

B —2:3a%+a4006=0 1)
Solving the equation numerlcally, its roots come out to be a.pproxxmately -6,1-7 and —-006. The equation
(36) then gives N
a— 6 \—5¢ (@ 4 006 000036 / 7 —1-7 \1'
—_— —_— SnE—— = ¢°8
(=) (e ) (=) = 9

Evidently when @ = 1; ¢ - 0 and when & = ‘6, £ > 0. For values of 7 between 1 and -6, ¢ takes steadily
large values. There is no need of finding the values of ¢ corresponding to # greater than 1 and negative
values of # since they are inconsistant with the physical problem under consideration. Keeping
in mind that '

_ P 1 - ) -

= ——— = - . . 39
= e (39)
- p U ’

= —— = . - 40
P= PT . (40)

the corresponding values of p, T and p are given in the Table 1 and the variations of these quantities ‘
with ¢ are plotted in the Fig. 1. : -
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