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Abstract

The asymptotic solution of Blasius problem for conducting fluid, when electrical
conductivity of fluid is ¢ = o9 (1 — @) and transverse magnetic field is perpendic-
ular to the plate, has been considered.
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We consider a steady flow of conducting fluid past an half infinity porous
flat plate, when all physical quantities are constant.

Let x and y be the coordinates measured along and perpendicular to the
plate, v and v are the components of velocity in the respectively directions
of a boundary layer. A transverse magnetic field By(z) is perpendicular to
the plate. We consider the case when o electrical conductivity is given by:

U m
0:00<1—) , m> 1.

Uoo
where g9 = const, us, = const is the velocity of the flow outside.
If we negligible Arqgimed eliminate force and respect to % = 0, when
the equations of dynamic and temperature, including viscous and Joule

dissipation of a boundary layer are:
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the boundary conditions on u(x,y) and T'(z,y) are:
w(@,0) =0; u(z,00) =ux; v(z,0)=—vy(z); (4)
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where p is the density, v and p are the cinematic and dynamic viscosity, A
is the thermal conductivity, ¢, is the specific heat of the fluid, when volume
is constant, —v,,(z) is the suction velocity, T,, = const is the temperature
of plate, and T\, = const is the temperature of the flow outside.

Using (2) and (4) boundary conditions in equations (1) and (3) we get:
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These equations lof boundary layer will have similar solution if we require,
that vy (x) ~ 272, Bo(z) ~ 2z~ 2.
If we define the non-dimensional velocity and temperature by

u(z,y) = uso f(n),
T(:B,y) = (Too - Tw)@(n) + T,

<2y, then we obtain:
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where n =

(6)
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and the boundary conditions of f and ¢ becomes:
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These systems are general equations of dynamic and heat boundary

layer with external magnetic field and suction velocity.
As dynamic field does not depend on the temperature field we can solve

the hydrodynamic problem and result empty to define temperature field. In

29



AMIM Vol.12 No.2, 2007 N. Kobadze

order to find the asymptotic solution of equations (6), suppose that suction
in the plate is strong, let us now introduce a new variable z and functions

F(z), ¢(2) by

z = Pn,
F(z)=f(n), oz)=fn);

then (6) system becomes:

F'"+ F' = —g{; F’/ Fds— N(1- F)mF} = A(2),
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where ¢ = é

The solutions of the system (7) can be written as

F=F+ /000 A(s) G(z, s) ds,
o0 (8)
¢ = o+ /0 B(s) Gpy(z, s) ds,

where G and Gp, are Green’s functions of following boundary problems
respectively:

G"+G' =0,
G(0) =0, G(c0)=0;
/1/37" + PT'G/PT = O?
Gpr(0) =0, Gpyp(c0)=0.

We have:
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We search solution of the system (7) as a power series:
o0 o
F(z) =) e"Fu(z), ¢(2) = c"én(2).
n=0 n=0
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Then from (8) we find that
FO(Z) =1- e—z’
where Fy(z) is the solution of following boundary problem

F+ B =0,
EFy(0) =0, Fpy(oo) =1;
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and ¢g(z) is the solution of following boundary problem:

0+ Proy = —PrEcF/?;
$0(0) =0, ¢o(o0) =1;

The solution of this system is depended on Prandtl’s number.

If Pr+#2, then ¢o = 1 — (1 + (g B4 ) e 77" + (g EG e,

If Pr =2, then ¢g =1+ (Ecz — 1)e™ 2.
If Pr=1, then &g =1 — (1 — %)e_z — %6_2'3.
Now we can calculate the skin friction, the displacement thickness §*

and the momentum thickness 6** in the first and two asymptotics
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