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The development of the velocity profile in the flow of a viscous incom-
pressible electrically conducting fluid in the initial section of
channels of various shapes was first studied by approximate methods by
Shercliff [1,2]. From the results there obtained it followed that as the
intensity of the magnetic field increases the length of the inlet
section decreases. Recently this problem in the case of plane and annu-
lar channels has been considered afresh by a number of workers {3-8].

On the other hand, the steady flow of a viscous incompressible medium
in a plane channel of infinite length with allowance for anisotropy of
electrical conductivity was investigated in [9,10}.

We consider below the influence of anisotropy of conductivity on the
development of flow in the initial section of a plane semi-infinite
channel with nonconducting walls (-a <y <a, x >0), in which there is
a viscous electrically conducting medium having at the inlet section
x = 0 a uniform velocity profile a = u,. In the region of the channel
x 2> 0 there is acting on the fluid an external uniform magnetic field
B0 parallel to the y-axis. The density p of the medium, the coefficient
of viscosity mn and the electroconductivity o are assumed constant. If
we introduce dimensionless variables
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(the dimensional quantities are marked with an asterisk) and seek a
solution of the initial system (see equations (1) to (3) in [9]) in the
form of series in powers of the small parameters Rn and 1ANR, then for
the zZero order approximation we obtain

du ap 0% ow ap , o*w
o =" " Shtayy = Tt gy
8u v . . ;
a7t Bur oy = =0, Je—ovi,=E —w, toty,=E +4u 2)
ap OE, OE, 3E, OE,
—3!/1——_1:0’ 9z 2z =0
where
GBo’a puoa
= Tpu =T Ry = opuea

In writing down system (2) it has been assumed that the velocity of
the medium does not depend on the :z-coordinate, whilst the inertial
terms, following Targ [11], are allowed for approximately. Similar
simplifications can also be achieved by the method of estimates used by
Liubimov in deriving the equations of the magnetohydrodynamic boundary
layer [12].

Eliminating from the equations of motion the components of the current
density and passing to the dimensionless variable y = yl/dn, we find
that
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Differentiating (3) with respect to y and introducing the complex
velocity V = u + iw, we obtain for V the following equation:
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In solving equation (4) we shall assume that the bulk flow in the
direction of the x-axis is given, whilst the bulk flow in the direction
of the z-axis is zero. Then we have the following boundary conditions
for V:
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Applying to (4) and (5) the Laplace transformation and solving the
equation so obtained, we find that
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Carrying out the inverse transformation, we obtain
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and y, are .the roots of the equation tan y = vy.

When @t = 0, formula (7) becomes the solution obtained by Shercliff
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which when ¥ - 0 coincides with the results of Targ.

Separating the real and imaginary parts in (7), we find for u and w
the following expressions:
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2 2
+ ©TN2 cos ('“N ]exp (—_@_%__Iv__x) =

COS Tpy — COS Ty, e
=2 kg} (1, V%2 F (0tIV%)?] cos 1, {[(Tkx + N sin 255 4

/ N2
+ oTV3 cos ‘”;Nz :c] exp ( L3 _; ) th’} (10)

From a comparison of formulas (8) with (9) and (10) it is clear that
the anisotropy of conductivity leads to an increase in the length of
the inlet section, since an increase in wT leads to a decrease in the
number N, which plays in the given case the role of the effective
Hartmann number M,

To determine the pressure in the channel for known u and v we inte-
grate equations (3) over the height of the channel. We obtain
(11)
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Differentiating the first equation with respect to :z, and the second
with respect to x, equating the mixed derivatives and making use of (2),

we find for the components of the external electric field intensity Ex
and Ez the system
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which, with the boundary conditions Ex =0, E; = —~ 1 when x = 0, has the
solution
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Then (11) takes the form
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and the pressure distribution in the channel is found by integrating
(14) with the condition

Plx=O=Po
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