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Theodorson has shown that equation of fluid motion can be written in short
and exact form with the vorticity @ as the variable. Later on he discussed
the structure of turbulence. In the present paper the authors have discussed
the effect of magnetic field over the structure of turbulence.

INTRODUCTION

Theodorson (1961) had shown that the equation of fluid motion of viscous
and incompressible fluid can be written in short and exact form with the
variable @ the vorticity, the rate of change of «? is shown to be composed of
two parts, one positive and the other negative. He also defined the structure
of turbulence to be horse-shoe. In the present paper we have studied the
effect of Alfven waves over the structure of turbulence and motion of fluid
for time short compared to the diffusion time of the field.

CALOULATIONS

Equation of motion for viscous incompressible fluid in the presence of a
uniform magnetic field when gravitational field is also present is given (Huges
and Young 19686) by

174 2 _ — o
p[%+V(%)—VX(V xV)] = —Vp—pVi+prV2lV

+Z+p) vV v xH)xH. .. .. .. .. Q)
Diffusion equation is given (Jackson 1962) by
%—3=Vx(7x1§). .. .. .. .. (92
Maxwells equation is _
vxH=J .. .. .. .. o3
and other relations used are
B=;J7 and f=p7 .. A .. @)
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where p, V, p, v, p, ¢, B, H, J, tand ¢ represent density, velocity, pressure,
kinematic viscosity, magnetic permeability, gravitational potential, magnetic
induction, magnetic field (strength), current density, second coefficient of
viscosity and time of the fluid motion respectively.

For incompressible fluids divergence of the velocity is zero, therefore,
the fourth term on the right-hand side of eqn. (1) vanishes. Now writing the
equation of motion (1) in the form

p[%l-t{ ~Vx(vx 17)] = —pV (%+¢+%Vz)+pvvzf7+u(v xH)xH, (5)

taking curl and writing curl ¥ = @ the vorticity, we have

p[%t‘i’ —curl (an»)] = prV2a+pV xX[(VXH)x H]. .. (6)
Cancelling p and using eqns. (3) and (4), we get
%?—curl (Vx @) =vv?a+v x(VxB) e oo (M
or
%; —owrl (VX&) = vv=w+aaB @)

where eqn. (2) has been used in writing eqn. (8). Making vector operations
after multiplying the @ we get the simple relation

%(%f)=w2(aé)m+m.v%+m.%€ .. )
where
D -
D—t=5t+v'v

and V, represents the magnitude of ¥ along s (which is taken along @).

DiscussioNn AND CoNCLUSION

The positive term w? V, of eqn. (9) causes the turbulent flow. Since
the term % Vs is always posxtlve for a stretching vortex element, the struc-

ture of turbulence may be discussed on above ground. The behaviour of the
fluid in the presence of magnetic field is governed to a large extent by the mag-
nitude of conductivity quite different from the behaviour of the field. Equa-
tion (2) is equivalent to the statement that the magnetic flux through any
loop moving with the local fluid velocity is constant in time. The magnetic
Reynold number is used to distinguish between situations in which diffusion of
the field lines relative to the fluid occurs and those in which the lines of force
are frozen in. Transport of the lines of force with the fluid dominates over
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diffusion if By > 1 (Pai 1958). The tension in the lines of force tends to
restore them to straight line form, thereby causing transverse oscillations.
These magnetohydrodynamic waves are called Alfven waves. The lines of
force are frozen in and move with the fluid. When field is not present neither
a tangential nor an axial vortex will change the length of stretching vortex
and thus only a radially pointing vector can be subjected to stretching and
this leads to the formation of loops which take the horse-shoe shape.

Due to the presence of magnetic field we have a diffusion term in the
equation and as we have seen that lines of force are frozen in fluid and moves
with it. Therefore, the magnetic foree acts along the axis of low. Hence
the horse-shoe structure of the turbulence changes its shape in the presence of
magnetic field and takes the form of elliptical shell.
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