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Abstract—A variably viscous fluid flow is
considered flowing in xy — plane which is
rotating about the z — axis with the uniform
angular velocity. By using stream function
approach the basic equations are written into
convenient form. By the assumption that the
streamlines are parallel straight lines, the
geometry of magnetic lines and solutions to
the flow variables are found and the
variations of pressure and Coriolis force is
plotted in graphs at various angular
velocities.

I. INTRODUCTION

We consider a steady, incompressible fluid
with variable viscosity, inclined variably in a
rotating frame. The concept of Martin [5] is used
in which the orders of the governing differential
equations are reduced from higher to lower. A
fluid motion is generally described by giving
flow pattern. i.e. streamlines and magnetic lines.
We study flows with the objective of obtaining
exact solutions to various flow configurations.

1. MATHEMATICAL FORMULATION
A fluid flow is considered in xy — plane in which

the coordinate system is rotating uniformly
about the z - axis with uniform angular

velocity @ . The governing equations for the
steady flow in a rotating reference frame of a
homogeneous incompressible viscous fluid with
infinite electrical conductivity, are given as

divi’=0

p[(l_;V) V+2axV + ;x(gx;)] = —Vp+77V217+,u.7 x H
Vx(r/xﬁ)=0
divH =0
where 7 = (u,v) = velocity vector,

H = (H, H,)= magnetic field vector, p =

fluid density, w = angular velocity, » = radius
vector, p = fluid pressure, 77 = coefficient of
viscosity, U magnetic  permeability,
J =V x H = current density vector.

In this paper, the basic equations of motion
governing steady flow in a rotating reference
frame of a homogeneous incompressible fluid
with variable viscosity and with infinite
electrical conductivity, are reformulated as
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0, oty (7)
o o
E=Zplic+7)+p ®)

where 2 =y? +v?andg?2=-H?*+ H?, c s
the diffusion constant. Equations (6), (7) and (8)
give vorticity &, current density j and energy
function E respectively.

Equations (1) to (8) form a system of partial
differential equations in eight unknowns u, v, Ha,
H2, & j,pand E.

Now we consider variably inclined plane
flows and let o (x, y) be the angle of inclination,
then using diffusion equation and (4), we get

uH, —vH, =VHsina=c ©)
uH, +vH, =VHcosa=ccota (10)
Solving (9) and (10) for Hiand H2, we get
A, =C£u00'[02£—vj (11)
V
H, :C(u+v§0ta] (12)
V

Eliminating Hiand H2 from (1) to (8) using (11)
and (12), we obtain
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With unknowns u, v, &, j, E and « (x, y), once the
solution of this system is determined, the
pressure p and the magnetic field A are obtained
from (8), (11) and (12).

Now the equation of continuity (1) implies the
existence of a stream function y (x, y) such that

dy=Y e+ gy
a oy
i.€. dy =—vdx+udy Where %”:_v,%”:u

From (1) we get
Fy &
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This justifies the above substitution.

Now substituting « and v, we get from (13)
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Now we study the geometry of magnetic lines
and the solutions of velocity components,
angular velocity and pressure function when
streamlines are straight lines and parallel. Here
magnetic lines are variably inclined but nowhere

aligned with the streamlines, so for constantly
inclined flows we take o as constant.

(22)

We now assume that
w(x,»)=S0),
n(xy)=T(),

Now from (20) we get

&==5"(v)

And from (20) we get
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Then (22) becomes
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Finally we consider,

S"(»)=0,T(»)=0and G(y)=0

Then y=S()=Ny+N,» G()=Nyy+N,and
N,#0, N2, N3, Naare arbitrary constants.

Using above result for stream function, we now
find
-y
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The magnitude of the Coriolis force is

F=20N,
The graph is plotted below:
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Graph of coriolis force with respect to angular velocity

Using (2) and (3) we find

ZN N 2
E=% X—Tay— v |-2peN,y+N, Where
1

No is a constant and hence the pressure function
is

N[ Nyt 1
P =2 x— 2Ny |2 pNEy—2pNay
N, 2 2
The variation of this p for different angular
velocities is shown in figure below
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Plot the graph of the variation o] or different anqular velocities

Plot the graph of the variation of p for different angular velocities

Magnetic Field Lines:
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