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Abstract : We consider unsteady micropolar fluid flow pasta sliced sphere. We further develop
dimensional governing equations. These equations are obtained from conservation of mass and
conservation of momentum equations. We further convert the dimensional governing equations into
non-dimensional equations by using non-dimensional variables. Further, the non-dimensional equations
are reduced to become non-linear differential equation. The non-linear differential equations are solved
by using finite difference method with Keller-box scheme. Numerical results show that the
characteristic of unsteady micro-polar fluid on boundary layer flow past a sliced sphere for the velocity
profile increases in strong and weak concentrations. When a sliced angle value increases then the
velocity profile will increase. The micro-rotation profile increases in strong concentration. However,
when the sliced angle increases then the micro-rotation profile will decrease. The micro-rotation profile
decreases in weak concentrations. However, then the micro-rotation profile will increase when the
sliced angle increases.
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1. Introduction

The micropolar fluids proposed by Eringen (1965), are theoretically represent that the fluid contains
rigid randomly oriented particles suspended in viscous medium, which have an essential micromotion in
rotation. There are many researches consider viscous and micropolar fluid flow that can conduct magnetic field
in different geometries, such as flat plate, circular cylinder and a solid sphere. (Mohamed et al, 2016;
Mohammad et al, 2014; Widodo et al, 2015a, 2015b, 2016a and 2016b). This paperis interested to investigate
micropolar fluid past a sliced sphere. This paper will be discussed about unsteady micropolar fluid flow on
boundary layer past a sliced sphere, which focus in front and at a stagnation point, i.e. x = 0°.Physical
coordinate for the micropolar fluid flow past a sliced sphere is shown in Figure 1.
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Figure 1. Physical model and coordinate system of a sliced sphere

2. Governing Equations
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In this section, we consider mathematical modeling of a micropolar fluid flow. Governing equations
for unsteady micropolar fluid flowpast a sliced sphere are from principle of conservations, i.e.conservation of
mass and conservation of momentum. The principle of mass conservation states that the sum of the outflow

and accumulations must be zero. We obtain the continuity equation, i.e.

Vu=20

(1)

with velocity of fluid is u = (u,v,0) and using incompressible micropolar fluid. Further, the principle of
conservation of momentum is based on Newton second law of motion. The Newton second law of motions
states that the rate of change of momentum in the body equals to the sum of forces applied to the body.We

obtain linier momentum equation and it is presented by
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In addition, an angular momentum is represented by

pj (55 + N.Vut) = yV°N + k(=2N +V x w)

Equations (1), (2) and (3) can be written by
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The basic equations of boundary layer are further transformed into a non-dimensional form. We
therefore introduce the following non-dimensional variables, i.e.
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By using these the non-dimensional variables andsubstituting into equation (4), (5), (6) and (7), we
obtain non-dimensional governing equations as follows,
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Using boundary layer approximation, where the Reynolds number Re — o s0 é = 0. And then we introduce
stream function, ¥, we define the velocity of the fluid in the direction of the x-axis and the y-axis, i.e.
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We further have new governing equations, namely
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Using similarity variables, i.e.y = tzu, (x)r(x)f(x,n,t), n = tl%,N = t2u,(x)h(x,n,t) and
substltutlngdu"’ = chs o we obtain equation such as,
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With boundary conditions are

d
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In this paper, we solve the problems numerically using Keller-Box method. The method involves the following
four steps:

a. Reduce the transformed equations to a first order system.

b. Write the difference equations using central differences.

c. Taking Linearization of the resulting algebraic equations by Newton method and write them into matrix
vector form.

d.  Solve the linear system by the block tridiagonal eliminations technique.

3. Result and Discussion

For various of sliced angelsi.e.(6; =15, 30°, 45°, 53°, 65°,70°,80°,89") , magnetic
parameter(M = 1), material parameter (K = 1)atn = 0 and n = 0.5 in which n is a constant and 0 <n < 1.
The value n = 0 represents fully concentrated particle flows, in which the particle density is sufficiently great
and those microelements close to the wall are unable to rotate or called as strong concentrations of
microelements. In case when corresponding to n = 0.5 results in the vanishing of antisymmetric part of the
stress tensor and represents weak concentrations of microelements. We further take some numerical simulation
by taking some variation of those parameters. We obtain the figures as follows.

Velocity profil with various sliced angle
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Figure 2. Velocity profile for various@y, K = 1 andn = 0, in front and at the lower stagnation point.
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Figure 3. Velocity profile for various 85, K =1,and n = 0.5,

Velocity profil with various sliced angle
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in front and at the lower stagnation point.

Figure 2 and Figure 3 illustrate the velocity profile of unsteady micropolar fluid flow past a sliced
sphere at n = 0 and n = 0.5 with various sliced angle. Results show that by increasing the value of sliced angle
result the rising velocity profile of a micropolar fluid. We further to investigate the mirorotation profile when
we put some various the sliced angles. We obtain some results as follows,
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Figure 4. Microrotation profile for various 6, K = 1,andn = 0, in front and at the lower stagnation

point.
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microrotation profil with various sliced angle
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Figure 5. Microrotation profile for various 6,K =1,
dn = 0.5,in front and at the lower stagnation point.

Figure 4 and Figure 5 show microrotation profiles for various sliced angle of unsteady micropolar fluid
flow past a sliced sphere at n = 0 and n = 0.5. When n = 0.5microrotations profile decrease and when n = 0
microrotations profile increase. In these simulations when increasing value of sliced angle in n = 0.5 it will
increase microrotations profile. However, when increasing value of sliced angle in n = 0it will decrease
microrotations profile.

4. Conclusions

The characteristic of unsteady micropolar fluid on boundary layer flow past a sliced sphere for velocity
profile increases in strong and weak concentrations. When a sliced angle value increases then the velocity
profile will increase. The micro-rotation profile increases in strong concentration. However, when the sliced
angleincreases then the micro-rotation profile will decrease. The micro-rotation profile decreases in weak
concentrations. However, then the micro-rotation profile will increase when the sliced angle increases.
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