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Abstract- This paper concerned with the issues magnetohydrodynamics (MHD), namely mathematical modeling and the 
characterization of boundary layer flow in the micropolar fluid past a solid sphere. Governing dimensional equations formed 
from the physical state and the reduced by using the theory of the boundary layer. Governing dimensional equations formed is 
the continuity equation, momentum equation and energy equation. Governing dimensional equation that has been obtained is 
then converted into a non-dimensional equations with variables substituted for non - dimensional. The equation of non - 
dimensional subsequently transformed into similiar equations and solved numerically using the Keller-Box. We obtain the 
characteristics of fluid flow will be analyzed such as the velocity distribution, skin friction, and microrotation.  This research 
has revealed that the velocity distributions increase and the microrotation decrease when the value of magnetic variable, M 
increases and micropolar parameter, K increase. 
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I. INTRODUCTION 
 
There are two types of fluids are Newtonian fluid and 
Non Newtonian fluid. There are many researches that 
use this type of Newtonian fluid. Due to Newtonian 
fluid have a shear stress curves and linear velocity 
gradient so it can easily observed. Different with the 
Non-newtonian fluid because Non-Newtonian fluid is 
a fluid whose viscosity changes when there are forces 
acting on the fluid because the viscosity of 
non-Newtonian fluid is not constant. Examples of 
non-Newtonian fluids is micropolar fluids. Micropolar 
fluids are fluids with microstructure. Micropolar fluids 
consist of rigid, randomly oriented particles with their 
own and microrotations, suspended in a viscous 
medium. In the micropolar fluid, rigid particels 
contained in a small volume element can rotate about 
the center of the volume element described by the 
microrotation vector.  
Due to to its importance, we conduct a research about 
micropolar fluid. In this paper will be discussed about 
the unsteady magnetohydrodynamics boundary layer 
flow in micropolar fluid past a sphere . Boundary layer 
is a thin layer which is near the solid surface caused by  
the viscosity of fluid flow on the solid surface. The 
equation which is built by boundary layer theory can 
be called boundary layer equation. By considering the 
MHD effect on micropolar fluid, this paper also 
discuss the influence of magnetic field on the 
microrotation, magnetohydrodynamics effect on 
velocity profiles and skin friction coefficient.  
 
II. PROCBLEM FORMULATION 
 
We consider of boundary layer flow in the 
Magnetohydrodynamic microfluid by considering or 

including the microrotation of the fluid particle. Fig.1 
illustrates the coordinate system and the physical 
model of the solid sphere over a bluff body. Consider a 
laminar flow in an incompressible, 
electrically-conducting, micropolar fluid past a 
non-conducting solid sphere of radius with ambient 
velocity of the fluid. It is assumed that the fluid flows 
no applied or polarization voltage which implies that 
the electric field is absent. The Magnetic Reynolds 
number is assumed very small hence the induced 
magnetic field can be neglected since it is so small 
than the applied magnetic field. 
 

 
Fig 1. Physical model and coordinate system 

 
The governing equation equations are developed from 
mass, momentum and energy conservation, as follow 
[1] : 
Continuity Equation : 

(  ) + (  ) = 0         (1) 
 
Momentum Equation : 
ρ  

̅ + u  + v  = −  + (µ + k) +

+ k  − σB u + ρgβ(T − T∞) sin x  (2) 
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ρ  
̅ + u  + v  = −  + (µ + k) +

+ k  − σB v− ρgβ(T − T∞) cos x  
 
Momentum Angular Equation : 
ρj  

̅ + u  + v  = γ + − k(2N +
 -  )                (3) 

In this problem the dimensionless variables are given 
as : 
 
x = , y = Re / , u =

∞
, t = 	 ∞ ̅

,				r(x) = ( )  

v = Re
∞

, p =
∞

, T = 	 ∞

∞
,     (4) 

 
where Reynold Number Re = ∞ . Substitution (4) 
into (1) to (3) lead to the following non-dimensional 
equations : 

( ) + ( ) = 0          (5) 

+ u + v = − + ( ) + (1 + K) +

K − Mu            (6) 
 

+ u + v = − + ( ) + ( ) −

− v     

+ u + v = 1 + + − K(2N +

− )          (7) 
where micropolar K, magnetic M and microrotation 
field N are dimensionless parameter. 
 
In order to solve (5) to (7) using the same procedure of 
boundary layer approximation and the stream 
function, the following variables are assumed : 
ψ = xf(x, y),     θ = θ(x, y)      (8) 
 
where stream function ψ  defined as : 
u = ,     v = −          (9) 
By substituting (8) to (9) into (5) to (7), we obtain : 

(1 + K) + + λt 1−  + f +

K h + Mt 1− = t        (10) 
 

1 + h + h + h + λt f h − h = t h +

tK(2h + h)         (11) 
 
With respect to the following Boundary Conditions : 
t < 0 : f = = h = 0 pada titik x, η 

t ≥ 0 : f = = 0.  h = −n , pada η = 0 (12) 

 = 1,  h = 0 pada η → ∞ 

At the lower stagnation point of the solid sphere, 
x ≈ 0, Eqn. (12) to (14) are reduced to the following 
ordinary differential equation : 
 
(1 + K)f ′′′ + f ′′ + λt 1− (f ′) + f f ′′ + K h′ +

Mt(1 − f ′) = t ′         (13) 
and, 

1 + h′′ +    h′ + h + λt f h′ − h f ′ = t h +
t K (2h + f ′′)          (14) 
 
III. NUMERICAL PROCEDURES 
 
Thie problem is then solved numerically by using 
Keller-Box method. The method has the following 
four main steps : 
(i) Reduce (13) and (14) to a first order equations. 
(ii) Write the difference equations using central 
differences. 
(iii) Linearize the resulting algebraic equation by 
Newton’s Method and write in matrix-vector form. 
(iv) Use the block tridiagonal elimination technique 
to solve the linear system. 
 
IV. RESULT AND DISCUSSION 
 
The system of equation (13) and (14) are solved 
numerically for some values of the micropolar 
parameter (K) and magnetic parameter (M) using 
keller-box method. The variation on velocity and 
microrotation profile at front stagnation point 
(x = 	0 ) with various value of magnetic parameter 
are illustrated in Fig. 2 and Fig. 3 respectively. These 
numerical result have been made at fixed values of 
micropolar K = 1. The results show that velocity 
profiles in Fig. 2 increase when the magnetic 
parameters increase, there is no values of velocity in 
negative. This clarify there is no reversal of flow 
occurred at least up until t = 3	s.  
The microrotation profile of boundary layer flow in 
the maghnetohydrodynamic micropolar fluid of n = 0 
at x = 	0  and when K = 1 . Increasing M leads to 
higher microrotation −h under the influence of MHD 
at the region near the surface of a solid sphere but as 
η > 0.5,−h is decreased under the effect of MHD.
 

 
Fig. 2 Velocity profile for various 퐌 at lower stagnation point 

(퐱 = 	 ퟎퟎ),퐊 = ퟏ,	and 퐧 = ퟎ 
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Fig. 3 Microrotation profile for various 퐌 at lower stagnation 

point (퐱 = 	 ퟎퟎ),퐊 = ퟏ,	and 퐧 = ퟎ 
 

Figure 4 shows the velocity profile of the boundary 
layer flow in the magnetohydrodynamic micropolar 
fluid at various K when n = 0 and = 1 . It is noticed 
that u a micropolar fluid is decreasing with increasing 
K. It is also evident that viscous fluid has higher u to 
be compared to micropolar fluid. 
 

 
Fig. 4 Velocity profile for various 퐊 at lower stagnation point 

(퐱 = 	 ퟎퟎ),퐌 = ퟏ,	and 퐧 = ퟎ 
 
Figure 5 to 6 illustrate variation with x of the skin 
friction C Re /  of boundary layer flow in the 
magnetohydrodynamic micropolar fluid past a solid 
sphere. The values of C Re /  are increasing at each x 
in spite of values of K  and M . The skin friction 
coefficient C Re /  of a micropolar fluid when n = 0 
with different M when K = 1 is presented in Figure 5. 
Furthermore, Figure 6 shows skin friction coefficients 
C Re /  of a micropolar fluid with M = 1, n = 0 vary 
with x and variation K. 
 

 
Fig. 5 Skin friction profile for various 퐌 at lower stagnation 

point (퐱 = 	 ퟎퟎ),퐊 = ퟏ,	and 퐧 = ퟎ 

 
Fig. 6 Skin friction profile for various 퐊 at lower stagnation 

point (퐱 = 	 ퟎퟎ),퐌 = ퟏ,	and 퐧 = ퟎ 
 
CONCLUSION 
 
This paper considers the boundary layer flow in the 
maghnetohydrodynamic (MHD) microfluid past a 
solid sphere. From the analysis and discussion of the 
result, the following conclusions are: 
1) The governing equations are developed from 
continuity, momentum, and energy conservation. 
Further, those equations are transformed into 
boundary layer equations and transformed into a 
non-dimensional form. The resulting nonlinear system 
of partial differential equations are solved numerically 
using the Keller-Box method. 
2) This research has revealed how the microrotation 
and magnetic parameter affect the velocity flow and 
microrotation characteristics. The velocity 
distributions increase and the microrotation decrease 
when the value of magnetic variable, M increases and 
micropolar parameter, K increase.  
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