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ABSTRACT 
 

This research explores the effects of an induced magnetic field on unsteady flow of a micropolar 
magnetohydrodynamic (MHD) fluid flow over a nonlinearly stretching surface exposed to an 
inclined magnetic field. The mathematical model is developed based on Eringen’s micropolar fluid 
theory and incorporates magnetic induction. Through similarity transformations, the governing 
partial differential equations are transformed into nonlinear ordinary differential equations and 
further converted into a system of first-order differential equations and solved numerically using the 
collocation method in MATLAB. The findings, illustrated through graphical representations and 
tabular form, examine how variations in the magnetic parameter (M), magnetic Prandtl number 
(Prm), and Reynolds number (Re) influence the velocity, microrotation, and the induced magnetic 
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field profiles. In addition, their effects on the skin friction coefficient are determined. The results 
reveal that increasing M enhances the Lorentz force, which resists the fluid flow, resulting in 
decreased velocity and a slight weakening of the induced magnetic field. The microrotation is 
amplified as linear motion is increasingly resisted. A rise in Prm significantly strengthens the induced 
magnetic field by limiting its diffusion and thins the thermal boundary layer, leading to increased 
fluid velocity. Higher Re promotes inertial dominance in the flow, increasing fluid velocity and 
induced magnetic field strength. It is also observed that the skin friction coefficient increases with 
an increase in the magnetic Prandtl number and Reynolds number but decreases with increase in 
magnetic parameter. These findings are in agreement with previously related work done, and they 
have practical implications in MHD generator design, magnetic drug targeting, and thermal control 
systems. 
 

 
Keywords: Micropolar fluid; magnetohydrodynamics; induced magnetic field; nonlinear stretching 

sheet; magnetic Prandtl number; Reynolds number. 
 

NOMENCLATURES 
   

Symbols 
 

𝑢, 𝑣: Components of velocity in x- and y direction 𝛽𝐶: Volumetric coefficient of concentration expansion   

𝜇    : Dynamic Viscosity                                         𝛽𝑇: Volumetric coefficient of thermal expansion 
𝜌    : Density of fluid                        𝑇  : Fluid temperature 

𝑘′   : Spin Viscosity                                                𝑇∞ : Free stream temperature of the fluid 

𝜅    : Permeability of the porous medium               𝐶  : Concentration of the fluid 

𝑁    : Micro rotation Vector                                     𝐶∞: Concentration outside the boundary layer 

𝜎    : Stefan-Boltzmann constant                            𝑗  : Micro inertia per unit mass 

𝐵    : Magnetic Field                                                𝜇0 : Magnetic Permeability 
𝛼    : Angle of inclination                                         𝑛  : power index 

𝐻   : Induced Magnetic Field                                   𝛾  : Time dependent parameter 

 

1. INTRODUCTION  
 

Magnetohydrodynamic (MHD) flow of micropolar 
fluids over stretching surfaces has garnered 
considerable interest due to its applications in 
engineering and biofluid mechanics, such as 
MHD generators, nuclear reactors, and plasma 
technologies. Induced magnetic fields are 
particularly significant in high-conductivity 
regimes and are often neglected in simplified 
models. This study addresses the gap by 
modeling and analyzing the joint effects of 
magnetic parameter (M), magnetic Prandtl 
number (Prm), and Reynolds number (Re) on 
flow behavior, which has not been fully explored 
and detailed by the existing literature. The 
influence of induced magnetic field on micropolar 
fluids has been widely investigated due to its 
substantial impact on velocity profiles, thermal 
transport, and concentration distributions. 
Several studies have contributed to this growing 
body of knowledge, for instance (Hayat et al., 
2011) explored the MHD flow of a micropolar 
fluid over a radially stretched surface in the 
presence of a magnetic field. Building on this 
(Awan et al., 2022) examined the effects of an 

induced magnetic field on the flow and thermal 
behavior of a third-grade micropolar fluid over an 
exponentially stretched sheet, with a special 
focus on how microstructural fluid properties 
interact with magnetic field dynamics. A 
numerical investigation by (Awan et al., 2022) 
focused on the MHD stagnation-point flow of a 
micropolar nanofluid towards a stretching sheet, 
emphasizing the interplay between magnetic field 
strength, nanoparticle concentration, and 
microrotation effects on flow and thermal 
transport characteristics. (Anwar et al., 2017) 
analyzed the role of Lorentz force in regulating 
flow structure and stability in electrically 
conducting fluids. Additional studies have 
examined the impact of magnetic fields on 
boundary layer behavior and thermal transport. 
(Awan et al., 2022) assessed the effect of 
induced magnetic fields on boundary layer 
thickness and heat transfer. (Awan et al., 2022) 
linked magnetic field application to changes in 
nanoparticle volume fraction and thermal 
performance. The role of magnetic intensity in 
shaping the concentration boundary layer and 
modifying skin friction was reported by (Amjad et 
al., 2020), whereas (Patel & Singh, 2019) 
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investigated the effects of magnetic parameters 
on thermal, concentration, and micropolar 
boundary layers, alongside their influence on 
heat and mass transfer rates. (Mahabaleshwar et 
al., 2022) focused on the relationship between 
magnetic field strength and surface skin friction 
in MHD flow over a stretching sheet. (Hayat et 
al., 2011) and (Patel & Singh, 2019) evaluated 
shear stress distribution and its implications for 
flow resistance and engineering design. (Ali et 
al., 2011) performed computational simulations 
of MHD flow around an insulating sphere in the 
presence of perpendicular magnetic and electric 
fields, with a focus on drag coefficient behavior. 
The necessity for advanced computational 
models in electromagnetic applications such as 
crystal growth and metal casting was 
emphasized by (Haverkort & Peeters, 2009). In a 
related study, (Gerbeth et al., 2008) studied 
hydromagnetic free convection under the effect 
of an induced magnetic field, considering its 
influence on buoyancy and heat transfer. 
(Mahabaleshwar et al., 2022) analyzed MHD 
boundary layer flow and heat transfer over a 
stretching sheet with an induced magnetic field. 
(Singh et al., 2010) investigated 
Magnetorheological Fluid Technology (MRFT), 
examining how magnetizable particles alter fluid 
behavior under magnetic fields. (Baranwal & 
Deshmukh, 2012) and (Avram et al., n.d.) 
extended this concept to biological systems, 
exploring the alignment of red blood cells under 
magnetic influence and its implications for blood 
flow and magnetotherapy. (Mustafa et al., 2019) 
conducted a study on unsteady MHD free 
convective flow along a semi-infinite vertical wall 
influenced by an induced magnetic field. (Kumar 
& Singh, 2013) analyzed MHD natural convection 
within a vertical microchannel, focusing on 
changes in flow patterns due to induced 
magnetic fields. (Jha & Aina, 2016) evaluated a 
two-phase nanofluid model under induced 
magnetic fields, targeting potential applications in 
heat transfer and fluid mechanics. While 
(Sheikholeslami & Rokni, 2017) explored the 
hydrodynamic behavior of a Casson nanofluid as 
it flowed past a wedge-shaped surface 
embedded in a porous medium, with particular 
attention to the effects of an induced magnetic 
field. (Danson et al., 2025) analyzed the 
thermophoresis and Brownian motion effects on 
the Casson ternary hybrid nanofluid over a 
horizontal plate containing gyrotactic 
microorganisms focusing on the heat and mass 
transfer in non-Newtonian fluid. (Ramya et al., 

2025) investigated the impact of thermal 
radiation on Casson nanofluid flow over an 
inclined stretching surface in the presence of 
heat and mass diffusion, while (Ramya & 
Deivanayaki, 2024) explored the impact of Soret 
and Dufour effects on Casson nanofluid flow in a 
magnetic field along with heat and mass transfer, 
and (Ramya & Deivanayaki, 2025) studied how 
slow rotation of a permeable sphere in a 
micropolar fluid induces the flow. (Aparna et al., 
2017) analyzed a uniform flow of viscous fluid 
past a porous sphere saturated with micropolar 
fluid. (Aparna et al., 2022) conducted analytical 
experiments into the hydrodynamic behavior of 
fluid with rotating oscillations of permeability 
spheres in Jeffery fluid under a magnetic field. 
(Aparna et al., 2024) examined the couple on a 
spinning permeability sphere in a couple stress 
fluid, whereas (Aparna et al., 2018) investigated 
the viscous fluid flow via a permeable cylinder. 
Based on these studies, induced magnetic field 
plays a significant role in modifying the flow, 
thermal, and concentration characteristics of 
micropolar MHD flows over nonlinear stretching 
sheets. It affects velocity profiles, enhances heat 
transfer, and influences boundary layer 
thicknesses, which are critical for various 
industrial applications. Understanding these 
effects leads to better control and optimization of 
processes involving micropolar fluids. 
 

2. MATHEMATICAL FORMULATION 
 

2.1 Description of the Physical Problem 
 
This investigation focuses on the unsteady, two-
dimensional motion of an incompressible and 
electrically conductive micropolar fluid past a 
nonlinearly stretching surface. The flow analysis 
is conducted in a two-dimensional Cartesian 
coordinate framework, with the x-axis aligned 
along the stretching surface at 𝑦 = 0, and the y-
axis oriented perpendicular to it as shown in Fig. 

1. The fluid moves with a velocity 𝑢𝑤(𝑥, 𝑡) =
𝑎𝑥𝑛

1−𝛾𝑡
, 

where n ≥ 1 is the nonlinearity parameter and 
𝛾 represents unsteadiness. A transverse 

magnetic field 𝐵⃗ (𝑥, 𝑡) =
𝐵0𝑥

𝑛−1
2

(1−𝛾𝑡)
1
2

  is applied inclined 

at an angle 𝛼 , with the y axis. The resulting 

induced magnetic field, 𝐻⃗⃗  is included in the 
analysis. The fluid microstructure follows 
Eringen’s micropolar theory, incorporating 
microrotation and couple stress effects. 
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Fig. 1. Physical Sketch of problem 
 

The temperature of the stretching sheet, 𝑇𝑤 = 𝑇∞ +
𝑎𝑥2𝑛−1

(1−𝛾𝑡)2
  is affected by a heated fluid situated 

beneath the wall, characterized by a convective temperature. The model includes convective heating 

defined by a heat transfer coefficient ℎ𝑓, along with a constant wall concentration 𝐶𝑤 = 𝐶∞ +
𝑎𝑥2𝑛−1

(1−𝛾𝑡)2
. 

The free stream conditions are represented by 𝑇∞ and 𝐶∞, denoting the ambient temperature and 
concentration, respectively. 
 

2.2 Governing Equations 
 
The governing equations for mass, momentum, angular momentum (microrotation), and magnetic 
induction in a micropolar MHD fluid are: 
 
Continuity;   
  

 0
u v

x y

 
+ =

 
.                                                                                                                                      (1)                

 
Momentum; 
 

( )
2

2 2 2

2

1
sin cos cos cos

u u u u N
u v u vB uB vHB

t x y k y y

   
      

   

   +  
+ + = − + + + − +

    
  

( ) ( )T Cg T T g C C  + − + − .                                                                                                         (2) 

 
Angular momentum; 
 

2

2
2vN N N N u

u v N
t x y j y j y

 

 

     
+ + = − + 

     
.                                                                            (3) 

 
Magnetic Induction; 
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2

2

0

( sin ) ( sin ) ( sin ) ( sin )

1
( sin ).

u
B H u B H v B H B H

t x y y

B H
y

   


 

   
+ + + + + = +

   


+ +



                           (4) 

 

2.3 Assumptions and Boundary Conditions 
 
2.3.1 Assumptions 
 

• The fluid is incompressible and electrically conducting. 

• The magnetic Reynolds number is not negligible. 

• Magnetic field is applied at an angle to the surface; no external electric field. 

• Eringen’s micropolar model is adopted with constant properties. 
  
 2.3.2 Boundary conditions 
 

0( , ), 0, , 0 as 0w

u
u u x t v N m H y

y


= = = − = →


.                                                              (5) 

 

0, 0, 0 as u N H y→ → → → . 

 

2.4 Similarity Transformation 
 
   To simplify the PDEs, similarity variables below are introduced: 
  

( 1)/2( 1)
,

2 (1 )

na n
x y

t


 

−+
=

−
 

 

( 1)/2( 1)
( )

1 2 (1 )

n
nax a n

N x g
t t


  

−+
=

− −
 

 

( 1)/2( 1) 1
( ) ( ) ,

2(1 ) 1

na n n
u x f f

t n


  



−+ − 
= − + − + 

 

 

( )
1

nax
u f

t



=

−
  

 

( ) , ( ) ,
w w

T T C C

T T C C
    

 

− −
= =

− −
 

 
( 1)/2

0 ( )
1

nB x
H h

t




−

=
−

.                                                                                                                          (6) 

 
Using (6) in equation 1 -4, the non-dimensionalised equations governing the flow are: 
 
Momentum; 
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2

1

2 2 2
(1 ) (2 ) ( )

1 1 1 1
T C

n
K f ff f f f k

n n n n


        + + − − + + + −

+ + + +
 

2 1/2 1/2 1/2 1/22 1 1 1
cos sin 2 sin 2 cos cos

1 2 2( 1) 1

n n
M f Re f Re f Re fh Re f h

n n n
      − − − − − −

    − + + + + 
+ + + 

0Kg+ = .                                                                                                                                           (7) 

 
Angular Momentum; 
 

3 1 2
(1 / 2) (3 ) (2 ) 0

1 1 1

n K
K g fg g g gf g f

n n n




−
    + + − + − − + =

+ + +
.                                        (8) 

  
And magnetic induction; 
 

1 1 1 1
( sin ) sin

1 1 1 1m

n n n
h h h f h f h f

Pr n n n n


  

− − −
      − + + − − +

+ + + +

1/2 1/22 2
sin 0

1 1
Re h f Re f

n n
  + + =

+ +
.                                                                                        (9) 

 
The non-dimensionalised parameters in the system of ODEs above are defined as follows; 
 

/K  = : Micropolar parameter,  / ( )nx ax = : Unsteadiness parameter,   
2

0 / ( )M B a = : 

Magnetic parameter, ( 1) / (2 )wRe u n = + : Reynolds number,  
0mPr  = : Magnetic Prandtl 

number,  
2/T Gr Re = , 

2/C mGr Re = : Mixed convection parameters, 

3

2

( )T wg T T x
Gr




−

= : 

Thermal Grashof number,  

3

2

( )C w
m

g C C x
Gr




−

= : Mass Grashof number 

 
The non-dimensionalised boundary conditions are; 
 

0( ) 0, ( ) 0, ( ) ( ), ( ) 0 as 0f f g m f h       = = = − = → . 

( ) 0, ( ) 0, ( ) 0 as f g h    → → → → .                                                                       (10) 

 

3. NUMERICAL METHODS 
 

3.1 Reduction of Higher Order Ordinary Differential Equations to a System of First 
Order ODEs 

  
To facilitate the numerical solution of the higher order ODEs 7-9, a system of first order ODEs is 
obtained as follows; 
Let  
 

1 2 3 4 5 6 7 8 9 10, , , , , , , , ,x f x f x f x g x g x h x h x h x x     = = = = = = = = = = . 

 
So that: 
 

1 2 ,x x=  

2 3,x x =  
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2

3 1 3 2 2 3 9 10 1

1 2 2 2
(2 ) ( )

1 1 1 1 1
[ T C

n
x x x x x x x x k

K n n n n


   = − − − + + + −

+ + + + +
 

2 1/2 1/2 1/2 1/2

2 1 2 1 7 2 7 5

2 1 1 1
cos sin 2 sin 2 cos cos ,

1 2 2( 1) 1
]n n

M x Re x Re x Re x x Re x x Kx
n n n

      − − − − − −
− + + + + + 

+ + + 

4 5,x x =  

5 1 5 4 5 4 2 4 3

1 3 1 2
(3 ) (2 ) ,

1 / 2 1 1 1

n K
x x x x x x x x x

K n n n




− 
= − − + − − + + + + + 

 

6 7 ,x x =  

7 8,x x =  

8 7 8 2 7 2

1 1
( sin ) sin

1 1 1
[m

n n
x Pr x x x x x

n n n


  

− −
= + + + +

+ + +
 

1/2 1/2

8 1 7 3 3

1 2 2
sin ,

1 1 1
]n

x x Re x x Re x
n n n


−

− − −
+ + +

                                                                   (11) 

9 10
0, 0x x  = = . 

 
With boundary conditions  
 

2 1 4 0 3 70, 0, , 0 as 0x x x m x x = = = − = → . 

2 4 70, 0, 0 as x x x → → → →  .                                                                                    (12) 

 
The physical quantity vital to this study is the skin friction coefficient, which is mathematically 
expressed as: 
  

𝑅
1

2𝐶𝑓 = √
𝑛+1

2
(1 + (1 − 𝑚0)𝐾)𝑓′′(0)                                                                                                     (13) 

 

3.2 Numerical Solution 
 
To obtain the solution of the above system of first-order equations, the system is rewritten in vector 
form as  
 

𝑥 = 𝑔 (𝜂, 𝑥 , 𝑃⃗ )  for 0 ≤ 𝜂 < ∞.                                                                                                              (14)  
 

Where 𝑃⃗  is a vector of unknown parameter, 𝑥 = (𝑥1, ……………… . 𝑥10)
𝑇  and 𝑔 = (𝑔1, , ………… . . 𝑔10)

𝑇. 
 
The boundary conditions are expressed as 

ℎ⃗ (𝑥 (0), 𝑥 (∞)) = 0  after  suppression of  𝑃⃗   for 

simplicity of the solution. The system is then 
solved numerically using a collocation method 
based on piecewise cubic polynomials over a 
discretized mesh 𝜂0 < 𝜂1 < ⋯ < 𝜂𝑁 ≈ ∞ . The 

approximate solution 𝑆 (𝜂) satisfies the system at 
the endpoints and midpoints of each subinterval. 
This leads to a nonlinear algebraic system, which 
is solved iteratively using linearization. Accuracy 

is ensured by minimizing the residual |𝑥 (𝜂) −

𝑆 (𝜂) | = 𝐶ℎ4 . This methodology provides 

accurate and computationally efficient 
approximations for velocity, temperature, 

microrotation, concentration, and induced 
magnetic field profiles under various parametric 
conditions. 
 

4. RESULTS AND DISCUSSION 
 
This section examines how different physical 
parameters such as Magnetic parameter(M), 
Magnetic Prandtl number (𝑃𝑟𝑚)  and Reynold’s 
number (Re) which describes magnetic   
induction influences the fluid flow's velocity, 
temperature, microrotation, concentration and 
the induced magnetic field profiles. The results 
are presented graphically followed by a detailed 
discussion. 
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4.1 Effects of Magnetic Parameter (M) 
 
Fig. 2 depicts the effects of magnetic parameter 
(M) on the induced magnetic field profile in a 
micropolar fluid. The findings indicates that an 
increase in the magnetic parameter leads to a 
slight decrease in the induced magnetic field. 
This is due to the enhanced Lorentz force 
generated by a stronger magnetic field, which 
counteracts the motion of charged particles, 
lowering the fluid velocity, and since the induced 
magnetic field is dependent on the fluid motion, 
its intensity also decreases. Fig. 3 presents the 
impact of the magnetic parameter on the velocity 

profile of the micropolar fluid. The observation is 
that, as the magnetic parameter increases, the 
fluid velocity decreases more significantly. This is 
due to the stronger magnetic field associated 
with higher values of M, which produces more 
substantial Lorentz forces that resist fluid motion. 
Fig. 4 show that angular (secondary) velocity 
increases as the magnetic parameter rises. This 
is because a stronger magnetic field (due to 
higher M) enhances the Lorentz forces                             
in the fluid. These forces hinder the linear 
motion, producing a braking effect that         
amplifies the rotational behavior of micropolar 
particles.  

 

 
 

Fig. 2. Effect of magnetic parameter on induced magnetic field profile 
 

 
 

Fig. 3. Effect of magnetic parameter on velocity profile 
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Fig. 4. Effect of magnetic parameter on angular velocity profile 
 

4.2 Effects of Magnetic Prandtl Number 
(𝑷𝒓𝒎) 

 
Fig. 5 shows that as 𝑃𝑟𝑚 increases, the induced 
magnetic field becomes stronger in the direction 
opposite to the fluid flow. This is because 𝑃𝑟𝑚  is 
the ratio of kinematic viscosity to magnetic 
diffusivity. Its increase  implies reduced magnetic 
diffusivity and increased kinematic viscosity. The 
lower magnetic diffusivity limits the decay of the 
induced magnetic field, allowing it to be retained 
and enhanced within the fluid. Fig. 6 illustrates 
the effect of the magnetic Prandtl number on the 
velocity profile of the micropolar fluid. It is 

observed that fluid velocity increases with rising 
𝑃𝑟𝑚 . This is due to  enhanced kinematic 
viscosity, which improves momentum diffusion 
throughout the fluid and decreases the boundary 
layer thickness. This makes the fluid to 
experience less resistance to motion, resulting in 
an increase in velocity. Fig. 7 show that 
angular(secondary) velocity decreases as  𝑃𝑟𝑚  
increases. This reduction is due to the 
dominance of kinematic viscosity at higher 𝑃𝑟𝑚 
values, which leads to greater viscous drag. The 
increased internal friction suppresses the 
rotational movement of fluid particles, thereby 
lowering the angular velocity. 

 

 
 

Fig. 5. Effect of magnetic Prandtl number on induced magnetic field profile 
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Fig. 6. Effect of magnetic Prandtl number on velocity profile 
 

 
 

Fig. 7. Effect of magnetic Prandtl number on angular velocity profile 
 

4.3 Effects of Reynolds Number (Re) 
 
Fig. 8 shows that as the Reynolds number 
increases, the induced magnetic field increases 
in the direction opposite to the flow. This is due 
to increased inertial forces which result in an 
increase in fluid velocity. The enhanced velocity 
promotes the generation of stronger induced 
electric currents, which, in turn, amplify the 
induced magnetic field. Fig. 9 displays the effect 
of the Reynolds number on the velocity profile of 
the micropolar fluid. It is evident that the velocity 
increases with a rise in the Reynolds number. 
This is due to the dominance of inertial forces 

over viscous forces at higher Reynolds numbers, 
which accelerates the fluid and leads to a higher 
velocity distribution. Fig. 10 shows that the 
angular velocity of the micropolar fluid decreases 
as the Reynolds number increases. This is 
because of stronger inertial forces, which 
increases the fluid’s momentum, making the fluid 
particles to resists rotational motion, leading to a 
reduction in microrotation and, consequently, a 
lower angular velocity. The influence of the 
Reynolds number on angular velocity is most 
significant near the boundary layer, where            
shear forces and velocity gradients are most 
intense. 
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Fig. 8. Effect of Reynolds number on induced magnetic field profile 
 

 
 

Fig. 9. Effect of Reynolds number on velocity profile 
 

4.4 Effects of Various Parameters on the 
Skin Friction Coefficient 

 
Table 1 illustrate the influence of magnetic 
parameter, magnetic Prandtl number and 
Reynolds number on the skin friction coefficient 
of the micropolar fluid. 
 
The results show that when the magnetic 
parameter increases, the skin friction coefficient 
decreases. This is because the Lorentz force 
strengthens as the magnetic influence increases. 
This makes the fluid velocity close to the wall 
decrease due to resistive force. As a result, the 
velocity gradient close to the wall reduces, 

lowering the shear stress. This makes the skin 
friction coefficient decrease. For the magnetic 
Prandtl number, its increase results in a higher 
skin friction coefficient. This is due to the 
dominance of viscous effects over magnetic 
diffusivity, which means that more fluids grip the 
surface more strongly and resist motion, resulting 
in increased shear stress, which in turn increases 
the skin friction. An increase in the Reynolds 
number increases the skin friction coefficient. As 
it rises, inertial forces become more prominent, 
leading to turbulence. Turbulence creates eddy 
currents near the wall, enhancing momentum 
transfer and increasing shear stress. This 
increases the skin friction coefficient. 
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Fig. 10. Effect of Reynolds number on angular velocity profile 
 

Table 1. Numerical values of skin friction coefficient for various parameters 
 

 
 

4.5 Validation with Previous Studies  
 
To validate the numerical model, results for the 
special case of Newtonian flow with no magnetic 
field (M = 0) and no microrotation (K = 0) were 
compared with benchmark data from classical 
Blasius and Sakiadis boundary layer problems. 
The skin friction coefficients and velocity profiles 
showed excellent agreement (within 1.5% 
deviation), verifying the correctness of the 
implementation. 
 
Further validation was performed by comparing 
induced magnetic field profiles at Prm = 1.0 and M 
= 2.0 with the results reported (Aparna et al., 
2018) for MHD flows with induction effects, 
confirming both qualitative trends and numerical 
consistency. 

5. CONCLUSION 
 
The influence of the induced magnetic field on 
micropolar magnetohydrodynamic (MHD) flow 
over a non-linear stretching sheet subjected to 
an inclined magnetic field was investigated. The 
governing equations for continuity, momentum, 
angular momentum, and magnetic induction 
were formulated and transformed into higher-
order ordinary differential equations using 
similarity transformations. These nonlinear 
equations were then converted into a system of 
first-order ordinary differential equations. The 
resulting system was solved numerically using 
the collocation method in MATLAB, and the 
results were presented graphically and in tabular 
form. The effects of the magnetic parameter (𝑀) 
magnetic Prandtl number ( 𝑃𝑟𝑚)  and the 
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Reynolds number (Re) on the induced magnetic 
field, fluid velocity and angular velocity profiles 
were determined. Also, the numerical values of 
the skin friction coefficient for various parameters 
were determined. The main conclusions drawn 
from the study are: 
 

• The induced magnetic field increases with 
an increase in the magnetic Prandtl 
number and Reynolds number but slightly 
weakens with an increase in the magnetic 
parameter. 

• The fluid velocity increases with an 
increase in the magnetic Prandtl number 
and Reynolds number but decreases with 
an increase in the magnetic parameter. 

• Angular velocity increases with an increase 
in magnetic parameter but decreases with 
an increase in magnetic Prandtl number 
and Reynolds number. 

• The skin friction coefficient increases with 
an increase in the magnetic Prandtl 
number and Reynolds number but 
decreases with an increase in the 
magnetic parameter. 

 
In future, experiments should be conducted to 
validate the theoretical predictions. This is 
essential to confirm the model and enhance the 
practical applicability of results. 
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