
Abstract
The flow of a steady, axi-symmetric, incompressible micropolar fluid between two infinite rotating disks is described for 
Jenkins Model. The governing equations are reduced to non-linear ordinary differential equations and are solved numerically 
through the shooting technique. The graphs are plotted and the impact of the material constant is analysed on the velocity, 
micro-rotation velocity profiles and pressure. The results reveal that the material constant has a significant effect on radial 
velocity, axial velocity and pressure. 

*Author for correspondence

1.0  Introduction
Micropolar fluid represents fluids consisting of 
microelements (material particles) suspended in a 
medium. Microfluids are analysed through the concept 
of microcontinuum, in which the properties and 
behaviour of the fluid are affected by the material particle 
motions, which possess local inertia. Eringen1 was the 
first to introduce the concept of micropolarity through 
microcontinuum mechanics. Eringen’s microcontinuum 
mechanics approach to micropolar fluid led to the 
introduction of new kinematics variables which involve 
gyration tensor, micro inertia moment tensor, body 
moments and micro stress averages which lead to 
twenty-two viscosity and material coefficients. But for 
real, non-trivial flow problems the governing equations 
of a system resulted in nineteen equations in nineteen 
unknowns which is not easily docile to solve. Further 
in 1966, Eringen2 considered the subclasses of these 
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fluids, in which he showed that in addition to a micro 
isotropy and if the skew-symmetric property of the 
gyration tensor is imposed the nineteen equations with 
nineteen unknowns reduces to seven equations in seven 
unknowns. Thus Eringen’s microcontinuum approach 
differs from a continuum approach to a fluid. Micropolar 
fluids are of great consideration for research in industry 
and engineering. The concept of microcontinuum theory 
is needed to explain the many fluids, for instance flow of 
biological fluids in thin vessels (animal blood), polymeric 
suspensions, colloidal suspensions, liquid crystals etc.

Hayat et al.,3 analysed the effect of the micropolar 
parameter which has a decreasing influence on the 
velocity profiles in radial direction and axial direction 
and an opposite influence on the flow during suction/
injection in the study of squeezing magnetohydrodynamic 
flow between two parallel disks. Igor4 in the study of 
convection in the Trapezodial cavity, demonstrated that 
the micropolar fluid rate is dependent on the governing 
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parameters and location of the heater (bottom, central 
or top position) along the inclined wall. Anur Ishak et 
al.,5 studied the incompressible micropolar fluid flow 
generated due to a stretching sheet in the presence of 
radiation effect, in which it is specified that the heat 
transfer rate decreases with an increase in the radiation 
parameter. Hayat et al.,6 studied the effect of various 
parameters on the micropolar fluid in the presence 
of a strong microelements concentration and weak 
microelements concentration for the steady and unsteady 
flow cases. 

Shit et al.,7 examined the effect of the Hartmann 
number, micropolar vortex parameter, unsteadiness 
parameter and magnetic parameter on the axial velocity, 
angular velocity, boundary layer and temperature profile 
in the study of an MHD micropolar fluid in the presence of 
thermal radiation over a porous stretching sheet. Tripathy8 
studied that the parameters had a decelerating effect on 
the velocity distribution along with, in which chemical 
reaction parameter and inertia coefficient reduces the 
concentration distribution and hence reducing the 
thickness of boundary layer in the study on micropolar 
fluid with chemical reaction. Ng et al.,9 analysed the 
effect on the peristaltic flow of a micropolar fluid by 
an induced magnetic field in an asymmetric channel. 
Rees et al.,10 and Prasad11 analysed the micropolar fluid 
flow under different geometries. Srinivasacharya et al.12 
observed that the real part and imaginary part of skin 
friction values decrease and increase respectively, with an 
increase in the frequency parameter and micro rotation 
and the reverse is observed in the consideration of micro 
polarity parameter.

Eugen Magyari13 investigated that the analytical 
solution reveals new features in analyzing the micropolar 
flow over a Permeable surface. Damesh14 studied 
micropolar fluid over a stretched permeable uniform 
surface in consideration of the combined effect of heat 
generation or absorption and chemical reaction. Qin et 
al.,15 analysed that the rotation and temperature have a 
reverse effect on a critical Rayleigh number and concluded 
that the rotation with the higher values of the micropolar 
parameters has a stabilizing effect in the case of stationary 
convection whereas for the oscillatory convection, the 
graph of micropolar fluid and Newtonian fluid represents 
not much of difference.

Rosali et al.,16 in the study of the flow of a micropolar 
fluid with suction in a porous medium towards a 
stretching/shrinking sheet analysed that there exists a dual 
solution in the case of a stretching sheet leading to two 
different velocities and temperature profile, confirming 
the first solutions are stable where the later does not 
physically exists. In the case of shrinking sheets, it leads 
to a unique solution. Narayana et al.,17 and Hussain18 
discussed the flow of a micropolar fluid in a rotating 
disk. Das19 discussed the effect of various parameters 
which have either the increasing or decreasing effect on 
translational velocity, micro rotation and boundary layer 
thickness in the study of an incompressible micropolar 
fluid flow in a uniform porous medium.

Khedr20 examined the effect of parameters such as 
Prandtl number, Hartmann number, heat generation/
absorption parameter and wall transfer parameter on 
the micro rotation, velocity and temperature profile for a 
micropolar fluid flow past a uniform plate. Pooya Pasha21 
et al., applied various numerical methods to analyse 
the accuracy of the flow through a permeable plate of 
a micropolar fluid with heat transfer. Pattanaik et al.,22 
studied the micropolar fluid past a stretching sheet in the 
presence of a uniform magnetic field with an exponential 
heat source. Shahzad et al.,23 examined the effects of 
various parameters such as stretching ratio parameter, 
stretching Reynolds number, bioconvection Rayleigh 
number and vortex viscosity parameter on the radial, 
axial and angular velocities, microrotation etc. near the 
lower and upper disk of the system in the study of flow 
between double disks of a bioconvective micropolar 
nanofluid. The present paper problem under the Jenkins 
Model is not been discussed elsewhere.

2.0 Formulation
We consider the flow of a steady, incompressible and 
axisymmetric flow of micropolar fluid between two infinite 
plates rotating about the z-axis. The flow is induced due 
to the rotation of the lower disk with a constant angular 
velocity ω. The components are considered in the form of 
cylindrical co-ordinates r,θ,z. Here, the flow is described 
based on the Jenkins Model. 

The governing equations of a micropolar fluid are 
					     (1)
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	 (2)

		  (3)

where  is the velocity,  is the micro-rotation, ρ is 
the density p is the pressure,  and  are the body 
force and couple stress, is the magnetic field, j is the 
micro-inertia and α, β, γ, k, λ and μ are material constants 
and dot represents the material derivative. Subject to 
conditions with neglected body force and couple stress of 
the flow the Equations (1) to (3) are written in the 
following form 
Equation of Continuity 

				   (4)

Equation of Motion 

a

		

						      (5)
	

						      (6)
	

						      (7)

						      (8)

						      (9)
	

						      (10)
The boundary conditions are:

		

						      (11)
Using the dimensional analysis as mentioned24 

	

						      (12)
where, ω is the rotation and η is the dimensionless 

parameter of z.
The system of Equations (4) to (10) reduces to the non 

- linear ordinary differential equations. 
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				    (13)

		  (14)

		  (15)

		  (16)

	

						      (17)
	

						      (18)
	 (19)

where the 

						      (20)
with the boundary conditions:

	

						      (21)

3.0 Method of Solution
The reduced of system non linear ordinary differential 
Equations (13) to (20) along with the boundary conditions 
(21) are solved numerically using shooting method with 
the implication of Runge-Kutta 4th order and Secant 
method. In which the higher order non linear equations 
are reduced to the set of first-order differential equations, 
the initial approximations for F4, F5, G4, G5  and G6 are 
considered to be [0,1] and further approximations are 
calculated by secant method which is used as a part of 
shooting method, that satisfies the boundary conditions 
η∞=1.

				    (22)

					     (23)
					     (24)

					     (25)

		  (26)

		  (27)

	 (28)

					     (29)
					     (30)

					     (31)

Coefficients η1 η2 η3 η4 η5 η6 η7 η8 η9 η10

case 1 0.4 0.88 0.3 0.8 0.16 0.2 0.02 0.5 0.08 0.01

case 2 0.50 1.61 0.45 1.4 0.1 0.3 0.03 0.85 0.12 0.015

case 3 0.74 1.94 0.6 1.6 0.10 0.4 0.04 1.0 0.16 0.02

case 4 0.86 2.27 0.75 2.33 0.13 0.5 0.05 1.41 2.4 0.025

Table 1. Values of η1 to η10
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						      (32)
	(33)

	 (34)

Substituting the table values in Equations (22) to (34) 
with grid size h = 0.0125 and for the cases 1-4, the effects 
of the parameters are presented in the form of graphs.

4.0 Results and Discussion
The graphs are plotted to analyse the effects of the varying 
parameters η1 to η10 on velocity, micro velocity profiles 

and pressure of a steady incompressible micropolar flow 
between constantly rotating lower and stationary upper 
disk. The varying values of the parameters are mentioned 
in Table 1. Figures 1-3 represent the velocity profiles of 
the fluid. Figure 1 represents the radial velocity over a 
dimensionless parameter η. From the figure it is noticed 
that radial velocity increases positively with an increase 
in the parameters stipulating the radial outward flow at 
the lower disk and as a maximum at η = 0.4, further at the 
upper disk approaches to zero.  

Figure 2 represents the tangential velocity for varying 
values of parameters indicating the parameters have 
negligible effect on the fluid flow. Figure 3 represents 
the axial velocity for different values of the parameters. 

Figure 1.  Radial velocity.

Figure 2.  Tangential velocity.

Figure 3.  Axial velocity.

Figure 4.  Radial velocity of micro rotation.
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Figure 5.  Tangential velocity of micro rotation.

Figure 6.  Axial velocity of micro rotation.

Figure 7.  Pressure.

The graph represents the negative values of the velocity 
specifying the inward axial flow of the fluid. 

Figures 4-6 represent the micro-rotation distribution 
on velocity profiles over a dimensionless parameter η. 
Figures 4 and 6 represent the increasing radial velocity 
and axial velocity for varying values of the parameters. 
The graph indicates that the flow is outward and it’s in 
the direction of the rotation of the fluid, in particular 
for case4 the effect of micro-rotation on axial makes a 
huge difference compared to other velocity profiles, as 
the applied magnetic field is in the z-direction. Figure 
7 represents the profile of pressure for varying values of 
the parameters which increase with increasing values of 

parameters which is positive both at the lower and upper 
disk (approaches to zero).
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