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Analytical and semi-analytical investigation and solutions for non-Newtonian
micropolar fluid flows in three different cases
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ARTICLE INFORMATION ABSTRACT

In this paper, the goal is to provide analytical solutions for the thin film flow of a non-Newtonian fluid
in different geometries and boundary conditions. An analytical solution for the non-Newtonian fluids is
one of the most important and challenging issues that helps in understanding the physics of these fluids.
For this purpose, the theory of micropolar fluids has been used. Thin film in three specific geometries,
including flow downward on an inclined surface, flow on a moving ribbon, and flow downward on a
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Keywords: . . ) . . . . .
Non-Newtonian Fluid vertical cylinder is considered. In order to solve the governing equations and obtaining the velocity and
Thin Film rotational fields, in the first two geometries, an analytical methods and in the third geometry a combined

Analytical Solution analytic and numerical methods are used with respect to the complexity of the equations. The rotational

and velocity fields are plotted for all three cases and the results are discussed for different values of the
parameters of a micropolar fluid. Also, the effect of the concentration of microelements in the fluid has
been studied. It was observed that with the increase of the micropolar fluid parameter, the magnitude of
velocity and rotation decreases.
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Fig. 1 Schematic of thin film flow down an inclined surface
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Fig. 2 Schematic of thin film flow on a moving ribbon
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Fig. 3 Schematic of thin film flow down a vertical cylinder
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Fig. 7 The obtained velocity profiles for thin film flow on the inclined
surface for different values of K, n=1/2, m;=1
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Fig. 8 The obtained micro-rotation profiles for thin film flow on the
inclined surface for different values of K, n=1/2, m;=1
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Fig. 4 The comparison of obtained velocity profiles for flow in vertical
channel for different values of K with Kumar et al [11] results
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Fig. 5 The obtained velocity profiles for thin film flow on the inclined
surface for different values of K, n=0, m;=1
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Fig. 6 The obtained micro-rotation profiles for thin film flow on the
inclined surface for different values of K, n=0, m;=1
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Fig. 11 The obtained velocity profiles for thin film flow on the moving
ribbon for different values of K, n=1/2, m,=1
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Fig. 12 The obtained micro-rotation profiles for thin film flow on the
moving ribbon for different values of K, n=1/2, m,=1
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Fig. 13 The obtained velocity profiles for thin film flow down the
vertical cylinder for different values of K, n=0, my=1
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Fig. 9 The obtained velocity profiles for thin film flow on the moving
ribbon for different values of K, n=0, m,=1
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Fig. 10 The obtained micro-rotation profiles for thin film flow on the
moving ribbon for different values of K, n=0, m,=1
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Fig. 14 The obtained micro-rotation profiles for thin film flow down
the vertical cylinder for different values of K, n=0, ms=1
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Fig. 15 The obtained velocity profiles for thin film flow down the
vertical cylinder for different values of K, n=1/2, m;=1
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Fig. 16 The obtained micro-rotation profiles for thin film flow down
the vertical cylinder for different values of K, n=1/2, ms=1
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