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In this paper, a new method is suggested and implemented to find an analytical
approximate solution for a non-Newtonian viscoelastic fluid flow on the turbine
disk, used to cool the axisymmetric channel that has a porous wall. The new
method depends on combining the algorithms of Yang transform and the homo-
topy perturbation method (HPM) named Yang transformation-homotopy per-
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turbation method (YTHPM). To ensure the correctness of the method, we com-
pared the results of YTHPM with the ones obtained by the numerical method
(Runge-Kutta 4th order) and by other methods as reported in the literature; a
good agreement was observed. Additionally, the effect of the power-law index,
Prandtl and Reynolds numbers on the velocity, and heat transfer was studied.
The results that we obtained by using the new method confirm that this method
has high accuracy and efficiency compared with other methods, used to find
the analytical approximate solution for the current problem. Furthermore, the
graphs and tables of error show the validity, utility, and necessity of this method.

1 | INTRODUCTION

In recent years, the flow problem of non-Newtonian fluids has enticed many researchers. This great interest is due to its
wide applications in various engineering fields, especially in solving such heat transfer problems of non-Newtonian fluids
as cooling, lubrication and drag reduction, and so forth.

Many scientists and researchers have made an effort to find the analytical and numerical solutions to the problem of
non-Newtonian fluids flowing in a channel that has the porous wall by using different methods. As such, Sepasgozar et al.
[1] utilized the differential transformation method to find the solution for the non-Newtonian fluid flow in the porous wall
channel. Comparing their results with Runge-Kutta of order four (RK-4th), they obtained a good agreement, a result that
confirms the ability of this method to solve such problems. Mirgolbabaee et al. [2] applied the Akbari-Ganji’s method to
solve the non-Newtonian fluid flow in an axisymmetric channel with a permeable wall in a specified turbine refrigera-
tion application. Results were compared with RK-4th since conclusions are not based only on the precision of a solution
but also the simplicity of the proceedings and an excellent agreement was acquired. Sheikhzadeh et al. [3] implemented
the least square and Galerkin methods to solve the momentum and energy equations for a non-Newtonian fluid in an
axisymmetric porous channel. For the comparison of results obtained, the Raung-Kutta’s numerical method was likewise
used. The results show that the Galerkin method is simpler than the least square method and demands less computations.
On another note, the results of the Galerkin method have a concurrence with the ones obtained from the Raung-Kutta.
Esmaeilpour et al. [4] used the homotopy analysis method to solve a non-Newtonian fluid flow in turbine refrigeration
applications. Upon the comparison with the numerical method, results show that this method is efficient and effective in
solving nonlinear problems arising from heat transfer. Hosseini et al. [5] utilize the optimal homotopy asymptotic method
to find a solution to the momentum and heat transfer equations of the non-Newtonian fluid flow in turbine refrigeration
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