
symmetryS S

Article

Solving the Nonlinear Boundary Layer Flow
Equations with Pressure Gradient and Radiation

Michalis A. Xenos 1,† , Eugenia N. Petropoulou 2,*,† , Anastasios Siokis 1,‡ and
U. S. Mahabaleshwar 3

1 Department of Mathematics, University of Ioannina, Ioannina 45110, Greece; mxenos@uoi.gr (M.A.X.);
anastasiossio@gmail.com (A.S.)

2 Department of Civil Engineering, Geotechnical Engineering Laboratory, University of Patras,
Patras 26504, Greece

3 Department of Mathematics, Davangere University, Shivagangotri, Davangere 577 007, India;
ulavathi@gmail.com

* Correspondence: jenpetr@upatras.gr
† These authors contributed equally to this work.
‡ Current address: Department of Systems Immunology and Braunschweig Integrated Centre of Systems

Biology, Helmholtz Centre for Infection Research, Braunschweig 38124, Germany.

Received: 3 April 2020; Accepted: 14 April 2020; Published: 2 May 2020
����������
�������

Abstract: The physical problem under consideration is the boundary layer problem of an
incompressible, laminar flow, taking place over a flat plate in the presence of a pressure gradient
and radiation. For the mathematical formulation of the problem, the partial differential equations
of continuity, energy, and momentum are taken into consideration with the boundary layer
simplifications. Using the dimensionless Falkner–Skan transformation, a nonlinear, nonhomogeneous,
coupled system of partial differential equations (PDEs) is obtained, which is solved via the homotopy
analysis method. The obtained analytical solution describes radiation and pressure gradient effects
on the boundary layer flow. These analytical results reveal that the adverse or favorable pressure
gradient influences the dimensionless velocity and the dimensionless temperature of the boundary
layer. An adverse pressure gradient causes significant changes on the dimensionless wall shear
parameter and the dimensionless wall heat-transfer parameter. Thermal radiation influences the
thermal boundary layer. The analytical results are in very good agreement with the corresponding
numerical ones obtained using a modification of the Keller’s-box method.
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1. Introduction

The mathematical description of the laminar, incompressible boundary layer flow remains
a challenging problem with several aspects still unexplored. The first to describe the steady
two-dimensional boundary layer flow over a semi-infinite flat plate was Blasius [1]. The adverse
pressure gradient on the laminar boundary layer flow was numerically examined by Howarth [2].
Other studies on the effects of adverse pressure gradients, heat transfer, or thermal radiation on the
fluid flow include, although not limited to, [3–8]. The effect of radiation in the presence of a magnetic
field or with temperature dependent viscosity was studied in [9,10].

At high temperatures, thermal radiation has a significant effect on the flow field, which has
important applications in many areas of engineering. This effect has been reported in several works
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