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Abstract The aim of this paper was to examine the steady boundary layer flow of an Eyring–Pow-

ell model fluid due to an exponentially shrinking sheet. In addition, the heat transfer process in the

presence of thermal radiation is considered. Using usual similarity transformations the governing

equations have been transformed into non-linear ordinary differential equations. Homotopy anal-

ysis method (HAM) is employed for the series solutions. The convergence of the obtained series

solutions is carefully analyzed. Numerical values of the temperature gradient are presented and dis-

cussed. It is observed that velocity increases with an increase in mass suction S. In addition, for the

temperature profiles opposite behavior is observed for increment in suction. Moreover, the thermal

boundary layer thickness decreases due to increase in Prandtl number Pr and thermal radiation R.
� 2014 Production and hosting by Elsevier B.V. on behalf of Ain Shams University.

1. Introduction

Viscous boundary layer flow due to a stretching/shrinking
sheet is of significant importance due to its vast applications.

Aerodynamic extrusion of plastic sheets, glass fiber produc-
tion, paper production, heat treated materials traveling
between a feed roll and a wind-up roll, cooling of an infinite

metallic plate in a cooling bath and manufacturing of poly-

meric sheets are some examples for practical applications of
non-Newtonian fluid flow over a stretching/shrinking surface.
The quality of the final product depends on the rate of heat
transfer at the stretching surface. This stretching/shrinking

may not necessarily be linear. It may be quadratic, power-
law, exponential and so on.

Over the last few decades, in nearly all investigations on the

flow past a stretching/shrinking sheet, the flow occurs due to
linear stretching/shrinking velocity of the flat sheet. However,
boundary layer flow induced by an exponentially stretching/

shrinking sheet is not studied much. Crane [1] firstly investi-
gated the steady boundary layer flow of the incompressible
flow. Gupta and Gupta [2] and Chen and Char [3] extended

the work of Crane under various physical conditions. Hayat
et al. [4] examined the unsteady three dimensional flow of cou-
ple stress fluid over a stretching surface with chemical reaction.
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Hamad [5] found the analytical solution of natural convection
flow of a nanofluid over a linearly stretching sheet in the pres-
ence of magnetic field. Bachok et al. [6] described stagnation-

point flow over a stretching/shrinking sheet in a nanofluid.
Bhattacharyya [7] considered heat transfer analysis in unsteady
boundary layer stagnation-point flow toward a shrinking/

stretching sheet. Numerical study of MHD boundary layer
flow of a maxwell fluid past a stretching in the presence of
nanoparticles has been carried out by Nadeem et al. [8]. Meh-

mood et al. [9] examined the non-orthogonal flow of a second
grade micropolar fluid toward a stretching sheet, they also
have taken heat transfer analysis into account. Moreover,
Nadeem et al.[10] have recently analyzed the non-orthogonal

stagnation point flow of a third order fluid toward a stretching
surface in the presence of heat transfer. Magyari et al. [11]
obtained the boundary layer flow due to exponentially stretch-

ing sheet. Elbashbeshy [12] numerically explained the flow and
heat transfer over an exponentially stretching surface consider-
ing wall mass suction. The MHD boundary layer flow of a vis-

cous fluid over an exponentially stretching sheet with effects of
radiation was studied by Ishak [13]. Al-Odet et al. [14] exam-
ined the effect of magnetic field on thermal boundary layer

flow on an exponentially stretching continuous surface with
an exponentially temperature distribution. Sajid et al. [15]
found the influence of thermal radiation on the boundary layer
flow past an exponentially stretching sheet and they reported

series solutions for the velocity and temperature by employing
HAM. Bhattacharyya [16] discussed the boundary layer and
heat transfer over an exponentially shrinking sheet.

Up to date not much study has been carried out for the two
dimensional flow of the Eyring–Powell fluid. Although this
fluid model has many advantages over the non-Newtonian flu-

ids models. Firstly, it is extracted from the kinetic theory of
liquids rather than the empirical relation. Secondly, for low
and high shear rates it correctly reduces to Newtonian behav-

ior. Eyring–Powell fluid model [17] a complete mathematical
model proposed by Powell and Eyring in 1944. Hayat et al.
[18] analyzed steady flow of an Eyring–Powell fluid over a
moving surface with convective boundary conditions. Malik

et al. [19] presented boundary layer flow of an Eyring–Powell
model fluid due to a stretching cylinder with variable viscosity.
Nabil et al. [20] studied numerical study of viscous dissipation

effect on free convection heat and mass transfer of MHD
Eyring–Powell fluid flow through a porous medium. Javed
et al. [21] investigated flow of an Eyring–Powell non-Newtonian

fluid over a stretching sheet. Characteristics of heating scheme
and mass transfer on the peristaltic flow an Eyring–Powell
fluid in an endoscope discussed by Nadeem et al. [22] However,
to the best of our knowledge no attempt has been made to

study Eyring–Powell fluid over an exponentially shrinking
sheet.

Thus current work presents a theoretical study Eryning

Powell flow of over an exponentially shrinking sheet. A math-
ematical model has been prepared in the presence of radiation
effects. We developed series solutions for the resulting prob-

lems by using the homotopy analysis method [23–27]. Results
for the velocity and temperature are constructed. Convergence
criteria for the derived series solutions are established. The

velocity and temperature are analyzed to gain thorough insight
toward the physics of the problem for various parameters of
interest. Numerical values of the temperature gradient are pre-
sented and discussed.

2. Mathematical formulation

Consider the steady two dimensional boundary layer flow of
an Eyring–Powell fluid with heat transfer in the presence of

thermal radiation over an exponentially shrinking sheet (see
Fig. 1). The stress tensor of an Eyring–Powell model [28] is
expressed as

A ¼ �pIþ s ð1Þ

where extra stress tensor sij is given by
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In accordance with the boundary layer approximations, the

governing equations for the flow are
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Eqs. (4) and (5) show that the pressure is independent of y.
Since the lateral velocity is zero far away from the sheet and
the pressure is uniform, then Eq. (4) takes the form
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The equations representing temperature with heat radiation
may be written in usual notation as below:
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where u and v are the velocity components, m is the kinamatic

viscosity, q is the fluid density, b and d are the fluid parameters
of Eyring–Powell model, d has the dimension of (time)�1. j is
the fluid thermal conductivity and Cp is the specific heat con-

stant. The radiative heat flux, qr is given by qr ¼ � 4r@T4

3K@y
, where

r is Stefan–Boltzman constant and K is Rosseland mean
absorption coefficient.

The boundary conditions are given by

u ¼ UwðxÞ; v ¼ vw at y ¼ 0; u! 0 as y!1 ð8Þ

Fig. 1 Physical model of the fluid.
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