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Abstract This study is dedicated to analyze the combined effects of partial slip and prescribed sur-

face heat flux when the fluid is moving due to stretching cylinder. A very moderate and powerful

technique Chebyshev Spectral Newton Iterative Scheme is used to determine the solution of the pre-

sent mathematical model. Involved physical parameters, namely the slip parameter, Casson fluid

parameter, curvature parameter and Prandtl number are utilized to control the fluid moments

and temperature distribution. The results show that the fluid velocity and the skin friction coeffi-

cient on the stretching cylinder are strongly influenced by the slip parameter. It is further analyzed

that hydrodynamic boundary layer decreases and thermal boundary layer increases with the slip

parameter. Influence of Casson fluid parameter on temperature profile provides the opposite behav-

ior as compared to the slip parameter. The comparison of numerical values of skin friction coeffi-

cient and the local Nusselt number is made with the results available in the literature. The accuracy

and convergence of Chebyshev Spectral Newton Iterative Scheme is compared with finite difference

scheme (Keller box method) through tables. The CPU time is calculated for both schemes. It is

observed that CSNIS is efficient, less time consuming, stable and rapid convergent.
� 2015 Faculty of Engineering, Alexandria University. Production and hosting by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

It is extremely difficult to find the exact or series solutions of
every industrial and engineering problems. In this situation,
scientists and engineers are taking much interest in finding

the numerical solution of the problem, especially for nonlinear
coupled equations. In the past, many researchers used different
techniques to solve many laminar and turbulent flow problems
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in which Cortell [1] used shooting method with Runge–Kutta

scheme to solve the Blasius flow problem. Keller and Cebeci
[2] have introduced the implicit finite difference scheme known
as Keller-box method for laminar and turbulent boundary

layer flow. Sharma et al. [3] solved unsteady MHD convection
heat and mass transfer past a semi-infinite vertical porous
moving plate using element free Galerkin method. Keimanesh

et al. [4] used Multi-Step Differential transform method to
solve third grade non-Newtonian fluid flow between two par-
allel plates. Rashidi et al. [5,6] used Homotopy analysis

method (HAM) to solve non-Newtonian fluid flow problem
between circular plates and over non-isothermal wedge.
Recently Motsa has developed some efficient numerical tech-
niques namely Spectral Homotopy analysis method [7], Spec-

tral Relaxation method and Spectral Quasi-linearization
method [8] and Spectral local linearization method [9] to inves-
tigate boundary layer flow problems.

Flow over a stretching cylinder has fascinated many
researchers due to its industrial and engineering applications.
Crane [10] was the first who investigated the flow over a

stretching sheet. Gupta and Gupta [11], Datta et al. [12], Chen
and Char [13] extended the work of Crane [10] by including the
heat and mass transfer analysis under different physical situa-
tions. Wang [14] was the pioneer, who investigated the flow

over a stretching cylinder. Ishak et al. [15,16] have discussed
uniform suction/blowing and MHD effects on flow and heat
transfer due to stretching cylinder. Abbas et al. [17] dealt with

the laminar MHD flow and heat transfer of an electrically con-
ducting viscous fluid over a stretching cylinder in the presence
of thermal radiation through a porous medium. Bachok and

Ishak [18] investigated the steady laminar flow caused by a
stretching cylinder immersed in an incompressible viscous fluid
with prescribed surface heat flux.

In literature survey, it is discovered that the flow field obeys
the no-slip condition. However, certain physical situations
exist which do not cope with the said conditions that is why
the replacement of no-slip boundary condition with slip

boundary condition is highly essential. The role of the slip con-

dition is vital in shear skin, hysteresis effects and spurts. Slips
comes into existence when the fluid is a rarefied gas, [19], or in
the case when it is particulate such as blood, foam, emulsion or

suspension [20]. Slip also arises on hydrophobic surfaces, espe-
cially in micro and nano-fluidics [21]. Recently, Mukhopad-
hyay [22–24] studied the effects of partial slip with MHD

and chemically reactive solute transfer over a stretching cylin-
der. Hayat et al. [25] have investigated the effect of heat and
mass transfer in flow along a vertical stretching cylinder with

slip condition. A rheological model of Casson fluid pro-
nounces the properties of many polymers over a wide range
of shear rates. Various experimental studies on blood flow with
varying hematocrits, anticoagulants, temperature, etc. offer

the behavior of blood as a Casson fluid. Recently in this con-
nection some useful research achievements are made for
Casson fluid flow over a stretching surfaces [26–29].

In this article, we studied the heat and fluid flow of non-
Newtonian Casson fluid due to stretching cylinder with partial
slip and prescribed heat flux using the Chebyshev Spectral

Newton Iterative Scheme (CSNIS). The effects of the parame-
ters on velocity and temperature profiles are discoursed with
the assistance of graphs. The graphs of skin friction coefficient
and the local Nusselt number are plotted against different val-

ues of parameters. Comparison of the numerical values of skin
friction coefficient and the local Nusselt number is performed
with the help of those results already found in the literature as

well as the said comparison is done with finite difference
method as shown in tables. It is found that the results are in
excellent agreement.

2. Problem formulation

We considered the flow of non-Newtonian Casson fluid out-

side the stretching cylinder of radius r. The flow is assumed
as steady and axi-symmetric subjected to laminar boundary

Nomenclature

a radius of cylinder

Cf skin friction coefficient
cp specific heat at constant pressure
f dimensionless stream function
k thermal conductivity

l reference length
Nu Nusselt number
p pressure

Pr Prandtl number
qw surface heat flux
Rex local Reynolds number

r radial coordinate
T fluid temperature
Tw temperature of the cylinder surface
T1 ambient temperature

u radial velocity component
Uw velocity of the stretching cylinder
w axial velocity component

z axial coordinate

Greek symbols
b Casson fluid parameter

c transverse curvature
g similarity variable
h dimensionless temperature

m kinematic viscosity
l dynamic viscosity
sw surface shear stress

q density
w stream function

Subscripts
w conditions at the surface

1 conditions at infinity

Superscript
0 differentiation with respect to g
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