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Abstract

An investigation is made for analyzing the behavior of MHD flow phenomena of a non-Newtonian fluid over a non-linear radially
stretching sheet by using numerical technique. Magnetic field is considered in normal direction to the stretching sheet. With use of simi-
larity transformations, the pdes are transformed into odes. The solution of theses odes are performed by using fourth order Runge - Kutta
method along with shooting technique. The significance of different physical parameters characterizes the flow phenomena are analyzed
with the use of graphs. The Jeffrey parameter 4, and magnetic parameter M has significant effect on velocity and temperature distribu-

tion over a non-linear stretching sheet. It is noticed that, the higher magnetic parameter M results the increase in entropy generation num-

ber where the opposite nature is noticed in the case of Bejan number.
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1. Introduction

Many researchers investigated the significance of flow with heat
transfer mechanism on a stretching sheet due to its important ap-
plications in science and engineering. Some of the applications
include manufacturing the glass fibre, cooling, drying of papers
and polymer extrusion etc. In this process, the final product of the
material depends upon the properties of transfer of heat over the
stretched surface. Crane [1] investigated the solution for various
fluid flow over stretching sheet. Wang [2] studied stretching sheet
problem in the three dimensions. Later, the flow problems over a
stretching sheet were considered by the many researchers. Ariel
[3] analyzed computation of flow past a stretching sheet with
homotopy perturbation method. Dissipative effect on the fluid
flow over a nonlinearly stretching sheet is examined by Alinejad
and Samarbaksh [4]. The MHD effect on viscous fluid flow over a
nonlinear porous sheet is investigated by Nadeem and Hussain [5].
Qasim [6] discussed the effects of flow phenomena on Jeffrey
fluid flow. Hassanien et al., [7] presented heat transfer effects by
considering Power-law fluid for his discussion. The enhanced
boundary condition by taking Newtonian heating over a stretching
sheet is examined by Salleh et al., [8]. Khan and Pop [9] studied
the nanofluid flow over a stretching sheet. Makinde and Aziz [10]
extended the study with enhance boundary conditions. The steady,
laminar nanofluid flow over the non-linear stretching of a flat
surface is numerically examined by Rana and Bhargava [11].
Mixed convection and MHD effects on Jeffrey fluid flow over an
exponentially stretching sheet is discussed by Ahmad et al. [12].

Ahmed et al. [13] observed the influence of MHD and convective
heat properties on non-newtonia fluid. Liao [14] discussed the
analytic solution of fluid flows with MHD. Ishak [15] considered
the linearly stretching sheet to understand the influence of radia-
tion on the thermal boundary layer flow with constant surface
temperature.

Abel and Mahesha [16] studied significance of variable thermal
conductivity, and radiation on viscoelastic fluid flow. Rashidi et
al., [17] investigated the significance of radiation on flow of MHD
fluid on a permeable vertical stretching sheet. Pramanik [18] ana-
lyzed the thermal radiation and heat transfer effects on Casson
fluid flow past an exponentially porous medium. Shahzad et al.
[19] presented the exact solution for asymmetric flow in the case
of non-linear radially stretched surface. Further Shahzad et al. [20]
examined the exact solution flow problem with heat transfer.

In view of above studies, the entropy generation on MHD flow
phenomena of fluid over a non-linear radially stretching sheet is
examined numerically. The influence of different parameters on
flow quantities are analyzed graphically.

2. Mathematical formulation:

Fig. 1 illustrates the magneto hydrodynamic Jeffrey fluid flow
over a nonlinear radially stretching surface corresponds to the
plane z=0. The flow is produced when the sheet is stretched
along the radial direction. The velocity of the sheet is defined as

U(r)=cr®, which is nonlinear and C is a dimensional constant.

Copyright © 2018 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.




864

International Journal of Engineering & Technology

Here the sheet surface and ambient temperatures are T, andT_ re-
spectively, where T, >T_ .

T

Z-axis

Fig.1: Physical Model

here T is Cauchy’s stress tensor, P is pressure, | is an identity

tensor, S is extra stress tensor , A, is ratio of relaxation to retarda-
tion time, 4, is retardation time, y is shear rate and dots over the
quantities indicate differentiation with respect to time.

Following [20], the governing equations with boundary conditions
for the flow of a Jeffrey fluid are
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hereu the radial and W the axial velocity respectively, v =% is
the kinematic viscosity, u = coefficient of viscosity, p = :I)uid
density, T = the fluid temperature, a:ch is the thermal diffu-
sivity and B(r) =Byr is the variable magnet?c field.

Here ,
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The momentum equation along with boundary conditions, equa-
tions (4) and (5) reduces to
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3. Entropy analysis:

The entropy generation for a conducting fluid through a deforma-
ble vertical porous layer is given as
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The entropy generation number can be determined as
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Where Br:kLthe Brinkman is number, Re:crvfl_z and

w e

Q= TWT;T” the temperature difference.

0

Also Ny can be expressed as a summation of N, and N, . Here
N, and N, represent the entropy due to heat transfer and fluid
friction respectively

N, =Red’ N, :E(ﬁJ Y Re[ﬂ)f'z 12)
1+, Q Q
The Bejan number (Be) as
Be—i__1 (13)
Ns 1+®

Where (I):% . Hence it is clear to note that for 0<® <1 heat
1

transfer dominates and for @ >1 fluid friction dominates. Further

the contributions of both fluid friction and heat transfer for entro-

py generation are equal in the case of ® =1.

4. Results and discussions:

In this study, the MHD heat transfer analysis for Jeffrey fluid flow
over a nonlinear radial stretching sheet is investigated. Numerical
solution such as Runge-Kutta forth order with shooting technique
is implemented to handle the transformed ODEs. The computa-
tions are carried out by using Matlab software to analyze the quan-
titative effects of the different physical parameters. The results are
discussed for parameters such as magnetic (M ), Jeffrey parame-
ter (4,), Prandtl number (Pr), Eckert number ( Ec ), and Grashof
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number( Gr ).To study the numerical computation, we used
Ec=02Gr=5M =2,Pr=54=0.2.

Figs.2-6 illustrates the significance of the various physical param-
eters on the non-dimensional fluid velocity. It is known from the
Fig. 2 that the velocity enhances with an increasing Eckert num-
ber Ec . The increase in Pr fluid velocity reduces which is given
in Fig.3. It is noticed from Fig. 4 that the growing values of
Grashof number Gr enhances the fluid velocity. The effect of
Jeffrey parameter 4 and magnetic parameter M on fluid velocity
is presented in Figs. 5 and 6 respectively. It is noticed that in ve-
locity enhances with increasing Jeffrey parameter whereas effect
is reversed for higher values of magnetic parameter M .

Figs. 7 — 11 illustrate the influence of aforesaid parameters on
temperature. The higher values of magnetic parameter M and
Eckert number Ec yields the decrease in temperature which is
shown in Figs. 7 and 8 respectively. Figs. 9 and 10 shows the
change in temperature for various values of Prandtl number
Prand Jeffrey parameter A, i. e., the temperature decreases as

Prand 4, increases. Fig. 11 shows the significance of Grashof
number Gr on temperature. It is clear that the increasing values of
Gr reduces the temperature.

The change in entropy generation number for A4,Re,M and
Br/Q are presented in Figs. 12 — 15 respectively. It is clear from
Fig. 12 that the temperature lessens as Jeffrey parameter increases.
But from Figs. 13 — 15, the opposite nature is observed i.e., with
higher values of Reynolds number Re, M and Br/Q.

The influence of Jeffrey parameter 2, , M and group parameter
Br/Q on Bejan number profiles is shown in Figs. 16 — 18 respec-
tively. Fig. 16 shows that the Bejan number profiles increases
with increasing Jeffrey parameter 4, . The Bejan number profiles
decreases with growing M and Br/Q is illustrated in Figs. 17 —
18 respectively.

5. Conclusions:

The numerical study of entropy generation on MHD flow over a
non-linear radially stretched sheet is presented. The nonlinear
coupled ODEs are solved by shooting technique along with Runge
— Kutta method of order four. The significance of pertinent physi-
cal parameters on flow quantities are presented through graphs.
The important aspects of aforesaid discussions are as follows,
(i) The velocity of the fluid over a stretching sheet increases with
increasing values of Ec,Gr and 4, , where fluid velocity de-

creases as M and Pr increase.
(ii) The temperature distribution in the fluid increases with in-
creasing values of Ecand M  where the opposite behavior is

observed in the case of Pr,4, andGr .

(iii) The entropy generation number increases as M,Re and
Br/Q increases. The decrease in entropy generation number is
noticed for increasing values of as 4,

(iv) The Bejan number increases as 4, increases whereas it re-
tards with increasing M and Br/Q.
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