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Abstract

In this article, the governing equation which models the probidé steady thre-dimensional Cassc
fluid flow over an exponentially stretching surface in thespnee of Lorentz force is investigated. \We
have considered the effects of heat generation and mixeeéa@r Similarity transformations are used
to convert the partial differential equations to set mfirmry differential equations. These equations |are
solved by applying Keller Box method. The effects of kigtic parameter, mixed convection parameter,
heat source/sink, Casson parameter, ratio parameter \@&tigated on the velocity and temperature

profiles graphically.
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1 Introduction

The study of MHD, boundary layer flow has many applicatiariadustrial fields. Magnetohydrodynamic is
the study of Magnetic properties of electrically conductingdf. Some examples are plasma, liquid metals
and salt water. The field of MHD was discussed by HannégAl[1]. Magnetic fields play a key role in
star formation. Ali et al. [2] discussed MHD boundary laffew and heat transfer over a stretching sheet
with induced magnetic field. M. Turkyilmazoglu [3] and Kar Ahmad et al. [4] explained three
dimensional MHD flow and heat transfer over a stretchingtsiigh various physical effects. Crane [5]
discussed on stretching sheet.

Casson fluid is one type of non Newtonian fluid. Casson ftaid be defined as a shear thinning liquid
which is supposed to have an infinite viscosity at zero faghear and a yield stress under which no flow
occurs and zero viscosity at an infinite rate of shéajfield stress greater than the shear stress is applied t
the fluid, it behaves like solid. If yield stress less tHanshear stress then fluid starts move. Honey, soup,
concentrated juices are few examples of Casson fluid.eTdireensional Casson fluid flow past a linearly
stretching sheet is investigated by Mahantha et al. fi6] [dadeem et al. [7]. Magyari and Keller [8]
explained heat and mass transfer in the boundary layers erp@nentially stretching continuous surface.
Mixed convection heat transfer on exponential stretchingt shié® magnetic field investigated by Pal [9].
Nadeem et al [10] described MHD flow of a Casson fluid &poeential shrinking sheet. Naramgari
Sandeepa et al. [11] explained about three dimensional Cas&bfidlv. Subbarao et al. [12] investigated
the boundary layer flows of non-newtonian fluid witlertmal slip. Three dimensional MHD flow of Casson
fluid in porous medium with heat generation is described by SHqtidh We have useful applications for
different heat source/sink arrangements. Krishnendu t&8ttetryya [14] explained the effect of heat
source/sink on MHD flow over a shrinking sheet. F.M Hathj [described the effects of heat source/sink on
MHD viscoelastic fluid. Generalized three dimensional fihwe to a stretching surface is explained by Ariel
[16]. Liu IC et al. [17] described the flow and heat tranfdetthree dimensional flow over an exponentially
stretching surface. MHD boundary layer flow of Cassondflwith thermal radiation on exponential
stretching sheet is derived by Mukhopadhyay et al. [18].K&meswarn [19] investigated Dual solutions of
Casson fluid flow over a stretching sheet. Chamkha [20] ibestHydromagnetic three dimensional free
convection on a vertical stretching sheet with heat rgeio@. Sulochana et al. [21] described the effect of
heat source/sink on three dimensional Casson fluid with sordtthermal radiation. Unsteady three-
dimensional flow of casson-carreau fluid is explained byuRajd Sandeep [22]. Similarity solution of
three-dimensional Casson nanofluid with convective conditionsxpdaieed by Sulochana et al. [23].
Animasaun Isaac Lare [24] explained Casson fluid flow oveexgonential stretching sheet with heat
generation.

2 Mathematical Formulation

Let us consider a three dimensional steady, laminar, inessiple MHD mixed convection flow of a
Casson fluid over an exponential stretching sheet. The sheeis zstéetched with the velocitidg, =

x+y x+y
Uye T andV,, = Vye T along the xy plane as shown in the above Fig. 1. Wheilgare constants. The
uniform magnetic field is applied in the z-direction ti&tperpendicular to the flow. A heat source/sink
placed within the flow to allow for heat generatiorabsorption effects.

Consider u, v and w are velocity components in the dowestof X, y and z respectively in the flow field.
The governing equations of continuity, momentum and energyieea by

du v ow
wxtata =0 «h)

1, 0%u

ou ou ou oB?
ua—f-va—f-WE—v(l+E)E+gﬁT(T—Tw)—Tu (2)
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x+y
wherep is the density of the fluidy is the electrical conductivity, is the kinematic viscosityg = Bye 2L

is the dimensional magnetic inductiar(= p%) is the thermal diffusivity, K is the thermal condudtjy C,
P

x+y
is the specific heat capacity at constant presduyrés the free stream temperatu@g,= Que L is the
dimensional heat generation. The boundary conditions considereeéfined as

u=0,, v=V, w=0T=T, at z=0. (5)

u—->0, v>0, T->T, as z- oo, (6)

x+y

x+y
WhereU,, =Uje L, V, =Vyet, T, =T, + Toe T , T, is the temperature of the fluid.

;" iy
U =Uet

ﬁfﬂﬂ?ﬁ
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Fig. 1. Physical model and coor dinate system

Introducing the similarity transformations
Uy Xty xty xty xty
"Z\}ﬁe“ z ,u=Uet f(n), v=Uet gt ,T=T,+Toe20(),

w=— /% eszr_Ly(f +nf'+ g+ng) intothe equations (2) & (3) & (4) we get

A+Df "+ (f +9)f '~ Mf'+220 =0, (7)
A+9" +( +9)g" ~Mg =0, ®)
0" = [(f'+ 970 + (f +9)6' + 206 = 0. 9)
Where M —Zzgz is the magnetic parameter, PHs the Prandtl numbek, = —= is the mixed convection

parameter Re —°Le i is the Local Reynolds numbety, = 9br Ty =T)x7L is the Local Grashof number,

V2

Q= —pU ‘é is the Iocal heat source (or sink) parameter.
otp
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The boundary conditions are reduced to
n=0: f') =19 =Cfn) =090 =060 =0.

n—w: f'(n) - 0,91 - 0,60 - 0.

HereC = ? is the ratio parameter. The skin friction coefficiafdng the directions of x and y afg, =

0
27y 1 1 1 1\ _» _ w
T [CreRe 2= (L4 Df (O], Gy = 225 [OCpyRe, 2= C(142)g'(0)] .+ Nuy = 20

[V2Nu, :—(f)Rel/ze'(O)] is the local Nusselt number, wherg = —K (Z—T) , is the rate of heat transfer.
Z/) 7=

2Ty
PVW2

3 Methods of Solution

The governing equations with boundary equations are solvedricatheby using finite difference scheme
known as Keller box method which is described by Cebeci aadsBaw [25]. This method involves the
following steps.

Stepl: Reducing higher order ODEs (systems of ODES)dpstiems of first order ODEs.

Step2: Writing the systems of first order ODEs intoatiéhce equations using central difference scheme.
Step3: Linearizing the difference equations using Newtonthogeand writing it in vector form.

Step4: Solving the system of equations using block elimoimahethod.

4 Numerical Discussion

In this study to obtain numerical solution we have usedddatoftware and the step size we considered as
An = 0.01. The following Table 1 shows that the comparison betweeresafithe skin friction coefficient
by present method and that of Nadeem et al. [26] inlikerece of P, and Q.

5 Results and Discussion

In this paper, we used the values of parameters M=68.7,1=0.1, Q=0.15=0.2, C=0.1 for throughout
graphical representations unless otherwise mentioned.

Fig. 2 illustrates the influence of magnetic parameternMhe velocitieg () and g'(n). As The value of

M increases, velocity decreases due to Lorentz forlcerefore the boundary layer thickness decreases. Fig.
3 shows the effect of Casson paraméten velocity profileg'(n) and g'(n). An increase i leads to an
increase in plastic dynamic viscosity that creates eggistin the fluid flow. Therefore we analyzed that the
velocities of the fluid and their boundary layer thicknesse decreasing functionspfFig. 4 explains that
the effect of Prandtl number on the temperature profite fluids with high Prandtl number have low
thermal diffusivity. Increasing the Prandtl number givestiose decrease in temperature.

Fig. 5 depicts the effect of velocity ratio parame@eonf () and g'(n). An increase in ratio parameter
decreases the boundary layer thicknessffoy) and increases in(n). Physically when C increases the
stretching rate increases in the y-direction. Thus thecitglmcreases in the y direction. Her C=0 represents
two dimensional case. If C=1 the behaviour of the floanglboth the directions is same.

Fig. 6 shows that effect of heat source (or sink) param@t®n temperature profile. In general heat
generation parameter in the fluid increases the temperaftierefore we have seen that an increase in Q
enhances the thermal boundary layer thickness and tempefiitur€. demonstrates that influence of the
mixed convection parametgron the profile of velocity. It is observed that the valpgiofile increases as
the value of the increases due to buoyancy effect.
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Table 1. Comparison of resultsfor - (1 + %) f"(0)and - (1 + %) 9"(0) with previous available data

M ] Nadeem et al. (When C=0.5) Present method (when C=0.5)
1 1 1 1
“(1+ —) "(0) _ (1 + —) "(0) . (1 + —) "(0) _ (1 + —) "(0)
(1+5)7 5)? g 59
10 1 47263 23276 47262 23276
5 36610 1.8030 3.6611 1.8032
©  3.3420 1.6459 3.3420 1.6459

6 Conclusions

The graphical representations of three-dimensional MHBsGn fluid flow over an exponential stretching
sheet were discussed. We have the following observations.

« The velocity increases with increasing values of tlagmetic parameter M and Casson paramneter
onf (n) and g ().
e Anincrease in the Prandtl number Pr decreases the temmgepaofile.

«  With increasing values of the ratio parameter C decsetheevelocity profilef () and increases the

velocity profileg'(n).
* Increase in heat source (or sink) parameter increasésntiperature.
e The velocity profile increases, as the valu oicreases.

Competing Interests
Authors have declared that no competing interests exist.
References

[1]  Alfven H. Existence of electromagnetic hydrodynamic veawature. 1962;150:405-406.

[2] Ali FM, Nazar R, Arifin NM, Pop I. MHD boundary layerdilv and heat transfer over a stretching
sheet with induced magnetic field. Heat and Mass Trar&ddr;47:155-162.

[3] Turkyilmazoglu M. Three dimensional MHD flow and heatnsfr over a stretching/shrinking
surface in a viscoelastic fluid. International JournaHeft and Mass Transfer. 2014;78:150-155.

[4] Kartini Ahmad, Roslinda Nazar. MHD three dimensional flomd dheat transfer over a stretching
surface in a viscoelastic fluid. Journal of Science arahiielogy. 2011;3(1).

[5] Crane LJ. Flow past a stretching plate. ZAMP. 1970;21(4):590-595.

[6] Mahanta G, Shaw S. 3D Casson fluid flow past a ligestrietching sheet. Alexandria Engineering
Journal. 2015;54:653-659.

[7] Nadeem S, Rizwan Ul Haq, Noveen Sher Akbar, Khan ZH. MHieet dimensional Casson fluid
flow past a porous linearly stretching sheet. Alexandriart&®ging Journal. 2013;52:577-582.

[8] Magyari E, Keller B. Heat and mass transfer in the bountdggrs on an exponentially stretching
continuous surface. Journal of Physics D. 1999;32:577-585.



Sharada and Shankar; BJMCS, 19(6): 1-8, 2016; Aetim.BIMCS.29454

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

[20]

(21]

(22]

(23]

(24]

Nadeem S, Haq RU, Lee C. MHD flow of a Casson fluidrcwe exponentially shrinking sheet.
Scientia Iranica. 2012;19:1550-1553.

Pal D. Mixed convection heat transfer in the boundary lageran exponentially stretching surface
with magnetic field. Applied Mathematics and Computation. 2Z0102356-2369.

Naramgari Sandeepa, Olubode Kolade, Isaac Lare Animaséodified Kinematic viscosity model
for 3-D Casson fluid flow within boundary layer formed orsw@aface at absolute zero. Journal of
Molecular liquids. 2016;221:1197-1206.

Subbarao V. Ramachandra Prasad, Nagendra N, Bhaskar Reddnwidr O. Non-Similar
computational solution for boundary layer flows of non-reidn fluid from an inclined plate with
thermal slip. Journal of Applied Fluid Mechanics. 2016;9@5:807.

Sabir Ali Shehzad, Hayat T, Alsaedi. Three dimension&lDMflow of Casson fluid in porous
medium with heat generation. Journal of Applied Fluid Mechafi@$6;9(1):215-223.

Krishnendu Bhattacharyya. Effects of heat source/sink on Mield and heat transfer over a
shrinking sheet with mass section. Chemical EngineeringdRels Bulletin. 2011;15:12-17.

Hady FM, Mohamed RA, Hillal M. Elshehabey. Thermal radigtheat source/sink and work done
by deformation impacts on MHD viscoelastic fluid over a rioedr stretching sheet. WIM. 2013;
13(4):203-214.

Ariel PD. Generalized three dimensional flow due toratshing surface. Z. Angew. Math. Mech.
2003;83:844-852.

Liu IC, Wang HH, Peng YF. Flow and heat transfer foe¢hdimensional flow over an exponentially
stretching surface. Chem Eng Comm. 2013;200:253-268.

Mukhopadhyay S, Moindal IC, Hayat T. MHD boundary layer flof\Casson fluid passing through
an exponentially stretching permeable surface with theratiation. Chin. Phys. B. 2014;23:1056-
1674.

Kameswarn PK, Shaw S, Sibanda P. Dual solutions of Cafdsiohflow over a stretching or
shrinking sheet. Sadhana. 2014;39:1573-1583.

Chamkha AJ. Hydromagnetic three dimensional free cororecin a vertical stretching surface with
heat generation or absorption. Int. J. Heat Fluid Flow. 1994292.

Sulochana C, Payad SS, Sandeep N. Uniform heat souiakoeffect on the flow of 3D Casson
fluid in the presence of soret and thermal radiation JInEng. Research in Africa. 2016;20:112-129.

Raju CSK, Sandeep N. Unsteady three-dimensional flow sgoracarreau fluids past a stretching
surface. Alexandria Engineering Journal. 2016;55:1115-1126.

Sulochana C, Ashwin Kumar GP, Sandeep N. Similarity swigtof 3D Casson nanofluid flow over
a stretching sheet with convective boundary conditidndligerian Mathematical Society. 2016;35:
128-141.

Animasaun Isaac Lare. Casson fluid flow with variable o8gtly and thermal conductivity along
exponentially stretching sheet embedded in a thermally fetdatnedium with exponentially heat
generation. Journal of Heat and Mass Transfer. 2015;B863-7



Sharada and Shankar; BJMCS, 19(6): 1-8, 2016; Aetim.BIMCS.29454

[25] Cebeci T, Bradshaw P. Physical and computational aspeatsnekctive heat transfer. Springer;
1984.

[26] Nadeem S, Rizwan Ul Haqg, Noreen Sher Akbar, Khan ZH. MHi@e-dimensional Casson fluid
flow past a porous linearly stretching sheet. Alex. Eng013;52:577—-682.

© 2016 Sharada and Shankar; This is an Open Acagtigde distributed under the terms of the Creat@@mmons Attribution License
(http://creativecommons.org/licenses/byj4®@hich permits unrestricted use, distributiondameproduction in any medium, provided
the original work is properly cited.

Peer-review history:

The peer review history for this paper can be aceg$ere (Please copy paste the total link in your
browser address bar)

http://sciencedomain.org/review-history/16934




