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Three-dimensional MHD mixed convection Casson fluid flow over an
exponential stretching sheet with the effect of heat generation.

ABSTRACT

In this article, the governing equation which madile problem of steady three-dimensional
Casson fluid flow over an exponentially stretchsugface in the presence of Lorentz force is
investigated.We have considered the effects of heat generaimh mixed convection.
Similarity transformations are used to convert feetial differential equations to set of
ordinary differential equations. These equatiores solved by applying Keller Box method.
The effects of Magnetic parameter, mixed convecparameter, heat source/sink, Casson
parameter, ratio parameter are investigated on vblecity and temperature profiles
graphically.
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1. Introduction

The study of MHD, boundary layer flow has many #&gilons in industrial fields.
Magnetohydrodynamic is the study of Magnetic prapsrof electrically conducting fluids.
Some examples are plasma, liquid metals and s#dtrwehe field of MHD was discussed by
Hannes Alfven [1]. Magnetic fields play a key ratestar formation. Ali et al [2] discussed
MHD boundary layer flow and heat transfer over r@etshing sheet with induced magnetic
field. M. Turkyilmazoglu [3] and Kartini Ahmad et B] explained three dimensional MHD
flow and heat transfer over a stretching sheet wihious physical effects. Crane [5]
discussed on stretching sheet.

Casson fluid is one type of non Newtonian fluid.s€n fluid can be defined as a shear
thinning liquid which is supposed to have an iriénriscosity at zero rate of shear and a yield
stress under which no flow occurs and zero visg@gitin infinite rate of shear. If yield stress
greater than the shear stress is applied to th& flubehaves like solid. If yield stress less
than the shear stress then fluid starts move. Hoeeyp, concentrated juices are few
examples of Casson fluid. Three dimensional Cadkoa flow past a linearly stretching
sheet is investigated bylahantha et al. [6] and Nadeem et al. [Magyari and Keller [8]
explained heat and mass transfer in the boundamrdaon an exponentially stretching
continuous surface. Mixed convection heat transfierexponential stretching sheet with
magnetic field investigated byal [9]. Nadeem et al [10] described MHD flow of a €ais
fluid on exponential shrinking sheeilaramgari Sandeepa et al. [11] explained aboue thre
dimensional Casson fluid flow. Subbarao et al. [h2gstigated the boundary layer flows of non-
newtonian fluid with thermal slipThree dimensional MHD flow of Casson fluid in posou
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medium with heat generation is described3hehzad13]. We have useful applications for
different heat source/sink arrangements. KrishneéBigattacharyyal4] explained the effect
of heat source/sink on MHD flow over a shrinkinggeh F.M Hady [15] described the effects
of heat source/sink on MHD viscoelastic fluid. Getlieed three dimensional flow due to a
stretching surface is explained Byiel [16]. Liu IC et al.[17] described the flow and heat
transfer for three dimensional flow over an expdiadly stretching surface. MHD boundary
layer flow of Casson fluid with thermal radiation exponential stretching sheet is derived
by Mukhopadhyay et al. [18]P.K Kameswarn [19] investigated Dual solutionsGafsson
fluid flow over a stretching sheethamkhg20] described Hydromagnetic three dimensional
free convection on a vertical stretching sheet vi#at generationSulochana et al. [21]
described the effect of heat source/sink on thiegersional Casson fluid with soret and
thermal radiationUnsteady three-dimensional flow of casson-carréaid is explained by
Raju and Sandeep [22]. Similarity solution of thod¥mensional Casson nanofluid with
convective conditions is explained by Sulochanalet[23]. Animasaun Isaac Lare [24]
explained Casson fluid flow over an exponentiadtstiing sheet with heat generation.

2. Mathematical Formulation
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Figl.

Let us consider a three dimensional steady, laminaompressible MHD mixed convection

flow of a Casson fluid over an exponential stretghsheetThe sheet z=@s stretched with
x+y
the velocities,, = Uye ¢ andlj, = Voe i along the xy plane as shown in the above Figl.

WherdJ,, Vyare constantsThe uniform magnetic field is applied in the z-dtien that is
perpendicular to the flowA heat source/sink placed within the flow to alldar heat
generation or absorption effects.

Consideru, v and w ararelocity components in the directions of x, y angspectively in the
flow field. The governing equations obntinuity, momentum and energy are given by
du , Ov ow

Tyt =0 (1)



u—+v—+w——v(1+i)gg+gBT(T T)——u ) (2
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u—+v—+w——v(1+l u—%v (3)

aT
u$+ + BZ = Q-F—(T Te) (4)

wherep is the density of the fluids is the electrical conductivity, is the kinematic
x+y
viscosity,B = ByezL is the dimensional magnetic inductie(= p%) is the thermal
14
diffusivity, K is the thermal conductivity;, is the specific heat capacity at constant pressure

x+y
T, is the free stream temperatufg,= Qq,e ¢ is the dimensional heat generation. The
boundary conditions considered are defined as

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

u—-0 v->0,T->T, as z- oo, (6)

x+y x+y

x+y
WhereU,, =Upe L, V, =Voet, T, =T, + Toezt , T, is the temperature of the fluid.

Introducing the similarity transformations
U, ¥ xty Xty xty
n= |5z, u=Usel fm,v=U1t g ,T=Tex+Toez0(),

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

(1 +%)f'"+(f+g)f"—Mf’+2&6 =0, 7
(1 +—)g”' +(f+9)9 —Mg' =0, (8)
—0"—[(f'+ 990 + (f + )01 +2Q6 = 0. 9)
Where M —225‘;2 is the magnetic parameter, PHs the Prandtl numbek,=—= is the

mixed convection parameter, REYL eT is the Local Reynolds numbeiy, =

_ 3 —_—
w is the LocalGrashofnumber,Q = pf]QZ

otp

is the local heat source (or sink)

parameter.
The boundary conditions are reduced to
n=0: f'M) =1,9'n) =C,f(n) =0,9(n) =0,6(n) =0.

n—eo: f'() = 0,9'() ~ 0,6(n) - 0.



HereC = 2 is the ratio parameter. The skin friction coeéfi¢ along the directions of x and

0
2Ty

- 1 p 1
y areCr, = % [CrxRe, /2 = (1 + %)f O Gy = 2% [(g)cfyRex ha=¢ (1 +
147'(0)] . Nuv=xgwh(7w-7%) [N2Nur=—(xL)Re126(0)] is the local Nusselt number,

whereq,, = —K (Z_Z)Fo is the rate of heat transfer.

3. Method of solution:

The governing equations with boundary equationssateed numerically by using finite
difference scheme known as Keller box method wisatiescribed by Cebeci and Bradshaw
[25]. This method involves the following steps.

Stepl: Reducing higher order ODEs (systems of ODfE®) systems of first order ODEs.

Step2: Writing the systems of first order ODEs idifberence equations usingimtral
difference scheme.

Step3: Linearizing the difference equations usiegvbdn’s method and writing it in
vector form.

Step4: Solving the system of equations using b&irkination method.
4. Numerical Discussions:

In this study to obtain numerical solution we haged Matlab software and the step size we
considered a& = 0.01. The following Tablel shows that the comparison between values of
the skin friction coefficient by present method ahnat of Nadeem et aPf] in the absence of
Pr,x and Q.

Table 1: Comparison of results fer(l +%) f"(0) and —(1 +%)g"(0) with previous
available data.

M B Nadeem et Present methc
(When C=0.5) (when C=0.5)
1 1 1 1
(1+B)f 0) (1+ﬁ>g 0) (1+ﬁ>f 0) (1+ﬁ>g 0)
10 1 4.726: 2.327¢ 4.726: 2.327¢
5 3.6610 1.8030 3.6611 1.8032
0 3.3420 1.6459 3.3420 1.6459

Q=0.1,p=02C=05
3=0.1Pr=0.72
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Fig 2: Velocity profile for various values of M Fig 3: Velocity profile for various values pf
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Fig 6: velocity profile for various values of Q Fig 7: Velocity profile for various vada ofd

Results and Discussion:

In this paper, we used the values of parameters.B)#0=0.72)=0.1, Q=0.14=0.2, C=0.1
for throughout numerical computations unless otlerwnentioned.

Fig2 illustrates the influence of magnetic param&teon the velocitief' (n) and g'(n). As
The value of M increases, velocity decreases dusotentz force. Therefore the boundary
layer thickness decreaseBig3 shows the effect of Casson parameieon velocity
profilesf’(n) and g'(n). An increase i leads to an increase in plastic dynamic viscosity
that creates resistance in the fluid floherefore we analyzed that the velocities of thil f



and their boundary layer thicknesses are decredsimgions off3. Fig4 explains that the
effect of Prandtl number on the temperature prokig3 illustrates that the effect of Prandtl
number on the temperature profile. The fluids withh Prandtl number have low thermal
diffusivity. Increasing the Prandtl number giveserio a decrease in temperature.

Fig5 depicts the effect of velocity ratio paramefeory’(n) and g'(n). An increase in ratio
parameter decreases the boundary layer thicknegs(ip and increases gi(n). Physically
when C increases the stretching rate increasdwig-tirection. Thus the velocity increases
in the y direction. Her C=0 represents two dimengicase. If C=1 the behaviour of the flow
along both the directions is same.

Fig6 shows that effect of heat source (or sinkppaater Q on temperature profile. In general
heat generation parameter in the fluid increasesdmperature. Therefore we have seen that
an increase in Q enhances the thermal boundary kwekness and temperature. Fig7
demonstrates that influence of the mixed convegtmmametei on the profile of velocity. It

is observed that the velocity profile increasethasvalue of thé. increases due to buoyancy
effect.

5. Conclusions;

The graphical representations of three-dimensidd&lD Casson fluid flow over an
exponential stretching sheet were discussed. We tievfollowing observations.

* The velocity increases with increasing values a thagnetic parameter M and
Casson paramet@ronf’(n) and g'(n).

* Anincrease in the Prandtl number Pr decreasethperature profile.

» With increasing values of the ratio parameter Creleses the velocity profilg’ ()
and increases the velocity proien).

* Increase in heat source (or sink) parameter inesst® temperature.

* The velocity profile increases, as the value ofcreases.
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