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Abstract: In this paper, an analysis is performed to explorethe transient, laminar two-dimensional, mixed convection
boundary layer flow of a viscous and incompressible fluid past a vertical wedge taking into account the effect of magnetic field.
With appropriate transformations the boundary layer equations are reduced to a local nonsimilarity equations and the solutions
are obtained employing three distinct methods, namely, (i) perturbation method for small time; (ii) asymptotic solution method
for large time; (iii) straight forward finite difference method for any time. The agreement between the solutions obtained from
prescribed methods is found to be excellent. In this study the evaluation of skin-friction coefficient and the local Nusselt number
with the effects of different governing parameters such as different time, z, the exponent, m (= 0.4, 0.5, 1.0), mixed convection
parameter, 4 (= 0.0, 0.2, 0.4) and magnetic field parameter, M (=0.0, 1.0) for fluids having Prandtl number, Pr= 0.72, 1.0 and
7.0have been discussed. It is observed that both the local skin friction and local Nusseltnumber decreases due to an increase in the
value of M. It is also found that an increase in the value of Prandtl number, Pr, leads to a decrease in the value of local skin
friction coefficient and the value of local Nusselt number coefficient increases with the increasing values of Prandtl number.
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1. Introduction

The laminar boundary layer flow of an incompressible fluid
past bodies of different geometries has been studied with a
great importance because it has a considerable curiosity among
scientists and researchers. Many practical applications can be
provided by incompressible boundary layer flow over two
dimensional or axisymmetric bodies. The steady Falkner-Skan
problem has beenstudied by many investigators such as Leal
[1], Gersten and Herwig [2], Schlichting and Gersten [3]. The
skin friction and heat transfer in two-dimensional, viscous,
incompressible laminar flow over wedge-shaped bodies can be
calculated accurately by solving the boundary-layer equations.
Falkner and Skan [4] first deduced the momentum boundary
layer equation for Falkner-Skan flow past a wedge, with
potential flow velocityu,(x) =Ugpx™. Later, Hartree [5]
investigated the similarity solutions of the flow in detail. He
obtained the solutions in terms of velocity distribution for
different values of pressure gradient parameter. For flow over

an arbitrary body shape with known pressure or velocity
distribution where there exists no similarity, the skin friction
and heat transfer are conventionally found by an approximate
method, either the integral method or the equivalent wedge flow
approximation. For most engineering applications, sufficiently
accurate result can be obtained using both of these two methods.
It is necessary to have the solutions of the boundary-layer
equations for wedge type flows to apply the equivalent wedge
flow method for the prediction of skin-friction and heat transfer.
The skin friction and heat transfer for incompressible laminar
flow over porous wedges with suction subjected to variable
wall temperaturehave been obtained Koh and Hartnett [6]. The
similarity solution had been obtained when the variations of the
wall temperature and the suction rate are proportional to
power-law of x. From the practical point of view, however, the
surface mass-flux with constant velocity may be more easily

realized than with (""1)/2 where x is the distance from the

leading edge, m the pressure gradient parameter.
The transient conditions of motion in fluids have become
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very important in recent years due to its application in some
engineering fields of aerodynamics and hydrodynamics.
There is a huge volume of literature on unsteady, forced
convection boundary-layer flows past bodies of different
geometries that give rise to the Falkner-Skan equations, see,
for example, Riley [11], Telionis [12], and Ludlow et al. [13].
When the fluid is assumed to have constant properties, the
problem reduces to an uncoupled, laminar boundary-layer
flow and any changes in the temperature do not affect the fluid
velocity field. When the thermo physical fluid properties
depend on the temperature the problem becomes coupled and
then the fluid velocity is also a function of time. Smith [14]
initiated the study of the unsteady, incompressible forced
convection, boundary-layer flow past a semi-infinite wedge
impulsively set into motion. This problem was subsequently
solved numerically by Nanbu [15] using the method proposed
by Hall [17] and later it was modified by Harris et al. [18].
Laminar  boundary-layer flow over wedge with
suction/injection has been discussed by Kafoussias and
Nanousis [7] and Devi and Kandasamy [29]. Hossain et al. [9]
examined a steady two dimensional laminar forced flow of a
viscous incompressible fluid past a horizontal wedge with
uniform surface heat flux.

The combined effect of both free and forced convection,
which is known as mixed convection has also been the focus
of research because of its technical applications. Kumari and
Gorla [8] carried out a boundary-layer analysis considering
the combined convection along a vertical non-isothermal
wedge embedded in a fluid-saturated porous medium. A
steady mixed convection boundary layer flow over a vertical
wedge with the effect of magnetic field embedded in a porous
medium has been studied by Kumari et al. [10]. The unsteady
mixed convection boundary-layer flow along a symmetric
wedge with variable surface temperature has been analyzed by
Hossain et al. [16]. In their analysis, Hossain et al. [16]
obtained the solution of the problem in terms of skin friction
and heat transfer using the implicit finite difference method
together with the Keller box elimination technique [19].

A combination of fluid mechanics and electro-magnetism is
regarded as magnetohydrodynamics (MHD). It is the behavior
of electrically conducting fluid in the presence of magnetic
field. The study of the flow of electrically conducting fluid in
the presence of magnetic field is important from a technical
point of view. Due to the growing demand of technological
appliances, there are many cases in which magnetic fields are
strongly encountered in an electrically conducting fluid, for
example, electric power generation, astrophysical flows, solar
power technology, space vehicle re-entry, nuclear engineering
applications, etc. The MHD boundary-layer flow, which finds
its application in nuclear reactors and in the boundary layer
control in the field of aeronautics is extensively studied by
Sparrow and Cess [20], Singh and Cowling [21] and Wilks
[22]. Wilks [22] provides the ground on which solution for
large x can be obtained via matched asymptotic expansion
method with the aim of achieving consistency. Cobble [23]
analyzed the solution using the similarity analysis considering
the effects of a magnetic field. Later, Hossainet al. [24]

analyzed the combined forced and free convection
boundary-layer flow of an electrically conducting fluid in the
presence of transverse magnetic field. Ganesan and Palani [25]
and Palani and Kim [26] proposed a study of the problem of
unsteady natural convection flow of a viscous incompressible
electrically conducting fluid past an inclined plate, under the
influence of magnetic field.

Motivated by the aforementioned investigations, the present
analysis is devoted to study the transient, laminar mixed
convection boundary-layer flow of an incompressible, viscous
fluid past a wedge with the presence of magnetic field. The
governing boundary layer equations are reduced to non-linear
partial differential forms usingappropriate transformations.
The transformed boundary layer equations are solved
numerically using three distinct methods, namely the finite
difference method for all time regime, the perturbation
technique for small time regime and the asymptotic solutions
for large time regime. All the solutions are obtained in terms
of skin friction and Nusselt number for different values of
Prandtl number Pr, magnetic parameter M, pressure gradient
parameter m and the Richardson number A, which is the

ratio between Gr; and Rei. The effects of varying M, m,

Prand A, on the shearing stress and the heat transfer rate in
terms of skin friction and Nusselt number, respectively, are
shown both in tabular and graphical forms.

2. Mathematical Formulation

A two-dimensional, unsteady, laminar mixed convection
flow of a viscous incompressible electrically conducting fluid
through a uniformly distributed transverse magnetic field of
strength By past a wedge with a distributed heat source is
considered. Due to buoyancy effects the flow over the wedge
develops instantaneously and its velocity is given by,

X

L_te()T)=Um(L) for m<1

The flow configuration and coordinate system are shown in
Figure 1.
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Figure 1. Flow model with coordinate system.

The Lorentz force, F, is a result of the magnetic field effects
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on the electrically conducting fluid and is determined from the Oou ov

following equations: F-l-? 0 @)
Ou  _Ou  _Ou__ Ou 0°u OB _ _
AT AT =i ey kg BT -T,)~ (i ~T) 2)
of ox Oy ox 0y’ Yo
oT _OT 67_"_ k o'T =X o pe 2 Y o 12 Y
4y S 3) I >y L L’ U’ L U
at ax ay IOCp ay o 00 (5)
—u,  _U,— . _T,-T, _U,L
Here X and y are the coordinates along with and =7 1 _Tt I= T -T sRey, = »
perpendicular to the wedge surface, iandvare the velocity ® e
components associated with the direction of increasing The velocity over the wedge is now given by
coordinates ¥ and yrespectively, T is the time variable, T is
the fluid temperature in the boundary layer, Ty and T ,are the u,(x)=x", forms<l

temperature of the wall and ambient fluid respectively, p is
the density, o is the electrical conductivity, k is the thermal  and, on introducing the above dimensionless dependent and
conductivity of the fluid, uis the coefficient of viscosity, g is  independent variables given in (5) in equations (1)-(3), the
the acceleration due to gravity, £ is the coefficient of  following dimensionless form of the governing equations is
volumetric expansion, C, is the specific heat at constant  gbtained:
pressure, L is the characteristic length and m is the pressure
gradient related to the included angle 7 by m = B/(2 — Ou  Ov _
——*—-=0 ©)
B Oox Oy
The boundary conditions for the present problem are:
_ ou, Ou_  Ou ou, 0u

-07v=0T = X v = 4 y—Fy—= ‘+7+/]T M? _
1=0,y=0T=T,(x)aty =0 PR SR vl (u, —u) (7)

ot e T e ®)
ot Ox dy Pr oy
The boundary conditions (4) then take the form:
u=0,v=0,7=x>"aty=0u=u,(x)=x",T - 0asY = ®For 20 and m<1 9)

In the above equations, Pris the Prandtl number, Gr; is the Grashofnumber, Re; is the Reynolds number,A is the mixed
convection parameter(termed as the Richardson’s number) and Mis the magnetic field parameter, which are defined as

3 2
P}" /‘1 ~~p G gﬁ(T T )L i ReL U L /] — d M2 O-B()L
k V2 14 ReL pU,,

The number of independent variables in the governing equations (6)-(8) can be reduced from three to two by introducing the
non-dimensional, reduced stream function F (t,( , T,l7) and the non-dimensional, reduced temperature function G (t,( , T,l7)
according to,

Q[/:xmzﬂ(Z(I—e_r));F(f,T,ﬂ),17=xm;(2(1—e_r))_; y, T=x""G(&1,n), r=x""rand &=x"" (10)

Where/7 is a non-dimensional similarity variable and ¥ is the stream function, which is defined in the usual manner

0
- andv = 9
Oy Ox

Now, substituting the above group of transformations given in (10) into (6) to (8) one obtains the following non-similarity
equations:

u
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F" +ne ’F"+[(m+l)(l—e_7)+(m—l)Te_TJFF"+2m(1—e_7)(1—F'2)

e L e s P "

+2(1-m)&(1-e ){F ‘Zi{_

ﬁG" +ne’'G' + [(m + 1) (1 —e_r) + (m —1) Te™

:2(1— )3—(_[;+2(m )7 (1 )[F a—G—G'a—F}

+2(1—m)f(1—e_r){F'

The corresponding boundary conditions transform to
F(&,1,0)=F'(£,1,0)=0, G(£,7,0)=1

F'(&,7,0) =1, G(&,7,0) =0 (13)

In the above equations, prime denotes differentiation of the
functions with respect to 77 only.

The above equation is applicable for 0 <7 < o,

In practical applications, two physical quantities of primary
interest are to be determined, such as, surface shear stress and
the rate of heat transfer at the surface. These may be obtained
in terms of the skin friction coefficient,

¢, =1,(%)/ (7 (%))

And the local Nusselt number,

Nu—qw( )x/kf(T T)

_ ou
Where, Tw(x ) =H — is the shear-stress along the
6)7 =0

-k
surface, and qw( ) 5 [ P
where, k is the thermal conductivity of the fluid, and u is the
coefficient of viscosity.

By introducing the non-dimensional variables (5) and the
1

transformation (10), the skin friction coefficient, ~ p,2 and
SEx

] is the surface heat flux,
y=0

F"’+/7F"+2mTFF"+2mT(1 F'z) 2(m=1)z {

+2(1—m)rg{F'%—lg
L

Pr

+2(1- m)rg‘[

» OF
0¢

F

G"+nG' +2mrFG' =2(2m=1)1GF' =2(m-1)1° {F'

}+2M é(i-e)(1-F)

“|Fe-2(2m-1)(1-e7)or

or or (12)
9G _ .,0F
06 o0&

1
the local Nusselt number, NuRe, E can now be defined by

m+l

C, Re2 = §m- l)( (l—efr)) %

"(&r0) (14

3m+1

NuRe 7z g "‘)( (1—e"))_% G'({, T,O) (15)

After getting the values of F"(c,(, T,O) and G’ (cf, T,O)
from the solutions of the governing equations (11)-(13) we
obtain the values of the skin friction coefficient and the local
Nusselt number from the relations (14) and (15).

3. Methods of Solution

The present problem described by the dimensionless
equations (11)-(13) has been solved using the perturbation
method for small time regime, the asymptotic method for large
time regime and finally the finite difference method for any
time regime. The methods of solution adopted by Hossain et al.
[16] and Mahfooz et al. [27] are employed here. In the
following subsections details of the methods of solution are
illustrated.

3.1. Perturbation Solutions for Small Time Regime

Physically, at the initial stage of transient process, the
development of the momentum and thermal boundary layers
are due to the dominant diffusion on convection. For this
regime, the equations (11) and (12) which is valid for any time
regime, reduces to the following form

R A L
or

or or
oOF (16)
" +2M21éE(1-F'
2| vaureeti-r)
%G _g aF}z,a_G
or or or
0G oF a7
-G'—
af 0{}
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and the corresponding boundary conditions become Since near the leading edge, 7 is small, series solution of
the equations (16) and (17) may be obtained by using the
F(&,1,0)=F'(£,1,0)=0, G(¢,7,0)=1 perturbation method treating T as a perturbation parameter.
Hence, we expand the functions F(E, T,/7) and G({, T,l7)
7 (f’ T’oo) =1 G(E’ T’oo) =0 a8 powers of T as given below:
F(&1,n)= Zr’Fi (&,7)and G(&,7,7) = ZriGi (&.17) (19)
i=0 i=0

Now, substituting the expressions given in (19) into equations (16) and (17) and picking up the terms up to the O( 72), we get
the following sets of equations with boundary conditions:

Fy+nFy =0 (20)
1 n I
-Gt +1Gy =0 @21)
F,(£,0)=F;(£,0)=0, G,(£,0) =1, Fy (&,%) =1, Gy (&,0) =0 (22)
FnF=2F = 2m(1- 2 + RyFy) = 2AG, ~2M & (1- Fy) (23)
PLG{'+/7G{ -2G, = =2mFyGy +2(2m —1) G, (24)
”

F(£.0)=F(£,0)=0, G (£.0)=0, F(£,0) =0, G, (£,0) =0 (25)

m n o n ! U n 2 I ! aFi, n aFi
Fy+nFy =4F; =2 (1=2m) FFy +(3m =1) FyF = mFy '~ AG, | =2M*EF/+2(1-m) & FOa—E—FOE (26)

1 " 1 —_ 1 1 1 I 'aGl " aFi
—- 1 +11G, ~4G, = 2[(1-2m) Gy +(3m =2) FyG, =mFyG; +(2m=1) G, F | +2(1-m) & FOO_E_FOO_E 27)
F,(£,0)=F;(£,0)=0, G,(£,0)=0, F;(&,0) =0, G,(&,2)=0 (28)

In these equations, primes denote differentiation with respect to/7. Solutions of the above set of equations are obtained
numerically employing the sixth order implicit Runge-Kutta-Butcher [34] initial solver together with the Nachtsheim-Swigert
iteration scheme [35]. Knowing the values of Fy,F’F,,Gy,Gi,and G, from the solutions of the equations (20)-(28), the
values of the skin friction coefficient and that of the local Nusselt number can be obtained from the following expressions:

_mH
€ Rl =807 (ar) [ Fy(£,0) + R (£,0) + R (£,0)] 9
NuRe!’? = -g20=m (27)™"2 [G{} (£,0)+1G;(£,0)+7°Gy (&, o)] (30)

The values of the skin-friction, CfRe,I/2 , and the Nusselt number, NuRe!’?

' *, are obtained from the expressions(29) and (30).

3.2. Solutions for Large Time Regime

For large time, i.e. when T >>1, values of ¢ 7 =7 2and]-¢ 7 =1. Thus the equations (11)-(13) take the following forms:
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+2(m —1)T{F'%—Ij—F"g—i}+2(1—m)g{F'%—lg—F"Z—?}+2M2{(1—F') o
%G" +1720G" +| (m+1)+ (m=1) 77" | FG' =2 (2m~1) GF' = 2‘;—3

(32)

+2(m —1){1:";—?—6";—1;}2(1 —m){{F’g—?—G'g—};}

and the corresponding boundary conditions reduces to
F(&,1,0)=F'(£,1,0)=0, G(¢,7,0)=1

F'(&,1,0)=1, G(&,1,)=0 (33)

Hence, we expand the functions F (&,7,7) and G(&,7.7)in powers of T as given below:
F(Ern)=S TR (En) andG(Ern) =16, (€0) (4

i=0

i=0

Now, substituting the expressions given in (34) into equations (31) and (32) and equating the terms of like powers of 7 to zero,

we get the following sets of equations:

Fy'+(m +1)F0F0"+2m(1—F62) =-24G, +2(1_’"){F0'

1

Fy(£,0)=F;(£,0)=0, G,(£,0) =1, Fy (&,%) =1, Gy (&,0) =0

In these equations, primes denote differentiation with
respect to/7. Since the equation (35)-(37) are non-similar
equations; in order to solve these non-similar equations we
have adapted the local nonsimilarity method described in the
former chapter. At the second order of truncation, the terms
involving derivatives of ¢ have been neglected. It can be
seen that the resulting governing equations form a coupled
nonlinear system of ordinary differential equations treating ¢
as a parameter. These equation are solved numerically using
an implicit Runge-Kutta-Butcher [34] initial value solver
together with the iteration scheme of Nachtsheim and Swigert
[35] as discussed before. Solutions thus obtained for different

values of physical parameters, in terms of local skin friction
ki 1 .
Cf Re? and the local Nusseltnumber NuRe,? » which are

obtained by the following expressions (38) and (39)
respectively, are compared with that obtained in the following
section for entire time regime.

Ou

u"+ B’ + P'v+ Py (11 :P{E—/\G}HJS {ua—u —}Pg{u—— —}+P4M2{(1—u)

P—Gg +(m+1) F,Gy =2(2m —1) Gy Fy :Z(I—m)f[Fo'—
»

an’ nan 2 r
o _pr% | yop2é(1-F
2 oaf} &(1-/) (35)
-G =0
26 G0y J (36)
(37
i m+1 1
Crel =80 Y (En0) Y
1 3m+l 1
NuRe,? = =207 (2)72 G'(£.7,0) (39)

3.3. Solutions for Entire Time Regime

For entire time regime, here the stream function
formulation is used. The equations (11)-(13) will be solved by
finite difference method. In this method, the system of
equations is reduced to a system of second order differential
equations by taking

F'=yandv=F

The reduced equations are:

ou ,0v ou ,0v
(40)

u
or o0& 0o
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L 4 PpG'+ PGy~ P,Gu :P40—G+PS[ua—G—G' o
Pr or

And the boundary conditions are:

or 5} “41)

v(¢,7,0)=u(£,7,0)=0, G(£,7,0) =1

u(é,r,0)=1, G(&1,0)=0

(42)

Where Py= =", P, = (m+1)(1=¢ ) +(m=1)ze™ R =2m(1-¢7), B =2(1-¢),

P=2(m-1)z(1-¢7), B =2(1-m)(1-¢7)and P, =2(2m-1)(1-¢7)

(43)

Now equations (40)-(41) subject to the boundary conditions (42) are discretized using central difference approximation along
n-direction while backward difference is used for both ¢-direction and z-direction. Thus we have a system of tri-diagonal

algebraic equations of the form:

AW+ B+ C Iy = Dy (k=1,2) (44)
In the above equations, the subscript k(=1 and 2) represents the functions uandG respectively.
Where A4,,B,,C,,D, are given as below:
2 P P P
4 =2+(An) | Puy  + =+ )+ fuy  — PM? 45
| ( ’7)[32,] A Ape Aff 2 —PM~E (45)
n n-1 n n
1 A . . Vaj V2 Va; VI
B =-1+=—An| =+ +n(j-1)|+Py; +P—=L =L +pé=l ) 46
1 2 /7[ 2 |:,7(J) ,7(] ):| 272,575 AT 65 AE (46)
n n-1 n n
1 A . . Vaj V2 Vo VI
C =-1--An| =+ +n(j-1)|+Py;  +P—=L =L+ pé=l ) 47
1 2 /7[ 2 |:,7(J) ,7(] ):| 272,575 AT 65 AE (47
5 un—l un
— n 2,j n n Lj 2
Dy =(8)’| (B + Ru )20+ BAGE  + Bt aF hME (48)
2
2 (A
4 =_+( 7) (P“ +1D5ug’f) (“49) 3 2(r:;+_11) - _% " 53
Pr AT : C/Re? =¢ (2(1_e )) F"(&1,0) (53
B, = _L+1A,{pl Ry +£(V;’j —v;jjl)} (50) o Sme L
Pr 2 AT NuRe,? =-g21=m (2(1—e‘7)) 2G'(,0) 54
1 1 n })5 n n-1 . . P
C2 = —_—_A/7 P1 +sz2 ; +—(v2 ; _VZj ) (51) Table 1. Numerical values of local skin friction and Nusselt number
Pr 2 < OATN T ’ coefficients against t while Pr=0.72, m=0.5, A=0.5 obtained by three different
methods.
(an)’
D. = 7] anl (P +Pyu" ) (52) CfRe)Ic/Z NuRe;CJ/Z
2 Ar i \faT M, 1 :
Allt Small &Large T Allt Small &Large t
M=0.0
In the above equations i, j and n represent the grid points in 0.01 558814  5.65643s 4.68592  4.70704s
¢ n and t direction, respectively. Knowing the values of  0.10 2.05613  2.17836s 1.49492  1.51200s
" ' . 0.50 1.48560  1.49208s 0.69460  0.71662s
F"(&,7,0) and G'(&,7,0) from the above solutions we can 1,00 151896  1.54361s 052669  0.55475s
calculate the values of the local skin friction, ¢y and the local 200 loogct Lovibla Jagesl 0aiilia
i o 3.00 1.56498  1.58924a 0.47743  0.48489a
Nusselt number, Nu from the following expressions: 4.00 1.56393  1.58924a 0.47900  0.48151a
6.00 1.56433  1.57816a 0.47870  0.48005a
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. CpRel/? NuRe;!’?
All T Small &Large t All T Small &Large t
8.00 1.56474  1.57688a 0.47820  0.48003a
10.00 1.56472  1.57641a 0.47815  0.48025a
M=1.0
0.01 5.52785  5.65821s 4.68377  4.72704s
0.10 1.88133  1.95520s 1.49429  1.53200s
0.50 1.15290  1.39661s 0.69480  0.71662s
1.00 1.15048  1.23353s 0.52625  0.58831s
2.00 1.19360  1.15941a 0.46625  0.52276a
3.00 1.18908  1.14670a 0.46372  0.49398a
4.00 1.18646  1.14250a 0.46393  0.49196a
6.00 1.18674  1.13975a 0.46344 0.49153a
8.00 1.18717  1.13893a 0.46303  0.49191a
10.00 1.18701  1.13860a 0.46302  0.49233a
4~
ssp —mmmes small time
—————— large time
3l all time
N
§Nk
& 25t
o
2
AN ~— M=0.0
N — M=LO
\\,\“¥- -
..
1 1 2 3 4
T

(a)

4. Results and Discussion

In this present study, the mixed convection flows of an
electrically conducting, viscous and incompressible fluid past
a wedge in presence of magnetic field have been analyzed.
The governing equations have been solved by using the
straight forward finite difference method for the entire time
regime. Numerical solutions are also obtained by using the
perturbation method for small time regime and the asymptotic
method for large time regime. The obtained numerical results
are presented with the help of graphical illustrations as well as
in tabular form.

g
——————————— small time
T larg‘etlme
‘ all time
N [
!
1
< Th
Y
\
- \\ _
05 \‘::—:::\;_———_ M=0.0
I VETO
_Illllllllllllllll\ll
1 2 3 4

(b)

Figure 2. (a) Local skin friction and (b) Local Nusselt number for different values of magnetic parameter M against t forPr=0.72, m = 0.5 and 2. =0.5 at £ = 0.3
obtained by three distinct methods.

With the purpose of ensuring the numerical solution, a comparison of the (a) local skin friction and (b) local Nusselt number
obtained by the stream function formulation and the series solutions for small and large t is shown in Figure 2, Figure 3 as well as
in Table 1. It is evident from the figures that the solutions are in excellent agreement.
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Figure 3. (a) Local skin friction and (b) Local Nusselt number against £ at different time steps for Pr=0.72, M=1.0, m = 0.5 and /. =0.5 obtained by three distinct

methods.

Figure 2(a) and 2(b) demonstrate the effects of magnetic

field on the local skin friction coefficient, C fRei/z , and the

local Nusselt number, NuRe;’? , against T respectively while

Pr=0.7, £=0.3, m=0.5 and 1=0.5. From these figures it is
observed that when magnetic parameter increases, then both
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the local skin-friction and local Nusselt number decrease.
The effects of parameter & on the local skin friction

coefficient, CfRei/ 2 , and the local Nusselt number,

NuRe;!'”?, from the surface at different time steps are shown

in Figure 3(a) and 3(b) respectively. In this figure the physical
4~

(@)
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parameters are chosen to be Pr=0.72, M=1.0, m = 0.5 and 1
=0.5. It is observed from this figure that the local skin friction
is decreased considerably while the local Nusselt number
increases as & increases.

—————— Pr=0.72
——————————— Pr=1.0
Pr=7.0
e
T
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Figure 4. (a) Local skin friction and (b) Local Nusselt number against t for different values of Prandtl number Pr while M=1.0, m = 0.5 and A = 0.5 at £ = 0.3.

Figure 4(a) and 4(b) exhibits the effects of varying the
Prandtl number, Pr(=0.72, 1.0, 7.0), on the local skin friction

coefficient, C fRe,Ic/z , and the local Nusselt number,
NuRe;]/z , against 1 respectively at M=1.0, m = 0.5, 1 =0.5

and & = 0.3. Figure 4(a) shows that an increase in the value of
7
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Prandtl number, Pr, leads to a decrease in the value of local
skin friction coefficient. And from Figure 4(b) it can be
observed that the value of local Nusselt number coefficient
increases with the increasing values of Prandtl number.
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Figure 5.(a) Local skin friction and (b) Local Nusselt number against t for different values of 2 while M=1.0, m = 0.5 and Pr=0.72 at £ = 0.3.

Figure 5(a) and 5(b) illustrate the effects of changing the
Richardson number, A(=0.0, 2.0, 4.0), on the local skin friction

coefficient, CfRei/ ? , and the local Nusselt number,

NuRe;J/Z , against t respectively at M=1.0, m = 0.5, Pr=0.72

and £ = 0.3. Figure 5(a) and 5(b) show that an increase in the
value of Richardson number, A, leads to an increase in thevalue
of local skin friction coefficient and the value of local Nusselt
number coefficient respectively.
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Figure 6. (a) Local skin friction and (b) Local Nusselt number for different values of magnetic parameter M against t forPr=0.72, m = 0.5 and A =0.5 at £ = 0.3.
4 3
—————— m=0.4 —————— m=04
sk e m=05 5 m=0.5
m=1.0 | m=1.0
Q
~ R ~
(%) LR
& g
O s |
1
b\
F o\
=~ L\,
Pt iyt . N
——————————— T
- [ M| T | P B
% 2 4 6 O 2 4 6
T T
(a) (b)

Figure 7. (a) Local skin friction and (b) Local Nusselt number for different values of exponent m against t for Pr=0.72, M = 1.0 and A =0.5 at £ = 0.3.

Figure 6(a) and 6(b), we can see that when magnetic
parameter increases, both the local skin The effects of varying
values of the magnetic parameter, M(=0.0, 1.0, 1.25) on the

local skin friction coefficient, C fRe,]C/z , and the local Nusselt

number, NuRe;I 2 against 1 are displayed in Figure 6(a) and
6(b) for the case ofPr=0.72, m = 0.5 and 41 =0.5 at £ = 0.3. By
observing the friction coefficient and the local Nusselt number
coefficient decreases

The effects of varying values of the exponent, m(=0.4, 0.5,

1.0) on the local skin friction coefficient, C fRei/z , and the

local Nusselt number, NuRe;?, against T are displayed in

Figure 7(a) and 7(b) for the case ofPr=0.72, M = 1.0 and 1
=0.5 at £ = 0.3. Figure 7(a) and 7(b) show that an increase in
the value of m, results in increasing the value of local skin
friction coefficient and the value of local Nusselt number
coefficient respectively.

5. Conclusion

In this study it has been sought to determine how the
presence of magnetic parameter affects the mixed convection
unsteady two-dimensional boundary layer flow and heat
transfer past a wedge with variable surface temperature.
Solutions of the governing local nonsimilarity equations are
obtained by three distinct methodologies, namely the
perturbation method for small time 7, the asymptotic solution
method for large time t and the finite difference method of all
time 1. Detailed numerical calculations have been carried out
and presented in terms of local skin friction and Nusselt
number. In general it is seen that the asymptotic solutions for
small and large values of t are in excellent agreement with the
finite difference solutions.

From the above investigations, the following conclusions
may be drawn:
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. An increase in the value of M serves to decrease both the

local skin friction and local Nusselt number.

. An increase in the value of mleads to increase both the

local skin friction and local Nusselt number.

. An increase in the value of Richardson number, 4, leads to

an increase in the value of local skin friction coefficient as
well as the value of local Nusselt number coefficient.

. An increase in the value of Prandtl number, Pr, leads to a

decrease in the value of local skin friction coefficient and
the value of local Nusselt number coefficient increases
with the increasing values of Prandtl number.
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