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ABSTRACT

Nonlinear hydromagnetic two dimensional steady, laminar, boundary layer flow of a viscous, incompressible,
electrically conducting and radiating liquid metal, with nonlinear radiation past a porous plate stretching with
power-law velocity is analysed in the presence of a variable magnetic field. The liquid metal is assumed to be a
gray, emitting, absorbing but non-scattering medium. Governing nonlinear partial differential equations are
transformed to nonlinear ordinary differential equations by utilizing suitable similarity transformation. The
resulting nonlinear ordinary differential equations are solved numerically using Fourth-Order Runge-Kutta
shooting method along with the Nachtsheim-Swigert iteration for satisfaction of asymptotic boundary conditions.
The numerical results for velocity and temperature distribution are obtained for different values of porosity
parameter, velocity exponent parameter, magnetic interaction parameter, surface temperature parameter, radiation
parameter and Prandtl number and are shown graphically. Numerically values of skin friction coefficient and
nondimensional rate of heat transfer are also derived.

Keywords: MHD Hydromagnetic flow, porous stretching surfaeariable magnetic  field, nonlinear radiation
effects and liquid metal.

Nomenclature

B(x) -Variable applied magnetic induction.

M -Magnetic interaction parameter.

Pr  -Prandtl Number.

S  -Porosity parameter.

T  -Temperature of the fluid.

m  -Velocity exponent parameter.

p -Pressureof thefluid.

u, v -Velocity component of fluid in x and y direction.
Vo(X)-Variableinjection velocity.

p  -Density of thefluid.

v -Kinematic viscosity.

K -Thermal conductivity.

n  -Smilarity variable

¥ -Sreamfunction.

6  -Dimensionless temperature.

Bo -Constant applied magnetic induction.
C, -Specific heat at constant pressure.
T, -Temperature of the heated surface.
T, -Temperature of the ambient fluid.
. -Component of radiative flux.
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INTRODUCTION

The study of two-dimensionless boundary layer flamd heat transfer over a porous stretching surfacery
important as it finds many practical applicatiofrs.particular, suction blowing finds important rdle industrial
applications. Further, Convective boundary layew8 are often controlled by injecting or withdragifiuid

through a porous bounding heated surface. Thidezhto enhanced heating or cooling of the systedncan help
to delay the transition from laminar to turbulelotd.

The interaction of forced convection with thermadliation has increased greatly during the last diechue to its
importance in many practical applications. Radiati@at transfer becomes more important with risemgperature
levels and may be totally dominant over conductnd convection at very high temperature. Thus,ntlér
radiation is important in combustion applicatiofisrifaces, rocket, nozzles, engines, etc.), in munadleactors and
during atmospheric reentry of space vehicles.

In special, radiation effects on heat transfer @avstretching surface find newer applications tere times due to
its applications in space technology.

Sakiadis [1] studied theoretically the boundarelagn a continuous semi-infinite sheet moving stedldrough an
otherwise quiescent fluid environment. The boundaygr solutions of Sakiadis resulted in a skiotfon of about
thirty percent higher than that of Blasius [2] tbe flow past a stretching flat plate.

Crane [3] analysed the flow over a linearly straigrsheet for the steady two dimensional problebhese types of
flows usually occur in the drawing of plastic filraad artificial fibers.

Carragher [4] analysed the same problem as crasteidy heat transfer and obtained the Nusselhfentire range
of Prandtl number (Pr). Chakrabarti and Gupta fihmed the analytical solution for liner stretanioroblem with
hydromagnetic effect. Dutta et.al. [6] considered temperature field in flow a stretching sheetwihiform heat
flux. Later, the effects of variable surface héax fover the heat transfer characteristics of edity stretching sheet
was anaylsed by Chen and Char [7], Vajravalu antinR0[8] investigated the effect of Heat transiar an
electrically conduction fluid over a stretching fae

Convection heat transfer in a electrically conchgiluid with a constant transverse magnetic figlb studied by
Vajravalu and Neyfeh [9]. Magnetohydrodynamic heansfer over a non-isothermal stretching sheetamadysed
analytically by Chaim [10]. Elbashbeshy [11] invgated the heat transfer over a stretching surféte variable
surface heat flux. Magyari and Keller [12] have lgpad the exponential stretching problem by disitigsa further
type of similarity solution of the governing eqwats.

Anjali Devi et.al. [13] have analyzed the probleminitial flow and heat transfer due to a suddestppped
continuous moving plate. Viscous flow over a nogdirfly stretching sheet was studied by Vajraval(.[14

The effect of viscous flow and heat transfer ovemaalinearly stretching sheet was analyzed by @oji®].
Amkadni et.al. [16] analyzed the exact solutionndgnetohydrodynamic steady state laminar flow efsaous
incompressible and electrically conducting fluidebova continuous permeable stretching surface. €gyrtthe
problem of the boundary layer flow of an incompigs viscous fluid over a non-linear stretching ethevas
analyzed by Ghotbi [17]. Homotopy Analysis MethdtAM) is applied in order to obtained analytical wodn of
the governing nonlinear differential equations.

Afzal and Varshney [18], Kuiken [19] and Banks [2@hsidered the more general case sheet stretaliimgpower-
law velocity. The Eigen solution for this problenese further studied by Banks and Zaturska [21]. &kason et.al.
[22] studied the effect of hydromagnetic flow gbawer-law fluid over a stretching sheet.

Noor Afzal [23] obtained several closed from salos for the energy equation for a sheet stretchitly a power-
law velocity. The boundary layer flow due to a platretching with a power-law velocity disturbution the
presence of a transverse magnetic field was stuzligchiam [24]. Non-linear hydromagnetic flow argahtransfer
over a surface stretching with a power-law velowifis discussed by Anjali Devi and Thiagarajan [25].
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Smilarity solution of a MHD boundary layer flow pascontinuous moving surface was analysed by Abl.€26].
Here MHD boundary layer flow of viscous fluid ove@mpermeable surface with a power law stretchingaisl in
the presence of a magnetic field applied normallthe surface is considered. Cortell [27] investdahe effect of
viscous dissipation and radiation on the thermalidary layer over a nonlinearly stretching sheet.

A similarity solution of the boundary layer equatifor a nonlinearly stretching sheet was studied &y Akyildiz
et.al. [28]. Heat and fluid flow due to non-lingasitretching surfaces was discussed by Cortell.[29]

In view of the important of suction injection, seal studied were made for the steady laminar fbé\a viscous,
incompressible and electrically conducting fluiceoa stretching porous surface.

Bankoff [30] pointed out that heat transfer coefits in film boiling could be substantially imped by
continuously removing fluid through a porous heasedface. Gupta and Gupta [31] studied the heatraass
transfer over an isothermal stretching sheet witttisn and blowing. Later, Grubka and Bobba [323jeistigated
related problem with a power-law temperature distibn along a linearly stretching sheet.

Exact solution for hydromagnetic boundary layenfland heat transfer over a continuous, moving sileface with
uniform suction and internal heat generation/alismipwvere obtained by Vajrevalu [33]. Cha’o-kuanbe@ and
Ming-l Char [34] investigated the effect of heatrtsfer of a continuous, stretching surface withisnwr blowing
Ahamed and Mubeen [35] investigated the boundargrllow of an incompressible viscous fluid pastteetching
plate with suction. The dependence of the bounldamr thickness and the Nusselt number on suctibocity was
discussed by them. Ali [36] extended Banks work doporous stretching surface for different valuésuetion
parameter. Furthermore, a stretching surface sutgexuction or injection was studied by Ali [3@rfuniform and
variable surface temperature.

The steady flow of a power-law fluid past on infenporous flat plate subjected to suction or blgmvith heat
transfer for the case when the plate is held atnatant temperature was analyzed by Gupta et&l. [3

Tak and Lodha [39] investigated flow and heat tf@nslue to a stretching porous surface in the prEsef
transverse magnetic field with viscous dissipatiffects. Anjali Devi and Ganga [40] analysed MHDnliear
flow and heat transfer over a stretching porouaserof constant heat flux.

Many excellent theoretical models have been deeeldpr radiative- convection flows and radiativeidactive
transport. Plumb et.al. [41] analysed the effechofizontal cross-flow and radiation on natural wextion from
vertical heated surface in saturated porous méidia. thermal radiation of a gray fluid which is etinig and
absorbing in laminar, steady boundary layer flowraan isothermal horizontal flat plate in a norestihing medium
has been examined by Chen et.al. [42].

The effect of radiation on heat transfer probleras heen studied by Hossain and Takhar [43], Taghat. [44]
and Hossain et.al. [45]. Chamkha [46] studied tierrhal radiation and buoyancy effects on hydromtgriew
over an acceleration permeable surface with haatcecand sink. In this work they have considerez vtartical
plate problem and used the Taylor series exparadnconsidered only the linear terms in the temperaGhaly
and Elbarbary [47] have investigated the radiatfiect on MHD free convection flow of a gas on eetsthing
surface with a uniform stream.

Effect of radiation on MHD steady asymmetric flofvam electrically conducting fluid past a stretghporous sheet
has been analysed analytically by Ouaf [48], Mulddityay and Layek [49] investigated the effects hafrinal
radiation and variable fluid viscosity on free cention flow and heat transfer past a porous stirgicburface. The
effect of unsteady MHD heat and mass transfer émwection flow of polar fluids past a vertical niroy porous
plate in a porous medium with heat generation hedhal diffusion was analysed by Satyasagar ancp[E0].
Mass transfer effects on MHD viscous flow pastrapulsively started infinite vertical plate with iant mass flux
was studied by Saravana et al [51]. Srinivasulu Bingskar Reddy [52] studied the thermo-diffusiod diffusion-
thermo effects on MHD boundary layer flow past apanential stretching sheet with thermal radiatoil viscous
dissipation. Reddy et al [53] have presented tlkatian and chemical reaction effects on free cotiva MHD
flow through a porous medium bounded by verticafame. In most of the above mentioned studies rékétion
term appears in linear form.
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Elbashbeshy [54] analysed the radiation effecteat kransfer over a stretching surface by takibg &ccount of the
full form of radiation term. Recently, Swati Mukbadhyay [55] investigated the effect of boundagetalow and

heat transfer over a porous moving plate in thegree of thermal radiation, taking into accounthef full from of

radiation term. Recently, effects of variable visitpand nonlinear radiation on MHD flow with heednsfer over a
surface stretching with a power-law velocity waslgsed by Anjali Devi and David Maxim Gururaj [56].

The unique thermophysical properties of liquid rieetaake them attractive option for cooling offage with
extremely high thermal load. Such surface occy., @ the receivers of concentrating solar pow&sR) plants.
While liquid metals are intensively studied as aoglliquid in special research applications liketjgée sources,
transmutation systems.

Kazuyukiueno et.al [57] analysed two-dimensionahrotel flow of liquid metal in the presence of pexging
alternating transverse magnetic field. Linear ditgbanalysis for high-velocity boundary layer imguid metal
magnetohydrodynamic flows was analysed by A.L. Tand J.S. Walker [58].

L. Buhler [59] investigated liquid metal flow inkitrary thin-walled channels under a strong trarsyevariable
magnetic field. Heat transfer in liquid metals walectric currents and magnetic field: The conducttase was
discussed by Gita Talmage [60].

Combined effect of magnetic field and viscous ghason on a power-law fluid over plate with varialsiurface heat
flux embedded in a porous medium was analysed byrMEI-Amin [61]. Xiao-Yong Luo et.al. [62] analyde
numerical study of MHD effect on liquid metal frig under complex magnetic fields.

O. Anwar Beg et.al. [63] analysed the effect of similar, laminar, steady, electrically-conductingrded
convection liquid metal boundary layer flow withdinced magnetic field. Numerical simulation of MHBeets on
convective heat transfer characteristics of flowligfid metal in annular tube was analysed by R& and Hari
sankar [64]. Nonlinear hydromagnetic flow of a Idumetal with heat transfer over a stretching stefavith
radiation effects was analysed by S.P. Anjali Cad A. David Maxim Gururaj [65].

But so far no attempt has been made on nonlinghatian effects on MHD flow of an electrically cameting,
radiating liquid metal with heat transfer over arqus horizontal nonlinearly stretching surface drehce the
present work is carried out due to its immenseiegibns.

2. Formulation of the Problem
Consider coupled radiation and forced convectiangla horizontal porous stretching surface whickept at

uniform temperatureTW and moving with velocityu,, =u0Xm (where U, andm are constants) through and

stationary liquid metal. The liquid metal is assdn@ be a gray, emitting, absorbing and electiyoadinducting, but

non scattering medium at temperatlije A variable magnetic field is applied normal toe thorizontal
m-1

surfaceB(Xj = BOXT in accordance with Chiam [24].

The x-axis runs along the continuous surface irdilection of motion and y-axis perpendicular to it
The following assumptions are made

1.Flow is two-dimensional, steady and laminar.

2.The fluid has constant physical properties.

3.The usual boundary layer assumptions are made [MiE36]]. and

4.The radiation dissipation in the x-axis is negligiln comparison with that in the y-axis followirige lines of
Michael F. Modest (Radiative Heat Transfer. Pags) §66].
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1.!'
'y
-
B(x) 4u=0,T=T.
/ﬂﬁmum boundary layer
| — Thermal boundary layer
A A 4 A A 4 u X
> > > > > > .
V= TD(X} U“- = U,:,.Km= T = T“‘
v

Figure.1l. The coordinate system and the physical model

The continuity, momentum, and energy conservatguatgons under the above assumption are writtéallasvs:

du ov

—+—=0 1
ox oy @
ou  ou_ 9°u (oB?*(x)
LI—+V——V—2_ u )
ox dy oy P
where
(m-2)
B(x)=B,x 2
oT 0T 0°T dq
U—+v— |=K——-—— 3
,OCD( 0x 6yj oy’ 0y )
With the associated boundary conditions
y=0,u, =u,x",v=v, (x), T =T, (u0>0) @

y - o0, u=0T=T,
where the quantitiesl, V,.... etc have the meaning as mentioned in the litezati, (X) is the variable injection

Wl
velocity, given byv, (X) = c, [—
X

The radiative heat flux term is simplified by usitige Roseland diffusion approximation (Hossiaralef45]) and
accordingly
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q =- 160°T? 6T 5)
"7 30" ay

Whereo s the Stefan-Boltzmann constan, is the Rosseland mean absorption coefficient.

The equation of continuity is satisfied if we che@sstream functiog/ (X, y) such that

a_lﬂ and V=—a—[/j (6)

oy oX

u=

Introduction the usual similarity transformation & Ali [36]]

n(xy) = y,/ ,/“X w(x ) ,/ — X (). @)

(’7) = T W =—* (8)

W o o

Equations (2) and (3) can be written as

fm+ﬁ:n_ﬂf12_M2f':O (9)
m+1
20B, . .
Where M = |————— is the magnetic interaction parameter.
AU, (M+1)
N+ | —~1)6)2(6, -1)8'? +Prg =0 (10)
Where R = K—as with boundary conditions
40T,
f0)=-S f'0)=1 60)=1 a

() =0, O(e)=0

[ 2
Where S = 1 C is the Porosity Parameter. C is a non dimensiooastant. (For InjectiorS > 0 and For
+m
SuctionS<0).

3. Solution of the Problem
Equations (9) and (10) are nonlinear differentgulaions which constitute the nonlinear boundatye/@roblem, it
has to be reduced to an initial value problem. T$idone by using shooting method.

Equations (9) and (10) are solved numerically stthie (11) using Fourth-Order Runge-Kutta shootingthod.
The crux of the problem is that we have to makéndial guess for the values of "(0) and 8'(0) to initiate the
shooting process. The success of the procedurendgpery much on how good this guess is. For diffevalues
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of HW, R ,M ,Pr andS, different initial guesses were made into accafrthe convergence. Numerical results

are obtained for several values of the physicapater andé,,, R",M ,Pr andS.

RESULTSAND DISCUSSION

The numerical solution of nonlinear hydromagnetautdary layer liquid metal flow and heat transfeera
stretching surface has been obtained by FourthiCRdege-Kutta shooting method along with the Nauobits-
Swigert iteration by fixing several values for piogd parameters.

Numerical values as depicted graphically by medrfgyares for velocity f '(17), temperature distributio(/7)
for several set of values of the porosity paramBteelocity exponent parametel, magnetic interaction
parameterM , radiation parameteR* , surface temperature parame&vr and Prandtl numbd?r.

In the absence of magnetic field and porosity thsults are identical to those of Elbashbeshy [5#] i the
absence of porosity parameter the results areigdrd those of S.P. Anjali Devi and A. David MaxiGururaj
[65], which are justified through Figures 2, 3,/tab.

Figure.6. displays the plot of dimensionless veod '(/7) for different values o . It is noted that as magnetic

interaction parameteMM increases, transverse velocfty(/7) decreases elucidating the fact that the effect of
magnetic field is to decelerate the velocity.

The effects of velocity exponent paramergr over the dimensionless velocity fiefd(/7) is shown in the graph of
Fig.7. It is observed that the effect of velocigpenent parameter is to reduce the velocity.

Figure.8. illustrates the effects of radiation paeterR™ over the dimensionless temperaté(g) . It is observed
that the effect radiation parameter is to redueetémperature, elucidating the fact that the thebuoandary layer
thickness decreases B increases.

The effect of surface temperature paramefer over the dimensionless temperatu#/7) is shown in Fig.9.

Increasing surface temperature param&;ris to increase the temperature.

Prandtl number variation over the dimensionlessptature profile is elucidated through Fig.10. Asmreitl
number P1 increases, the temperatué{/7) decreases, illustrates the fact that the effed®rahdtl number is to

decrease the temperature in the presence of meadiedti. Furthermore, the effect of Prandtl numizeto reduce
the thickness of thermal boundary lay

The non-dimensionless velocity profile the diffarealues of suctiorf injection are shown through Fig.11. In the
case of injection, the dimensionless velocity iases as injection parameter increases. Whereapfusite trend
is observed .In case of suction so as to decreghsegelocity for increasing value of suction pargnelt is also
noted that effect of injection is to thicken theuhdary layer, whereas the effect of suction is ¢greases the
boundary layer.

Figure.12. shows effect of suctigrinjection over dimensionless temperatu#/7) .In the presence of magnetic

field, it is evident that Fig.12.the effect of soct decreases the temperatur@(/7) on the other hand effect of

injection to increases the temperature. Furtherntoickness of the thermo magnetic layer is redutdee to the
effect of suction, whereas its thickness is incedague to the effect of injection. However, effettinjection is
more dominant over the temperature than that df@uc
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e(n)

-6—e@—e— Result due to Elbashbeshy
Pr=10

Present Results m=1.0

M =0.0
By = 1.1

R* =0.5,1.0,5.0,10.0,10°

e(n)

1.094
0.9 \‘ —o—¢- Results due to Elbbasheshy Pr=1.0
08l S Present Results R* =10.0
I m=1.0
orr M =0.0
0.6 [ S=0.0
GW:1.1,1.5,2.0,2.5
05
0.4
0.3
0.2
0.1
0 8

Fig.3.Temperature profiles for different 0,
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—¢—e ¢ S P Anjali Deviand A David Maxim Gururaj

Present Results

08 m=1.0
0.7 S$=0.0
0.6
T o M =0.0,1.0,2.0,2.5,3.0
fr(n) 0.4 I

n—m-
Fig.4. Velocity profiles for different M

1.04
0.9 I \ _oo o S.P.Anjali Deviand A.David Maxim Gururaj
0.8 — Present Results M =20

f'(n)

Fig.5. Velocity profilesfor different m
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M =0.0,1.0,2.0,2.5,3.0

Fig.6. Velocity profilesfor different M

1.0
0.9 [\

L M=20
0.8 sS=05

0.7

m =-0.5,-0.3,-0.1,0.5,1.0

£'(n) oaf

0.0 0.5 1.0 1.5 2.0 2.5
n——s

Fig 7. Velocity profiles for different m

86
Pelagia Research Library



A. David Maxim Gururaj et al

Adv. Appl. Sci. Res., 2013, 4(2):77-92

e(n)

Pr =0.044
m=1.0

M =20
e,=11

R*=5.0,10.0,20.0,50.0,10°
S=05

0.3
0.2

0.1

Fig.8. Temperature profilesfor different R*

e(n)

1.0 Pr =0.044
m=1.0

M =20
R* = 10.0
S=05

0,,=1.1,1.5,2.0,25,3.0

0.9

0.8

0.7

0.6

03[
0.2

0.1

0.0

n —ms
Fig.9. Temperture profilesfor different 8,
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M=20
m=1.0

* =10.0
6,=05
S=05

1.0
0.9 7
0.8 7

0.7 7

f 0.6 ’
o) os |

0.4

Pr=0.016,0.018,0.023,0.044,0.053

0.3 [
0.2 [

0.1

Fig.10. Temperature profile for different Pr

0.9 S= Injection

X e — Suction m=1.0

Fig.11. Velocity profilesfor different S
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1.0
= Injection Pr =0.044
0.9 S — Suction m=1.0
I M=2.0
0.8 R*=1.0
0.7 0,=11
o6 - $=-0.7,-05,-0.3,-0.1,0.1,0.3,0.5,0.7
? 0.5
8(n) 04y
0.3 [
0.2 [
0.1
0 1 2 3 4
n —e
Fig.12. Temperature profiles for different S

Table.1 Effect of velocity exponent parameter, naigninteraction parameter and suction parametersion
friction coefficient for a stretching surface ftyetcase of suction presented in table. From thig tét can be clearly
seen that the skin friction coefficient increasasniagnitude with increase in suction parameter sgmetic

interaction parameteM and velocity exponent parametat.

Table-1 For the case of Suction Variation of f " (0) for different valuesof m, M & -S

s | m|wm| f"0)
-01 | 1.C | 2.C | -2.28663
-03 -2.39109
-05 -2.50000
-0.7 -2.61329
05 | -05 | 2.0 | -2.02964
-03 -2.22064
-0.1 -2.31987

05 -2.4519%

1.0 -2.50000
05| 1.0 0.0 | -1.27859
1.0 | -1.68613

2.0 | -2.50000

25 | -2.95416

30 | -3.42214

Table.2 provides the variation of skin friction &ugent due to the effect ofn, M andSfor a stretching surface

for the case of injection. It seen that the effgfcm and M over the skin friction coefficient is to increase
magnitude whereas skin friction coefficient decesas magnitude for increasiigy
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Table-2 For the case of Injection Variation of

f" (0) for different valuesof m,M & S

s m "(0)
01] 1.0 | 2.0]| -2.18663
0.3 -2.09109
0.5 -2.00000
0.7 -1.91329
05| -05 | 2.0 | -1.48025
-0.3 -1.69537
-0.1 -1.80478
0.5 -1.94853
1.0 -2.00000
05| 1.0 | 0.0 | -0.78074
1.0 | -1.18614

2.0 | -2.00000

25 | -2.45416

3.0 | -2.92214

Table-3 For the case of suction Variation of 9'(0) for different valuesof m,-M & S

| R | s | 8(0)
0.016 | 5.0 | -0.5] -0.24510
0.018 -0.24833
0.023 -0.26040
0.044 -0.29408
0.053 -0.30609
0.04¢ [ 50 | -0.5 | -0.28991

10.0 -0.30683
20.0 -0.31412
50.0 -0.32765
10° -0.33632

Table-4 For the case of I njection Variation

of 5' (0) for different valuesof Pr & R*

| R | -s | 8(0)
0.016 | 5.0 | -0.5] -0.28504
0.018 -0.29264
0.023 -0.30364
0.044 -0.33271
0.053 -0.34952
0.044| 50 | -0.5 | -0.24674

10.0 -0.26870
20.0 -0.28167
50.0 -0.28569
10° -0.29662

Table.3 The dimensionless rate of heat transfeinatfar , R" and -Sfor the case of suction is presented in table.

This table elucidates that dimensionless rate af transfer increases in magnitude with increasd3li and R .

Table.4 Displays effect oPr and R" over the dimensionless rate of heat transfettfercase of injection. It can
be absorbed from this table that the effectRif and R* over §'(0) is to increases the magnitude for their

increasing values.

CONCLUSION

In general the flow field and temperature distributare effected by the physicial parameter. In absence of
magnetic field and porosity, the results are idehtio those of Elbashbeshy [54]. Further in theealse of porosity
the results are identical to those of S.P.Anjalild A. David Maxim Gururaj [65].
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The following conclusions are made in view of tihewee results and discussions

* It seen that thickness of the thermal boundaryrlgyeves to be substantially larger than the thédenof the
momentum boundary layer which is a unique phenorfamiguid metal.

« It is found that the effect of magnetic field isdecelerate the velocity. This result qualitativafyrees with the
expectation since the Lorentze force which oppdkesflow increases a# increases and leads to enhanced
deceleration of the flow.

» The effect of velocity exponent parameter is tordases the velocity and increases in magnitudshinefriction
coefficient for both suction and injection.

» Effect of thermal radiation is to reduce the terap@re and the temperature is found to increasels thig
increases surface temperature parameter.

» Thermal boundary layer thickness decreases witleasing Prandtl number.

» Dimensionless velocity increases for increasingisngarameter, whereas the velocity decreaseddoreasing
injection parameter.

* It is observed that if injection to decrease thagerature. On the other hand the effect of injecisoto decrease
the temperature.

» Effect of magnetic field is to reduce the skin tiba coefficient for both suction and injection fancreasing
velocity exponent parameter.

« It is noted that for increasing Prandtl numdér and radiation parametE&*, the dimensionless rate of heat
transfer decreases for increasing magnetic inferaparameteitM for both suction and injection.

« It is seen that the skin friction coefficient demses with increases in magnetic interaction pammgt and
suction parametes,

* It is seen that effect of velocity exponent paramdl is to decreases the skin friction coefficient vaaer the
effect ofS is to increase the skin friction coefficient.

+ In the case of suction and injection the dimengsslrate of heat transfer decreases for an inciaafyf

andR" .
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