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Abstract

The boundary layer flow and heat transfer due to a plate stretching
with a powerlaw velocity distribution in the presence of a transverse magnetic
field is studied. The effect of pr, Ec, n,on heat transfer has been studied
numerically. The effect is quite prominent as evidenced from the results. The
effect of Pr, shows an interesting behaviour on the Nusselt number. It is observed
that the Nusselt number first decreases as pr increases and then continuously
increases as Pr -> -. Two important physical quantities, the skin friction
coefficient and the Nusselt number are computed for a variety of combinations
of the parameters.

I.Introduction

Tne heat transter trr:.rn a sretching surface is of interest in polymer
extrr,:sion processes wlierc tire otrjeet, passirrg tlirougir a,Jie, eni.ers the fluid ibr
;ocling L,eiorr a uerrain ternperatire. The rate at which such objects are cooied
Iias an impnrtant trearing on trre finar produit. The two -dimensiona! b*undary
Iayer fl+w caused by a. linear stretching sheet in an ambient quiescent fluid was
firsrt discussed by crane I rJ wfuc ohtairier! a ver"rj cici,ed form exponentiar soir:-
tir:n. Tlie soiution of tl"re associateii iinear heat conduction equatiori was also
presented by crane. Both the basic fiow probiem and tire heat transferproblem
have since treen extended in 

'arious 
ways. Afzatr and varshney [2], Kuiken [3jand Banks [4] have considered the more generai case of thq sheet stretching

with a power-law velocity, i.e.,u(x) axm, where a and m are constants. The
soxution have beerr studiec for the range -2< B, where the parameter p - 2nl



30 MATHEMATICAL FORUM

(l+m). It was found that no similarity solution was possible if $ = -2. For -2 <

g < z,solution exist when a > 0 whereas, for 2 <p <(x, a must be negative. In

addition, apart from the case m = -1, all solutions exhibited exponential decay'

The eigen solutions for this problem were further studied by Banks and Zaturska

[5]. Recently, Afzal [6] presented the solution for the heat transfer from an

arbitrarily stretching surface I-I oc xm, for investigating the effects of non-

uniform surface temperature. Several closed form solutions for the specific

values of m including their numerical solution were also presented.

The linear stretching problem has been extended by Chakrabarti and

Gupta[7] to include the effect of a constant transverse magnetic field' A closed

form similarity solution was also found. Chiam [8] presented the similarity

solution for the case of a micropolar fluid.

After generalizing the works of Afzal andVarshney [2] and Chakrabarti

and Gupta [7], Chaim [9] recently studied the boundary layer flow of a
Newtonian fluid caused by a stretching sheet according to a power-law veloc-

ity distribution in the presence of magnetic freld. They have shown that simi-

larity solutions are possible if the magnetic parameter are first derived' Then

Crocco's transformation is used to obtain very accurate values for the Skin

friction parameter especially for large magnetic field strength'

In this paper an attempt has been made to study the effect of heat

transfer of a Newtonian fluid caused by a sheet stretching with power-law

velocity distribution in the presence of a magnetic freld B(x). The similarity

variables and the special form of magnetic field proposed by Chaim [9] are

used here for the solution of the similarity of the energy equation. A direct

numerical solution of the similarity boundary value is obtained by using Runge

-Kutta Shooting algorithm.

2. Mathematical Formulation of the Problem.

2.a.Flow AnalYsis:

Let us consider the flow of an electrically conducting incompressible

fluid past a stretching sheet coinciding with the plane Y=0' The uniforrn rnag-

netic field B(x) is imposed along y-axis" T''he basic houndary layer equations

fcrr the steadyr tlo -dimensional flow ane:
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where u, v are flow velocities in the x-and y-directions respectively, v
is the kinematic viscosity, p the fluid density and o is the electrical conductivity.
It is assumed that induced magnetic field is negligible, the external electric
field is zero andthe electric field due to polarization of charges is also negligi-
ble. The boundary conditions for the flow induced by stretching sheet moving
with non-uniform surface speed U(x) in quiescent environment are:

y=0, u=U(X),v=0,
y4G,u-+0.

Let us introduce the similarity variables

v (x,y) = F (n),

rl (x,y) =

Eu dv
--*--=0.
Dx Dy

Eu 0u d 2u oB(x)2
U--+V -- = V--- - ------UEx dy dyz p

(1)

(2)

(3)

(4)

(s)

The velocity component (u,v)is then

Ev
u = -^:- = U(x) F'(q).

Ey
(6)

dru
and v= -;- t

Similarity solution exist if we assume that U(x)=a1m and then mag-
netic field B(x) has the special form,

(1+ m) U(x)



T

Using (6) and-(7) it can be eas,y verified rhat the continuity equario;:

$I:,:f"tcallv 
satisfied, and using (8j the equation (2) gives the foriowing
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B(x) = Box (t:t't/2

F "'11iP " - pF'2 - MF'= 6

2mp-
I+m

2aR 2

M = ------9-
pa (t+m)

where

{8}

(e)

(10)

fiI)
and

is the magnetic parameter. prime denotes the differentiation withrespect to n.
The boundary condition for F becomes

F(0) = 0, F'(0) =l,F(- ) - 0
2.b. Heattransfer:

{131

(12)

consider the transfer of heat through stretching sheet. Due to transfe::lof heat' thermar boundary rayer is a"r"iop"a u.ound the sheet. By usiL.rg;boundary layer approximation, tt e 
"n";; ";;udon 

for rwo dinrcnsionar cclrls.rinrpressure flow in the presence or mugnJii" field is given by 
-----J

and pc, ( u #. ":;, = ,#. u u:; )2 + oB (x)2 s2

^.-""..-^Y:T 
p: 

"0, f, tr, T, o, B(x) are density , specifie hear at consranrpressure' thermal conductivity , viscosity, temperature, electrical conductivityand uniform magnetic field respectively.

I
=-4 {

+
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The boundary conditions are

T=T*aty=Q,T+T-aty-)* (14)

where T* and T- are constant temperature prescribed respectively at
the sheet and a large distance from it.

Introducing the similarity variables defined in (4) and (5) and substi-
tuting

T=T- +(T*-T-)0(n)

33

tI = axm, T* = T- + Cxn

in (13) energy equation reduces to

I
--- 0" + F0' - n(2 - F) F' 0 + Ec F' 2 + M Ec F' 2 

=O
Pr

where and Pr =

g2
and Ec = :------:-, are the Prandtl number and Eckert number respectively.

cp(Tw - T-)

The boundary condition on 0 became

0(0)=1,0(*)=0 (17)

The important physical quantity for this problem are the skin friction
coefficient and Nusselt number, which are defined by

tiq
k

1r
c, =?- , Nu = ----I-!:---' uZ k(Tw-T_)

where Eu aT
t,u= u,;r-,r'=ton* --k(Jf )y=o

(15)

(16)

(18)
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Using (4),(5) and (15) the quantity (18) can be expressed as

2
Cf =:-=:--- F " (0) and Nu = - R / (2-B) e' (0)- \i-tr(2 - P)

where R = tlx / v is the Reynolcl's numbrer'

3. Results and Diseussion

The equations (9) and (tr3) together with the respective boundary con-

ditions (12) and (14) ; solved for various combinations of the parameters

involveintheequationuusinganalgorithr-nderivedOl*i:-:lYlt0lbasedon
theShootingMethod[11].Theconvergenceoftheslrootingrnethodisestab-
tishedbycomparingtheresultsrrfthepresentproblemtothoseofChiarn[9].

TablelandThblellrepresentthecomparisonoftheresultsofchaim[9]and
thepresentmethod.Itisobservedthatourresultsareingoodagreementto
those of Chaim.

Thethirdcolumnofthetablelandllrepresentsthecoefficientofskin
frictiontF,(o)].Itisobservedthatthecoeffrcientofskinfriction[F''(0)]in.
creases with the increase of the magnetic parameter M'

Thbleslll,IV,VrepresenttheNusseltnumberforvariouscombina-
tionsofthep-u,,,","*asindictedintherespectivetables.Fromtablelllitis
observedthat-0,(0)decreaseswiththeincreaseoftheEckertnumberEc'
Hencetheeffector,,i."oo,dissipationistoreducetheNusseltnumber.

TablelVshowsthat-0,(0)increaseswiththeincreaseofuniform
temperature distribution parameter n'

Thevariationof0,(0)withPrandtlnumberPrispresentedinTableV.
Thebehaviourexhibitsby0,(0)withtheincreaseofPrisinagreementwith
theory. It is observeJit ui g' (0) first decreases with increase of Pr showing a

cooling effect at tf'" U"gin'ing' For Pr > 10' 0' (0) increases continuously

wlrichisduetothegenerationofheatonaccountofveryhighPrandtlnurnber'
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Figures 1,2,3 depict the variatiorr of temperature distribution with re.

SpecttoPr,Ecandnrespectively.Fromthesefiguresitisobscrvedthattem-
perat.re decreases wittr the increase of Pr and increases with increase of Ec

ana n. Thus the effects of all parameters are quite prominent'

Table 1' comparison of values of F"(0) for p =1'5'5'0 and various values of

M with Chiam

M F"(0)
(Chaim)

F',(o)
(Present)

0.0
1.0

5.0
10.0

50.0
100.0

0.0
1.0

5.0
10.0

50.0

100.0

-1.14860
-t.52527
-2.51615
-3.36631
-7.16471

-10.06640

-1.90253
-2.15290
-2.94144
-3.69566
-7.2356r

-10.18160

-1.15027

-1.52532

-2.51616
-3"36634

-7.16499
-r0.06723
-1.90301
-2.15295
-2.94161
-3.69599
-7.32812

-10.18830

Thblell.comparisonofvaluesofF'(0)forB=.1.0,-l.5andvarious
values of M with Chnim

M F'(0)
(Chaim)

F'(0)
(present)

0.0
0.5
1.0

0.00000
-0.52395
-0.851 l1

-0.00860

-0.52508
-0.85126

I

I

I

I

l*---**-"-..-.....--....-...*,,<-.

B

1.5

5.0

-1.0



T'

36 MATI{EMATICAI- F"ORUM

-1.5

5.0
10.0

50.0

100.0

0.0
0.1

0.5

1.0

5.0
10.0

50.0
100.0

-2.t6287
-3.1 1003

-7.M648
-9.9833s

o.72725

0.45107
-0.21922
-0.65298
-2.08524
-3.05623
-7.02249
-9.96665

-2.16284
-3.10994
-7.M652
-9.98028

0.71422
o.44to2
-0.22117
-o.65320

-2.08521
-3.05613

-7.02257

-9.96284

Estimated missing initial values of A' @) for various values of fi,Pr M, Ec

and n

Thble 111

B=1.5 Pr =.72 M=l n=t

Ec 0'(0)

0.0
0.25
0.5

0.75

1.0

r.25
1.5

t.75
2.O

-0.547369

-0.375050
-0.202732
-0.03M13
-0.141905

-0.34t223
-0.486542
-0.658860
-0.831179
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Table IV

Pr =.72 Ec =1 M=1

5t
:

B=1.5

e'(0)

-3

-,)

-1

0
1

2

3

4

1.022593

0.76t343
0.531694
0.326856
0.141905
-0.026820
-0.182101

-0.326091

B=1.5 Ec =.5

ThbleV

M=l n=2

0'(0)

.5

.72

2

7

10

15

2A

22

30

35

40
100

-o.295173
-0.360639
-0.s85s28
-0.731850

-0.694314
-0.579516
-4.440177

-0.386330
-0.i00546
-0.463692
0.2272A4
1.993231

Pr
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