
Advances in Natural and Applied Sciences, 1(1): 7-14, 2007

ISSN 1995-0772

© 2007, American Eurasian Network for Scientific Information
This is a refereed journal and all articles are professionally screened and reviewed

ORIGINAL ARTICLE

7

Corresponding Authot: Naseem Ahmad, Department of Mathematics, Jamia Millia Islamia, New Delhi-110 025, India.
E-mail: naseem_mt@yahoo.com

Boundary Layer Flow past a Stretched Plate with Heat Transfer

Naseem Ahmad

Department of Mathematics, Jamia Millia Islamia, New Delhi-110 025, India. 

Naseem Ahmad,: Boundary Layer Flow past a Stretched Plate with Heat Transfer, Adv. in Nat. Appl.
Sci., 1(1): 7-14, 2007

ABSTRACT

The main object of this paper is to analyze the series solution of boundary layer flow past a stretched plate
with heat transfer. An infinite series for velocity function has been obtained as a solution non-linear boundary
value problem and its convergence has been looked upon.  All the coefficients of the series have been
estimated to fulfill the requirement of convergence of the series solution. Further, heat convection problem has
been solved to get temperature field. The coefficient of convectional heat transfer Nusselt number has been
calculated. Both temperature field and Nusselt number are function of sum of infinite series.  

Key words: Boundary Layer, Heat Transfer, India

Introduction

Due to application of boundary layer flow past a stretched surface or moving surface in many processing
process such as metal extrusion, glass fibre production, continuous casting, hot rolling, manufacturing of plastic
or rubber sheets and crystal growing, a number of scholars as Altan et al. (1991), Fisher (1976), Tadmor and
Klein (1970) and Ali (1995) paid their attention to study the boundary layer flow with heat transfer. Boundary
layer flow over a stretched surface moving with a constant speed was initially studied by Sakiadis (1961a) and
obtained numerical solution using similarity transformation. Later, Erickson et al (1996) extended the work of
Sakiadis by introducing suction or blowing at the surface of the stretched plate and he investigated its effect
on the heat transfer. Tsou et al. (1967) confirmed the results of Sakiadis experimentally also.

None of the above referred investigators has obtained series solution of boundary layer flow of
incompressible  viscous  fluid  past  a  stretched  plate.  We  made  an attempt to obtain a series solution.
The convergence of the series solution has been discussed under the limitation of coefficients and other
parameters. 

Formulation of the problem

Let x-axis be along the moving plate and y-axis to be perpendicular to the direction of motion of the plate.
The equations governing the boundary layer flow are:

      (momentum equation)  (1) 

       (continuity equation)  (2)

The relevant boundary conditions are

oy = 0, u = u , v = 0 (3)

yy÷4, u=0,  u =0 (4)

where n is kinematic viscosity and ìí are horizontal and vertical components of velocity field, respectively.
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To solve this problem, we define  similarity variable by  ç =  

oSetting  u = u  (ç) and using continuity equation together with boundary condition at

y = 0,  we have 

ov = u   {ç  (ç) – f(ç)}  (5)

Substituting u and v in the momentum equation (1), we get

o (ç) + u  k f(ç)  (ç) = 0 (6)

Boundary conditions (3) and (4) reduce to 

ç = 0, =1, f = 0

ç ÷4,  ÷  0 (7)

Equation (6) is non-linear ordinary differential equation of third order. K. Marwah (2001) solved this

odifferential equation assuming u  small by perturbation method.  We try the series solution of this problem in

the following form due to Sachedev, P.L. (1991)

f (ç) = (8)

owhere c = u  k

On substituting the series for f(ç), (ç) and (ç) in (6), we have

(9)

1 1For i =1, b a – b a = 0 which is an identity. Since a is to be determined by the boundary conditions, we

1may choose |b |=1 without loss of generality. 

For i = 2, we have

(10)

The recurrence formula comes out to be 

(11)

If |a| <1 then, we have to find c for which |bi| £ 1, i ³ 2 and the series (8) converges uniformly for any

g>0. So,
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o oonly if |c| # 3 i.e., -3 # c # 3. As c = u  k where u  > 0 and by definition of has well as k can neither be

zero nor be negative. Therefore only possible value of c is positive i.e.,

ic0 [0,3]. Hence for 0 < c # 3 and |b | #1, i=1, 2,…., there is two parameter family of solutions of (6),

satisfying the condition  for g>0. Other conditions from the  (7) are

(12)

(13)

These are two uncoupled transcendental equations for g and a. If equation (12) is solved for ‘a’ with the

iassumption |a| <1, then equation (13) provides the value of ã. We determine the sign of b ’s. Recalling equation

(11), we have

(14)

i-k kThe coefficient of b  b  in (14) retains  the same sign as c. Since c Î ]0,3[, so we are left to consider the

case where,

1 ic > 0 and b =1, b >0 (i=2,3,…)

Now, we have to guess the value of ‘a’. So, using the equation (12) after canceling out ã, we have 

)

or, 

(15)

For  and , the equation (15) again puts one more condition on c as . Using two
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inequalities for ‘a’, we get the values of ‘a’ lying in 

Thus a 0(-1, 1). Hence, ã can be found by (13) under the following constraints.

From the relation (13), we write

1 2 3 n-ã² (b  a+2b a²+3b a³+….+nb a +…)=1n

|ã|² (|a|+2|a|²+3|a|³+….+n |a| +…..) >1n

where bracketed series is arithmetico- geometric. So,

(16)

which implies that

  (17)

but ã > 0. Hence, the value of ã >

o iNow, only problem is to find negative root a =a  under the conditions  on c, b  and ã. The requirement

of negative value of ‘a’ has been supported by the following two physical facts.

f’(o)=1 and f’ (4)=0 that is;  f’(ç) is decreasing function of h, so f” (0) <0, and

The infinite series for f(h) converges only for negative value of ‘a’.

Therefore, we restrict the value of ‘a’ in ]-1, 0[. Hence, the series (8) provides a unique solution of

boundary layer flow past a stretched plate under the following conditions on parameters. 

c å (0,1)

, i=1,2,…                (18)

ã >  for a Î]-1, 0[

Heat problem

The boundary layer equation governing the flow of heat between stretched plate and fluid is 

(19)

with boundary conditions
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(20)

o p pwhere K  thermal conductivity, ì is viscosity, C  is specific heat at constant pressure, T  is temperature

4of plate and T  is temperature surrounding fluid.

Since temperature field is varying with y only as suggested by boundary conditions. So the equation (19)

reduces to 

(21)

Now, defining dimensionless temperature as

(22)

and changing the independent variable y to h together with substitution for v from the equation (5), we have

(23)

where Pr is Prandtl number, and now  boundary conditions as

(24)

Integrating the equation (23), we have

(25)

Putting the expression for f from the equation (8), we have

(26)

Again integrating from ç to 4, we have

Using boundary conditions (24), we have

(27)
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In (27) both the series  and  are convergent for any ,

and . Let the sum of these series be  and  at some  respectively, then

equation (27) becomes

(28)

for   and .

Nusselt number

Discussion and conclusions

The analysis done so far to seek the solution of boundary layer flow past a stretched plate in terms of

infinite series form enables us to verify the convergence of series appeared for f(h). We apply ratio test as 

n+1 n nas n ÷4 , only when b  < b  i.e. {b } is monotonically decreasing sequence. Therefore,   

f(ç)=    

represents the solution if the parameters satisfy the following conditions. 

c å  (0,1),

1 i i ib  =1, b >0 but b  å(0,1), i=2,3,4,… and {b } is monotonic decreasing sequence, and 

ã >  for a å(-1,0).
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In the light of conclusion 1, one can find the value of 

(29)

so that this boundary value problem be converted into the following initial value problem as:

o(ç) + u  k f  = 0

ç=0, f=0, =1, =l

where ã can be calculated  under the prescribed conditions on g, bi and a, as the sum of infinite series given

in the equation (29). 

Under the following conditions 

(i)  cå(0,1),

1 i i ib =1, b >0 but b  å(0,1), i=2,3,4,…. and {b } is monotonically decreasing sequence, and  å >  for a

å(-1,0),

we can prove the convergence of f(ç) = . by proving the convergence of alternating series

. For

n+1 n+1  n ni) u  = b  a  e < b  a  e = u  " nn+1 -(n+1)ãç n -nãç

and,

n nii) u = b  a  e =0. Therefore, by Leibnitz test, series  is convergent. Hence, f(ç) =n –nãn

 is convergent.

Temperature field is a function of Prandtl number Pr. As Prandtl number increases temperature field

decreases , i.e. Pr suppresses heat transfer. 

Nusselt number gets accelerated by Prandtl number Pr. This rssult is in agreement with  result of Naseem

Ahmad and A.Mubeen (1995) and N.Ahmad, G.S.Patel and B.Siddappa (1990).
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