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ABSTRACT

Objectives: In this paper, the temperature distribution in the flow of a viscous incompressible fluid caused by the
stretching sheet with uniform heat flux has been discussed. Methods/Analysis: The combination of Elzaki Transform and
Homotopy perturbation method is applied for finding the solutions. Findings: The series solutions for velocity and
temperature distribution are achieved by this method. Novelty/Improvement: The series solutions are obtained for the non
linear equations caused by temperature field over a stretching sheet and the results are compared with the exact solutions,
this method is seen as a better alternative method to some existing techniques for such realistic problems.
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1. INTRODUCTION

The flow and heat transfer of a viscous
incompressible fluid in a channel has applications in
technological fields, heat exchanger, reactor cooling etc.
All these investigations are restricted to hydrodynamic
flow and heat transfer problems, recently these problems
have become more important to industry. Due to its wide
range of applications, the stretching sheet problems have
been studied by a number of researchers. Most solutions
available are based on numerical techniques such as Keller
box method, Runge Kutta method and finite element
method. Datta er al [1] discussed the incomplete gamma
function to study the behavior of temperature distribution
over a stretching sheet. Pradhan et al [2] studied the MHD
boundary layer flow over a nonlinear stretching sheet
using implicit finite difference scheme. Noor et al [3]
solved the higher dimensional initial boundary value
problems by Variational Homotopy Perturbation method.

In this method the solution is given in an infinite
series usually converging to an accurate solution. There
are few investigators who have tried to study the flow of
fluid over a stretching sheet and their behaviour under
different conditions. Promise Mebine [4] introduced the
boundary layer flow over an exponentially stretching
surface by VIM Pade’s method. Sarif et al [5] used Keller
Box method to find the numerical solution of flow and
heat transfer over a stretching sheet. Pallavi and Bhuma
Devi et al [6] discussed the applications of Elzaki
transform method to ordinary differential equations and
partial differential equations. Sushila et al [7] studied an
efficient analytical approach for MHD viscous flow over a
stretching sheet via homotopy perturbation sumudu
transform method. Elzaki Tarig et al [8] considered Elzaki
and Sumudu transform for solving some differential
equations. Elzaki Tarig et al [9] studied the connection
between Laplace and Elzaki transforms. Prem Kiran et al
[9] analyzed the porous medium equation using Elzaki
transform homotopy perturbation method. A broad range
of analytical and numerical methods have been used in the

analysis of these stretching sheet models. An effective
method is required to develop the analytical models to
study the behaviour of stretching sheet which provide
solutions conforming to physical reality.

The aim of this paper is to investigate the velocity
and temperature distribution in the flow of a viscous
incompressible fluid caused by stretching sheet behaviour
using ETHPM and comparing with the exact solutions.

2.ELZAKI TRANSFORM
PERTURBATION METHOD (ETHPM)

Consider a general nonlinear non-homogenous
partial differential equation with initial conditions

HOMOTOPY

Du(x,t)+ Ru(x,t) + Nu(x,t) = g(x,t)
u(x,0) = h(x),u,(x,0) = f(x)

ey

where D is the linear operator of order two, R is linear
D,N is the

general nonlinear differential operator and g(x,?)is the

differential operator of less order than

source term.
Applying the Elzaki transform on both sides of
equation (1) and inverse Elzaki transform, to find

u(x,1) = G(x,t) — E” (v E[Ru(x,1) + Nu(x,1))) ®

where G(x,t) represents the term arising from the source

term and the given boundary conditions.
Now the nonlinear term can be decomposed as

Nluten]=> p"H, @) )

n=0

Where H (1) are given by
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n=0

H, (g, uy......... un)—la {N(Zpiuiﬂ ,n=012,..... @)
p=0

n=0

Comparing the coefficient of like powers of p, the
following approximations are obtained.

po tuy(x,1) = G(x,1),
P, (xt) = —E [ E[Ruy (x.0) + Hy ()]
Py (x,0)=—E" [VZE[Rul(x,t) +H, (u)]]

Then the solution is
u(x,t) =ug (x,1) +u, (X,1) + 1ty (X,1) + oo, )

3. MATHEMATICAL FORMULATION OF THE
PROBLEM

Assuming boundary layer approximations, the
equations of continuity, momentum and heat transfer in
the usual notation are

ou Ov

a + 5 = 0 (7)
ou ou 0’u

Uu—+v—=v—7 (8)
ox Oy oy®

or or v o'T
U—+v—=—
ox oy ooy’

€))

where u and v are the velocity components in the x and y
directions respectively, O is the Prandtl number and V is
the kinematic viscosity.

Subject to the boundary conditions

u=ax,v=0,—/la—T=A' aty=0
oy

u—>0,T—>T, as y—>o (10)

Define a stream function

y=—(av)"*xf (), n=(a/v)"?y (11)

u=axf' (), v=—av)" f(n) (12)

4. SOLUTION OF THE PROBLEM
Substitution of equation (10), (11) & (12) in
equation (8) & (9) gives

Zp”un i) = Gx.f) p|:E—l {sz(;pnun (x,1) + ;ann (u)jﬂ (5)

f2—ff =" (13)
g"'(m+aof(mg'(m=0 (14)
Subject to the boundary conditions

fO)=0, f'(0)=1, f'(=)=0 (15)

8'(0)=-1g(0)=0
(16)

In this section, we mainly solve our equation (13)
and (14) with boundary conditions given in (15) and (16),
by Elzaki transform Homotopy perturbation method.
Taking Elzaki transform of equation (13) & (14) on both
sides, we get

E(fop)=u’+au' +’E((f) - ") (17)

E(g(p)=u® —u’ —ou’ f (g () as)

__an Al sp N om N
f=n+= +P{E [u E{;p H, () ZHm(n)m (19)

m=0

gm=1-n—poE” [MZE(ZP’"H,“ (ﬂ)D
m=0 (20)

Where H, () and H (1) are He’s polynomial that
represents the non linear terms

S p"H, ) = (f ()?

m=0

H,() = (f,)> (1)
H, () =2(f, ) f, (1)

H, () = () ) + 21, () f (1)
And for H, (77) , we find that

S P H, ()= FaDf )
Ho(m) = fo(Df o
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H ()= fof 1+ [, f o)
Ha2(n) = f,(f 2+ LG f D+ £, f o)

Comparing the coefficient of like powers of p, we get
2

(24
P o=+ =]

PV fan) = E7 P ElH () - H o (p|
P £, =EVEH,0p-H (|

2 3 4 2.5

an” n’  an'  a’n +a776

2.7 3.8
an a'’n

2

an
2

PV fom=n+

3

a 4 aZ 5
p“):fl(n)=%+—77 +=L

24 120
5 6 217 3 8
@) . n ar an a’n
: =1 4 +
P D = e s T 5040 T 40320

The series solution is given by

f@)=lim f,

2 310 4. 11
a’n’ a'’n a'n

=n+—
fn=n 2 6 24 120 720

P gy =1-n
0773 0_0”74
(1): = +—
Y

The series solution is given by
g(n) =limg,
n—»0

3

on’  oun'

5 2.6 6 2 6 2.7 2.7
o oo (o4 oo oo
Lon° o oup” otan” own'  ou’n

+ + + + +
5040 40320 362880 3628800 39916800 Q1)

=l-n+ +
SO = T 0 T a0 T 720

RESULTS AND DISCUSSIONS

Table-1. The comparison of the values obtained for
f(n7) by the ETHPM with the exact solution

_l_
72 504 5040 22)

Table-2. The comparison values obtained for heat flux
g ' (77) by the ETHPM with the exact solution when
Prandtl number o =1

Exact solution ETHPM Exact solution ETHPM

1 £ 7 S U g () U g ()
0.1 0.0952 0.1 0.0997 0.1 20.9952 0.1 -0.9952
0.2 0.1813 0.2 0.1993 0.2 20.9815 0.2 20.9814
0.3 0.2592 0.3 0.3000 03 -0.9600 0.3 20.9601
0.4 0.3297 0.4 0.4026 0.4 -0.9321 0.4 -0.9330
0.5 0.3935 0.5 0.5081 05 -0.8990 0.5 20.9023
0.6 0.4512 0.6 0.6175 0.6 -0.8617 0.6 08711

From the Table-1 it is clear that the numerical
values are presented for ETHPM and exact method.
Therefore by observing the results obtained by ETHPM
and exact solution method we found that the series
solution obtained by ETHPM converges faster than the
exact solution in the studied case.

Table-2 shows that the numerical computation of
these values is used to study the effect of heat flux with
assuming that Prandtl number one. ETHPM results
coincide with exact solution results for temperature
distribution. Numerical results show that the ETHPM
solution are good approximations for the exact solution
and reduces the computational work. We find that
agreement is perfectly good.

6. CONCLUSIONS

The main aim of the present work is to
demonstrate the combination of new integral transform
Elzaki Transform and Homotopy perturbation method for
temperature flow over a stretching sheet with heat flux and
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provides series solution. Numerical values are presented in
the table. The obtained results of velocity and temperature
distribution showed good agreement with the exact
solution .The results suggest that the solutions are very
close to exact solution and more efficient by Elzaki
Transform Homotopy Perturbation method (ETHPM).

REFERENCES

(1]

(2]

Dutta BK, Roy P, Gupta AS. 1985. Temperature in
flow over a stretching sheet with uniform heat Flux.
International Communications in Heat and Mass
Transfer. 12(1): 89-94.

Satish Desale V, Pradhan VH. 2013. A study on MHD
boundary layer flow over a non linear Stretching
Sheet wusing implicit finite difference method.
International journal of Research in Engineering and
Technology. 2(6): 287-291.

Noor MA, Mohyud Din ST. 2008. Variational
homotopy method for solving higher dimensional
Initial boundary value problems. Mathematical
Problems in Engineering. ID696734.11p.

Promise Mebine. 2014. On VIM-Pad’e method for
boundary layer flow over an exponentially Stretching
surface. International Journal of Scientific and
Innovative Mathematical Research. 2(3): 313-321.

Sarif NM, Sallegh MZ, Nazar R. 2013. Numerical
solution of Flow and heat Transfer over a stretching
sheet with Newtonian heating using Keller Box
method. Procedia Engineering. (53): 542-554.

Pallavi chopade P, Bhuma Devi S. 2015. Applications
of Elzaki Transform to ordinary differential Equations
and partial differential equations. International Journal
of Advanced Research in Computer science and
software Engineering. 5(3): 38-41.

Sushila A, Jagdev Singh, Shishodia YS. 2013. An
efficient analytical approach for MHD viscous flow
over a stretching sheet via homotopy perturbation
Sumudu transforms method. An Shams Engineering
Journal. 2(40): 549-555.

Elzaki Tarig M, Elzaki Salih M,Eman Hilal MA.
2012. Elzaki and Sumudu transform for solving some
differential equations. Global journal of pure and
applied mathematics. 8(2): 167-173.

Elzaki Tarig M, Elzaki Salih M. 2011. On the
connection between Laplace and Elzaki transforms

Advances in theoretical and applied Mathematics.
6(1): 1-10.

[10]Prem Kiran Bhadane. G, Pradhan VH. 2013. Elzaki

transforms homotopy perturbation method for solving
porous medium equation. International Journal of
Research in Engineering and Technology. 2(12): 116-
119.

6715



