Journal of Advances in Mathematics and Computer Science

32(5): 1-7, 2019; Article no.JAMCS.48928
ISSN: 2/56-9968

(Past name: British Journal of Mathematics & Computer Science, Past ISSN: 2231-0851)

Homotopy Analysis Decomposition Method for the
Solution of Viscous Boundary Layer Flow Due to a
Moving Sheet

S. Alao'", R. A. Oderinu', F. O. Akinpelu' and E. I. Akinola®

1Department of Pure and Applied Mathematics, Ladoke Akintola University of Technology, PMB
4000, Ogbomoso, Nigeria.
2Department of Mathematics and Statistics, Bowen University, Two, Nigeria.

Authors’ contributions

This work was carried out in collaboration among all authors. All authors read and approved the
final manuscript.

Article Information

DOI: 10.9734/JAMCS/2019/v32i530157

Editor(s):

(1) Dr. Octav Olteanu, Professor, Department of Mathematics-Informatics, University Politehnica
of Bucharest, Romania.

Reviewers:

(1) Abdullah Sonmezoglu, Yozgat Bozok, Turkey.

(2) Aliyu Bhar Kisabo, National Space Research and Development Agency, Nigeria.

(3) Sher Muhammad, CECOS University of IT and Emerging Sciences, Pakistan.

Complete Peer review History: http://www.sdiarticle3.com/review-history/48928

Received: 20 March 2019
Accepted: 23 May 2019
‘ Original Research Article Published: 10 June 2019

Abstract

This paper investigates a new approach called Homotopy Analysis Decomposition Method
(HADM) for solving nonlinear differential equations, the method was developed by incorporating
Adomian polynomial into Homotopy Analysis Method. The Adomian polynomial was used to
decompose the nonlinear term in the equation then apply the scheme of homotopy analysis
method. The accuracy and efficiency of the proposed method was validated by considering
algebraically decaying viscous boundary layer flow due to a moving sheet. Diagonal Pade
approximation was used to get the skin friction. The obtained results were presented along with
other methods in the literature in tabular form to show the computational efficiency of the new
approach. The results were found to agree with those in literature. Owing to its small size of
computation, the method is not affected by discretization error as the results are presented in
form of polynomials.
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1 Introduction

Fluid is a substance that yields readily to any force that alters its shape; thus, it conforms to the
configuration of a containing vessel. Fluids are either in liquid, gaseous or solids form. The study
of laminar boundary layer flow of an incompressible fluid has several importance in science and
engineering applications such as cooling of an infinite metallic plate in a cooling bath, glass and
polymer industries, aerodynamics extrusion of plastic sheets, the boundary layer along liquid film
condensation process [1]. The earliest work was dated back to Sakiadis [2] to solve the problem of
forced convection along an isothermal constantly moving plate. Since the analytical solutions for
these set of nonlinear problems are difficult, an approximate methods for solving them have been
getting concentration. Among the methods are Adomian decomposition method [3,4], homotopy
analysis method [5,6,7], variational iteration method[8,9], homotopy perturbation method [10,11],
weighted residual method [12,13], and their respective modifications have been equally implemented
to increase convergent rate or for better understanding. One of our aim is to incorporate the well
know Adomian polynomial into homotopy analysis method to have better understanding of HAM
that requires repetition of summations when dealing with strongly nonlinear equation, and secondly
to check the behavior of the skin friction by using Pade Approximants. Pade approximants as
proposed by Henri Pade [14] have largely be used by several authors [1,15,16,17]. It is the ratio of
two polynomials constructed from the coefficients of the Taylor series expansion of a function. It
often provide better approximation of a function than Taylor Series truncating does, and it may still
work in cases where the Taylor Series does not converge. For these reasons, Pade approximants are
used extensively in computer calculations and it is now well known that these approximants have
the advantage of being able to manipulate polynomial approximation into the rational functions of
polynomials. More importantly, the diagonal approximants are the most accurate approximants,
therefore we will construct a diagonal approximants throughout this study. Using the boundary
conditionf’(co) = 0, the diagonal approximants [M/M] vanish as the coefficients of numerator
vanish with the highest power of 1. Choosing the coefficients of the highest power of 1 equal to
zero, then solving for the assumed value o using Maple 18 software.

2 Homotopy Analysis Decomposition Method

Consider the scheme [5]

Un(z) = XxmUm—-1(z) + h/ox R Um—1(x)dz h#0 (1)

0 m<1 m—1 -
Xm = {1 Sy RwUnr = gty T gm0 = LUno1 + RUnm1 + NUny

§R'mUvrnfl - LUmfl + RUmfl + NUmfl (2)
Replacing the second term on right hand side of equation (1) by equation (2) gives

U (@) + XmUnm—1() + h / (LUm—1 + RUp—s + NUn_1)da 3)
0

LU,,—1is the linear operator, RU,,—1is the remaining of the linear operator, NU,,—_; is the nonlinear
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part being replaced with A,,—1 known as Adomian polynomial and the new scheme was obtained
as

U (@) + XomUnm—1 () + h / (LUn—1 + RUps + Ay} )
0
Where
1 amt =
Am— = An n )=
P oy et 2 U (5)

The integral in equation (4) depends on the highest derivatives present in the given problem.

3 Application of Homotopy Analysis Decomposition
Method

Many analytical and numerical techniques have been described by various authors to solve many
boundary layer problems in fluid dynamics. Authors such as Liao applied homotopy analysis
method[5], Noor and Mohyud-Din used modified variational iteration method [18], Khan and Faraz
applied modified Laplace decomposition method[1], Khan and Smarda also used modified homotopy
perturbation transform method[19] for the solution of third order boundary layer equation on semi-
infinite domain. Liao [5] presented the semi-infinite boundary layer equation as

)+ (k= 1) f(m)f" (n) — 2kf?(n) =0
f(0)=0f(0)=1f(c0)=0 k>0 (6)

In equation (6), the initial condition at the second derivative is missing which we have to find by
representing it as f”(0) = a with the help of Pade approximation.

Using the proposed method, equation (6) gives
K K m m " 12
=t [ [T 87 k= 077 = 20f ddny > 1 (7)
o Jo Jo

Identifying the nonlinear parts as

1 dm,1 m—1 ; m—1 ;
Am—1 = fm—lf#hl = mw[Z(sz ) Z(fi”/\ )r=o0 (8)
’ i=0 i=0
2 1 Ty iN2
Bp-1=fm1= Wd)\m—l[ (fix") Ir=0 9)
: i=0
And decomposing them as
Ao = fofy Bo = f¢’
A1 = fofl' + fLfd Bi =2fyfi
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As = fofs + fifi + fofd By =2f3fs+ f1°
A = fofs + fufs + fafi' + f3fd  Bs=2fof3+2f2f1

From the boundary conditions of equation (6) with assumed constraint f”/(0) = «, initial approxima-
tion was computed using Maclaurin’s series as

2

f0:77—|—a%

Subsequent values of f was generated by repeatedly substituting equations (8 and 9) into equation
(7) to obtain

(10)

fi = ghn' + (gha+ graln’ + (jgka® + oo’ (1)
f2 = (g5k + 55k"0” + (zi50 + gohka + 255k 0)n° + (555507 + moka® + 555k a™)n” +
(7o3300” + geoke’ + s k”a®)n® (12)
F) =n+a% + Lk + (tka + La)n' + (5ka® + th5a® + Sk + k%)n°
+ (oo + goka + F55k e)n° + (55550° + moka® + 555k 0" + 35k + g5k + g5k’
+ (q0530@” + geoka” + mggh®0” + qopge ke’ + 5k a + Fagka + s a)n”
+ (353530 K " + ek’ 0" + 553550 k0" + s3ea0k" + s3cs0k” + 370k + 50" T 30960 )0+ (13)

Equation (13) is the partial solution of equation (6) because it contains the assumed constant
a. To obtain the numeric value of «, the condition f’'(co) = 0 was imposed via the diagonal Pade
approximation [M/M] that vanish after dividing through with the highest power of 7. Equating the
coefficient of the highest power to zero, gives a polynomial equation solvable for a for any numeric
value of k. The assumed f”(0) = a was then obtained.

Table 1. Comparing the numerical values of f”(0) = a obtained by HADM with

MHPTM and MLDM for equation (6)

k Pade Approximations HADM MHPTM][19] MLDM][1]
0.2 2/2 —0.3872983347 —0.3872983347 —0.3872983347
3/3 —0.3821533832 —0.3821533832 —0.3821533832
4/4 —0.3819153845 —0.3819153845 —0.3819153845
5/5 —0.3819148088 —0.3819148088 —0.3819148088
6/6 —0.3819121854 —0.3819121854 —0.3819121854
0.3 2/2 —0.5773502692 —0.5773502692 —0.5773502692
3/3 —0.5615999244 —0.5615999244 —0.5615999244
4/4 —0.5614066588 —0.5614066588 —0.5614066588
5/5 —0.5614481405 —0.5614481405 —0.5614481405
6/6 —0.5614419340 —0.5614419340 —0.5614419340
0.4 2/2 —0.6451506398 —0.6451506398 —0.6451506398
3/3 —0.6397000575 —0.6397000575 —0.6397000575
4/4 —0.6389732578 —0.6389732578 —0.6389732578
5/5 —0.6389892681 —0.6389892681 —0.6389892681
6/6 —0.6389734794 —0.6389734794 —0.6389734794
0.6 2/2 —0.8407967591 —0.8407967591 —0.8407967591
3/3 —0.8393603021 —0.8393603021 —0.8393603021
4/4 —0.8396060478 —0.8396060478 —0.8396060478
5/5 —0.8395875381 —0.8395875381 —0.8395875381
6/6 —0.8396056769 —0.8396056769 —0.8396056769
0.8 2/2 —1.007983207 —1.007983207 —1.007983207
3/3 —1.007796981 —1.007796981 —1.007796981
4/4 —1.007646828 —1.007646828 —1.007646828
5/5 —1.007646828 —1.007646828 —1.007646828
6/6 —1.007792100 —1.007792100 —1.007792100
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Table 2. Comparison of the numerical value of f”(0) obtained using Pade
approximation [3,3] by HADM with MHPTM and HPM with different values of k for
equation (6)

K HADM HPM [20] | MHPTM [19]
1 ~2.500032047 | -2.55680000 | -2.483954032
10 | -4.020346666 | -4.04760000 | -4.026385103
100 | -12.89217544 | -12.85010000 | -12.84334315
1000 | -40.65498834 | -40.65560000 | -40.65538218
5000 | -90.91552836 | -90.91270000 | -104.8420672

Table 3. The [m,m] HAM and HADM with Pade approximation of f”(0) when k = %
for different values of m for equation (6)

m | HAM-Pade Approximation[5] | HADM-Pade Approximation
2 -0.5609771 -0.57735026
4 -0.5613269 -0.56145074
6 -0.5616108 -0.56144919
8 -0.5614565

10 -0.5614484

12 -0.5614489

14 -0.5614449

16 -0.56144923

18 -0.56144923

20 -0.56144919

4 Discussion of Results

Series solution was obtained using the new approach. The obtained solution was subjected to
diagonal Pade approximants to handle the boundary condition at infinity in order to get the
skin friction as presented in the tables. Table 1 presents the numerical results of the proposed
method in comparison with the following methods: Modified Homotopy Perturbation Transform
Method (MHPTM) and Modified Laplace Decomposition Method (MLDM). The comparison shows
agreement with the aforementioned methods. However, the proposed method has an advantage
over MHPTM and MLDM because they have been modified thrice and twice respectively. Also,
the proposed method converges faster when each iterations was compared. For higher values of
k, Table 2 presents the proposed method in comparison with Homotopy Perturbation Method
(HPM) and MHPTM using Pade approximant [3/3]. [5] gave the exact solution at k = 1 to be
1(0) = —0.56144919 using Homotopy Analysis-Pade approximation of [20/20] and an exact result
was obtained at Pade approximation of [6/6] that give rise to Table 3.

5 Conclusion

In this paper, we have applied homotopy analysis decomposition method to solve non linear
boundary layer equation in an unbounded domain.The obtained results were compared with other
methods to validate the accuracy of the new approach as shown in the results. The new approach
(HADM) is also valid for other nonlinear differential equations.
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