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In this paper, we apply optimal homotopy asymptotic method (OHAM) to compute an approximation to
solve the problem of forced convection over a horizontal flat plate. We investigate in this work, that
OHAM, being independent of free parameter, provides greater accuracy and yields a good agreement.
Moreover, its convergence domain can be easily adjusted and controlled, which shows that OHAM is
more effective and easy than the other approximate method.
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INTRODUCTION:

Most scientific problems, such as heat transfer, are
inherently nonlinear. Most scientists believe that only a
limited number of these problems can be solved,;
otherwise, most of them cannot be solved analytically by
using traditional ways. Therefore, these nonlinear
equations should be solved using other methods. Some
of them are solved using numerical techniques. In the
numerical method, stability and convergence should be
considered so as to avoid divergence or inappropriate
results. In the analytical perturbation method, we need to
exert the small parameter in the equation (Nayfeh, 1985).
Therefore, finding the small parameter and exerting it into
the equation are difficulties of this method. Since there
are some limitations with the common perturbation
method, and also because the common perturbation
method based on upon the existence of a small
parameter, developing the method for different
applications is very difficult. Therefore, many different
powerful mathematical methods, such as artificial
parameter method, have been recently introduced to do
away with the small parameters. A thorough review on
these methods is given by He (2006). There also exist
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some analytical approaches, such as Adomian
decomposition method, the KBM method, Lindstedt-
Poincare method, elliptic perturbation method, the
homotopy perturbation method by He (2006, 2005) and
the variational iteration method by He (2005, 1998). One
of the semi-exact methods is the homotopy perturbation
method (He, 1999, 2000, 2006, 2005; Ganji and Sadighi,
2006; Rafei and Ganiji, 2006; Siddiqui et al., 2006a, b;
Beléndez and Hernandez, 2007). The applications of
these methods in different fields of nonlinear equations,
integro-differential equations, fluid mechanics and heat
transfer have been studied in Cai et al. (2006), Cveticanin
(2006), El-Shahed (2005), Abbasbandy (2006), Ganiji and
Rafei (2006) and Ganiji (2006).

In this paper, we apply optimal homotopy asymptotic
method (OHAM), which is a development on homotopy
perturbation method (Marinca and Herisanu, 2010), to the
problem of forced convection over a horizontal flat plate
for finding the approximate solution. The OHAM is valid
not only for small parameters, but it has validity and great
potential also for solving nonlinear problems in science
and engineering. The method has been used by many
authors including some of the above in a wide variety of
scientific and engineering applications to solve different
types of governing differential equations: Linear and
nonlinear, homogeneous and non-homogeneous, and
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coupled and decoupled as well.

BASIC IDEA OF OHAM

The basic idea of OHAM was studied by several authors
(Marinca and Nicolae, 2008; Marinca et al.,, 2008;
Herisanu et al., 2008; Marinca and Nicolae, 2009; Islam
et al., 2010; Ali et al., 2010; Idrees et al., 2010a; Idrees et
al., 2010b; Idrees et al., 2010c; Ali et al., 2010; Shah et
al.,, 2010). We applied the OHAM to the following
differential equation:

L(u(x))+g(x)+ N(u(x)) =0, B(u,d—u) =0.
dx (1)

Here L is a linear operator, X denotes independent
variable, U(x) is an unknown function, g(X) is a known

function, N is a nonlinear operator and B is a
boundary operator. According to OHAM a deformation
equation is constructed:

(A= PIL(F(x, p)+ g ()] = H(P)[L(A(X, p) + g(x) + N(£(x, p))], )

B[sﬁ X, p ,w]:o’

where pe 0,1 is an embedding parameter, H(p) is a

auxiliary p=0 and
H(0)=0,¢ X, p is an unknown function. Obviously,

nonzero function for

unknown function

for p=0and p=1 the
holds¢g X,0 =u, X and ¢ X,1 =u X , respectively.

Thus, as p varies from0 to 1, the solution @(X, p)
varies from U, (X) to the solutionu(X) , where U,(X) is

obtained from Equation (2) for p=0:

L u x +g(x)=0, B(uo,‘jj‘;f’j=o. 3)

We choose auxiliary function H p in the form
H p, C, =pC,+pC,+.. , (4)

where C,,C, ... are constants to be determined latter.

For solution, expanding ¢ X, p,C, in Taylor's series

about p , we obtain:

0

¢ x,p,C; =u, x +> u, x,C; p“ =123
k=1

(%)

Now substituting Equation (5) into Equation (2), and
equating the coefficient of like powers of p, we obtain the
following linear equations.

Zeroth order problem is given by Equation (3), and the
first and second order problems are given by the
Equations (6) and (7), respectively:

B[ul, O(';iljzo, (6)

-Lu x =C,N; u, X +

L u x =CN,u, x

Lu, x

)
Cl[L u X +N; u, x,u X ] B(uz,%jzo.

The general governing equations for u, X are given by:

Lu x

k-1

ZCi[L U X +N,_ Uy X ,U X ,.,U_ X ] ®)

B(uk,dij=0
dx

where N U, X ,U X ,..,U_; X

-Lu, x =C/ N, u, x +

is the coefficient

of p"in the expansion of N ¢ X, p,C,  about the

embedding parameter .

N ¢ x,p.C =Ny Uy X +> Ny Uyl P (9)

m=1

It has been observed that the convergence of the series
(5) depends upon the auxiliary constantsC,,C, ... . If it is

convergent at p=1, one has

=U, X Jrzllui X,C,Cy,...,C,. .
- (10)

0 %C,C,...C

m

Substituting Equation (10) into Equation (1) (general
problem), it results in the following residual:

R x,C,C,...C, =L((x,C,C,...C,))+a(x)+N((x,C,C,,..C.))
(11)

If R=0,then 0 will be the exact solution. Generally it
does not happen, especially in nonlinear problems.

For the determinations auxiliary constants of C; for i=1,
2, ....m, we choose a and b in a manner which leads to
the optimum values of C,, s for the convergent solution of



the desired problem. There are many methods like
Galerkin’s method, Ritz method, collocation method to

find the optimal values of C; for i=1, 2, ....m. We apply
the method of least squares as under:

b
J C.C,,...C, =[R* xC,,C,,....C

a

dx,

(12)

where, Ristheresidual, R=L g +g(x)+N g and

9 _a_ A g (13)
oC, ocC, oC

m

where a and b are properly chosen numbers to locate

the desiredC;(i=12,..,m) . With these constants

known, the approximate solution (of orderm) is well-
determined.

GOVERNING EQUATIONS

Boundary layer flow over a flat plate is governed by the
continuity and the Navier-stokes equations. Under the
boundary layer assumptions and a constant property
assumption, the continuity and Navier-stokes equations
become (Kays and Crawford, 1993):

N Ny, (14)
ox oy

2
ua—u+v6u——£d—p+vau+g,8 T-T, . (15)

ox oy  pdx  oy?

Under a boundary layer assumption, the energy transport
equation is also simplified.

oT oT v
U—+V—=a—

ox oy oy?

From Equations (15) and (16), the solutions of the energy
and momentum equations are coupled. However, the
bouncy force may be neglected if there is a pressure
gradient perpendicular to the gravitational force. Thus, in
the case of the forced convection over a horizontal flat
plate, the solution to the momentum equation is
decoupled from the energy equation. However, the

(16)

1_p f”r+pfr”+p2fr”+p3f”r
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solution of the energy equation is still linked to the
momentum  solution. The following dimensionless
variables are introduced in the transformation given by

Y Re??, (17)

§|||

0 = 2. 18
1Ty (18)

where & is non-dimensional form of the temperature and
the Reynolds number is defined as:

u_x
Re=——. (19)

\"
Using equations (14) through (18), the governing
equations can be reduced to two equations where f isa

function of the similarity variables 77 :

f”’+%f f7=0, 59”+%f¢9’=01 (20)

where ._ 1 and f is related to the velocity U is
pr
given by
fro YU (21)
u

0

The reference velocity is the free stream velocity of
forced convection. The boundary conditions are obtained
by considering the similarity of variables. By using the
forced convection technique presented in Kays and
Crawford (1993) and Esmaeilpour and Ganji (2007), we
have

6 o =0 (22)

f 0 =0, f' 0 =0,

OHAM SOLUTION FOR FLOW OVER A FLAT PLATE

Here, we apply the OHAM to nonlinear system (20)
consisting of ordinary differential equations. According to
the OHAM, we can construct a homotopy of system (20)
as follows:

f r”r + pf e + p2 f 4 + p3 f 4 (23)

= pCc + p2C2 + p3C3 +£
2

f+ pf +p?f+p3f

f”+pf”+p2f”+p3f”
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and

1-p e 0'+pd"+p’0"+p’e
g 0"+ p0"+p’0" + p°o"
= e, +ple, + ple

’

+% f+pf+p*f+p*ft 0+pd+pd+p'o
(24)

We consider f and @ as the following:

f = f,+ pf,+ p2f, + p>f, +...... }
O =06, + po, + p?O, + p°0, +....... 25)

Considering f;"=0, 6," =0 and substituting f and &

from Equation (25) into Equation (24) and after
simplification and rearranging depends on powers of p-
terms, we get:

1 n 1 n 1 " m m m m
-—c,ff, —=c f,f, —=cf f —c,f, —f —cf +f,;
2 2 2 2
p - 1 ! 1 1 1 ! n " " n
_ECZ f,0, —Eclfﬂo _Ecl f,0, —¢€C,0, —&b, —ec6, + 6,
(30)
f,0=0 f,0=0 f =0 60=0 6 o-=0 (31)
1 " 1 n 1 " 1 " 1 n
_Ecsfofo _Eczf1fo _Ec1fzf0 _Eczfofl _Ec1f1f1
1 n m m m m m
. _quofz _Csfo _CZfl _fz _lez +f3 ;
p =
1 1 1 1 1 /
_Ecs fobs _Ecz fi6 _E(‘queo _Ecz f& _Ecl f,6)
1 ! " " n " n
—Eclfoﬁz —&C0, —¢C6, —¢b, —ec O, +¢eb, (32)

f,0=0 f,0=0 f «=0 60=0 6 =0, (33)

By solving Equations (26) to (32) with boundary

p° = fo”’ , €0, (26) conditions (27) to (33), we get:
' ' 2
00 {00 K=<l 0-0 Gu-0 o o 0
10 (34)
1 1
1 " m m m ! n " "
p=-=cff —f —cf -1 ;-=cf b -¢6, —ecl, +¢6
20100 o Gl -1 PR 0 1Y% 1 _—62577201+2775C1
(28) . 12000 (35)
(0=010=0 fw=l §0=0 6x=0 (1 (-1050000p"c,+3360n s, ~6437500 G ~140r°
2 20160000 | +11°c;? ~10500007%c, + 336077°C,
(36)
 554400000772c, +17740807,°c, — 679800000772C, 2
. 147840,,5c,2 +116167,%°c,2 —14688375772C,°
1 5 3 8 3 e 3 _ 2

fo — soeo— e | —7256707,°¢,® + 25417;%¢,° + 207;'c,* — 554000007;°¢c, ;

+177408077°c, — 6798000007;2c,Cc, — 14784077°C,C., (37)

+116167,°c,c, — 554400000772c, + 17740807,5C,

Put Equations (34) to (37) in Equation (38), we get:
f="f+f+f+f; (38)
¢ _ 777 —625n7c, + 25%, 1 —10500007;%¢, + 33607,°C, — 64375077°C,>
~ 10 12000 20160000 | —1407,5c,2 +1177°¢c,> —10500007,2¢c, + 336077°C,

—5544000007;°c, +17740807;°c, — 67980000077°c,”
—1478407;°c,” +116167;%°c,” —1468837577°c,” — 7256707;°c,*

1
e —
1064480000

+25417;%¢,® + 2077*'c,® — 554000007;°c, +177408077°c,
—67980000077°c,c, —14784077°c,c, +116167;°c,c,

—5544000007;2c, +17740807,°C, (39)
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_1257¢c, —77°c,

O =—— A 1200« 41
5 (40) (41)
1050000s77c, — 8400s=s77%c, + 781257;c,7
o 1 565625702 + A37577C,2 — A025=77"C,>
®  10080000=2| —A40=77"¢,2 — A=77"c,2 +1050000=77C,, (42)
—8400=77""C,,

3780000000« 277¢, — 30240000s£2774c, + 562500000 s77¢2

+4072500000<£277¢c2 +31500000&77%c2 — 28980000£2774c?

—288000£77°c? — 28800£277°c2 — 22460937577¢F

+363281250g77¢2 +862812500£2%77¢c2 +11718757%c?

o — 1 +16031250s77%c? — 4833750£277¢2 + 75000777 c? —130500£777c?
°  36288000000=° | —13800s2777c® —5607;,'°c? —168£77°°c® — 22=27,°¢3

+3780000000s277¢c, —30240000£277%c, + 562500000<=s77C,C,

+4072500000=?7;¢,c, +31500000£77%c,C, — 28980000=27,%C,C, (43)
—288000£777¢,c, — 2880072777 c,c, + 3780000000=27,C,
—30240000=277%c,

0=6,+6,+6,+6, Put Equations (40) to (43) in Equation (44), we get:

(44)
577 " —1257;c, —77°c,

5 1200s&
1050000«£77c, — 8400s&77%c, + 7812577¢,2
+565625=77c,° + 437577%c,” — 4025=77"¢,”
—A40&77°¢c,®> —4e77°¢c,> +1050000&77¢c, — 8400&77%C,

O —

N 1
10080000=2

3780000000=7%77¢c, — 30240000£7%77%c, + 562500000£77C
+4072500000=%77¢? + 31500000£77%c — 28980000£777%¢/
—288000=77"c? — 28800=27;7c? — 2246093757¢% + 75000777 c3
1 —130500£777c? —13800=277"c? — 56077'°c? —168=7,"°c?
+ 36288000000=° —22£%77"%c? + 3780000000=%77¢c, — 30240000=777%C,
+562500000<£77¢,C, + 4072500000£%77¢c,Cc, + 31500000£77%C,C, (45)
—28980000&7%77%c,c, — 288000s77°c,c, — 288007777 c,C,
+3780000000&7%77Cc,; — 30240000=%77%C,

Using, the method of least square to obtain the unknown ¢, =-0.9874136915279734; ¢, =0.20338113796491977; ¢, = 0.046365760104753885
convergent constants in f :

Substituting these values in Equation (39), we get:

2
f=2Z_ 4 1 617.133557204983477° —1.97482738305594697,°
10 12000
1 195587.073639077027;° — 2770.847391722226377°
20160000\ +10.72484378038597,°

. 1 2.4093150262525799187,2 — 724519.07363907,°
1064480000 | +6546.4374734665957,° —19.254286524093947,*" (46)
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Table 1. The results of OHAM, HPM (Esmaeilpour and Ganji, 2007) and NM (Bejan,

1995) methods for f n .

n f n HPM f 7 Nm f 1 OHAM
0 0 0 0
0.2 0.0069699 0.0066412 0.0065356
0.4 0.0278758 0.0266762 0.0261391
0.6 0.0626959 0.0597215 0.0587927
0.8 0.1113738 0.1061082 0.10445
1.0 0.1738016 0.1655717 0.163024
1.2 0.2498038 0.2379487 0.23437
1.4 0.3391216 0.3229815 0.318277
1.6 0.4414008 0.4203207 0.414454
1.8 0.5561797 0.5295180 0.522526
2.0 0.6828833 0.6500243 0.642019
2.2 0.8208206 0.7811933 0.772368
2.4 0.9691873 0.9222901 0.912911
2.6 1.1270772 1.0725059 1.0629
2.8 1.2935005 1.2309773 1.22149
3.0 1.4674133 1.3968082 1.38781
3.2 1.6477584 1.5690949 1.56093
3.4 1.8335195 1.7469501 1.73989
3.6 2.0237911 1.9295251 1.92378
3.8 2.2178650 2.1160298 2.11172
4.0 2.4153361 2.3057464 2.30291
4.2 2.6162294 2.4980396 2.49668
4.4 2.8211494 2.6923609 2.69246
4.6 3.0314545 2.8882480 2.88982
4.8 3.2494582 3.0853206 3.08845
5.0 3.4786579 3.2832736 3.28806

Again by using, the method of Least Square to obtain the
unknown constants in: 6

5—77 1

O = -+
5 1200

¢, =—-0.9874136915279734, ¢, = 0.20338113796491977, ¢, =0.046365760104753885
Substituting these values in Equation (45), we get:

—123.4267114409966877 + 0.987413691527973477°

1 —195587.07363090770277 +6927.1184793055657;*

.
10080000 | —42.899375121543677"

(47)

i —1.642714790630450277 +1.23497638000201067;°

+
36288000000

(Tables 1 and 2 and Figures 1 to 4.)

Conclusion

In this study, we discussed heat transfer problem with a
small parameter, but the new technique was used to
solve the coupled nonlinear equations. The procedure
has explicit, effective and distinct advantages over the

—178539.2038218162577" + 722.03574465352277,;"°

existing approximation methods. Moreover, the
approximate solution obtained here is valid not only for
weakly nonlinear equations, but also for highly nonlinear
ones.

The convergence and low error is remarkable, clearly
for £ = 1, which represents that the OHAM has a very

high accuracy.
Finally, it has been observed that OHAM reveals very
good agreement with numerical results.
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Figure 2. The comparison of the answers resulted by OHAM, HPM
and NM for ' n .

Table 3. The results of OHAM and HPM (Ganji, 2007), NM
(Bejan, 1995) methods for o n

n f"pnuem " Nnv f' 7 OHAM n & nHPM O np NM 6 1 OHAM
0 0 0 0 0 1 1 1

0.2 0.0696975  0.0664077 0.0653542 0.2 0.9303024  0.9335922 0.934646
0.4 0.1393444  0.1327641 0.130667 0.4 0.8606555  0.8672358 0.869333
0.6 2.088105 0.1989372 0.195832 0.6 0.7911894  0.8010627 0.804168
0.8 0.2778800  0.2647094 0.260673 0.8 0.7221199  0.7352908 0.739327
1.0 0.3462538  0.3297800 0.324945 1.0 0.6537461  0.6702199 0.675055
1.2 0.4135539  0.3937761 0.388339 1.2 0.5864460  0.6062238 0.611661
1.4 0.4793309  0.4562617 0.450488 1.4 0.5206690  0.5437381 0.549512
1.6 0.5430747  0.5167567 0.510975 1.6 0.4569252  0.4832432 0.489025
1.8 0.6042289  0.5747581 0.569345 1.8 0.3957710  0.4252418 0.430655
2.0 0.6622097  0.6297657 0.62512 2.0 0.3377909  0.3702342 0.37488
2.2 0.7164291  0.6813103 0.677819 2.2 0.2835708  0.3186896 0.322181
2.4 0.7663226  0.7289819 0.726977 2.4 0.2336773  0.2710180 0.273023
2.6 0.8113803  0.7724550 0.772174 2.6 0.1886196  0.2275449 0.227826
2.8 0.8511819  0.8115096 0.813057 2.8 0.1488180  0.1884903 0.186943
3.0 0.8854328  0.8460444 0.84937 3.0 0.1145671  0.1439554 0.15063
3.2 0.9140010  0.8760814 0.880976 3.2 0.0959989  0.1239183 0.119024
3.4 0.9369507  0.9017612 0.907886 3.4 0.0630492  0.0882386  0.0921138
3.6 0.9545718  0.9233296 0.930268 3.6 0.0554281  0.0666702  0.0697324
3.8 0.9673977  0.9411181 0.948451 3.8 0.0326022  0.0588819  0.0515487
4.0 0.9762106  0.9555182 0.96292 4.0 0.0237893  0.0314817  0.0370799
4.2 0.9820237  0.9669570 0.974274 4.2 0.0179762  0.0330429  0.0257259
4.4 0.9860369  0.9758708 0.983168 4.4 0.0139630  0.0241292  0.0168318
4.6 0.9895542  0.9826835 0.990212 4.6 0.0104457  0.0173165  0.0097884
4.8 0.9938540  0.9877895 0.995818 4.8 0.0061459  0.0122105  0.00418158
5.0 0.9999999  0.9915419 1 5.0 3.359E-10  0.0084581  -1.17853E-16
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1 2 3 4 5

Figure 3. Comparison of the answers resulted by OHAM, HPM
andNMfor @ 77 atPr=1.

1 2 3 4

Figure 4. Comparison of the answers resulted by OHAM,
HPM and NM for @ 77 atPr=1.2

ACKNOWLEDGEMENT

This work was supported for two years by Pusan National
University Research Grant.

REFERENCES

Abbasbandy S (2006). Application of He’s homotopy perturbation
method for Laplace Transform. Chaos Solitons Fractals, 30(5): 1206.

Ali J, Islam S, Siraj Ul, Gul Z (2010). Optimal homotopy Asymptotic
method for multipoint boundary value problems. Comput. Math. Appl.,
59(6): 2000-2006.

Ali J, Islam S, Zaman G, Islam S (2010). The solution of special twelfth
order boundary value problems by the Optimal Homotopy Asymptotic
Method, World Appl. Sci. J., 11(3): 371-378.

Bejan A (1995). Convection Heat Transfer, Wiley, New York,.

Beléndez A, Hernadndez T (2007). Application of He’s Homotopy
Perturbation Method to the Duffing-Harmonic Oscillator. Int. J.
Nonlinear Sci. Numer. Simul., 8(1): 79-88.

Cai XC, Wu WY, Li MS (2006). Approximate Period Solution for a Kind
of Nonlinear Oscillator by He’s Perturbation Method. Int. J. Nonlinear
Sci. Numer. Simul., 7(1): 109-112.

Cveticanin L (2006). Homotopy perturbation method for pure non linear
differential equation. Chaos Solitons Fractals, 30(5): 1221.

El-Shahed M (2005). Application of He's Homotopy Perturbation Method
to Volterra's Integro-differential Equation. Int. J. Nonlinear Sci.
Numer. Simul., 6(2): 163-168.

Esmaeilpour M, Ganji DD (2007). Application of He's homotopy
perturbation method to boundary layer flow and convection heat
transfer over a flat plate. Phys. Lett., A372: 33-38.

Ganji DD (2006). Application of He's homotopy perturbation method to
boundary layer flow and convection heat transfer over a flat plate.
Phys. Lett. A., 355(4-5): 337-343.

Ganji DD, Rafei M (2006). Solitary wave solutions for a generalized

Hirota-Satsuma coupled KdV equation by homotopy perturbation
method. Phys. Lett. A., 356(2): 131-137.

Ganji DD, Rajabi A (2006). Assessment of homotopyperturbation and
perturbation methods in heat radiation equations. Int. Commun. Heat
Mass Transfer, 33(3): 391-400.

Ganji DD, Sadighi A (2006). Application of He's homotopy-perturbation
method to nonlinear coupled systems of reaction-diffusion equations.
Int. J. Nonlinear Sci. Numer. Simul., 7(4): 411-418.

He JH (1998). A review on some new recently developed nonlinear
analytical techniques. J. Comput. Math. Appl. Mech. Eng., 167: 57.
He JH (1998). Approximate solution for nonlinear differential equations
with convolution product nonlinearities. Comput. Math. Appl. Mech.

Eng., 167: 69-73.

He JH (1999). Homotopy perturbation technique. J. Comput. Math.
Appl. Mech. Eng., 17(8): 257-262

He JH (1999). Variational iteration method: a kind of nonlinear analytical
technique: some Examples. Int. J. Non-Linear Mech., 344: 699-708.

He JH (2000). A coupling method of homotopy technique and a
perturbation technique for non linear problems. Int. J. Non-Linear
Mech., 35: 37-43.

He JH (2005). Application of homotopy perturbation method to non
linear wave equation. Chaos Solitons Fractals ,26(3): 695.

He JH (2005). Homotopy perturbation method for bifurcation of non
linear problems, Int. J. Nonlinear Sci. Numer. Simul., 6(2): 207-208.
He JH (2005). Homotopy perturbation method for solving boundary

value problems, Phys. Lett. A., 347(4—6): 228-833.

He JH (2005). Limit cycle and bifurcation of non linear problems, Chaos
Solitons Fractals, 26(3): 827-833..

He JH (2006). Homotopy perturbation method for solving boundary
value problems. Phys. Lett. A 350 (1-2) (2006) 87-93.

He JH (2006). Some asymptotic methods for strongly nonlinear
equations. Int. J. Mod. Phys. B., 20(10): 1141-1199.

He JH, Wu XH (2006). Construction of solitary solution and compacton-
like solution by variational iteration method. Chaos Solitons Fractals,
29(1): 108-113.

Herisanu N, Marinca V, Dordea T, Madescu G (2008). A new analytical
approach to nonlinear vibration of an electric machine, Proceedings
Romanian Acad. Ser. A., 9(3): 229-236.

Idrees M, Islam S, Hag S (2010a). Application of Optimal Homotopy
Asymptotic Method to Special Sixth Order Boundary Value Problems,
World Appl. Sci. J., 9(2): 138-143.

Idrees M, Islam S, Haq S, Zaman G (2010b). Application of Optimal
Homotopy Asymptotic Method to Fourth Order Boundary Value
Problems, World Appl. Sci. J., 9(2): 131-137.

Idrees M, Islam S, Sirajul H, Sirajul | (2010c). Application of Optimal
Homotopy Asymptotic Method to Squeezing Flow. Comput. Math.
Appl., 59(11): 3858-3866.

Islam S, Rehan AS, Ishtiag A (2010). Optimal Homotopy Asymptotic
Method for Thin Film Flows of a Third Grade Fluid. Int. J. Non-Lin.
Sci. Numeric. Simul., 11(6): 1123-1135.



Kays WM, Crawford ME (1993). Convective Heat and Mass Transfer,
3/e, McGraw—Hill, New York.

Marinca V, Herisanu N (2009). An optimal homotopy asymptotic
method applied to the steady flow of a fourth-grade fluid past a
porous plate. Appl. Math. Lett., 22: 245-251.

Marinca V, Herisanu N (2010). Optimal homotopy perturbation method
for strongly nonlinear differential equations. Nonlinear Science
Letters A, 1(3): 273-280.

Marinca V, Herisanu N, Nemes | (2008). Optimal homotopy asymptotic
method with application to thin film flow. Cent. Eur. J. Phys., 6(3):
648-653.

Marinca V, Nicolae H (2008). Application of optimal homotopy
asymptotic method for solving nonlinear equations arising in heat
transfer. Int. Commun. Heat Mass Transfer, 35: 710-715.

Nayfeh AH (1985). Problems in perturbation. New York: John Wiley.

Rafei M, Ganji DD (2006). Explicit Solutions of Helmholtz Equation and
Fifth-order KdV Equation using Homotopy Perturbation Method. Int.
J. Nonlinear Sci. Numer. Simul., 7(3): 321-328.

Shah RA, Islam S, Zaman G, Tarig MT (2010). Solution of stagnation
point flow with heat transfer by optimal homotopy asymptotic method.
Proceedings Romanian Acad. Sci. Series A., 11(4): 312-321.

Islam et al. 5519

Siddiqui AM, Ahmed M, Ghori QK (2006a). Couette and Poiseuille
Flows for Non-Newtonian Fluids. Int. J. Nonlinear Sci. Numer. Simul.,
7(1): 15-26.

Siddiqui AM, Mahmood R, Ghori QK (2006b). Thin Film Flow of a Third
Grade Fluid on a Moving Belt by He's Homotopy Perturbation
Method. Int. J. Nonlinear Sci. Numer. Simul., 7(1): 7-14.



