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Abstract

The magnetohydrodynamic (MHD) boundary layer flow under a magnetic
field’s effect was analyzed using a new analytical method named g-HALPM.
This technique is based on integrating the g-homotopy analysis method with
the Laplace transform, and Padé approximation methods. The flow velocity
and heat transfer were investigated under the impact of the magnetic field. The
results show that when the magnetic field increases from 2000 to 20000, then
the velocity and heat decrease. Moreover, the results establish that g-HALPM
is effective and extremely accurate in determining the analytical approximate
solution for magnetohydrodynamic (MHD) boundary layer equations.
Furthermore, the graphs of this novel solution demonstrate the validity, and
usefulness of g-HALPM, and are consistent with the results of earlier studies.

Keywords: g-Homotopy analysis method; Laplace Transform; Padé approximation; MHD;
Boundary layer.

1. Main text

Magnetohydrodynamics (MHD) is the study of the interaction of conductive fluids with
magnetic phenomena (the flow of an electrically conductive fluid in the presence of a magnetic
field) and has applications in various fields of technology and engineering, such as the MHD of
generators, power generation, pumps, etc. The boundary velocity of the flow of a viscous fluid
resulting from stretched boundaries is important in extrusion processes. The flow of the boundary
layer in recent years has received great attention, and this stems from the many applications of
engineering, technology, and metallurgical industries such as polymer extrusion, wire drawing,
continuous casting, and others [1]. Most of the boundary layer MHD models can be reduced by
converting them to systems of nonlinear ordinary differential equations (ODES). Many researchers
have solved the MHD boundary layer problem using numerical and analytical methods. Such as
Sajid and Hayat [2] studied the magnetic hydrodynamic viscous flow problem due to the shrinkage
of the plate in the case of two-dimensional shrinkage and axial contraction, and it was solved by the
homotopy analytic method (HAM). Sajid et al [3] solved the MHD problem of the circulating flow
of a viscous fluid over a shrinkage plate using the homotopy perturbation method, and the results
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for the contracted surface showed that the solutions are stable and convergent for MHD flows.
Jasim [4] found a solution to the problem of the Jeffrey-Hammel flow for a non-Newtonian Casson
fluid (JHFCF) by the perturbation iteration method (PIM) and Rang-Kata of the fourth order (RK
4), after converting the partial differential equations to a nonlinear ordinary differential equation
using the similarity transformation. They compared the solutions with the variance parameter
method (VPM) to verify the effectiveness of the PIM, and the effect of the parameters is explained
graphically. Hammuch et al [s] investigated the MHD convection cooling problem of a low-
temperature resistance plate moving downward in a viscous fluid. The equation resulting from the
similarity transformation is solved by the homotopy perturbation method(HPM) to calculate the
velocity and temperature. Jhankal [6] applied the HPM to solve nonlinear partial differential
equations for the boundary layer of the MHD problem with a low-pressure gradient on a flat plate.
Murad and Hassan [7] discovered a new method that combines HPM and Padé approximations,
symbolized by (HPM- Padé), and applied it to the boundary value problem that results from the
magnetic hydrodynamic viscous flow due to plate shrinkage. Rashidi and Ganji [8] found the
analytical solution to the boundary layer problem of magnetic hydrodynamics of a two-dimensional
viscous flow using HPM- Padé. We compared the results with the exact solution. Ali and Kishan
[9] discussed the optimum homotopy analytic perturbation method (OHAM) for a Jeffrey MHD
liquid flow on an extended surface in the presence of an electric field under the influence of thermal
radiation and chemical interaction. Rashidi et al [10] used the homotopy perturbation method with
two additional parameters to find approximate analytical solutions to the MHD boundary layer
problems for the transfer of momentum and heat. He discussed the effect of various parameters on
the distribution of velocity and temperature graphically. Daniel and Marinca [11] gave approximate
solutions to the problems of the fixed MHD boundary layer of viscous flow and thermal radiation
across an exponentially extended slab in a porous medium using OHAM and compare the solutions
with the imaging method. It was concluded that this method has high accuracy and efficiency.
Jabeen et al [11] developed the differential transformation method (DTM) and variation iteration
method (VIM) along with Padé approximation (PA) to find analytical solutions for the static MHD
dynamic magnetic layer flux; the results included velocity and temperature. Zhu and Zheng [12]
analysed the MHD flux, for an incompressible non-Newtonian fluid at the stagnation point over
theoretically extended plates, after converting the partial differential equations to non-linear
ordinary equations with similarity and solving by using HAM, the solution was series-convergent,
where they studied the effect of the magnetic parameter on the flow velocity. Majeed [13] a new
iterative method (NIM) was used to analyze the metric flow problem of a two-dimensional
incompressible viscous fluid under the influence of a magnetic field. The results proved the
accuracy and efficiency of the method. Khan and Faraz [14] obtained a solution to the boundary
layer problem by a modified Laplace method that combines Laplace transform and Padé
approximation. Abbas et al [15] conducted a study of the effects of the Darcy-Furchheimer
relationship with Joule heating, magnetic field, viscous dissipation, and thermal diffusion on mass
concentration and convection through a third-order fluid flow on a plate extended within a porous
medium. After converting PDEs to ODEs using a suitable similarity transformation and solving
them numerically with the help of Matlab built-in numerical solution bvp4c. Parida and Padhy [16]
explained the study of the effect of a magnetic field on the flow of a third-grade MHD fluid within
a horizontal porous channel subject to Darcy's law impedance. The governing equations are
numerically modeled by the finite difference method with Newton's method. Graphical analysis
was used to examine the impact of different parameters, including the Reynolds number, elastic
modulus, and Hartmann and Darcy numbers on flow velocity and temperature. Moreover, some
researchers have solved the current problem in different ways such as Rashidi [17] deduced the
solution to the boundary layer problem of hydrodynamic flow MHD. The fundamental equations
are converted into coupled ordinary differential equations by a similarity transformation and
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solving it analytically by the DTM- Padé double method. Numerical comparison with (RK~4) and
shooting method revealed that DTM-Pade is robust with graphs showing the effect of magnetic
parameter on velocity. Fathizadeh et al [18] developed the HPM to solve the same problem; they
concluded that the new method is powerful and effective by comparing it with HPM, exact
solution, and shooting method. Awati et al [19] discovered a semi-numerical solution to the same
problem by using the Dirichlet series method with the method of stretching variables, the
convergence speed of this method is excellent compared to ADM, HAM, and HPM. Adel et al. [20]
studied the different factors and the magnetic field on the movement of the nanofluid of the
boundary layer on an extended plate, the basic equations were solved by using Chebyshev's
method, the method proved its effectiveness and high accuracy in solving the system of ordinary
equations numerically. Sarma et al [21, 22], the effects of radiation and chemical reaction are used to
examine the steady two-dimensional Magneto hydrodynamic nanofluid flow across a stretched
sheet. Although researchers try to improve and develop some analytical methods to solve MHD
flow problems and the current problem (as mentioned in the above literature), some of these
methods require great time and effort to get a solution to these problems, while others require a
small parameter (the amount of disturbance). As in the homotopy perturbation method. In addition,
there are many analytic methods and integrative transformations for solving linear/nonlinear
differential equations that do not need a perturbation parameter, such as the q-homotopy analysis
method (q-HAM) discovered by [22], and the Laplace transform discovered by Simon in 1942, and
the Padé approximate method, which was discovered by Henri Padé in 1890. These reasons lead us
to suggest a new analytical technique through which we can overcome numerical difficulties that
appear in some previous methods. According to our limited knowledge and previous research, it
has been shown that using approximate analytic methods along with integrative transformations
may significantly reduce many of the difficulties and negative aspects of using each method
independently. So, we proposed to combine the g-HAM with the Laplace transform and Padé
approximation to obtain a new analytical technique, we will symbolize (g-HALPM). The aim of the
current study is an analytical technique proposal used to find approximate analytical solutions to
the boundary layer problem of magnetohydrodynamics. All results are achieved during the third
iteration, which is a benefit of the new methodology. Moreover, the numerical results show the
novel method's effectiveness and efficiency. By comparing with DTM- Padé, M-HPM, and the
exact solution, we observe that the results agree well.

2. Governing equations

The MHD boundary layer flow of an incompressible viscous fluid is controlled by flat plate
continuity and Navier-Stokes equations. Fluid from normal to the stretching sheet is electrically
conductive under the influence of an applied magnetic field B ( x ). Neglecting the induced magnetic
field. The resulting boundary-layer equations are [18]

u,+v, =0, 1)

ﬁE‘FL.r:' " (2)

where u and v are the velocity components in the x andy directions
respectively, v is the kinematic viscosity, p is the fluid density and & is the
electrical conductivity of the fluid. In Equation (2), the external electric field and
the polarization effects are negligible and

k-1
B(x) = anT 3)
the boundary conditions are

uu, +vu, = vu,, +
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u(x,0) = cx* ,v(x,0) =0, 4)
u(x,y) = 0,as y =0, (5)
using the similarity variables
- (k-1
t=w||¢;l}x z y ,u=cx*f (t) (6)
[y k-1 .
v= P2 T [f(0) + 15 tf (0], (7)

such that £ be functioned to t .
The Equations (1-4) transform to

O +FOF (0 —Mf () —Bf (> =0 ©)
flo)=0 ,f(0)=1,f(x)=0, 9)
where ]

- pi?fil} b= k:-fi (10)

3. Analytical- approximation methods.

In this section, two analytical approximate methods, the g-homotopy analysis
method, and the Padé -approximate method are illustrated as the following.

3.1. g-Homotopy Analysis Method.

Considering the following equation of the form [2s3]

N[f(H)] =0 (11)
where N is a nonlinear operator, t is an independent variable, and f£(t) is an
unknown function, according to the zero-order deformation equation :

(1—nq)L[8(t,q) — f(t.q)] — hqH(t)N[B(t,q)] = O (12)
Or

H(t,q) = (1 —ngq)L[8(t,q) — f(t.q)] — hqH(t)N[B(t,q)] =0 (13)

where n =1, g € [ﬂ,i] , 1S an embedding parameter, L is an auxiliary linear
operator, h # 0 is a convergence-control parameter, H # 0 is an auxiliary
function, f;(t.q) is the initial guess of f(t)and 8(t,q) is the auxiliary function
that should be satisfied in the function's initial conditions. The presence of h and
H(t) is necessary for the g-HAM solution series to converge. The solution

sequence is generated when g changes from 0 to i ,atqg = 0then
gH(t,0) = L[B(t,0) — fo(tn,0)]=0 (14)
and g = i,we have
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H (ri) = —LhH()N[8(t,q)] = 0 (15)
Thus, (1 —nq)L[8(t. q) — fy(t.q)] = hqH(t)N[E(t, q)]
wheng = 0 andg = i the equations toward becomes
6(t,0) = £,(t) .8 (&, ) () (16)

As g decreases from 0 to = — the solution 8(t, g) changes from the initial guess

fo(t) tothe solution f(t). The solution sequence for g can be obtained from
Tyler's expansion of &(t, ¢) as follows.

8(t,q) = f(1) + Z32, f;(t) q' (17)
where f(tj-i“i'ﬁr“} )
if g = '— , then

o(t, ) H(®) + I £ (OO (18)

defining the vectors E(tj = (fo(t), fi(t). o(t).... fi(£))
derivatives of Eq. (17) i terms of g and set ¢ = 0 after that dividing them by i!,
obtain the i " -order deformation equation

LIf() — kifica ()] = BR, [y (8] (19)
1 dTIN[Beg)]
where R [f_ ()] = T -
0,i=<1
and k, = {n,i =1

3.2. Padé approximate Method.
The function f{x) define by the power series as follows;
flx) =X5, Cz'xi- (20)
The Padé approximate of f{x) is a rational function and the notation of the
Padé approximant can be written by the form

Pnl.r}
Pypix)

flx) = (21)

such that, B.(x) is a polynomial of degree at most r and B, (x) is a polynomial of
degree at most », they defined as
P,(x)= } l}anx} (22)
F:,, [:I) z =0 bzx (23)
substituting Equations (20, 22, and 23) into equation (21), we get
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2 +:z._.:r.‘+:z:.r=+n3.ra+ -t :z:.rp

botb,xl+bx?t b’

cDxD + r.",lx1 +ox+ =

where b, = 1.
Rearranging Equation (24) to become in the form
(cox® + cyxt + cox® + - )by + byxt + byx* + -+ b x") = ap +a;x* +a,x* + azx® +
et a:xp _|_U(xp+:"+1j

+0(xPh (24)

(25)
From Equation (25) obtain the following equations

cgby + ¢, =ay
cob, +o1by + ¢, = a;

cgb, +c,b._, +c,b._,++c.=a
and

Cps1 T r:pbl + cp_lb: + -+ cp_,,ﬂb,, =0
Cppz T Cppby T b+ +cypinb, =0

ol

Cpsr T r:p+,,_1b1 + cp_H.,_:b: + -+ cpb,, = 0.

To obtain Padé approximation of the function f(x), we solve the above
equations to calculate the values of a; and b, and then substitute them into
Equation(24). For more details, see Ref [24].

4. The g-HALP algorithm.

In this section, we discuss the basic idea of q- HALP depending on the g-
Homotopy analysis method with Laplace transform and Padé approximation.
From the g-homotopy analysis method, we get the following equation:

(1 —ng)L(v(y,q) — ug(y)) —haN[u(y)] =0
Suchas v =X7=,q'v,
substituting v in the above equation obtain on a system of equations of power
series in g and the solution of this system by using integral obtain on values v,
the solution is f =lim v = X%, vi[ijf n=1.

)

take Laplace transform of f

1F(9) = 1(Eov: (2) 1. 9)

Now, applying Padé - approximate for
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PP(I(f(s))) = Pade’ {I(f (). [p.r]), 1 Spr<p+r+1
Finally, taking the inverse Laplace to transform to obtain the approximate
solution f as;

f=11RrAf(2) s 0] .
4.1- Application g-HALP on MHD Problem:

The application of a new technique q-HALPM for finding the analytical
approximate solution for the MHD boundary—layer problem can be illustrated by
the following.

Applying the g-HAM on Eg. (6), we have

(1—n[L(ft, ) —L(fo(t. )] — half™ (t.@) —Mf (t,q) —BF (t, )2+ ft. ) f (t.q)]
(26)

such that L = % with the property L(D) = 0, where D is the constant.
Suppose f(t) =X=,q'f, inEq. (26) Constrict the zero order of the equation

LEZop'f ) = L (8,00 =ng[LEZo ') - LA & 0)] + qhIEZoq'f + EZop' MELor'f ) -
MIZop'fi —BIZop'f ]

L(f,) =0with f,(0)=0,£(0)=1,f,(0)=a
then the i - order is
L(f) = x L _ ) + hEi(fi_y)
take L™ to above equation, we have
£ =xifi_y + AL (Kilfy) ‘ “
with boundary conditions f£{0) =0,f0) =0,f 0 =0fori=1.
as x; = [ﬂ’i =1
: mi=1" .
K(fod) = o | | = fa— Mfy = BEE f o + T il

(i—-1)! dg'? g=0

(@7)

and

hence the solutions are

fi=xfia+th[] .r[f{i[:f;'—ij)—I_ D%"’ Ct+4A
The three integral constants D,C,A determine by boundary conditions.
The solution of g-HAM is

1 o
fo=t+-at" .

fi=hCEE+ME +1a H (4B + 2M — 2)t* + 2 (2Ba — cx]tE']] .
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fo=nh(Z(B+ M3+ 2a(= (4B +2M — 2) t* + = (2Ba— a)t¥) ) + - [ (12h8% +

3hM + hM* — 2hf — 2hM + ha® — 2hBa®)t® + (ghrxﬁ: + Ehrx,{?M+ %her: — 2haf —
gher + Zha))tt + (%hﬁ:rx: -I-%hﬁrx:m —%hﬁrx: - %ha:m +i—;l|hrx:jt? + (%hﬁjrxa -

2z 3, 11 . 3..8
o Ba” + —ha”)t7]

fio=nlnh (38 + 06 +2a(S (48 +2M —2) t* + = (2Ba — @)t%)) + [ (1207 + 3hEM + hM —
2B — 2hM +ha® — 2h8a)t® + Chaf + 2 hafM +~haM® — 2haf — haM +7ha))t® + ( hB%a’ +
=hga*m—hfa’ — —hatm+ ha®)t’ + (5 hp e’ — —hfa’ +%hn‘g]t9]] +2(=Bh* — 28h*n —
28hn® — Mh? — 3h* Mn — 2hMn™)t? — .fz{%___;w (806408ah® + 241920fahn + 1612808 an” +
40320ah® M + 120960ahMn + 80640aM n® — 40320a h® — 120960ahn — 80640an®)t* +
——— (403208 a°h® + 1209608 c*hn + 806408 a’n® — 806405°h° — 1209605 hn — 1209605 h° M —
1814408hMn — 20160 a*h® — 60480 a’hn — 40320a’n? — 40320 M2R® — 60480hM> n + BO6408h° +
1209608hn + 80640h% M + 120960hMn )t + —— (—134400 f2ach® — 2016008 anh® — 1344008a h*M —
2016008chMn — 13440am? h? — 20160ah M2n + 1612808a h* + 2419208 ahn + 107520ah®M +
161280ahMn — 40320ah® — 60480ahn )t* + —— (~672005%ah* — 10086008°a*h* — 336008 M —
504008 a*h® Mn + 16800 82h% + 336008°MR* + 1075208 a*h* + 1612808 a*hin + 184808 M2k +
268800 ME® + 40320na Mh? + 1680 M3R® — 26880 B28° — 436808Mh* — 1680M° h* — 36690a7h? —
55440 h%n + 13448 ¥ + 1344 M h7)t7 + ———(~13440a6%1° — 1596a°°h*n + 26880af*h° +
40320aB2MR® + 14112aBM*h® + 21504a®fh® + 32256 a®Bh®n + 336a M3h? — 7392a°%h? —
11088a%h®n — 55776ah® 8% — 65856aBM — 13104aM*h® + 34608afh® + 26880aMh?® — 5040ah®)t8 +
———(16800%a°h* + 168005 a*Mh® + 23526 a>M*h° — 397608 h® — 30576 B> Mh® —

2184 a°M2h* + 306888 a*h? + 13608 a*Mh® — 7224a°h*)t® + ——(48005%ah® + 2400 5%a* MK —
1276880k — 43688 MA® + 111848 a® + 1944 a*h*M — 3000a3h*)t*0 + ———(6008%a*h® —
1596 2a*h? + 1398Fa*h® — 375a*h2)th)

substituting the functions £ in the power series X7, f: {i]" to find the function f.
The solution of the Equation (6) by g-HAM at is M = 10,8 = 0.5.

fle) = —1.65¢% +£ — 2.838¢% + 3.612¢% — 036568 — 1t7 — 21415 +.5292¢% — 0.2853e — 310 —
0.2584e — 2% + 0.3536e — 2¢°

Now, take Laplace transform of f afterward us reception Padé approximate: we
have _
()
F(5),. :%.
Sen = Tz
Final, take inverse Laplace transform of F(s). , we get.

0 =5-(5) e (-(5))-
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Obtain on value o from using the boundary conditionf (+s=) = 0.
The results obtained from solving the problem are given in the below graphs.

] 0.007
0.020+
] 0.006+
0.0151 0.005+
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‘— q-HALP — - exactl |— gq-HALP — - exacl

Fig-1: Analytical solution of f£{t} using g-HALP and exact solution at § = 1.
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Fig-2: Effects magnetic parameter on an analytical solution using q-HALP at & = 0.3
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Fig-3: Compression between g-HALP, M-HPM and DTM- Padé with exact where
M =50,8=15.
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Fig-4: Compression between g- HALP , M-HPM and DTM- Padé with exact where § = 1
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Fig-5: Compression between g- HALP , M-HPM and DTM- Pade” with exact where § =5
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Fig-6: Compression off' that resulting from g-HALP, and exact solution for differential value M .
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Table-1: compression of the absolute errors of the analytical solution

,LOTM — Pade’, M — HFM with an exact solutionat = 1.3 and £t = 0.3

using the methods g — HALFM

M Error measurement q— HALP DTM-Pade [17] M-HPM [18]
50 L, 3.48 x 10°° 2.26 x 1073 1.87 x 10~*
L. 1.42 x 1074 0.08 0.01
100 L. 263 x 1078 1.06 = 107% 5.20 % 107F
L. 0,88 x 10~ 3.08 x 10~ 3.12 x 1073
500 L, 1.95 x 10~° 6.21 x 10~® 3.51 x 10°°
L. 5.79 % 1072 1.84 x 10~% 2.80 x 1072
Table-2: compression of the absolute errors of the analytical solution using the methods g — HALFM , DTM-
Padé, M — HFM with an exact solution at M = 10 and t= 0.5
] Error measurement q— HALP DTM-Pade [17] M-HPM [18]
0 L, 7.63 x 1078 7.50 x 10~ 2.80 x 10~
L. 1.96 x 10~ 2,50 = 1077 0,82 » 10732
2 L. 5.08 = 10~° 235 = 1072 5.33 x 107
L. 1.56 = 10~ 8.18 x 10-° 204 % 1077
10 L, 5.91 % 10°® 2.54 x 1072 440 x 10*
L. 1.51 x 10~* 0.44 x 1077 1.92 x 1077
Where, L., and L.. are defined as;
2 n 2
"E"L2 = h ;‘:1|fapp roximate fiir.ractl

"E"LmI = ma’xi’:D..n(lfapproxa’mats - fexactlj

5. Results and discussion

The new technique is successfully used to solve the equations of the magnetohydrodynamic
boundary layer after converting it by the similarity transformation where the results are displayed
graphically. To check the accuracy of our approximate solutions to q-HALPM, we did a
comparative study between the solution of g-HALPM and DTM- Padé Ref [17] and M-HPM Ref
[18]. Figure 1, represents the analytical solution of g- HALPM with the exact solution f for § = 1
and at M = 2000 ,20000 respectively, it is evident that the thickness of the boundary layer
reduces at the magnetic parameter increases. Figure 2 explains how the flow velocity rate and heat
transfer are affected by an increase of the magnetic parameter M at 5 = 0.5, we notice that both
the velocity rate and heat transfer decrease as the magnetic parameter M increases. Moreover,
Figure 3, shows the comparison of the solution of the current method, DTM- Padé, M-HPM and the
exact solution for values M=50 and B=1.5. Figures 4 and 35, illustrates a comparison between the
solution of g-HALP, DTM- Padé , M-HPM and the exact solution for different values of
M and £ , it is clear that the solution for the current method is very close to the exact solution.

Figure 6, displays the first derivative of the function f(t)atM = 10,100,200, we observed
that there is an agreement between the results obtained by the new method with the exact solution




216 Maysoon H. Hasan et al.

for all values of £. Finally, from tables 1 and 2, we notice that the errors of the new technique g-
HALP are smaller than other methods at £ = (.3,0.5. Table 3 illustrated the values of
convergence for the problem at = @.1 , £ = 0.5 and different values of M. Through the
comparison, it is noted that this method is convergent for all values of small or large A, unlike the
homotopy perturbation method, which converges if the values of M are small.

6. ACONVERGENCE ANALYSIS of g-HALP

In this section, we will examine the analytical approximations derived by applying the new
technique g-HALPM and will do so as follows:

Definition (6.1) : Assume that Z is Banach space, /¥ is a nonlinear mapping defined by

N: Z — R and R is the real number. Then, the sequence of the solutions of q-HALP can be
written in the following form

Fu1=N(F) F,=2X_,f .i=1234,..
where, IV satisfies Lipschitz condition such that for y € R, 0 < << n we have

”N(FHJ_] - N(sz” = -'I"r”Fg'+1 _F;” 0= ¥ = 1

Theorem 1. The series of the analytical approximate solutionf = E;-"“:[,f;- resulted of g-HALP
converges if the following condition satisfies |If — £ll = 0ass = w0 =y = L

Proof:
17 Bl = [Zo £ ~Efoofill = I + Ejur N — £ = Egcr N
N f) - NE )l Fay = N(E)
N(EZ5) - NEi Al
=[INCE) — N(E)M = vIlF — £l
As IV satisfies the Lipschitz condition. Leti = = + 1, then
|Fpur — Bl =vIE —F_ =¥ lF_, - F_.ll = =y* IR, = Rl
hence,
IF, — Rl =¥llF, — Rl
IF; - Ell < ¥°lF - R/l

IF., — Ell =¥°llR — Rl

By the triangle inequality, we have

IF-FEl=lE-F_ -k .—-F., -El

<lf -F_I+IE_, -F .l +IF_ —F_sll +--IF,, — El

'ty O - Rl
rir T+ T e DI, - Rl
< —IF - Rl

-7

if s — o2, we have ||F; — Ell — 0 then F; is a Cauchy sequence in Banach space Z.

IA 1A
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From theorem1 and definition (6.1), to achieve convergence, the values of the parameter * must
be comh)uted using the relationship shown below:

Fisyl

——= IRl =0

=1 Fl

0, Igll=0

Table 3: The values of ¥ by using convergence conditionat t = 0.1 and £ = 0.5 .

M Y Y’ Y’
1 347 x 107% 9,63 % 107° 478 % 107°
10 1.80 x 1073 498 x 107* 9.51 x 1075

7. Conclusions

1- A newly developed method called g-HALP is proposed to solve magnetic and dynamic
boundary equations.

2- The effect of the magnetic parameter M on the velocity and heat transfer has been clarified.
As M increases, the rate of velocity and heat transfer decreases.

3- The validity and efficiency of this method were proven by comparing the results with the
results of the other methods used previously.

4-  We conclude that g-HALP is an effective and highly accurate method for finding approximate
analytical solutions to MHD problems. From the analysis of the results, we can conclude that
g-HALPM is excellent with good convergence.

5-  Expect that it can be used to treat a set of diverse complicated fluid flow problems.
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