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Abstract

Three dimensional flow of Maxwell fluid with boundary condition is investigated. transformations are
victimized to reduce the partial differential equations into ordinary differential equations. Effect of two
parameters ,Magnatic field parameter and Deborah number parameter on non dimensional velocity are
discussed ,homotopy analysis method(HAM) is used to solve the velocity equations.
Keywords: steady flow , Maxwell fluid , Magnetic field, HAM solution.

1. Introduction

The problem of non —Newtonian fluid are very important in many applications such as metallurgical process,
wire drawing, polymer extrusion, food processing industry, and many others. Lost all the fluids occurring in
industry and biomedicine are non — Newtonian.

In the recent years the flow of Maxwell fluid with magnatic field have been studied by some researchers, In
[7] M.Qasim and S. Noreen studied the falkner —skan flow of Maxwell fluid with heat transfer and magnatic
field, he used the homotopy method to solve the flow and heat equations . In another paper Vigendra Singh
,Shwet agranal in[14]discussed MHD flow and heat transfer for Maxwell fluid over exponentially stretching
sheet,the implicit finite difference scheme is used to solve the problem .The flow of Maxwell fluid due to
constantly moving flat radiative surface with convective condition under the influence of non uniform
transverse magnetic field are studied by M. Mustafa [6].Mixed convection radiative flow of three dimensional
Maxwell fluid over an inclined stretching sheet in presence of thermophoresis and convective condition
investigation by[4]

In this paper we studied the effect the magnetic field of Maxwell fluid in three dimenational in the obscene the
mixed convection raditive , homotopy methed is used to obtain the analysis solutions. This method is general and
its power technique for the non linear differential equations.

2. Homotopy analysis method (HAM) [1], [2],[10]

In order to show the basic idea of HAM, consider the following differential equation
N [u(z)] =0 e (1)
where N is a nonlinear operator, T denote the independent variables and u is
an unknown function. For simplicity, we ignore all boundary or initial conditions,

By means of the HAM, we construct the zeroth-order deformation equation.

(1-q)L[D(7: g)-Uo(T)]=ghH(T)N[D(7: )] +(2)

where g € [0; 1] is the embedding parameter, H( t=0) is an auxiliary parameter, L is

an auxiliary linear operator, uy(t)is an initial guess . It is obvious that when

the embedding parameter g = 0 and q = 1, it holds

@ (7;0)=Uup(7); @ ( 7;1) =u(r); .(3)
Thus as q increases from 0 to 1, the solution varies from the initial

guess Ug(T) to the solution u(t) . Expanding @ ( ; q) in Taylor series with

respect to g , one hasx

@Y= U@ ) un () ™ )
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up = 1m0 .(5)
2q g=0

If the auxiliary linear operator, the initial guess, the auxiliary h, and the auxiliary function are so properly
chosen, the series (4) converges at g=1 , then we have

U@ =@ ), um () ()

define the vector

(@)=l o(z). uy (). o uy (T

Differentiating equation (2) m times with respect to the embedding parameter ¢ and then setting g= 0 and
finally dividing them by m!, we obtain the mth — order deformation equation

hH(?)Rm Bz )= Llug (7) = %ty ] A7)
@ iN[E ]
R (2 y) = 2gmt | .(8)
O0m=1
m:{l,m::-l -

Applying{._1 on both side of equation (7), we get
Un () X U1 (T)+ WL [H(D)R(T)]
In this way, it is easily to obtain up, for m = 1 ,at mth- order, we have
M
U@ = ey Um (8) (10)

whenM— == , we get an accurate approximation of the original equation (1).

3. Formulation of the problem
Consider, the flows are incompressible, steady MHD of Maxwell fluid in three dimensional the flow takes
place in the domain z > 0. The mathematical statements for the Boundary layer problems are:

Bu v dw_

ax "8y | 8z - (A1)
du a%u ,8%u ,3%u ,3%u 2%u 2%u %u 783
u— b_ woo T - -2 TVt ;T +
+ + dyt ACu dx2 v ay 3zt 2uv dx dy ax Ex)
..(12)
ar 23 r 23:1;' za:l? a:l;' E:
u— 1r w— =y - + -+ - + + \/\I—
+ + k( Uz Vv P W2 2uv 3% 2y 2vw 3y 3 +2U P Ez)
..(13)

Where u and v and w are the velocities in the x , y and z directions, respectively, g is the fluid density,vzf is

the kinematic viscosity , uis the dynamic viscosity, & is the electric conductivity,Syis the strength of magnatic
field, A is the relaxation time .
The boundary condition are given by

u=u.=ax, v=by, w=0 at z=0

u—0,v—0, asz —w
.(14)
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u—0, v—0 as z—w
In order to simplexes eqs (11-13),we introduce the new quantities:-

u=axf'(n), v=ayg'(n), w=—av (f(n)+g(n)), n=z Va/ v,

Now, in the above quantities Eq. (11) is satisfies automatically .While Egs. (12),(13) are reduced as
follows:

fr(f+g)f 2+ pu[2(F+g)FF'—(F+g)*F""]-M f' =0, -(15)

g +H(f+g)g g *+Au[2(f+g)g'g"—(F+g)°g"] =0, .(16)
and the boundary conditions(14) reduce to

=0, g=0, f'=1, g'=p4, at n=0,

f'—0,9'—0 as y—x,

Where £ ;. is the dimensionless Deborah number, S is ratio of rates parameter , p is the fluid density, g is the
gravitational acceleration, M is the magnetic field parameter  and prime shows the differentiation with respect
to 5. These are given by

_ — _o88
fr=ha, p=ba, M=""

4. Method of solution
The homotopy analysis method is impieties to find the solutions of equation (15),(16) which are required the
initial approximations and auxiliary linear operators are presented below i.e.

fo(n)=(1-¢ "), go(m)=p(1-€™),
lefllf_f” L2=g”’_g I’
L1 (C+Ce"™+Cae =0, L,(C4+Cse"+Cee =0,

where C; (i = 1-10) are the arbitrary constants.
The zeroth order deformation equations are:

(=) La[f*(n; a)—Fo()]=ahs N1 [F*(n; @), 9*(7; 9 )], +(17)
(1=q)L2[g*(n; a)—2o(m)]=ahN[f*(1; @), g*(n; )], -(18)
(0 W=0.f*(0: =1, f(0: =0, £°(0: =0, (0: V=h g (D0
NP ), ¥ ) = LB AEEE i p)  rgr(n )R+ p2AC p) +gC P)
)T Jkk L 2+ m)”' e .(19)

ﬂgur},m ﬂgur},m

No/F*(n; Q). g*(n; Q)] = (‘” WEN2 4 (f(m: p) +g*(: p)) + pL(f(m v) +g*(m p)

3 germip) 83g+ 2 33geimm
)=, am -((f*{?;'- r-il +9*{?;'- ) e ..(20)

Where q is an embedding parameter, h 4, h,, are the non-zero auxiliary parameters and N 1, N, the nonlinear
operators. Wheng=0and q=1

S*:0)=fo(n), f*(n; 1)=f(n),
Clearly when g is increased from 0 to 1 then f(y, q), g(y, q ) vary fromfo(n),9o(n) ., tof(n),9(n), ). By

Taylor’s expansion we have
™ i

S, 9)=fo(17) E;=1. (), fn() = ;_EW]IFO
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= 1 Mg
801, =Go(n) =y In()d", gm(i)= S Jo0

Where the convergence of above series strongly depends upon h; h,. Considering that h; h, are selected
properly so that the series(21) converge at q =1 then we can write

fo)=fom+ L=y Tul),
gn)=gom)+ =z Gn(n).

The resulting problems at mth order deformation can be constructed as follows:
Lalf(3) =1 ()] =hs BT (n)

.(22)

LolOm(1)—smGm-1(n)] =h2 BT (n)
fn(0)=m(0) = m(20) =0, gn(0)=g'm(0)=g'm(>2)=0
R (m) =
Dlfn-v M) = (M * Dlfin 0.1} = ZESS  (Plf—r-io ] * DLt} + IR ((foosn®

Dfenn]} + (Gm-s—x * DUl + BEESS Xio Q-1+ Gm-1-x) * Dlfiopm] =+
DIfeonn]) = ((Ufmosmi * fomid) + (@moroi * Gi—id) + (2% (frosoie * Gx-i))) =D [ﬁs??(sz'-'?é)??]

Dlgmsn 1N =P (Dlgm-sson]* DlgimD) + I (oo * DLgic 1) + (Grmmsi »
Digen.ml)) + BEESS Eioo  QCUm-1-k + Gm-1-x) * D[gx-0n] * Dlgi. 0] — ({(fn-1-k *
R ()= fi-i) + Omosoi * Gx—id) + (2 * (froosoie * Gx-1))) * Dlgen.m.7]

..(24)
By using software mathematic it is found that:
fo :1-|15-Xp[-‘ﬁ'] -(25)
fi = Eg‘”{hlﬁ{—l +B8%) —4e"h1B(1+ 28 + 28%) — 6e™M(h1(M + (2 + 28 + BD(3
+2n) + 4(&(24 — 6h1M — 23h18 — 28R18% — 19R15%))Y) ..(26)
fi = e SI(R12FR(3 + 326 + 2257 — 3267 — 256%) + 8eTh1?B(—1— 148 — 208° + 136° +

5354+ 298°) + 5e*"h1p (95{—1 +8%+h1 (—26 +98°(—15 + 4n) + 48°(—80 + %) +
864(—43 + 9n) — 25291 + 36n) — F(73 +729) +

2M(~18(1 + 1) + B2(=7 + 67)))

.(27)

k= m:m e M5k F3(—155 — 1408F — 396757 — 238087 + 269584 + 4288 5% + 1427 5%) —

4e"h1® f7(—240 — 47518 — 24522 3% — 397888 + 368° + 677493° + 678625° + 2003487) —
Te™Mh12G (8408 (-3 — 328 — 2287 + 3287 + 258%)

.(28)
fi =~ 'h1*B4(—17619 — 213424p — 91703087 — 17453604 — 11622485° +
8301848° + 18742708° + 109960087 + 2226278%) + umig_m e "Th1*B?*(—41910 —
10035278 — 7123122 82 — 2207532052 — 30357442 8% — 4581577 #% + 404825145°% +
5260509787 4+ 272802164° 4+ 5205080 8%7)

.(29)
go = B(1 — Exp[-n]k ..(30)
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gy = ie‘”{—hzﬁ’:{—l + 8% —4e"h2B(1+ 28 + 281 — 6™ (2B 2 + 28 + B3 + 2m) +
4(&{24-_3 — 8h28 — 25h28% — 28R BT — QR2B4N)) + Li_(lz_ﬁ —2h2B + Qh2B* + 8R2B% +

Sh2g%)
.(31)

, = —— e TR22FI(—25 — 328 + 2207 + 328% + 36%) — 8e"Th22F2(—10 — 388 — 4757 —
2 = Toen (h2°R~( J J J B%) B | j
25% +298° +88%) — 5eMMh2F (968 (—1 + )+ h2(16 + (265 — 72n) + B*(386 — 72n) +
12B*(23 +39) + 885 (3 + ) + F5(3 + 36m) + B(94 — 50M — 24Mn 7))

.(32)

9: = o~ (=5h2*B4(~1427 — 42888 — 269587 +28805° + 3967 §* + 14085° +
1558°%) + 4e"h2? B3(—5361 — 340548 — 7384487 — 57204 8° + 166038* + 460108° +
193388° + 211287)

.(33)
9s = e @ "h2*BF(—222627 — 10996008 —18742708° —8591845° + 11622485 +
1745360 85 + 9170308° + 21342487 + 176198%) — ——— e~ p2944(—1145481 —

S03E192D0
105577228 — 3522236787 — 54589726 8% — 3267792744 + 14826314 5% + 339854958° +
1966529487 + 48205364° + 415584 8%)
.(34)

5.Result and discussion

Its clear that the convergence of homotopic depends upon the parameters h1,h2 . In this section we show
the graphical results of velocity ,for this purpose figurs [1,2] explain the effect the magnatic field on profile
velocity f when the magnatic parameter M=[1.2,2,2.7] and ratio of rates parameter 5 =0.3,1.5, its noted that
when the magnatic field increasing and $ =0.3 the velocity profile fand momentum boundary layer thickness is
decreasing see figure(1)also when M are increasing , f == 1.3the velocity is increasing see figure(2).

Figures[3,4] shows the influence of stretching ratio parameter 5 on velocity profile f, its clear that at figure3
the increasing in $ at M=1.7 make the velocity profile and momentum boundary layer thickness is decreasing
this is due to the fact that within the increase of ratio of rates parameter Srelaxation time increases as a result the
velocity and boundary layer thickness decreases .fig[4] explain the effect # on profile velocity f ,when M= 3,it
noted that the result as similar as figure3 . In fig [5] show the effect the magnetic field M on velocity g its noted
that as the M increase , where M=[0,0.5,1] , # =0.3the velocity g is decreasing. In case take M=[0,0.7,1.3],
S=1.4 then the velocity is increase . Figure [6,7] discuss the effect stretching ratio parameter 4 on the velocity g
its noted that at M=0.5, 1, 5=[0.2,0.3,0.6] the velocity is decreasing with increase the magnetic field.
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Figurel: Effect of M on velocity profile f ,M=1.5,2,2.7 and =0.3,h=-1.5
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Figure 3. Effect B on velocity profile f , p=0,0.2,0.6 and M=1.7, h=-1.5
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Figured.Effect B on velocity profile f , p=0,0.2,0.6 and M=3, h=-1.5
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Figure5. Effect M on velocity profile g ,M=0,0.5,1 and p=0.3,h=-1.4
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Figure7. Effect M on velocity profile g , =0.2,0.3,0.6and M=0.5 ,h=-1.4
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Figure8. Effect M on velocity profile g , p=0.2,0.3,0.6 and M=1, h=-1.4
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