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Abstract

We revisited the paper of Mahmoud et al, on the hydromagnetic boundary layer
micropolar fluid flow over a stretching surface embedded in a non-Darcian
porous medium with radiation.We show that even when the thermal conductivity
depends linearly or quadratically on temperature the problem still has a unique
solution.

1.0 Introduction

The boundary layer flow of a micropolar fluid passemi-infinite plate has been studied by [10] whsra
similarity solution for boundary layer flow neaaghation point was presented by [6]. The boundaygr flow of
micropolar fluid past a semi-infinite plate wasdiad by [1], taking into account the gyration veatermal to the

Xy—plane and micro inertia effects. [9] studied hydegnetic boundary layer micropolar fluid flow ovar
stretching surface embedded in a non-Darcian par@dium with radiation. Flow and heat transfer ofiaropolar
fluid past a continuously moving plate were studigd12]. By drawing the continuous strips througlguiescent
electrically conducting fluid subject to a magndtald, the rate of cooling can be controlled amhf product of
desired characteristics can be achieved. [8] sfudigropolar flow over a porous stretching sheethvatrong
suction or injection. [4] investigated thermal @thn and buoyancy effects on hydromagnetic floveroan
accelerating permeable surface with heat sourcende [11] discussed the effect of thermal radiatem MHD
asymmetric flow of an electrically conducting flypdst a semi-infinite plate.

All the above studies were confined to a fluid wittnstant viscosity. However, it is known that thhgysical
property may change significantly with temperatB}.analyzed a two dimensional mixed convectiamwflof a
viscous incompressible fluid of temperature depahdéscosity past a vertical plate. [7] studied thBuence of
fluid property variation on the boundary layersao$tretching surface. [2] discussed the effectdfation on free
convection flow of a fluid with variable viscosifyom a porous vertical plate. In this work, we gnetsa variable
thermal conductivity flow of a micropolar fluid ove stretching surface in a non-Darcian porous omadi

2. Mathematical Formulation
Consider a steady, two-dimensional laminar flovanfincompressible, electrically conducting micrgpdluid
over a continuously moving stretching surface erdeddn a non-Darcian porous medium which issue® facthin

slit. The X-axis is taken along the stretching surface indibection of the motion andy -axis is perpendicular to it.

We assume that the velocity is proportional todistance from the slit. A uniform magnetic ﬁeIB0 is imposed
along Yy -axis. Then under the usual boundary layer apprations, the flow and heat transfer of a micropdlsd
in porous medium with non-Darcian effects incluéee governed by the following equations;

The equation of momentum is given by
ou 0du _ uﬂ ON _ugu

+k ——-c
ox Yoy TVayr Ty T T

. 08
(2.1)
The continuity equation is
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(2.2)
The angular momentum equation is
G, 62—':‘ —on-Mog
dy oy
(2.3)

And finally the energy equation is

Uu—+v —
oy ) pC, oy

oT a_TzlikaT_laqr
0x oy pC, dy

LT, 0T 1 okaT  k 9T _ 1 dq
ox 9y pC,aydy pC,ay* pC, dy
(2.4)
with the following boundary conditions

y=0:u=ax, v=0 T=T, N =0,
y—>OOZU—>0, T—>Tw, N—’Oi

(2.5)
Where U = (/J+ S)/,O is the apparent kinematic viscosity,is the coefficient of dynamic viscosit$ is a

constant characteristic of fluit is the microrotation componeRrf, = S/p(> 0) is the coupling constar@, (> 0)
is the microrotation constan, is the fluid densityland Vare the velocity components alonand Y directions
respectively@ is the porosityKis the permeability of the porous mediuis Forchheimer’s inertia coefficief,

is the temperature of the fluid in the boundary laJgis the temperature of the fluid far away from the pfﬂ;ﬁis

the temperature of the plat€,is the thermal conductivitﬁp is the specific heat at constant pressui®,is the

electrical conductivityB, is an external magnetic field, arjj is the radiative heat flux.
Using the following transformations:

=2 o=@yt o) w=(2] i)

U U
(2.6)
T 000
T, - T, oy 0x
_[ 40, \oT!
“*‘( %la—y

(2.7)
where Oy is the Stefan-Boltzmann constant al§gis the mean absorption coefficient.
Using the above transformations we have as thus,

%0 )
RV ay'u (1)

0°u _a? ou ON a2 0°N a2
- = " y — =af' y - = ! ) =__ "
. ay> v () ox af (7) dy v x9'(7) ay? ER (7)

Thus equation (2.1) above becomes,
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frefrf +Lg'-(D + R)F=(1+ 1) =0
(2.8)
Equation (2.3) reduces toGg"-(2g+ f ") = 0
(2.9)
With k being constant equation (2.4) takes the form
6T+ oT _ k 0°T 1 0q,

u—+v— 3

ox 09y pCp0y” pCp 0y

With k:ko(a9+1) equation (2.4) reduces to,ua_T+Va_T:M%a_T+ k azT_ 1 ai
ox 9y pC, dy dy pC,ady* pC, dy

(2.10)
and eventually becomesgpg--+3_':g'2+ FPIO+ 4P {rg"(re+1)3 + 3(r6?+ j)2r20 2} =C
(a6+1)
(2.11)

With k=k,(ag?+1) and 6=6(p).

equation (2.4) reducestoua_T+Va_T:29k°a 696T+ k azT_ 1 aﬂ
ox 9y pC, dy oy pC,ay* pC, Oy

(2.12)
T=(T,-T.)0+T,

(2.12) becomes:

3Fe +6;+F190’2 +FR 16 + R {ro (ro+ 1 + Jro+ 1707} = « (2.13)
af” +
whereL =k, /v denotes the coupling constant parameler, = gu /ka denotes the inverse Darcy number,

R= (g‘o Bj ) / padenotes the magnetic parametgk: cgx denotes the inertia coefficient parameter
G = G,a/uv denotes the microrotation parameter= (upCp)/k denotes the Prandtl number
F =(C,kw)/(40,T2) denotes the radiation parameter= (T, -T,)/T, is the relative difference between

the temperature of the surface and the temperéauaway from the surface.

The corresponding boundary conditions are:
f(0)=0, f(0)=1 #(0)=1 g(0)=0 f'(w)=0 6(x)=0 g(es)=0

3.0 Existence And Uniqueness

Theorem 1:Problem (2.11) subject to initial conditiof$0) = 1, 6'(0) = —k (k > 0) has a unique solution
inD={(6,0(n),n),0<6<1,-k<6'(n) <0,n=0}

Theorem 2: Problem (2.13), subject to initial conditioA$0) = 1,68'(0) = —k (k > 0) has a unique solution
inD ={(6,0'(n),n),0<6<1,-k<0'(n) <0,n=0}.

Remark: For the proof we need the following ;

Let
x]’. = fl(xll "'x‘n,l t)' xl(tO) = x10
X3 = fo(xq, o xp, 1), x2(to) = Xz9

Xp = fu(X1, X, 1), tn(to) = Xno
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£y (X, X0t X, X0

(XX, 1) X, X50
f(xt) =|. X=|. Xo=|-
£ (%, X, 1) X, Xm0
Thatis X' =f(x1),X(t,) =X (3.1)

Theorem: [5]

Let D denote the region
x=Xo|<b, [t-t,|<a

If the partial derivativeﬂ,i, j=1,2,.nare continuous in D, then (3.1) has a unique swiuti
OX.

]
We are now in a position to prove theorem 1

Let =0 X=60 ,X=8'
Then (2.11) becomes
X{ = fl(X1'X2'X3) =1’X1(0)= 0 X,= fz(Xl)(zX;:XgXi (): :
Xls = f3(xl' X2,X3)

3Fx?
- 2 3t (x)x 448 A+ o)
(37 + 4Rr (e +)7),

%,(0) = -k

Now a_f|| j =1, 2, zare continuous. Hence by [5], theorem (1) holds.
i
Proof of Theorem 2

Let X =0 % =6, %=6

Then (2.13) becomes
Xi: fl(Xl,Xz,X3):_’]_,x1(0):0
X, = fz(Xl,XZ,XS):xS,XZ(O):]_

2
Xla = f3(X1,X2,X3) = _{65):2)(2:(;"'3FR f (Xl)X3 +12|:’r (r2X32(rX2+ ]))}/( F+ ‘Prr(rxz"' )-3)

Now ﬂ Ji,j=1,23are continuous, hence by [5], the problem has guensolution.
0X;
]
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Conclusion

The resulting equation governing the flow of a mpwlar fluid over a stretching surface in a non dizar
porous medium with variable thermal conductivityre&vehown to have a unique solution, even whenhbanal
conductivity is linear and also when it is quadrati
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