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Abstract. In this paper steady motion of viscous incompressible conducting fluid in plane
pipe with external magnetic field is given.

Keywords and phrases: Magnetic field, plane pipe, temperature, Hartman and Reynolds
numbers, velocity, suction, incompressible field.

AMS subject classification (2000): 76WO05.

We consider steady motion of viscous incompressible conductive fluid in plane pipe,
which border is z = #+a infinite itinerant plates in the presence of non-homogeneous

external magnetic field Be {O, —Bogﬁ, —By (Eﬁ + a)}
a a

Let us velocity of fluid: s dependent only z, @{u(z); 0; vo(1 — )}, where vy =
constant is the suction velocity, a and [ parameters resile 1 or 0 value. When o = 1
and 3 = 0 we get homogeneous external magnetic field. If « = 0 and # = 1 magnetic
field are non-homogeneous.

Let us effect pressure dependent all three coordinate

2

B
P = 4%22 [(gf + 22) 8+ oz] — Pz + const.

In this case equation of motion, magnetic field and energy, including viscous and
Joule dissipation are

ou 0%y By /z ob
polL =05 =ngs + 17 (G0 +a) 5o+ P
ob 0%b z ou
w(l= )57 = vz + Bo(Z6+a) 7

2 2
pcrvp(1 — ﬁ)g—f = k’% + Z—Z (%) +u (%) :
With boundary conditions:
u(—a) = wy, u(a) = we,
b(—a) =0, bla)=0,
T(—a) =Ty, T(a)="Ts,
where p is the dens;ty, v and p - the cinematic and dynamic viscosity, v, - magnetic

c
viscosity (I/m =10 ) k is the thermal conductivity, ¢, is the specific heat of fluid,
o
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when volume is constant. w; and wy is the walls velocity, T} = const and Ty = const is

the temperature at top and lower walls.
If we pass on non-dimensional quantities, take cinematic, magnetic and temperature

Hartman and Reynolds numbers and let Re = Re,, = Re, = Ry, when we obtain:

u" — Ro(1 — B)u' + Ha(zf + )b = —1; (1)
V' — Ro(1 = B)0' + Ha(28 + a)u' = 0; (2)
T" — Ro(1 — B)T" = — (b* + u) . (3)

Boundary conditions:
u(—=1) = wy, u(l) = wy,

b(—1) =0, b(1) =0, (4)
T(-1) =Ty, T(1)="Ts.

As dynamic and magnetic field does not depend on the temperature field, we can
solve the magnetohydrodynamic problem and result employ to define temperature field.
Let us now introduce a new functions

(PIZU—Fb, QOQIU—b.

Then from (1), (2) we get:

+ [Ha(28 + ) = Ro(1 = B)] ¢} = —1,
— [Ha(28 + ) — Ro(1 = B)] ¢ = —1,
901( ) =wy, ¢1(1) = wi,

pa(=1) = w1, w2(1) = wa.

The solutions of these problem are

1 =z
527"172
01(2) = |wy —wy + //eHa{ 2 ma(sfx)]7R0(S*x)(1fﬁ)dsdx

-1 -1
z

/ efHa<%ﬁ+am> +Ro(1-B)a g

-1
1

/ ~Ha( 5 B+az)+Ro(1-B)z 5 (5)

-1
1 =z
527Z2
_//eHa[ 5 ﬁJra(sf:(:)]ng(sfx)(lfﬁ)del’+w1

-1 -1

1 =z
2.2
@2(2’): wg—w1+//e‘Ha[ 2 f8+0‘(3—$)]—RO(S—I)(l—ﬂ)dex

-1 -1
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z
2
/ eHa(%B—i-am) +RO(1_B)$d.ﬁE

-1
1

/ eHa(%ﬁ—i—ax) +R0(1—/6)xdx

X

]
1 =z
527I2
_//eHa[ 5 BJra(sfz)]fRo(sfz)(lfﬁ)dsdl‘+w1‘

-1 -1

The velocity of fluid and magnetic field are:

1

U:§(¢1+902)3 b= - (o1 —¥2).

DN | —

Now we can solve (3), (4) problem. Integrate the (3) equation and use function ¢
we get:
T+ (1 — B)RoT = —p1 + const. (6)

If 3 =0, then from (6) obtain
T' + RyT = —¢; + const,

and

a 1
1 — e~ Ro(z+1)
T(z) = TleRO(Z+1)—/S01€RO(xZ)dZ+16—_2RO T, _TlefZRo +/(P1€R0(xz)dx :
— €
e

-1

where ¢; define from (5).
If 5 =0, then we obtain

z 1

z+1
T(Z) = —/g01d1'+ TQ_T1+/(P1d$ +T1

-1 -1

Now we can calculate the skin friction, heat flux at the plates (in the non-dimensional
quantities).

_po
4 20z

(01 + ¥2)
z==+1

z=

fpg=1 a=0,
1
Ty — T, 1
qli=m1 =k 22 1+§/901d.r—w1 ,

-1

1

Ty —T; 1
qlim1 =k 22 1+§/301dx—w2 )

-1
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=0 a=1,
1
Ry Ro(z+1)

Q=1 =k ¢ —wi + [P Ty =T+ [ pre dx )

-1
1
Ry 2R 2R Ro(z—1)
Q|z:1 =k —lU2+m TQ—Tle o+ (2—|—€ 0) @p1€ 0 dx

-1
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