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ABSTRACT

A laminar two-dimensional viscous conducting free jet flow of a power-low non-Newtonian
incompressible viscous fluid immersed in non-conducting space is studied. A constant magnetic field
transverse to the axis of the jet is applied and the electrical conductivity is taken as an integral
power of the axial velocity. The method of Sherbnin is used to solve the problem. Numerical values
of the maximum velocity, the boundary-layer thickness and discharge rate of the jet are calculated

and represented graphically.
1- INTRODUCTION

Our aim in the present work is to study the free jet
flow of a viscous conducting power-law
incompressible fluid subject to a transverse magnetic
field and the electrical conductivity is taken as an
integral power of the axial velocity.

Schlichting [1]. Andrade and Tsien [2] have solved
corresponding problems to the one under
consideration for a non-conducting Newtonian fluid.

Cenober and Sherbnin [3] and Peskin [4] extended
the above mentioned work to include the effect of
magnetic fields using expansion techniques. Smith
and Cambel [5] have used the results in [3] and [4] to
obtain an analytical solution using perturbation
methods. Moreau [6] has obtained similar self -
solutions to this problem.

The same problem was again solved by Sherbnin [7]
who used the method of similarity solutions to
obtain the exact solutions of the boundary-layer
equations associated with this problem in a closed
form.

Shelova and Sherbnin [8] studied the problem of
magnetohydrodynamic free jet flow of a conducting
Newtonian fluid with variable conductivity.

The problem of free jet flow of an incompressible
power-law fluid was studied by Shulman and
Berkovesky [9].

Sharikadza and Ezzat [10] solved an extension of
the above problem which include the effect of
magnetic fields. In their work the -electrical
conductivity was taken as a linear function of the
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axial velocity.
In the present analysis the electrical conductivity
o is assumed to have the following form

o=o0,u" (L.1)

where u is the axial velocity, o, is a constant and m
is a positive real number.

2- THE BASIC EQUATIONS AND SIMILARITY
SOLUTION.

let u and v be the components of velocity in the x
and y directions taken along the axis of the jet and
normal to it, respectively.

The boundary-layer equations for the two-
dimensional free jet flow of a conducting power-law
incompressible fluid with a cross magnetic field are
given by

EXSRE A ] (S
p(“axWGY) kayu_ﬁf av] "5

(1.2)
du _ dv

In above equations p is the fluid density, B, the
component of the electromagnetic induction, k and
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n are the fluid consistency and flow index of the
power-law fluid respectively.
The boundary conditions are

ﬂsc:),v=o aty =o,
(2.3)

Uu=0as y-o .
Substituting from equation (2.2) into (2.1) and
integrating the resulting equation with respect to y

over the interval(-o0,9), we get upon using conditions
(2.3), the following integral relation

2dy Bz] moldy (2.49)
dx p 7

The continuity equation (2.2) enables us to
introduce a stream function ¥ defined by

vy ay
u=——, v=-—0— 2.5
dy ox (2:3)
We assume that the stream function and similarity
variable n have the form

(el oL
w-(—)’ T ()

. 2.6)
(3] ™1

where 8(x) is the thickness of a propagating layer.
Invoking the above assumption, the basic equations
(2.1) and (2.4) can be expressed in the form

m-a+l 2a-m

nff/ |2t {7+ a fi7-pE2-N 2 s 1f/ml0,  (2.7)

and
i =
-2 -n
= 35& -T2 :2--1 . @8
where
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2162111 d ¢ ’
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Y P

a =:/;f’"” dn,and b = :{;f’zdn @9

The boundary conditions (2.3) expressed in terms of
f and n become

f/ =o,f=0atn =0,

: 2.10
f’:o ®as n-e, ( )

where a dash denotes derivative with respect to n.
Using (2.8), the constants a and B can be written as

m-n+l 2n -m

L1 d,. a@n-DN i 2nl
4 3n dx6¢ 3nb ¢ 3
Jde: (211)
d g a+DN B5 0T
ol dap a(m+N
P 3n dx i 3nb ¢ ?

Substituting from (2.11) into (2.7), we get

m-a+l 2a-m

n Ifll Il-lflll (fﬂ ﬂ.'ll) &¢=N¢ 2T 3 2a-1
(2.12)
(f"“l+ a(2n l)ff”_ l(n+l)£n i
3nb 3nb

The similarity solution satisfies dé¢ /dx = const.
Without loss of generality, we take

s . q

2.1
dx 819

Alexandria Engineering Journal, Vol. 31, No. 8, July 1882



BZZAT: Power-Law Fluid Flow of a Hydromagnetic Free Jet

Eliminating ® between (2.8) and (2.13), we get the
following equation satisfied by 8(x)

+] - +1X1 -
xds _20n-1  a@a-nE-oN 52, 200%
8 dx 3n 3nb ’

(2.14)
The above equation has the general solution

-1
-wa( ﬂ’l!l—ﬂtbm 08 ‘me]ﬁH|

(2.15)
Using assumptions similar to those used by Sherbnin
[6] we obtain the solution of equation (2.12) in the
form

2n 1.3 '—ﬂ)f?

T T f(=) £3. 9 )
| | - £ (2.16)

el
2

)" l(

provided that

1 - P
CRam)

(2.17)

where

n  3n-1
Ku)%‘l-_mhl-l( n+l )h.-l uﬁ*h l)
2 2n-1 “hdm?ﬂ -1,'(2.18)

b=1

(T" is the gamma function)

If the magnetic field is uniform, i.e N(x) = const,
then the impulse at the start of the flow J, is given
by

2 2 1

J,-nmp(%)“¢ma'm. @.19)
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Using (2.19) in (2.15), we have

E-_Q( » B =L Gu-lnen) D)
B 3 a s |
3=Dx 1=t l(f(a-)) (2.30)

where

3n

(ﬁ( )3rs (2.21)

](2 -n)(2n-1)
The maximum velocity uy, and the volume rate of
discharge per unit length of the jet Q are given by

1
I (1 -BNx

~1(n+1 L
Go- ))2

u, =Ax , 222)

1 Go-D@+1) |2

Q.Cx?;(l—BNx %? )"“, (2.23)

where

A=(f(:;l(2n l).)zn 11_0_’

1

a+l
.1 (isn YEHIGHE =%
i) [r..(p’

CONCLUSIONS

The boundary-layer thickness & is plotted against
x in Figure (1) for a value N = 0.5 of the magnetic
field number and for three different values of the
flow index n. n = 1.3 (dilatant fluid), n = 1
(Newtonian fluid) and n = 0.7 (pseudoplastic fluid).
This figure shows that § in increases with the
decrease of n. For all values of n the boundary layer
thickness J increases with x.
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Figure 2. The maximal axial velocity for N=0.5.

Figure (2) represents the relation between the
maximal axial velocity u, and x for the same values
of the parameters mentioned above. The maximal
velocity decreases with x starting with infinite value
at x = o until it reaches zero at the end of the
boundary layer. It was found that u,, decreases with
increasing n for small values of x (x < 0.7). For x >
0.7, up increases with the increase of n.

In Figure (3) the discharge rate of the jet Q is
shown against x for the same values of the
parameters as before. The discharge rate increases
with x until it reaches a maximal value and then it
decreases with increasing x. Q increases with n for
small values of x (x < 0.75). For x > 0.75 Q decreases
with n.
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Fiéure 3. The discharge rate of the jet for N=0.5.

It is interesting to observe that putting n = 1 we get
the solution of the problem of
magnetohydrodynamic free jet flow with a constant
conductivity o = g, obtained in [7].
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