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The. flow of & viscous incompressible and electrically conducting fluid due to accelerated motion
of an infinite flat plate in the presence of a uniform transverse magnetic field is considered. The

_ magnetic field is assumed to be fixed relative to the plate. - Series solutions for velocity and skin.-
friofion are obtained under the assumption that the magnetic Reynolds number is small. The
effect of magneticfield on the velocity and the skin-frictionin case of impulsive motion, unifor-
mally accelerated motion and accelerated motion is discussed. .

Rec(;ntly Soundalgekart has studied the flow of an electrically conducting incom;
pressible viscous fluid due to-the uniformally accelerated motion of an infinite flat plate
in the presence of a uniform transverse magnetic field fixed relative to the plate.

The purpose of this note is to extend the above problem in a general case, i.e., accolorat™
ed motion. We have - solved this problem by a series expansion, in whieb the first term re-
presents the (similarity) flow in a non-magnetic case. Expressions for velocity and skin-
friction are obtained for small values of magnetic Reynolds number. The effect of magnetic
field on the velocity and the skin-friction has been discussed for impulsive motion, unifor-

‘mally accelerated motion and accelerated motion respectively.
____________ - ANALYSIS -

Two dimensional motion has been considered in which we take »-axis along the plé.te
and in the direction of motion, while the y-axis is chosen perpendicular to it. Itis assum- °
ed that a uniform magnetic field of strength Hp is acting parallel to the y-axis. The

momentum equations relevant to the problem are T ‘\
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Here u is the velocity along the plate, — “po % is the component of Lorentz force in

the z-direction, o the electrical conductivity, By (= g Hy) the magnetic induction, g the
magnetic permeability, ¢ the time, p the pressure, p the density and » the kinematic
_viscosity. S

All the physical properties of the fluid such as o, pg, p, v are assumed to be constant,

_ In deriving the above oquations, it is assumed that the magnetic Reynolds number
is small so that the induced magnetic field is negligible in comparison with the imposed
. : o 135 . :



magnetic fiold. This assumption is justified as in most of the aerodynamic applications
the magnetic Reynolds number is small. Further, since no external electric field is applied,
the effect of polarization of ionized fluid is negligible, hence it can be assumed that the
electrie field is zero. R ' ‘ '

At time ¢ < 0, the fluid, the plate and the magnetic field are assumed to be everywhore
stationary. For £ = 0 and fer all later times the plate and the magnetic field are accelerat-
~ed at velocity u = At® (where @ > 0 and 4 is a rteal positive constant). Because the
magnetic field is moving and the fluid is initially at rest, the relative motion must be
accounted for (since the origin of coordinates is fixed in the space). Hence (1) becomes -
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whieh is to be solved under the following initial and boundary conditions
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3 SOLUTION OF THE PROBLEM
. - : . 2 ; . )
For small values of mi, where m = o By ,» We.expand u: in aseending powers
of mtasfollows - | C
u=A"[uy(n) + (mt)ug () + Py () + ..oovvvrnnnnnn 1, (5)
where o ' ' \‘ : ’
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_ Now substituting (5)in (3) and comparing th coefficients of like powets of mt, neglect=
ing the coeﬂicients of (mg)® and higher, wo get o R
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 where the dashes denote the differentiation with respect t0 1.
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The felevant boundary conditions reduce to .
w0 =1, " w0 =0 Fo.s . '
: . ) (k":l; 2, 3,» ------ ) (7)
* Thesolutions of (6), satisfying the boundary conditions (7), are .
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. where D stands for j I + 1) ond Hhpy (V3 n) is dofined?

— 2a —4u? ‘
Hioa (‘/2 = [(ur (2\0{“:-’1)1 ¢ W

Subatltutmg (8) in (5), we get the expressmn for the valoclty

The skln-frlctlon at the pla.te is glven by
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In the absence of magnetle ﬁeld the local skm—frlctum ab the plate is glven by
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" Pig. 1—Variation of velocity proﬁle_ﬁith 7. Fig. 2—Vaﬁaﬁion_of,s]ﬁn-friotion ‘with Mibs
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By utﬂlzmg (8), the ratlo of the skm—fmetlon becomes
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RESULTS

: In Fig. 1. the dimensionless velocity (u/de®) is plotted agamst the similarity vari-
~-able 7 for @ =-0, 1, 2 and m#=0, 0:2.  The skin-friction ratio (-rw/'ro) is plotted against
mthlg 2foroc_-0 1,2

We thus draw the following conclusions :

‘ z‘) “For fixed. value of &, the skin-friction decreases and the veloclty increases Wlth
R the increase in magnetic field strength e i

(i5) The effectiveness of magnetic field, in reducing the skin-friction-and i mmasmg
~ the velocity, decreases respectively in the case of sccelarated motion (¢ = 2)
~ '~ than for uniformally accelerated motlon (@ =1) and hally for smpuiswermom
tion (¢ = 0) , L , ,

(m) The skm—frwtlon is greatar in the case of acceleraf;ed motlon f;han in umformally ‘/
accelerated motmn and respectively in impulsive motion.
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