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An aualysis of (he effoeis of Hall -emtent it hydrommgnetie free
eonveetive flow through a Porous medium houndod by o vertiend plate is
theoretically investigated Wheny a strong ‘widinetic fiokd i« Buposed in g
direction which is perpendicular to ilie free strepun and makes an angle o
to the vertieal direction. The influence of Ball’cmrents on the fow is
stadiod o viniGul valies of b 10t Fodmlt o) af 2'The = v ogrgilv

A Bkl obgdaoly Batlagan afbedaide Ao Higanio ke g 00 wid
14} __,:1?!?!-&;l.t-t‘lillwéuﬁﬁﬁ; In yecen i;.,\’r,é?{an__l‘ﬁ,j_.lcr_;m‘-j dezhle .Eg*f'fi‘%ﬂr.ll.lfi%'#‘.fﬂ, has, heen given
fo the study of hydrodynamie flows thio ugh & porgis i undgr, j[:116
influeuce of temperature differences, hecatiso it fincle Sreat applieations
i geothermy, geophysies and teehnologv. ¢ 6 & i

Soundalgekar [1, 27 udidd the ‘effects of free conveetive currents
on the oseillatory Hlow past an infinite vertieal parons plate in the presence
of constant suction.. Itaptis [3] andyRaptiset, al. ik presented an analyti-

cal study of free convection flow through a very porous medinm hounded
by an infinite platel Rajptis and Pardiki®'[5] have studied the same Pro-
blemy in presenee of uniform fransverse magnetie field. Reeeut studies
Ram ¢t al [6], Dutta and Jana [7] on the hydromagnetic flows with TIAl
curreits, are mainly focused upon thos¢whene the magnetie field is im-
posed normal to the plate. ITence the purpose 6tthe present work is to ana-
Iyse the efiects 6f Fall Current on hydsomagnetic frée conveetive flow
through a poreuy medium hounded by an ivfinite vertical plate, when a
strong magnetic field ‘s, impos_\'ed\_ in ‘a d-iréectiuﬁ‘ which -iyeperpendicular

to the free stream and makes an angle « to the vertical direction. -
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Basie equation of mgtion. The basic equations jgaterning the physics
¢ Bigo, 1)

of the problem gre
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; the phisie: ities ha Leir usual meaning. In writing (1),
woere the physical qualtities' have b J ing. v } s
it ix "i-.\\‘Uiﬂ{‘(“'t that' the fluid is electrically quasi-neutral and ionglip and
thenmosleoth BiEES S HEgheEL
thermoelecivic effects are _ne'}ghg,lh ). _ . » '

Since the plate is infinite in extent, all physical q_uanm_tles, e‘xce};t’
pressure, are lunctions of %' and ¢ only. th{f eq11at_10_n of contmi?}l }t

v-?;f =0, gives ¢’ = —vy(vy> 0), where § = (1 7V W ). It is assumed 12@-
the indueed magnetie field is negligible'so that H = (0, H,», ",/ 1 LA
where ) = cese. Thelequation of conservation of electric charge ¥ - J = (){;
gives j,- == constant, where .J = (4, §,, j.). This constant is 7ero sgcg ](:;‘,re:f 0
Zt the plate, which is electvically non-conducting. Thus Jyans= Ty
where in the flow.
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where m = oel'e is the Hall parameter. We no\.-v i consid@‘ ?furthgr the
case of a short civeuit problem in Wh‘ich th.e rapphe(rl e?leqtl'le field E = Or
Under these assamptions, the non-dimensional forms of the equation of
motion and ensrgy reduce to : ' .
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q =u -+ e and bar denotes complex conjtgate of g. The co‘m"esplond ing
bounaary conditions are,: pet _ =

g=0, 6 =0 at y'=0
{5) } '

g - U(-t),,-l() —~0 as y — oo

ey
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To solve these cpupled,.mlm-»ﬁuem' equations, we assume that the unsteady
Hlow is superimposed on the mean flow,
Hence we write in the neighbonrhood of the plate

(6) 9 (7 (e go) o801 — @

(1) v s U =1+tew &

(8) 0 = - 10, eior 1

1
where ¢ < 1,
P15

i LI -
Substituting the cguations (6) — (8) n' equations (2) wnd (3) and
equating the like terms on both sides, we get

(9) r qél —L fl(’l 1Y ]FIJCIO == (}60
(10) 0, -+ PO - PEgE ~ 0
(12) | g g D) EL S g
;\ ' A
foPGt, o an oy
(32) Wt BOp o L PR el —

The boundary' cofiditiony: are
9o ='1, (/=10 g 1, 0,=0 at y =
Go/='0,1.¢, =0, Bo=10, 0,= 0 asg 4 = 0o,

In equations (9) — (12), the primes denote the derivatives with respect to y.
Physically ¢, and 0, represent the mean velocity and mean temperature

respectively. In this analysis, we study only the mean flow which is govern- |
ed by equationsby equations’ (9) and (10). Thege gre non-linear equations i
whose' exact solution are Dot possible. Hence, we expand ‘the wvelocity |

and ‘temperature powers of B, the Bekert number assuming. that it is
very small.'This is'justified in 'low speed ihcompressible flows. Hence
We can write - !
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“é'»:uhs_ti_tﬁﬁi'j;lg equations, (14), (aﬁd-(iﬁ) in equations (9) and (10) and equa-
ting the coefficients of different powers of ¥, neglecting thosg of B2, we get

/bhe solution nnder quiﬁedfboundal'y-lconqitigns B e s ‘
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WPES"B =P [(1 = Ay)sing; y — 1.:?1 cosbyy] ey 4 EPG_" [eg €Y
Li(log GOSByY - 0yg SinByy) e Al — 1633 €= 0]

(17) g 0= — (0g COSELY + Oy sin By) e~ ],

0, = e~ - EP [ag ety — e Bh A (@, COBPLY —

(18) — (ln Hi]j?jlliJ) iy enTY Ligy (oI

where all the constants appeaving in equations (16)— 18) are giyen in fhe
appendix. it ' " ' L Culs

Knowing the mean yveloeity fiold and mean temperature field we
can now calculate the mean skinsfriction and mean rate of heat transier
from the plate.

Biseussion of the resull, Wesee from thesolution that thesteady state
flow eorresponding to ¢ — 0 oxhibits a boundary layer behaviout. Bince
the magnetie field is strong, the exponential o decays least rapidly than
the other exponential tevins and hence the thickness of the boundary layer

is of order L (assuming that pis less than oneor order one), However,
Ji)
’ L : .
when p 3 o or ovder o~ - cai e taken as, a measure of the boundary
q
layer thickness. Tn this case, {he boundary layer thickness decreases with
ihe inerease in the magnetic parameter and inereases with the inerease in
fall pavameter. Wien the Grshol number @ is small (G < 1), neglecting
terms ot order Gin the solution, we have :
CTGE-C Y gos Py, wl =l e RNy L
: { | il I 1 N =il i 13 niy)
which.shows that the primary and secondary velogity dis tributions ave in
‘the form of @ logarithmic spiral and i, similar to Blman velogity spiral
- for the flow past a tlatiplate in a rotating fluid. Thus wemay, conelude
that for small ﬁmgﬂetic.3‘uf--y.m-_mlfl’s:‘._.-'1'11'11111)@;1"3;,-;'.EI'&H currents play @ vole
similar to that of rotation. Sy T
e discuss the Hall effects on the hrvdromagnetie free conveetive flow
throngh o porods redivn, The non-dimensional velocity compounents (the
mean primary velocity ¢, and the mean secondary veloeity wg) have been
presented (or diffevent (vithes of wand m. Allthe numerical caleulations
have beeu (done tor, }{*=5.0, O 0.0, f1=0.01 K=5.0and p —=(.71 (for air).
. From Figures 1 and'2, it iy seen that for a consfant value of i, o th g
and 10, increase with the inerease of w whete ag for fixed value of & primary
velocity e, decreases and secondary velocity w, inereages with ' the
increase of Hall parameter . The numerical yalues of heat transfer coef-

ficient T, = — = from the plate are entered in the table for
Ay | =0 1Y ’ i« '

different values of and . From the table it is seen that the 1, increases
with the incérease of « as well as the Hall parameter m. '
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If A == 1, the imposed magnetic field i

s parallel to y axis. In this case,

neglecting free stream, equations (2) and (3) are the same ag equations (6)
(7) and (8) for steady case of Ram el al [6.]. For A =1 and m — 0, the

velocity distributions eoineide with the

results of Raptis and Perdikis

[5). For n ==1, M = 0 and m == 0 the velocity distributions are the same

as Perdikis [3]. For A =1, ¥ =0, m =0

and medium is not porous the

velocity distributions are the same as Scundalgekas [17.
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APPENDIX
g = MO - 22, A= P2 p— o, B=ma, -

Ay = GAJ(A* + B, By = GBJ(A* - BY), o -- 1B, =

Ry =[4,(1 — 4y) — B%] (o + ) + By B,
Ry = [oy - 1B, — B AL — Ay — BT,
ay = @ + B [(1 — A1 4 BR(d = 20p).

ag == 2P Ryl[oy + PP - BRI, a5 = 2P Ry [{ey -+ P} -+ Bi]

i 2
ay = —2——[111 + Bl a3 =a; 4 @+ o4

Phys. Sci., 18, (1976) 59— 66.
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Py = dof - 20— ay, Py = (@1 -+ Py — (g - p) — g — B

D,

@

== 28y(oq + p) — By — B.

- 2
Py== =l ((12p2 4 apg) /(P 4 P

1 2 2 =
Py= E’(azpa — g [(Py -1 P3)y 1 Py =21
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7 = 28,(2, + P) — B+ B

1 ,
Py = T (a2 Py - ay PP & )

1 b %
Py = RS {(a3 P4 — (12P7)]/'(f)é - PR, Py =4pt - ap _ s

Py = __7éa-7 A _&_ 't Wby Lk g
A2 2 B ’ERT 1= I
' m— 5
: Nl & a2
Py = - 5 4 p By
R+ B Py B
Cy = — @ Aj(A* — B, Gy = a;B/ (A% +- B%)

Co= D+ 1y Oy =Py — 23
. n_g2 i - : 2t A 2
CJ =3 a,ii)]o;'((’]() o B‘): C;; — (111)1/’(1;1 + B")v Cﬁ == J”“:

. pemean SILLE , -
Cr= by, )= Dy Py Gy = Py — Py
2

Cip = ay B/(l’?o = B, Cp= o BT + B).

Table
e o
0° 45°
b
1 1.0598 1,1246
2 1,6825 1,9235
3 1,7254 1,9873




