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1. Introduction. The influence of Hall-parameter on the electric field of
Hartmann flow 1s discussed for different values of Hartmann number.

Sutton and Sherman [1] have studied the flow pattern, induced magnetic field
and current distribution in modified Hartmann flow where Hall-current is taken into
consideration. Todd [2] has given a detailed discussion of different conditions in
Hartmann flow, which distinguish between the electromagnetic pump; electromag-
netic brake, magneto-hydrodynamic generators and the magneto-hydrodynamic
flow accelerators. His analysis is based on the values of the electric field parameter
E, for different values of Hartmann number. Following Todd [2], we attempt here
to study the influence of Hall-parameter on the electric field in the Hartmann flow.

2. Equations of motion. We consider flow of an incompressible, viscous
fluid between two parallel planes at z = £L. A Cartesian coordinate system is
chosen in such a way that the z-axis is parallel to the magnetic field By. Induced
magnetic field is neglected (see ref. [2-4]) and Hall-effect is taken into considera-
tion. Assuming yz-plane as a complex plane with y and z axes as the real and
imaginary axes respectively, and €, the unit vector in the resultant-flow direction,
the resultant-fluid velocity f is given as

f-uli- cosh(M\/T:n/L)l 1)
cosh(M/T)

where A d d
s . 5 e 2 POl Lt

f =u+iw, U T (ay—i-zaz)p

P? tET 14+ 1m
E=E, +1iE;, 4= - —, = —

i sBZ  Bo S o

= (cr/pu)l/zBoL = Hartmann number,
m = w7t = Hall-parameter.

We assume that P* and By are positive constant quantities and E is a param-
eter.
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The average velocity is:
tanh(M\/T)] 2)
MVT
which tends to U as M — oo; and the flow rate Q is given by:
Q = 2L fave- (3)

Then, Qo, the flow rate for a non- conductmg fluid, is obtained from equation (3)
(by keeping F fixed and letting o — 0) as

Qo = 2L(P*L?/3pv). (4)

Equations (3) and (4) show that the electromagnetic forces accelerate the flow if

fave = U[l =

*r2
Q>0 = fave > = E<E7, (5)
3pv
where
BELf;_ ——z[(M\/— %M\/T(M\/T—-tanhM\/T)‘l . (6)

We assume, the resultant current density vector is J = &J = é(J, + iJ,), where
J=0T(E -iBgf) (7)
and that the not current is given by

5
Iz / Jdz =2LoT(E - iBy fave) = 2L Ioye. (8)
-L

As the component of the Lorentz force is —€iJ By and

J<0 = E<F = (9a)
we get that the electromagnetic force aligns with +é and
J>0 < E>0 (9b)

which implies that the opposite is true.
Equation (8) yields:

120 < E2E= & LQB"[(M\/_)- (MVT -tanh MVT)™1].  (10)
pv

As —¢€i f_:l'If' JBodz = —¢ilBy, the results discussed in equations (9) can be ex-
plained in terms of I and E.
From equations (6), (9) and (10), we obtain

puE’
BQL2P*

1
<-3 (11)
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and

s e AR e ]
5° 7| BeL?P| S 73

which are similar to equation (8) od Todd [2].

<0, (12)

3. Results. Todd [2] has plotted E, the electric field parameter, graphically,
against M. He has explained the various stages of £ (for constant pressure gra-
dient and magnetic field), which differentiate the conditions for different types of
machines such as electromagnetic pump, MHD generators, etc.

It has already been mentioned that when E < E*, the flow is accelerated (see
equations (5)). From (10), we get that the resultant Lorentz force opposes the
motion (i.e. in the —¢ direction) if £ > E°, whereas it aligns with the motion (i.e.
in the +¢& direction) if £ < E°.

- 0
pvE and pvE
Helr P> BoL? P+
tively, with m and M. Those absolute values increase with the increasing values
of m and the decreasing values of M. Therefore the influence of these parameters
on E* and E° are similar in nature. We observe from figure (2) that the value of
pvE’
BoL2 P+

increases with the increasing values of M.

Figures (1) and (3) show the variations of respec-

decrease with the increasing values of m: on the other hand, its value
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BIIMAAHUE 3¢$EKTA XOJIJIA HA IIOTOK XAPTMAHHA

Borpoc o BrmAHuM MapaMeTpa Xoila Ha 3MEKTPHIECKoe M10JIE B TOTOKe XapT-
MaHHa o0CyXKmaeTcs WA pasHBIX BEIMYMH 4Mcia XapTMaHHa.

Cyrron u lllepmaH HccnenoBanu cTpyKTypy MOTOKA, MHIYIIPOBAHHOE MATrHUT-
HOe MOJIE M pacrpene/iIeHe TOKa B MOOM(UUMPOBAHHOM ITOTOKe XapTMaHHA Te
paccMaTpuBaerca Tok Xosta. Toam nogpoSHo obcykOan pasmudHEE YCJIOBUA B
TMoToke XapTMaHHa, KOTOPHE pPa3ivyaiores MEALY 3NEKTPOMATHUTHBIM HACOCOM,
3JIEKTPOMATHUTHEM  TOPMO3OM, ~MarHMTO-TMAPOZMHAMMYECKMMU TeHepaTopaMil
M YCKOpUTEJNAMH MAarHUTO-TMAPOXMHAMIIECKOr0 IM0TOKA. Ero aHadM3 ocHoBaH Ha
BeJIMMHAX IapaMeTpa E' 3JEKTPUYECKOro MONA, WA pasHHX BEIMIMH YHCIA
XaptmaHHa. Crenys Tomay, 3nech MBI cTapaeMcs MCCIENOBATh BIMAHHE napameTpa
Xomna Ha 3JIEKTPUYECKOE TI0J1€ B I10TOKe XapTMaHHa.

Borkakati A. K., Chetri D.B.
Department of Mathematics
Dibrugarh University
Dibrugarh 786004, Assam, India



TEORIJSKA I PRIMENJENA MEHANIKA 16, pp 21-24, 1990, UDK 533.9

INFLUENCE OF HALL-EFFECT ON HARTMANN FLOW — PART II
A. K. Borkakati; D. B. Chetrt

(Received 07.09.1989; revised 31.10.1989)

1. Introduction. The effects of the deflection of the magnetic field in Hart-
mann flow between two parallel planes, particulalry to the electric field are discussed
theoretically and plotted graphically for different values of the Hartmann number

M.

Todd [1] has discussed the effect of the Hartmann number M on the electric
field in the Hartmann flow. In practical problems, it is always possible to get the
magnetic field not exactly perpendicular to the boundaries, due to which a cross
flow occurs. An attempt is made here to study the effect of the deflections of
magnetic field on the electric field in Hartmann flow.

All physical quantities except pressure are taken as functions cf z only.

2. Equations of motion. Considering the magnetic field By =
(BoV'1 — A%,0, BoA) where A = cosf and velocity v = (u,v,0), the equations of
motion reduce to

10p d*u 1

= ———— il 4 A& A
0 >0z de2 + prBo (1)
10p d?v 1
= —_—— e /\
0 E +de2 pJ By (2)
1 1
0= -—(—92——}3,30\/1-—,\2 (3)
pdz p
where
Jr = U[E:I: 3 'UBOA]: (4)

The boundary conditions are

u=0, v=0, w=0 at z = +d. (7)
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Equations (1) and (2) yield 8p/8z = constant and dp/dy = constant. The solution
of equations (1) and (2) subject to (7) are obtained as

1 P cosh(MA/d)z
§= BoA? (O'Bo i /\Ey) (l "~ cosh M #)
el P, cosh(M\/d)z
. BpA? (E; - AE:) (1 " T cosh MA (%
where P, = —0p/8x and P, = —dp/dy. The flow rates Q, and Qy are given by
2d T F -
= —£ - (M))™? A
Q B2 (UBO + /\E‘y) [1 = (MX)~!tanh M)], (10)
. r R -
Q= B2 (ZBE - ,\E'x) [1 - (MX)~"'tanh M)]. (11)
For a nonconducting fluid, the flow rates Q;, and @y, are
2d3 P, 2d°P,
Qs = T and Qy, = T (12)

The Lorentz force will accelerate the flow if

Q:: > Ql’o} e Ey > E; (13)
Qy > Qy, -E. > E:
where
. BoE*
oﬁg}‘f’ = C;'\/Izopy = x\[—;-(M,\)(M,\ - t;anhM)\)‘1 - (M/\)'z]
y f
-O'.B()E"'
= —pp- () (14)
which shows that 93 o \
pv
~% <Pa@g <73 (15)

Let us assume that
+d

—d

where
_ +d e
Fr: = ABol, = ABy Jydz = oABy (Ey — AByu) dz,
=P -d
+d +d
Fy = ABol; = ABy Jp T = 0'/\30] (Ez + ABgv) dz.
-d -d
Therefore )
F,éﬂ}ﬁ I930}=> EyzEy
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Hence
O'BQEO O’B()Eg - . —UBOEO
MZP: = 377, = A[(MX - tanh MXA)~! — (MX)7%] = T (say) (16)
and s
A pvE
—§ < WQBO < 0.

Now J, >0 = E, > uBoA = E, > E, = agt/\(costh\—l) and Jy <
0
0 = Ey<uBod = E;<0. Also, J;: >0 = E,> —vBgd = E; >0

and J; <0 = E. < —vBgA = E, < -E, = -oif—y/\(cosh M\ — 1), where
0

cBoE, oBoyE, 1 —0BoE'
o y = B, = X(cosh MA-1)= 5 (say). (17)
This shows that
pvE’ A
L -
P'd? By 2

From equation (3), we get

u=(P: +0Bo\V/1—-A2E,)/(eBIA/1 = A2), (18)

where P, = 0p/0z.

Using the expression for u, we have

e 1 § cosh M A P cosh M A 1 (19)
Y™ 6By |+v/1= A2 cosh(MA2/d) A \ cosh(MA2/d)
For all values of M
cBoE, P VI=AT[. cosh(MA2/d)] _ VI=X?
f — 1 - -
it e L BT AT, R TR e g bt Y
ocByE, s - 1-A2[]  cosh(MA%/d) _
- o < 0. 1e. > .
P, i og . g B, 3 1 —osh A L0 Te VP £

3. Results. The deflection of the magnetic field is associated with three
mutually perpendicular components (E;, Ey, E;) of the electric field, where E,
vanishes automatically when A = 1 (see equation (6)). Here we study the effect of
A on E; and E, only. In figures (1), (2) and (3), the effects on the electric fields
i.e. —oBoE°/P', —aBoE'/P' and —cBoE" /P’ are shown for various values of A
against fixed values of M i.e. (M = 2,6,10). It is clear from the figures that the
electric field will increase or decrease due to increase or decrease of A respectively
for constant values of Hartmann number M.
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OTKJIOHEHUE MATHUTHOI'O [IOJIA B [IOTOKE XAPTMAHHA

OPPeKTH OTKJIOHEHHA MAarHUTHOIO 1014 B MOTOKe XapTMaHHAa MEXKLY OBYMA
rnapauleJJHEMU  TIJIOCKOCTAMM, OCOOEHHO K OJIEKTPMYECKOMY MO0 oOCy&IaeTcs

rpaduaecku 01d pasHBIX BEJIMYMH YHciaa XapTMaHHa M.
Tonn obcyxnan offekT ducia XapTMaHHa M Ha 3JEKTPUYECKOE I0JI€ B IIO-
ToKe XapTMaHHa. B npakTtuiyeckux rpobiieMax, Bcerga MOXHO MOJYYUTb MarHMUT-
Hoe TI0JIe He TOYHO IepNeHONKY/IApHoe K IpaHHLIaM, Garogaps 4eMy IpOUCXOAUTh
MEePEKPECTHHIM MOTOK. 3Iech MBI cTapaeMcd McciedoBaTh SPPeKT OTKIOHEHUA Mar-

HUTHOI'O TOJIA Ha 3JIEKTPUYECKOE I10J1€ B TOTOKE XapTMaHHa.
ODSTUPANJE MAGNETNOG POLJA U HARTMANOVOM TOKU

Graficki se prikazuju efekti magnetnog polja u Hartmann-ovom toku izmedu
dve paralelne ravni, posebno za elektricno polje, za razne vrednosti Hartmann-ovog
broja M.

Todd je razmatrao efekt Hartmann-ovog broja M na elektricno polje u
Hartmann-ovom toku. U prakti¢nim problemima uvek se moze dobiti magnetno
polje koje nije ta¢no normalno na granicu, zbog ¢ega nastaje unakrsni tok. Ovde
se izucava efekt odstupanja magnetnog polja na elektriéno polje u Hartmann-ovom

toku.
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