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28 Simple Galerkin solution

sorting for different lateral dependencies yields the following system of equations

%ab (V=) wy = —Rak® (14 M0 — (¥ + Mth)ey — MV,
+Ra Mik* (61 — ¥mer = V1) V. (8o = Ym o) + (V2 = £2)?wy, (3.58)
Bico + 3V (wier) = LVE[(1 4+ Mym)eg + (1 = Ma)0y] (3.59)
der+unVoeg = L(V5 =) (40 = MV, 1), (3.60)
B0+ 1V, (wth) = Vib, (3.61)
Ao+ un V.l = —w+(Vi-k)0, (3.62)
(V2-Mik?) dy = V. (0= Pmer), (3.63)

The field ¢y has already been eliminated with the help of Vigg = V,(f — t,.cp). This has also
been used (o write the remaining boundary conditions as

Valer +8 = MpVei)],_iypp = 0, (3.64)
V(14 Myt )eo + (1 — M, 90)].- cupp = 1= My, (3.65)
O lymsryp = ]r-—l/z =0, (3.66)

Wilimprp = Vewnl,o =0 (3.67)

To solve this boundary-value problem we adopt vertical profiles aw, fly, ¢, co, ¢ and ¢, in

the form
wy(z,t) = A(t)cos® (n2), (3.68)
0, (z,1) = DB(t)cosmz, (3.69)
Bolz,t) = G(t)sin2nz, (3.70)
n=N

molFs ~wede /’ clzt) = m—,““ﬂf,(z entz.t))+gun(u)sin(znﬂ)m, (3.71)

™ / n=p
VM'\{“(-CU‘Y 9 alznt) = _ol(z,t)+2bﬂ[t)cus2nxz, (3.72)

{_’J.yﬁf ‘ oy
e = g Al o

n={0

which satlsfv the boundary conditions (3.56,3.64-3.67) identically, if A (2+ k) +Z
W )_m J( Vb = 0 is Lhusen

=)"An+

vﬁl

26 Simple Galerkin solution

temperature from Eq. {3.36) is #. Then Eqgs. (3.5), and (3.22)-(3.25) lead to

Vv =0 (3.39)
[;{ (v- V)] (0= MiV.9) = w(l—M)+A0+ FAC — MyV.¢) (3.40)
[% + (v V)] C = LA(@+C — MyV.9) (3.41)

% [% +(v- V)] (curlv)i = Raew:Vie[(1+M)0 = (+9ud)) C + (Ms — M\)V.4]

—Ra My €, (ViV.0) Vi (0 — 9 C) + Alcuriv); (3.42)
(Vi+MsA )b = V(0= 9nC) (3.43)
Age = 0 (3.44)

where w is the z component of the velocity. The transverse Laplacean A = A — V2. The non-
dimensional parameters introduced here are: the Rayleigh number Ra = agfogrd!/(kv), the
Prandt] mumber Pr = p/x, the separation ratio v = a.py Dy /(agya D), the magnetic separation
ralig m = —Xepo Dr/(Xr7a D), the Lewis number I = yyep D/ (p2RTy) = D,/k, the strength
&f%ﬂeﬁc force relative to buoyancy M, = Box% HZ/(pogrcsé), the magnetophoretic number
My = DyexrHE/(poDyE), the nonlinearity of magnetization My = (14 x)/2m 1—xy H2/(1+ !

Xo), the relative strength of the Lemperature dependence of the magnetic susmptibi]it_v M, = 5 M £
X3 H3Ty/(cy€), the ratio of magnetic to thermal buoyancy Mg = ayxrHZ/(0u), and the

Dufuor number F' = DE/(DR) = D,Dyf(kD.). The stability conditions (3.20) require M, < 1 N%Z

|

and Myrh, > —1.
According to our choice of 'rigid” and ideally conducting boundaries, the boundary condi-

’
tions for the deviations from the conducting state read

0licsy = 0 (3.45)
w]kl% = 0 (3.46)
Vgu]z:i% =0 (3.47)
V04 C=MyVog) sy = 1= M, (3.48) 7 be.
and the magnetic boundary conditions (3.28), (3.29) are “ CGUP[C
FVuh+9nC) = Vil = O e _| C o,
V.- VJﬁe]s:ti« =0 (3.50)
These boundary conditions close the problem to find the fields v, 8, C, 4 and ¢,. ¢
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