FINITE ELEMENT ANALYSIS OF MHD FLOW OF MICROPOLAR FLUID
Then Eqgs. (9)—(11) take the form

2n 2
1+ KA + fi — h? — Mh+ Kq 0 =0,
A+ B A0 = W = e MRS+ )
K. _, . (3n—1 2K N
(1+2)9 + fg <n+1>h9 (n+1)(2g+h)—0,

0" +Pr f6' =0,

and the corresponding boundary conditions now become

f=-X\ h=-1, g=—-05K, 0 =—c[1-0(0)] at n=0,

h—0, g—0, 8§ >0 as n— oo.
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(18)

(19)

(20)

(21)

(22)

For the computational purposes, infinity has been fixed at 8. [t is observed that the value greater than

8 does not result in any significant change in the numerical results.

3.1. Variational Formulation

The variational form associated with Egs. (17)—(20) over a typical two-noded element (ne, 9e1) is

given by

TMNe+1
/ w1 {f’—h}dnzo,
MNe

MNe+1
2n 2 2
1+ KW' + fh' — h? — Mh+ K¢ + H}d =0,
/}”{( W+ 7 n+1)"  (n+1) T e )7
Ne

Ne+1
K 3n—1 oK
1 " /I hg — 29+ 1) S dn =
/ws{(+2)9 + fyg <n+1>g (n+1)(g+ )}n 0,

Ne

Ne+1
/ Wy {9” + Pr fﬁ/}dn =0,

Ne

(23)

(24)

(25)

(26)

where w1, we, ws, and wy are weight functions, which may be viewed as the variation in f, h, g, and 6,

respectively.
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3.2. Finite Element Formulation

The finite element model may be obtained from Egs. (23)—(26) by substituting finite element
approximation of the form

(27)

2 2 2 2
F=Y"fitg, b= hjb, g=> gy, 0= 01,
j=1 j=1 j=1 j=1

with w; = wy = ws = wy = ¢; (i =1,2), where the shape functions v; for a typical line element
(Ne, Mes1) are given by:

Tle

pp= " = T e << e, (28)

Ne+1 — 776 Tle+1 — Te
The finite element equations are, therefore, given by

(KM ZEP)EN ]| {f) {v'}

PP || ) || ) )

[CHIEZKP|E] ]| {g} {v°}

IKUEPKPI RN ] [ {e} | | (']
[K™"] and [b™] (m,n = 1,2,3,4) are the matrices of order 2 x 2 and 2 x 1, respectively, and are given
by
TMNe+1 w Ne+1
11 12 13 14 21
w v, i
Ksz =—(1+ K) i Jd + / fz/;z / hapinbdn — n+1) / Pipjdn,
Ne
Me+1 de % MNe+1 K Ne+1 dq/}
23 _ g 24 _ 31 _ 32 — _ L
K =& [l 5= T [ v k=0 K ) [
Ne Ne
Te
33 K dwz dwj Sn—1) [
Ne Te
N
— badn,
(n+1) / vivsdn

and

K¥ =0, KN = K2 = K =, K;f:_/

Ne

dn dn
Ne

dwl @i dn + Pr

/+ 1f (05 dd%
Ne

9

(30)



