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ABSTRACT

In this paper, the problem investigated on the effects of rotation and permieability of'a sparsely packed
fluid saturated porous medium using the Brinkman model. The study, of the cumulative effect of
rotation, magnetization, magnetic field concentration and permeability. on the behaviour, of the
solidification problem is considered. The linear analysis and nonlinear analysis are carried out by

using a modified power series technique.
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I. INTRODUCTION

The physical configuration constitutes the problem ofasolutal convection ina horizontal, sparsely packed
incompressible and porous layer of ferromagnetic melt in the, presence of vertical magnetic field as well as a
uniform rotation about the vertical axis and buoyancy forcesiFrom this a semi-infinite slab of crystal is being
grown. In this study, the magnetization is a function of concentration. Thus, a concentration gradient is
established across the fluid layer-“Further, the modified permeability/porous parameter are the additional
dimensionless parameter governing the problem. The qualitative and quantitative aspects of the problem are

predicted by conSidering a proper choicefof the parameters.

1. MATHEMATICAL FORMULATION
In this'study, the mathematical formulationshas been constituted through extension of previous studies [3] and
[4] as'given in below equations:

The Conservation of momentums

Ay

(2 ) S oq 2
—+q.V|q+20Kxqg=V.HB )-Vp+a,gC k+v,—+vv?iqg-
(ot ) oz
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The Concentration equation:

[ 5 M Tdac oM dH oC
\pCV,H—uoH-(O ) |—+uOC(—W —+p.(a-v)C +pc(q~V)C0:pCv0—+pCdV2C (5.2)
L0C )y LoC )y, d 02

Along these equations, also consider the equations (3.1.3) to (3.1.10) from [3]. In equation (5.1), the viscosity is

assumed to be isotropic and independent of the magnetic field where z-axis is vertical.

111. BOUNDARY CONDITIONS
All the boundary conditions i.e. (3.1.11) to (3.1.18) are considered and discussed in [3]. In addition to that the
conditions on the vorticity are:

£=0atz=0; [{l<wasz—w (5.3)
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3.1 Basic Solutions

In this study, to get the same basic solutions are discussed in [3] and [6] and the vorticity will bez = o

IV. LINEAR STABILITY ANALYSIS

In this section, the linear stability of the solutal convection in a ferro- porous melt under the influence of
magnetization, rotation and magnetic field is being discussed in detail. While the structure of the pattern
formation gives the growth of crystal formation. However, the influences of different governing parameters

especially rotation on the velocity, concentration and magnetic field profiles are predictable only through

nonlinear stability analysis, which is based on the results of the linear stability . Therefore, such an

investigation is done here to throw light on those aspects of the present solidification problem [3] under rotation.

The perturbations are introduced to study the stability of the quiesce n (5.1),

which can be written in the component form as follows:

(6 \ op oH, du
—+q.V|u-2vQ =-—+p, (M, +Hyg) +V,—
(ot ) 0 X 0z 0z

(5.4)

oH,

0 op
{g+q.Vjv+2uQ=—E+uo(M0+Ho) . (5.5)
(i+ q .VWW = _8_p+ po(M0 + Ho)
(ot ) 0z
M KZC, -
0 (1 @)V (5.6)
@+yx) Ldk £ -
Where, the primes denote the 4), (5.5) and (5.6) w.r.t. x, y, z respectively
and adding, we obtain:
+a.gD ’c’, where b -2 (5.7)
0z
o liv V2w + vviw+ o gVZC'—LVZW (5.7a)
| 42 | 0 s £ .
L ]
Subtracting (5.7) from the resulting equation (5.7a), to obtain:
2 B o K 2v, 2KV, 1 »
—+q.vV|Viw = -DA ——A,C- D DC DV
[aﬁq [y S T PR SPYIIS sadl R R
+VV4W+asgAZC-ZQDC-LV2W (5.8)

g

Now, the elimination of pressure from (5.4) and (5.5) results in the following vorticity equation:
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(i+q.V—VUD—VV2)§=ZQDw —Lz; (5.8a)
Lot J R -

ov Ju . ..
Where, ¢ = — - — isthe z - component of vorticity, (5.8b)

oOxX O0Y

V,z
_ Mei 04 and D= i , H= Vo, (59)
£ d dz

A, is the 2-dimensional Laplacian operator and the primes are dropped for the sake of convenience. Also, the

simplification of (5.3) is discussed in [3].

Now, all the three simplified governing equations converted into dimensionle

discussed in [3] and then, the resulting dimensionless set of linearized equations (in the limit of infinite Schmidt

V.
number sc = —) is as follows:
d

v*'w-MRe ?(A, +2D )H, +M,Re 2(2D +A,)C +RA,C - .10)

0?+m,a,)H,-D%C =0 (5.11)
(V2+D—iWC+(M2+M;efz)aH3 (5.12)

L ot) ot

N%Dw +Vvi-PLL=0 (5.12a)
Where, My, M,, Mz and M, are defined i . less parameters are defined as

follows:

is similar to that of [3] and [6] and the system was analyzed by using

e limit of critical wave number approaching zero as k—0. Thus, we

h rate of the disturbance
Vi =n,f=—a’f;vif=(D?-a?) f; F=f(XY) (5.14)

The substitution of (5.14) with (5.10) to (5.12a) results in the following eigenvalue problem for which o is the

eigenvalue:

b? —aZ)ZF—MlRe (20 —az)J-N%DF "y RMe (0 -a?)-o?fe-PL D?-a?)F=0 (5.15)
N%DF +(D?-a?) F*—PLF *=0 (5.15a)
P?-M,u?)3-D%G =0 (5.16)
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P?+p-a’-0)c+M,+M)e ?)o d+{1-M,)-Me ?le ?F=0 (5.17)
With the following boundary conditions:

F*=F=DF=J]=(D+1)G=0at z=0 (5.18)
|F*l< o, [Fl<ow, [Il<®, G=0asz-w (5.19)

In order to obtain the solutions are corresponding to different orders, a power series expansion for the dependent

variables including R and o is assumed as follows:

TF1 TR 1 TF
LRI
LI o2
el e
R Re Ry
Lo] Loo) o4
By substituting (5.20) with (5.15) to (5.20) yields the following zeroth— order s ations:
D2(D? - PL)F, - 2M R e~ (DJO—DGO)-N%DFO*:O
N%DFO+(D2—PL)F;=O
D?G,-D?J, =0
(D2+D—00)GO+(M2+M;efz)coJO+{( -M,)~ (5.21)
The solution of (5.21) is given by:
FO:0| F*:Ol Gozgo eizyJozgo(ei i i . (522)
The next higher-order system of differential equatio
D2(D?-PL)F,-2M,Re”
N%DFl +(P2-PL)F =0
(5.23)
e 3% 4 gsze sz gse*4Z (5.24)
2z +j5e732 +jﬁze732+j7e742 + g
+(4-P|_)M1M3Rogo ) _ 2M M Rogo[-PL)
} {a-PL) + N} ? {a-pPL)?+ N}
- \ [ 1
(e M1M3Rog02(4 PL), [, - 2M1M32R090 - fl=N%| - f, 4( 2 *11H,
2{a-PL) + N} {a-PL) + N} |~ @-PL)(@-PL) J]
. N%fz . ZN%f3 . o . .
f, = - PL)’ fy =mv fy :_(fl + f3), al:go+0190(1+M2_M2) 1 8, =0,90M, , a3 =0,9,M, ,
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a4=a1+f4(M2—1),a5={—a2+f1(M2—1)+M;f4}, ag ="f,(M,-1) ya; =T (M, = 1)+ M, f,, ag = M,f,
. 1 3 1 1 5 1 1 _
,ag=M2f3,gl=7a4,gz=;a5+zae,g3=;ae,g4:€a7+£as, gszgas ) gezaael i =M39,

,j2=gl ) j3=921 j4=93! j5=g4! j6=g51 j7=g6! js =_(j1+j3+j5+j7)'
Further, the boundary condition for G; i.e., (D+1)G;=0at z=0 (5.25)

Yields the following expression for the growth rate o, :

D
-1
o b ] (5.26)
S4
[ @t-rL)
| 1=
Where,81=M1M3R0|{ 2 }_
- pPL)? + N
i
(&

In the limitm, - o, (5.26) reduces to:

Hl_(lzpl_)} (4-p

6y = M M 4R, -

5.27
|{(1—PL)2+N} 6{(4—P|_ 6.27)

(5.28)

: (5.29)
| {1_ 2 } (4-pPL) |
MM R, - |
[ {a-PL)? + N 6fa-PL)? 4Nl
In the absence of porocity and rotation (5.29) reduces to [3] of (3.3.34).
Thus, for marginal stability: r, - ! (5.30)
M,M (S, +S,+S,)
In the next higher approximation, the corresponding differential equations are given by:
D2 (P2 -PL)F,-2M,Rye 2(DJ, -DG,)- N %DF; -(ep?-PL)F+2M,Re *(DJI, -DG,),
+2M,R,e “(DJ, -DG,)-M,Rpe “(J,-G,)-M,Re (3, -G,)+R,G, +R,G, (5.31)

281 |Page




International Journal of Advanced Technology in Engineering and Science www.ijates.com
Volume No.02, Issue No. 07, July 2014 ISSN (online): 2348 — 7550

N% DF, +(P?-PL)F, - F =0
(5.31a)
D*J,-M,J3,-D’G, =0 (5.32)

-z

(D2 +D)G2 +{(1—M2)—M;e_z}e_z F,=(l+0,)G6,+0,0,e

1
—(M2+M*2e_z){02(g0e_z—g0)+01j1} (533)

The above system of inhomogeneous differential equations is quite complicated along with the complex
boundary conditions. While the solution procedure is quite tedious, only the final solutions are presented by

avoiding the details, which are as follows:

-z -z -2z -2z -3z -3z —4z -
F, =fse + foze +fe + fgze + fqye + f0 € +f,e + f, ze

Where, a,, = (2-PL )f, +Ryg; + 2M ;M R jg s a5 = Ry0s — 2M ;M R j, 5 8y
a, =(8-PL); +R,0, — 2M ;MR i, — 2M R, j; — 2M ;M R i, — M Rj

. M1M3R0j4 2
ay =Ry9, ~MM;3R,j; - 5 ) a16=R096_;

b

3

b, =

Zif,ze 2+ 1, (5.34a)

1
.2,
")
1
|r 1 « 3N7ZH,
i) - 1
|L (@-r) " (9-pL)
1 1 1
. |r A 32N4f12—l 1 . 4NAf12 . 5NAf13
fu=3N 2(4 fu - f12)+ v fp = v Ty = )
|L (16—PL)J|(16—PL) (16 — PL) (25 - PL)
fu = _(fs +f B+ 4 flS)
-z 2 -z -2z -2z -3z -3z -4z
G,=09,2 " +ggze "+gge +9g2e +9gpe + 0,0 + g€
+guzeJ'Z+glsef‘r’z+gleze752+gl7e762+gmze762+glge77Z (5.35)
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Where, a,, =02g0(1+M;—MZ)—ol(M;ja+M2j1)—(1—M2)f14 A, =(1+0,)g, - M,0,i,

ay =(1+0,)g, - 290_01(M2j3+szl)_(l_Mz)f5+M2f14laza:_Mzclje_(l_Mz)f10+M2fs
ay =(L+0,)gy-M 0 1 - 2j4_(1_M2)fea ay =(1+01)g4—M;01j3—01M js_(l M,)f, +M2f51
a, =@l+0,)g;-M 0114—0 sze—(l— 2 ) g +M2f6,az7=—M;01j7—(1—M2)f11+M2f9,
Ay (1+01)96_M0J5_0M ;- @- )f+M2f7,2=—(—M2)f12+M;f10,a30=M2f12,
8y = -(L- Mz)f 2fuyay =M, 1, 1blg:ol(M2j1+M2js)+(1_M2)f14 )
1 . .. * 1 a
b, =;{°1(M213+M211)+(1_Mz)fs_(1+01)gz_M2f14} 97 = —(ay +azo)198:_;a201 910 =%|
A 33y 2y Say 8y A Tay
gy = —+ —& =B B g, =R gy =2
o2 R T PRV
a 1lla a a
9y = -2 30 y Oy = ﬂ, Uy = 281
30 900 30 42

And
.=z . -z . 2 -1 . -2z . -2z . -
J, = jge + Jyp 28 + ipze + € + Jjp 28 + Jiu€

. -4z . -5z . -5z . -6z . -6z
+ 728 + g€ + Jg 28 + Jy€ + Jy 28

Where1 ig = MS(j1+2j2) 1o = My,

. M, ) )
y Jia =%+910,114=M3(— =914 Jig =915

Jig = 9161 oo =917 1 dn =Yg Jp = 9191 4

Finally the conditions:

(D +1)G,=o0at z=0 (5.37)

(5.38)

Where, P, =b, —a, +by,, P,

ysical problem is capable of predicting several qualitative as well as the
em under consideration. Therefore, in this section, the weakly nonlinear
behaviour of the consisting of the ferromagnetic melt with solidification front at the interface subjected
to uniform rotation a agnetic field are investigated. Now, express the variables g, B and H in terms of the

poloidal components as:

(9,B,H,8) =35 (9, v, E,0*) (5.39)

With, 8=V xVxk (5.40)
Substituting these polodial components into the system (3.1.3) to (3.1.8) in [3] and also, in the system (5.1) to

(5.2). Then, to get the following nonlinear system of equations after some mathematical simplification:
2 2 y ( A
A,[0%+a,)(D?+ A, -PL)p-RC |+ N"2a,D0*= -M,R{5 (5 -VBE )k | (5.41)
L J
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AZ[N%D¢+(A2+D2—PL)¢*}=O (5.41a)
A,(D?+M,a,)E+D2C =0 (5.42)
(VZ +D —iWc —a,{a-M,)-Me e o -, (M, + M ;e‘z)£= 8¢ -VC (5.43)
{ ot) at

The analysis is carried out for small £, also. The governing system of nonlinear differential equations in terms of

the rescaled variables (rescaled variables are Ref [4]) takes the form (after dropping the primes):
2 2 % - ( A
A,dea, +D?)(ea, +D?—PL)p-eR,(1+e7)C +N"?2Do L = M, eR,(1+c7)i8 By -VoE)k! (5.44)
L J

AZ[N%D¢+(SA2+D2—PL)¢*J_0 (5.444a)

p,p?+em, n,)E+D?C =0 (5.45)
(D2+D+5A2 —szi}c—AZ{(l—Mz)—M;e_Z}e_z(p — &8, M, + 46)
Together with:

¢*=¢=D¢=E=(D+1—szal)c=o at z=0

(p*<oo,|(p|<oo, |E|<oo, CcC=0 as z— (547)

The solution of the nonlinear system (5.41) to ( (5.47) in terms of a

power series ing, of the form:

(5.48)

Substituting (5.48) g differential equations of O (&) are as follows:

(5.49)

c,=08 z- } (5.50)

system, to obtain:

o
On solving the ab
0, =0, ¢,=0;, C,=Ae % E1=Ai(1—e‘z) (5.51)
2
Where, A = A (x, v, t) is an amplitude function. (5.52)

In order to obtain more accurate results, the higher order solutions are computed i.e. (o (82 )) :

DZ(DZ—PL)¢2+N%D¢;=ROA e * (5.53)
N%D(p2+(D2—PL)<p;=0 (5.54)
A,D?E,+D’C,=M,A D, e M, A,A=M,A,A (e *-1) (5.55)
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P?+p)c,-n,{1-M,)-Mye *} e %p, = -A,ne ? (5.56)
By using the corresponding boundary conditions, the solution of the above system are given by:

0y = —= (5.57)

D
Where, B = - [ M 390)“1_ PL) Pl |
N A I by by ]
Equation (5.58) can be written as:
0y =0 g f+qet+q, (5.59)
Where, q; - —*.q; = ~2,q] - 2,q - =
2} D 2} D

Correspondingly, we can write

@, =0 " +Q,2e T 4+0ue S 4+q,2+d (5.60)
Where, q, = N _%{(1— PL)a, —(1+PL)a,}, g, =N _%(1— PL)d,, ;5 = 2N 7
_1 .
a, =N APLq 40 45 =—(a,+a;)
c,-= _M . g 1)
9o
E,= A 3 (5.62)
9o

Where, the expressions for Fy, G; and J; i ion can be obtained by
integrating (5.46), in the order of €3, wi ing (5.57) and the solutions
corresponding to O (¢%). As the equations are hi ted, the expressions are not presented here for the

determination of the amplitude A.

VI. RESULTS AND DISCL
or a wide range of parameters. The graphs corresponding to
2d in detail. The graphs reveal the following points: In
presented for different values of N. It was found that R, decreases
. Also, the figures 5.2 and 5.3 present a comparison of the profiles for
of the profiles F,, G,, J, and H; for k=0.001, go = 0.5, M3 =10, N =

) Fafs bt Vs 1

p=Lt 0000

- whi=1] . P ]
= H-=]|E|[,I0ﬁ|" i ' W
fr-tiels = 1000 :

= N = 100010 41 k=atamgon =
=} = 100000 s =03 ~F T
= = \ M =10 -Gl s
21 =100 -l - ~Fl
2,

FL=100 ~H1 &
- e
- =1L 001 i
“ be=05 M=
" =1 A=

-1
z z ] = = a T T

In figure 5.4, the curves for Ry, ¢, and ¢; are presented for A = 8.8857866. All the three curves gradually

decrease with z and the values are high in the ranges < z <10 . For any specific value of z, it was found
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thatF, < R, < F, . Also in figure 5.5, the effect of increase in PL is to reduce the value of C,) for fixed values of

the other parameters. While, the figure 5.6 represents the graph of R, vs. gq is presented for fixed values of z, PL
and A. As per the physical situation, R, has very significant value for rotation rates N = 10, 102, 10° and for
large values of go. The interesting feature observed is that the Ferro-convective instability is effective only in the
large rotation rates (N > 10°) irrespective of the values of g,

A=55ETEE

$4

- Ro.@zb @2 -

n o= n b n & - . ']
The graphs of E; vs. z are presented in the figures 5.7 and 5.8 in‘order tostudy the variation of‘the rotation and
morphological parameters of E,. It was observed that' increase in N causes an enhancement in the values of E,
and increase in M3 causes reduction in the value§ ofE.,.

[revess e cavs 2

=5
== M=10 | Me=35 10,15 02530 .40
— =15 520,2530

= HM=20

—M25 0
=30 [| A=z

—=Mm=35
— =40

VIl. CONCLUSION
Finally, it is“coneluded that, these graphs are of immense use in predicting the influences of the different
parameters either individually or cumulatively on the functions considered in a clear manner. Further, this study

predicts the nature of the solidification in a sparsely packed porous medium rotating on a vertical axis.
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