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ABSTRACT

The theoretical problem of an unsteady viscous @iban ionized gas with constant properties inphesence of an
applied magnetic and electric field through a horital channel bounded by two parallel porous plagesject to
an uniform suction, applied normal to the platey, taking Hall currents in to account is investighteThe

transpiration velocity distributions are assumed wary periodically with time about a non-zero véfgpc The

closed-form solutions for the velocity distributiprsuch as primary and secondary velocity distidng, also the
corresponding mean velocities are reported for $mafiodic frequency parameter when both plates made up
of non-conducting and conducting porous materidlkese results are depicted graphically to elucidtdte

interesting features of the flow pattern in preso€Hall currents. We note that, when the moisoin steady state
and for non-porous plates, these results coincid those of Sato [20]. Also, it is noticed thatetvelocity
distributions thus obtained are found to be theejmehdent of s ( the ratio of electron pressurééototal pressure )
in case of non-conducting porous plates and areeddjmg on ‘s’ for the case of conducting plates.

Keywords: MHD Unsteady flow, lonization, Hall currents, pois boundaries

INTRODUCTION

Magnetohydrodynamics is currently undergoing aqekinf great enlargement. It is well known that anber of
astronomical bodies, namely, the sun, the platigésmagnetic stars, pulsars etc., possess flugdiamtand at least
surface magnetic field. Hence, any flow phenomemmourring in a celestial body take place underinifleence of
an external magnetic field. The interest in theseblems generates from their importance in liquidtals,
electrolytes and ionized gases. The mechanismmdwagiion in ionized gases in the presence of angtroagnetic
field is different from that in a metallic substancThe electric current in ionized gases is gehexarried by
electrons which undergo successive collisions witer charged or neutral particles. In the ionigedes, the
current is not proportional to the applied potdngiacept when the electric field is very weak. Hoes in the
presence of strong electric field, the electricahductivity is found to be affected by the magndiild.
Consequently, the conductivity parallel to the eledield is reduced. Hence, the current is reduicethe direction
normal to both electric and magnetic fields. THigpomenon is known as Hall Effect. Due to this Hdallrent, the
electrical conductivity of the fluid becomes anispic and this causes a secondary flow in magnetwiaynamic
primary flows. Hall current is of great importaricemany astrophysical problems, Hall acceleratat #ight MHD
as well as flows of plasma in a MHD power genetraldre stationary and non-stationary unsteady flofvan
electrically conducting viscous incompressible dlfiow through porous plates in presence of Halrents have
been well established with increasing interests fimm the practical needs of the astronauticsrpéaphysics and
aero-space engineering by many investigators, namvélhuri [14], Lajpat Rai[11], Pop[18,17], Dattad Jana
[4], Mazumdar [13], Debnath et al [6], Rao and Kria [19], Bharali and Borkakati [1], Tiwari ancaial singh
[25], Seth And Ghosh [21], Hossain and Rashid $8ya Prasad et al [23], Chand et al. [10] and Réjaar et al.
[15] under varied conditions and of different gedmical situations. Even though, these studies thjihoporous
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plates were carried out in different ways, it sed¢imasg the studies concerning unsteady viscous ipcessible flows
of an ionized gas between two parallel porous platve been appeared only a few in literature.sush studies
are expected to be useful for the boundary layetrobin the field of aerodynamics, space scienmue ia nuclear
fusion research etc. Also, these studies are ugefidrry out experiments with ionized gases talpoe power on a
large scale in stationary plants with large magnédilds, such as in MHD generators, Hall accetesmagtc. So in
this paper, an attempt has been made to studyffeetsof the behaviour of flow parameters in arsteady

hydromagnetic viscous flow of an ionized gas betwie infinite parallel porous plates, taking Halirrents into

account under the influence of a uniform transvensgnetic field, following the analysis of Sato [2Raju and

Rao [12], by including the porosity at the platExact solutions have been obtained for both thengmy and

secondary velocity distributions, also their cop@sding mean velocities in two cases, that is, whath plates are
made up of non-conducting and conducting porousnads. The profiles of the distributions are pdottafter

obtaining the numerical values for different sets/alues of the governing parameters involved aisdussed in
detail by analyzing parameters such as, Hartmanmbeu M, Hall parameter m and suction paramkter

FORMULATION AND SOLUTION OF THE PROBLEM

Consider an unsteady viscous fully developed fldvaroionized gas with constant properties throudtodzontal
channel bounded by two parallel porous platesritgiin extent along x-and z-directions) subjecthe uniform
suction v, applied normal to the plates, that is along ydion. The fluid is driven by a constant presgyraient.
In the coordinate system choosing the origin midwayween the plates, the x-axis is taken in thection of
hydrodynamic pressure gradient in the plane pdtallithe channel plates but not in the directiotil@fv. A parallel
uniform magnetic field of strengthoBs applied in the y-direction. It is assumed ttieg induced magnetic field is
negligible in comparison with the applied field,den the assumption that the magnetic Reynolds numbkmmall,

such thatB = (0, 0, B). The assumption is justified because the magiatmold’s number of a partially ionized
fluid is very small. Since, the fluid is subjectieda constant sectiony @pplied normal to both the plates and hence,

if (u, v, w) are the velocity components in theidiuthen the equation of continui@.q =0 gives v = - y(vo>0),

Wherea:(u, v, w). The height of the channel is denoted2byand the width is assumed to be very large in

comparison with the channel height 2h. All physigaantities except pressure become functions aidytanly, as
the walls are infinite in extent along x-and z-dtiens. Further, to simplify the theoretical an@dyshe following
assumptions as in Sato [20], Raju and Rao [12]caresidered: (i) the density of gas is always carist@i) the
ionization is in equilibrium, which is not affect by the applied magnetic and electric fie{ds,the effect of
space charge is neglected, (iv) the flow is yfutleveloped and stationary, that d®t =0 andd/ox =0
except dplox # 0, (v) the magnetic Reynolds number is small (st the externally applied magnetic field is
undisturbed by the fluid), namely the induced maigrigeld is small compared with the applied fieltherefore,
components in the conductivity tensor are expressedrms of B and (vi) the flow is two-dimensional, namely
0/0z = 0.

Using these assumptions, the governing equatiomsation and current are formulated as follows foe two-
dimensional problem of an unsteady MHD flow of malfully ionized gas in presence of Hall curretiiough two
parallel porous plates.

The equations of motion and current for the unsteffav of neutral fully—ionized gas valid under tldove
mentioned conditions and assumptions as in SiZgrare simplified as

1-s(1 ‘71) 6p+ d’u du +B[-0. (E+ B0 (E- we) au
B L i ey 2 S OB+ Uup)ro, (- =P,
g |ox oy’ ay ot @)
o, 0p a°w ow _ ow
S—=—— + puU -pv,—+ B, [0, (E,—- WB,)+ 0O E_+ uB = —_ 2
7, X P 2y PV 3y o [0, (E, o) , (E, 5 )] P 3 (2)

These equations are to be solved subject to thedaoy conditions:

u(-h) =0, 3)
u (h) =& cospt) e<<1, (4)
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w(-h) =0, (5)

w(h) = e sin(t), e<<l. (6)

In the above equations, u and w are x- and z- coeqs of the velocityV , known as the primary and secondary

velocity distributions respectively. (EE, and J J, are the x- and z- components of electric fiftd and current

density J respectively. Here, s =/p is the ratio of the electron pressure to thaltptessure; the value of s is 1/2
for neutral fully—ionized plasma and approximatedyo for a weakly—ionized gas. Also p is presspithe density,

v the kinematic viscosity, whergamplitude) is a small constant quantity such #atl andw is frequency of
oscillation.

o, = 9o @)
1 - 1+m2a

. Gom .
2 — 1+m2 y

a‘e
and Hall parameter, m =

] ®
i
Bo

where . is the gyration frequency of electron;and 1. are the mean collision time between electron amg i
electron and neutral particles respectively;o, are the modified conductivities parallel and ndrtoahe direction

of electric field. The above expression for m vbhis valid in the case of partially—ionized gasesgr with that of
fully—ionized gas whem, approaches infinity.

Then the eqgs.(1) and (2) are non—-dimensionalizeithgu the characteristic length h and ooy w = -
2 v 2

(@j[h—] the notations u, w for y/and w/g and y for y/h, t forFt, w:ﬂ(frequency),the

14

ox )\ pv
o , . By’h%o, .
Hartmann number M, which is defined as“ M ———=and\ ( Porous parameter or Suctionnumber ) =
o %
(hvo)/v. (10)
Using the above transformations, the following ndimensional forms of equations are obtained as:
d’u ,du M? mM? du
+——-A—-—— (m+u)+ -W=—, 11
a dy>  dy 1+mZ(mz ) 1+nf(m‘ W dt (1D
d’w ,dw, M? mM ? dw
K +—— = —+— W — + )=—, 12
2 dy? T dy 1+mz(”L W 1+rﬁ(nl dt (12)
(1 _ m _s(_.m
'X_[1+m2j(mx W)+[—1+mzj(mz+ u Hj(—1+ mzj, (13)
_ 1 [ m _ S{,_ m
IZ_[1+m2j(mz+u) (1+ mzj(mx W+ Hj(l 1+ rﬁj’ (14)
where
1 m
ki=1-s(1 m), kz:-S((]_+—rr12)). m, = E/(Boup), My = E/(Boup).

The corresponding boundary conditions are:

u(-1) =0, (15)
u (1) =¢ cosft), where g<<1, (16)
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w(-1) =0, 17
w(1) = ¢ sin(ot), e<<1. (18)
For simplicity, introducing the complex notations:

g=u+iw, k=Kt ik, E=m +im,;

the egs.(17) and (18) can be written in complerfas:

d’q , dq 2( im—lj ( m+ ij ,— . dg

—=A—+M =-k-| —— |[M"E+—. 19
dy ~ dt { 1+t [ 1+ nd dt 19

Further, } and | are defined in non-dimensional form by writingl,=J, /(coBoup) and L=J, /(coBour) respectively,
and these are given in complex notation as

: m+i : i
I =1, +l, :ﬁ(q -1E —%)+M'—SZ : (20)

The non- dimensional electric field E is to be deieed by boundary conditions at large x and z.

SOLUTIONS OF THE PROBLEM
In order to solve the eq.(19) subject to the boupndanditions egs. (15) to (18) for obtaining thengary and
secondary velocity distributions, we assume tihair solutions are of the form:

q=q,+£€“q, where g= y+ iy and g 8 i (22)

as in the study of Helmy’s [9]. Then separatingtb@l and imaginary parts of the resulting solutiove obtain the
solutions for gy, wy, Uy and w, where, g(y) and w(y) are the primary and secondary velocitytriigtions in
basic steady state casefyy and w(y) are the corresponding time dependentpmments. The solutions
for both primary and secondary velocity distribnsaare obtained in two cases of study, that isvthe plates are
made up of (i) non-conducting and (ii) conductirgyqus materials and are given in the following isest 21) and
(21) as in the analysis of Sato [20] and Raju and Rap [1

Non-conducting porous plates:

When the side plates are kept at large distance-divection and are made up of the non-conductiogys
materials, then the induced electric current dagsgo out of the channel but circulates in thedfluiTherefore, an
additional condition for the current defined in Adimensional form is obtained by

1
[1,dy=0. (22)
0

If the insulation at large x is also assdpanother relation is obtained as
1
j | dy=0. 123
0

The above two conditions of insulation at largetatise are physically realized, for example, whem ftow of
ionized gas is surrounded by the cold non-condgagi@s. Constants in the solutions for velocityriistions are
determined by these two conditions. And it is s, the solutions for velocity and current dlgitions g and |,
respectively are all independent of the partiabpuee of electron gas ‘s’ and are obtained as

q=g+ed’q
=a13(a7 &Y - g é‘ﬁy+1)+£ é"‘( b ¥+ prey) (24)

m+ i q
| = —4-1], 25
(1+m2j(qm j )

the mean velocity for u and w in the complex netais given by
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qm:um+in
1
= [qdy
0 .
= aa,t€ 4R, (20)

in which u, and w, are the mean velocities of the primary and secgndaelocity distributions u and w
respectively. Further, by separating the real amaginary parts from the egs. (24) and (26), wetlyeindependent
solutions for both primary and secondary velocitistributions, and their corresponding mean velesiti
respectively

Conducting porous plates:

When the side plates are made up of conductingriakteand are short— circuited by an external cetath) the
induced electric current flows out of the channiel.this case no electric potential exists betwinenside plates. If
we assume zero electric field also in the x— andlirections, then we have,m 0, m = 0. Constants in the
solution are determined by these two conditionsitiisdobserved that the solutions for u, yand | are all depend
on ‘s’ and are given in complex notations as

q=8,6 + 3,8V + a+e ié“( b+ pbey), @7)

(MmN (qo S ) 4 1s
I—[1+m2j[q M2j+|\/|2’ (28)

the mean velocity for u and w in the complex notais given by

On=8,8,+£€“ . (29)
Where the constants involved in the above solutamagiven by
RESULTSAND DISCUSSION

The closed-form solutions for the velocity disttibbas, such as primary and secondary velocity idistions, that
is, u and w respectively, also the correspondingrmeelocities are reported for smafl [, the coefficient of
exponent of periodic frequency parameter when ptates are made up of non-conducting and condugiimgus
materials. Computational values for various sets of valuethefgoverning parameters involved are determined fo
primary and secondary velocity distributions, atke corresponding mean velocities. The results dagicted
graphically in figures. 1— 24 for primary and sedary velocity distributions, also their mean veled to elucidate
the interesting features of the flow pattern inserece of Hall currents. We note that, when theands in steady
state and\ = O (i.e., for non-porous plates), these resukéscaincide with those of Sato [20]. Also, an ia&ting
point to be noted here that, the velocity distiitmg thus obtained are found to be the indepenofen{ the ratio of
electron pressure to the total pressure ) in cheersconducting porous plates and are dependirig’dor the case
of conducting plates.

Figs. 1 to 6 show the velocity distributions, sashprimary and secondary distributions for différemiues of the
Hartmann number M, Hall parameter m and porousrpater i, in the case when the porous plates are non-
conducting. From Fig 1, it is noticed that the paignvelocity distribution decreases as the Hartmammber M
increases for fixed values of Hall parameter m poibus parameter. From fig 2, it is observed that the secondary
velocity distribution increases as Hartmann nunidencreases and then decreases the same when keardhe
center of the channel, but this distribution insesaat nearer to both the plates as M increasem kg 3, it is
noticed that, an increase in Hall parameter enlsatite primary velocity distribution for fixed vaki®f M andA.

But from fig 4, it is found that an increase in Hadrameter increases the secondary velocity digidn and then
decreases the same when m > 4 for fixed values aht¥h. The effect of porous parameferon the primary and
secondary velocity distributions is depicted irufigs 5 and 6 respectively. From figure 5, it isnséhat the primary
velocity distribution decreases as the porous petarh increases for fixed values of M and m. From figtas
observed that the secondary velocity distributienrdases at the center of the channéliasreases. But the same
is increasing at the lower plate where as it desgeat the upper plate.
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Fig 1 : Primary velocity distribution for different values
of Hartmann number M and fixed m=2, A=0.1
(CASE 1: NON-CONDUCTING WALLS)

Fig 2 : Secondary velocity distribution for different
values of Hartmann number M and fixed m =2, A=0.1
{CASE 1: NON-CONDUCTING WALLS)

—m— =2

—— =4

—e— =g

—a—hi=10

——— =20

——hi=30

o 0.5 1 1.5

—= =2
—— =4
—A—M=8
—=—M=10
——m=20
——m=30
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Fig 3 : Primary velocity distribution for different values
of Hall parameter m and fixed M=5, A=0.1
{ CASE 1: NON-CONDUCTING WAL L S}
—— =2
—m—m=4

—s—m=10

—e—m=12

o 05 1 gt

Fig 4 : Secondary velocity distribution for different values
of Hall parameter m and fixed M=5, A=0.1
{ CASE 1: NON-CONDUCTING WALL S)

a 05 1 18

Fig 5 Primary velocity distribution for different values of
porous parameter A and fixed M=5 m=2
[{CASE 1: NON-CONDUCTING WALLS)

Fig 6 : Secondary velocity distribution for different values
of porous parameter Aand fixed M=5 m=2
[CASE 1: NON-COMNDUCTING WALLS )

1] LE: 1 15
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Figs. 7 to 18 show the velocity distributions, sashprimary and secondary distributions for différealues of the
Hartmann number M, Hall parameter m and porousrpetgri, in the case when the porous plates are conducting
and for ionization parameter s =0 and 0.5

From figs 7 and 8, it is noticed that both the p@riynand secondary velocity distributions decreastha Hartmann
number M increases for fixed values of m and-rom figs 9 and 10, it is seen that both primang secondary
velocity distributions increase as Hall parameteinoreases for fixed M and.. From figs 11, it is observed that
primary velocity distributions decrease as the Bsnoparametex increases for fixed M and m. From fig 12, & i
noticed that the secondary velocity distributioncreases at near to the lower wall and it decsetisat at the
upper wall as) increases for fixed values of M and norf figs 13, it is seen that primary velocity
distributions decreases as Hartmann number M isegetor fixed m andél. From fig 14, it is seen that the secondary
velocity distribution increases as Hartmann numideincreases up to M = 2 to 4 there after theritiistion
decreases for fixed m aid From fig 15, it is noticed that, the primary vty distribution decreases as Hall
parameter m increases for fixed values of Hartmammber M and porous parameterFrom fig 16, it is noticed
that, the secondary velocity distribution increaasdiall parameter m increases for fixed M anérom fig 17, it
is noticed that the primary velocity distributioimcreases at near to the lower wall and it dee®edisat at the
upper wall ash increases for fixed values of M and mark fig 18, it is noticed that the secondary véioc
distribution increases at near to the lower wall at decreases that at the upper walhagicreases for fixed
values of Mand m.

Fig 7 : Primary velacity distribution for different values of Fig B : Secondary velocity distribution for different values
M and fixed m=2, A=0.1 with ionization parameter, s = of M and fixed m = 2, A= 0.1 with ionization parameter, s=0
0 [CASE 2: CONDUCTING WALLS) [CASE 2: CONDUCTING WALLS)
—m M=z ]
1 —— hi=4 —-— =z
—a—M=8 il —
| ——W=10 —a— =5
—— =20 —— =10
W30 ] —— =20
115 o —=— =30
1.5 a 0s 1 1.5 1.5 a o5 1 15
Fig 9 : Primary velocity distribution for different values of Fig 10 : Secondary velocity distribution for different
m and fixed M =5, A= 0.1, with ionization parameter, s=0 values of m and fixed M =5 A=0.1, with ionization
[CASE 2: CONDUCTING WALLS) parameter, 8=0 {CASE 2: CONDUCTING WALLS)
—m=2
] =4 —m=2
—a—m=8 1 —— =4
| —e—m=10 —a—m=8
—-— =12 —e—m=10
| —.— =12
1.5 o 05 1 15 1.5 o as 1 15

366
Pelagia Research Library



T.LingaRaju and V. Gowri Sankara Rao

Adv. Appl. Sci. Res., 2013, 4(4):360-370

Fig 11 : Primary velocity distribution for different values of
Aand fixed M =5, m=2 with ionization parameter, s=0
[CASE 2: CONDUCTING WALLS)

—e =01

—s =05

A=0.8
—a— =1
—=—n=1.5
—-— =2

o 0.5 1 1.5

Fig 12 : Secondary velocity distribution for different
values of A and fixed M = 5, m=2with ionization parameter,
=0 [CASE 2: CONDUCTING WALLS)

Fig 13 : Primary velocity distribution for different values of
M and fixed m=2, A=0.1 with ionization parameter, s=0.5
[{CASE 2: CONDUCTING WALLS)

e =2
= =4

—a— M=

Fig 14 : Secondary velocity distribution for different
values of M and fixed m=2, A=0.1with ionization parameter,
=05 [CASE 2: CONDUCTING WAL LS)

—=——ni=10 —a— =8
. m=20 —=—m=10
—a— =30 ——M=20
——M=30
[F1e6 =t 0.5 o o5 1 1.5 L1.5 -1 05 o os 1 15
Fig 16 : Primary velocity distribution for different values of Fig 16 : Secondary velacity distribution for different
m and fixed M =5, A=0.1 with ionization parameter, s=0.5 values of m and fixed M =5, A=0.1with ionization
[CASE 2: CONDUGCTING WALLS) parameter, 5=0.6 [CASE 2: CONDUCTING WALLS)
—m=2
———m=2
—&h—m=4
—mn=2
—a— =8
—a—m=8
—s—m=10 —e—m=10
—=—m=12 —==msla
1.5 -1 0.5 o 0.5 1 15 L1 5 i5
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Fig 17 : Primary velocity distribution for different values of
A and fixed M =5, m=2 with ionization parameter, s=0.5
(CASE 2: CONDUCTING WALLS)

Fig 1B : Secondary velocity distribution for different
walues of A and fixed M =5, m=2 with icnization
parameter, 5=0.5 [CASE 2: CONDUCTING WALLS)

The mean velocities,pand w, in case of non-conducting plates are plotted agdime Hartmann number M in
figures 19 and 20 respectively for set of fixedues of Hall parameter m, and porous parametst is seen that, as

M increases, #and w;, decrease.

The mean velocitiespyand w, in case of conducting plates and when the ioriragiarameter s = 0 are plotted

against the Hartmann number M in figures 21 andeapectively for set of fixed values of Hall pardenem, and
porous parametér. And it is seen that as M increaseg,amd w, decrease.

The mean velocities,pand w, in case of conducting plates and when the iordrapiarameter s = 0.5 are plotted

against the Hartmann number M in figures 23 ande®pectively for set of fixed values of Hall paraenem, and
porous parameter. From these figurers, it is observed that as dddases, yand w, decrease.

Fig 20 : Maan v ty Quwern) utian far
different values of Hartmann number M
(COASH 12 MON_CORNIILC T ING YWl | 5S)
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Flg 21 : Mean Primary velasity (um) Qistrinution far girerent
values of M with ionization parameter, = =0
(CASE 2! CONDUGTING WALLS)
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Fig 22 : Mean v utian tar
aifferent values ©f M witn lonization parameter, == 0
(CASE 2: CONDUCTING WaLLS)
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Fig 23 : Mean Primary veln:lty {um) distribution for different
walues of M ; with ionization parameter, s = 0.5 Fig 24 : Mean ¥ (wm) di ibution for
(CASE 2: CONDUCTING WALLS) different values of M ; with lonization parameter. s = 0.8
ICASE 2: CONDUCTING WALLS)
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APPENDICES

-M? mM 2 i+m —A—yJA* -4a,
= ., azatiay a= sm-1, a= ,

1+m? T 1+m? 1+ m? 2

-1 +w//]2 —4a, _ sinh(g) . sinh(ay)

a =

Qs = &= ) —_— =, &% a2 ao=-&dy
2 sinh@-a,) — sinh(a-a;)
1—7876615 aseae —i+$+1, 612:&, asz= _(Im+1) = _/]+“A2 —4(a3—ia))’
& 8 & & a3 a,M? +(@+im)a, 2
— R —i - by
b= r 4@, |a)’b3= - —e™ b= —— © bs= 7b3(ebl 1) + b, (€” -
2 2sinh, -b,)  2sinh{, —b,) b, b,
CONCLUSION

An unsteady hydro-magnetic flow of an ionized gaesiueen two parallel porous plates, in presencealif ddirrents,
when one of the plates is set into uniform accéderanotion is considered. It is observed that,remeiase in M
decreases the primary velocity distribution. Whilee secondary velocity distribution increases astidann
number increases and then decreases the saméaeanter of the channel when this number is grélada 4, but
this distribution increases at nearer to both théep as M increases. The primary velocity distidoudecreases as
the porous parametérincreases. The secondary velocity distributionrel@ses at the center of the channel as
increases, but the same is increasing at the Iplaée, where as it decreases at the upper platéndkease in Hall
parameter enhances the primary velocity distrilbytiut the secondary velocity distribution firstieases and then
decreases the same when m > 4,
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