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ABSTRACT

This paper deals with free convection effects on the oscillatory
magnetohydrodynamic flow of a visco-elastic fluid past an infinite vertical porous
plate with constant suction and heat dissipation. The problem is formulated
developing equation of continuity, equation of momentum and equation of energy
constant suction and dissipation have been taken into account. Above equations have
been solved with the help of small parameter regular perturbation technique
pertaining to the allowed boundary conditions. It is observed that the strength of the

external magnetic field reduces the mean velocity of flow like the elastic parameter

(Re).
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1. INTRODUCTION

The unsteady flow of visous incompressible fluids past two-dimensional
bodies was studied by Lighthill[1] in case of small amplitude oscillatory free stream.
In solving the problem he assumed that the unsteady flow is superimposed on the
mean steady flow. This method was employed by Stuart[2] to analyse the effects of
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oscillatory free stream on the flow past an infinite porous plate with constant suction.
In the analysis of temperature field, he assumed that the plate is thermally instulated.
These studies are concerned with horizontal bodies. Soundalgekar[3] studied the
unsteady flow of Walters' liquid B’ past a vertical porous plate with constant suction
when the free convection currents are present in the boundary layer. Free convection
effect on the flow of an elastico-viscous fluid past an exponentially accelerated
vertical plate has been analysed by Dash and Biswal[4]. They have further
investigated the problem of unsteady free convection flow of an visco-elastic fluid
past an infinite plate with constant suction and heat sources[5]. Biswal and Pradhan[6]
have studied the magnetohydrodynamic unsteady free convection flow past an infinite
plate with constant suction and heat sinks including dissipative heat. Biswal and
Mahalik[7] have analysed the unsteady free convection flow and heat transfer of a
visco-elastic fluid past an impulsively started porous flat plate with heat sources/sinks.
The objective of the present study is to analyse the free convection effects on the
oscillatory MHD flow of a visco-elastic fluid past an infinite vertical porous plate

with constant suction.

2. FORMULATION OF THE PROBLEM

Here the X'-axis is taken along the vertical, infinite plate in the direction of the
flow and the y'-axis is taken normal to the plate. A two-dimensional unsteady
magnetohydrodynamic flow, in the upward direction, of an incompressible, elastico-
viscous liquid (Walters' liquid B") is considered. All the fluid properties are assumed
to be constant except that the influence of the density variation with temperature is
considered only in the body force term. The influence of the density variations in
other terms of the momentum and the energy equations and the variations of
expansion co-efficient with temperature are considered negligible. This is the well-
known Boussinesq approximation. Under these assumptions, the physical variables

are functions of y’ and t' only except the pressure which is a function of X’ only.
The constitutive equations of Walters' liquid B’ is given by
Pi=2ne; - 2K0€ij, (2.1)

where Pj is the stress-tensor, (?.ij is the rate of strain tensor and in contravariant form,

it is given by
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. i - o .
gl :%+e”,kv" —e"V!, V' +elVK (2.2)

Taking into account the body force, the equations governing the flow of an

incompressible visco-elastic (Walters’ B") fluid are

Momentum equation:

, 8u’+v,8u’ _ P g+ o2’
P 8’[' ayr axr P Mo ayrZ
3,7 3,
_ K{ai'gat +v' gyi}—oBgu' (2.3)

Energy equation :

(et oT 02T o'\
pCP ' +V ' :K 12 +770 '
ot ay oy ay

' 3,7 2,1
—Koa—“,{ ou v? “2} (2.4)
oy’ | ot'dy oy
Continuity equation :
av, =0, (2.5)
oy

and 7, ZIN(T)dT
0

the limiting viscosity at small rates of shear, K, = IzN (r)dz
0

where N(t) is the distribution function of relaxation times t. Also, g is the
acceleration due to gravity. The last term in the equation (2.4) represents the heat
dissipated due to the elastic property of the fluid.

The boundary conditions are :

u’'(0)=0, T'0)=T,,

u'(0) = U'(t), T'(e0) =T, (2.6)
In the free stream, from equn. (2.3), we obtain

ouU’ OoP’
Xy, 2.7
B ot’ ox’ P9 27)

and from the equation of state, we have
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9(p.. —p) =gB'p (T -T.)
Where g’ is the coefficient of volume expansion,

(0l - p),
ou’ ou’ ou’
! +VI — !_+ b! IT!_TI
p(at, 8y'j P+ (T-T,)
2,7 3,7 3,7
+noa—uz—K0 azu +V’au3 —-oB2u’
ay! ay! at! ayl
Again, from equn. (2.5), for constant suction, we have
V'=-V,,

Where the negative sign indicates that the suction is towards the plate.

On introducing the following non-dimensional quantities,

2 '
y:y_\/o’ t:t\/o,u:u | \
v 4v U,
u=" e , TN
UO VO Tw _To(,)
R — KoVs P_770Cp G= gpv(T, -T,) >
c 2 ! - ’ - 2 ’
& K UoVe
U %
ety s
Cp(Tw _Toc) pUO
in equns. (2.9) and (2.4), we obtain
2 3 3
lﬁ_u_ﬁ_uziﬁ_u+60+6_tzl_M2u_Rc i azu _8_2!
40t oy 4ot oy 40yt oy

and

2 2 2 2
P o200 pefou) o ocoufldu g
4t oy oy oy oy |4 oyot oy

From equn. (2.3), (2.7) and (2.8), we obtain, on eliminating —Zp,
X

1201

(2.8)

!

and

(2.9)

(2.10)

(2.11)

(2.12)

(2.13)

All the physical variables are defined in notation. Equations (2.12) and (2.13) show

that the problem is governed by the coupled non-linear equations.
The boundary conditions (2.6) now become
u(0)=0, () =1, }
U () =U (1), 0(x)=0
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In order to solve these coupled non-lenear equations when the free-stream is varying
periodically with time, we follow Lighthill’s method. Then, in the neighbourhood of

the plate, we assume

u=uo+ ceu; }
And 0= 6+ ce" 6 (2.15)
And for the free-stream,
U@t =1+ ™ (2.16)
Substituting (2.15) and (2.16) in (2.12), (2.13), equating harmonic terms, we have
R.Uy+Ug +uf +M?u, =-G6,, (2.17)
IWR i i
Rcul”'+(1— CJul”+u1’—%u1+M2u1 =—%G€1, (2.18)
0, + PO, =—PE(uy? +R.uju? ) (2.19)
o'+ PO, —%91 — —2PEUU! + RCPE(%ugu; - ugul"—ul’u{;j (2.20)

Where primes now denote the derivative with respect to y. The corresponding
boundary conditions are:

Up=0,u;=0,00=1,0,=0 aty=0

Up=1,uU;1=1,00=0,06,=0 aty > (2.21)

3. SOLUTIONS OF THE EQUATIONS

Now, equations (2.17) and (2.18) are of the third-order differential equations
for R¢ # 0 (non-Newtonian fluids) and they reduce to the case of Newtonian fluid
when R.=0. Obviously, the elastic property of the fluid increases the order of the
momentum equation of the fluid from two to three. The given boundary conditions are
not sufficient to have an unique solution of the equation of motion. To overcome this
difficulty, we follow Beard and Walters[8] and expand uo and u; in powers of R, as
R¢<<1. This is also possible physically for Walters[9] has derived these equations for
liquids with short memories on the assumptions that R, is very small. Thus, we have

Uo = Up1 + R¢ Up2

Up = Uy + Re Uz (3.1)

00 = 001+ R¢ 002

01 =011+ R¢ 012
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Substituting (3.1) in equations (2.17) to (2.20), equating the co-efficients of R.° and
R.! and neglecting the terms containing higher powers (>2) of R, we have

Rc(ug’l + Rcugz)+ ugl + Rcugz + Ufn + Rcuéz + MZ(Um + Rcuoz)

=-G (001 + Rc 002)
or U3'1+U32+U52+M2Uoz =—G0y,, (3.2)

and  up +ul, +M?uy, =-G0,,, (3.3)

" m IWRC n "
Rc(ull + Rcu12)+(l_ 4 )(un + Rcu12)

, , iw iwG
+U;, + Rcu12 + (MZ _Tj(un + Rcu12): _T(en Rcelz)
m IW " " ' 2 IW IWG
or u11—7u11+u12+u12+ M T Uy, :—Teu, (3.4)
" ' iw iwG
and  uj, — un(M2 —T)un = —Ten (3.5)

0y, +R_ 07, +P(6;, +R.0),)

= —PE[u2 + R2U2 + 2GR U, + R (Uf, + R U, Nup, + Roup,)

= —PE[u{f1 +R2u2 + 2R uj,up, + R (ug,uf + R oup,ul + R ou,

ut, + Ry, |
= —PE[u2 + R2u2 + 2R uj,ul, + R ujul,
+ R UgUg, + Roug,ug, +Reug,ug,

or 0 +PO), =—PE[u?| (3.6)
and 07, + PO}, =—PE[2u},up, +ujul, +ulul, +ubul,] (3.7)

n 14 14 " iW 14 n
e11 + Rcelz + P(ell + Rcelz)_Tp(en + Rcelz)

=-2PE (Uél + Rcuéz)(uil + Rcuiz)
Iw

RoPE |1 (uy R ol R

_(uél + RCUBZ)(UL + RCU:YZ) - (uil + Rcuz)z)(ugl + Rcugz)]

_ i ' ’ [ ’ lJ 2.0 '
- 2PE (u01u11 + I:QCUOZUll + RCUOlulZ + RCUOZUlZ)
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iw
+RoPE h (Ut + R Ui,
! !

’ 2.0 [ " i " i "
+ Rcu01u12 + Rcu02u12 —Ug Uy, — Rcuozull - Rcu01u12

2.0 " 1o ' " ’ " 2.0 "
- Rcu02u12 - u11u01 - RculZUOl - Rculluoz - Rcu12u02)]

or 6, +Po, —%911

= —ZPE(Uéluil)

and
07, + PO, —iWTpelz
= —2PE(uj,ul, + ulul,)
+ PE‘:%(U&UL - U{nUi'l - uilugl)i|

With boundary conditions

Ugr = Ug2 =0, 8g1 =1, 002 =0, u11:u12:0aty:0

Uort = U11 =1, 011 =012 =0, Ug2 = U12 =0, B01=002=0 at y —0

1204

(3.8)

(3.9)

(3.10)

We still have coupled non-linear equations (3.2) to (3.9). These are again linearised

by using

Uo1 = Uo11 + EUo12

Uoz = Uo21 + EUo22

U1 = U111 + Eugg

Uiz = U121 + EUi

001 = 0011 + EOo12

002 = 0021 + EOo22

011 = 0111 + EO112

012 = 0121 + EO122

as E is very very small for incompressible fluids, i.e. E<<1.
The corresponding boundary conditions are
Uor =1, Up2 =0,

Uin =1,u =0,

001 =0, 002 =0, asy — oo
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011=0,012=0,

and

Uo1 = Uoz = 0;

U1p = U1 = 0;

001 =1, 62 = 0; aty=0
011 =012=0

m

" ' 2
Ug; +Ug, +Ug, + MU, =-G0O,,

" m

2
Ugyy + EUGy, + Uy, + EUgy, +Up,, + Eugy, +M (u021 + Euozz): _G(9021 + Eeozz)

m

" ’ 2
or Upp +Ugy +Ugy + M U :_Geozv
m " ' 2
and Ugp +Ugy +Ugy, + M Ugpy = _Geozz
Again we have
up, +ub, + M?u, =-G0,,
"+ EUL, + Ul + Bty + M2 (Ugy + EUgy, ) = ~G(8gy, + E,y, )
Ugyg + EUgy, + Uy + EUgy, + Ugy + EUg, )= — 011 T EY10
" ' 2
or Ugyg +Ugyy + M Uoig :_G90111
" i 2
and Upp +Uggp + M Up, = _Gemz’

Again we have

iw iw iwG
m " " ' 2
ull_Iull—i—ulZ + Uy, "(M +Tju12 == 4 e12

m m 14

IW 14 14 14
Uy + Eullz _T(un + Eu1z)+ Uy + EU122

, , w iwG
TUp, + Eu122 + (MZ - T](um + EulZZ): _T(elzl + EelZZ)

iw iw iwG
m " " ' 2
or, Uppg = Upgg U U + M*—— Up =— 9121,
4 4 4
iw iw iwG
" " ” ’ 2
and Uppp = Uppp H Uy t Uy + M*—— U, =— 9122,
4 4 4
iw iwG
" ' 2
U11+U11+(|\/| _TJUM == 4 e11

iw
" " ' ’ 2
Uy + Eu112 + Uy, + Eu112 + (M _Tj(um + EullZ)
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iwG
= __(9111 + Eenz)
y , iw IwG
or Uy +Ugpq + M? —— Upqg :__9111
4 4
, , iw IwG
and Uppp tUppp + M? —— 12 = __6112 )
4 4
Again we have
" ' r 12
e01 + pem = _PE[UM]
egn + Eeglz + P((%n + Ee:nz)
' ' 2
- _PE[uon + Eu01z]

= _PE[U,Ole +E*ug, + ZEU’onu[)lz]
= _PEu6211 - PEZU£)212 2PE2U£)11UE)12
or, 00,, + P60y, =0,
and 9812 + PeOlZ (U 011 )2
Further we have
0y, + PO, = —PE[2uf,ul, +ujul, +ugub, +ubul,]
or 0021 + EOgpp + P(egm + EGBZZ)
= —PE[(2ul,, + Eul,, Xuly, + EU’y,)
(uon + Eu012 )(uon + Euglz) (Uon + Eu012 )(%11 + Eugzz)

+ (Ugll + Eug, Nu )( 021 + EUgz, )]
or 6y +P6y,, =0,

and 9822 + PeOZZ [2u011 021 + uOlluéll + uguu:m + u:)llu:Z;Zl]
Further we have
iwp
91’1 + Peil - 4 e11 = _ZPE(u:nuh)

14 14 ’ ! IW
or 6111 + B0, + P(elll + Eenz) 4p (9111 + Eellz)

= ~2PE[(upy, + Eufy, uly, + Eul, )]

14 ’ iW
or e111 + Pelll - Tpelll =0,
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14 ’ iW [ !’
and e112 + Pellz _Tpellz = _ZP[U 011u111] (3-25)
Further we have

" 4 IW ! ! : :
0;, + PO, _Tpelz = —2PE(U02U11 + u01u12)+ PE

iW ! ’ !/ 14 ! 14
{T (u01u11 —Up Uy — u11u01)
iwp

or 07, +E0L,, +P (0], + Eegzz)—T(e121 +E0,,,)

= —2PE[(uj,, + Eupy, Nul,, + Eul,, + Eul, Nul,, + Euly,)]

+ PE(%J[(UBM +Eul, Nuly, + Euly, ) —(up,, + Eup, Xub, + Euly,)

~ (U} + Eujy, Jugy, + Eugy, )]

or 07, + Po.,, —MTp9121: 0 (3.26)
and

0y, + P0;,, - i""T'Oe122 = —2P(Uf, Uy + UbyyULy )
iwp (

’ ’ ! 14 ’ 14
+ UgyUigg = UgygUggg — u111“011) (3-27)

With the boundary conditions

N
Uoiz = Uow2 =0, Uo21 = U2z = 0; U111 = 0 = U112, U121 =0 = U122, Goas

=1, 612=0, 6111 = 611o = G121 =0aty=0 >
Uoiz =1, Uo12 =0, Uar = Uoz2 =0, U111=1, U112=0, U121=U122=0; G111 (3.28)

= 0112 = 0121 = 61220 =0, Go11= Gb12 = Goor = Go22 =0 aty - oo J

Solving the above equations, we obtain expressions for mean velocity, transient
velocity, mean temperature, transient temperature, skin-friction and the rate of heat

transfer as follows.

Expressions for mean velocity:
Uor = Uo1u1 + EUor2

— [1 + Ae-d)’_e-(a-ﬁ))’_ Ae'(lﬂﬁﬁ)y]
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+ E [Boe @+Boe™ + Bj e2¥+B g2~y

+Bs e 2%Y + Bg @ 2AY + b7g2AY + Bge2AY ] (3.29)

Uo2 = Uo21 + ElUo22
— [A14 e By e-(a'ﬂ)y + A e-(0t+ﬁﬂ)y]
+E [Bss € @+Boge” + Bog €°Y+Bgoe-2a)y
+ B31 ef(2a+pfﬂ)y + B32 ef(2a+p72ﬁ)y + B33 efZ(afﬁ)y
+ Bgg g 2@+p-A)Y - Bgs € —Bgg e — By 29

+ Bsg e 24V - By e - By e —Bar e —B,,e ] (3.30)

Mean Velocity:
Uo = Uo1 + R¢ Uo2,
(3.31)

Transient Velocity:
Ui =p1+up2 + E[(as + ias) (ps —ips) + (217 + ias) ps — ipa)
+ (ap1 —iax) (e ™ .e7™Y) + (axs —iag) (e @ .e™?)
+ (agg — iag) (e ¥ e g™ e/ )]
= P1+iP; + E [(a31Ps5 + a32Ps) +i (a32P5 — a31Ps) + (a17P3 + a18Pa)
+ i (a18P3'6+ (A2 e Cos azyy+ i (a1 e Sinaxy) —i (a2 e ¥ Cos
+ (A e Y Sinazy) + e P2 [(azs — Cos azy + ag Sinaz y
- i (azs Cos azy + ags Sin azy)] + e’ 2PV [(aze Cos azy + aso

+1 (ax9 Sinayy —asp Cos axy

Uy =p1+E[as Ps +as Ps + a7 Ps + ais Py + @z e Cos azy
+axp e Sinazy + e/ @) (ags Cos azy + ags Sin azy)
+ e/ aP) (3,9 Cos azy + aso Sin azy)]
+ i [P, + E{a32Ps —a31Pe + a1gP3 —ai17P4 + @21 e Sin agy
- (a2 e Cos ayy) — (az6 Cos azy + azs Sin azy)

+ (a9 Sin ayy — asp Cos ayy)}, (3.32)
Qr = P; + E [Psas; + Pg asy + P3as7 + Psagg + (a2 Cos axy + az, Sin xe™
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+ (azs Cos ayy + ag Sin azy) e~ @A)y

+ (az9 COs azy + agp Sin azyy e Gy PAY] (3.33)
Qi =P, + E [Ps as; — Psasy + Pzaig — Psai7 + (a1 sin azy —az, Cos xe ™

+ (azs Sin azy — aze Sin azy) e @ PAY] (3.34)
un  =Qr+iQ;, (3.35)
Pr = ass (P1-Ps) — ass (P2 + Ps) + E [A151P3+ai5:P4 + a101P3

- a102P4 — €“ (a105 P1 — a106P2) - e (@A (a109P1 — a110P2)

- e'(“+p'ﬂ’y (8.119 P1—ai Pz)] (336)

P; = azs (P1-Ps) + ass (P2+Ps) + E [A1s2 P3 — @151P4 — (8102P3P4)
- &% (a6 P1 + a105P2) — € (a110P1 + a100P)

- P (a114P1 + a113P2) — € (A118Ps — 117Pe)

- e @Y (@150Py + a319P2)] (3.37)
Ui, =P, +iPi, (338)
Uy = U1 +ReUp

= Q; +iQ; + R (Pr+iPi) = (Qr + RcP;) +i (Qi + RcP)), (3.39)
Uy = N, +i Ni, (3.40)

lusl = NZ+N2Z, (3.41)

Phase of transient velocity = tan 6= Qi+RP _ (&j
Q, +RP, Nr

0= tanl(li) (3.42)
Nr
Velocity = ug + g€ uy
= Up + ¢(Cos wt + i Sin wt) (N, + i Ni)
= Up + &¢(N; Cos wt — N;j Sin wt) + ie (N, Sin wt + N; Cos wt) (3.43)
Taking real part we have
u = Up + &(N; Cos wt — Ni Sin wt), (3.44)
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Temperature:
G1= e +E [Ble'py + A7e'2“y + Ag e 2™V + Ag e 2 + Agy e 2

—Ap e —Ap efZAey] (3.45)
O = E[Bore™ + By e? + By e @Y+ By e x P A

—Bos g (at+p-fly —Boys e 2a=p)y 4 B e72(a+pfﬁ)y] (3.46)

Mean Temperature:
6o = 6or + Rcbh2, (3.47)

Transient temperature:
Q/ = E[-(ag +ai +aiz) Ps+ (—a10— a2 +aua) P4

+ e (agP; — aioP;) + e (a1 P1-a1,Py)

+ @A (@3Py + ayPo)], (3.48)
Q' = E[—(aw —aiz +a14) Ps + (a9 + a1 +ais) P4

+ (a10P1 + agP2) ¥ + e (a,P; —ayPy)

+ &P (a3P; —aPy)], (3.49)
P/=ass (P1—Ps) —ass (P2+Pg) + E [(ag7P3 + agsPs) + e (azsP1-azsP2)

+ e (azgPy —agP2) + e (agsP1-ags P2) + 67

(as7Ps+agsPs) + e “/ (ag1Ps + ag2Ps) + e (agsPs + agsPs)]  (3.50)
P/'= as (P1—Ps) —ass (P2+Pe) + E [(assPs —ag7P4) + & (azsP1-a75P2)

+ e (agoPy —azP2) + e (agsP1-ags P2) + €7

(assPs—ag7Ps) + e “? (ag2Ps + ag1Ps) + e "7 (agsPs —agsPs)]  (3.51)
Z =(Qr +1Q)) + R (P +iP)
(Qr +RP) +i(Q/ +R.P)
= N/ +iN! (3.52)

Where N/ =Q; +R.P/
N/ =Q/+R.P'
Taking only real part, we have,
0 =0p + & (N/Coswt — N/Sinwt), (3.53)

Mean Skin — friction (r;"y):
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(c" )= [-aA + () + A (a+P-A)] + E [-Bs — PB; —2aB3 — 2A,B,
— 2 A3Bs — 2A4 Bg — AsB7 — AgBg] + Re [-aB1a — (a=f)B11 — (a+P—f)
+ E {~aBs3 — PBas — 2aB2g — (2a—=f)B3p — (2a+P-£)Bs — La+P-20)
2 (ar+)Bas —2 (a+P—-/)Bss + Bas+PBag+20Bsr+2A,B33+2A3B 3
+2A4B a0 + AsBai+AsBa} + {=cA + (a=f) + A (a+P—p)+E
(=3B —PB — 20B3 — 2A,B4 —2A3Bs —2A4Bs — AsB7 —AsBs}] (3.54)

1= Ty
M’ = - 2M? + E [@M*=D)ag+ Y as - = (P+P)ay + WP ayq
4 2 4
- (a+2M2) as + %azz - (a+2M2—,69a25 + % Wa g
— (a+p-p+2M?) ag + %ago] + R [(1-4M?) ass
w w 1
—— az] + ER; [(2M? -1) a1s1 — — a5y —= (P*+P)aso;
2 4 2
1 2 1 2
_Z Wpaip2 + (0!+2|V| ) aios + Z Waios T+ (a+2M +P—,B) ao
W 2 1 2
—Z az t+ (a+2M +p—,3)8.113 + ZW aig + (a+1-2M ) a7
1 2 1
2 W aig + (a+2M°+p-p) ag + 2 Wal120
1 1
+ (1-2M?) agp3 - ZW a4 + > (P*+P) ay7
1 2 1
—EW p aizs + (a+ 2M°) @31 — ZW ai32
w
— (a+2M*-p) aizs + 2 iz —(a+p+2M° —f) aiz
1 1 1
+= Wa —(1-2M%) aia1 = Wa —= (P*+P) ayss
4 4 2
1 2 1 2
+Z W paias — (a+2M?) augs — 2 W ause — (a+2M*=p) awsr
1 2 1
- Z W aisg — (a+P+2M —ﬂ) ai49 — Z w 8.150], (3.55)

M/ = %"'E[(ZMZ - 1) do — %W as1— %W paiz + % (P2+P)a18 +(a+2M2) aoo
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3=

M

M;

—%W asy +% W ays + (0{+2M2—ﬂ)aze + % Wwayg + (a+p+2M2—,6)a30]
1 2 1 2 1
+R; [EW azs + 1-4M )8.36]+ERC [ZW aisy + (2M —1)1152 + ZW pc
1,2 2 1 w 2
- E (P +P) dige + (a+2M ) a106 _ZW aios — Zazg (a+p+2M —,3) as
2 1 1 2
—(a+p+2M —,B) ai114 _ZW iz + Z waiz + (a+1— 2M ) aiis
2 1 1 2
+ (a+2M +P—,B) ai2o _Z Waig + ZW ads + (1—2M ) ai24
1 1 1 1
—Z W pagr —= (P*+P)aig —= W aiz1 —(a+2M>?) ajz— =W ai3s
2 2 4 4
2 1 2 1
—(a+2M —,8)8.136 +ZW dizg T (a+P+2M —,8)1140 _Z wais41
2 1 1 2 2 1
+ (1-2M%au42 2 WP a143 5 (P*+P) a14s —(a+2M°) 3146+Z Wa14s

—(a+2|\/|2—ﬂ)8.143 +%W a7 — (a+p+2M2—,H) a150+%w 3.149] (356)

Where o = M +iM/, (3.56a)
[PA + (o) + (atp-P)°A] +E [[FBo+p’Bo+407B3+4A,°B
+4 A3®Bs + 4A4°Bs+As°B7 + As’Bs] +R¢ [?Bu+(a—f)? Bus
+ (a+p-f)°B12] +RcE [?Bas+p°Bas + 407Bag + (20—L)*Bas
+ 2a+p-f)? Ba1 + 2a+p-2/)°Bs; +4 (a-p)° Baz +4 (a+p-)°Bas
+ [FBas+p°Bss + 40’Bay + 4A,°Bag + 4A3°Bag + 4A,°Byp
+As°Ba1+As’Bay] (3.57)

y+eM! Coswt—%eWRc M’ Sinwt + Reys

_ M/ Sinwt + % AW R, M/ Cos wt

_ 1 , 1 .
=n+Rc(m _273)+€Mr (Cos wt + Z WR. Sin wt)

~ M/ (Sin Wt—% £WR. COs W), (3.58)

EM! (1+%w Re Sinwt) + M (sin wt—% AR, Cos wt), (3.59)
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Txy:

' 1 1
B= E [E (P*+P) (a9 + ai1+a13) ~2 Wp (@10 + a1z —ai4) —(a+2M?)ag

B! =

Y4 =

B, =
Bi:

Nu =

JMZ+M 7,

+%Walo —(a+2M*-p) an +%Wa12 ~(ar+p+2M*~Pass
1 2 1 2 1
—ZW8.14] +R; [—2M 8.35+ZW8.36 —(1—2M ) dss +ZW8.36]
1 2 1 2 1
+R.E [_E(P +P)a97 +pr dog —(a+2M ) ars +Z was
—(a+2M*-p) azg +%W380 ~(a+p+2M*-p) ag
1 2 1 2
+Z Wagg —(a+1—2M ) dg7 +ZW8.33 —(a+1—2M —,B) do1
1 2 1
+ZW8.92 —(a+p—,8+1—2M ) dos +ZW8.96],
1 1, 1
E [pr (ag + a;; + 8.13) + E (P +P) (a10+a14) —Zwag
2 1 2 1
- (a+2M ) aio _ZW 8.11—(0!+2|V| —,3) aie _ZW ais
2 1 2 1
— (a+p-p+2M°) aus] +R¢ [(—ZW335 —2M a36—ZW335
2 1 1 2 1
—(1+2M ) 8.36] +RCE[_Z Wpagy _E (P +P)agg _Z wa7s
2 1 2 1
—(a+2M ) arze _Z wazg — (a+2M —,B)ago _Z Wag3
2 1 2 1
—(a+2M —,B+p) dss +Z Wag7 — (a+1—2M )agg"'z Wag1

—(a+1—2M2—,6) dog2 —% Wags — (a+p—,8+1—2M2)a96]

—p+E [—pBl —20A7-2A,Ag—2A3A9—2A4A 10 +AsA11+AsA L

+RE[-pB27 — 20B21 — (20=p) B2z — (2a+p-p)B2z — (2a+p-5)B>

-2 (a—ﬂ) Bos -2 (a+p—,3) Bos,
va + ¢ (B]Coswt — B/Sinwt),

& [B/Coswt + B/ Sinwt],
JB?+B7,
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tan 5:5
B

uo

r

1.2 A

1214

(3.67)
When Wtz%, Br=v4— B¢, Bi=¢B/
Nug = -+ + E [—pBl —20aA7 2A; Ag —2A3 Ag 2A4 Ag + asA11+AGA,
+R.E [—sz7 —20By 2 (a—,B)Bzz —(2a+p—,6) Bos
—Qat+p-L)Ba 2 (a—f(B2s -2 (a+p—L) Bas] (3.68)
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Fig. 1 :Effects of R¢, M, G and E on the mean velocity u, for cooling of the plate.
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Fig. 2 : Effects of Rc, M, G, E on the mean velocity u, for heating of the plate.
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Effects of R¢, M, E, G on the transient velocity u for heating the plate where
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Fig. 4: Effects of R¢, M, E and G on transient velocity u for cooling of the plate
where p=5.0, w=4.0, £=0.002
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Fig.5 : Effect of R;, G, E and P on mean temperature 6o when M=1.0, w=4.0,

£€=0.002
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Fig. 6: Effect of R¢, G, P and E on the mean temperature 6, when M=1.0, w=4.0,
€=0.002
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Fig.7 : Effects of R¢, G, E, P & w on the transient temperature 6 when wt :%,
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4, RESULTS AND DISCUSSIONS:

Free convection effects on the oscillatory magnetohydrodynamic flow of a
visco-elastic fluid past an infinite vertical porous plate with constant suction and heat
dissipation have been studied with the help of graphs and tables involving various
fluid parameters like non-Newtonian parameter R, magnetic parameter M, Grashof
number G, Eckert number E and Prandtl number P.

Fig.1 depicts the effects of R¢, M, G and E on the mean velocity u, for cooling
of the plate (G>0). It is observes that the mean velocity decreases with the increase of
R¢. Mean velocity rises with the increase of Grashof number G as well as Eckert
number E. But, the magnetic field strength reduces the mean velocity up.

The effects of R¢, G, M and E on the mean. Velocity up for heating of the
plate (G<0) have been shown in the fig.2. It is marked that the fall of G reduces the
mean velocity ug. The same case is observed in case of Eckert number (curve Il &
[11). Further, the increase in magnetic parameter reduces the mean velocity. But, the
increase in the value of non-Newtonian parameter R enhances the mean velocity up.

Fig.3 illustrates the effects of R, M, E and G on the transient, velocity u for
heating the plate, (G<0) where P=5.0, W=4.0, £¢=0.002 and E<O. It is observed that the
increase of R reduces the transient velocity. Also increase of G decreases the
transient velocity. Further, rise in the magnetic field strength decelerates, the transient
velocity. The pause effect is marked in case of Eckert number E.

Effects of R, M, E and G on transient velocity u for cooling of the plate
(G>0) have been shown in the fig.4. From the curve, I, Il and Il of this figure, it is
gleaned that the rise in R accelerates the unsteady flow. The increase in Grashof
number reduces the flow. As the magnetic field strength rise the transient velocity
decreases. But, the increase in the value of Eckert number enhances the unsteady
flow.

Fig.5 explains the effects of R¢, G, E and P on mean temperature 6o when
M=1.0, w=4.0 and €=0.002. It is marked that the increase in R increases the mean
temperature. The rise in the Prandtl number P reduces the mean temperature. Further,
the increase in Eckert number raises the mean temperature (curve V).

Fig.6 depicts the effects of R¢, G, P and E on the mean temperature 6, for

heating of the plate (G<0). It is observed that the increases in R reduces the mean
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temperature. Rise in P further decreases the mean temperature. But, the increase in
Eckert number enhances the mean temperature.

Effects of R¢, G, E, P and w on the transient temperature 6 for cooling of the
plate (G>0) have been shows in the fig. 7. As R rises, the transient temperature
increases. It is observed that the increase in G increases the value of 0. Also, the rise
in Eckert number rises the transient temperature 6. Further, increase in the value of
Prandtl number reduces the transient frequency enhances the value of 6.

Fig.8 shows the effects of R, G, E, P and w on the transient temperature 6 for
heating of the plate (G<0). The curves | and Il of the figure present that the rise in R
raises the transient temperature upto y=1.0 and then the temperature falls. As the
value of G decreases the transient temperature falls. The decrease in the Eckert
number decreases the temperature further.

The transient temperature first decreases and then rises with the rise of P.
However, the temperature becomes zero at y=2.0. It is noticed that the increase in w
increases the value of 0.

The value of mean skin-friction, amplitude of the skin-friction, phase of the
skin-friction, mean rate of heat transfer, rate of heat transfer and phase of the rate of
heat transfer are entered in the tables I to VI respectively.

Table -1
Value of mean skin-friction
G E P/IR. 0 0.05 0.1
-10 -0.01 5 —0.7582 -1.567 —2.8235
-5 —-0.01 S) 0.0125 —-0.3829 —0.8975
-5 -0.01 10 0.5020 0.0526 —-0.2958
+5 +0.01 5} 1.9567 2.021 3.156
+5 +0.01 10 1.510 2.105 2.546
+5 0.02 10 1.435 1.998 2.365
+10 0.01 5} 5.856 3.569 4.755

Table I shows the effects of G, E, P and R. on the mean skin-friction. It is
observed that the rise in R; reduces the mean skin-friction for heating of the plate.
But, a reverse affect is marked for cooling of the plate (G>0). As P rises, the mean
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skin-friction increases for G<0 and a reverse effect is observed for G>0. The same
effect is also marked in case of Eckert number for cooling of the plate. Also, rise in G

raises the mean skin-friction.

Table - 11

Value of the amplitude of the skin-friction txy

G E P W/R¢ 0 0.05 0.10
-10 -0.01 5 4 1.356 1.285 0.989
-10 -0.01 5 10 1.735 1.628 1.453
) -0.01 5 10 1.878 1.753 1.567
) —-0.02 5 10 1.885 1.736 1.523
) -0.01 10 10 1.896 1.739 1.544
+5 +0.01 5 4 1.362 1.295 0.928
+5 +0.01 5 10 1.898 1.756 1.536
+5 +0.01 10 10 1.886 1.693 1.458
+10 +0.01 5 10 1.998 1.781 1.457
+5 +0.02 5 10 1.889 1.684 1.436

Values of the amplitude of the skin-friction t4, are entered in the Table Il. It is
observed that the amplitude falls with the rise of R for both G<0 and G>0. The rise
in w raises the value of amplitude of the skin-friction. The decrease in the values of
the Eckert number increases the amplitude of t.. As P increases, the amplitude

increases for G<0 and increases for G>0.

Table - 111

Values of the phase of the skin friction tan 0

G E P W/R¢ 0 0.05 0.1
-10 -0.01 5 4 0.408 0.395 0.344
-10 -0.01 5 10 0.532 0.499 0.442
) -0.01 5 10 0.598 0.543 0.496
-5 -0.01 10 10 0.524 0.469 0.397
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) —-0.02 5 10 0.474 0.421 0.398
-10 +0.01 5 10 0.536 0.493 0.445
5 +0.01 5 4 0.470 0.436 0.412
5 +0.01 5 10 0.588 0.552 0.497
5 +0.01 10 10 0.610 0.575 0.462
5 +0.02 5 10 0.620 0.574 0.482
10 +0.01 5 10 0.640 0.582 0.523

Table Il contains the values of the phase of the skin-friction (tan 6) for both
heating and cooling of the plate. It is noticed that the rise in R reduces the value of
the phase for both G<0 an dG>0. The increase in w increases the value of the phase.
The decrease in Eckert number decreases the value of the phase. It is marked that the
rise in the value of G raises the phase. The increase in Prandtl number reduces the

phase for G<0, but a reverse effect is marked in case of G>0.

Table - IV
Values of the mean rate of heat transfer Nug
G E P/R. 0 0.05 0.1
-5 -0.01 S) 4.052 4.054 4.067
-5 -0.01 10 9.02 9.06 9.08
-5 -0.02 10 9.08 9.16 9.18
-10 0.01 5} 4.95 4.68 4.23
+5 0.01 5} 4.624 4.620 4.614
+5 0.01 10 8.954 8.942 8.925
+5 0.02 10 9.443 9.426 9.410
+10 0.01 5} 4.856 4.850 4.843

The values of the mean rate of heat transfer Nug are entered in Table-I1V. It is
observed that the increase in the non-Newtonian parameter R. increases the mean rate
of heat transfer for heating of the plate and a reverse effect is marked for cooling of
the plate (G>0). As P rises, the value of Nusselt number increases for both G<0 and

G>0. The fall in Eckert number enhances the mean rate of heat transfer. It is also
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observed that the fall in G reduces the mean rate of heat transfer. Increase in G
increases the meat rate of heat transfer for cooling of the plate.
Table -V

Values of the amplitude of the rate of heat transfer N%E

G P W/R¢ 0 0.05 0.1
) 5 4 5.306 5.229 5.016
) 5 10 7.450 7.567 7.892
-5 10 10 13.44 13.84 13.660
-10 5 10 7.881 8.256 9.763
+5 5 4 6.934 6.736 6.256
+5 5 10 7.998 7.653 7.242
+5 10 10 14.872 15.624 15.939
10 5 10 9.672 9.480 9.236

Values of the amplitude of the rate of heat transfer are entered in Table-V for
both heating and cooling of the plate. It is noticed that the increase in R reduces the
amplitude of both G<0 and G>0. As w rises, the amplitude also rises for both heating
and cooling of the plate. Similar effect is marked in case of P. The decrease in the
value of G increases the amplitude. The same effect is marked in case of rise in G for
cooling of the plate (G>0).

Table - VI

Values of the phase of the rate of heat transfer tan

G P W/R¢ 0 0.05 0.10

) 5 1 0.864 0.878 0.902

) 5 10 1.922 2.040 2.398

-5 10 10 0.854 0.996 1.022

-10 5 10 3.812 4.226 5.678

5 5 4 0.426 0.418 0.395

5 5 10 0.716 0.688 0.592

5 10 10 0.778 0.743 0.692

10 5 10 0.448 0.421 0.315
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The values of the phase of the rate of heat transfer (tan 8) are entered in Table-
VI. It is noticed that the increase in R, increases the phase for G<0 and decreases the
phase for G>0. The increase in w increases the phase for both cooling and heating of

the plate. As P rises, the value of tan 6 decreases for G<0 and increases for G>0.

CONCLUSIONS:

The following conclusions are drawn from the results obtained by analyzing
the problem of free convection effects on the oscillator magnetohydrodynamic flow of
a visco-elastic fluid past an infinite vertical porous plate with constant suction and
heat dissipation.

) The strength of the external magnetic field reduces the mean velocity.

i) The mean velocity decreases as R increases.

i) The fall in the value of Grashof number reduces the mean velocity.

iv) Increase in G decreases the transient velocity.

V) Rise in R accelerates the unsteady flow.

vi) Rise in the Prandtl number P reduces the mean temperature

vii)  The increase in Eckert number raises the mean temperature.

vii)  As the value of G decreases, the transient temperature falls.

IX) The transient temperature first decreases and then rises with the rise of P.

X) Rise in G raises the mean skin-friction.

xi) With the rise of the Prandtl number, the mean skin-friction, rises for G<0
and falls for G>0.

xii)  The amplitude of the skin-friction falls with the rise of R for both heating
and cooling of the plate.

xiii)  Mean rate of heat transfer increases with R¢, the non-Newtonian
parameter.

xiv)  The phase of the skin-friction increases with the angular frequency ‘w’.

xv)  The phase of the rate of heat transfer also rises with the rise of w for both
G<0 and G>0.
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