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ABSTRACT : The problem of the heat transfer in the flow of an incompressible non-Newtonian
second-order fluid over an enclosed torsionally oscillating discs in the presence of the magnetic field
has been discussed. The obtained differential equations are highly non-linear and contain upto fifth
order derivatives of the flow and energy functions. Hence exact or numerical solutions of the differential
equations are not possible subject to the given natural boundary conditions; therefore the regular
perturbation technique is applied. The flow functions H, G, L and M are expanded in the powers of the
amplitude ¢ (taken small) of the oscillations. The behaviour of the temperature distribution at different
values of Reynolds number, phase difference, magnetic field and second-order parameters has been
studied and shown graphically. The results obtained are compared with those for the infinite torsionally
oscillating discs by taking the Reynolds number of out-flow R,, and circulatory flow R; equals to zero.
Nusselt number at oscillating and stator disc has also been calculated and its behaviour is represented
graphically.
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l. INTRODUCTION

The phenomenon of flow of the fluid over an enclosed torsionally oscillating disc (enclosed in a
cylindrical casing) has important engineering applications. The most common practical application of it is the
domestic washing machine and blower of curd etc. Soo [1] has considered first the problem of laminar flow over
an enclosed rotating disc in case of Newtonian fluid. Sharma and Agarwal [2] have discussed the heat transfer
from an enclosed rotating disc in case of newtonian fluid. Thereafter Singh K. R. and H. G. Sharma [3] have
discussed the heat transfer in the flow of a second-order fluid between two enclosed rotating discs. The torsional
oscillations of newtonian fluids have been discussed by Rosenblat [4]. He has also discussed the case when the
Newtonian fluid is confined between two infinite torsionally oscillating discs [5]. Sharma & Gupta [6] have
considered a general case of flow of a second-order fluid between two infinite torsionally oscillating discs.
Thereafter Sharma & K. R. Singh [7]have solved the problem of heat transfer in the flow of a non-Newtonian
second-order fluid between torsionally oscillating discs. Hayat [8] has considered non-Newtonian flows over an
oscillating plate with variable suction. KR Singh, VK Agrawal & A Singh [9] have discussed Heat transfer in
the flow of a non-Newtonian second-order fluid between two enclosed counter torsionally oscillating disc.
Chawla [10] has considered flow past of a torsionally oscillating plane Riley &Wybrow [11] have considered
the flow induced by the torsional oscillations of an elliptic cylinder. KR Singh, VK Agarwal [12] have solved
heat Ttansfer in the flow of a non-newtonian second-order fluid between two enclosed counter torsionally
oscillating discs with uniform suction and injection. Bluckburn[13] has considered a study of two-dimensional
flow past of an oscillating cylinder. SadhnaKahre [14] studied the steady flow between a rotating and porous
stationary disc in the presence of transverse magnetic field.Singh&Singhal [15] have discussed flow of a non-
newtonianreiner-rivlin fluid between two enclosed torsionally oscillating porous discs. Agarwal & Agarwal [16]
have solved flow of a non-newtoniansecond-order fluid over an enclosedtorsionally oscillating disc. Agarwal &
Agarwal [17] have also discussed flow of a non-newtonian second-order fluid over an enclosed torsionally
oscillating disc in the presence of magnetic field.

Due to complexity of the differential equations and tedious calculations of the solutions, no one has
tried to solve the most practical problems of enclosed torsionally oscillating discs so far. The authors have
considered the present problem of heat transfer in the flow of a non-Newtonian second-order fluid over an
enclosed torsionally oscillating discs in the presence of the magnetic field and calculated successfully the steady
and unsteady part both of the flow and energy functions. The flow and energy functions are expanded in the
powers of the amplitude ¢ (assumed to be small) of the oscillations of the disc. The non-Newtonian effects are
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exhibited through two dimensionless parameterst, (= ';ﬂ) andr, (= ';ﬁ) where iy, i, us are coefficient of
1 1

Newtonian viscosity, elastico-viscosity and cross-viscosity respectively, n being the uniform frequency of the
oscillation. The variation of temperature distribution with elastico-viscous parameterz;, cross-viscous parameter
7,(based on the relation t; = at,where @ = —0.2 as for 5.46% poly-iso-butylene type solution in cetane at
30 (Markowitz [18]), Reynolds number R, magnetic field ‘m’ at different phase differencet is shown
graphically.

Il. FORMULATION OF THE PROBLEM
The constitutive equation of an incompressible second-order fluid as suggested by Colemann and Noll [19] can
be written as:
Ty = =06y + 2 dy + 2upe + 4pzcy 1)

where
1 1 « _ «
dyj =5 Wy +u).e5 = (aij +a) + ufug ey = dia d; (2)

p is the hydrostatic pressure, 7;; is the stress-tensor, d;; is rate of deformation (rate of strain or flow) tensor, u;
and a; are the velocity and acceleration vector.
The equation (1) together with the momentum equation for no extraneous force

Ou;
p (S + utuy, ) = 18, 3)
and the equation of continuity for incompressible fluidu’;, = 0 4

wherep is the density of the fluid and comma (,) represents covariant differentiation, form the set of governing
equations.

In the three dimensional cylindrical set of co-ordinates (r, 8 z) the system consists of a finite
oscillating disc of radius r, (coinciding with the plane z = 0) performing rotatory oscillations of the type
rQ cost of small amplitudee , about the perpendicular axis » = 0 with a constant angular velocity Q in an
incompressible second-order fluid forming the part of a cylindrical casing or housing. The top of the casing
(coinciding with the plane z = z, < r,) may be considered as a stationary disc (stator) placed parallel to and at a
distance equal to gap length z,from the oscillating disc. The symmetrical radial steady outflow has a small mass
rate ‘m’ of radial outflow (*— m’ for net radial inflow). The inlet condition is taken as a simple radial source
flow along z-axis starting from radiusry. A constant magnetic field B, is applied normal to the plane of the
oscillating disc. The induced magnetic field is neglected.

Assuming (u, v, w) as the velocity components along the cylindrical system of axes (r, 6, z) the
relevant boundary conditions of the problem are:
z=0 u=0, v=rQe"(Realpart)w = 0, T =T,

z =2z, u=0 v=0, w = 0, T =T, (5)

where the gap z,is assumed small in comparison with the disc radius r;. The velocity components for the
axisymmetric flow compatible with the continuity criterion can be taken as[1],[2],[3].

U=-gn@o+(2) D v =60+ ()12 w = 2000 (6)
and for the temperature, we take
T=T, + (%) (pC D) + &V} @)

v
’

W =—,&=—,¢ tare dimensionless quantities and H((, 1), G({, 1), L, 1), M’ (5, 1),
QZO QZO Zo

&(C 1), Y(C,t) are dimensionless function of the dimensionless variables C:Ziand T =nt.
0

WhereU = —,V =
QZO

Ry, =——,R, = L __are dimensionless number to be called the Reynolds number of net radial outflow
2mp ZgVv1 2mp zgvy
2
and circulatory flow respectively. R, (= %)be the flow Reynolds number. The small mass rate ‘m’ of the
1
radial outflow is represented bym = 2mp foz" rudz (8)

Using expression (6) and (7), the boundary condition (5) transform for G, L&H into the following form:
G(0,7) = Real(e™),G(1,7) = 0,L(0,7) =0, L(1,7=0,H(0,7) =0,
H(1,9=0H©0,0=0, H({,7=0,4¢0,1= % =S, ¢1,70) = 0,¥0,7) =0, 1,2 = 0(9)
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whereE {= L} is the Eckert number.
CV(Ta _Tb)
The conditions on M on the boundaries are obtainable form the expression (8) for m as follows:
M(1,0)-M(0,7)=1 (10)
which on choosing the discs as streamlines reduces to
M(,7) = 1,M(0,7) = 0 (12)

Using egs.(1) and expression (6)in equation (3) and neglecting the squares & higher powers of R,, /R, (assumed
small), we have the following equations in dimensionless form;

— L2 — oz {en' - (B2) 2L+ @%n¢ (H° - 2HH" - 6?) + 0% (Rz)%'”” Py ()L 4

viQ (e _ (Rm\ M) _ 2va [(nQ (R \OM" _ oy 2 “? _ gy
b () ) - 2[5 ) e} + %6 (B HE) () G M B H
HMiv—RLRZ2ZQ2EL G +LG " — 4vIQ220RmBzI2EH"" M+ M +H M- RLRZz1282L' G +LG" +E4H ' 2— 62—
2H A" +0B02Q20p0—¢H +RmRzM' ¢ (12)

0 = —n 00+ (£) 2]~ 20016 1) s ()2~ ()2 22+

RLRZL'E+2v220m0 286 ’+A’lﬁzﬂl "EFRLRZQZEH L' +H"" L+HL " +H L +Q2EH G "~ ' C+RMRZ2Q2EM ¢
"FM' G +2vIQ2Z06H - H'CH+RLRZIEH L+ A LA+ AL+ RMRZIEZM G+ M G~ 0 B02Q 2008 G+RLRZLE
(13)

( ! )(ap) 2nQz,0H + 4Q%z HH' — 2 QH
—|\— = 2ZN\2Z, Z — LV
pzy/ \0¢ 0 0 Yz Zy

rrrrr

2v,
—Z—{nQGH +20%82(H'H"+ G'G") + Q*(22H'H" + 2HH")
0

Ru\ v (RN
—R—ZQ(HM +H'M) +(57) 207G+ 1'6)

4 4

—ZV; {gz(H”H”’+GG)+14HH —(I;—Z)(HM +H M)+(R)(LG +LG)}
(14)
pC (E+ul+wl) = K{ZZTZ+ (ZZ)+”}+® (15)
Where® = 1/ ‘) (16)

C,is the specific heat at constant volume, @ be the viscous-dissipation function,rj" is the mixed deviatoric stress
tensor, K is the thermal conductivity, p is the density of the fluid; B, and o are intensity of the magnetic field
and conductivity of the fluid considered.
Differentiating (12) w.r.t. £ and (14 ) w.r.t. £ and then eliminating 6°p/d¢.0&from the equation thus obtained. We
get
-ngzo{gaH”—(R IR,)OM”*/E}-2002oE(HH” " +GG ) H(R/R,) (2Q2720/&) (H'M”’+HM""')~
(RUR,)20’20/9)(LG L G)-(viO 2 { Ru/R)(M"IE)-EH" - (2v2120) [(MU2){(Ru/R)(OM"1E) -
EOHVI-Q%(2H H> > +H HV+HH"+4G°G )+
(R /Rz)(Qzli)(ZH”’M”JrH"’M +2H M+ 2H' MY +HMY)~(R/R,)(2Q%E) (2L’G”+L’G*+LG"")]-
Vs z){(Ru/R)(L/E)(HYM +2H "M +2H "M+ H'M") ~(R/R,)(1/€) 3L’G>+2L’G’+LG*>")—
EHH"+ 3G°G+2H’H’")} +(0Bo’Qzo/p){-EH""+(Rp/R)(M"E)}= 0
(17)
On equating the coefficients of & and 1/¢ from the equation (13) & (17), we get the following equations:
G’ =R3G + 2eR(HG-H’G)—1;0G"’-2e1y(HG -H’G")-2 e 1,(H’G”’-H"’ G’ )+m’G (18)
L’ =ROL+2eR(M’G + HL’)-tlaL”-Zerl(H"L’+H’”L+HL”’+H’L”+2M’G”+ 2M°G’)-2€1,
(H”L’+H”L+H’L”’+2M”’G’+M’G”’) +m L (19)
HY = RaH”+2 eR(HH’+GG’)- tlaH et (H HY+HHY+2H"H’’+4G’ G”)-2et, (H’ H"+
2H”H+3G’G”’)+m’H”’ (20)
M" = ROM”’+2eR(H’M”’+HM’’-LG’-L’G)-1;,0M™-2e 1, QH> M +H"YM + 2H’M>>> +2H’M"+
HM-4L°G”’-2L°G’-2LG’”’)-2 erz(Hi"M’+2H”’M”+ 2H"M’”+H’M“’-3L’G”-2L"G’-LG”’)
__________________________________________________________________________________________________________________________________|
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+m’M” (21)

where R (=nzq?/vy) is the Reynolds number, ,(=nv,/v1), T2(=nva/v;) and e(=Q/n) are the dimensionless
parameter, m? = 6By?z,%/p1 is the dimensionless magnetic field and R./R_ = m/L~ 1.

Using (7), (16) in (15) and equating the cofficient of &2 and independent term of £2, we get

Y= eRP [0/ e- 2H W+2HY’-H"2-G %1y (H’0H ' +G’0G’) — 2ety(H'H*+ H’G’*+HH’H”> +HG’G”")—

3en,(H’H " H’G™)], (22)
49+ = eRPr [0d/€ + (Rn/R)2ZM™Y + 2H¢ - 12H2+( Ry/R)2H’M”*-( RU/R,) 2L°G -1, { 12H’H-
(Rm/R)(H?OM”+M*’0H”") + (RL/R,)(G’0L")}] (23)

where P, (=p;C,/K) is the Prandtl number.

I11. SOLUTION OF THE PROBLEM
Substituting the expressions
G(Gr) =Ze" Gy (§1); L(G1) =Ze" Ly (§1); H(G1) = 2" Hy (6,0 M(G1) = 2" My (§7) (24)
into (18) to (23) neglecting the terms with coefficient of e (assumed negligible small) and equating the terms
independent of e and coefficient of €, we get the following equations:

Go’’ =R 6Gy/dt - 1,0G,” /0t + MGy (25)
GlM =R aGllaT-ZR(HO’Go"HoGo’)"ClaGl’,/8T'2T1(HQGO’”'Ho”Go’)'ZTz(Ho’GO”' HOHGO’) + szl(26)
Lo = R dLo/ot - 116Lo " /0t+ mPLg (27)

Lln = RaL]_/aT-ZR(Mo’GO + HOLO’)-tlaLl"/61:-21:1(H0’”L0+H0”Lo’+H0’LO” +HOL0’”+2M0”G0’+
ZMO,GO")'2T2(H0,”LO+H0”L0’+HO’LO’7+2M0”G0’ +MO’G0”) + m2L1(28)

Ho" = RoHq* /ot - t10H,"/0t + mPHy» _ (29)

H," = ROH;”/0t+2R(HoHo™ " +GoGo’)-110H:/0t-211(Ho Ho " +HoHo +2Ho Ho™> +4Go’Go™)-

2T2(3G0’G0"+H0’Hoiv+2Ho"Ho”’) + mzHl”(30)

MoV = R M,/ - 11.0Mg“ /ot + m*M,” _ @)

Mliv = R@Ml”/ﬁr + ZR(Ho’Mo"+HOM0”"L0’G0'LOGo’) - 7:_18M1'V/8r - 2T1(2H0’”M0” +H0IVM0’+

2H0”M0’”- 4L0’G0"-2'.0"Go"ZLoGo”""HoMOV‘F 2H0’M0IV)'2’E2(2H0’”Mo”+H0IVM0’+

2H0”M0”" 3L07G0”‘2L07,Go" LOGO”’ +H0’MOIV) + szl” (32)
\Po”Z RPr(a\Po, (33)
W, = RP[0W:- 2Hy Wot2HoWo -Ho"2-Go %11 (Ho 0Ho " +Go'0Gy"),  (34)
4% oty = RP Oy, (35)
A¥ 1+, = RP, [0, + (Rm/R)2My’ Wo + 2Hoto -12Ho *+( Rm/R2)2Ho ™Mo~ (RL/R,)2Lo’ Gy -t1{12H,’dHo -
(Rm/Rz)(Ho’0Mg”’+ My’ 0Hy”") + (RU/R;)(Go’0Lo ")} 1. (36)
Taking Gn(C,1)= Gps(€)+ €"Gni(C);  La(£,1)= Lns(C)+ €"L(C)
Hn(&,1)= Has(©)+ €% Hi(); Mn(&,1)= Mi(§)+ € "Mn() (37)

Complex notation has been adopted here with the convention that only real parts of the complex quantities have
the physical meaning.
Using (19) and (28), the boundary conditions (8) & (10) for n =0, 1 transforms to

Gos(0) =0, Ga(0) = 1, G15(0) =0, G1(0) =0, Gos(1) =0, Gu(1) =0, Gi(1)
=0, Gu(1) =0, Hos(0) =0 Hu(0) = 0, H15(0) =0, Hy(0) =0,

Hos(1) =0, Hu(1) =0, His(1) =0, Hy(1) =0, H’5(0) =0, H0(0) =0,  H’15(0)
=0, H’14(0) =0, H’os(1) =0, Ho(1)=0, H’3(1) =0, H’1(1) =0,

Los(0) =0, La(0) =0, L15(0) =0, L4(0) =0, Los(1) =0, La(1) =0, Lis(2)
=0, Lx(1) =0, M’05(0) =0, M’(0) =0, M’45(0) =0,M’;,(0) =0,

M’(1) =0, M’a(1) =0,  M’15(1) =0,M’3,(1) =0, Mos(0) =0, M(0) =0,  Mu(0)
=0, My(0) =0, Mos(1) =1, Mg(1) =0, Mis(1) =0, My(1) = 0.

Wes(0) =0, Yu(0) =0, Wi(0)=0, ¥u(0)=0, Wos(1) =0, Yo(1)=0, W¥is(2)
=0, Y1) =0, bos(0) =S, d(0) =0,  ¢15(0) =0,  ¢1(0) =0,

dos(1) =0, $a(1) =0,  ¢1(1) =0, ¢1(1) =0, (38)

Gos(5) = Gas(6) = Gu(€) =0, Go(6) = {1-(e"/2Sinh f)}e"+ ("/2Sinh f)}e™,

where f = {(iR+m?)/(1+It)}"? = A+ B,
where A = [[(m*+Rry)+{(m*+Rry)’+(R-m?t;)}1{2(1+1,°) 1™,
B = [[{(m*+Rry)*+(R-m?1;)’}- (m*+R1y)J{2(1+1:)) 17,
Go(&,7) = Real{e"™ Go((Q)} = (Ag+As)Cost - (A+Ag)SinT,
where A, = e*(Cos’BSinhA+CoshASin’B)/{2(Sinh?A+Sin’B)},
A, = e*(SinBCosBSinhA-CosBCoshASinB)/{2(Sinh’A+Sin’B)},
A; = e”{(1-A))CosB(+A,SinBL}, A, = e”~{(1-A;)SinB-A,CosB(},

I ——
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As = e”“{A,CosBL+A,SINBCY, As = e{A,CosB-A;SinBC},
G(&i1) = Go(C,1) + €G1(C,1).
MOS(Q) = ClemC/m2+C2e_mé/m2+C3C+C4,M’os(g) = ClemC/m'CZE_mclm"'C‘g,
Where C; = Cy(e™-1)/(e™-1), C, = m*(e™-1)/{4+e™(m-2)-e ™(m+2)},Cs = -(C;-C,)/m,Cy4 = (C1+C,)/m?.
Mai(C) = M1(€) = My(€) =0, M(E,7) = Mg(E,1) + eMy(E,7) = Mo(C,7).

Hos(€) = Ha(C) = His(€) = 0,

Hu(C) = C1e%/d2+Ce %/d2+C3C+Cy+(Z1-F2Z,) [{1-(e"/2Sinhf) }2e™“/4f-e¥(1-C)/ (16fSinh*f)],
where d = {(2iR+m?)/(1+2it)}*? = C+iD,

where C = [[(m?+4Rt)+{(m*+4Rt,)*+(2R-2m’1;)}1/{2(1+4t, )™,

D = [[{(m*+4Rt;)*+(R-4m’1;)*}- (2m*+2Rry)]{2(1+41,5)} ",

Z; = 2RI (1+1m)(4F-d7}, Z, = (811+67p) {(1+1t)(4F-d)},  Cy = {d(Z1o-Zo-Zs+Zs+Coe-1)3},
C, = Zy/{4-e*(d+2)+e"(d-2)}, Cs = -{(C/d)~(Cold)+Z5-Ze}, Cy = {(Co/d*)+(Cold)+Z5-2,3,
Z5 = Z;[{1-(e"12Sinhf) }*/4f-fe*'/116fSinh*f], Z4 = Z,[f{1-(e"/2Sinhf)}*/4-fe*"/16Sinh?f],
Zs = Z;[{1-(e"12Sinhf) }2/2+e*/8Sinh?f], Zs = Z,[f{1-(e"2Sinhf) }2/2+f2e*/8Sinh*f],
Z, = Z,[€*"{1-(ef/2Sinhf)}?/4f-1/16fSinh?f], Zs = Z,[fe?"{1-(e"/2Sinhf)}?/4-f/16Sinh?f],
Zo = Z,[€*"{1-(e"12Sinhf)}?/2+1/8Sinh?f], Z1o = Zy[fPe?{1-(e"2Sinhf)}4/2+f2/8Sinh*f],
H1(C,7) = Real{e?™ Hy(£)} = (Ag1+Ags)C0S27 - (Agr+Agg)Sin2t,
where A13 = 4A2-4BZ-C2+D2,A14 = 8AB-2CD, A15 = 2R(A13-T1A14)/{(A13-11A14)2+('C]_A13+A14)2},

Ags = 2R(AsaT1+A1) H(A13-11A1) +(11 A1+ AL) 1 A1 = (8T1+6T2) (Ara-2T1 A1) {(Ara-2T1 A1) +(211A13+Ag) S,

Asg = -(8T1+672) 211 A1+ A1) {( Ara-211A10) +(2T1A1+A) } Ass = [A{(1-A1)*A 3+2BAL(1-A)J{4(A+B)},

Ago = -[B{(1-A)*AI+2AA(1-A)]{4(A*+B?}, Az = Sinh?ACos’B-Cosh’ASin°B,

Ay, = 2SinhAC0osBCOoshASINB, Ay = 62(A,,C052B+A,,Sin2B)/(Ay*+A2),

Ay = €Ay SIN2B- Ay C082B)/(Ag™+Az7), Ags = (AAs+BA){16(A*+B?)},A% = (AAs-BA)/{16(A’+B?)},

Azr = Ais(Aro-Aos)-Ars(Aor-Ass),  Asg = Ats(Arg-Aos) +A1s(Aop-Ass), Bi = (1-A1)-Ar%, By = -2(1-A))A,,

X1 = (A%B?)(A17A2-A1sA2%)-2AB(A1gAgr+ A1 Agg),

X = 2AB(A17Az-A1gAgg) H(A?B?) (AreAgr+ArrAg),

Az = (X1As+XoA)/ (A152+A162)1 Az = (X2A15-X1Ase)/ (A152+A162),

Asy = Ais{(B1/2)+(A2/8)}- Ass{(B2/2)+(A24/8)}, Agy = Ars{(B1/2)+(A23/8) }+ Ass{(B2/2)+(A2/8)},

X3 = (A%-B%)(A17A31-A18A3)-2AB(A18A31+A17A%), X4 = 2AB(A7A51-A1sAgy)+ (A%-B%) (ArgAai+ArrAs)),

Agz = (X3Ai+XsA)/ (A152+A162)!A34 = (XaA15-X3A16)/ (A152+A162)1A35 = GZA(AmCOSZ B-A4Sin2B),

Ags = €8(AgC0s2B+A1SiN2B),  Ag; = (AAy-BAR)/[16{(AAx-BA)*+(BA;+AA)},

Agg = <(BAun+AAR)[16{(AA-BA»)+(BAx+AA») Y, Ay = Ass(Ags-Azr)-Ars(Ass-Asg),

Ao = Ass(Ags-Ag) +Ars(Ags-Asg),  Xs = (A*B?)(A17Azs-A1sA0)-2AB(ArgAge+Ar7Ag),

X5 = 2AB(A1As-A1sAs0) +H(A’-B?) (AreAsstArrAs), At = (XsAs+XeAse)/(Ars +Ase’),

Ap = (XeArs-XsAre) (Ars+Ar?),  Ass = e2(B1C0s2B-B,Sin2B)/2,A, = €2(B,Cos2B+B,Sin2B)/2,

Ass = Apl{8(Ax"+A%")}, Ass = -Apl{8(Ax"+A2")}, As7 = Ass(AsstAgs)-Ars(AsatAug),

Aug = Ar(AsatAus)+Ass(AustAue) X7 = (A*B?)(Ar7A17-ArgAug)-2AB(ArgAsrtArAsg),

Xg = 2AB(A17A-AssAgg)+ (A%-B?)(ArgAsrtArrAsg) Ass = (XrAcs+XeAue) (Ars™+As"),

A50 = (X8A15-X7A16)/(A152+A162), A51 = (CZ-DZ)(ecCOSD-l)-ZCDecSinD,

As, = 2CD(e“CosD-1)+ (C%-D?)e°SinD,

Az = C(e°CosD-C-1)-D(e“SinD-D),As; = D(e“CosD-C-1)+C(e°SinD-D),Ass = Agr-Aggt+Ag1-Ags-Aggt Ay,

Ase = Azg-AgptAsr-Asa-Asot Az, Asr = Agg-Auz-Asat Az, Asg = Aso-Aug-AsstAsz,

Asg = As1Ass-AsyAse-AssAsr+ AssPsg, Aso = AsrAsstAs1 Asg-AssAsr-AszAsg,

Ags = 4-e“{(C+2)CosD+DsinD}+e“{(C-2)CosD-DsinD},

Ags = - “{DcosD-(C+2)CosD}+e{(C-2)SinD+DcosD},

As7 = (AsoAss+AcoAss) (Ass +Ass7), Ass = (AsoAss-AsoAas)l (Ass +Ass’),

Ago = CAs7-DAsg+Agr(ecosD-1)+Agge “SinD, A7y = DAs7+CAsg+Agg(e  cosD-1)-Agze SinD,

Az = {As(e°CosD-1)+A,e°SinD}/{(e“CosD-1)*+e°°Sin’D},

Az, = {Ar(e“CosD-1)-Age“SinD}/{(e“CosD-1)2+e?“Sin’D},

A3 = -[{(CA71+DA7,-CAg-DAgs)/(C*+D?) }+As1-Ags], Azs = [{(CA7-DA71-CAsg+DAg7)/(C*+D?)}+Ag-Audl,
Azs = {A71(C*-D?)+2CDA}{(C*D?)*+4C°D?}, Azs = {A7(C*-D?)-2CDA;; }{(C*-D?)*+4C°D?},

A7 = {A(C*-D?)+2CDAss}{(C*D?)*+4C°D?}, Azg = {Ass(C*-D?)-2CDAg }{(C*-D?)*+4C°D?},

Azg = -(Azs+tArr+Ag-Ag) Ago = -(AzetArg+Asg-Ago),

Agy = €°5(A75C0SDE-ASIiNDE)+e “S(A,CosDL+A6SINDE)+A 56 +A s,

Agy = €°5(A75C0SDE+A5SINDE)+e “S(Ar5C0SDL-ASINDE)+A7,L+Ago,

Agz = As-(A-BH)A;7+2ABA 15, Ags = Ars-(A*-BH)A1g-2ABA 7, Ags = €2%(A19C052B(-AxSin2BC),

Ags = €25(AzC0s2BL+A1SIN2BCE), Agr = eI Ay;C0os2B(1-6)-AgsSin2B(1-0)},
|
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Agg = eA 9L A,C0s2B(1-0)+A47Sin2B(1-8)},
A89 = A83(ASS'A87)'A84(A86'A88):A90 = A84(A85'A87)+A83(A86'A88):
H(E1) = Ho(§,1) + eHi(E7) = eHi(G)7)

Los(C) = Loi(§) = L1s(€) = 0

L1(€) = Cse™+Coe ™ +{ose™ D+ 06 ™Y/ (m*+2mf)+ {ase ™V o+0 ™Y (mZ-2mf)+(¢/2f) (ase™-oge™)-
(oc5efC+0Lge'fC)/4f2,

where  Cs = -[Ceo+{(oiztor)/(m*+2mf)}+ {(autag)/ (m*-2mf) }-{ (as+ag)/(4F)}],

Cs = [[os{e™-e+{oze ™ D-e}/(m*+2mf)+[ou{e ™ -6+ {oge™ P-e'H/(mP-2mi) +
(ose™oge)/2f+agSinhf/2F]/(2Sinhf),

oy = 1-(e'/2Sinhf), a, = e'/2Sinhf,

o3 = {ZRClocllm(1+|1:1)}-{4(7:1+T2)C1(x1f/(1+|7:1})-{(47:1+27:2)Cloc1f2/m(1+Irl)},

Oy = '{2RC2G1/m(1+|Tl)}'{4(T1+T2)C2a1f/(1+|Tl})+{(4T1+2T2)020L1f2/m(1+|’E1)},

as = {2RCyou/(1+111) }-(411+27,) Coaa P (1+111),

ag = {2RCa/m(1+11) }+{4(t1+712) C1of/(1+11, P)-{(411+21,) Craf/m(1+11,) },

a7 = -{2RC,a/m(1+11) }+{4(t1+ 1) Coofl (1+11, 1) +H{ (411+271,) Coof/m(1+11) },

otg = {2RCa0/(1+11) }-(411+212) a0, P/ (1+11),

L1(€,7) = Real{e" Ly(€)} = (Bar+Bs1+Bss+Bsg-Bgs)C0ST - (BagtBsy+Bsgt+Beo-Bes)Sin2t,

where By =1/(1+1,%), Bg=-t/(1+1,9),

Bs = (2RCy/M){B3(1-A1)+BsAs}-4(t:+15)Ci{(1-A1) (ABs-BB.) +Ay(AB+BB;) }-{ (411 +27,) Ci/m}(A*-B?)
{B3(1-A1)+BsA}-2AB{B4(1-A1)-BsAs}],

Bs = (2RCy/m){B4(1-A1)-BsAz}-4(t1+72) C1{(1-A1) (AB4+BB3)+A,(AB3-BB,) }-{(41:+21,) Ci/m}H2AB
{B3(1-A1)+BiAJ+(A’-B){B4(1-Ar)- BsA}],

B7 = -(2RCo/M){B3(1-A1)+BuAs}-4(11+12) Co{ (1-A1) (AB3-BB,)+Ao(AB,+BB3) }+{(411+21,) Co/m}[(A>-B?)
{B3(1-A1)+BsA}-2AB{B4(1-A1)-BsAs}],

Bs = -(2RCo/m){B4(1-A1)-BaAo}-4(t1+72) Co{(1-A1) (AB4+BB3)+A(AB3-BB,) } +{(411+21,)Co/m}[2AB
{B3(1-A)+B,A}+(A%-BA{B.(1-A)- B3A}Y],

By = 2RC4{B3(1-A1)+BsAg}-(411+212) Ca[(A*-B?{Bs(1-A1) +B4A}- 2AB{B4(1-A1)-BsA}],

Bio = 2RCy{B4(1-A1)-BaAs}-(41:+215) Cs[2AB{B3(1-Ar) +B A3 +(A’-B2{B4(1-A1)-BsA}],

B11 = (2RCy/m)(B3A1-B4A2)+4(11+12) C1{A(B3A1-B4A;)-B(BsA1+B3AL) } -{(411+212)Coi/mH(BsA1-B4A,)
(A%-B%)-2AB(B,A+B3A))},

B12 = (2RC1/m)(BsA1+B3A)+4(11+1,) C1{B(B3A1-B4A) +A(BsA1+B3A:) } -{(411+21,) Ci/mH{(B3A1-B1AL)
2AB+(A%-B?)(B,A+B3A,)},

Bi3 = -(2RCy/M)(B3A1-B4A2)+4(11+12) Co{ A(B3A1-B4aA2)-B(BsA1+B3A) }+{(41,+21,)Co/m}
{(B3A-B4A,)(A*-B?)-2AB(B,A+B3A)},

B14 = -(2RCo/M)(B4A1+B3A)+4(11+1) Co{ B(B3A1-BsAL)+A(BLA+ B3Ag)}+{(41:+21)Co/m}
{(B3A1-B4A,)2AB+(A%-B?)(B,A1+B3AY)},

Bis = 2RCo{B3A;1-BsA}-(411+21,) Co{(A*-B)(BaA1-B4A)-2AB(B,A+B3A,)],

Bis = 2RCa{BaA+BsA}-(411+215) Co{ (BsA1-BaA) 2AB+(A’-B?) (B,A+B3A,)],

Y, = BsCosB(e™"-¢%)- B¢SinB(e™™-e%), Y, = BsCosB(e™™-e")+ BsSinB(e™"-e%),

Y3 = B13CosB(e ™™-e%)+ By,SinB(e ™ +e?), Y, = B4,CosB(e ™™-e%)- B1;SinB (e ™™+e”),

B = (Y1+Y3), Big=(Yao+Ys), Ys=(e™™-*)(B;CosB-BgSinB),Y; = (e ™™-e*)(BsCosB+B-SinB),
Y- = B1;CosB(e™M-e")+B1,SinB(e™V+e"), Yg = B1,CosB(e™™-e")-B,; SinB(e™+e?),

B = (Ys+Y7), By =(YetYs), By = (M*+2mA){(m*+2mA)*+4m’B?},B,, = -2mB/{(m*+2mA)*+4m?B?},
By = (M*-2mA)/{(m*2mA)*+4m*B?}, B4 = 2mB/{(m*+2mA)*+4m?B?},

Bs = *(BoC0SB-B1,SinB)- e (B15C0osB+BSinB), Bys = €”(B1,CosB+BeSinB)- e”(B1sCosB-B1sSinB),
B,7 = (ABs+BBy)/[{2(A*+B)}, By = (ABy-BBys)/{2(A%+B%)}, By = B1sSinhAC0sB-B15CoshASInB,

Bso = B1SinhACosB+B,5CoshASInB, Ba; = {B2o(A%-B%)+2B3AB}[2{(A%-B?)?*+4A’B?}],
Bsz = {Bao(A*B?)-2B0AB}[2{(A’-B’)*+4A’B’}], Bgs = B17B21-B1sBo, Bas = B1gBo1+B17Bys,
B3s = B1gB23-B2oB2a, B3 = B2oB23+B19Baa,

Bs7 = {(B33+Bss+By7+B3;)SinhAC0SB+(B3+Bgs+Bog+Bs) CoshASinB}2(Sinh?ACos?B+ Cosh?ASinB)},

Bss = {(B34+Bss+BygtB3)SINhAC0SB-(B33+Bss+B,7+B3;)CoshASinBY/ {2(Sinh*?ACos?B+ Cosh?ASinB)},

Bag = B21(Bs+B13)-B22(Bs+Bu4), Bao = B2o(Bs+B13)+Bo1(Be+B14),  Bay = Bya(B7+B11)-Bas(BstBi),

Bu = Bos(B7+B11)+By3(BgtBy),  Bas = {(A%-B?)(Bg+B15)+2AB(B1o+B1s) H[4{(A%-B%)*+4A%B?}],

Bus = {(A%B?)(B19+B16)-2AB(Bg+B15) H[4{(A%*-B*)*+4A’B?*}], Bss = -(B37+B3g*+Bu1-Bus),

B45 = -(ng+B40+B42-B44), B47 = eAC(B45COSBC-B46SinB€)+e_AC(Bg7COSBC+ngsinBC),

Bus = €"5(BsC0SBL+BsSinBL)+e*(B3sCosB(-B3;SinB(),
|
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Bag = e™5(BsCosBL-BeSinBE)+e ™5(B13CosBE+B14SInBC),

Bso = e™™5(BsCosB(+B;SinBL)+e ™M5(B,,CosB(-B13;SinBC),

B51 = B49821'BSOBZZuBSZ = 850821+B49822,B53 = e_(m_A)c(B7COSBC_,'BgsinBC_,)"'e(m_A)C(B]_lCOSBC"'BlzsinBC),

Bss = e ™A5(BgCosBL+B;SinBE)+e™M4(B1,CosBE-B1;SiNBE), Bss = Bs3Bas-BsaBaa,

BSG = B54Bz3+BS3Bz4,BS7 = eAC(BgCOSBC-BmSinBQ)-e'AC(Bl5COSBQ+BmSinB(;),

Bss = €"5(B1gCoSBL+BgSinBL)-e"5(B15CosB-B1sSinBC),Bse = {(ABs;+BBsg)/{2(A%+B?)},

Beo = ((ABsg-BBs7)/{2(A%+B?)},Be; = €*5(BoC0oSBL-B1,SinBE)+e™%(B15sCosB{+B1SinBL),

Be, = €°5(B1gCoSBL+BeSinBL)+e™5(B15CosBL-B15SinBC),Bes = {Bei(A%-B)+2ABBg,}[4{(A*-B?)*+4A’B?}],
Bes = {Bea(A*-B?)-2ABBg }/[4{(A*-B%)*+4A’B?}],

L(,7) = Lo(E,7) + eLa(Gr) = eLa(E)7)

Wos(€) = Ya(€) = ¥15(€) = 0,

F1(C) = Cre™+Coe ®-RP (141t [{ (070" + o e 2)/(4F-07) 1+ (2a102/0%)],

where C; = RPf(1+11))[{ (o ®+a?)/(4F-q%) }+2010,/G%]-Co,

C, = {RP£(1+11,)/2Sinha}{ [{e%(ou®+02)- (o 1 2% +a,%e N H(4F2-q)]+ 20uaz(e®-1)/0?],

g = (2iRPr)1/2 = Q(1+1),

¥1(67) = Real{e® " W1,(Q)} = (B2-B31)C0s2t-(Bag-B3r)Sin2r,

where X; = e*(SinhACos’B+CoshASin?B)/{2(Sinh’A+Sin’B)},

X, = e*(SinhACosBSinB-CoshASinBCosB)/{2(Sinh?’A+Sin’B)}, B = (1-X1)%-X52, B, = -2X,(1-Xy),
Bs = (X-X5%), Bas=2X.X,, Bs = A>-B%-2ABr;, Bs = 2AB+1,(A%-B?),

B = (BsSinhQCosQ+BCoshQSinQ)/(Sinh?Qcos’Q+Cosh?QSin°Q),

Bs = (BsSinhQCosQ-BsCoshQSinQ)/(Sinh*Qcos*’Q+Cosh?QSin’Q),

By = e%{(B1+B3)CosQ-(B,+B4)SinQ}, Bio = e%{(B1+B5)SinQ+(B,+B,)CosQ},

By = {e*(B;C0s2B-B,Sin2B)+e**(B;C0s2B+B,Sin2B)},

By, = {e*A(B,C0s2B+B;Sin2B)+e*(B,C0s2B-B;Sin2B)},  Bi; = (4A%-4B?)/{ (4A%-4B%)*+(8AB-2RP,)%},
Bis = -(8AB-2RP)) { (4A%-4B*/*+(8AB-2RP)’},  Bis = B13(Be-B11)-B1a(B1o-Br2),

B16 = B14(BgB11)*+B13(B10-B12), B17 = {Xa(1-X1)-X1 X2} (2RP)), B1s = -{X1(1-X1)+X;,"}(2RP,),
Blg = Bl7(eQCOSQ'1)-BlgeQSinQ, BZO = Blg(eQCOSQ-1)+Bl7eQSinQ, 821 = RPr{B7(Bl5+ZBlg)-
Bs(B16+2B20)}/2, By, = RP{Bg(B15+2B19)+B7(B16+2B20)}/2, Bz = B13(B1+B3)-B14(B,+By),

B4 = B14(B1+B3)+B13(B,+By),

Bas = RP{Bs(B23+2B17)-Bs(B2s+2B1g) }-Bo1, Bos = RP{Be(B23+2B17)+Bs(B2s+2B1g) }-Ba,

B27 = €%%(B2sC0SQL-B2sSinQE) +e % (B2, CosQL+B2,SinQY),

Bs = €%°(B2sC0sQL+B,sSINQL) +& %(B2,C0sQL-B; SinQY),

Bao = 25(B;C0s2B(-B,Sin2B()+e *5(B;C0s2B(+B,Sin2B(),

Byo = e25(B,C0s2B(+B,Sin2B()+e *5(B,C0s2B(-B5Sin2B(),

Bs1 = RP{Bs(B29B13-B3oB14+2B17)-Bs(B30B13+B14B29+2B1g) },

Bs> = RP{Bs(B29B13-Bso

B14+2B17)+Bs(B3oB13+B14B20+2B1s) },

\P(QT) = \PO(QT) +€‘P1(§,T) = ELPI(QIT)'

bos(C) = S(1-0),00(C) = 915(C) =0,

$11(C) = Cae®+C€7*-2¢(C1e™-Coe )/q+(C1e+Co™)/q*+4RP F(L+111) [{(0ne™ +0°e *)/(4F*-0)*} 20400/,

where C, = -(C,e%Ce%)/(qSinhq)-C,/g*+{2RP f(1+11,)/Sinhg}[{a,*(e*-e%)+ a,’(e ¥'-e)/(4f2-q?) 23+
2a;0,,(e%-1)/9",

Cs = -[(Cr+CIq*+Ca+ARP (L +1t) [{ (0 ™+ 022)/(4F2-0%) }-2010/0 ],

01(€,7) = Real{e” d (L)} = BerC0s21-BggSin2r,

Bss = SinhQCosQ/(Sinh’Qcos’Q+ Sin“Qcosh’Q),Bss = -SinQCoshQ/(Sinh?Qcos’Q+ Sin“Qcosh’Q),

Bss = (Bs3+B34)/(2Q), Bss = (Bas-B13)/(2Q), Bs7 = €%(B2sC0SQ-B26SinQ)- e (B CosQ+B,,SinQ),

Bas = €9(B2sC0sQ+B25SinQ)- €™ %(B,C05Q-B21SinQ), Bgg = By7Bss-BysBas, Bao = B3gBas+B3/Bas,

Bu1 = (Bu-Bo)(B1s*B14)-2B13B1a(B12-B1o), Buz = (B12-B1o)(B1s*B14))+2B13B14(B11-Bo),

B4z = 2RP,[B7{B41*(B2o/(RP,)}-Bg{Ba4-(B1o/(RP)}], Bas = 2RP,[Bg{Ba1+(B2o/(RP;)}+B7{Bss-(B1o/(RP)},

Bas = -B3g-{B2/(2RP;)}+Buas, Bsg = -Bag+{B21/(2RP)}+B44,Bs7 = (B2s+B2,)/(2RP,),B4g = -(B2s+B21)/(2RP)),

Bag = B23B13-B24B14-(B1g/RP;),Bsg = B24B13+B23B14+(B17/RP;),Bs; = 4RP(BsBag-BgBso),

Bsz = 4RP(BgBag+BsBso),Bss = -(B47+Bus+Bs1),Bss = -(Bag+Bas+Bsy),

Bss = €%%(Bs3C0SQG-BsSiNQE)+ e %(B4sCosQE+B4sSINQL),

Bss = €2%(B54C0sQ+BsSinQE)+ e %(B4sCosQE-B4sSinQE),

Bs7 = €9(B2sC0sQL-B26SiNQ()- € %(B21CosQL+B,,SinQQ),
]
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Bss = €%%(B2sC0osQL+B2sSINQL)- €°%(B,,C0sQL-B,;SinQY),

Bsg = §(Bs7+Bss)/Q,Beo = {(Bsg-Bs7)/Q,Bey = Bz9(B132'5142)'2513514530,Bez = Bso(B132'3142)*'2513314329,
Bes = Be1-(B1s/RP;),Bes = Bgo+(B17/RP;),Bgs = 4RP(BsBes-BsBes),Bes = 4RP(BsBes+BsBeu),

Be7 = Bss-Bsgt(B2s/2RP,)+Bgs,Bes = Bss-Beo-(B27/2RP,)+Bs,

O(C7) = ¢o(C,7) +€da(C1).

Nusselt number at the oscillating and the stator disc are
Nup = Quzo/{K(Ta-To)} = -E[Na+{N2(E>-E0°)/2}],
NU, = Quzo/{K(To-Tr)} = -E[Na+{Ny(£%-£,%)/2}],
where Ni = Q(Y14-Y15- Y16+ Y 17)+2A(Y 15-Y 20)+2B(Y 10+ Y 21),
N, = Qe*{C0sQ(Y14-Y15)-SiNQ(Y 14+ Y15)}- Q& *{COSQ(Y 16-Y17)+SINQ(Y 16+ Y 17)}+2**{C0s2B(AY 15+B Y1)
-Sin2B(BY 15-AY15)}-26 “*{C0s2B(AY 5-BY,1)+Sin2B(BY ,+AY )},
N = -S+Q(Y1+Y2-Y3+Y)-(Ys-Y7)/Q+2A(Yo-Y11)+2B(Y 10+ Y 12),
N, = -S+Qe%{CosQ(Y1+Y,)+SinQ(Y,-Y1)}-Qe *{CosQ(Y3-Y)+SinQ(Ys+Y)}-(6%/Q)(YsCosQ+YSinQ)
-e%{CosQ(Y5-Y5)+SINQ(Ys+Ye)}+(e Q) (Y,C0sQ+Y,SinQ)-e ¥ CosQ(Y+-Ye)+SinQ(Y 7+Yg) }+
26”2 {C0s2B(AY+BY10)+Sin2B(AY 14-BY,) }-262{C0os2B(AY1;-BY 1,)+Sin2B(BY ;;+AY 1)},
Y1 = {Bs3+(B2)/(2RP,)} € Cos2t-{Bs4-(B,s)/(2RP,) }€Sin2t,
Y, = {-Bss+(B2s)/(2RP,) } € Cos2t-{Bss+(B)/(2RP,) } €Sin2t,
Y, = {B45+(Bzz)/(2RPr)}ECOSZ‘C'{B%'(Bzz)/(ZRPr)}ESinZ’E,
Y4 = {B46'(le)/(2RPr)}EC052T+{B45+(le)/(2RPr)}ESinZT,
Y5 = (Bz5+826) ECOSZT-(Bze'Bz5) eSin2t,Yg = (825'826) ECOSZ’E'(BZG+BZ5) eSin2r,
Y, = (Bzf"Bzz) ECOSZT-(Bzz'le) eSin2r, Yg= (822'821) GCOSZT+(821+822) eSin2r,
Y = [4RPBs{B1(B15*-B14°)-2B13B14B,}-4RPrBe{B(B13°-B1s)- 2B13B14B1}] € C0s21-[4RP,Bs{B1(B15°-B14")
-2B13B14B2}-4RP,Bs {B;(B1s™-B14)+2B15B14B1}] €Sin2t,
Y 10 = [4RPBs{-B,(B15*-B1s°)-2B13B14B1}-4RPrBe{B1(B1s*B1s°)- 2B13B14B;] € Cos21-[4RPBe{-B(B13°-B1s°)
-2B13B14B1}+4RP Bs {B1(B1s™-B1s?)-2B13B14B,}] € Sin2s,
Y11 = [4RP,Bs{B3(B13°-B14)-2B13B14B4}-4RPBe{B(B1s*-B1s°)+ 2B13B14B3}]€Cos21-[4RPBe{B3(B1s"-B1s’)
-2B13B14B4}+4RP Bs {B4(B1s*B1,")+2B13B14Bs] € Sin2r,
Y1, = [4RP,Bs{B4(B13°-B14°)+2B13B1,B3}-4RP,Be{-B3(B13*-B1s)+ 2B13B14B4}] €C0s2t-[4RP,Bs
{B4(B15*B1s°)+2B13B14Bs}+4RP,Bs{-B3(B1s*B1,")+2B13B14B4] €Sin2r,

IV. RESULTS AND DISCUSSION

The variation of the dimensionless temperature (T™- T ,)/ (T .- T, ) with  for different values of
elastico-viscous parameter t; =1, 4, 11; when { =5, € =0.02, E=5, P, =4, R =4, m = 2 at phase difference t
= /3 and 2n/3 is shown in fig (1) and fig (2) respectively. It is evident from fig (1) that the temperature
increases near the lower disc and start decreasing soon rapidly. It is also clear that the dimensionless
temperature decreases with an increase in elastico-viscous parameter t ; throughout the gap-length. It can be
seen from fig (2) that the temperature increases with an increase in elastico-viscous parameter t ; near the lower
disc and decreases near the upper disc.

The behaviour of the dimensionless temperature (T - T )/ (T .- T ) with ¢ for different values of
Reynolds number R =1, 5, 9; when & =5, € =0.02, E =5, P, = 4, elastico-viscous parameter t; =2, m = 2 at
phase difference t = n/3 and 27/3 is shown in fig (3) and fig (4) respectively. It can be observed from fig (3) that
the temperature is maximum near the lower disc and increases with an increase in Reynolds number whenever it
decreases near the upper disc. It is evident from fig (4) that at R = 1, the temperature decreases continuously
uptog = 0.7 approximately and start increasing slowly thereafter. At R =5 and 9, the temperature decreases near
the lower disc first then start increasing and attains its maximum value in the first half of the gap-length. It is
also clear that the temperature increases with an increase with an increase in Reynolds number throughout the
gap-length.

The variation of the dimensionless temperature (T™- T ,')/ (T .- T ) with ¢ for different values of
magnetic field parameter m = 1, 3, 5; when £ =5, € = 0.02, E = 5, P, = 4, elastico-viscous parameter t, =2, R =
4 at phase difference t = 7/3 and 27/3 is shown in fig (5) and fig (6) respectively. It can be evident from fig (5)
that the temperature attains its maximum value in the first half near the lower disc and increases with an increase
in magnetic field parameter m. the behaviour of the temperature in fig (6) is reversed to that of fig (5).

The variation of the Nusselt Number Nu, with & for different values of elastico-viscous parameter t; =
2,3,4;,whenR=1,E=5P,=4,&=5 € =002 m=2, t=mn/3is shown in fig (7). It is clear from this figure
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that Nusselt number decreases with & throughout the gap-length. It is also seen that Nusselt number increases
with an increase in elastico-viscous parameter t; throughout the gap-length.

The variation of the Nusselt Number Nu, with & for different values of elastico-viscous parameter t; =
2,3,4;whenR=1,E=5P,=4,& =5 € =002 m=2, t=n/3is shown in fig (8). It is clear from this figure
that Nusselt number increases with & throughout the gap-length. It is also seen that Nusselt number decreases
with an increase in elastico-viscous parameter t, throughout the gap-length.

The variation of the Nusselt Number Nu, with § for different values of Reynolds number R = 2, 3, 4;
whent =2, E=5P,=4,& =5 e =0.02, m=2, t = n/3 is shown in fig (9). It is clear from this figure that
Nusselt number decreases with & throughout the gap-length. It is also seen that Nusselt number decreases with
an increase in Reynolds number R throughout the gap-length.

The variation of the Nusselt Number Nu, with & for different values of Reynolds number R = 2, 3, 4;
whent, =2, E=5P,=4,& =5, € =0.02, m =2, T = n/3 is shown in fig (10). It is clear from this figure that
Nusselt number increases with & throughout the gap-length. It is also seen that Nusselt number decreases with
an increase in Reynolds number R throughout the gap-length.
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0 0.5 1 1.5
Fig Fig(1) variation of temperature distribution (T-T,)/(T,-Ty) at different elastico-viscous parameter t, at t =
/3.
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Fig(2) variation of temperature distribution T~ at different elastico-viscous parameter

1, at T = 27/3.

Fig(3) variation of temperature distribution (T-T,)/(T.-T,) at different Reynolds number R at
T =n/3.
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Fig(4) variation of temperature distribution (T-T)/(T,-Tp) at different Reynolds number R at t = 27/3.
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Fig(5) variation of temperature distribution (T-T,)/(T,-T,) at different magnetic field m at © = /3.
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Fig(6) variation of temperature distribution (T-Ty)/(T,-Typ) at different magnetic field m at t = 2x/3.
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Fig(6) variation of temperature distribution (T-T,)/(T,-Tp) at different magnetic field m at © = 2x/3.
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Fig(8) variation of Nusselt number Nuy, at different elastico-viscous parameter 1, at T = n/3.
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Fig(10) variation of Nusselt number Nuy at different Reynolds number R at © = w/3.
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