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ABSTRACT

The effects of chemical reaction and thermal radiation on MHD flow of an incompressible fluid past an accelerated
plate with variable heat and mass transfer through porous medium in the presence of rotation have been considered.
The plate temperature and concentration level are raised linearly with time. The Laplace transform method is used
to solve the governing equations. The results are discussed in detail with the help of graphs and tables to observe
the effects of various parameters.

Keywords: Chemical reaction, Thermal radiation, rotation,rqus medium, skin friction, Nusselt number,
Sherwood number.

INTRODUCTION

Importance of MHD flows in which the heat and masssfer occur simultaneously in a porous medium ha
attracted the attention of many scientists andaresescholars due to its possible application irerdie fields of
science and technology such as soil sciences,phassics, nuclear reactors etc. Kim [7] studied thagneto
hydrodynamic convective heat transfer past a sefiniie vertical porous moving plate with variabdection.
Hossain and Mandal [4] discussed the mass traeffiects on the unsteady hydro magnetic free coimedtow
past an accelerated vertical porous plate. Jhan{&stigated the hydro magnetic free convectiomwftbrough a
porous medium with mass transfer.

The study of chemical reaction effects on heat asads transfer flow is very useful for improving amber of
chemical technologies such as food processingnmiyproduction, manufacturing of ceramics etc. Cvanand
Young [1] analyzed the effects of homogeneous frrsier chemical reactions in the neighbourhood fBi&taplate
for destructive and generative reactions. Senagati [13] have studied the effects of chemicattiea on mass
and heat transfer on MHD free convection flow afids in vertical plates and in between paralletgdaor slips
flow regions. Mass transfer effects on a movinghieomal vertical plate in the presence of chemieattion were
studied by Das et.al [6]. In many industrial andieznmental processes radiative convective flowthkieat and
mass transfer are playing vital role. The effedtthermal radiation and mass diffusion occur if tamperature of
surrounding fluid is rather high. Some of the eergiing applications of this phenomenon are gasriesh satellites
and space vehicles etc. Cogley et.al [2] studieliative heat transfer in a non-gray gas near dyitlin. Cookey
and Sigalo [10] investigated unsteady MHD free @mtion flow with radiative heat transfer.

The rotating flow of electrically conducting fluid presence of a magnetic field is encounteredangbysical fluid
dynamics. It is well known that a number of astmoigal bodies possess fluid interiors and magnegtds.

Changes that take place in the rate of rotatiogeasigthe possible importance of hydro magnetic spiniana et.al
[3], Singh et.al [12], Singh K.D [8], Singh et.dll]], Senapati et.al [14] have investigated thesblpms of spin up
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in MHD under different conditions. Recently Muthuwearaswamy et.al [15] presented the MHD flow past an
accelerated vertical plate with variable heat arabsndiffusion in the presence of rotation. Here dffects of
radiation and chemical reaction were not considered

Hence it is proposed to study the MHD flow pastaamcelerated vertical plate with heat and mass fearis a
rotating system under the effects of radiation ahdmical reaction in a porous medium due to its emouns
applications mentioned above.

Mathematical Formulation:

The unsteady hydro magnetic flow of an electricabypducting fluid induced by viscous incompressthl@ past a
uniformly accelerated motion of an infinite verligdate is considered. Here the fluid and the ptatate as a rigid
body with a uniform angular velocit® abouty*-axis in the presence of an imposed uniform magrfetld B,
normal to the plate. Initially the temperature @aticentration of the system are assumed tBpbandC;,. At time

t* > 0, the plate starts moving with a velocity= u,t* in its own plane and the temperature of the Hatevell as
wall concentration near the plate are raised ligeaith time. Since the plate occupying the plarfe= 0 is of
infinite extent, all the physical quantities depemdy ony* andt*. After neglecting the induced magnetic field and
under the usual Boussinesq’'s approximation, the i electrically conducting fluid in a rotating tg¢m can be
shown to be governed by the following system ofatigns

i i u* B2yt N
aﬁ—mm/—gﬁw —Ts) + gB(C* = Cg —i%l—%% (1)
2w* @By w*  vw*
+2.Qu —Vay*z—T—? (2)
ar* _ 9’1" dqr
PGy o =k -2 3)
ac* a%c* N N

The initial and boundary conditions are as follows

w =0,u"=0T" =Tg,C*=C; foraly ,t*<0
Fort* > 0,

u=uyt’,C*=Ch+ (C, — C;;)At*} _
wo= 01" =75+ (Ty — Ty § Y70 (5)
u* - 0,T" > Ty C" - C aty —» o

The radiative heat flux term is simplified by madsinse of the Rosseland approximation [9]

40T
as 4 =5 9y

(6)
where ¢* anda*are the Stefan-Boltzmann constant and the mearr@hso coefficient respectively. It should be
noted that by using the Rosseland approximation,limé& our analysis to optically thik fluids. If teperature

differences within the flow are sufficiently smafiuch thatT**may be expressed as a linear function of the
temperature, then the Taylor seriesT6t aboutT?, , after neglecting higher order terms, is given by

T = 4T 2% — 3T5* (7)
Substituting (6) and (7) in (3) we have

16 0

PGy = [+ 221?20 (8)
Taking the following non dimensional quantities
1
* * 2\3 1 * ok
u w . [ Yo . (U0\3 T — Ty
e e o) o (R
(Vue)3 (vu,)3 w e
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1
T —TZ C:—Ck c*—Ck B2/ v \3
or=IPOw=To) o 9BcCw=Co) (. M= 0( )3

Up U ' Coy—Co' P

1 2 1
C v uy?\3 Ug\3 V3 16 T3 R.*v
Pr:”—”,Sc:—,A:(%) K=K (5)  E=—F,R= R, ==

k D v2 2 3 ak € 2
equations (1), (2), (8) and (4) reduce to
ou 2%u u
E—ZEW—F'FGT'H-FGTHC—MM—; (9)
ow 22w w
E+2Eu_6_yz_MW_E (20)
90 _ 1 92%0
% =z 1+R) (11)
ac _ 1 9%c

From equations (9) and (10), we get

w _ 2% _
% =3y +Gré + GmC — ap (13)

wherep =u +iw, a = M+%+2Ei

From (5) the transformed initial and boundary ctinds are

p=060=0C=0foralyt<0

fort>0,

p=t,0=tC=t at y=0 (14)
p—0,->06-0as y—- o

M ethod of Solution

The equations (11) to (13) are nonlinear, couplkadig differential equations. So we want to sallkem by using
Laplace transform technique. Taking Laplace Tramsfahe equations (11), (12) and (13) reduce to

2%6 Pr =

W—ESH—O 156
9C_ §¢(s+Re)C =0 (16)
372 c(s+Rc)C =

PP _ (s + a)p = —Grf — GmC (17)
a2~ (8 ta)p=—Gr m

where's’ is Laplace transform parameter.
The boundary conditions given by (14) reduce to

p=0,0=0C=0, foral y,t<0

For t>0

_ 1 = 1 = 1

>00->0C—->0 asy—- o 18
p y

Solving (15), (16) and (17) with the boundary cdiodis (18) we get
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g = Size—wl_lsy (19)
C = Size— Sc(s+Rc)y (20)
_ 1 Gr Gm I Gr

== ~yVsta _ ___ "  -yVazs
p {52 + s2((a1-1)s-a) + 52((Sc—1)s+ScRc—a} € s2((a1-1)s-a) € !

Gm @~ YVSc(s+Rc) 210

T2 ((Sc—1)s+ScRc—a)

Inverting the equations (19), (20) and (21), we get

0 = terfc(nvay) — 2171,“\/;1 “n*a1 4 2n2ta erfe(nyay) (22)

2

+ (5 - E\/%) e‘znmerfc(n\/s_ —VtRc) (23)

C= (5 +g ’f—;) e?MtSeReer fe(mv/Sc + VERc)

2 2

Case-l:Sc#1

p—er‘/_erfc(n \/_)(-—n\/_—sz t+n_«/?_%+L_n_\/?)n+eznmerfc(n+m)(£+
ay 2
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—ast _ —as ’
+G771¢:3e a3 e 2n (a3 +a)terfc(r]— ( a4 ) ) 2n ( 3 eT'fC(T]+
2ay
Gr [;— erfcay) — g(::erfc(n@ — 2t \/Z—le—awz + antalerfC(n\fal)> +
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a_eaz m az erfc (7]\/_ \/7) 2 az e‘r'fc (T)\/_ + \/7> - Gm T:; (e_zn tSCRCerfC(n'\/S_ -
4

2a2
VtRc) + VISR erfe(n/Sc + \/ﬁ)) +
(o B s [B) o)

%e—ggr o2 tse(—2 4+Rc)erfc (77\/5_ _[; (_a_? + Rc)) 4o /tSC(%?+RC)erfC (77\/5 + /t (;—a: + Rc))

(24)
Case-2: Sc =1
p =
(1+:2) [(£ = nVE) e 21 erfe(y —vat) + (£ + nVE) e Nerfe( + VaE) [+Gr |22 (e erfe(y -
Vat) + e?™Veerfe(n + M)) - %((é - 77\/?) “2aterfe(n —Vat) + (% + 77\/?) e?eterfe(n + M)) +
za—zezzt e N t(%m)erfc (77 - |t (;—2 + a)) + ezn‘lt(a )erfc (n + [t ( + a))
) gy D)+ () e+ D)
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—Gr [;—azz erfc(mya;) — i(terfc(n\/al) - Znt\/%e"’zai + 2n%ta,erf (n/a; )) +

at _ taa P ta;a
%eaz e 2n a, eT'fC (T]\/a_l—\/a::)‘l‘ 2n as erfc (n\/_+\/7) (25)

a=M+=+2iE,a; =

,a2=a1—1,a3=Sc—1,a4=ScRc—a,r]=L

Pr
1+R 2Vt

Skin friction at the surface of the plate is giv®n

=[5, = —=alal L,

=% (ﬁ—%—‘;?f:n—l)(—%e‘” waterf (Va)) 2 (Vi =+ ) erf (Var) +
v gis (~a e (£ 4 @) ers (¢ (S + ) - e le™) +

4
Gmas _Z:t (_4 t —a4 ( t —aq ) _ i —(;—a;'+a)t> _
e (a3 +a)erf (a3 +a) =e

2a42 T

2 az

2@ (@ | 26\ | a2 oy [eart @\ _ 4 ¥% 70 ) ) — Gm | 2% (—avSeReter f(VIRE)
Gr( (;+;)+me z( 4 " erf( ) 4\/56 z)) Gm 2aﬁ( 4 ScRcterf( tRc)

N
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The Nusselt number and the Sherwood number atldée @re respectively

4/Sc _ 1 2tVSc _ tsc
EALLPA tRC) + a—4<—2t\/ScRcterf(\/tRc) —F € tRe /E erf(VtRc)) +

_ ‘ﬁ_ e—(TT“;‘—)t) (26)

Nu==(3) _=-zlal, =27 (27)
Sh=—(Z§)y 0 -=[= ] / e=tre + 5 (20yRe + =) erf (VRet) (28)

RESULTSAND DISCUSSION

Thermal radiation and chemical reaction effect8HD flow past an accelerated vertical plate in aops medium
with variable heat and mass transfer in the presefiaotation have been studied. The governing tamps are
solved by Laplace transform method. The effectsasfous parameters entering in the governing egnston the
velocity, temperature, concentration, skin frictiblusselt number, and Sherwood number are shownghrgraphs
and tables.

Fig.1 depicts the effects of magnetic field parametegsBof number (Gr), and modified Grashof number Y@m
the primary velocity. It is noted that upon incriegsthe values of Gm and Gr, increase the velo€y.the other
hand velocity decreases when M increase.

In Fig.2 Primary velocity profiles for different values oféndtl number (Pr), Rotation parameter (E), andntia¢
radiation parameter (R) are plotted. It is obsertfeat velocity decreases when Pr and E increase RBdiation
parameter accelerates the flow when it increases.

Fig.3 shows the effects of Schmidt number (Sc), Perntigaparameter (K) and chemical reaction paramége).
It is observed that the increasing values of Kease the primary velocity. But other two paramesbisy opposite
effect.
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Fig.1l.primary velocity profilesfor variousvaluesof M, Gm, and Gr when Pr=0.71, E=1, R=1, Sc=0.16, Rc=2, t=1.5, K=2
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Fig.2.primary velocity profilesfor variousvaluesof Pr, E, and R when Gm=5, Gr=5, M=5, Sc=0.16, Rc=2, t=1.5, K=2
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Fig.4.Secondary velocity profilesfor various values of M, Gm, and Gr when Pr=0.71, E=1, R=1, Sc=0.16, Rc=2, t=1.5, K=2

Fig.4 illustrates the variations of secondary velociithwarious values of M, Gm, and Gr. Here it isgtbthat the
effects of all the three parameters are reverseadfthey show for primary velocity.

62
Pelagia Research Library



B. K. Swain et al Der Chemica Sinica, 2014, 5(3):56-66

u - =
0.1 —— Pr=0.71E=1R=1 {
— — Pr=T.E=1R=1
| e Pr=0.71E=2.R=1
2r Pr=0.71,E=1R=3 |
"5 !
= 03p .
= 1
5
=
= 04 -
E .
(4] |I l'.l
05F i
06F L/ ]
_U_? 1 | | | 1 |
0 1 2 3 4 5 6 7

Yy —

0.05¢
—— Sc=0.16.Rc=2,K=2
Sc=0.60,Rc=2,K=2 "
------- Sc=0.16.Rc=4 K=2
— — Sc=0.16.Rc=2,K=6 T

-0.15

=
[

0.25

Secondary velocity ———
[

o
L

-0.35 )
04 \\ /{ _

_0_45 1 | | | 1 |
0 1 2 3 4 5 B 7

Yy —
Fig.6.Secondary velocity profilesfor various values of Sc, Rcand K when Pr=0.71, E=1, R=1, Gm=5, Gr=5, t=1.5, M=5
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Fig.8. Concentration profilesfor various values of Sc and Rc

Fig.5 reveals the effects of Pr, E, and R on secondelgcity. It is observed that velocity increased?asncrease.
But the parameters E and R have opposite effects.
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In Fig.6, it is noted that increasing values of Sc and Railtean increase in secondary velocity. Again vigjoc
decreases as parameter K increase.

Fig.7 presents the temperature profiles for various wbfePr and R. It is observed that the fluid terapee falls
monotonically when the Prandtl number is increag@d.the other hand increasing values of R helpgs® in
temperature.

The concentration profiles for various values oh@mt number (Sc) and chemical reaction paramdRe) ére
drawn inFig.8. It is evident from the figure that concentrataecreases with increase in Sc and Rc.

Table.1 presents the numerical values of skin frictiopdt the plate due to variations in Gr, Gm, M, RrRc, Sc,
E, K at t=1.5. It is noted that skin friction deases as R and K increase. The other parametersogipmsite effects
on skin friction.

Nusselt number and Sherwood number are evaluataeénally inTable.2 andTable.3 respectively. It is observed
that when Pr increases Nusselt humber increases.inBreasing values of R decrease it. On the otfzrd
Sherwood number increases as Sc and Rc increase.

Table.l: Numerical valuesof skin friction at t=1.5

SrNo| Gr| Gm| M| Pr Rl Rq Sc E K T

1 2 2 1 071 1| 2 0.6 1 1 9.835
2 4 2 1 071 1| 2 0.6 1 1 11.534
3 2 4 1 071 1| 2 0.6 1 1 14.024
4 2 2 2 071 1| 2 0.6 1 1 43.53
5 2 2 1 7 1| 2 060 1 1 411.4Q09
6 2 2 1 071 4| 2 0.6 1 1 8.002
7 2 2 1 071 1| 4 0.6 1 1 10.184
8 2 2 1 071 1| 2 1.5 1 1 16.276
9 2 2 1 071 1| 2 0.6 3 1 33.87¢
10 2 2 1 071 1| 2 060 1 3 6.863

Table.2: Numerical values of Nusselt number

Sr.No | t Pr R| Nu

1 15| 0.71] 2| 0.672
2 05| 0.71] 2| 0.388
3 15| 7 2| 2111
4 15| 0.71] 4| 0.52Q

Table.3: Numerical values of Sherwood number

Sr.No | t Sc Rc| Sh

1 15| 0.60| 2 1.9163
2 05| 0.60| 2 0.806(
3 15| 15 2 3.0299
4 15| 0.60| 4 2.5174

Conclusion:

1. Increasing values of the parameters Gm, Gr andlfKtbencrease the primary velocity.
2. The parameters M, Rc, Sc, Pr and E have same efigmtimary velocity. When these
parameters increase, primary velocity decreases.

Increasing values of Pr, M, Sc and Rc result aregse in secondary velocity.

4. On the other hand secondary velocity decreases thegparameters Gm, Gr, E, R, and
K increase.

Increasing values of R help to raise the tempegatBut Pr has opposite effect on it.
Concentration decreases when both the parametensdSRc increase.

7. Except R and K, Increasing values of all the patamsehelp to increase the skin friction.

w

o O
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