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Abstract

In the present work, the heat and mass phenomenon in magnetohydrodynamics viscoelastic
Micropolar fluid in the presence of thermal radiation is analysed. The fluid with constant thermal
conductivity flows over a stretching sheet. The basic equations of the model governing the flow
of non-Newtonian fluids occur as partial differential equations that have been reduced to simpler
form of ODE by similarity transformation. The Homotopy perturbation method is used to solve
the transformed equations.The effects of various physical parameters such as viscoelastic
parameter, magnetic parameter, Prandtl number, micropolar parameter, thermal radiation
parameter, which determine the velocity, temperature, microrotation and concentration profileare
shown in graphs. The results exhibit excellent agreement with the work of present and previous
limiting results of other literature cited.

Keywords: Micropolar Fluid; Viscoelastic, Magnetohydrodynamics (MHD); Thermal
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1. Introduction

Recent focus on the study of the heat and mass transfer in MHD micropolar fluid layer in the
presence of thermal radiation has received considerable interest, because of its widespread
applicability in geothermal power technology, petroleum recovery, glass fibre manufacturing,
metal extrusion, wire drawing, hot rolling of steel, cold rolling or drying of papers. The thermal
convection in micropolar fluid layer is always important. Some of the chemical fluids having
better electromagnetic properties are recommended as their flow can be regulated by applying
external magnetic fields. An extreme care must be given in some practical situations to
controlthe rate of cooling liquids when the extrudate is stretched and get rapid solidification such
as in the process of the drawing, annealing of tinned copper wires, drawing and fabrication of
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plastic film and artificial fibre, extrusion process of material in which heat-treated materials
travel between a feed roll and windup rolls or on conveyer belts system. Therefore in these
phenomena the quality of product is based on thermal conductivity of stretching surface. The
micropolar fluid model is sufficient to explain the behaviour of special lubricants, liquid crystals
with rigid molecule orientation, animal blood, some organic liquids and colloidal or suspension
solutions. The significant importance of the microrotation and couple stresses is very useful in
micropolar fluids [1], [2]. In chemical engineering and many biochemical situations, the effect of
rotation on thermal convection in micropolar fluid is remarkable. Sharma and Kumar[3]studied
the effect of uniform rotation of micropolar fluid on thermal instability. They observed that the
coupling between thermal and micropolar effects might introduce oscillatory motion in the
system. A non-Newtonian fluid formed by a viscous component and an elastic one is the
viscoelastic fluid. In short, viscoelastic fluid is the combination of a solvent and some polymer
like as paints, biological fluids (e.g., DNA suspension) and polymeric suspension. The
viscoelastic fluids are very interesting for industrial applications [4]. The flow of non-Newtonian
fluids has a non-linear relationship between the shear stress and shear rate. Viscoelastic fluids
have shear-dependent viscosity. Many mathematical models, describing different constitutive
equations involving different set of empirical parameters, have been reported in the literature.
During the last few decades, many researchers have focused on the boundary layer flow in MHD
over a stretching surface due to its wide application in many technological processes such as
food processing sector, MHD thermal power generator, the process of solidification of liquid
crystal, the boundary layer control in aerodynamics, in metal working process and metallurgy.
Further, the heat and mass transfer are an integral part of stretching surface in polymer extrusion,
cable coating and chemical reaction etc. Anderson[5] was the first to study the MHD flow over a
stretching surface. Mahapatra and Gupta[6] worked on the problem of MHD stagnation point
flow past a stretching sheet. Siddheshwar et al. [7] presented the effect of radiation and heat
source on MHD flow of a viscoelastic liquid and heat transfer over a stretching sheet. Rajagopal
et al. [8] and S. Abel [9] have studied the flow of a viscoelastic fluid over a stretching sheet.
Seddeek[10]studied the heat and mass transfer on a stretching sheet with a magnetic field in a
viscoelastic fluid flow through a porous medium. Later this work was extended by many
researchers. A. Raptis[11], [12] has investigated the radiation of viscoelastic fluid and examined

the temperature profile graphically for different values of the radiation parameter.M. S. Abel and
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N. Mahesha[9], [13]worked on the heat transfer in MHD viscoelastic fluid flow over a stretching
sheet with variable thermal conductivity, non-uniform heat source and radiation.
Fatunmbiand Adeniyan [14] have investigated the heat and mass transfer in MHD micropolar
fluid flow over a stretching sheet and examined the effect of the controlling parameters on the
velocity, temperature, micro rotation and concentration profiles M.Sajid and Hayat [15]
examined the effect of thermal radiation on the boundary layer flow over an exponentially
stretching sheet and reported series solutions for velocity and temperature. Motivated by all these
works the main focus of this work is to determine the impact of heat and mass transfer in MHD
micropolar fluid in presence of thermal radiation where the heat is transferred in viscoelastic
micropolar fluid over a stretching sheet in an applied magnetic field.The effect of various
parameters such as Prandtl number, viscoelastic parameter, magnetic parameter, micropolar
parameter,thermal radiation parameter is reported and the results are presented through graphs
that highlight the velocity, temperature, micro rotation and concentration profiles.

2. Mathematical Formulation

The physical phenomenon consists of a MHD viscoelastic micropolar fluid flow with heat and
mass transfer over a stretching sheet in presence of the thermal radiation. The flow over the
stretching sheet is two dimensional, steady and incompressible with u and v component in x and
y directions, respectively as shown in Fig.1.
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Figure 1: Geometry of fluid flow
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The equations for micropolar fluid flow for this study are

%+%=0 (1)
R (R bt e sl Pl O R (o [ o R I
p](ua—+vzg)=szN—K*(2N+Z—;) 3)

aT aT Ky 92T 1 9
u—+ve—=—o 20 4)
dx dy  pC,ay%? pC, 0y

ac ac _ ., 09%C
u6x+vay_D6y2 (5)

The appropriate boundary conditions are
u=ax,v=0T=T,=T,+Ax5,C=C,, N=0 aty=0 (6a)
u=mw>w%=aT=Q£=ch=o as y — oo(6b)

Where a>0 and b>0 are constants and s is the wall temperature parameter. There is no free
stream velocity, therefore the flow taking place over the stretching of the sheet. Equations (1) &
(2) admit a similarity solution,

u=%yv= —Z—fwherez/) = xvavf(n)

ay

n=Jov N=a[trg), 060 = I, g = ™
Using above similarity variables, equations (1) to (3) become

F 4GS U = (02 + Nag = Mf = Ks2f £ = (f)* = ff¥] = 0 ®)
(1+3)g" +fg' —fa-N@g+fH=0 9)

According to Rosseland approximation,

Vol. 25 No. 6 (2022): June Page|93



AFRICAN DIASPORA JOURNAL OF MATHEMATICS ISSN: 1539-854X

UGC CARE GROUP | www.newjournalzone.in
= _ 4o dT"

It is assumed that the temperature variation inside flow is such that T# may be expanded using the

Taylor’s series at point T, while neglecting higher order terms, we have
T* = —3T¢ +4T2T

. 9qr _ 1600T3 0°T

dy - 3Ky 6y2 (ll)
Using similarity variables (7), equations (4), (11) and (5) respectively yield
(14RO +P.(f6' —sf9)=0 (12)
¢ +S.fp'=0 (13)
_ 988 prx _ Koo _K AER P
Where M = ” Ky = o N; = #,y—,u(1+ 2)],]—a,
ey . 1600T3 . _ v o .
B. = —%is the Prandtl number, R = ———= is the Radiation parameter, S, = — is the Schmidt
Kr 3K1Kp D
number.
The boundary conditions in similarity variables become
(=1, f(0)=0, g(0)=0, 8(0) =1, $p(0) =1 (14a)
f(@) =0, f(©) =0, g(w) >0, () >0, ¢()-0 (14b)

4. Physical Quantities of Interest

The physical parameters of most interest are skin fraction coefficientCs, the local Nusselt

numbersNu, and the local Sherwood numberSh,., defined by

2 CryRex = (14 N)F" (0) (15)
T =0 O (16)
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Nl ) (17)

Where R,, = % is the local Reynolds number.

5. Homotopy Perturbation Solution

In view of HPM equations (8), (9), (12) and (13) can be expressed as

(L=p)Le(f = ) + [+ NI +ff = (f)?

+Nig = Mf —KQ2f f" = (f)*=ff*}=0 (18)
A -p)Ly(g—g0) +p|[(1+3) 9"+ fg' — Fg - MG +29)| =0 (19)
(1= p)Le(6 — 6p) +pl(1 + R)O" + P(f8 — sf8)] = 0 (20)
(1= p)Ly(8 — 60) +pd" +S.f$] =0 (21)

92 92 92 02 .
L, = P 1,Ly = 37 1,Ly =-=—1 and pe[1,0] is the Homotopy-

33
where Ly =—+ e

an3 ' an?’
parameter.Due to the fact that pe[1, 0] is a small parameter, we consider the solutions of equations

(18) to (21) as a pawer series in p as defined below

f=fo+pfi +D%fat e (22)
9 =9o+D0g1 +P2Got o et (23)
0 =0p+p + P07+ . e e, (24)
b = Po +PP1 + DEPot - e e e (25)

The approximate solutions of equations (8), (9), (11) and (12) may then be obtained as
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g=limy,1 =90+ g1+ g2t i (27)
0 =1lim, ;10 =0p+6;+0,+. .o (28)
¢ =1lim,1 ¢ =g+ P1 + Pot v et e (29)

According to boundary conditions, assuming that
Li(f) =0,L;(g) =0,Ly(6) =0,Ls(¢p) =0

Substituting equations (22)to (25) into equations (18) to (21), respectively and after some

simplification and rearrangements based on of p-terms, we have,

P,

Li(fo) =0, f5(0) =0, fo(0) =1, fy() =0, fH()=0
Ly(g0) =0,  go(0) =0,g0() =0
Ly(8p) = 0,6,(0) = 1,0y(x0) =0 (30)
Ly (o) =0, (0) = 1,¢y(0) =0

Solving (29), we have

fom) =1—e",g90(m) =0,60(m) =e™,po(n) =e™" (31)

P,

L) + [+ NS+ fofs = () + Nugo — Mfs — ks {21515 = (f)” = fofd'} = 0)

Lo(g0) + |(1+%) go+fogo—fogo — Ni(f "+ 290)] = 0 } (32)
Ly(81) + [(1 + RO + B (fobo — sfo6)] = 0 J
Ly (91) + [do + Scfodo] =0

With
£0)=0 £f0)=0 f(®) =0 f(0)=0
91(0) =0,g1(0) =0

61(0) =1,6,(0) =0
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d)l(o) = 0' ¢1(°O) =0

Solving equation (32) with above boundary conditions, we have

filn) = M+ K5 —N)@e™ + e — 1) (33)
gi(n) = “Lne” (34)
6:(n) =3 (s — DB(e? —e™) +5(1+R — B)ne™ (35)
1(7) = 3Sc(e7 — ™) = (S = e (36)

In general, for pU) we have

j—1 j-1

Le(f) = Le(fi—) + [A + NS, + Z fi fioai — Z fe fio1k
k=0 k=0

Ny gy~ Mf_y — KGRIt fef e = Yho S frace — Zhco fiefi Y1) =0 (37)

1+ ﬂ) g1+ Z];;_:}) fe 91
Ly(g,)—Ly(g,1) + (,_ 2/ e =0 (38)
. o _Z]kztfkgj—l—k - N1(]§'—1 + 29j—1)
Ly(6;) — Lo(6—1) + 1+ 9]—1 + Pr(Z{;t fr Hj’—l—k - Zjl;_:%) fe 6 _1-)] =0 (39)
Lo (®;) = L (dj-1) + [¢y—1 + Sc Thio fie #j-1-4] = 0 (40)

With boundary conditions
£,(0)=0,£(0) =0, f/ () =0, f (®) =0; g;(0) =0, g;(c) = 0;
6;(0) =0,6;(0) =0;¢;(0) =0, ¢;(0) =0

Forj = 2, we have

L) = {(M+K5‘ — N1 —4M 4 2N,) — N, + %Nf} (e ™ + e — 1)

+{NZ — 2(M+K — Ny)?*In?e " (41)
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1 1
g.(m) = —€N1(e_" —e i) + E[5N12 + 4N; — 3N, (M+Kg)Ine™

1 . _
I [4N;(M+K;) — NfIn?e™ (42)

(10s +13) 1

1
0, = ~[(M+K5 = Ny) ——5——= =2 B(L+ P)(s = 1) = 5 B-(1 + R)(8s — 11)

1P 1P ! 1 2P 1+R-F ! 1P 2P)]e™
~2B(3h+356 =D ) =3B = DA +R=P) +52(s = DR(s—2R)]e

1 1 1 1 1
+[—§(M+K5 ~N)+5(1+R=P) (—R R 1)pr) =+ R =Y ne

_1 1 -
§(M+K6‘ — N;)(10s + 13) — 53(1 +P)(s—1)

1 1 1
—g(L+R=PB)n%e™ + — 5B+ R)(Bs —11) — =P e

. -2 1+R-P
556 -D-5E-s)A+R-F)

+§[(1 +$)(M+K; — Ny) =5 (B —s) (L + R — pr)] ne~2 + (s — 1)P.(s — 2B)e™*" (43)

7t 1258 +2S.(M+K5 — Ny)

43 1
=|—=52—-—S.—=S.(M+K; — N ] N —— K

1 1 25
+§(sc —1)%n%e™ + 5(—1053 — S.(M+K§ — Ny) + 752) e 2"

+3 (52 = 25, (M+K5 — NDlne 1 — — 52e~3 (44)

And for j=3, we have

1
fz(m) = (2e™ — DF +§(7129_77 +2ne 4+ 6e" —4)G
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1
+§(n3e"7 + 6n%e™ + 12ne™" + 24e™" — 18)H
14t 1,2 _143 0 _1 -2
+( 4+2ne” 2€ 77)1+( 4+4ne’7 4(77+2)e ”)J

+H{—2+2ne” — (217 +8n + 11)e 213K (45)

) 1
F =~ (8+16N; + N,K;) {(M+Ko* — N1 - 2M +2K;) - ENlZ}

1 N? ,
—5 (16 +8N; + 5N K5) {5~ = (M+K§ — Ny)
* * 2 le Nl 2 *
= (1 = Kg)(M+Kg — Ni)* + 7 + - (8Nf — Ni(M+Kp)},
% * * 1 2
G = —(M+K{ — Ny) {(M+1<0 — N)(1 —2M + 2K;) — ENl}
* N12 * 2
—(M+Ny + 6K5) {3 — (M+K; — Np)?2},
2

H = —2(M=N; — K) {55 — (M+K5 = Np)?| = SL (4N, (M+K5) — N2},
I = (M+K; — N)?(142K}) — §N12 ,

J = 8K {4 — (M+K; — Np)?}

K=—K; {N?% — (M+Kg — N1}

: )_[ 13M 95 , +35(1\”1(*)1\[] .

3NV = 1" Taa " 1441 T 36 0)%1)€

N, 13NZ 27 N, 37 15N, M 9N, K]

—— ——N32 + (M+K; — N {— — N} } 1
7 " 16 Tt (MHKe —N) g+ o N+ ——+ —g—|me

Vol. 25 No. 6 (2022): June Page|99



AFRICAN DIASPORA JOURNAL OF MATHEMATICS ISSN: 1539-854X

UGC CARE GROUP | www.newjournalzone.in
[ 19N? N} . L 17NZ\1
| - — LMK (= +
+| 128 32 8 32 |nze,,

N.
+(M+K§ — Nl)gl(—3 +5M + 3K; — N)

N, [3N; )
—ﬁlT—Nl(M+K0)—(M+KO Nl)zln% m
73N} 35 N . 1 ~ N _
+ [N+ 2 - EN 4K e 2 (N (M+Kg) = 2L e (46)
D 4E 26F, G, 3H A C
- - - - _ | pT - — -n
$3(n) 379 27 8 32]e M
+[ C] sgn _Coapn 4 D+4E+26F1] o o [E 24F1]
4)Te¢ Tghe 379 "7 ¢ e
+-tnfe 4 4+ [%+%] e 3" +%ne‘3’7 (47)

31 1 * 25 61 8 * Se
A=—2S82+ S (M+K; — N + S + 282 +5SE(M+K; — N =5 (S, — 1) +

1 * * 1
~5:(Se = D(M+K5 — Np) = S, {(M+K0 —N))(1—4M +2N,) — N, + E1\/12} ,

, 1 43 . 25, )
B=(1—SC){ZSC + 25, (M+K; = N) =5 (5. = 1 }+%5 -2 ——5 (M+K] — Ny)
Sc 1 *
_Z(Sc - 1)2 _ESC(SC - 1)(M+KO - Nl) y
Cle C2 (s 1)z = Be?
C=—5S—D*+5(S - D =,
D—22752+ S(M+K Ny 17515 5153 (M+K —Ny)
" 18 0 "7 7189 12 o

S 3
+§C(sc —1)2 + ESC(SC — 1)(M+K; — Ny)
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+S.(M+K; — Ny)(1 — 4M + 2N;) — Ny, + 5 NES, |

5, 2 1 .\ 2 . 75 7y .
E=—3S+S. (§N1 +§N1)—§SC(M+KO = Ny) + 252+ 3 SZ(M+K; — Ny)

+%SC(SC —1)2=S.(S, — )(M+K; — Ny) + S, (M+K; — Ny)(1 — 4M + 2N,),

1

Flz_g

1 * *
SC(SC - 1)2 - ESC(SC - 1)(M+KO - Nl) + Sch2 - ZSC(M+K0 - Nl)z )
91 83 19 N
Gy = SE+5.S2 — 5 SEM+K; — Ny)

2 4 7
H, = —553 +§SC2 —§SC2(M+K5 - Ny)

Now substituting values of f;, g;, 8;,and ¢; for the values of i=1,2,3, etc., in equations (26) to (29),
we get values off (n), 9(n), 8(n) and ¢(n) as

fm

=1—e™"

1 1
+{(M+K5‘—N1)+§N12—(M+K5‘—Nl)(1+2M)+F+ZG+6H+ EI}e—n

2 * 2 1 2,— 1 3,—

+{N1 — 2(M+K; — N;) +<§G+2H>}n e " +§H77 e

1, S

+{(M+Kg— 1v1)+§1v1 —(M+K5‘—N1)(1+2M)+F+ZG+6H}ne ’/—Zle n

—{(F+26 +6H +51) + (M +K; — Ny) + 3N — (M+K; — N)(1+2M)} (48)

Where,
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F
) ) N? | NP )
—(N;(M+K; — N;)(3K; —3N; — M —2) — - +7 —(2M + 1)(M+K; — Ny)
* * 2 * * * * 2 5N12

N
+ 1—2{—111\/12 + AN (M+KD)}

G
— | NP = My (M+KG = ND(3KG = 3Ny + M = 1) = (L+ K (M+K; = Np)? + = NF ==
3N.
- —1(M+K0) + M(M+KE — NDKE = Ny — M — 1) + K (M+K¢ — N (4K — 4Ny + 2M — 1)
3
— = N?K§
2 150
1 N{ ,
= — |5 (M+K; = N |- = (M+K; = K§)? [+ —{4N1(M+KO N?}
5NZ
I==1(1+2K)
6
[ 4N _ 11N, 5 3
gt = |- +m+ SN (MK e + [BE = ZENE — LN (MK e — - Nye T +
-5 AN Ny 3N MRG) + L (MG — NP — 2=t ¢ N1 (4 g)
_ 349 .3 N
(M+KG = N)(AM + 3)} + = [Z 11N + 4Ny + 4N, (M+K;] + 2| e + |22 vp — 21—

2
%(MH(O*) + %(MH’{S) + % (M+K; — Ny)(24 — 31K; + 31N,) — % [4N, (M+K]) —
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_ 11N7 . ) o T
]nze ' 48{ 4l 4(M+K; _N1)2_3N1(M+K0)}773€ 7 _E[N1(M+Ko)_71]ne 2n

(49)
1 _ 2 1 _ 1 . 1
6(n) = e +35.(™ — 1) = (S, — Ve + [1{R.(M+K; — N) +3R.(1+R—P) -
1 4 1
E(s—l)Pr(l+4R—3Pr+Prs)}+5{(s—1)Pr{5(1+R—PT) (M+K — )}} —(s—1(s -
z)PZ]e—'l+[—1{(1+R—P){R—1P +1(s—1)P}—P(M+K*—N)}+1(1+R—
r 2 r 2T 3 r T 0 1 8

a)z]ne—" +2(1+R =Pl + E{PT(MH{J —N)+5P(1+R—PB)—5(s— DR (1+4R -
3R+ Bs)} +3(s — DB 5L +R—B) = (M+K; = ND}| e +3(s - DR A +R-B) -

_ _ 1 _
(M+K§ = Np)}me=2 + - (s = 1)(s — 2)P?e W (-2 -tas -2 - T -2 A ——Ay) e —

Az—lr)e‘” —Tzn(r] + e —'f—;e‘”n(an +3n+3)+ §A4e‘2’7 +§A5(3n + 4)e~ 2 +;1—;(9772 +

24n + 26)e™*" + 2—76’_3” + :—;(417 +3)e™3" + f—ze“”’ (50)
Where
Aq
—[ AR+ (1+R - P)( +4D+E> P (C+4D+E )
B 9 8 "\3 9 8

1 A B
+ g(s —1)P*(M + K; — N;)(1 — R+ P)+P. (E Tttt 2a2>]

A, = [B +(1+R) (g—%) —P. (g—% +-(s—1)P*(M+K; —N)(1+R —Pr)]

Ay = [(1 +R —PT)%B]

Ay
c D E A B
:[6_4(1+R)<_+§>_Pr(_C_D_§+E+Z>
C 4 E
+ - (s—l)PZ(M+KO—N1)( 44+ R—P)+P(a; +2ay) — (3+9D+8>]
A B 2D A B
A5: —§(1+4R)+Pr(5—z+?+a1+2a2>—sPr<E+Z+a1+a2)]
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Ag

a 1
[——BP ——(s—1)P2(M +K; —N)(1+R—P) +72Pr — 7 Bsh,

1
—5 @+ R=P)s(M + K5 —Ny) = sP]

2C 5D 3E C 4D 1 )
A7—[ (1+9R)——P(3 +?—?>+SPT<§+?>—§(S—2)(S—1)Pr (M+K5—N1)]

Ao =[5 (= 2B~ 3 (s~ (s ~ DB + 1G5 ~ )]

Ay = — [(s +3)P. g]

oM =e M +- S (e™ —e~2M) ——(S —1ne ™+ [——SZ t 555 S (M+K; — Nl)] e —
Z [(S; — 1)(7S. + 3) — 125, (M+K; — Ny)Ine™ + g(Sc — 1) n%e™ + E(_SSCZ +S. +
14ScM+K0x—=N1e—2np+16Sc2—Sc+2ScM+A0+—N1pe—2p+1125c2e—3y
+=D3—4L9—-2627F—-G8—3H32+/15¢—n+—A2—C4ne—n+—C4n2e—n—C6p3e—n+D3+4L9+
2627 Fe—2n+L3+24F27pe—2y+F3p2e—2n+GE+3H32e—3n+H8pe—3y+/15¢—47 (51)

Where,

1 S2
A= ﬁ(sc — 1){—35S52 + 315, + 56S,(M+K; — N;)} + %(MH(; - N

N?
+SC {7 — (ZM + 1)(M+K5 — Nl)}
B=2(s —1){1(5 —1)(7S, +3) — 25 (M+K*—N)}+i(s 1 otiss -
_4 c 6 c c c 0 1 4 c 2 c\c

1 3
C=-56~1
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29 1 65
= —53 SZ - —
<72

31 7
2515 e + g S (MAKs = Ny) == SE(M+K5 — Ny)

Ny
—~ s, {7 — (M + 1)(M+K§ — Nl)}

7., 1, 25 7 ) 1, .
E=—5S3 =282 +57S =3 Sc(MH+KG = Np) = = SEM+K5 — Ny)

1,.3., 5. 1 (N .
F = —gsc +ZSC —gsc —ZSC 7— (2M+ 1)(M+K0 _Nl)

35 . 13
G=—S+—

17
365 3653 +?S§(M+K5‘ - Ny

1 1 4
H= §53 —553 +- 6S§(M+K5‘ - Ny)

2
I = §53€_4n

6. Result and discussion

Transfer of heat and mass in MHD Viscoelastic Micropolar fluid flow over a stretching sheet in
the presence of thermal radiation is very important because of its vast applications in various
industrial processes. We have solved the obtained governing equations numerically by bvp4c
package in MATLAB software and a range of values of the various important parameters has
been considered to understand how these parameters affect the process of heat and mass transfer
in such systems. Figure 1 shows the physical model of the fluid flow. We have plotted in figures
2 to 16, the fluid velocity, microrotation, temperature profile and mass transfer parameters as a
function of similarity variable # for various values of important control parameters (viscoelastic
parameter K, magnetic parameter M, micro-rotation parameter N;, thermal radiation parameter
R, Prandtl number Pr, etc.) to explain their effect. Figs.2-4 show the simulated velocityf () for
various values of Ky , M and N;. As shown in Fig.2, the simulated velocity has significant

dependence on the viscoelastic parameter K;for the lower values of # and increases with
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increasing K; . The simulated velocity becomes nearly independent of K; parameter at higher
values and becomes very close when # is increased beyond 2. In contrast to viscoelastic
parameter, variation of the magnetic parameter M does not have significant effect on the
viscosity dependence of simulated velocity, as can be seen in Fig.3. As shown in Fig. 4, the
velocity profile is independent of variations in microrotation parameter N; when # is higher than
1. However, for lower values of 7, the simulated velocity decreases with increasing micro-
rotation parameter N;. Figs. 5-7, illustrate the viscosity dependence of micro-rotation g(z) for
various values of , M and N. As can be seen from Fig.5, for higher values of 7, the micro-
rotation is independent to the variations in micro-rotation parameter N while micro-rotation g(7)
increases significantly with increasing N, for lower values of #. As shown in Fig. 6, the g(») is
almost same for given values of viscoelastic parameter K; when viscosity is lower than 0.1818.
The values of micro-rotation increase with increasingKg, for higher values of » and different
curves approach to each other when # is raised around 3. Similar to Fig.6, the g(#)) is almost
same for given values of magnetic parameter M, but now for somewhat higher values of
=0.4242 (see Fig.7). Forfurther higher values of #, the g(#) increases with increasing magnetic
parameter and again different curves approach to each other when # is raised around 3, similar to
Fig.6. Viscosity dependence of temperature profile 6(y) for different values of various
parameters are depicted in Figs. 8-12. For very low viscosity (close to 0) and high value of
viscosity (close to 3), the temperature profile is independent of variations in different
parameters.For intermediate values of viscosity, the temperature profiled(s) increases with
increasing radiation parameter R and micro-rotation parameter N; (see Figs. 8 and 11). However,
increasing Prandtl number P., viscoelastic — parameter K, the temperature distribution 6(r)
decreases with magnetic parameter M can be seen from Figs. 9, 10 and 12 respectively. Fig.9
reveals the temperature of the fluid for different values of Prandtl number. The thickness of
thermal boundary layer decreases with increasing of Prandtl number P. also an increase in
Prandtl number shows the reduction in the thermal conductivity and thus reduces the thermal
boundary layer thickness. As shown in Figs. 13, 14 and 16, the viscosity dependence of Mass
concentration profile ¢(y) decreases with increasing parameter S, viscoelastic parameter K; ,
and magnetic parameter M, respectively. Physically Screpresents a relation with the thickness of
mass transfer and hydrodynamic boundary layers. The Schmidt number S, and Prandtl number

P. correlate with each other in heat dissipation systems. However, Mass transfer parameter or
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concentration ¢(#) increases with increasing micro-rotation parameter Ny, as shown in Fig. 15.

The solutions of resulting problems are compared with the existing results. It is found that the

obtained results perform good agreement. Variations of different important physical parameters

are also analysed by plotting graphs.
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Figure 2: Simulated velocity for various values of viscoelastic parameter
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Figure 3: Simulated velocity for various values of magnetic parameter
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Figure 4: Simulated velocity for different values of micropolar parameter
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Figure 5: Microrotation for different values of micropolar parameter
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Figure 7: Microrotation for different values of magnetic parameter
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Figure 8: Temperature profile for different values of thermal radiation parameter
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Figure 9: Temperature profile for different values of Prandtl number
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Figure 10: Temperature profile for different values of viscoelastic parameter
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Figure 11: Temperature profile for different values of micropolar parameter
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Figure 12: Temperature profile for different values of magnetic parameter
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Figure 13: Mass transfer parameter for different values of Schmidt number
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Figure 14: Mass transfer parameter for different values of viscoelastic parameter
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Figure 15: Mass transfer parameter for different values of micropolar parameter
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Figure 16: Mass transfer parameter for different values of magnetic parameter

Conclusions

. The change of the magnetic parameter M and micro-rotation parameter N1 does not

significantly affect the viscosity dependency of the simulated velocity, in contrast to the
viscoelastic parameter K;. The dependency of velocity profile grows as K; rises. At
larger » numbers, the simulated velocity practically becomes week dependence on the K
parameter and, as K;; exceeds 2, it approaches zero.

. The micro-rotation g(#), for smaller values of 7, increases dramatically with increasing N,
however for larger values of #, the micro-rotation is independent.

. The mass transfer parameter or concentration ¢(z) rises as the micro-rotation parameter

Nj is increased.

Vol. 25 No. 6 (2022): June Page|114



AFRICAN DIASPORA JOURNAL OF MATHEMATICS ISSN: 1539-854X
UGC CARE GROUP | www.newjournalzone.in
References:

[1] A. C. Eringen, “Theory of micropolar fluids,” J Math Mech, vol. 16, pp. 1-18, 1966.

[2] A. C. Eringen, “Simple microfluids,” International Journal of Engineering Science, vol.
2, no. 2, pp. 205-217, 1964.

[3] R. C. Sharma and P. Kumar, “Effect of rotation on thermal convection in micropolar

fluids,” International Journal of Engineering Science, vol. 32, no. 3, pp. 545-551, 1994.

[4] I. Pérez-Reyes et al., “Applications of Viscoelastic Fluids Involving Hydrodynamic

Stability and Heat Transfer,” in Polymer Rheology, IntechOpen, 2018.

[5] H. I. Andersson, “MHD flow of a viscoelastic fluid past a stretching surface,” Acta
Mech, vol. 95, pp. 227-230, 1992.

[6] T. R. Mahapatra and A. S. Gupta, “Stagnation-point flow of a viscoelastic fluid towards a
stretching surface,” International Journal of Non-Linear Mechanics, vol. 39, no. 5, pp.
811-820, 2004.

[7] P. G. Siddheshwar and U. S. Mahabaleswar, “Effects of radiation and heat source on
MHD flow of a viscoelastic liquid and heat transfer over a stretching sheet,”

International Journal of Non-Linear Mechanics, vol. 40, no. 6, pp. 807-820, 2005.

[8] K. R. Rajagopal, T. Y. Na, and A. S. Gupta, “Flow of a viscoelastic fluid over a
stretching sheet,” RheolActa, vol. 23, no. 2, pp. 213-215, 1984.

[9] M. S. Abel and N. Mahesha, “Heat transfer in MHD viscoelastic fluid flow over a
stretching sheet with variable thermal conductivity, non-uniform heat source and
radiation,” Applied Mathematical Modelling, vol. 32, no. 10, pp. 1965-1983, 2008.

[10] M. A. Seddeek, “Heat and mass transfer on a stretching sheet with a magnetic field in a
visco-elastic fluid flow through a porous medium with heat source or sink,”

Computational Materials Science, vol. 38, no. 4, pp. 781-787, 2007.

[11] A. Raptis, C. Perdikis, and H. S. Takhar, “Effect of thermal radiation on MHD flow,”
Applied Mathematics and Computation, vol. 153, no. 3, pp. 645-649, 2004.

Vol. 25 No. 6 (2022): June Page[115



AFRICAN DIASPORA JOURNAL OF MATHEMATICS ISSN: 1539-854X
UGC CARE GROUP | www.newjournalzone.in
[12] A. Raptis and C. Perdikis, “Unsteady Flow Through a Highly Porous Medium in the
Presence of Radiation,” Transport in Porous Media, vol. 57, no. 2, pp. 171-179,
2004.

[13] M. S. Abel, P. G. Siddheshwar, and N. Mahesha, “Effects of thermal buoyancy and
variable thermal conductivity on the MHD flow and heat transfer in a power-law fluid
past a vertical stretching sheet in the presence of a non-uniform heat source,”

International Journal of Non-Linear Mechanics, vol. 44, no. 1, pp. 1-12, 2009.

[14] E. O. Fatunmbi and A. Adeniyan, “Heat and Mass Transfer in MHD Micropolar Fluid
Flow over a Stretching Sheet with Velocity and Thermal Slip Conditions,” Open Journal
of Fluid Dynamics, vol. 8, no. 2, pp. 195-215, 2018.

[15] M. Sajid and T. Hayat, “Influence of thermal radiation on the boundary layer flow due to
an exponentially stretching sheet,” International Communications in Heat and Mass
Transfer, vol. 35, no. 3, pp. 347-356, 2008.

Vol. 25 No. 6 (2022): June Page|116



