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Abstract

The objective of this paper is to analyze the influence of heat absorption/generation and mass diffusion on
magnetohydrodynamics(MHD) Jeffrey fluid flow over a perpendicular plate moving exponentially immersed in
a porous media. The Newtonian heating condition are udes for the fluid motion. The impact of thermal radiation
is used in the energy equation. The two types of magnetic field have been evaluated. The main purpose of
present work is to acquire the analytical solution with the help of Atangana-Baleanu (AB), Caputo, and Caputo-
Fabrizio fractional derivatives. We have drawn a graphical comparison between the solutions of these three types
of fractional models of jeffery fluid. Graphs of different parameters have been also plotted using MathCad
software. Furthermore, comparison among ordinary and fractionalized velocity fields are made to observe the
impact of fractional parameter y. It is clear from graph that velocity obtained with ordinary derivative is higher
than that obtained with fractional derivatives. It is also found that velocity obtained with Atangana-Baleanu (AB)
fractional derivative is smaller than that obtained with Caputo and Caputo-Fabrizio fractional derivatives.

Therefore, Atangana-Baleanu fractional derivative is the best choice to obtain controlled velocity.

Keywords: Jeffrey’s fluid; Free convection; Chemical reaction; Heat generation; Newtonian heating Atangana-

Baleanu; Caputo; and Caputo-Fabrizio fractional derivatives.
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1. Introduction

The study of Magnetohydrodynamics (MHD) convective flow in the existence of porosity has significant
importance in the area of geophysics, solar physics, electrically power generation, and applied engineering.
Sandeep [1] examined the impact of thermal diffusion of Magnetohydrodynamics (MHD) flow with non-
Newtonian fluid over a sheet. Khan and his colleagues [2] studied the thermo effect of convection flow on MHD
fluid in the presence of porous media through an oscillating plate and analyzed the physical interpretation of
flow parameters. An inclined magnetic field and thermal radiation on unsteady magnetohydrodynamic
convection flow of a fluid through a perpendicular plate immersed in a porous media is analyzed N. Sandeep and
V. Sagunamma [3]. Kempannagari and his colleagues [4] is studied the MHD ferrofluid flow through a surface

with chemical reaction, heat transfer, thermal radiation, Biot number, and fractional heating.

Ramandevi and his colleagues [5] are analyzed the viscous effects on two different non-Newtonian fluid of
MHD flow with variable heat source through a sheet. A boundary layer flow of MHD fluid with electrical
conductivity over a cone is observed by Kumar and his colleagues [6]. Reddy and his colleagues [7] examined
the influence of cross diffusion on non-Newtonian fluids flow over a sheet. The effect of stagnation point flow
with non-linear thermal radiation of a Casson fluid are discussed by Ananth and his colleagues [8]. Walters-B
and Casson nano-fluids on MHD flow with cross diffusion and non-linear thermal radiation over a non-uniform
thickness of sheet is analyzed by Lakshmi and his colleagues [9]. The impact of mass transfer and chemical
reaction on Casson fluid over a plate immersed in a porous media are observed by Shehzad and his colleagues
[10].

An exact solution for the impact of chemical reaction of order first and mass diffusion on Casson fluid MHD
flow through an oscillating perpendicular plate in the presence of porosity is discussed by Kateria and his

colleagues [11].

The effects of mass and heat transfer on MHD fluid over a plate with Newtonian heating is investigated by Das
and his colleagues [12]. Reference [13] analyzed the effects of heat source/sink, mass diffusion, and Newtonian
heating on free convection flow of magnetohydrodynamics fluid. An analytical solution for the effect of
Newtonian heating on MHD fluid with heat source/sink and mass diffusion imbedded in a porous media is
reported by Hussanan and his colleagues [14]. The effects of thermal radiation, chemical reaction, heat
sink/source, and Newtonian heating on MHD fluid is studied by Hussanan and his colleagues [15]. The influence
of Newtonian heating on free convection flow with mass diffusion is investigated by Vieru and his colleagues
[16]. The impact of shear stress, heat source/sink, chemical reaction, mass diffusion, and magnetic field on
unsteady boundary layer flow is studied by Fatecau and his colleagues [17]. However, The effect of relative

magnetic field on fluid with heat absorption/generation and chemical reaction is discussed by [18].

An analytical solution of Duffer effects on magnetohydrodynamics flow through a vertical plate is obtained by
Kumaresana and his colleagues [19]. The effects of shear stress on natural convection flow of a viscous fluid is
investigated by Rubab and his colleagues [20]. The influence of thermal radiation, chemical reaction, and heat

source on nanofluid is discussed by [21]. Reference [22] obtained the solution of MHD fluid immersed in a
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porous media through a moving plate.

Shah and his colleagues [23] investigated the solution for free convection flow of MHD flow with non-uniform
temperature and first order chemical reaction. The effects of heat generation/absorption and chemical reaction on
Jeffrey fluid are discussed by Mohanty and his colleagues [24]. Das and his colleagues [25] obtained the exact
solution of Jeffrey fluid over a surface. An exact solution of Jeffrey fluid with Caputo-Fabrizio frictional
derivative are obtained by Sagib and his colleagues [26]. Butt and his colleagues [27] obtained the analytical
solution of Jeffrey fluid with mass and heat transfer effect over an infinite perpendicular plate. The viscous
effects on Jeffrey fluid over a sheet with heat transfer are analyzed by [28]. Moreover, a new technique of
Atangana-Baleanu fractional derivatives are presented by [29]. A new definition of Caputo-Fabrizio fractional

derivatives are analyzed [30-31].

The purpose of present work is to analyze the effects of Newtonian heating, chemical reaction of order first,
relative magnetic field, thermal radiation, and heat sink/source on Jeffrey fluid in the presence of porous media
over a plate with Caputo, Caputo-Fabrizio, and Atangana-Baleanu frictional derivatives. Also a comparison is
drawn between fractionalized and ordinary Jeffrey fluids. Relative magnetic field are used for the design of

power plants, nuclear gas turbines, rolling of steels, missiles, and combustion etc.
2. Mathematical Formulation of the Problem

Consider a MHD flow of Jeffrey fluid over an infinite vertical plate. In addition, rate of heat sink/source, thermal
radiation, and chemical reaction of order first were also considered. Plate lies in xy plane and z axis is normal to
plate. A magnetic field of strength B, is applied perpendicular to plate. Initially plate and fluid both are in
equilibrium at the temperature T,, and concentration C,,, respectively. After time t' = 0%, the plate starts to
move in xz plane with velocity U,f(t")’. The magnetic Reynolds number is smaller, therefore flow is laminar.
The influence of Joule heating parameter in energy equation is also neglected. Under these Boussinesq’s
approximation, we obtain the following governing boundary layer equation

ou(z,t) v d _0%u(zt) of? v
ot —(1+Al)(1+12@)7—— u(z, t)——u(zt)+

pg' Br(T —Ty) + pg'Bc(C — C&),

Eqg. (1) is valid when the magnetic lines of force are set comparative to the fluid while if magnetic field are set

comparative to the plate, Eq. (1) becomes by [32]

b ,t, d 62 t 0
= g = e ) e )+ D uer ) +

pg' Br(T —Ty) + pg'B:(C — C),

oT %t ,
PCp 5= Koy + Qo(T = Tao)
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ac a%c
- d9z2

K3 (C - Colo) )
With initial and boundary conditions

u(z,0) =0, T(z,0)=T,, C(2,0)=C,, z>0,

ar(ot") _

u(0,t) = Upf (), === —hT(0,t"), C(0,t') =C,, t >0,

u(z,t')—->0, T(zt) -0, C(zt)—>0, z—> oo, t' >0.

where p,K,, g',v, By, A5, D1, K5, K5 and a represents the density of fluid, porosity parameter, acceleration due to
gravity, parameter of kinematic viscosity, magnetic field, parameter of Jeffrey fluid, mass diffusion, thermal
conduction parameter, chemical reaction and parameter of electrical conductivity. Introducing the following non-

dimensional variables and parameters

u Uiz Uzt T-T, C
w=—, z'=-—=, =, T = , Pr=£,
U, v v Ty k,
vg'BrTe vg' 2vo Kyv
Gr:%, Gm = ng(CW—C;O), M=ﬁ° - ==
1t th pU; Ui
1_e — Qv - _ hsv = Vg
K~ KU%’ Q_UfKZ’ SC_Dl' A_Ul' f(t)_uft'

into Egs.(1)-(6), and leaving the notation of stars,we obtain the following boundary value problem

du(zt) _ , 1 9, 0%u@zt) 1

= (—1”1)(1 tA5) %,z — Mu(zt) —pu(zt) + Mef(t) + GrT(z,t) + GmC(z,t),
2

pr 2D - OTED | PrQT(z,t)

at 9z2

ac(zt) _ 1 8%C(z0)
at  Sc 9z2

— RC(z,t), (11)

with associated initial and boundary conditions
u(z,0)=0,T(z,0)=0,C(z,0)=0, z>0,

u(0,6) = £(1), 722 = —A(1+T),C(0,6) = 1, £ > 0, (13)

u(z,t) =0, T(z,t) =0, C(zt)—>0, z—> oo, t>0. (14)

3. Generalization of Local Model
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The local model defined in equations (9-14) have been generalized by replacing ordinary time derivative by

Atangana-Baleanu, Caputo and Caputo-Fabrizio, fractional derivative of order y.

D/u(z,t) = ! 1+ 2,0/ u(z,t 1)) Mu(z, t) — K 'u(z, t) + Mef (t) +
ru(z ) = (77 /11)( 2Deu(z, ) — u(z, t) u(z, t) + Mef (t)
GrT(z,t) + GmC(z,t), (15)
PrOIT(z,6) = 220 4 0PrT(z,0), (16)
y _ 19%c(zt)
D/C(z,t) = v RC(z,¢t), an
u(z,0)=0,T(z,0) =0,C(z,0)=0, z>0, (18)
u(0,0) = £(1), o2 = —A1 +T),C(0,0) =1, £ >0, (19)
u(z,t) -0, T(z,t) -0, C(z,t) >0, z—> oo, t>0. (20)

where D} u(z, t) represent the Caputo fractional derivative of u(z, t) in the following form

Dg'u(z, t) :{ 1 ft 1 du(zr) dr, 0 < y < 1; du(z,t)

r(-y)-o (t-7)Y ot at ' y=1 (1)

D} u(z, t) represent the Caputo-Fabrizio fractional derivative of u(z, t) in the following form

defined as

—Y(E=D) 5,

Dg'u(z,t)=ﬁfot e 17 ;—;'p)dp,OSyS 1; (22)

D} u(z,t) represent the Atangana-Baleanu fractional derivative of u(z, t) in the following form

defined as

_ My t (t-p)Y du(z,p)
Dg/u(z, t) = -y Jo Ey(—]/ ?) po, (23)

4. Solution of Problem

Now we solved the model by applying Laplace transform technique. we can solve Eq. (15) for velocity profile,

Eq. (16) for temperature profile and Eq. (17) for concentration profile respectively.
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4.1. Calculation of Concentration With Caputo

Eq. (17) can be solved with the help of Laplace transform,we obtain

8%C(z.q)
9z2

Scq¥C(z,q) =

—ScRC(z,q), (24)
Boundary conditions satisfies Eq. (24) are

CO=5 CEa-0 25 (25)
The solution of partial differential Eq. (24), by using conditions of Eq. (25), is

C(z,q) = e V@R, (26)

Appropriate form of Eq. (26) is

qV+R, e~ sc/(qV+R)

C@q =11 (27)
By applying inverse Laplace transform on Eq. (27), we obtained the general solution in the following form

_ ot (t—s)7Y
C(zt) = [, [r(1—y) + R]F,(z,s)ds. (28)
where

o - VSey - _

Fi(zs)=[ e R”erfc(zzﬁc)s 10, —a, —us~*)du. (29)
4.2. Sherwood Number
The expression for rate of mass transfer is calculated as

ac _1,0C ¢ (t-s5) v, X
Sh=— 1m0 = —L7' G i} =V5C [y, (g, + R)S? 1E;%(st)ds. (30)
4.3. Calculation of Concentration With Caputo-Fabrizio
By taking Laplace transform on Eq. (17), we obtain

Scq _9%c@za

(1—y)q+y Q(Z, q) - 972 SCRQ(Z, Q), (31)
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The solution of partial differential Eq. (31), by using conditions of Egs. (19) and (20), is

_z |C@+tbs) ,
g(z, q) = Ee (q+b1)

The inverse Laplace transform of Eq. (32) is

C(zt) = p1(z 1),

where

b1z, t) = e 2Pz — ZJ— R N IS0 s (2 [Thy = byyut)dtdu.

4.4. Sherwood Number

The rate of mass transfer is obtained from Eq. (32) by using partial fraction method in the following form

4.5.  Calculation Of Concentration With Atangana-Baleanu
By taking Laplace transform on Eq. (17), we obtain

? C(ZCI)

Scq? C(z,q) =

T & —ScRC(z,q),
The solution of partial differential Eq. (36), by using conditions of Egs. (19) and (20), is

2 (qV+b3)b
C(zq) = qe (@V+b1)"2

Equivalent form of Eq. (37) is

(q¥+b3)
—z,/b
ie 2y b2 (@V+b1),
Y qvY

C(zq) = 1=

The inverse Laplace transform of Eq. (38) is written as

t -5V
Czt) = | [(If(ls_)y)]%(z, s)ds.

where
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®1(z,5) =
[7 ez - ZJ_ ey g L eCI15= 520 o 1 (2 [(B; = byyus)dsdu] X

s1P(0, —y, —xs")dx. (40
4.6.  Sherwood Number

The non-dimensional form of mass transfer rate is given by

— |b2bs
Sh = / 2 (41)

4.7.  Calculation of Temperature With Caputo
By taking Laplace transform on Eq. (16), we find

Prq'T(z,q) =2 L)

+ QPrT(zq), (42)

Boundary conditions satisfies Eq. (42) are

aT(0,9) _

0D = _A1+T0,9), T(zq) =0, z- . (43)

The solution of partial differential Eq. (42), by using condition of Eq. (43) is

—_ bs  -z/Pr(@"-0Q)
T(z,q) e . (44)

The suitable form of Eq. (44) is

bal/qV=Q+bs] [¢¥—Q] e VPV (@' -Q)

Iz = [q¥—bs] q qv-Q (45)
or I@a) =G+ Q(Z;Ijis) E_NZT (46)
Taking inverse Laplace transform of Eq. (46), we have

T(zt)= [, (be+gi(t —5))F(z5)ds. (47)
where

g1(t) = b2E, (bst") (48)

177



International Journal of Sciences: Basic and Applied Research (IJSBAR) (2022) Volume 61, No 1, pp 170-195

Fy(z,5) = fow eQ“erfc(%)s‘l(O,—a,—us‘“)du.

4.8. Nusselt Number

The Nusselt number can be calculated from Eq. (46) as

ar : Yo, 2
Nu ===, = 5 Zl,m0} = VP [} (bs + bSE, (bs(t — 5)"))s? 1EjZ(QSV)dS-
2
4.9. Calculation of Temperature With Caputo-Fabrizio

By taking Laplace transform on Eq. (16), we obtain

Prq _9*T(zq)
Tpay L@ ==+ PreT(z,q),

The solution of partial differential Eq. (51), by using conditions of EqS. (19) and (20), is

T(,q) = TG
’ a(y/(q—bg)b7-2 Q"'bl) )

Eqg. (52) can be written in suitable form as

(q-bg)

b b - b
T(q) = [yt + ol @™

The inverse Laplace transform of Eq. (53) is
T(zt)=[f, (bi12(3,5) + biaths(z,5))ds,

where

b,(z,5) = e=5/P7 — ZJ_N"’s bipe g Le eCo1= 50 o 1 (2 [(=by — by)us)dsdu,

z [— by
P3(z,5) = ebrote=2b7 — ‘/— b8 blf fos ET (“Pr0sbis=-w) o | 1(2y/ (=bg — by)us)dsdu.

4.10. Nusselt Number

With the help of partial fraction, dimensionless form of (Nu) is given by

Nu = bllDl + blzDzeblot.
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4.11. Calculation of Temperature With Atangana-Baleanu

By taking Laplace transform on Eq. (16), we obtain

6 T(Z a)

T T(2,q + PrQI(z,9),

1- V)qV+

The solution of partial differential Eq. (58), by using conditions of Egs. (19) and (20), is

(q¥-bg)
A q¥+b —Z_ |7 5—2%b
Tt q) = —— 20T =Gy,

a(/(q¥-bg)b7-2,/qV +by)

Equivalently form of Eq. (59) is

_ (q¥~bg) _ (q¥-bg)
bn . 27 [(qV+by) byy & 27 [(q7+by)
I(z.q) = q¥ + qt~Y q¥-b1g

Inverse Laplace transform of Eq. (60) is

t
T =y (bu s 02(2,5) + bio 205 (2,5))ds,

where

©,(z,8) = f0°° [e=2Vb7 — Z\/_\/—bg blf [ o bls_ b

1;(2+/(—bg — by)us)dsdu]s (0, —y, —xs~¥)dx.

“ba-b bios _2
9a(z,5) = [T [etuosmnby ~ZnRahpm e e phrosts

o

I, (2+/(—=bg — by us)dsdu]s (0, =y, —xs V)dx.

4.12.  Nusselt Number

By using partial fraction method, we find the (Nu) of Eq. (60) in the following form
Nu = by1D; + by, D, E, (byt").

4.13.  Calculation of Velocity With Caputo

By taking Laplace transform on Eq.(15) and using initial and boundary condition, we obtaine
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1 %u(z, 1
q"u(z,0) = () (1 + 14" 552 — Mu(z,q) — (2, q) + Mef (@) + GrT(z,q) + GmL(2,9), (65)
u®0,9) =25 uzq) =0, 2. (66)

where u(y, q) is the Laplace transform of the function u(y, t) and q is the transform variable. The solution of

partial differential Eq. (65), by using condition of Eq. (66), is

Me | 1 —ZJE e
u(z,q)=(Q1- ) e N@i3+b1aq’)

— 4
q¥+H’ (q-a) (qV+H)(q-a)
qY+H
Grba[VaY ~Q+ba] [e NBia+b1aa?) — = 2/PT@=0)] 4

q(q¥—bs)[(b13+b14qY)(PT(q¥-Q))—(q¥ +H)]

qV+H
Gm [e NW13+b1aa?) — g=2/Sc(@ +R)], (67)
q[(b13+b14qY)(Sc(q¥+R))—(qY +H)]
The appropriate form of Eq. (67) is
_z qY+H _z q¥+H
Q@ e Jb1a, @V +c1) Me e Jb1a @ +c1) Me
u(z,q) = - +
W) =Gy @a @+ @+ (a-a)
_z qY+H
[ b1s5q” + bi6q” + b17qY + bz1q¥ + ba2 ]e Vbia@ren) _
a(q¥-m1)  q(q¥-mz)  q(q¥-bs)  q(q¥-m3) = q(q¥-my) qv
[ big + big b20 e—Zm_
q(q¥-m1)  q(q¥-mz) = q(q¥-bs) @-Q
[ ba3 + b4 e~z Sc(@V+R) (68)
q(q¥-m3)  q(q¥-my) (q¥+R)
where
__ —(b13Pr—b14PTQ—1)%/(b13PT—b14PTQ—1)2—4b14PT(~H—b13PTQ)
(ml' mZ) - (2b14PT) ) (69)
(ms'm4) — —(b135C+b14PTR—1)1\/(b135C+b145CR—1)2—4b14SC(—H+b135€R). (70)

(2b14Sc)

Taking inverse Laplace transform of Eq. (68), we find
u(zt) = [; [92(t = $)9a(z,5) — e IMeqs(z,5) + eI Megss + [brsga(t — ) +

bi6gs(t — ) + b17g6(t —5) + by1g7(t — 8) + by gs(t — 5)|9a(2,5) — [b1gga(t —s) +
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b19gs(t — $)ba0ge(t — $)1F2(2,5) — [ba397(t — S) + baags(t — $)]F1 (2, 5)]ds (71)

where

04(2z,8) =

z 22
Jy le P2t [T fy e TR x 2 W~ epus)dsdu] X

s~ (0, -y, —xs77)dx. (72)

z 2
o —Hs——— — o —Hs — __z
os@9) =[] e Pu-Zm (T [ ST e 2 — eus)dsdu] x
14

s 10, -y, —xs7Y)dx. (73)
gzt = —tVEy,,_, (at), gss =sY"'E,,, (—HsY), (74)
gat = E,(m;t), gst = E,(m,t), get = E,(bst), gt = E,(m3t), ggt = E,(myt). (75)

Skin friction of Eq. (68) is defined as

du du
t= =g = L o ) = f T OH( =)+ Dybys(1 = By ms) +

|2 ——e
0z 1b14

bi6Ds(1 — E, (m,sY)) + by7D5(1 — Ey, (bss")) + by1De(1 — E, (m3s")) + by, D, (1 —

Ey (mys?)) — VPr(t — S)"lEzy(Q(t - S)y)[b18 (1 - E, (mys7)) + o (1= Ey(mys7)) +

T0(1~ By (bss"))] — VSe (t—s)?lEZy( R(t = )2 (1~ By (mss”)) + 22 (1~

E,(m,s"))]]ds. (76)
4.14.  Calculation of Velocity With Caputo-Fabrizio

By taking Laplace transform on Eq. (15), we obtain

b d%u(z, -
u(z,q) = (bys + 722 050~ Mu(z,q) — K 'u(z, ) +

a- V)Q‘"V -

Mef(q) + GrI(z,q) + GmC(z,q) , (77)

The solution of partial differential Eq. (77) is obtained in the following form by using initial and boundary

conditions
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q+bze
(o) = (1— M@y 1 n[E e e

(a+bz6)b2s” (q—a) (a+bz6)(q—a)bzs

b
Gr[(q+b1)21/q+bq] [e —Z (Z:big)bzg
q(/(q—bg)b7—A\/q+b1)[b7b27(q+b28)(q—bg)—(q+b26)(q+b1)b2s]

q+bze __ |.atb3

—z [d-ba b7 Gm(q+b1)? -z bag z b,
e (q+b1) 1+ e (q+b2g) —e (q+b1) ] (78)
q[bzb27(q+b3)(q+b2g)—(q+bz6)(q+b1)b2s]
Eg. (78) can be written equivalently as
W(2q) = [1— by — 2] Lo e 1 (o)
z,q)=[1- - — -
ulzq 30 gtbae (q-a) 32Ng-a)  q+bae

q+bze _, |a=bs
(22 4 sty Dss 4 b3s g "ATgbae) 20 _ o TG 7] 4

q q-ny  q-ny q b10

_z [-3*b26 p _ . |atb3
[P0 4 g e arhan ™ — g o, (79)
—ng Ny

where

—(b7bz7(bag—bg)—bzs5(b1+b2e6)) +

ny,n =
(ny,m2) = 2(bybz7—b2s)
J(b7ba7(bag—bg)—bas(b1+b26))2+4(b7ba7—b2s)(byba7bgbag+bibasbae) (80)
2(b7bz7-b2s) ’
byby7(byg+b bys(b1+b

(ns,ny) = —(b2ba7(b2g+b3)—bas5(b1 25))+

2(bz2bz7—b2s)
V(b2ba7(bag+b3)—bas(b1+b26))2—4(baba7—bzs)(b2bz7bsbag—bibasbae) (81)

2(baba7—b2s)

The solution of velocity field is obtained in the following form by using inverse Laplace transform on Eq. (79)
u(z,t) = ¢4(z,5)(1 — bp) — b3y fot e P26, (z,5)ds + b3 (e — e7P26") +

(b33 + b37)Ps(2,t) + b3aths(2,t) + b3s; (2, t) + b3ePg(z, ) + bzgPo(z, t) +
b3o®10(2,t) — b33(2,t) — b3s11(2,t) — b3s12(2,t) — b3sP3(z,t) — b3, (2, t) —

b3g13(2,t) — b3zep14(2, 1), (82)
¢4-(Z' t) =
z2b
—2.0b z\/g‘/bzs bag s €% (-as-bygs——22-u
ease Z,\|D29 f fo fe( 4 ) X

1,(2+/ (byg — byg)us)dsdu. (83
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¢s(z,t) =
_ b ,/b b t £z /
e~b2s _ Z\/T 26 zsf fo \/Ee( bagt—2 W 1, (24 (by — byg)ut)dtdu,

— n 22b
pe(z,t) = emtez/bz0 — 2Pz b26_b28f fot %e(_nlt_bmt_ w) X
11 (2\[ (b26 - bzg)ut)dtdu.

¢7(Z' t) =

2p
en2t g=7\/bag _ ZVb29 \/bze bzsf fot e?te(_nzt—bzsf—z 41;29_1‘) %
T

11 (2\[ (b26 - bzg)ut)dtdu.

2p
¢pg(z,t) = ebiot g=2y/b2g _ Z\/ﬁw/bze bzsf fot e’:/;ote( biot—bygt—— 22— u) X
11 (2\/ (bzﬁ - bzs)ut)dtdu.

_ b2oybz6—b t  emst t-bygt-Z bz"
¢9(Z, t) - engte z\/bag __ Zm 26 zsf J‘O %e( ns 28 u) %
11 (2\/ (bzﬁ - bzs)ut)dtdu.

emnat ( nat—bygt—2 2bzg u)
e 4u X

¢10(z, t) = eMate #/b2o — Zy b29mf fot

NG
11 (23[ (b26 - bzg)ut)dtdu
$11(z,t) =
. ey
emiteby  Sirfhahy p g %te( mat-bre=u) 1,2 (=by — by)ut)dtdu.
¢12(Z' t) =
. ey
R R L NN ‘%e( nat-bre=u) 1,2 (=by — by)ut)dtdu.
¢13(Z' t) =
. ey
enate=n/Bz _ ZJ_““ afbafbahy e gt e;te( nst-bit-Skou) 1,2/ (B = by)ut)dtdu.
$h14(z,t) =
0 oy
enate=2/b2 ZJ_V’” L e;e( nat=bat—Sgkou) 1,(2y/(bs — by)ut)dtdu.

4.15. Skin friction
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The dimensionless form of Skin friction is

T = (1 — b3g)Dge® — b3 Dge® + D;o(b3s + by;) + b3aDyye™" + bysDy e™t +

biot
bscDy3e710

nat Nyt nqt npt bqot
+b3gD14€™3" + b3gDyge™" — b33 Dy — b3yDige™" — bysDyse"2" — bygDye”10 —

bzby nat Nyt
bs; ’—b1 — b3gDige™" — bzsDige™

4.16. Calculation of Velocity With Atangana-Baleanu
By taking Laplace transform on Eq. (15), we obtain

qY
a-y)q¥+y

Yb 9%u(z, 1
w(z,q) = (bis + T2 52D — Mu(z,q) — w(z,q) + Mef (@) + GrT(z,q) +6mL(z.) |

The solution of partial differential Eq. (95), by using initial and boundary conditions, we have

_, |aV+b2e_
W) = (1 - M0y At | ety

(q¥+b26)b2s” (q—a) (q¥+b26)(q—a)b2s

Gri(qa¥+b1)?*2A/qV +b4] %
q(/(q¥—bg)b7—2qV +Db1)[b7b27(qY +b25)(q¥ —bg)—(q" +b26)(q¥ +b1)b2s]

_, |4V +bze _y [47=Ps .
[e 2|tV +b2g)"2° —e z (q+b1)b7] + Gm(q¥+by)

X
q[b2b27(q¥+b3)(qY +b28)—(qY +b26)(q¥ +b1)b2s]

| .a¥+b3e __ |.a¥+b3
[e N@20"2° — o~ N@+b0)™],
Equivalently form of Eq. (96) is

V+b Y+b
y L, [, B come
u(z,q) = (1 — bsp) il e 7 qV+bag) 2% _ L;e 2 @V+b3g) 2° + b3o +

(q-a)q” q¥+bz6 (q—a) q-a

| aV+b3e
b3q + bao + bay + by ](qV+b1)[e 2| qT+bag)P2% _

(q¥+b26)(q—a) q¥-n1  q¥-nz  q¥-byg q

qV-bg y 9" +b26 \/ q¥+b3
_z |28 - b _z [ 23
R B e i G| I T

q¥-n3  q¥-ny q

By taking inverse Laplace transform on Eq. (97), we find

t

u(z,t) = [ [(1=b30)g2(t = $)9s(z,5) — b31e*“ ™V, (z,5)]ds + bsee +
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t -
fo [b31€%¢) go(s) +

(t=5)7"
o

+ b1)(bao®s(2,5) + ba1Po(2,5) + bsy910(2,5) + bazp11(2,5) +

—\V
baa912(2,8)) — ((,f(ysfl) + b1) (bao®13(2,S) + bar14(2,5) + bar3(2,5) +
bi3915(2,S) + bas16(2,5))]ds (98)

@)
@e(z,5) = J-OOO [e~2 bao _ Zv/ D29 mf fs ie(—bzss—z 4uz9_u) y

0 s

1 26 — Uzs us sau S_ ) _y, _us_ u
L(2\/(b b,g)us)dsd H( "d (99)
O T N TR e o e i N RS
1 26 — Uzsg us S uS_ ,—)/,—uS_ u
L (2./(b b,g)us)dsd 1 "d (100)

. — . NS (_p. o _Zzbzg_
po(s) = [ [emasenia - 2llmfbahus g < (masmtms i)

1;(2+/ (b — byg)us)dsdu]s~1(0, -y, —us~")du (101)

nzs 2

0o(2,5) = f0°° [enzse—z boo _ Z\/E\/bzs bzsf J‘OS e\/; (-nps— b285_ —u) x
1;(24/(bye — byg)us)dsdu]s~1(0,—y, —us~")du (102)
(plO(Z, S) = fooo [ebmSe—z bag _ Z\/Ex/bzs bzg f°° f: elj/lg(’se(—blos—bzas_zz4139_u) X
1;(24/ (bye — byg)us)dsdu]s~1(0,—y, —us~")du (103)
(P11(Z' S) = f0°° [engse—z\/a Z\/H\/bze bzsf fos i\/;se(—nss—bzss—zzﬁfg_u) X
1,(24/(bye — byg)us)dsdu]s~1(0,—y, —us™?) (104)
(P12(Z' 5) = fooo [emse—z bzo Z\/I?\/bzs—bnf fos 9\125 (—ngs— bsz— z2b —u) x
1,(24/(bye — byg)us)dsdu]s~1(0, -y, —us~")du (105)

[en1se—2x/b_7 Z\/—\/ be blf fs ents e ("S- bls———u) x

¢13(z,8) = fooo 0 Nl
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I;(2/(=bg — by)us)dsdu]s (0, =y, —us™")du,

914(2,8) = fgw

[en25e -z\b; _ Z\/_N—bs blf fs en2s ( nas— bls—ﬂ—u) %

0 v €

1;(2+/(—bg — by)us)dsdu]s (0, —y, —us~")du,

015(z,8) = [

z2p
[e"3se_z\/b_2 Z\/—1/b3 blf J'S en3s ( nzs— bls— —u) X

o v
1;(2+/ (b3 — by)us)dsdu]s~1(0, -y, —us")du,
—z./b Z\/_\/b3 by s e™S (_nys—b s—ﬁ—u)
[en4se Z\/_z f fO fe 4 15~ X

$16(2,5) = fow

I, (24/ (b3 — by)us)dsdu]s~*(0, —y, —us™")du,

go(s) = s"*

uly,t)

u(y,b
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Figure 1: Velocity profile against y due to Gr, where the values of other parameters are Gm=6, M=0.5, t=0.5,

K=1.4, y=0.5, Sc=1.5, Pr=6.5, Q=0.25, R=0.9, A= 0.4, A = 0.2.
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Figure 2: Velocity profile against y due to Gm, where the values of other parameters are Gr=5, M=0.5, t=0.5,

K=1.4, y=0.5, Sc=1.5, Pr=6.5, Q=0.25, R=0.9, A= 0.4, A = 0.2.
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Figure 3: Velocity profile against y due to Pr, where the values of other parameters are Gr=5, M=0.5, t=0.5,

K=1.4,y=0.5, Sc=1.5, Gm=6, Q=0.25, R=0.9, A = 0.4, A = 0.2.
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Figure 4: Velocity profile against y due to R, where the values of other parameters are Gr=5, M=0.5, t=0.5,
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K=1.4,y=0.5, Sc=1.5, Gm=6, Q=0.25, Pr=6.5, A= 0.4, A= 0.2.
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Figure 5: Velocity profile against y due to M, where the values of other parameters are Gr=5, R=0.9, t=0.5,
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Figure 6: Velocity profile against y due to Sc, where the values of other parameters are Gr=5, R=0.9, t=0.5,

K=1.4, y=0.5, M=0.5, Gm=6, Q=0.25, Pr=6.5, A= 0.4, A = 0.2.
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Figure 10: Velocity profile against y due to y, where the values of other parameters are Gr=5, R=0.9, t=0.5,

z =0.2, Q=0.25, M=0.5, Gm=6, Q=0.25, Pr=6.5, A= 0.4, Sc=0.2.
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5. Results and discussion

The solution for the influence of relative magnetic field, heat sink/source and thermal radiation on
magnetohydrodynamic flow of Jeffrey’s fluid through an exponentially accelerated plate in the existence of
porosity are developed by using Laplace transform technique. The influence of numerous parameters used in the

governing equations of velocity fields have analyzed in Figures.

Figure. 1 represent the influence of Gr on fluid velocity u(z,t). The fluid motion rises up with the maximizing
values of Gr. physically, Gr signify the effect of thermal buoyancy force to viscous force. Therefore maximizing
the values of Gr exceed the temperature gradient due to which velocity field rises. The impact of Gm on fluid
velocity u(z,t) is depicted in Figure. 2. It is highlighted that velocity profile increases with increasing values of
Gm. Physics behind this is that higher the values of Gm increase the concentration gradients which make the
buoyancy force significant and hence rise in velocity field is observed. The impact of Pr on fluid velocity u(z, t)
is depicted in Figure.3. The velocity profile shows decreasing behavior with maximizing values of Pr due to
thermal boundary layer. An increasing value of R decreases the fluid velocity as shown in Figure.4. Fluid
velocity falls down for greater values of M as depicted in Figure.5. Physically, increasing values of M, exceeds
the drag force which decreases the fluid motion. The effect of relative magnetic field due to plate and the fluid
respectively is also shown graphically. The velocity profiles for magnetic field due to plate are higher as

compared to the magnetic field due to fluid.

The influence of Sc on fluid motion is depicted in Figure. 6. It is observed that maximize the value of Sc slow
down the fluid motion due to decay of molecular diffusion. Figure. 7 indicate the impact of 1, on velocity field
u(z,t). Figure. shows that the motion of fluid rises by rising the value of A,. The influence of porosity K on fluid
is shown in Figure.8. It is clear from Figure. that fluid motion rises with maximizing the value of K. The
influence of heat generation/absorption on u(z,t) is depicted in Figure.9. It is analyzed that motion of fluid
increases with an increasing values of fractional parameter y as depicted in Figure. 10. Figure.11 represent the
comparison of velocity distribution of present work with ordinary Jeffrey’s fluid and Dolat and his colleagues
[32]. It is clear from Figure. that Atangana-Baleanu fractional derivative is best choice for controlled velocity
field. The comparison of velocity profile of present work is made with Dolat and his colleagues [32]. If we take
fractional parameter y - 1, 4, = A, = 0 of present work and Casson parameter 1/8 — 0 of Dolat and his

colleagues [32], then the both results are identical which shows the validation of our results.

6. Conclusion

An analytical solution for free convection MHD Jefrey’s fluid flow through a vertical plate in the existence of
first order chemical reaction and thermal radiation subject to newtonian heating condition is analyzed with the
help of Caputo, Caputo-Fabrizio, and Atangana-Baleanu fractional derivatives. Laplace transform solutions for
dimensionless energy, momentum, and concentration equations have been obtained. The expressions for Skin
friction, Sherwood number and Nustle number are also studied. The graphs for various parameters used in the

governing equation are plotted and discussed. From this work, we arrive at the following conclusions
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» Velocity of fluid is higher with Caputo-Fabrizio derivative as compared to Caputo Fractional derivative,

whereas Velocity of fluid is lower with Atangana-Baleanu derivative as compared to Caputo derivative,

« Velocity of fluid is higher, if magnetic field is fixed relative to plate,

« Velocity of fluid is lower, if magnetic field is fixed relative to fluid,

« Fluid velocity increases with increasing values of Gm, Gr, 4,, Q, and fractional parameter y,

« Fluid velocity decreases with increasing values of Pr, Sc, and chemical reaction parameter R.

7. Appendix
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by = Gr(na+by)?[A%(na+b1)+4y/(na+b1) (nz—bg) byl by, = Gm(ng+bq)
41 bg(nz—b10)(nz—n1) 1 as ng—nsz
b :GT(bm+b1)2[ﬂz(b10+b1)+ﬂ\/(b10+b1)(b10—bs)b7] D, = —bzbg D, = b7(b19—bg)
42 bg(b10—n1)(b10—72) ' by 2 (b1+b1o) ’
D, =1 (mi+H) 1 (ma+H) 1 (bs+H) 1 (ma+H)
3 7 miybia (mite))’ T T mabia A (mater)’ 5 bsybia| (bstc1)’ 0 mayfbia (Matcr)
1 (mg+H) (b2s+a)
’D = ) D = ) D PRV
7 mayfbra (mate)’ T8 \l(bzsﬂl) \/(a’szs)(a*'bzs)

byeb
D10 — D26 29’
b
28

(n1—bg)bsy

1
9 = ]

D.. = (n1+bz6)b2g D.. = (nz2+bz6)b29 D.. = (b10+b26)b29

11 — ) 12 — ) 13 — )

(n1+b2g) (n2+b2s) (b1o+b2g)

(n3+b26)b2o (ng+bze)b2o (nz—bg)b7
D=;7,D =’7,D= , D =;7,

14 (n3+bzg) 15 (ng+bzg) 16 17 (nz2+bq)

_ ’(n3+b3)b2 _ [(ng+b3)byy

D18 - (nz+b1) ) D19 -

(ny1+bq)

(ng+bq)

]
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