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The current investigation aims at to examine the effect of radiation absorption, heat generation and Dufour number on MHD Casson fluid
flow past an exponentially accelerated vertical plate in a porous medium with chemical reaction. The governing equations for momentum,
energy and concentration are solved by implementing the Laplace transformation method. Skin friction, rate of heat transfer and rate of
mass transfer expressions are also extracted and depicted in tabular form. Investigation simulates that Casson parameter diminished the
fluid velocity, whereas energy flux due to a mass concentration gradient improves the temperature field of the flow problem. In addition
to this, temperature field is observed to be developed under the influence of radiation absorption and heat generation. Furthermore, the
effects of different non-dimensional parameters on velocity field, temperature fluid and species concentration are exhibited graphically.
Keywords: MHD; Radiation absorption; Casson fluid;, Heat generation; Dufour effect
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1. INTRODUCTION

Magnetohydrodynamics (MHD) has an extensive range of application in abundant areas of applied research such as
engineering, astrophysics, biological science etc. Hannes Alfven [1], the great plasma physicist, initiated the field of
MHD. The influence of unsteady MHD natural convective flow in the vicinity of an impulsively moving upright plate
was cogitated by Seth ef al. [2]. BS Goud [3] studied the effects of heat radiation on the MHD stagnation point stream
across a stretched sheet with slip boundary conditions. Rath et al. [4] probed at the effects of Dufour and viscous
dissipation on MHD natural convective flow through an accelerated vertical plate. Singh et al. [5] investigated the effects
of time-varying wall temperature and concentration on MHD free convective flow of a rotating fluid owing to moving
free-stream with hall and ion-slip currents.

In recent times, due to the significant growth of technological industries, the importance of the out-turn of thermal
radiation on MHD heat transfer problems is seen to be increasing. There are numerous engineering activities that takes
place at a very high temperature and therefore to avoid radiation from such activities, knowledge of thermal radiation
becomes more important to build suitable equipment. Through a vertically travelling absorbent plate, the effect of
radiation absorption on MHD convective flow was studied by Krishna et al. [6]. Using radiation absorption effect
Rao et al. [7] analyzed the unsteady MHD flow past an exponentially accelerated plate surrounded by porous medium. In
addition, Endalew and Nayak [8] also studied the effects of thermal radiation and inclined magnetic field on MHD flow
past a linearly accelerated plate in the existence of porous medium.

Fluids that defiant Newton’s law of viscosity termed as non-Newtonian fluids. This means that in case of a non-
Newtonian fluid constant viscosity becomes independent of time. The most common example of non-Newtonian fluids
is honey, butter, blood, saliva, Casson fluid etc. Kateria and Patel [9] investigated the influence of heat generation and
chemical reaction on MHD Casson fluid flow over an upright plate surrounded by porous medium. Zhou et al. [10]
investigated the two-dimensional time dependent radiative Casson fluid flow under the impact of heat source. Some other
researcher such as, Sulochana et al. [11], Reyaz et al. [12], also performed their research work related to MHD heat and
mass transfer by using Casson fluid.

In many engineering applications, the influence of heat generation has been found to be of considerable importance.
There are many researchers, in whose research work the application of the effect of heat generation is observed. Among
them, Jamuna and Balla [13], Ali et al. [14], Khan ef al. [15] are the researcher who have studied the impact heat
generation in their research work. The impact of non-uniform heat source/sink and temperature dependent viscosity
modeled by Reynolds on Cattaneo-Christov heat flow was studied by Nayak et al. [16].

The energy flux due to a mass concentration gradient is called Dufour effect. Nayak et al. [17] investigated the
impacts of Dufour and Soret on unsteady MHD flow past a stretching upright plate in porous medium. In addition, the
impact of Dufour effect can also be seen in many other studies by various researchers such as Ahammad and Krishna [18],
Jawad et al. [19] etc.
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In recent times, it is observed that the chemical reaction becomes an integrated part of the research work of various
researcher due to the extensive application of chemical reaction in various mechanisms of chemical engineering and heat
and mass transfer problems.

Most recently, in the research work of Ahmed and Saikia [20] was found to be use of chemical reaction to investigate
the changes of various flow characteristics such as fluid concentration and fluid velocity etc. In presence of chemical
reaction, the unsteady MHD natural convective flow past an exponentially accelerated plate embedded in a porous
medium was investigated by Rath and Nayak [21]. Moreover, we may also cited the research work of the researchers —
Gopal et al. [22], Raddy et al. [23], Haq et al. [24] for their excellent work using chemical reaction.

The preeminent objective of this research work is to figure out an analytical solution for the effects of radiation
absorption, Dufour, heat generation and chemical reaction on MHD Casson fluid flow past an exponentially accelerated
vertical plate in a porous medium with thermal and solutal ramped conditions. Kateria and Patel [25], Mopuri et al. [26],
Reddy and Chamkha et al. [27] are some of the prominent researchers in whose work the effects of radiation absorption,
chemical reactions, the Dufour effect, and heat generation and absorption can be seen. Although the use of all effects such
as Dufour, radiation absorption, chemical reactions, and heat generation in the presence of Casson fluid distinguishes our
study from others.

2. MATHEMATICAL FORMULATION
As depicted in Figure 1, a rectangular cartesian coordinate system is set up so that x " -axis is taken in upward vertical
direction along which the length of the plate is measured.
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Figure 1. Physical outline of the flow problem

The y ' -axis is taken parallel to the direction of the magnetic field and z ' -axis is taken along the width of the plate.
Now to idealize the flow problem the following assumptions are taken into account.
e Initially at ¢' <0, the plate and the neighboring fluid are at static condition.
e  The plate embedded in the porous medium maintain a uniform temperature 7' .
e  The fluid adjacent to the plate maintain a uniform concentration C'  at each point of the fluid.
e The plate accelerated exponentially with velocity U, e*" at time t ' > 0 and at this period of time the concentration

@, -co

and temperature of the fluid is either gets improved or dropped to C'=C' + and
T -T' )t )
T'=T 'w+M respectively.
e  There is no external electric field present.
e  The fluid considered to be non-Newtonian in nature.
Under the above assumptions the governing equations for the flow problem are sated below:
Equation of continuity:
ou'
—=0 1
o 1)
Momentum equation:
ou' 1\ou' oB*u' —
-7 _ . _ o” 4 "(C'-C' )+ (T'=T" 2
1 |- P (e (T o

Energy equation:
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oT o’T A C D, K, o°C
-2l 9, (r'-1,)+0(C-C,)+=——. 3)
ot pC,ov" pC, C, oy
Species continuity equation:
oC o’C =, .
—=D,,——k|(C -C_). 4
of Mo ( ) @
Equation of state:
p.=p1+f (T =T, )+5(C-C.)] 5)
The initially opted boundary conditions are:
Aty'20: u'=0, T'=T"_, C'=C"_; t'<0,
u'=U,e", T'=T",, C'=C",; 0<t'<t
. at y'=0; (6)
u'=Ue", T'=T", , C'=C', ; (>t
As y'>o:u'-50, T'57',, C'>C', Vt'>0
where,
t' t'
T, =1.,+(1,-T,)—, C,=C_+(C -C,)—.
t, t,
Introducing the non-dimensional parameters:
U 1 t’ 1 Tl_T’ C’_Cl V Al T’,_TV
y: Uy ’t:_Bu:u_,T: J '“y ’C: g C'O > Gr: gﬁ( ‘;/ 00)7
V t[) U() TW_TDC CM’_COO U()
vgp'(C',~C', B} K'U}
Gm: gﬂ( ‘; )’M:O- 02‘/’ = anz’ = 20 ’a:a't()’
U, PU, pPCU, v
. c'.,—-C' )t vpC D,K.(C' —-C' ’t
QIZQI( Iw 'oc)o,Pr:pp’ Du: M T( w ac), Ra:Uo g,
T, -T, K Cy(T',-T",) v
k=Ft0, SC—L
DM

Implementing the non-dimensional parameters, the governing equations (2), (4), (5) and the initial boundary condition
(6) transform to the following structures:

0C Ra0’C
e e @
ot Sc oy
2 2
a—T=&6—f+HRaT+Qj‘C+DuRaaf. (8)
ot Pr oy oy
1)0° 1
%=Ra 1+— a—L;—Ra(M+—ju+R0tGrT+RaGch. O]
ot S )oy K
At y20:u=0,C=0, T=0; t<0,
u=e", T=t,C=t; 0<t<l1
At y=0: (10)
u=e", T=1 C=1 T>1

As y—>o0:u—>0,C—>0,T—>0, Vi>0.

4. METHOD OF SOLUTION
We have implemented the Laplace transformation method to find an analytical solution for concentration,
temperature, and velocity field for the flow problem. The procedure for accomplishing these solutions is stated below:
Taking Laplace transformation of the equations (7)-(9) gives:

2_ p—
Ra L _se(s+k)C=0, (11)
dy
Ra d°T — — ’c
RadT | (HRa—5)T=-0"C-Duka LS, (12)
Prdy dy
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=

Ra| 1+ |4 (54 1)u=-RaGrT-RaGmC, (13)
B)dy

Again, taking Laplace transformation of the non-dimensional initial boundary condition stated in (10) gives:

= 1 ety oo 1
At y=0: T:s_z(l_e )’C_sz(l ¢ ),u s—a (14)

As y—>oo:?—>0,5—>0,;—>0

The equations (11) - (13) are solved subject to the condition (14) and the solutions are obtained as follows:

-5

1-e

— G
C=— il (15)
s
Tzl—ze ,m@),+/141—2e e }+/161—2e s+k o Ty
s s s+ A 5T s+ A (16)
1—e™ e Vekay 1-e’ s+k gy
A= —Ai— e ,
s S+ Ay ST s+ A

ey (1-¢”) s (1= TG

s—a s (s+4,) s (s+4,)(s+4,)
_/16 15(1_6_5)(S+k) ~Vs+NEy ﬂg%(l_eﬂ) e—«/s?ﬁy_ﬂx15(1_6_5)(‘9—’—]()@*@‘/@
sz(s+/17)(s+/14) sz(s+/19)(s+/14) sz(s+/14)(s+/19)
_ﬂ'lo (l_e_s)eﬂ/mx/gy_1_46 (l_e_s)efm@y_i_ 16 /13(1_6_&) eﬂ/ﬁiE\/Zy (17)
sz(s+ﬂg) Sz(s+ﬂ7) sz(s+/17)(s+l4)
16 ]’5(1_675)(‘5‘_%]() ~SYE[2, y /18/13(1_678) stk [% y Ag 15(1_675)(S+k) s[4y
+ e + e + e
sz(s+/17)(s+/14) sz(s+ﬂg)(s+/14) sz(s+/14)(s+ﬂg)
o (l‘eﬂ)e-mﬁy
sz(s+ﬂg) ’
where,
St AI_SC,1=(M+ JRa,
(1+1jRa “
B
P A, O
A’Z_Ra’ﬂ’} /12’1‘4 ﬂ,}—l’
_Lk-E E——HR ﬂ_ADuRa
5_23_1’ = s Mg = /13_1’
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L1 s, -10 7 s -1
_OkA -1 __RaGm _
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Jy= 1 s Sy=m0s 1 s Jy=—03 1 ’
Ay A5 (A5 = 4) A (A5 = 4)
L]:ﬂvsﬂ%_k(ﬂs"'ig) L = k L. = As_k L = k_ﬂx F:_(15+A10)

P W R R R S N S A BV A S

Finally, the following solutions for temperature profile, concentration profile and velocity profile are attained on picking
inverse Laplace transformation of Equations (15)-(17):
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C=f-A

where,
fi=fCkoyt), fi=f(hukoyt=1)H .

T = (Aydy + AB)(f; = 1)+ (L+ Ay Ay + 4B, )(hy = hy)
+(/14A1 +;t(yB1 )(‘//1 _;1)"'(/14‘43 +AeB3)(‘//2 _'//_2)
H A A + AB) W —wy) + (A dy + AB) W, —w,).

where,

fi=fCnkop. ) fi=f(A Kk y, t=DH

fzzf(ﬂz:ﬂsyst) fzzf(izsﬂsy’t_l)H

lel//(ﬂ'z’ﬂvyat) l//]:w(ﬂ’zvﬂ’y’t_l)H

v, = e_%t'//(ﬂz: ﬂ_/q“s: Y, t)

v, =e VY (4, B— A, y, t—=DH

vi=y(h kv ) wy=w(h, kv, t—-DH

wy=e y(h, k=2, y,1)

v, = Dy (A, k- A, y, t—=1)H.

u=G+R{(w, —y) = (W5 —w+ Ry (v, 1)~ (v =)
FRAW =) = (s =+ R~ 1) - (s - 1)
FRAWy = 0) =W — W+ R [ ~v10) ~ (v — 1))
FRAC, ===+ R = B = (= )}

where,

fi=f, 1y, 0), fi=f(,1,y,t—-DH,
vi=w(5,1,y,1), w,=w(5,I,y t-1)H
v, =e™ w(d,1-25, 1),

w,=e """ w(s, I-A, y, t—1)H,
Ve = eilmt W(é, I_ﬂ"lo’ Y t)’ l//_s = 67110(’71) l//(é" 1_]‘10’ Y, t_l)H:

l//9:eijg’ l//(ﬂza ﬁ_ﬂg’ YV, t)a W9:eik([71) l//(ﬂza ﬂ_ﬂga y’t_l)Ha
Vio =e WA, k=4, 3, 0), W, = e ht w(A, k=4, y, t=1)H.

5. SKIN FRICTION

According to Newton's law of viscosity, the viscous drag per unit area at the plate is computed as follows:

Z.v:_lual:| :_‘qu%a_y':
0 dy oy

[ oo (on')__wfa_u
oy'

H “5ay' v v Oy

The coefficient of skin friction at the plate is defined as

7' 6u}
T = 3 = —_——
& ay y=0
v

(18)

(19)

(20)
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r==G =R {(Y, =)~ (Y, =Y} =R, {(X, = Y;)~ (Y, - 1))
“R (7, =T = (= Y)} =R {(X, = T,) (Y, - Y))}

R {(Yy = Y)) = (X = T} = R {1}y = X 10) = (1 = T}
“R{(&-8) - (& -S| -R (& -&) - (& -&)).

€2y

where,

Y1: %:| :Y(ﬁ’zs ﬂ) t)) ?1:%:| :Y(AZ’ ﬂ’t_l)H’
ay y=0 ay y=0

Yﬁ% = MYy, B4 1), Y_fa%} =Sy, f- g t-DH,
Y dy=0 ay y=0
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oy Jimo
Y, = % =Y, 1, 1), Y—Szé’(//_.;} =Y, 1,t-1)H,
1 y =0

Y= Yol _omvs, 120, T,=2e | —e BN, T- 41—,
y |, dy
y=0 y=0

v, = W Ceys, a0, fz%} =e “Y(S, 1A, t-DH,
y=0

v Oy
Ty = ai} G B S R S B S
ay y=0 ay y=0

Y, = aﬁ} =e "Y(4, -4, 1), Y_ﬁaﬁ} =e "Y(4,, - A, t-DH,
T » .,

Yw=%} = eIy k=g 1) Y_w=6g—“’} = e YAy, k= Ay 1=DH,
y y=0 6y y=0

V(5,1 a,t) =‘Z—G}

=0

6. SHERWOOD NUMBER
The calculation of the Sherwood number relies on Fick's law of diffusion and is connected with the rate of mass
transfer at the plate.
The mass flux M,, from the plate at y'=0 can be obtained using the following method:

ac'} _ DU, (c,-C) ac}
y'=0 y=0

M, =-D,, —

Moy v oy

Thus, the coefficient of rate of mass transport at the plate is,

Sh = MW = _a_C:| s
DMUo (va_ C'oo) 82 z=0
oC =
Sh = ——} =—(& -&). (22)
oy =0

where,
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7. NUSSELT NUMBER

The Nusselt number, which is the ratio of convective to conductive thermal transfer in the fluid across the boundary,
is computed by Fourier’s conduction law to estimate and comprehend the rate of heat transfer at the plate. The heat flux
Q' from the plate y' = 0 to the fluid defined by the Fourier’s law of conduction can be obtained by

oonell] e
2 v )

The coefficient of rate of heat transfer at the plate is,

Nu = —VQ’ = _G_T} ,
«U(T',~T'.) v,
Nu=—~(Aydy + AB)(& - &)
~(1+ Ay, + 2B,)(E &)
—~(A4 A+ AB)(Y, = X)) = (A4 + AB)(Y, = Y,)
(A Ay + AB)Y, = Y, ) = (A dy + AB)(Y, = X,) .

(23)

8. RESULTS AND DISCUSSIONS
In the present investigation it was explored that the impact of Casson parameter (£) reduced the fluid velocity,

which is reflected in Figure 2 Moreover, the Casson parameter was found to reduce the momentum boundary layer
thickness. Figure 3 exhibits that the fluid motion gets accelerated due to the enhancement of solutal Grashof number
(Gmy). In other words, it can be said that the fluid velocity upsurges due to the thermal buoyancy force. Further this figure
indicates that the fluid velocity first boosts in a very thin layer proximate to the plate and after achieving a peak value it
drops down to it’s minimum value. This is due to the bouyancy force being more effective in the vicinity of the plate. In
addition, this figure demonstrates that the effect of buoyancy force on velocity gets disappeared at the free stream.

18 T T T T T T 18 T T T T T

—3=04 =041 — 3=042 #=0.43 o Gm=1 ——GCm=3 Gm=5 ——Gm=7
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H=6, M=1,a=0.8, Sc=0.22, 1 1
t=1.2, K=1, Gm=1, Gr=1, k=0.2

Pr=0.71, Ra=0.9, 3=0.4, Du=0.5,
H=6, M=1, a=0.8, S¢=0.22, t=1.2,
K=1, Gr=1, k=0.2

1 I 1 1 1
0 05 1 15 2 25 3 35
y

Figure 2. Velocity versus distinct Figure 3. Velocity versus distinct Gm

As illustrated in Figure 3, Figure 4 depicts that, the thermal Grashof number (Gr) also controls fluid velocity
similarly to the solutal Grashof number. Both the figures, i.e Figure 3 and Figure 4 uniquely established the fact that the
fluid velocity initially escalates in a very thin layer proximate to the plate and after reaching it’s peak value, it
asymptotically drops down to its minimum value u=0 at y—oo. From Figure 5 it is evident that the increment of magnetic
parameter (M) rises the fluid velocity. This is due to the fact that the applied magnetic field produce a force called Lorentz
force, which resist the fluid motion.

Figure 6 reveals that the heat generation parameter enhanced the fluid motion. This discloses the physical reality
that, as heat generation increases, the temperature of the fluid flow improves and which in turn accelerated the fluid
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motion. Figure 7-8 demonstrate the variation of temperature field versus normal co-ordinate y for isothermal and ramped
plate condition. In both the figures it is clear that, as the heat generation parameter (H) increases, the temperature of the
fluid flow improves. Obviously, this is in accordance with the physical reality that as the heat generation of the source
increases, the temperature of the surrounding medium improves due to conduction phenomena.
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Figure 4. Velocity versus distinct Gr Figure 5. Velocity versus distinct M
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Figure 6. Velocity versus distinct H Figure 7. Temperature versus distinct H

Figure 9-10 shows that improving the radiation absorption parameter (Q;") boosts the flow field temperature under
both isothermal and ramped plate conditions. The larger the value of the radiation absorption parameter, which implies a
significant increase in the dominance of conduction over absorption radiation, resulting in an increase in the buoyancy
force and thickness of the thermal and momentum boundary layers.

05 T T T T T T T T T 7 T T T T T
N H=6 - - --H=6.1 H=6.2 - - - -H=63 Q=05 ——0Q=08 Q=07 ——Q=08
0451 4
04 4
Pr=0.71, $6=0.22, Ra=1, .
038y Q/=0.8, Du=1, k=0.5, =0.5 ]
03f - .
= 0251 N 1 =
B 3
02r | 1
0151 K 8 2
“
%
01r 4
i s 1
0.05F Voo, 4
0 1 1 L 1 1 1 P — + 0 1 1 L L 1
0 05 1 5 2 25 3 35 4 45 5 0 1 2 3 4 5 6

Figure 8. Temperature versus distinct H for t<1 Figure 9. Temperature versus distinct 0,
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The diffusion thermal effect (Du) has a great influence on temperature field. Figure 11-12 reflects this impact of
thermal diffusion on temperature field and due to which enlargement of temperature field occurs in both the isothermal
and ramped plate conditions. Figure 13-14 establishes the relationship between concentration field versus chemical
reaction parameter k. In both the figures the concentration of the fluid seen to be improved. Physically it divulges the fact
that as the consumption of species increases, the fluid becomes thicker and as a result concentration of the fluid drops. In

Figure 15-16, it is noticed that as the ramped parameter (Ra) increases, the fluid concentration hikes. This implies the fact
that the ramped parameter has a tendency to increase fluid concentration.
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Figure 16. Concentration versus distinct Ra for t< 1

The variation of skin friction, Nusselt number and Sherwood number for different non dimensional parameters is
shown in Table 1, Table 2 and Table 3 respectively. We have also made a comparison between the present study and an
earlier study by Kateria and Patel to validate our findings. From Table 1, it is found that the increment of the non-
dimensional parameters Pr; Sc, Gm, k, K, H, t, Q;", Du hikes the frictional drag (z). Moreover, the enhancement of the
non-dimensional parameters £, Gr, M diminished the frictional resistance of the fluid flow.

Table 1. Variation of Skin friction

Pr B Sc Gr Gm k M K H t Ql* Ra a Du Value of skin
friction (1)

2 0.5 0.66 8 5 0.5 1 6 3 1.2 0.4 0.5 0.4 0.5 7.9037
3 0.5 0.66 8 5 0.5 1 6 3 1.2 0.4 0.5 0.4 0.5 11.1574
2 0.6 0.66 8 5 0.5 1 6 3 1.2 0.4 0.5 0.4 0.5 7.1107
2 0.7 066 8 5 0.5 1 6 3 1.2 0.4 0.5 0.4 0.5 6.4600
2 0.5 068 8 5 0.5 1 6 3 1.2 0.4 0.5 0.4 0.5 8.2617
2 0.5 0.7 8 5 0.5 1 6 3 1.2 0.4 0.5 0.4 0.5 8.6495
2 0.5 0.66 8.2 5 0.5 1 6 3 1.2 0.4 0.5 0.4 0.5 7.7897
2 0.5 0.66 84 5 0.5 1 6 3 1.2 0.4 0.5 0.4 0.5 7.6758
2 0.5 066 8 5.2 0.5 1 6 3 1.2 0.4 0.5 0.4 0.5 7.9313
2 0.5 066 8 5.4 0.5 1 6 3 1.2 0.4 0.5 0.4 0.5 7.9588
2 0.5 0.66 8 5 0.6 1 6 3 1.2 0.4 0.5 0.4 0.5 8.1796
2 0.5 0.66 8 5 0.7 1 6 3 1.2 0.4 0.5 0.4 0.5 8.4597
2 0.5 066 8 5 0.5 2 6 3 1.2 0.4 0.5 0.4 0.5 7.3393
2 0.5 066 8 5 0.5 3 6 3 1.2 0.4 0.5 0.4 0.5 6.8698
2 0.5 066 8 5 0.5 1 7 3 1.2 0.4 0.5 0.4 0.5 7.9184
2 0.5 0.66 8 5 0.5 1 8 3 1.2 0.4 0.5 0.4 0.5 7.9294
2 0.5 0.66 8 5 0.5 1 6 3.2 1.2 0.4 0.5 0.4 0.5 8.6267
2 0.5 0.66 8 5 0.5 1 6 34 1.2 0.4 0.5 0.4 0.5 9.4493
2 0.5 0.66 8 5 0.5 1 6 3 1.3 0.4 0.5 0.4 0.5 10.2623
2 0.5 066 8 5 0.5 1 6 3 1.4 0.4 0.5 0.4 0.5 13.2560
2 0.5 0.66 8 5 0.5 1 6 3 1.2 0.5 0.5 0.4 0.5 8.4221
2 0.5 0.66 8 5 0.5 1 6 3 1.2 0.6 0.5 0.4 0.5 8.9404
2 0.5 066 8 5 0.5 1 6 3 1.2 0.4 0.5 0.4 0.6 8.9032
2 0.5 066 8 5 0.5 1 6 3 1.2 0.4 0.5 0.4 0.7 9.9026

Table 2 depicts that as the value of the non- dimensional parameters H, ¢, Q,", Du increases, the rate of heat transfer
declines. On the other hand, the increment of the Prandtl number Pr improves the rate of heat transfer. Table 3 shows that
the escalating values of the non-dimensional parameters &, Sc, Ra increases the Sherwood number which is associated
with rate of mass transfer of the fluid flow.

Table 2. Variation of Nusselt number (Nu)

Pr H t [ Du Value of Nusselt number
2 3 1.2 0.4 0.5 -14.1252
3 3 1.2 0.4 0.5 -1.8467
2 3.2 1.2 0.4 0.5 -16.3795
2 3.4 1.2 0.4 0.5 -19.0530
2 3 1.3 0.4 0.5 -19.2844
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Pr H t o Du Value of Nusselt number
2 3 1.4 0.4 0.5 -26.0778
2 3 1.2 0.5 0.5 -15.3553
2 3 1.2 0.6 0.5 -16.5854
2 3 1.2 0.4 0.6 -17.3255
2 3 1.2 0.4 0.7 -20.5258

Table 3. Comparison of Sherwood number values obtained by Kateria and Patel and the current authors

K Sc ¢ Kateria and Patel [8] Ra Newly finding values of Ra Newly finding values of Sherwood
(Sh) Sherwood number (Sh) number (Sh)
5 0.66 0.4 0.9062 1.1 0.8640 1 0.9062
51 0.66 04 0.9118 1.1 0.8693 1 0.9118
52 066 04 0.9173 1.1 0.8746 1 0.9173
5 07 04 0.9333 1.1 0.8898 1 0.9333
5 0.8 04 0.9977 1.1 0.9513 1 0.9977
5 0.66 0.5 1.0889 1.1 1.0383 1 1.0899
5 0.66 0.6 1.2711 1.1 1.2119 1 1.2711

9. COMPARISION OF FINDINGS

In order to validate our findings, we have made a comparison between our current findings of Sherwood number
values incorporated with different non-dimensional parameters and the tabulated values for Sherwood number obtained
by Kateria and Patel [8] in their research work. Comparing the current values of the Sherwood number with the previously
investigated values obtained by Kateria and Patel, we see that when we set the ramped parameter to 1, the previous and
current values of the Sherwood number are found identical.

10. CONCLUSIONS

The preeminent findings of this research work are enlisted below:

The fluid velocity found to be improved asymptotically under the influence of heat generation parameter H,
solutal Grashof number Gm, and thermal Grashof number Gr.

In both the isothermal and ramped plate conditions, the temperature of the flow field spotted to be get enhanced
under the influenced heat generation parameter /, radiation absorption parameter Q,",and Dufour effect Du.

The species concentration seen to be reduced under the influenced of chemical reaction parameter & in both the
isothermal and ramped plate conditions. Moreover, it is evident that, in both the isothermal and ramped plate
conditions , the ramped parameter Ra has a propensity to hike the fluid concentration.

The skin friction drag t upsurges with the increment of non-dimensional parameters Pr
Se, Gm, k, K, H,t,Q,", Du, while an inverse impact was observed when increasing the value of the non-
dimensional parameters 8, Gr, M.

It is spotted that the ascending values of time ¢, heat generation parameter H, radiation absorption Q," and

Dufour effect Du dominates the rate of heat transfer. On the other hand, Prandtl number Pr increases the rate of
heat transfer.

The Sherwood number observed to be enhanced under the impact of chemical reaction parameter & ,Schmidt
number Sc and time .

Nomenclature
J, current density vector Z, critical time for rampdness
B, applied magnetic field strength Du Dufour number
B magnetic flux density K permeability of porous medium
k chemical reaction parameter M coefficient of viscosity
Pr Prandtl number D, mass diffusivity
H heat generation parameter C, concentration susceptibility
o' radiation absorption parameter U, characteristic plate velocity
V4 Casson parameter K, thermal diffusion ratio
K non-dimensional permeability parameter B co-efficient of thermal expansion
g acceleration due to gravity v kinematic viscosity
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APPENDIX
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TOYHHI AHAJII3 IOTOKY MIJ| KACCOHOBOI PIIMHM MOB3 EKCIIOHEIIMHO NMPMCKOPEHY
BEPTHUKAJIBHY IIVIACTHHY B IOPUCTOMY CEPEJOBHIIII 3 IOIVMIMHAHHSAM, TEIIJIOBUJIVIEHHSIM TA
JUA®Y3IMHO-TEPMOE®EKTAMH 3 TEPMIYHUMUA TA POSYMHHAMHU PAMIIOBUMH YMOBAMHA
Ji6'st Naxitori Caikin®P, HaziGynuin Axmen®, Apaxenay Kp. Hanni®, Tin Jxiiori Bopa?

“Jlenapmamenm mamemamuxu, Yuisepcumem Iayxami, I'yeaxami 781014, Inois
b Tenapmamenm mamemamuxu, xornedoc Bacyzaon, Bacyeaon-783372 Accam, Inodis
¢/lenapmamenm mamemamuxu, Ynisepcumem Komona, I'yeaxami 781001, Inois
[ToToune moCHiUKEHHS CIIPSMOBAaHE Ha BHBYCHHS BIUIMBY IOIIMHAHHS BHIPOMIHIOBAHHS, BUIUICHHS TeIUia Ta uyucia J{odypa Ha
MI[I-motik pimman KaccoHa TMOB3 €KCHOHEHLIHHO MPHCKOPEHY BEPTHKANbHY IUIACTHHY B MOPHCTOMY CEPEIOBHII 3 XiMIUHOIO
peakuicto. OCHOBHI PIBHSHHS JUTS IMITYJIbCY, €HEpTil Ta KOHIIEHTPALil PO3B’I3yI0THCS 3a JIOMIOMOIOI0 METOy IepeTBopeHHs Jlarmaca.
Bupasu 1y TepTs HOBepXHi, IMBUAKOCTI TEMIOOOMIHY Ta IIBUIKOCTI MAaCOOOMiIHY TaKo)K BHALICHI Ta 300paxkeH] y BUIVISAAI TaOMuIi.
JocnimkeHas Moaentoe, o napameTp KaccoHa 3MeHIIye IBUAKICTD PiAWHH, TOI K IMOTIK €HEPrii uepes3 rpaieHT KOHIEHTpaLii Macu
MIOKpaIlye MpoblieMy TeMIIepaTypHOro IO MOTOKy. Kpim Toro, cmocrepiraeTbcs po3BHTOK TEMIIEPATypHOTO MOJIS M BILIHBOM
TIONIMHAHHS BUIIPOMiHIOBAHHS Ta BUAIIEHHS TervIa. JloqaTkoBo rpagivyHo OKa3aHO BILIMB Pi3HHUX Oe3p03MipHHX IMapaMeTpiB Ha MoJe

LIBHAKOCTI, TEMIIEPATypy PiIMHH Ta KOHI[EHTPALiI0 YaCTHHOK.
Kurouosi ciioBa: MIJ[; nocnunanns eunpominioganns, Kacconoea piouna, mennoeenepayis,; egpexm [Hiogypa





