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1. Introduction and technology such as chemical industry,
chemical industry, cooling and heating of
buildings, condensers and cooling of nuclear

reactors, etc. Choudhary and Sharma [1]

Technological utility and academic
inquisitiveness  have provided prodigious

attention to the exposure of convective flows
with heat and mass transfer from the current
researchers. The research community has
received spectacular absorption of convective
flows with simultaneous heat and mass transfer
in view of their role in abounding slots of science

analyzed the flow dynamics on cooled and
heated plates and found very low current density
for the cooled plate and a very high one for the
heated plate. Hady et al. [2] showed local skin
friction coefficient ascension with variable
viscosity. Numerical simulation of laminar flow
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over a wedge was conveyed by Gebhart and Pera
[3]. Sharma and Chaudhary [4] illustrated the
essence of mixed convective Newtonian fluid
over the cooled and heated plate through porous
medium.

Being multifaceted and having an ample scope
of applications in industry, MHD problems with
heat and mass transfer have captured great
attention ofthe current research community.
Recently, the repercussions of heat transfer on
electrically conducting fluid flow past a vertical
either infinite or semi-infinite was studied by [5-
7]. Magnetic reciprocation is a primordial
episode that arises in materials when the
magnetic field is set up on magnetic-fluid. The
ramification of magnetic fluid in peristaltic
transport among coaxial pumps was examined
by Rathod and Asha [8]. Considering these
numerous applications, flows through porous
medium in electrical field have been explored by
Raptis and Kafoussias [9], Raptis [10], Sattar
and Hossain [11], Sattar [12] etc. In free
convective flow from a vertical surface, Kumar
and Singh [13] investigated the impact of
induced magnetic factor. The detection of
peculiar features of induced magnetic field from
a vertical surface was done by Chaudhary et al.
[14]. Pandit and Sarma [15] and Alam et al. [16]
analyzed impact of induced magnetic factor on
the stream of mixed convective flow because of
vertical porous plat.

High-tech advancement intensified heat
generation or absorption in multifarious
utilizations like in chemical reactor design,
thermal power plant, dissociating fluids and
manufacturing etc, entailing efficacious coolants
for pertained heat dissipation. Ibrahim and
Suneetha [17] and Ahmed and Sengupta [18]
contemplated radiation absorbing kuvshiinshiki
fluid stream in porous medium. They observed
decay in temperature subjected to larger
radiation absorption parameter. Chaudhary et al.
[19] and Sharma et al. [20] discussed the
radiation effect when MHD mixed convection
stream is considered.

The research process in geophysical system and
chemical engineering industry has given a way
to concentrate on transport activity in porous
materials which became a substantial field in
heat transfer. Due to its prodigious applicability
in science and technology such as drying
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technologies, oil innovations, framing and
structural designing, etc., the analysts are
engaged with porous media to break down the
liquid flow and transport procedure through it.
Stangle and Aksay [21] carried out an excellent
theoretical work on blinder removal process by
taking disordered porous materials. The stream
of viscous flow because of exponentially
accelerated isothermal sheet with chemical
reaction was studied by Muthucumaraswamy et
al. [22]. After such appreciable awareness, many
authors [23-26] carried out research on this
issue.

Propelled by the precursory research, the
intrusion here is to scrutinize the repercussion of
induced magnetic factor on viscous stream
because of vertical surface.

2. Formulation of the problem

A 2D mixed laminar electrically incompressible
viscous liquid past an electrically non-
conducting moving infinite vertical porous plate
(see Fig. 1).

For this problem, the boundary layer expressions
(by Boussinesq’s approximation) are
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Fig. 1. Physical configuration and coordinate
system.


https://www.sciencedirect.com/science/article/abs/pii/0017931071900263
http://et.ippt.gov.pl/index.php/et/article/view/207/151
https://www.imedpub.com/articles/mass-transfer-effects-on-mhd-mixed-convective-flow-from-a-vertical-surface-with-ohmic-heating-and-viscous-dissipation.pdf
https://www.imedpub.com/articles/mass-transfer-effects-on-mhd-mixed-convective-flow-from-a-vertical-surface-with-ohmic-heating-and-viscous-dissipation.pdf
https://downloads.hindawi.com/journals/jam/2011/148561.pdf
https://cdnsciencepub.com/doi/abs/10.1139/p82-232
https://onlinelibrary.wiley.com/doi/abs/10.1002/er.4440100112
https://cdnsciencepub.com/doi/10.1139/p92-061
https://onlinelibrary.wiley.com/doi/abs/10.1002/er.4440180902
https://www.sciencedirect.com/science/article/abs/pii/S0096300313007947?via%3Dihub
https://www.sciendo.com/article/10.2478/ijame-2018-0017
https://www.dl.begellhouse.com/journals/71cb29ca5b40f8f8,4ecd21a02486290a,4fb8a50a3668c507.html
https://ph02.tci-thaijo.org/index.php/SciTechAsia/article/view/41414/34240
https://ikprress.org/index.php/AJOMCOR/article/view/108
http://mhd.sal.lv/Download/mydownload.php?ed=rn&vol=47&nr=1&an=5&p1=41&p2=41
https://rjp.nipne.ro/2006_51_7-8/0715_0727.pdf
http://yadda.icm.edu.pl/baztech/element/bwmeta1.element.baztech-article-BAT5-0010-0029
https://www.sciencedirect.com/science/article/pii/0009250990870503
https://sciendo.com/article/10.1515/ijame-2015-0022
http://www.pphmj.com/abstract/3833.htm

JCARME
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- [de] ~Q rom
opC, \ dy oC,
2
—uod—c = Dd—f— Kr'C 4)
dy dy
The boundary restrictions are
i=U, 3T My ay=0
dy k dy D (5)

u=0T->T,C—>C_,H -0 asy — o

For optically thin gray gas, the local radiant is
expressed by

6q 4 4
‘= dac(T!-T (6)
% - tao(1iT)
By Taylor’ expansion we have
T =47°T 31 (7

Acknowledging a self-similar solution of the
form

N . . (C-C D
u=—,u :i' C :( *)UO ,
U, U, mv
K*:K_z;j’e*_( Tw)KUO,S _V
v Qv D
C 3
Pr="0 B — oy, Gr= 3P
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Governing Egs.(1-4) reduce to the form

2
du 3 W 6y eme 9)
dy dy dy
2
1 dH+dH Mdu_o (10)

- [ u—
Pm dy? dy dy
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d?e dé PrR
—+Pr—+—
dy? dy 4

2 2
=—-PrEc du +id—H +Q8o
dy Pm{ dy

2
dac S +5¢9€ _krsecc =0 (12)
dy dy

(11)

Boundary conditions are:

" dy dy

u=U d_g:_l,d_cz—l,th(say)aty:O (13)
u=0, 6 >0,C—>0, H—O0

asy —» o

3. Solution of the problem

To get the result of Egs. (9-12) under boundary
restriction (13) take

c-lem (14)

m
For getting the solutions we introduce
u(y)=uy(y)+Ecu, (y)+O(Ecz)+...

H(y):Hl(y)+EcH2(y)+O(Ecz)+... (15)

0(y)=6:(y)+Ect, (y)+0(Ec*)+...

With the help of Eq. (13), the Egs. (7-9) reduces
to the following form

u" +u + MH, = -Grg, —-GmC (16)
u," +u, + MH," = -Gré, 17)
H,” + PmH," + MPmu," =0 (18)
H,” + PmH, + MPmu, =0 (19)
0" +Pré +s,0,=0 (20)

" ’ ’ 2 Pr ! 2
0, +Pro, +s392=—Pr(u1) —ﬁ(Hl) 1)

where s, = ( P;R +Q]

With the corresponding boundary restriction
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6 —>06, >0 asy—> o
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6 =™ 23)
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Hy=Age ™ —Ae ™ —Ae ™ (24)
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e A A
_A10672m2y _ Alleizmly _ Alzef(m3+l)y
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The current density (J) is given by

3 :_(de (29)

dy

Stress of the shear is

RO R
ay y=0 ay y=0 ay y=0

The rate of heat transfer is given by

Q- —k(‘”: j (31)
y=0

oy
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Nusselt number (Nu), is as follows:

Q*U 1
Nu = - — = (32)
Ko, (T T ) (G)y:O

The rate of mass transfer is given by
3 =—pD {Q} (33)
¥ Jyo

Sherwood number (Sh), is as follows:

Sh= J*” = ! (34)
,DUO(C _Coo) (C)y:O

4. Results and discussion

Extensive analytical computations are done for
velocities,  thermal and  concentration
distributions together with friction factor feature,
Nusselt as well as Sherwood number for distinct
standards of physical constraints which illustrate
the structures of the flow. The problem
composes of one independent variable (y) and
four dependent variables (u, 8, H, ¢) with

M =3.0, Gr =5.0, Gm=3.0, Pm=1.0, Pr=1.0,
R=0.5 Q=0.1, Sc=0.22, Ec=0.001, h=0.1,
U =1.0, Kr =3.0.

Numerical solutions are well established in
tables.

For the moment of numerous values of Gr , the
velocity in the boundary layer is launched in Fig.
2. It is perceptible that a growth in Gr
accompanies to a hike in u because of growth in
buoyancy force. Fig. 3 explicates velocity for
different values of Gm. A growth in Gmimparts
a favorableacceleration in the fluid velocity. In
Fig. 4, we vigilance that rise in M causes the
velocity to downtrend. The spire value radically
declines with raise in the value of M, because,
the existence of magnetic factor incites a well-
known Lorentz force. The impact of Pm on the
velocity profile is shown in Fig. 5. From this
sketch, it is figured out that enhancing Pm
implies an outstanding acceleration in u. we
observe that velocity boost up with the hike of
Pm. Fig. 6 enlightens that the velocity profile
decelerates with the reduction of Pr.Accelerating
profiles of u with @ and R are visualized in Figs.
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7-8. Decelerating nature of U with Scis
portrayed in Fig. 9.

Deviation of H of for various values of Gr and
Gm has been portrayed in Figs. 10-11. They
appraise an enhancing environment. Fig. 12
shows the pattern of the induced magnetic
profile for various values of M. It is seen that as
M amplifies, H decelerates. Figs. 13 and 14
show the induced magnetic profile for
multifarious values of PmandPr. It is exposed
that H accelerates owing to Pr and Pm. From
Fig. 15 it is illustrated that the H profiles
narrated rising nature due to enhancing values of
R. The impression of uplifting values of the
heat generation parameter @ on the induced

magnetic is displayed in Fig. 16. We perceived
in this figure theenhancing value of the heat
generation @ . Figs. 17, 18 and 19 represent the

temperature profiles versus y for numerous
values of Pr, @ and R respectively. Fig. 17

points out the corollary of Pr on temperature.
Temperature profiles indicate suppressing
behaviour due to escalating values of Pr.
Uplifting repercussions have been arrested for T
with @ which is illustrated in Fig. 18. Fig. 19

explains, as presumed, that accelerating of R
escorts to uplift in the fluid’s temperature. The
Figs. 20 and 21 depict the change of behavior of
concentration profiles against y under the effect
of Sc and Kr respectively. The impact of Sc on
concentration is elucidated in Fig. 20. It is
perceptible that raise in Sc contributes to
downtrend of concentration of the fluid medium.
Undifferentiated effect has been noted with Kr
on concentration profile noticed from Fig. 21.
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Fig.2. Profiles of U for Gr .
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25 —————— - Table 1. Study of 7 and J with Gr,Gm,m and
Pm forPr =0.71,R = 0.5,Ec = 0.005, 5S¢ =
2 ] 0.22,Kr = 3.0.
Gr Gm M Pm T J

20 20 10 10 47956 3.7030
30 20 10 10 70310 55045

) 40 20 10 10 0059 7.2978
T R=05.06.07 20 30 10 10 50620 3.7798
20 40 10 10 51241 3.8452
20 20 20 10 37930 24245
o5 | 20 20 30 10 27956 1.2921
20 20 10 20 47785 1.3036
20 20 10 30 47532 06145

Q o5 1 15 F 25 3 35 4 45 5

¥ Table 2. Study of Nu and sh with Gr,Gm,Mm and
Fig.19. Profilesof T for R. Pm forPr =0.71,R = 0.5, Ec = 0.005, Sc =
0.22,Kr = 3.0.
or Gr Gm M Pm Nu Sh

20 20 10 10 -1.0003 -1.0021
30 20 10 10 -1.0005 -1.0025
40 20 10 10 -1.0006 -1.0036
20 30 10 10 -1.0003 -1.0021
20 40 10 10 -1.0002 -1.0019
20 20 20 10 -1.0007 -1.0026
20 20 30 10 -1.0008 -1.0032
20 20 10 20 -1.0037 -1.0057
20 20 10 3.0 -1.0053 -1.0096

Table 3. Study of 7 and J with Pr,R,Scand Kr
forGr = 2.0,Gm = 2.0,M = 1.0, Ec =

005 1 5 2 25 3 %5 4 45 & 0.005, Pm = 1.0.
v Pr R Q S Kr T J
Fig. 20. Profiles of C for Sc . 071 01 01 022 30 47912 3.5089

10 01 01 022 30 15552 1.3852
20 01 01 022 3.0 0.6463 0.2863
071 02 01 022 30 53678 4.0874
071 03 01 022 30 6.0741 4.8142
071 01 03 06 30 44752 3.3430
1 071 01 04 078 3.0 44363 3.3372
071 01 01 06 3.0 4.6348 3.4496
1 071 01 01 078 3.0 45641 3.3845
071 01 01 022 50 45678 3.3821

0.7

0.6

0.5

0.4}

¢ 0l | 071 01 01 022 60 45632 3.3856
02l Kr=30,35,40 J Table 4. Study of Nu and Sh withPr, R, ScandKr
forGr = 2.0,Gm = 2.0,M = 1.0, Ec =
ail | 0.005, Pm = 1.0.
Pr R Q S Kr Nu Sh
I 071 01 01 022 30 -2.0003 -3.020
0 05 1 s 2 25 P38 4 4808 1.0 01 01 022 30 -1.9997 -3.9947
) o 20 01 01 022 30 -1.9988 -3.9958
Fig. 21. Profiles of C for Kr . 071 02 01 022 30 00003 -1.0045
071 03 01 022 30 00003 -1.0063
The nature of physical flow, heat and mass 071 01 03 06 30 00006 -1.0216

071 01 04 078 3.0 0.0005 -1.0455
071 01 01 06 3.0 -2.9993 -3.9743
071 01 01 0.78 3.0 -2.0006 -3.0636
071 01 01 022 50 0.9993 -19753
071 01 01 022 6.0 -2.0006 -3.0426

transfer gradient of the governing parameters
can be understand from Tables 1-4.
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5. Conclusions

Key findings are enlisted below:

e An improvement in gm,Gr causes to improve

uHand T .

e Uand H are the suppressing functions of M

and Pr.
e y,Hand T accelerate with a raise in Q.

e y,H and T are the enhancing function of R .
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