Dhal Rajendra Kumar, et al.; International Journal of Advance Research, Ideas and Innovations in Technology

INTERNATIONAL JournAL OF
| AbVANCE RESEARCH, IDEAS AND

IBARIIT] InnovATIONS IN TECHNOLOGY

ISSN: 2454-132X

Impact factor: 6.078
(Volume 6, Issue 6)
Available online at: https://www.ijariit.com

=)

7

Magnetic effect on heat and mass transfer analysis of nanofluid
past a vertical plate through a porous medium in the presence of
chemical reactive spices

Rajendra Kumar Dhal Sanjaya Kumar Jena Atul Kumar Ray
dhal.rajendra@gmail.com skjenajnv@gmail.com rayatulkumar@gmail.com
Jawahar Navodaya Vidyalaya, Jawahar Navodaya Vidyalaya, Jawahar Navodaya Vidyalaya,
Keonjhar, Jagatsinghpur, Odisha Jagatsinghpur, Odisha

ABSTRACT

Magnetic effect of Heat and Mass Transfer analysis of Nanofluid past a vertical plate through porous medium in the presence
of chemical reaction has been studied. The dimensionless governing equations are solved using Series solution technique. The
influences of the various parameters on the flow field, Temperature field, Mass Concentration, Shearing Stress, rate of heat
transfer and rate of mass transfer are extensively discussed from graphs and tables.

Keywords: MHD, Heat Transfer, Chemical Reaction, Constant Suction, Mass Transfer, Nano Fluid and Porous Medium

1. INTRODUCTION
Nanofluids have many applications, such as heat exchangers ,photocatalysis,sterilization,electronic cooling system ,biomedicine
,nuclear reactor etc. has attracted considerable attention in the last few years by the researchers in Mechanical engineering
.Nanofluids are dilute liquid suspensions of nanoparticles having size less than 100nm.It have been found to possess enhanced
thermophysical properties such as thermal conductivity ,thermal diffusion ,viscosity and convective heat transfer co-efficient
compared to those of base fluids like oil or water. MHD plays an important role in power generation, space propulsions, cure of
diseases, control of thermonuclear reactor, boundary layer control in field of aerodynamic. In past few years several simple flow
problems associated with classical hydrodynamics have received new attention within the more general context of
hydrodynamics. Based on this motivation, many researchers have considered the porous channel problems with suctions and
injection under different physical conditions. Berman [1] derived an exact solution for the channel flow taking into the
consideration the uniform suction at the boundary wall of the channel. Mass transfer play avital role in MHD nanofluid. Its
application in many process industries like extrusion of plastic in the manufacture of Rayon and Nylon, purification of crude oil,
pulp, paper industries, Radio propagation through the ionosphere. The phenomenon of mass transfer is a common theory of stellar
structure. The suction with heat and mass transfer on a moving continuous flat surface were analyzed by Eriskon et al.[2].
Mohapatra and Senapati [3] have been analyzed magneto hydrodynamic free convection flow with mass transfer past a vertical
plate. Chamkha, A.J. [4] have studied MHD-free convection from a vertical plate embedded in a thermally stratified porous
medium with Hall effects. Senapati et. al.[5 6] have studied the effect of chemical reaction on MHD unsteady free convection
flow through a porous medium bounded by a linearly accelerated vertical plate. Pop et al. [9] studied the forced convection heat
and mass transfer effects in flow of Nanofluid through porous channel with first order chemical reaction. Senapati et.al.[7] studied
the effects of chemical reaction on MHD unsteady free convective walter’s memory flow with constant suction and heat sink.
Heat and mass transfer of a MHD nano fluid with chemical reaction effects have been discussed by Srikanth et al. [10].Hatami et
al. [8] has studied the effect forced convection analysis for MHD Al2-03- water nanofluid flow over a horizontal plate.

In this problem, we try to investigate the magnetic effect of Heat and Mass Transfer analysis of Nanofluid past a vertical plate
through porous medium in the presence of chemical reaction.

2. FORMULATION OF PROBLEM

Let us consider a two-dimensional steady flow of an incompressible, electrically conducting viscous Cu-Water nano fluid past
along an electrically non-conducting continuously moving of an infinite semi vertical plate with constant suction in the presence
of chemical reaction through porous medium. The X —axis is taken along the vertical plate and Y —axis is taken normal to the
plate. A magnetic field of uniform strength By acts normal to the plate and magnetic permeability is constant is constant
throughout the field.It is assumed that the magnitude of Renold’s number is very small ,also .Joulean dissipations ,effect of
buoyancy forces and induce magnetic field are neglected. The plate is maintained a constant temperature T,, and the mass

© 2020, www. IJARIIT.com All Rights Reserved Page | 266



file:///C:/omak/Downloads/www.IJARIIT.com
https://www.ijariit.com/?utm_source=pdf&utm_medium=edition&utm_campaign=OmAkSols&utm_term=V6I6-1221
mailto:dhal.rajendra@gmail.com
mailto:skjenajnv@gmail.com
mailto:rayatulkumar@gmail.com

Dhal Rajendra Kumar, et al.; International Journal of Advance Research, Ideas and Innovations in Technology

concentration is maintained of a value C,, .The temperature of ambient flow isT,, and the mass concentration of uniform flow is
C. -Then by usual Boussinesq’s approximation, the steady flow is governed by the following equations:

du , Ov
wta,=0 1)
ou du _ Hnf 92 oBju u
uZt L @)

oT 9T _  knr 62T Qr

Wox Y Vo = Gt 7 ey, 1) ®)
ac ac _ . 9%C ,
uEﬁ'Ua—Da—yz—R(C—Cw) (4)

with the following boundary conditions

u=Uo,v=V0(x),T=TW,C=Cwaty=0?r 5)

u=0v=0T=T,,C=Cras y—

where ,r is the dynamic viscosity, k,r is the thermal diffusivity, p,, is the effective density, (pCp)nf is the heat

capacity, (), is the coefficient of volumetric expansion of heat and (5,),,¢is the coefficient of volumetric expansion of mass
of nano fluid are defined by

Hnr = 12 ¢)25 Pnr =1 —P)pr + dps, (pCp) — q_'))(pcp)f + (l)(pcp)s7

B [ks + 2kp — 2 (ky — ks)]
M ke + 2k + 290 (kp — k)|

o is the electrical conductivity of the fluid , g is the acceleration due to gravity and ¢ is the volume fraction of nano particles.

Let us introduce the following local similarity variables in the equation

T— Too C-Coo R'2xvy
= Joplof (i =y [0 0= 7= 6 === R=—",
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where D is the mass diffusion, Gr is Grashof number, Gm is modified Grashof number ,K is permeability of porous medium, M is
magnetic parameter ,Sc is Schmidt number, Pr is Prandtl number, S is the Source parameter and R is chemical reaction
parameter. Substituting equation (6) in the equations (2)- (4) with boundary condition (5), we have

F+ o ff = (Mo + %) £/ =0 (7)
0" 4+ Pr,0'f — Pre;60 =0 (8)
G" 4 ScfG' — RScG =0 (9)
with boundary conditions
=f,,f

10=1,6=1 at n:O}] 10)

-0, G-0 as n — o

3. METHOD OF SOLUTION
To introduce the new variable ¢ in place of n .Let us substitute the following ¢ = nf,,,

f@) = fuX(§),0() = Y (6,6 = f7Z(E)

In equations (7) to (9) with boundary condition (10), we get

X"+ XOX"O =eMX'(©)  (11)
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YO Pro,Y' ()X(€) = ePro,Y(E)  (12)
Z"® 4 5c¢Z'(§)X(§) = eScRZ (13)

With the boundary condition

X=1,X"=eY=€,Z=€¢ at&=0

X=0,Y=0,2=0 as &- } (14)
Where

P1

=— M, =M =

€ Vg 1 (pO + K

Let us choose the following series satisfying the boundary conditions and substitute in equations (11) to (13) and boundary
conditions (14)

X=1+€X;+€*X, +€3 X5 ... (15)
Y = EY1 + EZYZ + 63 Y3 TR (16)
Z=¢€Z;+e€*Z,+€3Z5....... 17

Then by comparing the co-efficients of € , €2 and €3 ,We get
Equations by comparing the co — ef fecient of €
X' +X{ =0
Y{ + Pro,Y;{ =0
7 +ScZ, = 0

With boundary conditions

X1=0,Y1=0,Z,=0 as §-»o

X1=0,X11=1Y;=1,Z;=1 at §=0 }(19)

Equations by comparing the co — ef fecient of €2
Xy + Xy + X! Xy = My X,
(20)
Yz” + PT'QDZ(YZ’ + X1Y1’) = PT'(p3Y1

ZY +Sc(Zy + X,Z;) = ScRZ,
With the boundary condition

X2=0,X1,=0,Y,=0,Z,=0 at §=0 } (21)

X,=0,Y,=0,Z,=0 as §-o
Equations by comparing the co — ef fecient of €3
X3+ Xy + XY X+ X, X = My X,
Y3+ Pro,(Y; + X, Y, + Y/X,) = ProsY,
ZY + Sc(Zy + X, Zh + Z}X,) = ScRZ,

(22)
With the boundary conditions

X3=0,X13=0,Y3=0,Z3=0 at =0 } (23)

X3=0,Y3=0,Z3=0 as §—-o

By solving Equation(18) using boundary condition (19) ,we get

X,=1—e¢
Yl = e_b1€
Zl = e_SCf

(24)
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By solving equations(20) using boundary condition (21) ,we get
3 1
=_= — -§ __p2¢
X, > + (& -2)e Se

Y, = a;e™018 + q,&e7P18 4 qzeh2t

Z, = a1, 5% + REe ™5 + ScEe™5% — Sc2e~(Se+1)§
(25)

By solving equations (22) using boundary condition (23), we get

Xy=— (M +2)+ (3-3m) e + (M +3) e = My + DE e = (g 1) e+ Le3 4 Lot )

Y; = aje1 + a,fe 18 + agf2e 018 + age 28 + a e (018 4 qgfe (01t E 4 g~ (B2t DE ¢ g e~ (B2+2)g

Z3 = (ay7 + az0)e 5% + (a3 + a16)€e™5% + (a14 + ay9)e V8 4 qyg Ee~HDE 4 4, e~ (Se+2)¢

(26)
Using equations (24) to (26), we get
Velocity Distribution
u=U,f'(€) =Uy| e* + e((3 —8et + e‘zf)
1 8 2 M
+ €2 ((21\/11 + §) et — (ZM1 + §> e+ (M; +1) %e—f +2 (71 + 1) e % —4e73% + ge—25>
@7)
Temperature Distribution
8 = e +e(aje ™ + a,fe ™18 + aze2%)
+e? (alle_blf + a,ée 18 + ag82e 7018 + ageP28 + a1tV 4 ggEe~ (1t 4 g o= (h2* 1S 4 aloe‘(bzn))
§
(28)

Mass concentration Distribution

G =e 5% + € (a1 75 + REe ™5 + ScEe ™5 — Sc2e~(5e+DF)
+ €2 ((a17 + ay0)e 5% + (ay3 + a16)€e75% + (g4 + ag9)e D 4 g,g Ee~ (D 4 +a159_(sc+2)€)

(29)
So, the Non dimensional Shearing Stress
_ 2 (11
T=Up(1+e(=6)+€? (3 —6M,) (30)
The Dimensionless Nusselt Number
NU=—1 + €(b1a1 - az + b2a3) + 62 (blall - a4_ + b2a6+(b1 + 1)a7 - ag + (b2 + l)ag + (bz + Z)alo)
(31)

The Dimensionless Sherwood Number

Sh=Sc + €(a;,Sc — R — Sc — Sc?(Sc + 1)) + €%((ay7 + azo)Sc — (a3 + aze) + (ars + a0)(Sc + 1) — agg + +ay5(Sc +

2))
(32)
Where
by = Prg;,b; =by +1,by, =Sc+1,a, = 'a2=ﬁ+1'a3= o ’
3
a, = Pr ((P3a1 + @20,1b1 — @20, + P30, + Qra5b; — E‘P3)
b 3 Pra;(@s + @,b,) —Pr(aza; b, + @)
as = 12Pr <<,03a2 + ¢ a;,b — 25‘/’3)"16 = 13;2 _3b1b22 : 4= bzl -1|-11 = Prib; + 2)(920:5: + ¢2),
2
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Pra,asb, Pro,
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4. RESULTS AND DISCUSSION

In this paper we have studied the magnetic effect on heat and mass transfer analysis of Nanofluid past a vertical plate through
porous medium in the presence chemical reactive spices. The effect of the parameters M, K, R, Sc, Pr and @ on flow
characteristics have been studied and shown by means of graphs and tables. In order to have physical correlations, we choose
suitable values of flow parameters. The graphs of velocities, heat and mass concentration are taken w.r.t. y and the values of
Shearing stress, Nusselt Number and Sherwood Number are shown in the table for different values of flow parameters.

Velocity profiles: The velocity profiles are depicted in Figs 1-2. Figure-(1) shows the effect of the parameters M and K on
velocity at any point of the fluid, when Sc=2,Pr=2R=2,¢ = 0.05 It is noticed that the velocity increases with the increase of
permeability parameter porous medium (K), whereas decreases with the increase of magnetic parameter( M),physically ,it is
justified because the application of transverse magnetic field always results in a restive type force called Lorentz force which is
similar to drag force and tends to resist the fluid motion ,finally reducing the velocity. Also by increasing the permeability
parameter, drag force decreases and hence velocity increases.

Figure-(2) shows the effect of the parameter @ on velocity at any point of the fluid, when Sc=2, Pr=2,M=2, K=2 and R=2. It is
noticed that the velocity decreases with the increase of volume fractions.

Temperature Profile: The temperature profile is depicted in fig-3, Figure-(3) shows the effect or Pr and @ ,when all other
parameters are absents. It is noticed that temperature rises initially, but decreases later by the increase of Prandtl Number (Pr) and
volume fraction (@).

Mass concentration profile: The mass concentration profile is depicted in Fig- 4. Figure-(4) shows the effect of R and Sc on
Mass concentration profile, when @ = 0.05 .1t is noticed that the mass concentration decreases in the increase of Schmidt Number
(Sc) , whereas increases in the increase of reaction parameter ( R).

Table-(1) shows the effects of different parameters on Shearing stress. It is noticed that shearing stress increases in the increase of
permeability parameter porous medium (K), whereas decreases with the increase of Magnetic parameter (M) and volume fraction
(9).

Table-(2) shows the effects of different parameters on Nusselt Number. It is noticed that the Nusselt number decreases with the
increases of Prandtl Number ( Pr),whereas increases with the increase of volume fraction ( @).

Table-(3) shows the effects of different parameters on Sherwood Number. It is noticed that Sherwood Number increases in the
increase of Schmidt Number (Sc), whereas decreases with the increase of Chemical reaction parameter (R )

Table 1: Effect of Shearing Stress near the plate

M K 0] Shearing Stress
2 2 0.05 -4.3020
2.5 2 0.05 -6.5153
3 2 0.05 -7.7286
2 2.5 0.05 -4.6593
2 3 0.05 -3.8976
2 2 0.07 -4.7472
2 2 0.09 -5.1221

Table 2: Effect of Nusselt Number near the plate

Pr @ Nusselt Number ( Nu)
2 0.05 -6.46852e+007
3 0.05 -9.7232e+007
4 0.05 -10.3451e+009
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2 0.07 -5.2706e+007
2 0.09 -4.3497e+007
Table-(3): Effect of Sherwood Number near the plate
Sc R Sherwood Number( Sh)
2 2 1.8733
3 2 2.7623
4 2 3.6023
2 4 1.8300
2 6 1.7668

— M=2 ,K=2
— M=2.8 K=2

— M=3 ,K=2

05 1 15 3 35 4 45

2 25
Distance —»

Fig. 1: Effect of M and K on velocity profile, when Sc=2, Pr=2, ¢ = 0.08 and R=2.

— @ =0.08

Fig. 2:

—Pr=2, ¢ =0.5
—Pm=3, @ =05 .
—Pr=5, § =05

—_—
2
T

——Pr2, ;=07

—=—Pr=2, 5 =08

Temperature
-

I!In-ne.“ —
Fig. 3: Effect of Pr and ¢ on Temperature profile in the absence of other parameters.
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Fig. 4: Effect of Sc and R on Mass Concentration profile ,when ¢ = 0.05

5. CONCLUSION
In this study of Effect of Chemical reactive spices on Heat and Mass Transfer analysis of MHD Nanofluid past a vertical plate
through porous medium, the following points are set out:

1.

Permeability parameter porous medium (K) and magnetic parameter (M) both action are opposite to each other. Velocity

increases for the increase of K, whereas decrease in the increase of M.So, by increasing the permeability parameter and
volume fraction , drag force decreases and hence velocity increases.
2. Mass concentration and Sherwood number are in opposite character by the influence of Sc and R also play the opposite role.
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