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Abstract: This paper projects the impact of chemical reaction and induced magnetic field on
steady fluid flow model through an infinite vertical channel. Also this model includes the
source/sink of heat. The exact solutions are find out for this flow model which include equation
of motion, heat equation and diffusion equation using dimensionless conversion method. Under
this conversion, several fluid characterizing parameters have appeared and their impression on
velocity, temperature, concentration, ICD and IMF profiles has been examined in terms of
graphical presentation. Further, skin friction and mass transfer rate are evaluated numerically
correspond to varying parameters and represented with the tables.

1. Introduction

Magneto hydrodynamics (MHD) has undergone a noticeable growth and diversification in both
its scope and range of subject areas embraced by it. The exploration of hydro magnetic flow
involving natural convection and the consideration of an applied magnetic field across various
channels has garnered extensive attention due to its diverse applications in different scientific
and engineering domains such as power generation in MHD generators, material processing,
geophysical processes, heating and cooling systems. Numerous research endeavors have been
undertaken to explore hydro magnetic natural convection across various channels w.r.t varying
boundary and heating conditions. Such kind of exploration can be seen in the investigations of
Morques et al [1], Chamkha [2], Makinde and Mohne [3], Hyat et al. [4], Singh and Singh [5],
Aruna et al.[6] and Falade et al [7]. These studies have neglected the induced magnetic field
effects for simplification purposes.

So in recent times, many academicians have studied the IMF impacts in their work due to their
significance in many physical situations. Mazumdar et al. [8] studied the induced magnetic
field effects by considering the Hall effects in the hydromagnetic flow of ECF under free and
forced convection across parallel plate channel. Gosh [9] examined the impact of rotating
channel on hydro magnetic viscous electrically conducting flow under induced magnetic field
effects for steady and unsteady cases both. Singh et al [10] provided the numerical solutions to
the flow analysis of ECF in vertical channel including the induced magnetic field effects and
also he validates the solutions by comparing it with analytical solutions. Further Gosh [11]
observed the noticeable impact of IMF on hydro magnetic free convection flow in the vicinity
of an infinite vertical flat plate. Singh and Singh [12] discussed the impact of IMF on velocity
profiles of steady flow driven by buoyancy forces in vertical annuli having same center wj
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steady heat flux. Jha and Isa [13] gave the numerical computation to the transient flow problem
of hydro magnetic flow of ECF in vertical channel under symmetric heating wall conditions
including the induced magnetic field effects. Also the researcher finds the good agreement of
this solution with analytic solution in case of steady state flow. Sarveshanand and Singh [14]
studied the IMF effect on steady 2-D hydro magnetic flow of ECF across the channel formed
by two vertical parallel plates of porous nature and constant heat flux. Jha and Aina [15 ]
analyzed the problem of IMF effect on taking velocity slip and temperature jump conditions
on free convection hydro magnetic flow of electrically conducting flow in-between the walls
of channel formed by electrically non conducting plates. Further Jha and Aina [16] discussed
the previous problem by considering the mixed convection flow including pressure gradients
in the flow analysis. Also, Jha and Aina [17] discussed the IMF effects on MHD mixed
convection flow through a vertical microchannel formed by conducting and non-conducting
infinite plates by taking velocity jump and temperature jump conditions at the walls.
Furthermore, Jha and Aina[18] investigated the previous problem by replacing the vertical
channel of parallel plates by annular micro channel. Mrinomy et al [19] studied analytically
the IMF on unsteady MHD flow of electrically conducting fluid across the vertical channel in
the presence of inclined magnetic field and plates are taken in motion opposite to each other.
Recently, Dileep [20 ] has discussed the radiation and IMF effects on MHD flow across a
vertical channel with Newtonian heating/cooling conditions at the walls. In these studies, mass
transfer effects under chemical reaction has not been studied. As the integrated heat and mass
transfer study have numerous applicability in various natural and engineering phenomenon
such as salt transported by ocean currents, chemical catalytic processes, medicine diffusion in
blood veins, chemical pollutants spreading in plants, migration of moisture in petroleum
reservoirs etc. In such processes diffusion occurs due to some chemical reaction with fluid in
contact and significantly affect the flow properties and enhance the product quality. In this
work, we have pursued the exact solutions for heat and mass transfer flow model subjected to
chemical change through the vertical channel by natural convection with heat source/ sink and
IMF factor.

2. Mathematical Model of flow
The steady flow equations for MHD flow of ECF are given by.
Continuity Equation
V.V =0
Momentum Equation
p(V.V)V = —=VP + i, (V2V) + ] x H + pg
Magpnetic field equation

(V2H)+ VX (VX H)=0
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Energy Equation

K Qo
V.T =—V2T + —
pCy PGy

Diffusion Equation

(V.V)C = DV?C — K,C

y, il b

<+ >

Geometrical Configuration

In this model, a vertical channel with non-conducting walls which are at ‘b’ distance apart is
placed along x'- axis taken in vertical upward direction. A magnetic field of strength Hy is
employed parallel to z'- -axis which is taken perpendicular to the walls and y’-axis is taken
normal to x'z’- plane. Further incompressible, viscous and electrically conducting fluid is
projected through this channel with first order chemical reaction in the proximity of heat
source/ sink. The temperature and concentration at the plate z’' = 0 are assumed greater than
the plate at z' = b. Also due to walls infinite extent in x” and y’ directions, all dependent
unknowns in fluid equations become the function of z’- only. Under the Boussinesq
approximation, the existing model flow equations are:

2,1 ! 14
9 + BT 4 gB(T —T)) + gB'(C' = C}) = 0 (1)
dazn’ , du’
p-ﬁ-O’,LLeHOd—lZl,:O ()
Kk AW Qo s oy
pCp dz'? + PCp (1" =Tp) =0 ©)

DLY e (C'—C) =0 )

dz'*
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With boundary conditions as
u' =0 h=0 T =T,+ (Ty—Tp), C'=C,+(Cy—Cp) atz' =0
u' =0 h=0 T =T, C'=C, atz'=b (5)

To convert the governing flow equations into non-dimension form, the following parameters
and variables have been taken

g W =TT ol G o 8B eB(Co=Cp)b?
v_U’ b’ - ! »vo o= Il _I_I!r_ y m = )
UeHyUb To—Tpy Co—Cp vU vU
o b? kqb?
Ha=ueH(’)b\/:,S=—Q°—,/1=1—
u K D

Above non dimensional quantities converts the equations (1) - ( 5) as

L2 Ha? % 4 Gr o+ GmC = 0 (6)
2 _s6=0 8)
e _ic=0 9)

v=0 B=0,0=1, C=1 atz =0
v=0,B=0 6=0 C=0 atz=1 (10)

3. Analytical Solution method

Using simultaneous ODE system, the analytical solutions for the equations (6)-(9) subjected to
boundary conditions (10) has been given by

v=—Hdsexp(H z) + Hdgexp(—H z) — ﬁ (ds exp(VSz) + d, exp(—VSz)) —

_am (d1 exp(ﬁz) +d, exp(—ﬁz)) + dg

) (10)
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B = d7 +ds exp(H z) + dg exp(—H z) + ——— (d; exp(VSz) — d, exp(—V5z)) +

Vs (s HZ)
\/_(/1 ) (d, exp(V2Az) — d, exp(—V1z)) (11)
0 =d; exp(\/§z) +d, exp(—\/gz) (12)
C=d, exp(\/zz) +d, exp(—\/iz) (13)

The other variables ICD (J) and skin friction (t) are given by

] = —Z—i = —d<H exp(H z) + dgH exp(—H z) — (d \/—exp(\/_z) +

(S V5 (S-H?)
d4\/§exp(—\/_z))—m(dlx/_exp(\/_z)+d2\/_exp(—\/_z)) (14)
(Wamo = (52) = —H?ds — H? dg = 2555 (ds — dy) — 255 (dy — ) (15)
(D1 =— (?)Z_ = H*dsexp(H) + H* dgexp(—H ) + = HZ) (dsVSexp(VS) —
d,VS exp(—VS)) + —— (d;VAexp(V2) — d,Va exp(—V1)) (16)

(/1 HZ)

The rate of mass transfer through both plates represented by Sherwood number is defined as

(Sh)z=0 = - (Z_C) = —dl\/z + dZ\/I (17)
Z/ z=0
(Sh)z=1 = - (%)Zzl = —d; Aexp(\/i) + dz\/z exp(—\/z) (18)

4. Graphical Interpretation of Results

In this part, the solutions obtained for v, 8, C and B are displayed through graphs to visualize
the impression of flow parameters- Ha, Gr Gm, S and A. Also, skin friction at the channel
plates are numerically evaluated and put in the table form for the clear observance.

. . . R J -0.02
0.2 0.4 o.6 o.s 1 o 0.2 0.4 0.6 0.8 1
z z

Fig 1. Velocity correspond to varying Ha Fig 2. Velocity correspond to varying 1

Volume 47 Issue 3 (July 2023)
https://powertechjournal.com



- \» Power System Technology

Y~ 1SSN:1000-3673

Received: 06-04-2023 Revised: 15-05-2023 Accepted: 28-06-2023

The velocity variations w.r.t to varying parameters can be visualized via the Figures 1-5. A
gradual fall in the velocity graphs (Figure 1) has been observed with the increment in Ha values
which reflects that in the existence IMF and heat source, electromagnetic forces become more
dominant and slows down the flow. Figures 3-5 demonstrates the variation of velocity
corresponding to lambda, Gr and Gm values. They show that the velocity graphs are risen with
the hike in these values. This signifies that chemical reaction and buoyancy forces dominates
the viscous forces which accelerate the fluid flow. The behavior of IMF profiles in the channel
can be visualized through the figures 6-10. This behavior is different in the whole region of the
channel. It is noted that the increment in lambda and Ha values lower the graphs near the left
plate but behave adversely close to right plate. It can be interpreted that electromagnetic force
and chemical reaction have strong impact in the left part to the centre of channel and this impact
is reversed in other part. However the overall behavior of IMF profile is that it firstly increases
till the centre of channel and starts gradually decreasing and near to right plate it again rise up

to 0
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0.15
- >
0.1
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of bt 0 Gr=5
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002 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
“ z
Fig 3. Velocity correspond to varying S Fig 4. Velocity correspond to varying Gr
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Fig 5. Velocity correspond to varying Gm Fig. 6 Velocity correspond to varying Ha
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The fluctuations in ICD graphs are laid out in the Figures 11-15. A fascinating behavior has
been observed in ICD graphs with the fluctuations in Ha, Gr and Gm values. The graphs
(Figures 11, 14 and 15 ) show decreasing behavior close to left plate and suddenly increases
around the middle of channel and then decline as approaching to right plate of the channel.
This reflects that the viscous forces become weak in the region of center of channel which
imparts in accelerating the flow. Figures 12-13 showcase the parabolic nature of ICD profiles
w.r.t change in the values of gamma and S. The ICD profiles has been seen compressed with
the increment in S and Gamma values which interprets that the mass diffusion and energy
redistribution slower down the induced current density. Figure 16 reveals the decrease in
concentration with the increment in gamma values which embarks that the chemical reaction
in the channel slower down the mass diffusion process. The drag at the plates of the channel
are calculated w.r.t varying parameters Ha,
A and Gm which are laid out in Table 1 and 2. The increment in Ha values imparts the increase
in drag at left plate but reduces the drag at the right plate. This signifies that the Lorentz forces
are more effective at the left plate as compared to right one. The drag the both plates shows
decline pattern with increment in chemical reaction parameter values
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Table 1. Skin friction with varying parameter values at the plate z =0
Ha To /1 To Gm To
1 0.8548 0.5 0.8769 2 0.7965
3 0.8295 1 0.8581 4 1.3180
5 0.7965 3 0.7965 6 1.8396
Table 2. Skin friction with varying parameter values at the platez =1
Ha Tq A Tq Gm T
1 0.3833 0.5 0.5139 2 0.4416
3 0.4086 1 0.4967 4 0.7276
5 0.4416 3 0.4416 6 1.0136

Further the rise in Gm values predicts the improvement in skin friction values at both plates.
The rate of mass transfer across both the plates are set out in Table 3. The mass transfer rate
designated by Sherwood number is accelerated at the left plate with the increase in A4 values
but shows decelerated close to right plate of channel

Table 3. Sherwood number with varying A atplatesz=0andz=1

A Sh, Sh,
0.5 1.1614 -2.3554
1 1.3130 -3.5692
3 1.8440 -10.4226
Conclusion

The outputs of the current work are culminated as:

e Induced magnetic field significantly lower down the velocities throughout the channel
region and chemical reaction accelerates this behavior.

e |IMF profiles exhibits the falling off nature to the left of middle of the channel and risen up
to the right of middle of the channel due to IMF and chemical reaction.

e IMF causes the reduction in drag at the left plate but promotes the drag at the right plate.
However the chemical reaction turn down the drag at the both plates.

e The chemical reaction in the flow enhanced the mass transfer rate at the left plate whereas
it is weaken close to the right plate

So here, we inference that the flows infused with IMF and chemical reaction are significantly
influenced which can contribute towards the betterment of many electrical devices, medical
equipments and industrial processes.
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The quantities d;,i = 1,2, ...8 are given in the appendix

Appendix
—e~2V2 1 —e~2VS 1
hE T 2T BT e BT aw
-1 Gr 1 1
- )G 40- o)
ds 2(1 —eM)\ (S — H?) <d3(1 N ) \/— H dy(1—e )

+%<d1(1—eﬁ)(\/1_ ;) dz(l—e“/_) ———))

-1 G 1 1 1
=20\ —rHZ) <d3(1_eﬁ) (f_ﬁ) 4,1~ +E)

R RGeS

d = _Gr(d3 —d4)_Gm(d1—d2)_d
7T OVS(S—-H?) VA@A-H2) °
Gr(ds +d,) Gm (dy + dy)

_d5

= —Hdg+Hd
87 (s—-H?) (1 — H?) 6 >
Nomenclature
\Y, Coefficient of Kinematic viscosity, m?s™
B Volumetric coefficient of thermal expansion, K
B Volumetric coefficient of expansion of concentration, K
m Coefficient of viscosity, kgms*
K Thermal conductivity, WmK?
p Fluid density, kgm™
o Electrical conductivity, Q*m?
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A Chemical reaction parameter
Ue Magnetic permeability
h
B Induced Magnetic Field
c’ Dimensional species concentration, Kgm
C'y Free stream species concentration, Kgm™
Cp Species concentration at the wall, Kgm3
D Chemical molecular diffusivity, m2s?
ECF Electrically Conducting Fluid
Qo Heat source/sink coefficient
Gm Mass Grashof number
Gr Thermal Grashof number
Ho Strength of applied magnetic field, Wbm
Ha Hartmann number
ICD Induced Current Density
S Heat source/sink parameter
Sh Sherwood number
0 Dimensionless fluid temperature
Ty’ Temperature of the fluid and plates in reference state, K
T’ Dimensional fluid temperature,
Ty, Fluid temperature at wall, K
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IMF

Induced Magnetic Field
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