International Journal of Engineering, Science & Mathematics
Vol. 12 Issue 02, February 2023,
ISSN: 2320-0294 Impact Factor: 6.765

Journal Homepage: http://www.ijmra.us, Email: editorijmie@gmail.com
Double-Blind Peer Reviewed Refereed Open Access International Journal - Included in the International Serial Directories Indexed &
Listed at: Ulrich's Periodicals Directory ©, U.S.A., Open J-Gate as well as in Cabell’s Directories of Publishing Opportunities, U.S.A

Hydromagnetic Free Convective Radiating Flow of Chemically Reacting
Fluid Through Porous Medium over a Vertical Surface in the Presence of
Heat Absorption

Dr. Harish Kumar, Associate professor
Department of Mathematics, SNKP Govt College, Neem Ka Thana,
District - Sikar, Rajasthan Pin — 332713

ABSTRACT

The first order homogeneous chemical process and heat source are analysed in this study
together with the mass and heat transfer properties of an incompressible, viscous,
electrically conductive, and Newtonian fluid. A porous plate that was implanted in a
porous media and was oscillating vertically underwent investigation.The fluid under
consideration is a non-scattering, grey, absorbing/emitting medium. The plate begins
oscillating in its own plane with a velocity at some point. Additionally, the concentration
levels and plate temperature both increased linearly with time near the plate.. The
dimensionless governing equations for momentum, energy and concentration have been
solved by using the Laplace transform technique. The velocity, temperature, concentration,
skin-friction, the rate of heat transfer and the rate of mass transfer are studied through
graphs and tablesin terms of different physical parameters entering into the problem.
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1. INTRODUCTION

Heat and mass transfer are byproducts of buoyancy effects brought on by the diffusion of
heat and chemical species in several transport mechanisms in both natural and industrial
applications. The design of fins, steel rolling, nuclear power plants, gas turbines, and
viscous propulsion devices for aircraft, missiles, and satellites, as well as combustion and
furnace design, materials processing, temperature measurements, remote sensing for
astronomy and space exploration, energy utilisation, cryogenic engineering, food
processing, health and military applications, as well as pollution control, all depend on
radiative heat and mass transfer.. In nature, the existence of pure air or water is impossible,
and some foreign mass may be present either naturally or mixed with them. A large
number of research works concerning transfer processes with chemical reactions have been
reported. In particular, the study of chemical reaction and heat and mass transfer is of
considerable importance in chemical and hydrometallurgical industries. Chambre and
Young [3] analyzed a first-order chemical reaction in the neighbourhood of a horizontal
plate. A reaction is said to be first-order if the rate of reaction is directly proportional to the
concentration itself. In many chemical processes, a chemical reaction occurs between a
foreign mass and a fluid in which a plate is moving. Convection in porous media has
applications in geothermal energy recovery, oil extraction, thermal energy storage and flow
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through filtering devices. Convective heat transfer in porous media has received
considerable attention in recent years owing to its importance in various technological
applications such as fibre and granular insulation, electronic system cooling, cool
combustors, and porous material regenerative heat exchangers. In view of these
applications, many researchers have studied MHD free convective heat and mass transfer
flowin a porous medium. Books by Nield and Bejan[12], Bejan and Kraus[2] and Ingham
et al.[7] excellently describe the extent of the research information in this area.

Magnetohydrodynamics has attracted the attention of a large number of scholars due to its
diverse applications. In astrophysics and geophysics, it is applied to study the stellar and
solar structures, radio propagation through the ionosphere, etc. In engineering we find its
applications like in MHD pumps, MHD bearings, etc. The phenomenon of mass transfer is
also very common in theory of stellar structure and observable effects are detectable on the
solar surface. The study of effects of magnetic field on free convection flow is important in
liquid-metals, electrolytes and ionized gases. The thermal physics of hydromagnetic
problems with mass transfer is of interest in power engineering and metallurgy. Thermal
radiation in fluid dynamics has become a significant branch of the engineering sciences
and is an essential aspect of various scenarios in mechanical, aerospace, chemical,
environment, solar power, and hazards engineering. If the temperature of surrounding fluid
is rather high, radiation effects play an important role and this situation does exist in space
technology. In such cases, one has to take into account the combined effect of thermal
radiation and mass diffusion. MHD effects on impulsively started vertical infinite plate
with variable temperature in the presence of transverse magnetic field were studied by
Soundalgekar et al.[16].The effects transversely applied magnetic field on the flow of an
electrically conducting fluid past an impulsively started infinite isothermal vertical plate
were also studied by Soundalgekar et al.[17]. The dimensionless governing equations were
solved using Laplace transform technique.Kumar and Varma [8] studied the problem of
unsteady flow past an infinite vertical permeable plate with constant suction and transverse
magnetic field with oscillating plate temperature. Rajput and Kumar [14] considered the
radiation effects on MHD flow past an impulsively started vertical plate with variable heat
and mass transfer by Laplace transform technique.

All of the studies previously mentioned use either a specified surface temperature or a
specified surface heat flux to drive the flow. Here, it is believed that the flow is likewise
initiated by Newtonian heating from the surface and a somewhat different driving
mechanism for unstable free convection down a vertical surface is taken into consideration.
The thermal boundary conditions have an impact on heat transfer properties. Prescribed
surface heat flux distributions, conjugate conditions, where heat is supplied through a
bounding surface of finite thickness and finite heat capacity, and prescribed wall
temperature distributions (power-law wall temperature distribution along the surface has
typically been used) are the four most common heating processes that specify the wall-to-
ambient temperature distributions.. The interface temperature is not known a priori but
depends on the intrinsic properties of the system, namely the thermal conductivities of the
fluid and solid respectively; Newtonian heating, where the heat transfer rate from the
bounding surface with a finite heat capacity is proportional to the local surface temperature
and which is usually termed conjugate convective flow. This configuration occurs in many
important engineering devices, for example:

(i) in heat exchangers where the conduction is solid tube wall greatly influenced
by the convection in the fluid flowing over it;

43 International journal of Engineerin, Science and Mathematicsg
http://www.ijmra.us, Email: editorijmie@gmail.com




ISSN: 2320-0294Impact Factor: 6.765

(i)  for conjugate heat transfer around fins where the conduction within the fin
and the convection in the fluid surrounding it must be simultaneously
analysed in order to obtain vital design information; and

(iii) in convective flows set up when the bounding surfaces absorbs heat by solar
radiation.

Therefore, we conclude that the conventional assumption of no interaction of conduction-
convection coupled effects is not always realistic and it must be considered when
evaluating the conjugate heat transfer processes in many practical engineering applications.
Newtonian heating condition has been only recently used in convective heat transfer.
Merkin [9] was the first to consider the free convection boundary layer over a vertical flat
plate immersed in a viscous fluid.

Chamkha [4] presented an analytical solution for heat and mass transfer by laminar flow of
a Newtonian, viscous, electrically conducting fluid and heat
generation/absorption.Narahari and Nayan[11] considered free convection flow past an
impulsively started infinite vertical plate with Newtonian heating in the presence of
thermal radiation and mass diffusion. The effects of mass transfer on flow past an
impulsively started infinite vertical plate with Newtonian heating and chemical reaction
was analysed by Rajesh[13].The free convection flow of a viscous incompressible fluid
past an infinite vertical oscillating plate with uniform heat flux in the presence of thermal
radiation was studied by Chandrakala [5]. Rathod and Asha [15] examined magnetic field
effects on two-dimensional viscous incompressible Newtonian fluid with the help of
numerical technique. An exact solution to the flow of a viscous incompressible unsteady
flow past an infinite vertical oscillating plate with variable temperature and mass diffusion
by taking into account of the homogeneous chemical reaction of first-order was
investigated by Muthucumaraswamy et al. [10]. Chaudhary et al. [6] investigated the MHD
flow past an infinite vertical oscillating plate through porous medium, taking account of
the presence of free convection and mass transfer. Ahmed and Kalita[1] studied the MHD
radiating flow over an infinite vertical surface bounded by aporous medium in presence of
chemical reaction.

2. MATHEMATICAL FORMULATION

In the presence of a transversely applied magnetic field, a heat source, and a first-order
chemical reaction, the effects of thermal diffusion and radiation on the unsteady MHD
flow of a viscous, incompressible fluid past along a vertical oscillating plate are
investigated. The X-axis is taken along the plate in the vertical upward direction and the y
-axis is taken normal to the plate. Initially it is assumed that the plate and fluid at the same
temperature T__ in the stationary condition with concentration levelC_ at all the points. At
timet >0, the plate starts oscillating in its own plane with a velocity u, cos(@t) . And at
the same time, the plate temperature and concentration levels near the plate raised linearly
with timet . A transverse magnetic field of uniform strength B, is assumed to be applied

normal to the direction of flow. The viscous dissipation and induced magnetic field are
assumed to be negligible. The fluid considered here is gray, absorbing/emitting radiation
but a non-scattering medium. Sincethe plate is assumed to be infinitely long in the X-
axisdirection, all the physical variables are functions of yand tonly. Applying the

Boussinesq’s approximation, the unsteady flow is governed by the following equations.
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The initial and boundary conditions are:
t<0: 0=0, T=T, C= C vy
t>0: U=u,cos(@t), T=T,+(T,-T,)Af, C=C_+(C,—C,)Ataty=0

(5)
i>0: 050, T >T,, Co>Casy—>w
For an optically thin gray gas, the radiative heat flux g, satisfies the following non-linear
differential equation.

‘2_; =-4ac(T, -T) (6)

wherea is the absorption coefficient and& the Stefan-Boltzmann constant.lt is assumed

that the temperature differences within the flow are sufficiently small such that T may be
expressed as a linear function of the fluid temperature T using the Taylor’s series about the
free stream temperature T . After neglecting higher-order terms, gives

T4=4T, T-3T,

(7)
Using Egs.(5) and (6), Eq. (2) becomes
oT o
C,—==x —l16aoT ~-T,)+ -T 8
PC o T T, (T -T.)+Q (T, -T) (8)
The following non- dimensional quantities are | introduced:
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In view of Egs. (8), Egs. (1), (7), and (3) reduces to the following non-dimensional form,
respectively,

ou 6 u _
+Gré+Gmg—(M +Ku
o
(10)
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with the following initial and boundary conditions:
t<0: u=0, =0, ¢=0 Vy

t>0: u=cos(at), 8=t, g=taty=0 (13)
t>0: u—>0, 650, ¢ >0asy—>o
where at is phase angle

3. SOLUTION OF THE PROBLEM

The appeared physical parameters are defined in the nomenclature. The dimensionless
governing equations from (9) to (11), subject to the initial and boundary conditions (12)
are solved by the usual Laplace transform technique and the solutions for velocity,
temperature and concentration fields are expressed in terms of exponential and
complementary error functions.

SKIN FRICTION:

The boundary layer produces a drag force on the plate due to the viscous stresses which are
developed at the wall. The viscous stress at the surface of the plate is given by

|ou
oy |,
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NUSSELT NUMBER:

From temperature field, now we study Nusselt number (rate of change of heat transfer)
which is given in non-dimensional form as

00

NU=-| —

v |,
,t Pr St Pr St
Nu = p exp (_ ﬁj + (t\/g + mjerf ( ﬁ} (19)

SHERWOOD NUMBER:

From concentration field, now we study Sherwood number (rate of change of mass
transfer) which is given in non-dimensional form as

oC
Sh=—| —

%V ],
Sh= \/gexp (K, t)+ \/g(t\/K_r+ 2\/1K_]erf (\/K_,t) (20)

4. RESULTS & DISCUSSION

In order to get the physical insight in to the problem, numerical computations are carried
out to illustrate the effects of different control parameters upon the nature of the flow and
transport. The numerical values of the velocity, temperature, concentration, skin-friction,
Nusselt number and Sherwood number are computed for different physical parameters
M,Gr,Gm,K,Pr, Sc, K., R, H and t. A representative set of numerical results is shown

graphically in Figs. 2-15 and Tables 1-3. The default values for the control parameters are
taken as: Pr=0.71(air), 7.0 (water), Sc =0.22 (hydrogen),0.30 (helium), 0.60 (water vapour),
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0.78 (ammonia), Phase angle wt=Z%. The other parameters are arbitrarily chosen.In order

to check the accuracy of numerical results, the present study (whenH =0) is compared
with the available theoretical solution of Ahmed and Kalita[1].

Fig. 2 represents the velocity profiles due to the variations inwt. It is evident from figure

that the velocity near the plate exceeds at the plate i.e. the velocity overshoot occurs.
Furthermore, the magnitude of the velocity decreases with increasing phase angle (ot)
forair (Pr=0.71). The effect of magnetic field parameter M on the velocity is shown in
Fig. 3. The velocity decreases with an increase in the magnetic parameter. It is because that
the application of transverse magnetic field will result a resistive type force (Lorentz force)
similar to drag force which tends to resist the fluid flow and thus reducing its velocity.
Also, the boundary layer thickness decreases with an increase in the magnetic parameter. It
is also noticed that the velocity is maximum for air near the plate and decreases with y

away from the plate and finally takes an asymptotic value for all values of M .

Fig. 4 illustrates the influences of thermal Grashof number Grand mass Grashof number
Gmon the velocity. It is observed that the velocity increases with increasing values of the
thermal Grashof number or mass Grashof number. The thermal Grashof number signifies
the relative effect of the thermal buoyancy force to the viscous hydrodynamic force. The
mass (solutal) Grashof number defines the ratio of the species buoyancy force to the
viscous hydrodynamic force. The flow is accelerated due to the enhancement in buoyancy
force corresponding to an increase in the thermal Grashof number i.e., free convection
effects. The positive values of Gr correspond to cooling of the plate by natural convection.
Heat is therefore conducted away from vertical plate into the fluid which increases the
temperature and thereby enhances the buoyancy force. It is also found that the velocity is
maximum for air near the plate and decreases with y away from the plate and finally takes

an asymptotic value for all values of GrandGm.

The velocity and concentration profiles are plotted for different values of the Schmidt
number Sc in Figs. 5 and 6 respectively. The Schmidt number Sc embodies the ratio of the
momentum diffusivity to the mass (species) diffusivity. It physically relates the relative
thickness of the hydrodynamic boundary layer and mass transfer (concentration) boundary
layer. As the Schmidt number increases the concentration decreases. This causes the
concentration buoyancy effects to decrease yielding a reduction in the fluid velocity. The
reductions in the velocity and concentration profiles are accompanied by simultaneous
reductions in the velocity and concentration boundary layers, which is evident fromFigs. 5
and 6.

Fig. 7 illustrates the temperature profiles for different values of Prandtl number Pr. From
this figure, it is observed that an increase in the Prandtl number results in a decrease of the
thermal boundary layer thickness and in general, lower average temperature within the
boundary layer. This is due to the fact that thermal conductivity of fluid decreases with
increasing Pr, resulting a decrease in the thermal boundary layer thickness.

The effects of radiation parameter R and the heat source parameter H on temperature of
the flow field are shown in Fig. 8. It is seen that as radiation parameter R or heat source
parameter H increases the temperature of the flow field decreases at all points in flow
region.
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The influence of chemical reaction parameter K, on velocity and concentration profiles is

presented in Figs. 9 and 10. As expected, the presence of the chemical reaction
significantly affects the concentration profiles as well as the velocity profiles. Here, studied
case is for destructive chemical reaction (K, >0). We note from Fig. 9 that there is
decrease in velocity profiles with increase in K., and presence of the peak indicates that
the maximum value of the velocity occurs in the body of the fluid near the surface. Also it
is observed from Fig. 10 that increasing value of the K., decreases the concentration of

species in the boundary layer, this is due to the fact that destructive chemical reduces the
solutal boundary layer thickness and increases the mass transfer.

The velocity profiles are shown in Fig. 11 for different values of the permeability
parameter K . It is found that the velocity increases with increasing values of K. This is
due to the fact that increasing values of K reduces the drag force which assists the fluid
considerably to move fast. Also it is noticed that the magnitude of velocity for air is higher
than that of water.

The skin-friction is studied in Figs. 12 and 13 against timet. It is noticed that as GrorGm
or K increases, the skin-friction decreases in Fig. 12, where as in Fig. 13 the skin-friction
increases with increasing Ror H or K, . Also, it is observedthat the skin-friction decreases
with increasing time.

Fig. 14 illustrates the variation of Nusselt number against timet.From this figure it is
observed that Nusselt number increases with increasing R or H for water and the reverse

effect is observed with the same values of Rand H for air.Also, it is found that the Nusselt
number increases with increasing values of Prandt.
Finally, from Fig.15 it is seen that as Sc or K, increases, the Sherwood number increases.
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Fig. 2: Velocity profiles for different ot with Pr=0.71, Sc=0.78, M =2,K =0.5,
R=10,H =4,Gr=5Gm=5K, =3
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Fig. 3: Velocity profiles for different M with Pr=0.71, Sc =0.78, K =0.5,
R=1H =4,Gr=5Gm=5K, =lat=7%

Fig. 4: Velocity profiles for different Grand Gmwith Pr=0.71,Sc=0.78,M =5,
K =0'51R=10;H =41Kr =1; ai:%

0.35 T T T T T T T T T

Sc=0.22

Fig. 5: Velocity profiles for different Sc with Pr=0.71,M =5,K =0.5,R =10,
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Fig. 9: Velocity profiles for different K, with Pr=0.71, Sc=0.78, M =2,K =0.5,
R=10,H=4,Gr=5Gm=5at =%
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Fig. 11: Velocity profiles for different K and Prwith Sc=0.22,M =2,K, =3,
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Fig 15: Sherwood number for different Sc and K, ffects of various governing parameters

on the skin-friction coefficient, Nusselt number and Sherwood number are shown in tables
1, 2 and 3. In all these tables, it is noted that the comparison of each parameter is made

with first row in the corresponding table. From table 1, it is observed thatas M orR or H
or Scor K, or Princreases the skin-friction coefficient increases whereas the skin-friction
coefficient decreases asGrorGmor K and wt increases.Table 2 shows that the Nusselt
number decreases with increasing R or H for air and the Nusselt number increases with

the same values of R and H for water. Also, it is found that the Nusselt number increases
with increasing values of Prandt. Finally, from table 3, it is seen that as Sc or K, ort

increases, the Sherwood number increases.

ot Pr M Gr | Gm R H Sc K, K T

z | 071 2 5 5 5 1 0.22 1 0.5 1.0834
z 1 071 5 5 5 5 1 0.22 1 0.5 1.7095
z 1 071 2 10 5 5 1 0.22 1 0.5 0.7268
z | 071 2 5 10 5 1 0.22 1 0.5 0.6262
z 1 071 2 5 5 10 1 0.22 1 0.5 1.1239
z | 071 2 5 5 5 4 0.22 1 0.5 1.1097
z | 071 2 5 5 5 1 0.78 1 0.5 1.1602
z 1 071 2 5 5 5 1 0.22 3 0.5 1.1058
z | 071 2 5 5 5 1 0.22 1 1.0 0.8588
z 7.0 2 5 5 5 1 0.22 1 0.5 1.2094
z | 071 2 5 5 5 1 0.22 1 0.5 0.6902

Table 1: Numerical values of the skin-friction coefficient ()
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t Pr R H Nu
0.4 0.71 5 1 0.1509
0.4 0.71 10 1 0.1426
0.4 0.71 5 4 0.1437
0.4 0.71 10 4 0.1421
0.8 0.71 5 1 0.2844
0.8 0.71 10 4 0.2840
0.4 7.0 5 1 1.4994
0.4 7.0 10 1 1.5365
0.4 7.0 5 4 1.5298
0.4 7.0 10 4 1.5359
0.8 7.0 5 4 2.8531
0.8 7.0 10 1 2.8639

Table 2: Numerical values of Nusselt number (Nu)

t Sc C, sh
0.4 0.22 1 0.3777
0.4 0.22 3 0.4549
0.4 0.60 1 0.6237
0.4 0.60 3 0.7513
0.4 0.78 1 0.7111
0.4 0.78 3 0.8566
0.8 0.22 1 0.5906
0.8 0.78 1 1.1120

Table 3: Numerical values of Sherwood number (Sh)

5. CONCLUSIONS

We analyse the effects of chemical reaction, thermal radiation and heat source on unsteady
MHD flow of a viscous incompressible fluid past along an infinite vertical oscillating
porous plate embedded in a porous medium. The equations of momentum, energy and
diffusion which govern the flow field are solved by the usual Laplace transform technique.
The results illustrate the flow characteristics for the velocity, temperature, concentration,
skin-friction, Nusselt number and Sherwood number.

The conclusions of the study are summarized as follows:

e The velocity decreases with an increase in the phase angle (wt) for air.

e The velocity decreases with an increase in the magnetic parameter.
e The velocity increased with increased in either of the thermal Grashof number or the

mass Grashof number.
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The velocity as well as concentration decreased as the Schmidt number increased.
An increase in the Prandtl number caused a decrease in the temperature.

Temperature decreases with an increase in the radiation parameter or heat source
parameter.

The velocity as well as concentration decreases with an increase in the chemical
reaction parameter.

e The velocity increases with an increase in the permeability of the porous medium for
both air and water.

e The skin-friction decreases asGrorGmor K increases,where as the skin-friction
increases with increasing R, H and K, .

e The rate of heat transfer increases due to increase in the radiation parameter or heat
source parameter.

e As Schmidt number or chemical reaction parameter increases, the rate of mass
transfer increases.
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