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1. Introduction

In recent years, large number of mathematicians has been attracted towards investigation of
unsteady MHD flow of non-Newtonian fluid because of study on heat and mass transfer of the
boundary layer flow fields, in view of its numerous applications in various fields such as like milk
processing, blood oxygenators, mixing mechanism, dissolution process and polymer processing
industry in manufacturing processes. There exist many viscoelastic fluids and their models to study
non-Newtonian fluids like second grade viscoelastic fluids, third grade viscoelastic fluids, micropolar
fluids, Rivlin Erickson model, Maxwell model and Walter’s-B model etc. Sakiadis [1, 2] first studied
the boundary layer problem assuming velocity of a bounding surface as constant.

The convection problem in porous medium has also important applications in geothermal
reservoirs and geothermal energy extractions. Crane [3] computed an exact similarity solution for
the boundary layer flow of a Newtonian fluid toward an elastic sheet which is stretched with the
velocity proportional to the distance from the origin. An unsteady free convective flow with mass
transfer phenomenon past an infinite vertical porous plate with constant suction was studied by
Soundalgekar and Wavre [4]. Soundalgekar [5] analyzed the effects of mass transfer and free
convection currents on the flow past an impulsively started vertical plate. Lai and Kulacki [6] studied

*Corresponding author.
E-mail address: gvrr1976@gmail.com (Dr.G.V.R. Reddy)

https://doi.org/10.37934/cfdl.16.12.8596

85



CFD Letters
Volume 16, Issue 12 (2024) 85-96

the coupled heat and mass transfer with natural convection from vertical surface in a porous
medium. Hiremath and Patil [7] studied the effect on free convection currents on the oscillatory flow
through a porous medium which is bounded by vertical plane surface of constant temperature.
Subhashini et al., [8] analyzed the effect of mass transfer on the flow past a vertical porous plate.
Elbashbeshy and Ibrahim [9] investigated the effect of steady free convection flow with variable
viscosity and thermal diffusivity along a vertical plate. Kafoussias and Williams [10] studied the
thermal-diffusion and diffusion-thermo effects on the mixed free-forced convective and mass
transfer steady laminar boundary layer flow over a vertical plate, with temperature dependent
viscosity. A comprehensive review of the studies of convective heat transfer mechanism through
porous media has been made by Nield and Bejan [11]. Sajid and Hayat [12] investigated the radiation
effects on the mixed convection flow over an exponentially stretching sheet and solved the problem
analytically using homotopy analysis method. Fluctuating heat and mass transfer on an unsteady free
convective MHD flow through a porous media in a rotating system has been discussed by Dash et al.,
[13] In these studies the magnetohydrodynamic effect has been ignored. The numerical solution for
the same problem was then given by Bidin and Nazar [14]. Anwar Beg et al., [15] obtained the
numerical solutions for the free convective flow induced by a stretching surface in the presence of
Dufour and Soret effects. Tsai and Huang [16] analyzed Dufour and Soret effects on the Hiemenz flow
over a stretching surface immersed in a porous medium. Afify [17] studied Dufour and Soret effects
in heat and mass transfer in the flow induced by a stretching surface. Turkyilmazoglu [18] studied
multiple solutions of heat and mass transfer of MHD slip flow for the viscoelastic fluid over a
stretching sheet. Turkyilmazoglu [19] Studied Multiple analytic solution of heat and mass transfer of
MHD slip flow for two types of viscoelastic fluids over a stretching/shrinking surface. Reddy et al.,
[20] studied the radiation and chemical reaction effects on MHD flow along a moving vertical porous
plate. Rashidi and Erfani [21] applied an analytical method for solvilg steady MHD convective and
slip flow due to a rotating disk with viscous dissipation and Ohmic heating. Further, Rashidi et al., [22]
studied an analytic approximate solution for MHD boundary layer viscoelastic fluid flow over
continuously moving stretching surface by HAM with two auxiliary parameters. Sivaraj and Kumar
[23] have analyzed an unsteady MHD dusty viscoelastic fluid Couette flow in an irregular channel with
varying mass diffusion. Recently, Poornima and Bhaskar Reddy [24] presented an analysis of the
radiation effects on MHD free convective boundary layer flow of nanofluid over a nonlinear
stretching sheet. However, the interaction of radiation with mass transfer due to a stretching sheet
has received little attention. Mishra [25] analyzed the effect of free convection and mass transfer on
the flow of an elastico-viscous fluid (Walters BO model) in a vertical channel. The diffusion thermo
effect has been considered on the fully developed laminar flow with uniform plate temperature and
concentration. Conductivity Further, Prakash et al., [26] contributed through their publication
entitled radiation and Dufour effects on an unsteady MHD mixed convective flow in an accelerated
vertical wavy plate with varying temperature and mass diffusion. Abolbashari et al., [27] studied
entropy analysis for an unsteady MHD flow past a stretching permeable surface in nanofluid. Mixed
convective heat transfer for MHD viscoelastic fluid flow over a porous wedge with thermal radiation
is studied by Rashidi et al., [28]. Benazir et al., [29] have studied unsteady MHD Casson fluid flow
over a vertical cone and flat plate with non-uniform heat source/sink. Reddy et al., [30] analyzed the
heat and mass transfer effects on MHD free convection flow over an inclined plate embedded in a
porous medium. Khan et al., [31] have analysed the natural convection simulation of Prabhakar-like
fractional Maxwell fluid flowing on inclined plane with generalized thermal flux. Seethamahalakshmi
et al., [32] were studied the computational study of MHD nanofluid flow with effects of variable
viscosity and non-uniform heat generation. Falodun et al., [33] was investigated the heat and mass
transfer effects on MHD Casson fluid flow of blood in stretching permeable vessel. Soret and Dufour
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mechanisms on unsteady boundary layer flow of tangent hyperbolic and Walters-B nano liquid was
studied by Reddy et al., [34]. Riaz at al [35] have examined the unsteady MJHD flow of tangent
hyperbolic liquid past a vertical porous plate. Rani et al., [36] were investigated the significance of
Cattaneo-Christov heat flux on chemically reacting nanofluids flow past a stretching sheet with joule
heating effect. Reddy, K. V., et al., [37] have analysed an outlining the impact of melting on MHD
Casson fluid flow past a stretching sheet in a porous medium with radiation. Leelavathi et al., [38]
have been examined the MHD Casson fluid flow in stagnation-point over an inclined porous surface.
Ramesh et al., [39] demonstrated the magneto-hydrodynamic effects on heat and mass transfer in
hybrid nanofluid flow over a stretched sheet with Cattaneo-Christov model. Rao et al., [40] discussed
the MHD slip flow of upper-convected Casson and Maxwell nanofluid over a porous stretched sheet:
impacts of heat and mass transfer.

In the present study we have considered an unsteady MHD Walter’s-B viscoelastic flow past a
vertical porous plate embedded in a porous medium in the presence of the radiation and chemical
reaction effects. The dimensionless partial differential equations of governing equations of the flow
field are solved numerically using closed analytical method. The velocity, temperature and
concentration profiles are discussed through graphically and discussed qualitatively.

2. Methodology

We consider an unsteady magnetohydrodynamic Casson fluid flow of a viscoelastic
incompressible electrically conducting fluid past an impulsively started infinite vertical porous plate
with variable temperature and mass diffusion with the effect of thermal radiation is considered. The
plate is embedded in a porous medium, x" - axis and y -axis are taken along and normal to the plate

respectively. Initially the plate and fluid are the same temperature and concentration T, and C,
respectively. At the time t” >0 plate is given in motion along X direction with constant velocity u,
. A transverse magnetic field B, is considered normal to the direction of flow. Magnetic Reynolds

number and transversely applied magnetic field are very small, therefore induced magnetic fields is
negligible. The fluid concentration is an exponential and the first order chemical reaction is
considered. Due to infinite length in X" — direction the flow variables are functions of y* and t™ only.

The Casson fluid properties are as:

B 2(,uB+py/\/§)eij, T > T, "
wo 2(,uB+py/ 27Z'C)eij, <7,

T =68, €7,

Where '8’ uroe ﬂC’pVbe the non-Newtonian fluid's dynamic viscosity, the rate of

. -\th
deformation at the (I’ J) component, the component product of rate of deformation by itself, the
critical value of 7 and the fluid's yield stress, respectively.
Under the above assumptions, the governing boundary layer equations with Boussinesq’s
approximation are:

Continuity equation:
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Momentum equation:

2,,* 3,
X X v[1+iJa 1;'2 -1 a*zu ~+gp (T"-T.)cosa
au” . au B)oy oy “ot
a Ny Bu o 3)
+gﬂC(C*—C;)cosa—G ! v
Yo K
Energy equation:
* * 2 *
pC, [aT* v j= K OT % (4)
ot oy oy° oy

Equation of continuity for mass transfer:

. . 2 A
oC +V*8C :DﬁC

* *2_

k.(C"-C.) (5)

Where ¢ is gravitational acceleration, 3 is the Casson fluid parameter, 2. is the volumetric
coefficient of thermal expansion, 4. is the coefficient of volume expansion for mass transfer, K is

the permeability of porous medium, o is the electrical conductivity of the fluid, T~ is the dimensional
temperature, v is the kinematic viscosity, u is the viscosity, p is the fluid density, B, is the magnetic

induction, g, is the radiative heat flux in y" -direction, D is the mass diffusion coefficient, Kr is the
chemical reaction rate of constant, 1 Walter’s-B is the visco-elasticity parameter, C is the specific

heat at constant pressure, k is the thermal conductivity of the fluid.
The appropriate boundary conditions are

t"'<0u =0T =T/,C"=C_ Wy
t>0u =uy,V ==, T =T, +(T, -T.)e"
C'=C, +(C,-Cl)e™ Aty =0

u =0T >, C -, Yy — oo,

(6)

2
Ve . . . .
Where, A=->,T_ and C, are temperature and concentration of place respectively.
1%

For an optically thick gray fluid, the radiative heat flux g, is approximated by the Roseland
approximation which is given by

4o OT™
q, =—f v (7)

88



CFD Letters
Volume 16, Issue 12 (2024) 85-96

Where o and k, are Stefan Boltzmann constant and mean absorption coefficients respectively. It is

assumed that the temperature difference within the flow is sufficiently small such that T may be
expressed as a linear function of the temperature. This is accomplished by expanding in a Taylor
series about T, and neglecting the higher order terms,

T 24737 —37* (8)
Using Eq. (7) and Eq. (8) in Eq. (4), we get

or | +OT _ k &T 160T7 T

SV = o+ - (9)
ot oy pC, oy° 3kpC, oy

In order to acquire non-dimensional partial differential equations, introducing following
dimensionless quantities:

*

. v, t'y, T -T,
U=u—,y=y Olt= 0 10: * Oil
Uo v v T, -T,
AV c'-C; (C, -C. T, -T.
r: 20 ,C: _ oj,Gm:Vgﬂ( W2 oo),Gr:Vgﬂ(Wz oo)’ (10)
1% C,-C, UpVs Uy,
2K’ B? 40T.°
Kr:k_rzviK:VOZ !Pr:pcpiMzaoz‘/iR: AE aSC:L
Vy v K PV k. k D

By virtue of Eq. (10), we get non-dimensional form of Eq. (3), Eqg. (4) and Eq. (9) respectively:

2 3

u_ou_(q,.1 a—‘j—r 52“ +Gro+6GmC — (M +-2)u (11)
ot oy B)oy ay“ot K

2
%_%ZL(HBJQ (12)
ot oy Pr 3 Joy

2

€ _€_10¢c o (13)

ot oy Scoy?
The corresponding initial and boundary conditions in non-dimensional form are:

t<0u=0,=0C=0 Vy
t>0 u=10=¢',C=¢'" aty=0 (14)
u=0u—>0C—->0,y—>w

Solution of the Problem
In order to reduce the above system of partial differential equations to a system of ordinary
equations in dimensionless form, we may represent the velocity, temperature and concentration as
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u(y,t) =u,(y)e' (15)
o(y,t) = 6,(y)e” (16)
C(y,t) =C,(y)e" (17)

Substituting Eq. (15), Eqg. (16) and Eq. (17) in Eq. (11), Eq. (12) and Eqg. (13), we obtain:

(1+%—ia)l"jug+u(’, —ksu, =—[Gré, + GmC, |cos & (18)
k,0) + 6, — i, =0 (19)
Cl+ScC; —(Kr +im)Cy =0 (20)

Here the primes denote the differentiation with respect toy.

The corresponding boundary conditions can be written as

t<0u,=0,6,=0,C,=0 Vy
(i)t

t>0, uy=e g, =e"" c,=e""" a y=0 (21)
t>0, u, >0, 6, -0 ¢ —0 as y—>oo

The analytical solutions of Eq. (18) — Eq. (20) with satisfying the boundary conditions Eq. (21) are
given by

Up(y) = (L (A + Ay el Je™ Je™ o (Ae™ + Ae™ et (22)
00 (y) — e(l—ia;)t—may (23)
Co (y) _ e(l—i(o)t—miy (24)

In view of the above solutions, the velocity, temperature and concentration distributions in the
boundary layer become

u(y,t) = [(l—(Al +A)e e ™ +(Ae™ + Ae™ )et} (25)
o(y,t) = ™) (26)
C(y,t) =e!™ (27)
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It is now important to calculate the physical quantities of primary interest, which are the local
wall shear stress, the local surface heat, and mass flux. Given the velocity field in the boundary layer,
we can now calculate the local wall shear stress (i.e., skin- friction) is given by

c, (%j (- (A A ) )M (mA A )

From temperature field, now we study the rate of heat transfer which is given in non -dimensional
form as:

Nu:—(%j =m,e'
¥ Jyq

From concentration field, now we study the rate of mass transfer which is given in non -
dimensional form as:

Sh= —(@] =mge'
N )y

3. Results and Discussion

The problem of an unsteady MHD Walter’s-B viscoelastic flow past a vertical porous plate
embedded in a porous medium in the presence of the radiation and chemical reaction is addressed
in this study. Numerical solutions have been carried out for the non-dimensional temperature,
concentration, velocity keeping the other parameters of the problem fixed. Numerical calculations
of these results are presented graphically in the Figure 1 to Figure 14. These results show the effect
of different parameters on the velocity, temperature distribution and concentration profiles at the
wall. To find out the solution of this problem, we have placed an infinite vertical plate in a finite
length in the flow. Hence, we solve the entire problem in a finite boundary. However, in the graphs,
the y values vary from 0 to 4 and the velocity, temperature, and concentration tend to zero as y tends
to 5. This is true for any value of y. Thus, we have considered finite length. In the present study we
adopted the following default parameter values of finite element method. Gm=3;Gr=3;K=0.9;
R=2;Pr=0.71;t=0.2;1'=0.005;5¢=0.66;n=1;M=5.

Figure 1 and Figure 2 are exhibits the effect of chemical reaction on the velocity and
concentration distribution. It is seen that the chemical reaction increases, the velocity and
concentration profiles decrease. Thus, it is concluded that the magnitude of coefficient of chemical
reaction plays a vital role on velocity distribution. The effect of the Schmidt number on the velocity
and concentration profiles is shown in Figure 3 and Figure 4 respectively. It is noticed that as the
Schmidt number increases, the velocity and concentration profiles decrease. This is because of
concentration buoyancy effects that often retard the fluid velocity.

Figure 4 and Figure 5 represent the velocity and temperature profiles for different values of the
radiation parameter. We observed that thermal radiation enhances convective flow such that as
thermal radiation intensity R increases, flow velocity and temperature distribution decreases within
the thermal buoyancy layer very close to the plate. Figure 7 and Figure 8 present the effect of Prandtl

91



CFD Letters
Volume 16, Issue 12 (2024) 85-96

number on the velocity and temperature profiles. As Prandtl number increases the velocity profiles
decreases.

Figure 9 illustrates that the velocity distribution for different values visco-elastic parameter (I').
It is noticed that the velocity profiles decrease with an increasing visco-elastic parameter. The effect
of the permeability parameter (K) on the velocity field is shown in Figure 10. As depicted in this figure,
the effects of increasing the values of porous permeability parameter is to increase the value of the
velocity component in the boundary layer due to the fact that drag is reduced by increasing the values
of the porous permeability on the fluid flow which results in increased velocity. The trend shows that
the velocity is accelerated with increasing porosity parameter. For various values of the magnetic
parameter (M), the velocity profiles are plotted in Figure 11. As M increases, the velocity decreases.
This result qualitatively agrees with the expectations, since the magnetic field exerts a retarding force
on the flow. Figure 12, Figure 13 and Figure 14 shows the effect of the velocity, temperature and
concentration profiles for different values of time (t) respectively. It is observed that the velocity,
temperature and concentration profiles are increases with an increasing the time (t).
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Fig. 1. Velocity profiles for different values of Fig. 2. Concentration profiles for different
chemical reaction parameter (Kr) values of chemical reaction parameter (Kr)
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4. Conclusions

In this paper we have studied numerical analysis of Walter’s-B viscoelastic MHD flow past a
vertical porous plate in the presence of radiation and chemical reaction. The numerical results have
been performed through graphically with various parameters. Form the graphical representation, we
have the following observations.

i.  With the increase in the value of Kr, Sc, R, I'and M, the velocity decrease.
ii.  With the increase in the value of Pr, K and t, the velocity increase.
iii.  With the increase in the value of R, the Temperature decrease.
iv.  With the increase in the value of Pr and t, the Temperature increase.
v.  With the increase in the value of Kr and Sc, the concentration decrease.

With the increase in the value of t, the concentration increase.

References:
[1]  Sakiadis, Byron C. "Boundary-layer behavior on continuous solid surfaces: I. Boundary-layer equations for two-
dimensional and axisymmetric flow." AIChE Journal 7, no. 1 (1961): 26-28.

https://doi.org/10.1002/aic.690070108.

[2] Sakiadis, B. C. "Boundary-layer behavior on continuous solid surfaces: Il. The boundary layer on a continuous flat
surface." AiChE journal 7, no. 2 (1961): 221-225.https://doi.org/10.1002/aic.690070211.

[3] Crane, Lawrence J. "Flow past a stretching plate." Zeitschrift fiir angewandte Mathematik und Physik ZAMP 21
(1970): 645-647.https://doi.org/10.1007/BF01587695.

[4] Soundalgekar, V. M., and P. D. Wavre. "Unsteady free convection flow past an infinite vertical plate with constant
suction and mass transfer." International Journal of Heat and Mass Transfer 20, no. 12 (1977): 1363-1373.
https://doi.org/10.1016/0017-9310(77)90033-3.

[5] Soundalgekar, V. M. "Effects of mass transfer and free-convection currents on the flow past an impulsively started
vertical plate." (1979): 757-760.
https://doi.org/10.1115/1.3424649.

[6] Lai, F.C., and F. A. Kulacki. "The effect of variable viscosity on convective heat transfer along a vertical surface in a
saturated porous medium." International journal of heat and mass transfer 33, no. 5 (1990): 1028-1031.
https://doi.org/10.1016/0017-9310(90)90084-8.

[71 Hiremath, P. S., and P. M. Patil. "Free convection effects on the oscillatory flow of a couple stress fluid through a
porous medium." Acta Mechanica 98 (1993): 143-158.
https://doi.org/10.1007/BF01174299.

[8] Subhashini, A., N. BhaskaraReddy, and CV Ramana Kumari. "Mass transfer effects on the flow of past a vertical
porous plate, J. of Energy." Heat and Mass Transfer 15 (1993): 221-226.

94


https://doi.org/10.1002/aic.690070108
https://doi.org/10.1002/aic.690070211
https://doi.org/10.1007/BF01587695
https://doi.org/10.1016/0017-9310(77)90033-3
https://doi.org/10.1115/1.3424649
https://doi.org/10.1016/0017-9310(90)90084-8
https://doi.org/10.1007/BF01174299

CFD Letters
Volume 16, Issue 12 (2024) 85-96

(9]

(10]

(11]

(12]

(13]

(14]

[15]

(16]

(17]

(18]

(19]

[20]

[21]

[22]

(23]

[24]
[25]

(26]

[27]

Elbashbeshy, E. M. A,, and F. N. Ibrahim. "Steady free convection flow with variable viscosity and thermal diffusivity
along a vertical plate." Journal of Physics D: Applied Physics 26, no. 12 (1993): 2137.
https://doi.org/10.1088/0022-3727/26/12/007.

Kafoussias, N. G., and E. W. Williams. "Thermal-diffusion and diffusion-thermo effects on mixed free-forced
convective and mass transfer boundary layer flow with temperature dependent viscosity." International Journal of
Engineering Science 33, no. 9 (1995): 1369-1384. https://doi.org/10.1016/0020-7225(94)00132-4.

Nield DA, Bejan A. Convection in Porous Media. 2nd ed. Berlin: Springer- Verlag;, 1998.
https://doi.org/10.1007/978-1-4757-3033-3.

Sajid, M., and T. Hayat. "Influence of thermal radiation on the boundary layer flow due to an exponentially
stretching sheet." International Communications in Heat and Mass Transfer 35, no. 3 (2008): 347-356.
https://doi.org/10.1016/].icheatmasstransfer.2007.08.006.

Dash GC, Rath PK, Patra AK. “Unsteady free convective MHD flow through porous media in a rotating system with
fluctuating temperature and concentration.” Modell. Controll. B, 78, no.3 (2009):1-16.

Bidin, Biliana, and Roslinda Nazar. "Numerical solution of the boundary layer flow over an exponentially stretching
sheet with thermal radiation." European journal of scientific research 33, no. 4 (2009): 710-717.

Bég, O. Anwar, A. Y. Bakier, and V. R. Prasad. "Numerical study of free convection magnetohydrodynamic heat and
mass transfer from a stretching surface to a saturated porous medium with Soret and Dufour
effects." Computational Materials Science 46, no. 1 (2009): 57-65.
https://doi.org/10.1016/j.commatsci.2009.02.004.

Tsai, R., and J. S. Huang. "Heat and mass transfer for Soret and Dufour’s effects on Hiemenz flow through porous
medium onto a stretching surface." International Journal of Heat and Mass Transfer 52, no. 9-10 (2009): 2399-
2406. https://doi.org/10.1016/j.ijheatmasstransfer.2008.10.017.

Afify, Ahmed A. "Similarity solution in MHD: effects of thermal diffusion and diffusion thermo on free convective
heat and mass transfer over a stretching surface considering suction or injection." Communications in Nonlinear
Science and Numerical Simulation 14, no. 5 (2009): 2202-2214.
https://doi.org/10.1016/].cnsns.2008.07.001.

Turkyilmazoglu, M. "Multiple solutions of heat and mass transfer of MHD slip flow for the viscoelastic fluid over a
stretching  sheet." International  Journal of Thermal Sciences 50, no. 11 (2011): 2264-2276.
https://doi.org/10.1016/j.ijthermalsci.2011.05.014.

Turkyilmazoglu, M. "Dual and triple solutions for MHD slip flow of non-Newtonian fluid over a shrinking
surface." Computers & Fluids 70 (2012): 53-58.
https://doi.org/10.1016/j.compfluid.2012.01.009.

Reddy, GV Ramana, N. Bhaskar Reddy, and Rama Subba Reddy Gorla. "Radiation and chemical reaction effects on
MHD flow along a moving vertical porous plate." International Journal of Applied Mechanics and Engineering 21,
no. 1 (2016): 157-168.
https://doi.org/10.1515/ijame-2016-0010.

Rashidi, M. M., and Eng Erfani. "Analytical method for solving steady MHD convective and slip flow due to a rotating
disk with viscous dissipation and Ohmic heating." Engineering Computations 29, no. 6 (2012): 562-579.
https://doi.org/10.1108/02644401211246283.

Rashidi, Mohammad Mehdi, Ebrahim Momoniat, and Behnam Rostami. "Analytic approximate solutions for MHD
boundary-layer viscoelastic fluid flow over continuously moving stretching surface by homotopy analysis method
with two auxiliary parameters." Journal of Applied Mathematics 2012 (2012).
https://doi.org/10.1155/2012/780415.

Sivaraj, R., and B. Rushi Kumar. "Unsteady MHD dusty viscoelastic fluid Couette flow in an irregular channel with
varying mass diffusion." International journal of heat and mass transfer 55, no. 11-12 (2012): 3076-3089.
https://doi.org/10.1016/].ijheatmasstransfer.2012.01.049.

Poornima, T., and N. Bhaskar Reddy. "Radiation effects on MHD free convective boundary layer flow of nanofluids
over a nonlinear stretching sheet." Advances in Applied Science Research 4, no. 2 (2013): 190-202.

Mishra SR, Dash GC, Acharya M. “Free convective flow of viscoelastic fluid in a vertical channel with dufour effect.”
World Appl.Sci. J., 28, no 9 (2013):1275-1280.

Prakash, Jagdish, Bangalore Rushi Kumar, and Ramachandran Sivaraj. "Radiation and Dufour effects on unsteady
MHD mixed convective flow in an accelerated vertical wavy plate with varying temperature and mass
diffusion." Walailak Journal of Science and Technology (WJST) 11, no. 11 (2014): 939-954.

Abolbashari, Mohammad Hossein, Navid Freidoonimehr, Foad Nazari, and Mohammad Mehdi Rashidi. "Entropy
analysis for an unsteady MHD flow past a stretching permeable surface in nano-fluid." Powder Technology 267
(2014): 256-267.
https://doi.org/10.1016/j.powtec.2014.07.028.

95


https://doi.org/10.1088/0022-3727/26/12/007
https://doi.org/10.1016/0020-7225(94)00132-4
https://doi.org/10.1007/978-1-4757-3033-3
https://doi.org/10.1016/j.icheatmasstransfer.2007.08.006
https://doi.org/10.1016/j.commatsci.2009.02.004
https://doi.org/10.1016/j.ijheatmasstransfer.2008.10.017
https://doi.org/10.1016/j.cnsns.2008.07.001
https://doi.org/10.1016/j.ijthermalsci.2011.05.014
https://doi.org/10.1016/j.compfluid.2012.01.009
https://doi.org/10.1515/ijame-2016-0010
https://doi.org/10.1108/02644401211246283
https://doi.org/10.1155/2012/780415
https://doi.org/10.1016/j.ijheatmasstransfer.2012.01.049
https://doi.org/10.1016/j.powtec.2014.07.028

CFD Letters
Volume 16, Issue 12 (2024) 85-96

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

[40]

Rashidi, M. M., M. Ali, N. Freidoonimehr, B. Rostami, and M. Anwar Hossain. "Mixed convective heat transfer for
MHD viscoelastic fluid flow over a porous wedge with thermal radiation." Advances in Mechanical Engineering 6
(2014): 735939. https://doi.org/10.1155/2014/735939.

Jasmine Benazir, A., R. Sivaraj, and Oluwole Daniel Makinde. "Unsteady magnetohydrodynamic Casson fluid flow
over a vertical cone and flat plate with non-uniform heat source/sink." International Journal of Engineering
Research in Africa 21 (2016): 69-83.
https://doi.org/10.4028/www.scientific.net/JERA.21.69.

Rani, K. Jhansi, GV Ramana Reddy, Ch V. Ramana Murthy, and MV Ramana Murthy. "Heat and mass transfer effects
on MHD free convection flow over an inclined plate embedded in a porous medium." International Journal of
Chemical Sciences 13, no. 4 (2015): 1998-2016.

Khan, llyas, Ali Raza, M. Aslam Shakir, Amnah S. Al-Johani, Amjad Ali Pasha, and Kashif Irshad. "Natural convection
simulation of Prabhakar-like fractional Maxwell fluid flowing on inclined plane with generalized thermal flux." Case
Studies in Thermal Engineering 35 (2022): 102042.

Seethamahalakshmi, Vyakaranam, Babitha, T. S. Rao, and G. V. R. Reddy. "Computational Study of MHD Nanofluid
Flow with Effects of Variable Viscosity and Non-uniform Heat Generation." International Journal of Applied and
Computational Mathematics 9, no. 6 (2023): 124. https://doi.org/10.1007/s40819-023-01600-9

Sitamahalakshmi, V., G. Venkata Ramana Reddy, and Bidemi Olumide Falodun. "Heat and Mass Transfer Effects on
MHD Casson Fluid Flow of Blood in Stretching Permeable Vessel." J. Appl. Nonlinear Dyn 12 (2023): 87-97.
https://doi.org/10.5890/JAND.2023.03.006

Vyakaranam, Seethamahalakshmi, Rekapalli Leelavathi, Tagallamudi Srinivasa Rao, Venkata Ramana Reddy
Gurrampati, and Oke Abayomi Samuel. "Soret-Dufour Mechanisms on Unsteady Boundary Layer Flow of Tangent
Hyperbolic and Walters-B Nanoliquid." Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 108,
no. 1(2023): 13-27. https://doi.org/10.37934/arfmts.108.1.1327

Reddy, G. Venkata Ramana, Ali Akgiil, and Muhammad Bilal Riaz. "Unsteady mhd flow of tangent hyperbolic liquid
past a vertical porous plate plate." Heliyon 9, no. 8 (2023).https://doi.org/10.1016/j.heliyon.2023.e18478

Rani, K. Sandhya, G. Venkata Ramana Reddy, and Abayomi Samuel Oke. "Significance of Cattaneo-Christov heat
flux on chemically reacting nanofluids flow past a stretching sheet with joule heating effect." CFD Letters 15, no. 7
(2023): 31-41. https://doi.org/10.37934/cfdl.15.7.3141.

Reddy, Karnati Veera, and Gurrampati Venkata Ramana Reddy. "Outlining the impact of melting on mhd casson
fluid flow past a stretching sheet in a porous medium with radiation." Biointerface Research in Applied Chemistry 13
(2022): 1-14.https://doi.org/10.33263/BRIAC131.042

Leelavathi, R., Seethamahalakshmi Vyakaranam, T. S. Rao, Venkata Ramana Reddy Gurrampati, and Abayomi
Samuel Oke. "MHD Casson Fluid Flow in Stagnation-Point over an Inclined Porous Surface." CFD Letters 16, no. 4
(2024): 69-84.

Ramesh, D., M. Mohan Babu, G. Balaji Prakash, K. Jhansi Rani, J. Peter Praveen, and G. V. R. Reddy. "Magneto-
Hydrodynamic Effects on Heat and Mass Transfer in Hybrid Nanofluid Flow over A Stretched Sheet with Cattaneo-
Christov Model." CFD Letters 16, no. 2 (2024): 105-117. https://doi.org/10.37934/cfdl.16.2.105117
Seethamahalakshmi, V., Leelavathi Rekapalli, T. S. Rao, P. Naga Santoshi, G. V. R. Reddy, and A. S. Oke. "MHD slip
flow of upper-convected Casson and Maxwell nanofluid over a porous stretched sheet: impacts of heat and mass
transfer." CFD Letters 16, no. 3 (2024): 96-111.

96


https://doi.org/10.1155/2014/735939
https://doi.org/10.4028/www.scientific.net/JERA.21.69
https://doi.org/10.1007/s40819-023-01600-9
https://doi.org/10.5890/JAND.2023.03.006
https://doi.org/10.37934/arfmts.108.1.1327
https://doi.org/10.1016/j.heliyon.2023.e18478
https://doi.org/10.37934/cfdl.15.7.3141
https://doi.org/10.33263/BRIAC131.042
https://doi.org/10.37934/cfdl.16.2.105117

