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Abstract: This study takes into account the effects of Arrhenius activation energy on the fluid, the viscous dissipation of the fluid,
and the chemical reactions in the fluid as it investigates recent advancements in electrically conducting reactive fluid flow on an
extended porous surface. By applying a uniform magnetic field that is orthogonal to the fluid flow, the related nonlinear partial
differential equations are generated and analysed. After including similarity variables into the flow, the resulting equations are
transformed to dimensionless form and numerically solved using the finite difference method. Upon solving the equations using
computer-generated methods, graphs and tables will be presented for analyzing the elements influencing the flow. This study attempts
to illustrate that the Arrhenius energy activation parameter influences the concentration profiles by enhancing them, despite the fact
that the rate of the fitted fluid displays contradictory characteristics. In addition, the impact of the Schmidt number, the Nusselt
number, and the Sorret parameter on the flow will be investigated, and the velocity and temperature profiles will be graphically shown.
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. INTRODUCTION

Numerous industrial processes now in use depend on chemical reactions, and scientists are always working to improve them in
order to enhance energy yields and reduce reagent use. Because of the many potential industrial and technological applications of
the study of reactive fluids, a great lot of research has been devoted to the subject. The significance of solar energy cannot be
emphasised, and a tremendous deal of research and development is now being conducted in this field. Due to the inefficiency of
solar cells and the absence of a correct execution balance in their designs, solar energy has a limited lifetime. Due to their potential
to lower the number of reagents required in industrial settings and boost the yields of several technological processes, chemical
reactions play an essential role in contemporary civilization. Solar energy is favoured as a renewable energy source, however solar
technologies have disadvantages, such as limited cell lifetimes. Understanding the activation energy of the sources is crucial for
resolving challenges associated with energy instability. According to N. Vijay et al., the Arrhenius activation energy of the fluid
and the chemical reactions in MHD flows have several relevant applications in areas as varied as the food industry, engineering,
and lubricants (2020). The study of conductive fluids is known as Magnetohydrodynamics.

The activation energy is the amount of energy necessary to break chemical bonds and begin a reaction. The energy released by
chemical reactions alters the flow of a fluid. The Arrhenius equation explains the link between a fluid's temperature and the effect
of the energy produced during a chemical reaction. Zeeshan et al. (2018) investigated the impact of activation energy on nanofluid
Couette flows. Irfan et al. (2019) explored the combined global effects of Arrhenius energy and chemical energy in a 3D Carreau
nano fluid by invoking Buongiorno's theory. It was found that a higher activation energy parameter led to a greater concentration.
Hayat et al. observed via an examination of the Arrhenius activation energy in peristalsis of Jeffrey's fluid that the velocity of Hall
and Darcy parameters increases (2009). There was a noted negative link between temperature and the parameter measuring
radiation.

The viscosity of an MHD fluid is not constant for a given flow, since it relies on a variety of factors, such as the pressure and shear
of the fluid's flow and its temperature. Variable viscosity MHD fluids include paints, paste, greases, lubricating oil, coal tars, etc.
These fluids are referred regarded as "non-Newtonian fluids" since they defy the traditional thermodynamic principle.

Dharmaiah et al. (2018) studied the flow of magnetohydrodynamic fluids through a porous, flat, semi-infinite plate with an applied
heat source. They found that the fluid concentration drops as the Schmidt number increases. The fluid velocity was also found to
be considerably impacted by the heat absorption parameter.

IJRAR23A1066 ] International Journal of Research and Analytical Reviews (IJRAR) www.ijrar.org \ 531



http://www.ijrar.org/

© 2023 IJRAR January 2023, Volume 10, Issue 1 www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138)

MHD flows and their potential industrial applications are the subject of a boom in research. As this is seen as the obvious next step
on the field to the technological revolution, it has garnered the interest of several scholars. Applications exist in a variety of fields,
including astrophysics, plasma physics, and aerodynamics.

The viscosity of MHD fluid flows across a porous material impedes energy extraction from thermally defined zones via solid
filtering. Sandya et al. have extensively studied magnetohydrodynamic fluid flows of porous and inclined plates under the influence
of chemical reactions and radiation (2019). Dhanalakshmi et al. (2019) studied the effect of porous media on convective MHD
fluid flows (2019). D. Ravi Kumar et al. have performed extensive chemical research on the influence of chemicals in a slip flow
regime on the effects of an unstable convective MHD flow (2019). It was observed in these studies that when the value of the
chemical reaction parameter is raised, velocity, concentration, and viscosity are observed to drop dramatically.

Vedavathi et al. examined the effects of chemical reactions and radiations on nanofluids on a semi-infinite porous surface with flat
boundaries (2017). Charan K. et al. examined micropolar fluid over a stretched sheet in a porous medium under the influence of
radiation and chemical reaction (2018). In addition to a magnetic hydrodynamic free convective heat transfer flow, Chandra Sekhar.
et al. (2018) studied the movement of a second-grade fluid over a defined stretched sheet under various conditions.

There is still opportunity for research into the details of the Arrhenius energy of activation in an electrically conducting fluid with
chemical reactions and viscous dissipation, notwithstanding these advancements. This is particularly true in light of the vast array
of industrial applications spanning several sectors and technology. This study's major objective is to examine activation energy in
a chemical reaction and viscous dissipation in an MHD fluid flow. This study also includes the ideas of viscosity and joule heating
of the fluid flow.

I1. FORMULAION OF GOVERNING EQUATIONS FOR THE FLOW

In this study, an incompressible two-dimensional unsteady mixed convective reactive flow is considered. The flow is induced by
an elongated plate that is vertically elongated and placed in a medium that is saturated and porous, with a magnetic force applied
to the elongated plate, as shown in figure 1. We shall consider the origin to be the fixed point while the plate is elongated along the
x-axis as well as the y-axis, as shown:
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Figure 1: Geometrical flow formulation

The induced magnetic fields in this study as a result of the application of the uniform magnetic field on the elongated plate will be
ignore by assuming low Reynold’s number.

The equations governing the flow are the continuity, momentum, energy, and concentration equations. The Maxwell’s equations as
well as the Ohm’s law equations also affect the flow and as such will be considered.

For the considered 2-dimensional, unsteady, and incompressible flow, the momentum, energy, and concentration equations are as
shown below:

au ov

ox oy = 0 ()
Dr (ult v i) = g 1 (T T8) DBl + gy [Br (T — T) + Be(C = Co)] @
2 (ui v ) = [ ST (2[5 )]+ (G 2 + (B4 1)) oot + o (S
Z—D .............. 3)

St (ug+y Zi) el t il e+ B e (545 @
3—f+ugi+ =D, (ﬁ+—)+ DT(EJF_) k2(C — Coo)(;) e rr )

IJRAR23A1066 ] International Journal of Research and Analytical Reviews (IJRAR) www.ijrar.org \ 532


http://www.ijrar.org/

© 2023 IJRAR January 2023, Volume 10, Issue 1 www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138)

Subject to the boundary conditions,

u=uy(x) , v=20 u-20 C"=Cy C* - Cyp
T" =Ty T"->T, a y— o
N. Vijaya et. al (2021), defined the following dimensionless parameters and variables which were used to non-dimensionalize the
equations:
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Where Gr is the Grashof number while Gc is the modified Grashof number, k2 is the reaction rate, w is the reaction rate parameter,

m —E
§ is the temperature difference parameter, k2 (Ti) e “/rr is the modified Arrhenius equation, E, is the activation energy and m

o

is the fitted rate constant which lies between -1 and 1 for the fluid flow.

The non-dimensionalised equations are as follows:
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I1l. METHOD OF SOLUTION

In this study, we shall use the finite difference method to represent the solution to the governing equations. We employ this method
in solving the resulting equations because the equations defining the flow are non-linear in nature and hence cannot be solved by
analytical methods. The final set of the governing equations are presented and later solved using computer generated programs on
MATLAB. The method is also used due to its stability and accuracy in solving the nonlinear partial differential equations. The finite
difference technique of approximating solutions to partial derivatives are conveniently obtained by performing a Taylor series
expansion of the dependent variable followed by a substitution of the truncated expressions into the differential equation. We will
further approximate the differentials by using the differences in the solution at various points.

The final set of equations solved using the finite difference method are given below:
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These equations are solved subject to the initial conditions shown:
u=uy(x) ,v=0 u-20 C"=Cy C" - Cy
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IV. RESULTS AND DISCUSSIONS

The dimensionless parameters affecting the fluid flow described in this study include the Grashof number, Gr, Eckert number, the
Nusselt number, the Prandtl number, the Magnetic number or parameter, the Schmidt number, Sc, the non-dimensional activation
energy, E, Reynolds number, Re, the Stanton number, St and the Soret number, Sr.

For a clearer understanding of the effects of these dimensionless parameters affecting the flow, the temperature, velocity and
concentration profiles are graphically represented as shown and the effects of the parameters discussed.

4. 1 Velocity profiles

The velocity profiles are represented on the figures shown below. It is evident, in particular, that the fluid parameters including the
Grashof number, Grc and the magnetic parameter, M on affect the velocity profiles as depicted in figures 2 and 3. We observed that
the velocity of the fluid flow decreases with an increase in the modified Grashof number and magnetic parameter M due to the
introduction of an orthogonal transverse magnetic field to the flow which creates a drag known as the Lorentz force that creates a
resistance to the fluid flow. The present results are consistent with those obtained by N Vijaya et al (2020) and N Vajravelu et al
(2011).

The velocity profiles are represented in figure 2 and 3 (a-e) for the various parameters affecting the flow.
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Figure 2 (a-e): Primary velocity, u profiles against Grc, Nu, Re, St and E.
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Figure 3 (a-e): Secondary velocity, v profiles against Grc, Nu, Re, St and E.

The results show that increases in Reynold’s number gradually decreases velocity profiles away from the plate. The increased velocity
near the upper plate is due to the convective heating caused by the heat internally generated within the fluid by a type of exothermic
chemical reaction called bimolecular reaction. The overall drop in velocity profiles in the mainstream is caused by the increased heat
transfer rate in the fluid.

It can also be seen in the results that that the velocity profiles increase correspondingly with an increase in the Grashof number because

of the increased temperature due to convective heating decreases the fluid viscosity leading to marginal increases in the fluid velocity
through viscosity coupling. We observed that an increase in the Grashof number gave rise to an increased mass transfer gradient.
Consequently, an enhancement of the velocity profiles was realised due to the enhanced fluid species’ diffusion which then led to the
increase of the boundary layer thickness.

The results further show that increases in Activation energy E leads to corresponding increases in fluid velocity. This is because the
increased fluid temperature with increase in activation energy parameter in turn causes a reduction in fluid’s viscosity and hence
indirectly leading to increased fluid velocity.

The results in the displayed graphs indicate that Eckert number and Schmidt number affect the fluid flow significantly with regard to

the velocity and temperature profiles. It is observed that the velocity and temperature profiles decrease with increasing values of
Prandtl number within the boundary layer. The same trend is observed with Nusselt number, Reynolds number, Stanton and the
activation energy.

4.2 The temperature profiles for the fluid flow
The results of the fluid flow representing the dimensionless parameters are shown graphically on figure 4 (a-e).

Figure (a) shows that higher Grashof number (Grt=Grc) corresponds to larger amounts of convective cooling occurring at the chemical
walls thereby leading to a decrease in temperature on the walls of the channel near the plate, but lower Grashof number corresponds
to lower degrees of convective cooling (convective heating) away from the chemical walls leading to increases in temperature at the
walls of the channel or mainstream. The resulting temperature profiles for the flow therefore increases as the Grashof number increases
while the bulk fluid consistently and continually adjusts itself to the wall temperatures that are lower.

Evidently, the temperature reduces as the Prandtl (Pr) number increases and increases with the Eckert number. It is noted that when
the value of the Pr increases, the temperature decreases since the thermal boundary layer reduces and becomes thinner. Now, since
the Prandtl number is the ratio of the fluid’s momentum to the thermal diffusivity of the fluid, it is seen that larger values of the Pr
number gives rise to stronger or higher momentum diffusivity as well as a lower thermal diffusivity.

It is clear in the results that an increase in Reynold’s number gradually decreases temperature profiles away from the plate. It can be
seen that the rate of heat transfer out of the upper plate is increased as a result of the increased velocity near the upper plate. This is
due to the overall drop in the temperature profiles occurring in the mainstream.

Further observations show that an increase in the activation energy E leads to a decrease in temperature near the upper plate. However,
as one moves away from the plate, the temperature increases in correspondence to the increase in activation energy. This is because
L2Qc,Ae 7

the viscous heating parameter due to Arrhenius heating function TE
7,

, decreases as E increases near the plate. As seen in
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the equation, this function occurs as one of the source terms in the equations of temperature that initiates the decrease in temperature
of the fluid as the value of E increases, so that the maximum recorded temperature for E is seen when E=2.

Looking at the flow region, an increase in temperature leads to an increase in the activation energy since the heat internally generated
in the fluid in the course of bimolecular exothermic chemical reaction becomes higher as compared to the heat generated by either
the Arrhenius activation energy or the sensitized type of reaction.

The results also indicate that comparing to conduction of the fluid, convection has a huge impact in the transformation energy
associated with the boundary layer. This is because higher values of the Prandtl number there is an evident higher reduction in
temperature. Higher values of the Eckert number enhance the temperature due to the release in the fluid’s stored energy. Larger value
of E amplifies the energy generated at the boundary and decreases as it moves to the mainstream.

It can be deduced also that temperature distribution increases via the magnetic parameter (M). This is attributed to the fact that as the
temperature increases throughout the fluid, the resistive force generated by the MHD flow opposes the motion of the fluid. The
increase in temperature throughout the fluid is a natural impact of the fluid’s resistive force. As a result, the enhancement of the
thermal energy in the fluid implies that the increase in the temperature between the thermal layers is evident as the fluid flows. It is
noted that as the Prandtl number physically increases, the thermal conductivity of the fluid reduces hence resulting in the decay of the
thermal field. The impact of Eckert number (Ec) also shows that there is a direct relation with the temperature profiles.
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Figure 4 (a-e): Temperature profiles against Grc, Nu, Re, St and E.

4.3 The concentration profiles of the flow

In this study, the overall impact of the dimensionless parameters on the concentration profiles is studied and the results displayed
graphically as shown on figure 5(a-e). The impact of the Grashof number (Grc=Grt) and the Schmidt number Sc on the concentration
profiles are respectively discussed for the fluid flow under consideration.

It is noted that an increase in the value of Grt leads to a decrease in the concentration boundary layer thickness, which is closely

associated with the increase in the wall mass transfer gradient. This eventually produces a considerable increase in the fluid’s
surface rate of transfer.

In the fluid flow, it is noted that the overall effects of the species diffusion are highly evident for a fluid flow that has a smaller
Schmidt number. This happens due to the fact that the concentration gradient of the fluid increases and accelerates species’
dispersion in the fluid. The same observation is made when the fluid in consideration is a Newtonian fluid. From the graphs
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representing the concentration profiles, it is observed that an increase in the value of the reaction rate parameter decreases the
concentration in the fluid flow profiles.

From the results, it is further observed that the concentration profiles of the fluid increase with a rise or increase in the activation

energy E. This is because lower temperatures and higher activation energy in the reactive flow lead to weaker rates of reaction
which eventually slows down the chemical reaction of the fluid.
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Figure 5 (a-e): Concentration profiles against Grc, Nu, Re, Stand E.

V. Conclusion

The paper has extensively analyzed the effect of the Arrhenius activation energy for the considered fluid flow. From the results, it
was observed that the concentration profiles of the fluid increase with a rise or increase in the activation energy E. This was because
the lower temperatures and higher activation energy in the reactive flow lead to weaker rates of reaction which eventually slows
down the chemical reaction of the fluid.

It was noted that the species concentration increases with an increase in activation energy E. This is because higher energy of
activation coupled with reduced temperatures lead to weaker rate of reaction that eventually slows down the fluid’s chemical reaction.
The viscous dissipation and chemical reactions in the electrically conducting fluid flow in the elongated porous surface were analyzed
and their effects discussed. It was evident from the study that the increased temperature due to convective heating in the fluid flow
decreases the fluid viscosity leading to marginal increases in the fluid velocity through viscosity coupling.

The temperature of the fluid was found to decrease with an increase in activation energy parameter E near the upper plate but
increased correspondingly with increases in activation energy away from the plate.

REFERENCES

[1] Aagib Majeed, F.M. Noori, A. Zeeshan, T. Mahmood, S.U. Rehman, I. Khan. "Analysis of activation energy in
magnetohydrodynamic flow with chemical reaction and second order momentum slip model”, Case Studies in Thermal
Engineering, 2018.

[2] Abdullah Al-Mamun, S. Arifuzzaman, Sk. Reza-E-Rabbi, Pronab Biswas, Md. Khan. "Computational Modelling on MHD
Radiative Sisko Nanofluids Flow through a Nonlinearly Stretching Sheet”, International Journal of Heat and Technology, 2019.

[3] Advances in Fluid Dynamics", Springer Science and Business Media LLC, 2021.

[4] Ali Kardani, Pourya Omidvar, Ahad Zarghami. "Analysis of Thermal Flow in a Rotating Porous U-Turn Duct Using Lattice
Boltzmann Method", Transport in Porous Media, 2016.

[5]1 A. Paulina Gomora-Figueroa, Rodolfo G. Camacho-Velazquez, José Guadarrama-Cetina, T. Ivan Guerrero-Sarabia. "Oil emulsions
in naturally fractured Porous Media", Petroleum, 2019.

[6] Applied Mathematics and Scientific Computing"”, Springer Nature, 2019.

[71 Ashis K. Pani, G.P. Bhattacharjee, R.N. Mohapatra. "Event scheduling using allen's algebra", International Journal of Computer
Mathematics, 1998.

[8] A. Zeeshan, N. Shehzad, R. Ellahi. "Analysis of activation energy in Couette-Poiseuille flow of nanofluid in the presence of
chemical reaction and convective boundary conditions”, Results in Physics, 2018.

[9] Basant K. Jha, B.Y. Isah, I.J. Uwanta. "Combined effect of suction/injection on MHD free-convection flow in a vertical channel
with thermal radiation"”, Ain Shams Engineering Journal, 2016.

[10] B. C. Sakiadis. "Boundary-layer behaviour on continuous solid surfaces: I. Boundary-layer equations for two-dimensional and
axisymmetric flow", AIChE Journal, 1961.

[11] B. H. Kang, Y. Jaluria. "Numerical study of the fluid flow and heat transfer due to a heated plate moving in a uniform forced flow",
Numerical Heat Transfer, Part A: Applications, 1992.

[12] B. Mallikarjuna, Y.S. Kalyan Chakravarthy, S. Ramprasad. "Effect of multiple forces on convective micropolar fluid flow in a
permeable channel with stretching walls considering second order slip conditions", International Journal of Ambient Energy, 2022.

[13] B. O. Falodun, E. O. Ige. "Linear and quadratic multiple regressions analysis on magneto-thermal and chemical reactions on the
Casson-Williamson nanofluids boundary layer flow under Soret-Dufour mechanism", Arab Journal of Basic and Applied Sciences,
2022,

IJRAR23A1066 ] International Journal of Research and Analytical Reviews (IJRAR) www.ijrar.org \ 541


http://www.ijrar.org/

© 2023 IJRAR January 2023, Volume 10, Issue 1 www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138)

[14] Chandra Sekhar K. V, (2018), Heat Transfer Analysis of Second Grade Fluid Over a Stretching Sheet Through Porous Medium
Under the Influence of Chemical Reaction Parameter.

[15] Charan Kumar, G., Jayarami Reddy, K., Ramakrishna, K., Narendradh Reddy M., (2018). Non-uniform heat source/sink and joule
heating effects on chemically radiative MHD mixed convective flow of micropolar fluid over a stretching sheet in porous medium.
Defect and Diffusion Forum, 388, 281-302.

[16] Dharmaiah, G., Rani, Ch Baby., Vedavathi, N., Balamurugan, K. S., 2018, “heat and mass transfer on mhd fluid flow over a semi-
infinite flat plate with radiation absorption, heat source and diffusion thermo effect,” Frontiers in heat and mass transfer, 11,6.

[17]1 D. Ravi Kumar, K. Jayarami Reddy, M.C. Raju. "Unsteady MHD Thermal Diffusive and Radiative Fluid Flow Past a Vertical
Porous Plate with Chemical Reaction in Slip Flow Regime", International Journal of Applied Mechanics and Engineering, 2019.

[18] F. Imtiaz, M. Alsaedi, A. and Hayat, T., 2016, “Unsteady convective boundary layer flow of fluid with nonlinear thermal radiation
A numerical study,” Int. J. Nonlinear Sciences and Numerical Simulation, 1-9.

[19] Fawaz E. Alsaadi, T. Hayat, M. ljaz Khan, Fuad E. Alsaadi. "Heat transport and entropy optimization in flow of magneto-
Williamson nanomaterial with Arrhenius activation energy", Computer Methods and Programs in Biomedicine, 2020.

[20] Fazle Mabood, Sami Ullah Khan, Iskander Tlili. "Numerical simulations for swimming of gyrotactic microorganisms with
Williamson nanofluid featuring Wu’s slip, activation energy and variable thermal conductivity", Applied Nanoscience, 2020.

[21] G. Jithender Reddy, R. Srinivasa Raju, P. Manideep, J. Anand Rao. "Thermal diffusion and diffusion thermo effects on unsteady
MHD fluid flow past a moving vertical plate embedded in porous medium in the presence of Hall current and rotating system",
Transactions of A. Razmadze Mathematical Institute, 2016.

[22] Gogula Sandhya, Ganganapalli Sarojamma, Panyam Venkata Satya Narayana, Bhumavarapu Venkateswarlu. "Buoyancy forces
and activation energy on the MHD radiative flow over an exponentially stretching sheet with second-order slip", Heat Transfer,
2020.

[23] G. Raghavendra Ganesh, W. Sridhar, Khaled Al-Farhany, Sameh E. Ahmed. "Electrically MHD Casson nanofluid flow and entropy
exploration under the influence of the viscous dissipation, radiation, and higher-order chemical reaction", Physica Scripta, 2022.

[24] Guo, M. "Evidential reasoning-based preference programming for multiple attribute decision analysis under uncertainty", European
Journal of Operational Research, 20071101.

[25] Hayat, T., Hussain, Q., Javed, T., 2009, “The modified decomposition method and pade approximations for the MHD flow over a
non-linear stretching sheet,” Nonlinear Anal. Real World Appl, 10, 966-973.

[26] Irfan, M., Khan, W. A., Khan M., Mudassar Gulzar M., 2019, “Influence of Arrhenius activation energy in chemically reactive
radiative flow of 3D Carreau nano fluid with non-linear mixed convection,” Journal of Physics and Chemistry of Solids,125, 141-
152,

[27] Kgomotshwana Frans Thosago, Lazarus Rundora, Samuel Olumide Adesanya. "Thermodynamic Analysis of
Magnetohydrodynamic Third Grade Fluid Flow with Variable Properties”, International Journal of Engineering Research in Africa,
2021.

[28] K. Sruthila Gopalakrishnan, Ibukun Sarah Oyelakin, Sabyasachi Mondal, Ram Prakash Sharma. "Impact of Joule heating and
nonlinear thermal radiation on the flow of Casson nanofluid with entropy generation”, International Journal of Ambient Energy,
2021.

[29] Kumar D.R., Reddy K.J., Raju M.C. 2019)., “Unsteady MHD thermal diffusive and radiative fluid flow past a vertical porous plate
with chemical reaction in slip flow regime,” International Journal of Applied Mechanics and Engineering, 24(1), PP.117-129.

[30] Kuppalapalle Vajravelu, Kerehalli V. Prasad. "Keller-Box Method and Its Application”, Walter de Gruyter GmbH, 2014.

[31] K.V. Prasad, H. Vaidya, K. Vajravelu, P.S. Datti, V. Umesh. "Axisymmetric mixed convective MHD flow over a slender cylinder
in the presence of chemically reaction”, International Journal of Applied Mechanics and Engineering, 2016.

[32] Liwang Ding, Ping Chen. "A note on the consistency of wavelet estimators in nonparametric regression model under widely orthant
dependent random errors", Mathematica Slovaca, 2019.

[33] L. Rundora, O.D. Makinde. "Effects of suction/injection on unsteady reactive variable viscosity non-Newtonian fluid flow in a
channel filled with porous medium and convective boundary conditions", Journal of Petroleum Science and Engineering, 2013.
[34] Madhusudan Senapati, Kharabela Swain, Sampad Kumar Parida. "Numerical analysis of three-dimensional MHD flow of Casson

nanofluid past an exponentially stretching sheet", Karbala International Journal of Modern Science, 2020.

[35] M. Mehryan, S. A., Farshad Moradi Kashkooli, M. Soltani, and Kaamran Raahemifar. "Fluid Flow and Heat Transfer Analysis of
a Nanofluid Containing Motile Gyrotactic Micro-Organisms Passing a Nonlinear Stretching Vertical Sheet in the Presence of a
Non-Uniform Magnetic Field; Numerical Approach”, PLoS ONE, 2016.

[36] M. Q. Al-Odat, A. Al-Ghamdi. "Numerical investigation of Dufour and Soret effects on unsteady MHD natural convection flow
past vertical plate embedded in non-Darcy porous medium”, Applied Mathematics and Mechanics, 2012.

[37] Muhaammad Bilal Ashraf, Sami Ul Hag. "The convective flow of Carreau fluid over a curved stretching surface with
homogeneous-heterogeneous reactions and viscous dissipation™, Waves in Random and Complex Media, 2022.

[38] Noor Saeed Khan, Poom Kumam, Phatiphat Thounthong. “Second law analysis with effects of Arrhenius activation energy and
binary chemical reaction on nanofluid flow”, Scientific Reports, 2020.

[39] N. Vijaya, S. M. Arifuzzaman, N. Raghavendra Sai, Ch. Manikya Rao, (2020): Analysis of Arrhenius Activation Energy in
Electrically Conducting Casson Fluid Flow Induced due to Permeable Elongated Sheet with Chemical Reaction and Viscous
Dissipation. Frontiers in Heat and Mass Transfer.

[40] O.D. Makinde, T. Chinyoka, L. Rundora. "Unsteady flow of a reactive variable viscosity non-Newtonian fluid through a porous
saturated medium with asymmetric convective boundary conditions", Computers & Mathematics with Applications, 2011.

[41] Poornima, T., P. Sreenivasulu, and N. Bhaskar Reddy. "Slip Flow of Casson Rheological Fluid Under Variable Thermal
Conductivity with Radiation Effects"”, Heat Transfer-Asian Research, 2014.

[42] Pradip Kumar Gaur, Abhay Kumar Jha. "Heat and Mass Transfer in Visco-Elastic Fluid through Rotating Porous Channel with
Hall Effect”, Open Journal of Fluid Dynamics, 2016.

[43] R. Muthucumaraswamy. "Effects of suction on heat and mass transfer along a moving vertical surface in the presence of chemical
reaction”, Forschung im Ingenieurwesen, 2002.

IJRAR23A1066 ] International Journal of Research and Analytical Reviews (IJRAR) www.ijrar.org \ 542


http://www.ijrar.org/

© 2023 IJRAR January 2023, Volume 10, Issue 1 www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138)

[44] Sandhya A., Reddy G.V.R., Deekshitulu G.V.S.R., 2019, “Steady on MHD Heat and Mass Transfer Flow of an Inclined Porous
Plate in the Presence of Radiation and Chemical Reaction,” Journal of Physics: Conference Series, 1344(1), PP.

[45] S. Das, S. Sarkar, R.N. Jana. "Assessment of irreversible losses of non-Newtonian nanofluid flow underlying Hall current, chemical
reaction and thermal radiation", World Journal of Engineering, 2020.

[46] Shahid Ali Khan, Yufeng Nie, Bagh Ali. "Multiple Slip Effects on Magnetohydrodynamic Axisymmetric Buoyant Nanofluid Flow
above a Stretching Sheet with Radiation and Chemical Reaction", Symmetry, 2019.

[47] SivaReddy Sheri, M.D. Shamshuddin. "Finite element analysis on transient magnetohydrodynamic (MHD) free convective
chemically reacting micropolar fluid flow past a vertical porous plate with Hall current and viscous dissipation”, Propulsion and
Power Research, 2018.

[48] S. Mohammed Ibrahim. "Effects of Chemical Reaction on Dissipative Radiative MHD Flow through a Porous Medium over a
Non-isothermal Stretching Sheet", Journal of Industrial Mathematics, 2014.

[49] Sneha Gajbhiye, Arundhati Warke, Ramesh Katta. "Role of electromagnetic analysis in radiative immiscible Newtonian and non-
Newtonian fluids through a microchannel with chemical reactions”, Heat Transfer, 2022.

[50] S. Sivaiah. "MHD Flow of a Rotating Fluid Past a Vertical Porous Flat Plate in the Presence of Chemical Reaction and Radiation",
Journal of Engineering Physics and Thermophysics, 2013.

[51] S. Suganya, M. Muthtamilselvan, Ziyad A. Alhussain. "Activation energy and Coriolis force on Cu-TiO, water hybrid nanofluid
flow in an existence of nonlinear radiation", Applied Nanoscience, 2021.

[52] T. Chinyoka, O.D. Makinde. "Analysis of transient Generalized Couette flow of a reactive variable viscosity third-grade liquid
with asymmetric convective cooling”, Mathematical and Computer Modelling, 2011.

[53] Tirivanhu Chinyoka, Oluwole Daniel Makinde. "Buoyancy Effects on Unsteady MHD Flow of a Reactive Third-Grade Fluid with
Asymmetric Convective Cooling", Journal of Applied Fluid Mechanics, 2015.

[54] Tirumala Prasanna Kumar, Madhugi Sreenivasarao Uma. "MHD Casson nanofluid flow over a stretching surface with melting
heat transfer condition", Heat Transfer, 2022.

[55] Vedavathi N., Dharmaiah G., Balamurugan K.S., Prakash J. (2017), ‘Heat transfer on MHD nanofluid flow over a semi-infinite
flat plate embedded in a porous medium with radiation absorption, heat source and diffusion thermo effect’, Frontiers in Heat and
Mass Transfer, 9(38), PP.

[56] Venkata Subrahmanyam Sajja, Revathi Gadamsetty, P. Muthu, M. Jayachandra Babu, I. L. Animasaun. "Significance of Lorentz
Force and Viscous Dissipation on the Dynamics of Propylene Glycol: Water Subject to Joule Heating Conveying Paraffin Wax and
Sand Nanoparticles Over an Object with a Variable Thickness", Arabian Journal for Science and Engineering, 2022.

[57] Vijaya, N., Hari Krishna, Y., Kalyani, K., Reddy, G.V.R., 2018, “Soret and radiation effects on an unsteady flow of a Casson fluid
through porous vertical channel with expansion and contraction,” Frontiers in Heat and Mass Transfer,11, 19.

[58] Vijaya, N., Venkata Ramana Reddy, G., Hara Krishna, Y., 2019, “Non-Aligned Stagnation Point Flow of a Casson Fluid Past a
Stretching Sheet in a Doubly Stratified Medium,” Fluid Dynamics & Materials Processing, 15(3), 233-251.

[59] Vijaya, N., Sunil Babu, G., Vellanki Lakshmi, N., 2020, “influence of critical parameters on liquid thin film flow of Casson nano
fluid over elongated sheet under thermophoresis and Brownian motion,” Frontiers in Heat and Mass Transfer, 15, 23.

[60] Zeeshan, A., Shehad, N., Ellahi, R, 2018, “Analysis of activation energy in Couette — Poiseuille flow of nano fluid in the presence
of chemical reaction and convective boundary conditions,” Results in Physics, 8,502-512.

IJRAR23A1066 ] International Journal of Research and Analytical Reviews (IJRAR) www.ijrar.org \ 543


http://www.ijrar.org/

