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In this research, we take into account tangent hyperbolic nanofluid flow along a
moving stretched surface with thermal radiation, exothermic/endothermic chem-
ical reaction and activation energy effects under melting condition. Governing
PDE are transformed to dimensionless non-linear ODE with the add of appro-
priate similarity variables. The resulting non-linear ODE are solved numerically.
The flow parameters influences on the fluid’s velocity, temperature, and concentra-
tion distributions are investigated. The results revealed that temperature profile is
declining while concentration and velocity profiles are increasing for enhancing
melting parameter.
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Introduction

Fluids that do not adhere to Newton’s viscosity law are said to be non-Newtonian
fluids. That is, their viscosity or flow behavior changes under stress. These fluids have enor-
mous engineering and industrial applications such as in food, fermentation, chemical, colloi-
dal suspensions, and in biological processes. Constitutive equations representing stress and
strain relationship has been suggested in the literature for various non-Newtonian fluids due to
non-availability of a single equation for studying and predicting the behavior of these fluids.
Tangent hyperbolic fluid is a non-Newtonian fluid predicting shear thinning phenomenon which
means that its viscosity decreases with increasing shear stress. Nanofluids are suspensions of
nanoparticles in fluids. It has a wide range of industrial and technological utilizations consisting
in electronic devices cooling, heat exchangers, nuclear reactors, vehicle cooling, efc. Choi and
Eastman [1] examined the usage of nanoparticles to improve the thermal conductivity of fluids.
As demonstrated by earlier studies [2-6], nanofluids have improved thermophysical properties
compared to base fluids, including thermal conductivity, convective heat transfer coefficients,
thermal diffusivity, and viscosity. As a result, even at low nanoparticle concentrations, its sus-
pension in base fluids greatly improves their properties.

Nanofluids flow and heat transfer features under various effects with base fluids as
non-Newtonian are of great interest in recent years. Prasannakumara et al. [7] conducted heat
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transport study of Sisko nanofluid having non-linear thermal radiation, magnetic field, and chem-
ical reaction effects. Hsiao [8] analysed the radiative flow of Carreau nanomaterials fluid in
conjunction with magnetic parameter and activation energy. Gholinia et al. [9] elaborated Joule
heating and heat generation/absorption on radiative Walters-B nanofluid-flow. Flow of non-New-
tonian nanoparticles fluid and heat transport were analysed by Kumar [10] while taking slip factor
and chemical reaction into account. Abbas et al. [11] conducted theoretical research on a micro-
polar hybrid nanofluid through a Riga channel having velocity and thermal slip limitations. The
heat transfer and flow analysis of chemically radiative tangent hyperbolic nanomaterials fluid
having activation energy has been conducted in [12]. Gowda et al. [13] discussed mass and heat
transport phenomena of chemically reactive MHD flow of second-grade nanofluid while consid-
ering activation energy impact. Obalalu et al. [14] analyzed Caason fluid-flow with nanoparticles
in a porous media along a Riga plate in consideration with chemical reaction, melting condition,
magnetic parameter, and activation energy. Casson fluid-flow with nanoparticles along a stretched
surface with inclusion of melting condition and magnetic parameter effects examined by Kumar
and Uma [15]. Study of Prandtl-Eyring MHD nanoliquid-flow with effects of activation energy,
melting condition, and Joule heating has been deliberated by Ullah et al. [16].

In this study, we analyze steady incompressible radiative tangent hyperbolic nano-
fluid flow over a stretching surface in consideration of melting condition, activation energy,
chemical reaction, and magnetic field effects. Suitable similarity transformations are used for
transforming the governing non-linear PDE of the proposed model into non-dimensional ODE.
The resulting non-linear ODE are solved numerically using the built-in command NDSolve in
MATHEMATICA software. The concentration, velocity, and temperature profiles of the fluid
are sketched and examined in relation to the essential parameters contained in the non-dimen-
sional ODE with boundary conditions.
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boundary-layer pressible tangent hyperbolic nanofluid in two di-
mensions. The surface is located at y = 0, and the
Concentration flow occupies the region along y > 0 with B, as
boundary-layer the magnetic field strength normal to the x-axis,
and stretching surface velocity is u,, = bx, (b > 0).
The co-ordinate system and physical geometry
sketch is presented in fig. 1. Thermal radiation,
8, exothermic/endothermic chemical reaction and
activation energy influences while melting condi-
tion at the moving surface has been considered in
Figure 1. Physical model geometry formulating the governing mathematical model.
The governing equations for the tangent hyperbolic nanofluid-flow in considerations
of physical phenomena and effects as described is presented in the following manner [17-19]:
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where temperature is denoted by 7, C is the nanoparticles volume fraction, u, v — components of
velocity field in the x- and y-directions, respectively, £, — the activation energy, k. — the rate of
reaction, 7 — the ratio of heat capacities, x — the thermal conductivity, K — the Boltzmann constant,
f1 — the endothermic/exothermic reaction coefficient, v — the kinematic viscosity, #n — the power
law index, o — the electrical conductivity, k" — the absorption coefficient, — 1 <m < 1 — the fitted
rate constant, ¢, — the heat capacity of the solid surface, 7,, — the melting temperature of the solid
surface, 4 — the fluid latent heat, 7, — the ambient temperature, 7, — the temperature of the solid
surface, C,, — the ambient concentration of nanoparticles, v(x, 0) — the velocity component in
y-direction, b — the stretching rate, Dr— the thermophoresis diffusion coefficient, c, — the specific
heat at constant pressure, /" — the time dependent material constant, Dy — the Brownian diffusion
coefficient, and p — the density of the fluid.
Applying the similarity transformation:

T-T b c-C
w =x\bv f(n), 6(n7) ToT, m=0Y o(n) C_C. (6)
with stream function y defined:
0 0
u= _l//, y= __.// (7)
Oy ox
we get the following non-linear ODE from the governing equations of the mathematical model:
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and corresponding boundary conditions in transformed manner are given:

at 7=0, f'(n)=1, Met'(7)+Pr f(17)=0, 6(n) =0, o(7) =1

as >, f'(7)=0, (=1, e(7)=0 (1)
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where power law index is denoted by #,
40T}
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R

stands for the radiation parameter, Prandtl number is given,
v
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is endothermic/exothermic reaction parameter, magnetic parameter denoted by,
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is the melting parameter, and prime denoting differentiation with respect to #.
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Numerical results and discussion

The non-linear ODE (8)-(10) along with constraints (11) are solved numerically using
built-in command NDSolve in MATHEMATICA software. Investigation to study the influence
of the parameters involved in the transformed equations and boundary conditions is performed.

The velocity profile against magnetic parameter, M, plotted in fig. 2(a) demonstrates
declining behavior for enhanced magnetic parameter values which is due to presence of the
opposing Lorentz force reducing fluid-flow. Temperature profile is decreasing for rise in mag-
netic parameter which is presented in fig. 2(b). The concentration field observing an increasing
behavior for higher magnetic parameter values which is seen in fig. 2(c). Enhancing the Weis-
senberg number, extends the relaxation period, which causes higher flow resistance and reduces
fluid velocity as presented in fig. 3(a). Figures 3(b) and 3(c) discloses that temperature of the
fluid declines while concentration profile enhances as the Weissenberg number increases. The
effects of melting parameter, Me, is depicted in figs. 4(a)-4(c) which shows that velocity and
concentration profile exhibiting increasing behavior while temperature field is declining for an
enhancement in melting parameter. The declining trend in the temperature field is attributed to
the higher temperature difference between the ambient and melting surface as a result of in-
crease in the melting parameter. In figs. 5(a)-5(c), we see that velocity and temperature profiles
showing declining trend whereas an increasing trend of the concentration field is depicted for
enhancing power law index parameter n. Figure 6(a) illustrated that when radiation parameter,
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Figure 2. Variations in /"(#), 0(), and ¢(5) via M; (a) f'(y) against M,
(b) 6(n) via M, and (c) ¢(y) via M
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Figure 3. The We influence on velocity, temperature, and concentration;
(a) f"(n7) against We, (b) 0(57) vs. We, and (c) ¢(17) vs. We
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Figure 4. Melting parameter influence on f"(1), 6(#), and ¢(n);
(a) /(i) against Me, (b) 0(#) vs. Me, and (c) (i) vs. Me
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Figure 5. Variations in velocity, temperature, and concentration against n;
(a) f"(n) against n, (b) 0(n) vs. n, and (c) p(y) vs. n
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Figure 6. Radiation parameter effects on temperature and concentration profiles;
(a) 8(n) vs. R and (b) () vs. R
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Figure 7. Behavior of () and ¢(#) via Sc; (a) 6(n) vs. Sc and (b) ¢(#) vs. Sc¢

R, is increased, the temperature profile declines. The increasing behavior of the concentration
profile can be seen against rising thermal radiation parameter in fig. 6(b). Temperature shows
a decreasing trends for enhancing Schmidt number as depicted in fig. 7(a). The rising Schmidt
number, reduces mass diffusivity which implies concentration profile is declining as predicted
in fig. 7(b). Enhancing reaction rate, g, increasing temperature field as illustrated in fig. 8(a).
In fig. 8(b), the impact of the rising reaction rate values depicts the declining behavior of con-
centration distribution. Both temperature and concentration distributions are decreasing when
thermophoretic parameter, V¢, is enhanced as presented in figs. 9(a) and 9(b). Figure 10(a) illus-
trates that temperature field is a decreasing function against rising Brownian motion parameter,
Nb. The concentration profile is increasing when Nb values are enhanced as seen in fig. 10(b).
In fig. 11(a), enhancing 4, values provides extra heat to the nanoparticles due to exothermic
reaction and hence the temperature profile rises. The concentration profile decreases when 4,
values are enhanced as observed in fig. 11(b). Increasing behavior for temperature field in fig.
12(a) and a decreasing trend for concentration profile in fig. 12(b) are depicted for enhancing
temperature difference parameter o.
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Figure 8. Reaction rate influence on temperature and concentration fields;
(a) O(x) vs. o, and (b) o(n) vs. oy
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Figure 9. Thermophoretic parameter influence on 6(x) and ¢(y);
(a) 0(7) vs. Nt and (b) o(n) vs. Nt

5 6
(@) n (b)
Figure 10. Brownian parameter effects on temperature and concentration profiles;
(a) 8(n) vs. Nb and (b) ¢(n) vs. Nb
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Figure 11. Influence of endothermic/exothermic reaction parameter on temperature
and concentration profiles; (a) 8(n) vs. 4, and (b) ¢(#) vs. 4,
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Figure 12. Temperature difference parameter effects on temperature and
concentration profiles; (a) 6(#) vs. d and (b) ¢(7) vs. o

Conclusion

We considered steady incompressible radiative MHD tangent hyperbolic nanofluid
laminar flow model with effects of melting phenomena, exothermic/endothermic chemical re-
action, and activation energy. The numerical results of the transformed ODE are computed and
graphical representations are provided. The results reported showed declining trends for veloci-
ty and temperature while concentration profile is increasing for enhancing magnetic parameter,
Weissenberg number, and power law index values. Temperature distribution diminishes with
enhancing values of Me, R, Nt, Nb, and Sc, whereas a reverse trend is visualized for augmen-
tation in o, J, and 1,. Moreover, concentration profile declining in respect of thermophoret-
ic parameter, endothermic/exothermic reaction parameter, temperature difference parameter,
Schmidt parameter, and reaction rate while increase in the concentration profile is depicted
when Me, Nb, and R parameters values are increased.
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