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ABSTRACT 

The current research is focused on the characteristics of Silver-

Aluminium oxide/water hybrid nanofluid flow and heat transfer 

performance due to a moving oscillating plate. In the presence of 

Lorentz force and radiation parameter effects, we analyse 2D Laminar 

viscous incompressible boundary layer fluid flow. The governing 

partial differential equations with accompanying boundary conditions  

are solved using a robust Crank-Nicolson approach. For specific cases of the problem, the 

current work is supported by existing literature. The effects of important physical parameters 

on the skin friction coefficient, Nusselt number, and velocity and temperature profiles are 

graphically represented. The findings can be applied to the cooling of a variety of engineering 

and industrial devices. 

 

KEYWORDS: Free convection, oscillating vertical plate, Crank Nicolson numerical 

technique, laminar boundary layer flow, MHD, thermal radiation. 

 

INTRODUCTION 

Nowadays, many researchers have been attracted and showing interest in nanofluids to 

improve the fluid's heat transfer and thermal conductivity and study the fluid characteristics. 

Mainly nanofluid applications focus on practical fields, i.e. heat transfer equipment, solar 

collectors, refrigerators, electronics coolings, nuclear reactor cooling. When compared to 

liquid particles, solid particles have more thermal conductance. Adding nano- sized solid 
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particles to liquids improves their thermal conductance, this type of combination is called 

nanofluids. Rajesh et al.
[1-7]

 have done a wide range of research on nanofluids flows with heat 

transfer past a moving vertical plate, cylinder with MHD, thermal radiation, viscous 

dissipation, temperature oscillation, and variable surface temperature effects. Sridevi et al.
[8]

 

numerically analysed transient magnetite-water nanofluid flow and heat transfer from a 

vertical oscillating plate. The transient free convective flow of CNT water nanofluid with 

heat transfer from a moving cylinder has been studied later by Sridevi et al.
[9] 

Because of 

many applications, researchers are presently using hybrid-nanofluid instead of nanofluid, 

which is engineered by dispersing different nanoparticles in mixture form or composite form 

to increase thermal conductivity. Manjunatha et al.
[10]

 observed a heat transfer enhancement in 

the boundary layer flow of hybrid nanofluids due to variable viscosity and natural 

convection. Then, Iskandar Waini et al.
[11]

 explored hybrid nanofluid flow towards a 

stagnation point on a stretching/shrinking cylinder. Asifa Tassaddiq et al.
[12]

 studied heat and 

mass transfer and hybrid nanofluid flow over a rotating disk. Ramesh et al.
[13]

 looked at 

Al2O3-Ag and Al2O3-Cu hybrid nanoparticles' interaction with water on convectively heated 

moving material. Muhammad et al.
[14]

 Aladdin et al.
[15]

 Mohsan Hassan et al.
[16]

 Huminic et 

al.,
[17]

 Rajesh et al.
[18-19]

 are some of the researchers who examined and extended their 

work in hybrid nanofluids. Some other helpful studies on hybrid nanofluids are explored 

in.
[20,31]

 

 

Because of many applications of hybrid nanofluid flows, we, therefore, investigate the 

problem of an unsteady boundary-layer flow of a hybrid nanofluid past a moving oscillating 

plate numerically. This work can be considered as an extension of Rajesh et al.
[7]

 

 

The novelties of the current study compared to Rajesh et al.
[7]

 include: 

i) Hybrid nanofluid (Ag Al2O3) is introduced. 

ii) Moving oscillating vertical plate is considered. 

iii) Thermal radiation term is taken into account. 

 

The development of the temperature and velocity distributions and engineering quantities like 

Nusselt number and skin friction coefficient has been exemplified for appropriate parameters: 

magnetic parameter, radiation parameter, Grashof number, nanoparticle volume fraction and 

phase angle. 

 

 

https://www.emerald.com/insight/search?q=G.K.%20Ramesh
https://journals.sagepub.com/doi/abs/10.1177/0954408919844668
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2. Formulation of the problem 
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The exact solution of Eq. (12) in the absence of inertial terms and thermal radiation, subject 

to the boundary conditions (13) by using the Laplace transform method, is given by 

 

 

3. The skin friction coefficient and Nusselt number 

The quantities of practical interest in this study are the skin friction coefficient 
fC  and the 

local Nusselt number Nu , which are defined as the following: 
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4. Numerical Technique 

The PDEs (10)-(12) together with appropriate conditions (13) have been solved by a robust 

Crank-Nicolson type implicit finite-difference technique. The corresponding finite-difference 

equations are 
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The above equations are solved for the numerical solutions of temperature and velocity fields 

via the Thomas algorithm. More details of solving these equations containing stability and 

convergence have been elaborated by Muthukumaraswamy and Ganesan [34], Ramachandra 

Prasad et al.
[35]

 A grid-independent test has been conducted to obtain an economical and 

reliable grid system for the computations and noted that the step sizes Δx=0.05 and Δy=0.25 

are giving accurate results. Also, the time step size dependency has been carried out, from 

which Δt = 0.01 was observed to provide a reliable product. Further to check the numerical 

results rightness, the temperature profiles of the present study in the absence of thermal 

radiation when are compared with the analytical solution given by equation (15) in. 
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5. RESULTS AND DISCUSSION 

 

 

 

 

 

Fig. 1: The physical model and coordinate system. Fig. 2: Comparison of temperature 

profiles. 
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Fig. 3: Impact of M on velocity with t. Fig. 4: Impact of M on velocity with y. 

 

 

Fig. 5: Impact of M on temperature with t. Fig. 6: Impact of M on temperature with y. 
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Fig. 7: Impact of M on skinfriction coeff with x. Fig. 8: Impact of M on Nusselt number 

with x. 

 

 

 

 

 

Fig. 9: Impact of Gr on velocity with t. Fig. 10: Impact of Gr on velocity with y. 
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Fig. 11: Impact of Gr on temperature with t. Fig. 12: Impact of Gr on temperature with 

y. 

 

 

Fig. 13: Impact of Gr on skinfriction coeff with x. Fig. 14: Impact of Gr on Nusselt num 

with x. 

 

Figures 15 and 16 show the effect of thermal radiation parameter N on the velocity with t 

and y. As radiation parameter increases correspondingly, velocity decreases for both. 
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Fig. 15: Impact of N on velocity with t. Fig. 16: Impact of N on velocity with y. 

 

 

Fig. 17: Impact of N on temperature with t. Fig. 18: Impact of N on temperature with y. 

 

  

Fig. 19: Impact of N on skinfriction coeff with x. Fig. 20: Impact of N on Nusseltnum 

with x. 
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Fig. 21: Impact of ωt on velocity with t. Fig. 22: Impact of ωt on velocity with y. 

 

 

Fig. 23: Impact of ωt on temperature with t. Fig. 24: Impact of ωt on temperature with 

y. 
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Fig. 25: Impact of ωt on skinfriction coeff with x. Fig. 26: Impact of ωt on Nusseltnum 

with x. 
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6. CONCLUSIONS 

This paper numerically investigated MHD and thermal radiation's impacts on the unsteady 

boundary-layer flow of a hybrid nanofluid past a moving oscillating plate using the Crank- 

Nicolson technique. The conclusions of the study are as follows. 
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