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ABSTRACT

The mathematical modeling of the Marangoni convective flow of nanofluids and optimization of the heat transport rate is
carried out in this research work. The thermal, thermo-solutal, mixed thermo-solutal Marangoni convection problems are
modeled in the presence of an external magnetic field. The thermal phenomenon is scrutinized by including thermal
radiation which is quantified by using the Rosseland approximation. Different external effects are included in the
problems and a detailed parametric analysis is carried out by using graphical visualizations. The nanofluids are modeled
by choosing realistic nanofluid models along with experimental data. The governing equations are constructed by
utilizing the conservation equations of mass, momentum, energy and concentration. Suitable transformations are adopted
to convert the governing partial differential equations to ordinary differential equations and similarity solutions are
obtained. The Runge-Kutta based method and MATLAB solver are adopted to tackle the nonlinear ordinary differential
equation system. This technique involves the usage of four-stage Lobatto Illa collocation formula and yields fifth-order
accurate results. The accuracy of the numerical results is further ensured by comparing the limiting cases of the modeled
problem with the literature. The optimization of the heat (and mass) transport is carried out by using the mathematical
and statistical technique - Response Surface Methodology (RSM). The face-centered central composite design is used in
the experimental design for optimization. Quadratic empirical models are fitted for the response variables and these
models are utilized to estimate their sensitivity towards the pertinent factors.

It is found that the aggregation of nanoparticles leads to a higher thermal conductivity which enhances the temperature
profile in Marangoni convective flows. Accurate quadratic models (with high coefficient of determination) have been
fitted and optimized levels of the factors that maximize the heat transport have been estimated for each modeled problem.
The interactive effects of the factors are studied using three-dimensional surface plots. Moreover, the augmentation on
the flow and thermal profiles for a change in each independent parameter has been calculated. The inclination angle of
the magnetic field can be used to regulate the convective flow. Among the linear and exponential heat sources, the heat
transport rate is enhanced more by the exponential heat source. Considering the cross-diffusion effect, the mass transport
is augmented more by the Soret effect. On the contrary, the heat transport is augmented predominantly by the Dufour
effect. The entropy generation in the fluid system gets increased by the thermal radiation and hence, the Bejan number
rises which indicates that the heat transport irreversibility is predominant. The results of this research work can be
applied in crystal growth, soap film stabilization, coating processes, and growth of silicon wafers which involve
Marangoni convective flows. The convection driven by Marangoni effect is also prominent in microgravity situations. In
such cases, the convective flows in the fluids will be driven by surface tension gradients. Moreover, the optimized heat
transport levels can be used to improve the efficiency of hydromagnetic semiconductor crystals.
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