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ABSTRACT

Multilayer flows commonly occur in industrial processes such as co-extrusion, film coating, and lubricated
transport. These flows have important applications in the polymer and petroleum industries, oil extraction, and
food processing. For example, in oil pipelines, multilayer transport can significantly reduce the pumping
power required by introducing an appropriate amount of water to facilitate the movement of oil. In view of
these significant applications, mathematical models are developed to analyze multilayer flow and heat transfer
in fluids within a vertical slab, accounting for various physical effects such as nonlinear convection, interfacial
coupling, and distinct thermophysical properties of each layer. Since industrial processes often operate at
moderate to high temperatures, the analysis incorporates the nonlinear Oberbeck-Boussinesq approximation to
more accurately capture thermal effects. Various other physical effects including the magnetic field, viscous
dissipation, and thermal radiation were investigated. As far as the fluids are concerned, we have used
incompressible non-Newtonian fluids and mono/hybrid nanofluids as the testing fluids. For realistic
modelling, experimental data based nanofluid models were used.

The governing equations are constructed using the conservation laws of mass, momentum, energy and the
constitutive equations are utilized for non-Newtonian fluids. The resulting dimensionless nonlinear differential
multi-point boundary value problems were solved through analytical and numerical approaches. The entropy
generation analysis is also performed. Since energy losses due to irreversibilify inherently occur in any
mechanically active device, analyzing this phenomenon becomes essential for loss mitigation and system
optimization. The optimization of heat transport at the walls of a vertical slab is carried out using Response
Surface Methodology (RSM), a mathematical-statistical approach based on the Design of Experiments (DoE).
Quadratic empirical models are developed to perform sensitivity analysis. The results are presented both
graphically and in tables, followed by a physical interpretation. The findings of this research may be useful for
various engineering applications involving multilayer fluid transport.
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