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ABSTRACT

Rheometric, viscosimetric, biomedical, and various pharmaceutical machineries benefit from the
structural advantages offered by the stationary cone-disk (SCDS) geometry. This study investigates
the three-dimensional flow of mono/hybrid nanofluids in a stationary cone-disk system (SCDS) with
isothermal boundaries, employing different nanofluid models and considering various physical
aspects such as thermal radiation, variable fluid properties, Brownian motion, and thermophoresis.
Significant temperature gradients, particularly at high operating temperatures, critically impact fluid
transport characteristics. Therefore, incorporating temperature-dependent fluid properties is essential
for accurate fluid behavior prediction and system performance optimization. Three different
nanofluid models, namely, the Khanafer-Vafai-Lightstone (KVL) nanofluid model, the Buongiorno
nanofluid model (BNM), and the modified Buongiorno nanofluid model (MBNM), were used to
describe the heat transport in nanofluids. The effective thermo-physical properties of nanofluids were
described by using the available experimental models and data. The governing equations are
formulated as a coupled system of convective-diffusion equations, comprising momentum, thermal
energy, and nanoparticle volume fraction (NVF) conservation, along with the incompressibility
condition. Lie-group theory is applied to derive the Lie-group scaling transformations, yielding a
self-similar model consisting of a nonlinear two-point ordinary boundary value problem. Numerical
methods were employed to find approximate solutions for the resulting self-similar models. A
comprehensive parametric study was conducted to visualize the behavior of the temperature and
velocity profiles, along with the Sherwood and Nusselt numbers at the disk surface. The study
analyzes the impact of Rosseland radiative flux, thermophoresis, Brownian motion, and variable
fluid parameters on the flow fields for both swirling and non-swirling flow cases. Multivariate
quadratic regression models for mass and heat transfer rates at the disk surface are developed. The
system's entropy generation is also examined. Statistical analysis is also performed, specifically, by
using the Response Surface Methodology (RSM) and central composite design (CCD). The
parametric analysis reveals novel and interesting results, and further statistical analysis quantifies the
influence of physical parameters on the different fields. It is anticipated that the findings of our
research work will complement existing studies and offer valuable information for practical
applications.
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