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Numerical study of the effect of thermo-physical properties on heat transfer of
fluids through micro-ducts
Abdul Mushtaq Abid Hussain

Abstract

Micro-channels, with their high surface area to volume ratio, have high heat dissipation capacity and
thus play an important role in micro-electro-mechanical systems and electronic devices. In micro-
pipes, the axial conduction and radial convection influences the heat flow and hydrodynamic
characteristics, apart from the radial conduction, axial convection and viscous dissipation. The axial
convection, radial convection and viscous dissipation effects are one of the reasons for differences in
convective heat transfer flow characteristics between conventional and micro-pipes. The variations of
fluid properties in micro-convection are much stronger due to steeper temperature gradients and
hence its role is significant. The other reasons being scaling effects, such as rarefaction are neglected
in the present work.

The present work investigates the influence of property variations, density p(T), dynamic
viscosity p(T), thermal conductivity k(T) and specific heat at constant pressure Cp(T) on micro-
convective laminar flow characteristics with entrance affects. The direct effects due to the variations
of heat transfer and fluid-flow parameters, p(T), and p(T), affect the velocity and temperature
gradient near the wall region. The indirect effects due to the variations of fluid-thermal parameters,
Cp(T) and k(T) affect the temperature field, hence p(T), and p(T), are affected.

Numerical simulations are performed for forced convective fluid flows through two-
dimensional axisymmetric micro-pipe to predict the flow behavior and thermal development using
different fluids like water, engine oil, and air. The conservation equations for pipe-flows are solved
in the pure continuum regime to reach the steady state solution. These fluid flows are simulated at
different diameters and inlet velocities, and at two different boundary conditions. The two boundary
conditions of constant wall heat flux rate and constant wall temperature are assumed. The effects of
constant and variable thermo-physical properties, at the inlet boundary condition on heat-transfer and
fluid flow characteristics like Nusselt number, pressure drop and skin-friction is examined.

The computed results in two-dimensional axisymmetric micro-pipes for water and air show
that the wall temperature is significantly influenced by variable fluid properties, thereby affects the
Nusselt number. Also, the velocity gradients are affected by considering the variable fluid properties,
hence differences in skin-friction are observed as compared to results at constant properties. The
predicted pressure drop drastically differs at low diameters for constant and variable properties. The
results using engine oil shows fewer differences in Nusselt number, pressure drop and skin-friction at
constant and variable properties inlet conditions.



