19452020

ME Seminar

MECHANICAL ENGINEERING

sl fasiret zizenen

A dimensionless heat transfer coefficient better than Nusselt number
for natural convection
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ABSTRACT

Natural convection refers to buoyancy driven flows, for example, as that created by a heated sphere
in still air. In non-dimensional terms the buoyancy forcing is given in terms of Rayleigh number Ra,
which is proportional to the density difference and L3, L being the reference length, for example
diameter of the sphere. The heat flux (W/m?) is standardly given in terms of Nusselt number (Nu),
which is proportional to L, and given as correlations of the form, Nu ~ Ra™Pr™, where Pr is the Prandtl
number, ratio of momentum to heat diffusivities. For turbulent natural convection across almost all
geometrical configurations, n ~ 1/3 and m is small, implying the heat flux is nearly independent of the
length scale and has weak Pr dependence: the heat flux values on 10 cm diameter and 1m diameter
spheres heated to the same temperature above the ambient will be nearly identical, whereas the Nu
value will be ten times for the larger sphere. A new non-dimensional heat transfer coefficient, C,, which
is independent of the length scale is proposed thus reflecting the fact that heat flux does not depend
on L. It is observed, surprisingly, that the C, values for natural convection over several geometries lie
in a small range ~ 0.1 — 0.2; the same data in terms of Nu varies over orders of magnitude. Physically,
a constant value of €, implies a constant value of Rayleigh number based on the thermal boundary
layer thickness, consistent with marginal stability hypothesis. It can be shown that C, is akin to the
non-dimensional representation of wall shear stress, skin friction coefficient Cr, which also shows small
variation over a wide range of Reynolds numbers. We believe that C, is a more meaningful
representation of heat flux than Nusselt number, and will be as useful for natural convection flows as
Cr is for forced flows.
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