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Effects of Roughness and Blowing on Skin-Friction and Heat-Transfer
in the Convergent-Divergent Nozzle
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Abstract

A computer program is developed to calculate the compressible boundary layer in the
convergent-divergent nozzle of the propulsion motor. The Cebeci and Smith eddy viscosity model
is adopted, which takes account of roughness as well as blowing on the wall. The boundary layer
equations are solved by the finite difference method based on the variable grid system. Calcula-
tions are carried out in several nozzles and results are compared with available data. Skin friction
and heat transfer coefficients are reasonably predicted. The roughness of the wall considerably
increases the skin-friction and the rate of heat-transfer especially over the nozzle throat. However
such effects of the roughness on the heat-transfer cannot be verified, since measured data are not
available to be compared. The blowing generally reduces the friction and the heat-transfer.
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