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Time-domain Computation of Broadband Noise due to Turbulence-Cascade Interaction
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ABSTRACT

The objective of the present work is to develop a time-domain numerical method of broadband noise in a cascade of
airfoils. This paper focuses on dipole broadband noise sources, resulting from the interaction of turbulent inflows with
the flat-plate airfoil cascade. The turbulence response of a two-dimensional cascade is studied by solving both of the
linearised and full nonlinear Euler equations employing accurate higher order spatial differencing, time stepping
techniques and non-reflecting inflow/outflow boundary condition. The time-domain result using the linearised Euler
equations shows good agreement with the analytical solution using the modified LINSUB code. Through the
comparison of the nonlinear time-domain result using the full nonlinear Euler equations with the linear, it is found that
the acoustic mode amplitude of the nonlinear response is less than that of the linear response due to the energy cascade
from low frequency components to the high frequency ones. Considering the merits of the time-domain methods over
the typical time-linearised frequency-domain analysis, the current method is expected to be promising tools for
analyzing the effects of the airfoil shapes, non-uniform background flow, linear-nonliear regimes on the broadband
noise due to gust-cascade interaction.
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Fig. 1 Schematics of gust-cascade interaction
benchmark problem.
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