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Nonlinear Turbulence Models That Predict
Strong Curvature Effects

XU Jing lei', MA Huiyang', HUANG Yu ning’
( 1. Department of Physics, Graduate School of the Chinese Academy of Sciences,
Beijing 100049, P.R . China;
2.State Key Laboratory for Turbulence and Com plex Systems;
Department of Mechanics and Engineering Science,

Peking University, Beijing 100871, P.R. China)

Abstract: The curvature effects on the structure of turbulence were analyzed qualitatively. Numerical
simulations of a turbulent U-duct flow with a number of turbulence models in order to assess their
overall performance were conducted . The models evaluated are some typical linear eddy viscosity tur-
bulence models, nonlinear eddy viscosity turbulence models ( NLEVM) ( quadratic and cubic), a
quadratic explidt algebraic stress model (EASM) and a Reynolds stress model (RSM) developed
based on the second moment closure. The numerical results show that a cubic NLEVM that performs
considerably well in other benchmark turbulent flows, such as the Craft, Launder and Suga model and
the Huang and Ma model, is able to capture the major features of the highly curved turbulent U-duct
flow, including the damping of turbulence near the convex wal, the enhancement of turbulence near
the concave wall, and the subsequent turbulent flow separation. The predictions of the aibic models
are quite dose to that of the RSM, in relatively good agreement with the experimental data, which
suggests that these models may be applied to simulating the turbulent curved flows in engineering ap-

plications.

Key words: curvature effect; nonlinear eddy viscosity turbulence model; Reynolds stress model



