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Fig.1 Near-wall behaviour of fully-developed channel flow
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Fig.2 Near-wall behaviour of sink channel flow
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Fig.4 Skin friction, mean-velocity and shear stress profile of asymmetric diffuser
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STUDY OF WALL-PARAMETER FREE LOW-REYNOLDS-
NUMBER NONLINEAR EDDY- VISCOSITY MODEL V

Fu Song Guo Yang
(Department of Engineering Mechanics, Tsinghua University, Beijing 100084, China)

Abstract In complex wall-bounded turbulent flows, the “universal” behavior of the law of wall
is often not observed and the application of the wall-law in conjunction with linear two-equation
turbulence models fail to give accurate predictions. For these flow calculations low-Reynolds-
number high-order models are required, for instance, full Reynolds-stress transport model and
explicit algebraic stress model. In most of these models, wall-distance or normal unit vector to the
‘wall appears in damping functions or wall-reflection term. These wall parameters are difficult to
define when the flow geometry is complex. A wall-parameter-free low-Reynolds-number high-order
turbulence model is thus of great benefit to the prediction of complex wall-bounded turbulent
flows.

Based on the turbulence near-wall asymptotic behavior, this article presents a low-Reynolds-
number nonlinear eddy-viscosity model. A particular feature of the model is that it contains no
wall parameters like y*,n which are difficult to define in complex flow geometry. The turbulence
time scale in the model is modified to adapt to Kolmogorov time scale very close to the wall
while remaining the eddy-turnover time scale away from the wall. To validate the performance of
these models, a number of test cases have been calculated and results are compared with DNS or
experiment data which include fully-developed channel flow, sink channel flow, flow through an
asymmetric plane diffuser, ONERA A-Airfoil flow, shock/boundary-layer interaction. The results
are very satisfactory as compared with experiments or DNS data which shows the present model
can be applied to the calculations of a wide range of complex flows with practical significance and

exhibits superior performance than linear two-equation turbulence models.

Key words Reynolds-stress, turbulence model, nonlinear eddy-viscosity model, low-Re model
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