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Fig.2 Bottom morphologic forms under different flow velocities (Froude numbers)
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Fig.3 Evolution of profile forms of sand dunes with F=0.1 and sand waves with F=1.5
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Fig.4 The ratio of nonlinear to linear migration velocities of sand dunes (F<{1) and antidunes (F>1)
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Fig.5 Comparison between the sand dune profiles given by numerical simulation and by characteristic line method (F=0.1)
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Study on the Nonlinear Evolution of Sand Dunes and Antidunes

ZHANG He, Zou Zhi-Li, XU Jie
(1. Dalian University of Technology » Dalian 116024, China;
2. The State Key Laboratory of Coastal and Offshore Engineering » Dalian 116024, China)

Abstract: Sand dunes and antidunes are bottom sediment accumulation forms commonly observed in rivers
and estuaries. Their morphology and evolution involve strong nonlinear interaction between water flow and
topography so that it is difficult to study their generation, evolution and morphological features. As a re-
sult, the evolution characteristics of the sand dunes and antidunes have been becoming an important
subject in river dynamics and marine science. In the present paper, a characteristic line method is applied to
give the profile morphological characteristics and the variation of evolution rate with froude number and
amplitude of the sand dunes and antidunes. And then, the effects of the bed slope and bottom friction on
the evolution of sand dunes and antidunes are analyzed. The results show that the evolution of the profiles
of sand dunes and antidunes are more strongly influenced by the nonlinear terms in the topography evolu-
tion equation. The profile forms caused by the latter are all tilted along the downstream direction, which
does not change because of the countercurrent migration of antidunes. This is different from the result giv-
en by the linear theory. Such evolution feature is also greatly affected by the Froude number, the bed slope
and the bottom friction. The present study can provide theoretical references for the numerical simulation
of sand dunes and antidunes.
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