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Discussion on the application conditions of diffusion equations of suspended sediment transport

ZHANG Lei', GUAN Jianzhao', WANG Yousheng', HU Zhidan®, WANG Xiekang3
(1. China Institute of Water Resources and Hydropower Research, State Key Laboratory of Simulation and Regulation of Water Cycle in River
Basin, Beijing 100038, Chinas; 2. Bureau of Hydrology, MWR, Beijing 100053, China;
3. State Key Laboratory of Hydraulics and Mountain River Engineering, Sichuan University, Chengdu 610065, China)

Abstract: The transport of suspended sediment is one of the important issues in the field of river dynam-
ics, which has been studied by using kinds of theories and methods. In this paper, the application condi-
tions of diffusion equations based on these different theories were discussed. The results show that the tradi-
tional diffusion equation and the modified ones is valid when the sediment concentration is low and the par-
ticle inertia is small enough; the diffusion equations based on two-phase theory are also applied to the
same conditions as the traditional diffusion equation because the inertial effect is not considered. Recently,
a diffusion equation proposed by Snehasis Kundul and Koeli Ghoshal based on the relation for the drift ve-
locity takes account of effects of lift force, particle turbulence, and particle inertia, which makes this equa-
tion suitable for high concentration and large inertia condition. However, the empirical constant is still
adapted to determine the sediment diffusion coefficient, which has become the limitation of this model; the
diffusion equation derived from the PDF equation and the dispersion equation, both of which are based on
the kinetic theory, take account of effects of lift, particle turbulence, particle inertia and other factors on
the sediment suspension except the gravitation and the turbulence. Therefore, these two equations can be
used in the condition of high concentration and large inertia. Especially, the dispersion equation contains
the effects of sediment concentration, the interaction between liquid and solid phase, the particle turbu-
lence and collisions among particles on the sediment suspension, which can illustrate the underlying mecha-
nisms of suspended sediment transport.

Keywords: suspended sediment; diffusion equation; concentration; particle inertia
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