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Influencing parameters and scaling relationship of effective diffusion
coefficient at sediment-water interface for rough bed

CHEN Chun-yan, ZHAO Liang, WANG Dao-zeng, FAN Jing-yu

(Shanghai Institute of Applied Mathematics and Mechanics, Shanghai University, Shanghai 200072, China.
*Corresponding author, Email: jyfan@shu.edu.cn)

Abstract: Sediment-water interface (SWI) is an important environmental boundary in natural
aquatic systems, such as rivers, estuaries, lakes, reservoirs, wetlands and coastal waters. The
mass exchange across the SWI for rough bed depends on not only the hydrodynamic feature and
the sediment permeability, but also the bed roughness at grain size/roughness element scales. In
this paper, by means of an annual flume experiment, the quantitative data and variation feature of
the interfacial mass exchange flux have been measured under the conditions of the rough beds
composed of different grain-sized model sands, and the scaling relationship between the effective
diffusion coefficient and its main influencing parameters has been analyzed. The experimental
results indicate that within the variation range of the present flow and sediment conditions, the
rough bed shows the enhanced mass exchange rate across the SWI compared to smooth bed, and
a consistent scaling relationship between the effective diffusion coefficient and its main
influencing parameters occurs. The effective diffusion coefficient for the case of the rough bed
with relatively high permeability is shown to be approximately proportional to the square of a
variety of the Reynolds numbers, and an appropriate threshold value of dimensionless control
parameters (such as the permeability Reynolds number) is likely to characterize the applicability
of this scaling relationship. The corresponding threshold value of the permeability Reynolds
number for the rough bed tends to decrease appreciably, due to the enhancement of turbulence
penetration, compared to that for the smooth bed.

Key words: Rough bed; Sediment-water interface; Effective diffusion coefficient; Scaling

relationship.
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