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Abstract Describing the wind velocity profiles modified by blown sand movement is among the central issues in studying the
wind-sand interaction in a blowing sand cloud. This paper develops the mathematical models of the wind-sand interaction, tak-
ing the saltating cloud as fluidized flow. The force exerted on the airflow by saltating particles is expressed in terms of the drag
coefficient of the fluidized particle flow. The drag coefficient is introduced by modifying the expressions for the drag coefficient
of the fluidized liquid-particle flow obtained by previous researchers by a correction factor. The saltation boundary layer is di-
vided into an inner boundary layer in which the saltating particles exert significant force on the airflow, and an outer boundary
layer in which saltating particles exert insignificant force on the airflow, but is affected by the inner boundary layer. Expres-
sions for the wind velocity profiles of the inner boundary layer and outer boundary layer are developed. The simulated wind ve-
locity profiles based on the velocity and concentration profiles obtained from wind tunnel tests are compared to those directly
measured. They show reasonably good agreement. It is revealed that the wind profiles with saltation cloud are up-convex
curves on the log-linear plot rather than the straight lines of the clean wind. The up-convexity of the curves increases as wind

velocity increases. The wind velocity profiles above the saltation boundary layer approach the logarithmic law. The results con-
firm the existence of the so-called Bagnold's kink, which is found to get higher with increasing wind velocity and is lowered with
increasing particle size. It is suggested that the wind shear velocity with a saltating cloud reflects the response of airflow to the
ground surface and the movement of saltation movement.

Key words Wind profiles, Blowing sand boundary layer, Wind shear velocity, Bagnolds kink
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Table 1 Regression coefficients for the variation of the

mean velocity of the fluidized particle flow with height

R (mm)  KGE Ulm/s) ai b r?
8 0. 9575 0. 5825 0.998
0.1—0. 2 10 0.9429 0.5671 0.997
12 0. 8901 0. 5381 0. 994
14 0. 8064 0.5488 0.998
10 0.6675 0.5473 0. 996
0.2—0.3 12 0.6778 0.5683 0. 998
14 0. 6450 0.5195 0. 995
10 0. 5864 0.5515 0.998
0.3—0.4 12 0.5705 0. 5468 0.993
14 0.5609 0.5522 0. 995
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Table 2 Regression coefficients for the variation of particle

concentration in the fluidized particle flow with height

kid2H (mm) X U(m/s) a 2 r2
8 0.2388 —5. 1444 0. 998
0.1—0.2 10 0.1704 —4., 2165 1. 000
12 0.1584 —2.8663 0. 986
14 0.1174 —2.4543 0. 990
10 0.2478 —4. 0646 0. 994
0.2—0.3 12 0. 1390 —3.4220 1. 000
14 0.1159 —2.8562 0.999
10 0. 2400 —5.2721 0.998
0.3—0.4 12 0.1660 —4.1051 1. 000
14 0.1417 —3.4671 1. 000
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Table 3 Measured sand transport rate for different size

groups at different wind velocities

Ny AT KU B 1 i V0 % Q(g/ (em = )
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U=8m/s U=10m/s U=12m/s U=14 m/s

0.1—0.2 0. 25875 0.52635 1.1995 2.5601

0.2—0.3 0. 4980 1.16 2.2143

0.3—0.4 0.473 0.9101 1.7061
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