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Table 2 Trajectory parameters of particles at
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100 7.48 x 10° 1.06 x 10°
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Fig.1 Typical particle trajectories
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Fig.1 Typical particle trajectories (continued)

Znt, BT Saffman JERBHEI K URTIRLE
T, WEEFHLUEBAE, (2) W THREKR
01, BEERARRIEM, B AER, DRRE K
BRIEATHE (3) X TARRBRAR, BEXH6E
A, SFBIVIRES, Saffman FSIRANEE, WK

3 30m/s BREHT

e A E, K2 FEN NS SH 8
. XEAETHRBER, F-HRBENR =4
B1? ASCHEEREY, ERIRBERXTLF BT, #
RPUVEEA—EHRBEBL A AT Saffman f
ERTEHE —ENmE, RELERRDN, HE
HEEE LSRR e TR B, AA]
7 S R IAEWL SRR BB 2 46 1, 40 Wangl®)
R Tz shRETE T B34 R 2 16 TAE & K83 ok a]
et Saffman JITIH A%, SRHRBEE
JEWT LABUA FE55 /N

® 3 HHEBRNKME T ARRBAZD SEBAR
EEHKFMEELSR (v M v,). XEEREY
100 pm PRITE 52 FREK B 38 B3 B H S P i T
AR, HERREZ GRS — 15’
2, DAL RERE T & AR R Bk 7E Saffman )
ERTFEGAEATH. WRME, RAEED (kK

WEEHKEE us, v,

Table 3 Terminal impact velocities of particles u, and v, at wind speed 30m/s

d/um vgg = 0.1 veo = 0.2 vgo = 0.5
Vs Us Vg Ug Vg
1 419 x 1076 749 x 107% 417x10°% —7.49x 1075 393x107% -749x10°°
10 478 x 1072 -8.91 x 1073 479 x 1072 ~8.91 x 1073 479x 102 -891x 1073
100 716 x 1071 —9.03 x 10~2 2.23x10° —1.55x 1071 5.07 x 100  —2.62 x 1071
500 . 7.12x 1072 —9.90 x 10~2 449 x 1071 —1.94 x 107! 2.46 x 10  —4.50 x 101
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Table 4 Motion properties of particles at different roughness

4/ ym Yy = 0.1mm yp = 0.0l mm
o h/pm s/pm Ug h/pm s/pm Us
1 9.57 x 1071 1.33 x 102 2.08 x 10—° 8.26 x 1071 7.77 x 102 2.18 x 10—¢
10 1.38 x 102 2.32x 10* 472 x 10! 2.97 x 102 1.50 x 105 3.74 x 10°
100 6.20 x 102 2.69 x 10*  1.79 x 10Y 499 x 102 4.73x 10* 414 x 10°
500 6.07 x 102 255x10% 206 x 10! 5.53x 102 6.69x10% 6.41x 107!
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NUMERICAL MODELLING OF DUSTY ATMOSPHERIC FLOWS
OVER AN ERODIBLE SURFACE Y

Wang Boyi Chen Qiang Qi Longxi
(LNM, Institute of Mechanics, Chinese Academy of Sciences, Beijing 100080, China)

Abstract In the framework of the two-fluid model of dilute dusty gases, the present paper gives the governing
equations for dusty atmospheric flows, where the two-way coupling is taken inte account in the source terms.
The similarity criteria are derived for dynamical behaviors of the carrier- and dispersed-phase and they include
seven parameters such as the Froude number, the dust mass loading and so on. As a model problem, the
aerodynamic entrainment of the dust and sand particles in the fully developed turbulent atmospheric boundary
layer over an erodible surface are studied and the aerodynamic drag as well as the Saffman lifting and gravity
forces are considered. To overcome the difficulties associated with the non-uniqueness of the flow parameters
due to the intersection of particle trajectories, the continuity equation of the dispersed phase is introduced in
the Lagrangian coordinates. The motion characteristics and concentration distributions of the dispersed phase
are simulated numerically at two different wind speeds and four different particle sizes and the effects of wind
velocity and dust size are discussed in detail. These results are also relevant to the energy exchange process
between the two phases in the atmospheric boundary layer. The equations, criteria and method may be useful

in interpretation of some natural disaster phenomena such as wind erosion and sand-dust storm.

Key words dusty atmosphere, gas-particle flow, boundary layer, similarity criterion, numerical modeling
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