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MECHANISM OF MOTION OF SAND GRAINS BY WIND (1)

——Experiments on the Initiation for Movement of Sand Grains—

By Yoshito TSUCHIYA and Yoshiaki KAWATA

Synopsis

In studying the mechanism of sand storm, it is neccessary to make clear the mechanics
of motion of sand grains by wind in relation to the mechanics of motion of sand grains
by water. As the first report, this paper deals with the initiation for movement of sand
grains by wind with the aid of detailed experiments. It was found that there is a wide
diflerence in the dimensionless expression between the dimensionless tractive force, so-
called flow intensity and the Reynolds number of sand grain for the initiation for movement
of sand grains by water and by wind. Using some kinds of grains with various specific
gravities, the effect of specific gravity of grains on the initiation for movement was con-
sidered in a laboratory experiment. It was found that the value of dimensionless critical
tractive force decreases with the increase of the relative density of grains to fluid if the
Reynolds number of grain is constant, and would approaches to a constant when the

relative density becomes very large.
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Fig. 1 Variation of critical shear velocity with size of sand grains.
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Fig. 2 A dimensionless expression of initiation for movement

of sand grains by water, so-called dimensionless critical
tracitve force.
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Fig. 3 A dimensionless expression of initiation for movement
of sand grains by wind.
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Table 1 Properties of grains used.

Grain Size

No. i Kind of Specific Friction coefficient | Shape factor
cm grains gravity ¢/po tan ¢ b/a
1 0.102 (0.119 ~0.0840) | Sand grains 2.564 1.217 0.762
2 0. 0715(0. 0840~0. 0590) ” 2. 605 1.223 0.733
3 0. 0505(0. 0590~0. 0420) ” 2.618 1.204 (Rough bed) 0.685
3 ” r ” ” 0." 426 (Smooth bed) ”
4 0. 0359(0. 0420~0. 0297) ” 2.637 1.273 0.717
5 0. 0254(0. 0297~0. 0210) ” 2.538 1.143 (Rough bed) 0.673
5 ” ” ” ” 0. 394 (Smooth bed) ”
6 0.144 (0.168 ~0.119 ) Seeds 1.216 0. 962 0.909
7 0. 0715(0. 0840~0. 0590) A 1. 076 1.110 0.743
8 |0.102 (0.119 ~0.0840) L‘glfg"g‘;‘eggk;tte ©LT71I6 | 1174 0.736
9 ” ” Nylon grains 1.370 1.148 0.837
10 0. 0715(0. 0840~0. 0590) ” V] 1.096 0.872
11 0. 0505(0. 0590~0. 0420) ” ” 1. 046 0.777
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Table 2 Experimental results of initiation for movement of grains
by wind, calculated by first criterion py=0.5%/sec.

No. dcm v cm2/sec uc*cm/sec | o/p ue*d/v uc*?/(a/p—1)gd tan ¢
1 0.102 0. 1490 68.3 2123 46.8 0.0181
2 0.0715 . 0.1517 58.0 2178 27.3 0.0180
3 0. 0505 0. 1576 43.0 2232 13.8 0.0189
4 0. 0359 0.1531 41.8 2208 9.85 0.0177

5 0. 0254 0. 1519 33.2 2124 5.55 0.0182
6 0.144 0. 1517 63.0 1015 59.8 0. 0288
7 0.0715 0. 1519 36.5 901 17.2 0.0190
8 0.102 0.1395 55.0 1372 40.7 0.0188
9 0.102 0.1494 45.2 1137 30.9 0. 0157

10 0.0715 0.1511 40.1 1142 19.0 0.0183

11 0. 0505 0. 1576 32.0 1168 10.3 0. 0169
3 0. 0505 0. 1436 27.4 2130 9.64 0. 0168
5 0. 0254 0.1394 22,8 2030 4.09 0. 0267

Table 2 (3551 DBBIBRRT7obb po=0.5%/sec #FHALT, ZHICHIE L ABEEEE u* % Fig. 5
M B3R®, Reynolds B uetd/v OBIME L CERTTL XN ICBRARTIETT ue*e/(e/p—Dgd tangp #FHEL
THRTH B, ARl 5 mBmE»bTh PR T 2 HEREE o/p OELARELTHD, LKL,
No.5 DUEFEIIBREC L » THBRALHE L ERTH D, Fig. 6 (THNEE o/p OEOHELEH
L, Table 2 DERXRRLIELDTH-T, Hbicit e=1 I LT° 0.4 X Lic BRI B
T ABERMENEEBDOLDICRIN TV B,

—7, BB L2 ORMER p ODENFELLL hABEEEEOEYHETH L TH-T, TSI T
Fig. 5 @RL4SEY Fig. T OL5BRLALT, po=0%/sec LichBEEE uo* XHPRLL
I 5B CTERENDAELTRD, L, ZOEELRWTEREOR DL THFERICHEE
TERVBDLEFH ot CDLIRLTRDONLBREBEEELZ BT, teo*d/v B3I ue*?/(o/p
—1gdtan ¢ HEELTC—HERR LI, DA Table 3 TH5B, bz, Fig. 8 X Fig. 6 iz D

Table 3 Fxperimental results of initiation for movement of grains
by wind, calculated by second criterion po=0%/sec.

No. dcm yem?/sec | #e* cm/sec| o/p Ueo* d/v #eo*2/(a/p—1)gd tan ¢
1 0.102 0. 1490 54.7 2123 37.4 0.0117
2 0.0715 0. 1517 49.8 2178 23.4 0.0133
3 0. 0505 0. 1576 34.0 2232 10.1 0.0118
4 0. 0359 0.1531 32.8 2208 7.69 0.0109
6 0.144 0.1517 59.8 1015 56.8 0. 0259
7 0.0715 0. 1519 33.8 901 15.9 0.0162
8 0.102 0. 1395 46.2 1372 33.8 0.0133
9 0.102 0.14%4 39.5 1137 27.0 0.0120

10 0. 0715 0. 1511 35.5 1142 16.8 0.0143

11 0. 0505 0.1576 24.4 1168 7.81 0. 00982
3 0. 0505 0. 1436 23.4 2130 8.23 0.0122
5’ 0. 0254 0.1394 16.4 2030 2.94 0.0137
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Fig. 6 Dimensionless expression of initiation for movement of grains
by wind, calculated by first criterion p,=0.5 %/sec.
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Fig. 9 Dimensionless expression of critical tractive force, calculated
by second criterion po=0%/sec.
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Fig. 10 Influence of relative density of grains to fluid on initiation
for movement of grains by wind and by water, calculated
by first criterion po=0.5%/sec.
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Fig. 11 Influence of relative density of grains to fluid on initiation
for movement of grains by wind and by water, calculated
by second criterion po=02% /sec.
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