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CRITERION FOR SCOUR RESULTING FROM
VERTICAL WATER JETS

by Yoshito TSUCHIY A
Synopsis

In order to prevent the scour resulting from water falls, such as a vertical water
jet impinging normally on a sediment bed, it is necessary to make clear the hydraulic
mechanism of the beginning of motion of sand gravels, that is the criterion for scour,
due to the flows caused by a vertical jet.

The first part of this paper deals with the theoretical approach to solve the char-
acter of flows close to a boundary which is caused by impingement of jets on a normal
boundary. A theoretical consideration for the boundary layer growth on the normal
boundary in the various cases of two and three dimensional jets, at submerged and non-
submerged conditions is described with the aid of the results of some experiments. In
the above considerations, the boundary layer growth in the vicinity of impingement of
jets is disclosed.

In the second part, the criterion for scour from a vertical submerged water jet is
analyzed by the same rzrocedure as done by the author in the previous paper entitled
‘‘Basic Studies on the Criterion for Scour from Flows Downstream of an Outlet”. It is
concluded from the comparison between the theoretical and experimental results that the
fundamental relationships in the criterion for scour, which are reduced by the theory,
are in good agreement with the experimental results. Based on both results of the theory
and the experiments, an empirical formula for the criterion for scour from a vertical
submerged water jet is proposed, and moreover, some considerations on the method pre-

venting the bed from scour are described.
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Fig. 23 Theoretical curves for criterion for scour resulting from vertical water jets (1)
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Fig. 26 Theoretical curves for location of criterion for movement of sands and gravels
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Table 1 Properties of used sands and gravels

CHER L Ic Rt E - :
. = Grain size Specific gravit Number of sand grains
5L C Table 1 (&7 Y exposed per unit area

Lizo RiBkidd~<{— d cm a/p tan ¢ 1/cm?
RcasLsE, T4 0. 04435 2.666 0.863 504
BILILLDTH B, 0.0890 2.6654 0.913 136
iii) SEBRTGME: PLEo 0.1435 2. 566 0.968 55.2
Rt/ AR ) 0.203 2.602 0.940 24.2

N LY Vil ek 0.357 2. 567 1.011 7.83
g A O BRL 0.588 2.583 1.055 4.35
IS, SREMER & 0.714 2.628 0.917 1.23
comomneis 1| 2| oer | o
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Table 2 Experimental results of criterion for scour resulting from vertical water jets

. (Ymaz )k (Vinazdxh w*? /('7/{’"1) * u¥,

dcm | hem | Dem |19 cm/s cmys B d/h X gd tan @ u¥.d/v Comad
0.04435 20 1.0 38.4 12.0 18700 | 0.00222 0.0583 6.61 0.159
” ” 2.0 20.5 12.8 20100 ” 0.0648 6.95 0.157
0.0890 20 1.0 46.0 14.4 21700 | 0.00445 0.0367 14.8 0.154
” ” 2.0 25.6 16.0 23900 ” 0.0438 16.0 0.150

” 40 1.0 |108.4 17.0 50500 | 0.00223 0.0337 14.1 0.124

” ” 2.0 58.7 18.3 56800 ” 0.0369 15.2 0.120
0:1435 20 1.0 | 40.1 12.5 18800 | 0.00718 0.0186 21.4 0.159
” ” 2.0 22.2 13.9 21600 ” 0.0215 23.9 0.154

” 40 1.0 |103.0 16.1 50100 | 0.00359 0.0187 22.2 0.123

” ” 2.0 53.6 16.8 51700 ” 0.0196 22.6 0.122
0.203 20 1.0 85.7 26.8 42400 | 0.0102 0.0153 34.4 0.080
” ” 2.0 44.1 27.6 40800 ” 0.0162 33.1 0.080

” 40 1.0 | 170.0 26.6 85500 | 0.00508 0.0133 32.6 0.075

” ” 2.0 84.2 26.3 82100 ” 0.0131 31.2 0.075

” 60 1.0 | 257.0 27.5 125000 | 0.00338 0.0133 30.7 0.073

” ” 2.0 |119.5 25.6 114000 ” 0.0119 28.6 0.074
0.357 20 0.5 | 200.0 31.2 53600 | 0.0179 0.0108 75.0 0.078
” ” 1.0 99.8 3.2 51900 ” 0.0110 73.0 0.079

” ” 1.5 62.0 29.1 49100 ” 0. 0095 6J.2 0.079

” ” 2.0 47.7 29.8 48300 ” 0.0101 63.1 0.079

” 40 0.5 | 405.0 31.6 109000 | 0.0089 0.0099 7.7 0.073

” ” 1.0 | 191.0 29.9 92200 ” 0.0089 63.2 0.074

” ” 2.0 |101.5 31.7 107000 ” 0. 0099 70.4 0.073
0.588 20 0.5 | 225.0 35.1 60200 | 0.0294 0.0078 132.0 0.078
” ” 1.0 | 112.2 35.1 64500 ” 0.0077 141.0 0.078

” ” 1.5 69.6 32.6 56800 ” 0. 0067 130.0 0.078

” ” 2.0 60.9 38.1 66200 ” 0.0039 150.0 0.077

” 40 0.5 | 515.0 40.2 140000 | 0.0147 0.0087 148.0 0.072

” ” 1.0 |220.0 34.4 114000 ” 0. 0066 122.4 0.073

” ” 1.5 | 146.0 34.3 118000 ” 0. 0065 127.0 0.073

” ” 2.0 ]113.0 35.3 120000 ” 0.0069 120.0 0.073

” 60 1.0 | 347.0 37.2 174000 | 0.0098 0.0071 110.0 0.071

” ” 2.0 1165.0 35.4 157000 ” 0. 0066 110.0 0.072
0.714 20 1.0 | 146.0 45.6 69800 | 0.0357 0.0118 193.0 0.077
” ” 2.0 68.0 42.5 65300 ” 0.0102 179.6 0.077

” 40 1.0 }295.0 46.1 144000 | 0.0179 0.0105 185.0 0.072

” ” 2.0 | 145.0 45.3 142000 ” 0.0102 182.6 0.072

” 60 1.0 |390.0 41.8 196000 | 0.0119 0.0082 164.0 0.070

” ” 2.0 |203.0 43.5 203000 ” 0.0096 169.0 0.070
©1.100 40 1.0 |300.0 46.8 147000 | 0.0275 0.0085 290.0 0.072
” ” 2.0 |167.0 52.1 161000 ” 0.0083 316.0 0.071

” 60 1.0 |506.0 54.2 260000 | 0.0183 0.0082 324.0 0.068

” ” 2.0 | 265.0 56.8 272000 ” 0.0089 333.0 0.068
1.500 40 1.0 |316.0 49.4 149000 | 0.0375 0. 0057 398.0 0.072
” ” 2.0 |169.0 52.8 160000 ” 0. 0064 426.0 0.071

” 60 1.0 | 517.0 55.4 264000 | 0.0250 0. 0065 448.0 0.068

” ” 2.0 |298.0 63.9 308000 ” 0.0083 517.0 0.067

Fig. 23 (CRL7:E 51, Zh 6 0HEDOERIERD CEETH DT, h 6DBICTRIZH T TERERK
BARETIC LRSS ICEIONE, —F, Fig. 25 (chid, w*d/v<10 BEORBIC KT 2
BSREAUT, 7o & ZITHTRYD OB LB L TR LA LR UEAZRL T3 Edthbn 3, Cho6NHE
RS HECA CEAZERT L, IS 0BEORRRRICHT 3HBNEBEENRETH IO LE
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