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Rajaratnam and
1 6300 16 13 1 813 597 848 o (1081)
14 3100- 1410 13 > 1287 63817 44-14  Rajaratnam (1983)
32000 ' 106 27 ' )
6 28000 62.2 13 132 131 39754 476 __ Aliand Lim (1986)
19 7350 1414 12 766 5L72 4227 55  Aliand Salehi (1991)
10 8720 102 128 65 305 44762 692 Ba'aCha?fgg%”d Kells
5400- 0.74- 1.32- 2.79- Ade and Rajaratnam
32 30660 2174 313 12060 12864 58882 g (1998)
9500- 2.02-
638 22800 1221 133 129 1574 1972 G Ahsan (2003)
6 29000 1181 13 420 1574 47-717 621 Deshpande (2004)
16 25000 1163 128 20 16 4776 536 Bey et al. (2008)
2800- 1.2- 2.02-
742 iagop 074622 3T, 1-106 85172 1982 ot Summary

Table (1)- The data used in present study and the range of their changes
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training data: tr e

testdata: te e

Table (2)- coefficient and power obtained by relation (3) using PSO for equilibrium conditions scour hole data
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te tr te tr ! 6 5 4 3 2 1 2 1 Fameter
23 20 091 0.97 0.01 0.1 -0.14 023 -052 1.33 085 -0.22 0.05 ys/D
26 22 093 095 0.01 0.1 -0.1 0.27 -0.6 1.26 0.95 0.45 0.03 hw/D
21 17 088 0.92 0.01 0.5 -0.1 -0.1 -052 131 0.92 0.08 0.2 X4¢/D

Table (3)- coefficient and power obtained by relation (3) using PSO all data
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Eliminated
Main
Eq.accuracy  Re B/D D/d YD o Log (uD)  Fr _ Scour e
50 ! %0 dimensions
accuracy
23 25 37 24 62 36 23 1116 ys/D
15 19 37 17 62 29 15 92 h/D AAE
20 23 462 20 52 28 20 261 X4/D
0.92 0.91 0.88 0.9 0.81 0.81 0.92 0.62 ys/D
0.94 0.94 0.94 0.94 0.78 0.85 0.94 0.65 h,,/D R?
0.85 0.85 0.3 0.85 0.84 0.8 0.85 0.18 X4/D
Table 4. the effect of each parameter elimination on scour hole dimensions in asymptotic condition
Sls Sose 4 Sl o iz olal bl 51 plS s Gl 6 Olse s 0 gk
Main Scour Eliminated
Eq. hole parameter
accuracy Re B/D D/d50 Yt/D o LOg (UI/D) Fraso dimensi
ons accuracy
20 23 63 26 82 29 1165 553 ys/D
27 28 35 28 63 32 92 58 hn/D AAE
14 19 267 21 22 21 935 223 X4/D
0.97 0.96 0.91 0.43 0.8 0.87 0.75 0.165 y/D
0.94 0.93 0.93 0.93 0.75 0.92 0.75 0.72 h./D R?
0.9 0.9 0.79 0.9 0.89 0.75 0.58 0.557 Xg/D
Table 5. The effect of each parameter elimination on temporal variations of scour hole dimensions
1.33 0.26 0.24
/\ 0.64 0
Yo s 0082 (-0.22 + Fr,)® [log( 2y | ) Y o505 4 Fr P o)) (B ()
D N D ) D \p) (D)
0.23 -0.14 0.1 0.37 0.13
s (Y D B h 06 (Y ) B v
()" (7‘) | 2 (iw M _0.1(1.95 + Fry ) (o) OBL—‘J {—J
1.26 -0.16 0.54
t (q> X 0.7 -0.47 Y B (V)
" 0.03 (0.45 + Fr,)"" | log( — = 4(-1.63 + Fr -+ -
(0.45 + Fr ) (og(D)W o =4 +Fry)" (o) (Dj {D]
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Fig. 3. Comparsion between measured and predicted a) depth of scour hole, b) ridge height, c) the distance of
values using the equation [12] maximum ridge height position from upstream wall
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Table 6. A set of previous equations to predict the scour
hole dimensions
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Abstract:

Interaction between jets and loose beds may cause scour hole formation. The scour hole developments may
cause structural instability and increase the probability of structural damage. Hence, estimating the scour
hole’s dimensions is an important subject for engineers. Many researches have been conducted to recognize
the effective parameters in determining the dimensions of the scour holes caused by plane wall jets. It has
been resulted in presenting many different equations which many of them may be accurate in specific
guantitative ranges for the effective parameters. In reference to the available experimental information,
appropriate equations are developed in this paper. Using the dimensional analysis, effective parameters
including non dimensional parameters such as Froude densimetric, Reynolds number, non-dimensional form
of the sediment size, standard deviation of the sediment mixture, tail water depth, non dimensional form of
the channel width and non dimensional form of the time are obtained. Following an optimization procedure,
new metaheuristic methods are used to find the optimum effective parameters and their quantitative ranges.
Particle swarm optimization (PSO) is a biologically inspired algorithm originated from animal social
dynamics, e.g., bird flocking. PSO algorithm is used to find the unknown exponents and coefficients for the
parameters leading to the best proposed equations. Two different algorithms including Local Particle Swarm
Optimization (LPSO) and Global Particle Swarm Optimization (GPSO) are used to find unknown
coefficients and exponents. Performing a sensitivity analysis, the algorithm proposed different coefficients
and exponents for different population values. Among the proposed coefficients and exponents, there is a
best set with minimum error. Comparison between the experimental data and previous proposed equations
confirms strong scatter. Hence, using the metaheuristic algorithm and sensitivity analysis in this type of
problems are recommended. According to the results, depth of the scour hole caused by plane wall jets, is
increasing functions of densimetric Froude number, tail water depth, time, and non dimensional form of the
channel width. However, this parameter is a decreasing function of sediment gradation and non dimensional
form of the sediment size. Similar trends were also observed for maximum ridge height formed at the
downstream of the scour hole. Distance of the maximum height of the ridge is also an increasing function of
densimetric Froude number, time, non dimensional form of the channel width, and Reynolds number of the
jet. However this parameter is a decreasing function of standard deviation of the sediment mixture and
tailawter depth. Sensitivity analysis on the effective parameters determining the scour hole’s dimension is
conducted to find the more effective parameters. The latter shows that Reynolds number, non dimensional
form of the sediment size and non dimensional form of time has secondary effects on the dimensions of the
scour hole caused by plane wall jets. However, the jet Reynolds number has the secondary effect on
temporal variations of scour hole’s dimensions. This parameters are omitted from the effective parameters,
where no significant decrease in the equation accuracy is guaranteed.
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