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ABSTRACT

The effect of using stilling basins on local scour phenomena, which occur
downstream irrigation structures, was conducted out in the laboratory of irrigation and
hydraulics, Faculty of engineering — El-Mansoura University.

Experiments were carried out for different gate openings, flow conditions, and
dimensions of stilling basins, using two types of sand as bed material. This research
was performed for Froude number ranged from 0.26 to 0.45 for selected dimensionless
relationships between the design parameters.

Empirical relationships between the dimensions of stilling basins, flow conditions,
bed material and scour hole parameters were developed from dimensional analysis
technique based on the data obtained from the experimental tests.

Generally, the obtained results showed good fitting between the different
parameters. The results indicated that the dimensions of the scour hole were affected
by Froude number downstream the sluice gate.

INTRODUCTION

Local scour is considered one of the tedious and complicated problems facing
variety of irrigation works, such as dams, barrages, and weirs, etc., which are built
crossing the flow of large alluvial rivers. Local scour downstream irrigation works
may undermine these structures. Therefore, it is important to determine the value of
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maximum scour depth downstream irrigation structure to protect it from failure. A lot
of research have been carried out on the process of the hydraulic jump as an energy
dissipation [2, 8] besides other means to enhance the behavior of the hydraulic jump
with in the basin [5]). However, there is considerable uncertainty in how well the basins
will perform if the conditions are different from those assumed or computed. Scour
downstream irrigation structures has been investigated by many researchers [4, 1, 6,
I'1] Also many formulas for scour following hydraulic jump in a stilling basin were
developed (7, 3, 9, 10].

In this research , the local scour follows stilling basins downstream irrigation
structures were considered. Measurements for the dimensions were made of the scour
hole for different flow depths, and discharges.

EXPERIMENTAL ARRANGEMENT

The experiments were conducted in a Plexiglass flume 4.80 m long, 0.075 m wide,
and 0.17 m deep, of a circulating type, Fig. (1). Five different stilling basin models,
each model had a length varied between 5.0 cm and 25.0 ¢m, and a depth varied
between 0.50 cm and 2.0 cm below the fixed bed. Fig. (2) shows the dimensions and
geometry of the stilling basins used in the experiments. The stilling basins used in the
experiments were divided into 30 types according 1o its length and depth as shown in
table (1). The characteristics of the two types of bed material used in The experiments
are listed in table (2).
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Fig. (1) General arrangement of the experimental setup
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Fig. (2) Definition Skeich for the main dimensions of the tested Stilling Basin

Table (1) List of the various types used for the
Hypothetical Stilling Basins

mension | y la|Lld{L|d|lLlalL|alL|ad
Types (cm) (mm)| {cm) (mm) (cm) {mm) (¢cm) (mm}) (cm) (mm)/ (cm) (mm)
A Al A2 Al Ad AS A6
507 0 5050 50[75][50 100 50[150] 50200
B Bl B2 B3 B4 B5 B6 |
1007 0 [10.0 [ 5.0 [100] 7.5 [ 100]10.0[10.0[150(10.0]200
C Cl c2 C3 Cd Cs c6
| 150] 0 '15.0]5.0 [150] 75 [15.0[10.0]15.0]150[15.0720.0
D DI D2 D3 D4 D3 D6
200] 0 200] 50 [200] 7.520.0110.0/20.0[150 200 20.0
£ El E2 E3 E4 E3 E6
250 0 [25.0 5.0 [250] 7.5 [25.0|10.0 25.0[15.0]25.0]20.0
Table (2) Sand bed characteristics
Soil type dsg dip S.D.*
I 0.478 0.145 1.94
2 0.627 0.456 1.303

* §. D. : standard deviation
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Two valucs of unit discharge (q = Q/b) (73.53, and 88.89 cm’/sec/cm) were allowed to
recirculate for cach type of stilling basin models to study the effect of flow parameters on the
formation of the scowr hole. At the beginning of every experiment the bed in the test
reach was leveled and before each experiment this reach was refilled with sand from
the supply container. In order to prevent the formation of local scour at the unsteady
flow experimental period, the downstream of the irrigation structure was filled with
water to a depth equals the height of the gate opening. It was found that a state of
equilibrium for every experimental test could be reached after about 60 minute. At this
time, the rate of change in the scour configuration was approximately reached an
equilibrium state. The discharge and tail water depth were kept constant through the
time period for each test. During each run the discharge was slowly drained. During
each run the discharge, and the water surface levels upstream and downstream were
measured. At the end of each run, the bed levels along the centerline of the
downstream reach were measured.

THEORETICAL ANALYSIS

Scour geometry depends upon various variables, the dimensional analysis, was
applied to correlate both the depth and length of the scour hole and the other variables
governing the phenomenon of scour downstream water structures. Based on the
Buckingham theory, the technique of the dimensional analysis was employed in order
to develop the proper correlation, which was needed for defining the scour size. This
correlation involved all main variables, which had pronounced effect on the scour hole
size (scour depth and scour length as shown in Fig. (3)).

/S/ILLE,GT gate

./t ¥y
e d~— ik
\ o S
t Ly (constant) L

Fig. (3) Definition sketch for the tested model

Equilibrium scour hole was finally developed when the excess kinetic energy could
not transport fucther the sediment parcticles. Therefore, the dimensions of equilibrium
scour hole downstream drop structure can be fairly characterized by its maximuin
depth d;, and length L.. Scour hole geometry depends mainly on the following
variables. the depth of flow downstream the drop structure y;, the average velociiy
downstream drop structure vy, the gravitational acceleration g, sluice gate opening
height Hg, stilling basin length L, stilling basin depth d, the normal upstream water
depth y,, discharge passing per unit width of channel q, water density p, median soil
diameter dso, density of particles p, dynamic viscosity of water u, and time ofrun t.
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The scour hole geometry can be expressed as :
= f(Hg’ Lf, La d, dS) Lss Y, ¥4, 8 P H, L dSD: Ps ) (l)

The value (1) is taken to be constant at the state of equilibruim, and the effect of
viscosity (u) is assumed of a secondary importance in estimating the depth, and the
length of scour as the flow is mainly gravitational.

If the maximum equilibrium seour depth (d,) is taken as a dependent variable, then:

d;=f(Hg, Ly L, d,Ls, y1.¥2, Q. & P, dso, Ps ) 2

Applying the Buckingham theory ( n- theory ) on equation (2), the dimensionless
relationship of the maximum scour depth downstream the stilling basin in relation to
other parameters could be obtained as follows :

do/y2 =t (Hg/ys Li/ y2, g-»/)’zs d/ys Lyl ys,
yi/ya gy2' @', dso / Y2, ps/ P) 3)

ANALYSIS OF THE RESULTS

In order to obtain adequate relationships among the variables that have an influence
upon the scour produced downstream stilling basins, a study of the dimensionless
parameters involved was produced.

The experimental data for the relative scour depth ds / y, as a function of d / y2 at
different values of Froude number Fr for different stilling basin lengths L are shown in
Fig. (4. a, and 4. b).

In general, it could be observed that, d; / v, increased with the increasing value of
Froude number. Also, it was obvious that when d / y, increased d, / y, decreases to
reach its minimum value at d / y, =0.17, and d / y; = 0.15 for q = 73.53 cm’ / sec /em.
and 88.89 cm’ / sec /em respectively. After that d, / y, increased with minimum values
of Frranged from 0.26 to 0.36.

For bigger values of stilling basin lengths, the increasing of d / y2 had small effect
on the value of d; / y; for all values of Fr, this value of d;/ y; decreased to reach its
minimum value at d / y; = 0.20, and d / y2, = 0.25 for g = 73.53 cm’ / sec /em. and
88.89 cm’ / sec /em respectively, after that d; / y» was increased with minimum value
for all Froude numbers except for Fr = 0.45. For Fr = 0.45 the value of ds / y» was
increased with the increasing of d / y,, from d / v, = 0.25 to reach its maximum value
atd/y, =0.45; after that d, / y; decreased.

Fig. (5. a, and 5. b) demonstrated the relationship between L, / y; and d / y, for
different stilling basin lengths for g = 73.53 em’ / sec /cm, and 88.89 cm’ / sec /em
respectively. It could be noted that L; / y; was increased with the increasing value of
Froude number Fr, also it was evident that, when d / y, = 0.18, and d / y; = 0.22 for
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q = 73.53 cm’ / sec /cm, and 88.89 cm’ / sec /cm respectively, for different values of
L. After that L / y; was increased with the increasing value of d / vy, to reach ils
maximum value at d / y; = 0.45 for Fr = 0.45 for all values of the given hypothetical
stilling basin lengths. For small values of Froude number the increasing of L; / y; had
small effect upon the valuz ofd /v,

Fig. (6) exhibits the relationship between d; / y;, and d / y; for the two bed
materials. It could be concluded that, increasing the value of dsg by about 31% would
decrease the dimensions of the scour hole by about 15 % for ds, and about 5 % for L;.
Fig. (7) provides the relationship between L / ¥, and d / y, for the two types of bed
soil materials; that is the figure demonstrate that the effect of increasing the bed soii
diameter ds; on the length of the scour hole is small in comparison with its effect on
the depth of scour hole about 5%.

The relationship between the values of the relative scour depth dy / ya, and the
relative scour length L,/ y; is given by the following best fit equation :

dyfys = 0.0884 (Lyy,) *%%%7 (4

which was obtained for Froude number Fr varied between 0.20 and 0.46 and for
dsp = 0.478 mm, Fig. (8). In the above equation the correlation coefficient R was equal
to 0.91. It could also be seen that when dy / y; was increased, L / y; increased as well.

From the above analysis, it was clear that. for some stilling basins, the scour hole
was unstable. Consequently, Fig. (9) divided the stilling basins into different regions
depending on Ly, dfys, and Fr and thus the following observations were obtained:

The scour hole was stable for ail values above line B, Fig. (9. a), for all values
Ofd/yg.

For all values of Fr £ 0.3499. and values of L/y» below line B the scour hole was
stable for all values of dfy,.

For all values of Fr 2 0.3499, and values of L/ below line A. Fig. {9. a) the
scour hole was stable for all values of d/y; and the scour hole was stable for values of
dfys below line C, Fig. (9. b).

[n the present research. the regression analysis technique was used to develop an
equation for the local scour based on the functional relationship.

The general formula for the maximum relative scour depth for stable scour hole as
a function of ditferent variables was obtained as foliows: (Fig. (10))

dy/ys = 0.784 — 0.0202L/y, — 0.0017d/v, — 0.04| I/Fr" -
- 0.00052dsylys + 0.00815Hg/y; + 0.00942 1y /y, (3)
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Also, the following equation was obtained from the regressed data for the
maximum relative scour length (Fig. (11)):

Ly/y; = 10.1663 — 0.315L7y; -~ 1.916d/y, — 0.4773/F” +
- 0.00102ds0/y; - 0.000935Hg/y, + 0.0173y /y; (6)

CONCLUSIONS

The main conclusions of this experimental study on the local scour downstream
irrigation structures could be stated as follows:

The use of stilling basins reduced the dimensions of the scour hole.

The scouring process was affected by Froude number downstream the
stilling basin. Both relative scour depth d; / y,, and relative scour length L; / y2
were increased with the increasing value of Froude number.

The particle diameter of the bed material had an influence upon the scour
process, 1. €., the smaller particle diameter, the larger scour hole dimensions.

The maximum scour length was reiatively proportional to the maximum
scour depth as derived in Eqn. (4)

In some cases of the flow conditions and for certain stilling basin dimensions.
the scour hole was unstable depending on the value of Lfy,, dyz, and Fr. Using Fig.
(9), the dimensions of the stilling basin which gave stable scour hole couid be obtained
as a function of Fr.

The general, two empirical equations were developed by regression analysis for
stable scour hole. The equations were derived for different dimensions of stilling basin
models with different flow conditions and certain specified bed material properties.
(Eqn. (5), and Eqn. (6)).
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NOTATION

The following symbols were used in this paper:

d : depth of the stilling basin;

dy, : particle size for which n % of the material finer in mm;
d, : depth of scour hole;

Fr : suberitical Froude number at yz;

g : acceleration due to gravity;

h : supercritical depth at the toe of the hydraulic jump;
Hg  : sluice gate opening height;

L : length of the stilling basin;

L¢ : flat length of apron {constant);
L. : length of the scour hole;
Q : discharge;

q : discharge per unit width:

V) : downstream velocity at ya;

Y1 : upstream water depth equal to vn;
V3 : downstream water depth;

u . dynamic viscosity of water;

P : density of water; and

o} : density of particles.
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Stable Scour hole for all values of dfy,

ZI Stable Scour hole for all values of d/y, lie below line C.
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Fig. (9) Variation of I'rwith L/y,, and dfy,
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Fig. (10) Relationship between observed values of
d s/y> and predicted ones.
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Fig. (11) Relationship between observed values of
L ¢/y2 and predicted ones,
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