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I. ABSTRACT

In this paper result of experiments on scour due to impinging
rectangular jet in uniform cohesive bed material is presented.
The effect of the tailwater depth, water and sediment discharge
on the depth of scour was investigated. It was found that the
depth of scour is a function of the densimetric Froude number,
the ratio of drop height to tailwater depth and the ratio of
sediment discharge to water discharge. Increasing the sediment
load in the water jet leads to a decrease in the scour depth. It was
found that the depth of scour increases with increasing the
discharge. The depth of scour initially increases by increasing
the tailwater depth and then decreases.

1II. INTRODUCTION

Flow over and through hydraulic structures often occurs
in the form of jets. The jet velocities are usually high
enough to produce sizeable, even dangerous, scour holes.
Several investigators have studied the scour due to a free
overfall jet, including Damle (1966), Doddiah (1953),
Robinson (1971), Rajaratnam and Beltaos(1977),
Rajaratnam(1980), Abt et al. (1984), Mason (1989),
Mason and Arumugam (1985), Ruff et al. (1987),
Blaisdell and Anderson (1988), Amanian (1993), Afify
and Gilberto (1994), Dochring and Abt (1994), Stein and
Julien (1994), Azar (1998), Hoffmans (1998), Martins
(1999), Ojha (1999), Mahboubi (2000), Ghodsian and
Azar (2001,2002), Ghodsian (2002), Najafi (2003),
Ghodsian and Najafi (2003), Tajkarimi (2004) and
Bombardelli and Gioia (2005).

The results of an experimental study on depth of scour
due to a free overfall jet are presented in this paper

ITII. DIMENSIONAL ANALYSIS

The scour depth ds due to a free-falling jet depends on
many variables, including unit discharge of flow q,
velocity of outflow jet V, unit discharge of sediment load
in the jet qs, drop height H, (measured from the centre of
the jet to the bed), cross-sectional dimensions of the jet,
density of water p, median sediment size dy, density of
sediment p,, tailwater depth Y, and acceleration due to

gravity g. In this study, the hydraulic radius R of the jet
cross section used to characteristic the jet size. Therefore:

d, = f(RY,. dy.p.p .g.V.H.,q.9,) 1)

Using dimensional analysis, Eq. 1 can be written in the
following form:

d Y R
S:f_t’Frd_’q_S (2)
2/[ HC HC q
in which Fry is the densimetric Froude number given by:
V
Fr)=————— ?3)

Y gds, (S, —1)

where S; is specific gravity of the sediment.

IIV. EXPERIMENTS

The experiments were conducted in a re-circulating
flume with a length of 40m, width of 0.83m and depth of
1.0m. A rectangular free overfall jet of 0.072m width
was established 5Sm from the upstream end of the flume
(Figure 1). The bed of the flume downstream from the jet
was raised in order to create a 0.3m deep and 3m long test
section. The test section was filled with a uniformly-
graded sediment with a median diameter of ds¢=0.62 mm.
A sluice gate was used to control the tailwater depth.
Discharge was measured by a calibrated sharp-crested
triangular weir at the entrance to the jet approach
channel. Initially, a thin protective metal sheet was placed
on the sediment bed downstream of the jet. The flume
was slowly filled until the desired tailwater level was
reached. The jet-scour experiments were started when the
protective sheet was rapidly removed. At the end of the
experiments, the scour profile was measured using the
depth sounder.



Initially, experiments were run with a clear-water jet
flow and thereafter with a successively-increased
sediment load to the jet. Sediment having the same size as
that of the bed material (dso = 0.62mm) was added to the
jet using a hopper (see Fig. 1). Experiments were run for
varying water and sediment discharges and tailwater
conditions. The duration of experimental runs was set to
2hr. It was observed that most of the scour had occurred
after 2hr. Table 1 shows the range of data studied.

TABLE 1. RANGE OF EXPERIMENTAL DATA

Parameter Range
Y 9.4-20.3
Frq 7.19-9.36
Qs 0-14

dy/Y: 0.11-1.3
V. RESULTS

In all the experiments it was observed that the scour
hole is roughly circular in plan with most of the eroded
material being deposited as a ridge downstream from the
scour hole. However limited deposition occurs also on
the sides of the scour hole (Fig.2). The effect of
discharge on longitudinal and lateral scour profile, for
Q=0, is shown in Figs. 3 and 4, respectively. These
figures show that under the stronger flow of Q = 2.97L/s,
which is associated with more longitudinal flow velocity,
more sediment is transported downstream with deposition
on the sides of the scour hole being sparse. It is evident
that by increasing discharge the dimensions of scour hole
and ridge formed at the downstream of scour hole
increases.
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Fig 1. Schematic view of scour due to impinging jet
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Fig. 2 Typical scour hole formed for two values of discharge;
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Fig. 4 Effect of discharge on lateral scour profile

The influence of the tailwater depth Y, and discharge Q
on the depth of scour dy is demonstrated in Fig. 5, for
which drop height H.=27.6cm and sediment transport rate
0O, =0. Itis evident from these figures that increasing tail
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Fig. 5 Effect of tailwater depth and discharge on depth of
scour

water depth increases the scour depth initially, reaches to
a maximum and then decreases. For low values of
tailwater depth, the scour depth is governed by the
tailwater depth, increasing with larger depth. The
decreasing depth of scour at high values of tailwater
depth is attributed to the increasing dissipation of the
energy of the jet flow for this case.

The influence of the sediment load of the jet on the
scour depth is depicted in Fig. 6 for Q = 1.45L/s and three
values of tailwater depth, Y=9.45cm, 11.3cm and 15.8cm
respectively. When the jet is carrying sediment (Q, > 0),
the scouring potential of the jet is reduced, and the depth
of the scour decrease.

The influences of the parameters q¢/q and Y/H. on
relative scour depth dy/Y, are shown in Fig. 7 for
Frg.R/H= 0.357. The effect of q/q in reducing scour
depth is clear from this figure. In summary, the scour
depth developed below a free-falling jet is reduced in size
when the jet carries a sediment load.
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Fig. 6 Effect of sediment load on depth of scour
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VI. CONCLUSIONS

The conclusions from this experimental study are:
- The sediment carried by a jet reduces the scouring
potential of the jet as compared to a clear-water jet, as a
result, the depth of scour decreas.
- With increasing tailwater depth, the depth of scour
initially increases, reach a maximum value and thereafter
decrease.
- With increasing discharge, the dimensions of scour
hole and ridge height increases.
- With increasing sediment load in the jet flow, depth of
scour decreases.
- Depth of scour is influenced by the parameters FryR/H,
Y/H, and q/qs.
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