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THE RELATION BETWEEN FROUDE NUMBER AND SCOUR

HOLE DIMENSION DOWNSTREAM MULTI GATES
Teba Adnan Naje ', Ali Sadeq Abbas ?, Fadhel Abd Al Abbas Hassan *

Abstract

In this study, an experimental investigation of the scour hole dimensions
downstream of the multi gates was made. For the model, four iron sluice gates with
individual dimensions of 15 cm in width and 25 cm in height were created. where it
was investigated how the Froude number affected the size of the scour hole by
changing the number of open gates, gate opening, position of the open gate, and
discharge. A laboratory channel with a length of 18 m, a width of 1 m, and a depth of
1 m was built by the supervisor using blocks and concrete for the tests. The primary
gate that regulates the flow of water into the flume from the main reservoir is 7
meters away from where the laboratory model was built (Hassan, 2015). The many
variables causing scour downstream of the gate were described by non-dimensional
quantities that were obtained through the application of a dimensional analysis. The
experimental test data that was acquired was examined and graphically displayed.
Under free flow conditions, it was found that the Froude number significantly
affected the scour hole dimension. When only one gate opened and the Froude
number and discharge were both at their maximum values, the scour hole depth was
at its greatest. The scour hole depth was measured at its lowest point when all open
gates were open, the Froude number was at its lowest point, and the discharge was at
its lowest point.

Keywords: Multi Gates, Scour Hole, Froude Number, Number of open gates,
Experimental Test
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Introduction
The majority of heading-up hydraulic regulators

that are now in use have many gates, and most

issues that arise downstream from these structures
are caused by improper operation. Downstream of
the sluice gate, the interaction between the flow
and sediment particles may cause the scouring
phenomenon and lengthen the scour hole that
results beneath the sluice gate foundation. The
ability to predict scour depths is crucial for the
overall stability of hydraulic infrastructure.

The number of open gates, the depth of the open
gate, the discharge, velocity, and the Froude
number are all significant factors that affect the
scour depth, but the researchers found that the
Froude number has the greatest impact, as shown
in the following previous studies:

[1]The impacts of significant parameters on
equilibrium scour depth are described using
experimental results that were derived from the
dimensional analysis. The key findings are that,
while the scour depth reduces with increasing
sediment size and tail water depth, it increases
with increasing densimetric Froude numbers. It is
determined how long the scour depth will last
using an exponential law. With an increase in the
densimetric Froude number, the nondimensional
time scale falls.

[2] The experimental test revealed that the bottom
velocity pattern, gate operation, type of gate (main
or emergency), Froude number at the vena
contract, and submergence ratio all influence the
scour pattern and, consequently, the maximum
depth of scour.

[3] Under various densimetric Froude number and

input depth circumstances, a number of clear water

K.U.C.J. Special Issue for the Researches of the 5 Int. Sci. Conf.

for Creativity for 13-14 December 2023

scour experiments have been carried out in a tilting
flume with a circular pier. On the tests, a single
50-mm-diameter pier was placed on a sand bed
with a mean particle size of d50 = 0.365 mm. The
complete scour geometry, including scour depth,
the densiometric Froude number and inflow depth
were related to the dimensions of length, width,
area, and volume.

[4] Through experimental examination, the impact
of various parallel radial gate procedures with
various flow conditions on downstream refinement
was examined. It was shown that the main
influencing elements on the downstream scour are
the quantity of opened gates and the optimal
operation of the multi-parallel gates. Also The
relative scour intensity will rise as the Froude
number rises.

[5]By using the numerical solution method
Computational Fluid Dynamics (CFD), he
simulated the sediment transport and the best
operation of the gates of Al-Hay regulator which is
constructed on Al-Gharraf River, south of Irag. He
applied a turbulent model to investigate the
sedimentation problems with different flow
conditions and different options for the opening of
the five gates that the regulator consists of, the
result show that the maximum scour depth and the
quantity of soil removed around the regulator is

increased directly with the Froude number.

Experimental Work

A rectangular laboratory flume, built by the
supervisor out of concrete and bricks as illustrated
in Fig. 1, was used for an experiment. The flume
has dimensions of 18 m, 1 m, and 1.1 m. The
model of multi gates is positioned 7 meters from

the flume's main gate, as shown in Figure (1).
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Figure (1): The Flume Parts and Accessories: 1. Main pump, 2. Vertical sluice head gate, 3. The flume,

4. Head basin, 5. Lateral basin, 6. Vertical sluice tail gate, 7. Stilling screens, 8. Iron frame, 9. Gauge

point, 10. Rails, 11. BRC mesh, 12. Overflow valve, 13. Exhausting and cleaning valve [6]

To study scouring and develop formulas that
characterize the correlations between scour hole
size and other hydraulic and geometric
characteristics, 150 laboratory tests were
conducted.

The model of the multi-gates consists of four
vertical gates scaled to the Abu Sakhir regulator,
each measuring 25 cm in height and 12.5 cm in
breadth with a 7 cm gap between them, as shown

in Figure (2).

Figure (2): The Model of Multi Gates that Used in Experimental Tests
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Sand was employed in this study as the material
for the flume bed, and the sample that was chosen

encompassed all sand grades, from coarse to fine,
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according to USCS categorization [7] The d50
were used for the experimental test equal to 1.5

mm and the sieve analysis in Figure (3).

Grain Size (mm)

Figure (3): Sieve analysis of Bed Material (d50 = 1.5 mm)

Results and Discussion

This section will demonstrate how the Froude
number's value effects on local scour with different
numbers of open gates, gate location, discharge,
and gate opening, where 5 discharges (37, 31, 26,
11, 6) L/sec were used, and two gate openings 12.5

cm and 25 cm.

Effect of Froude Number on DS/dg, in Case of
One Open Gate

Froude number is main hydraulic parameter which
effect on the value of local scour and its value
increasing with increase in the velocity. In this
instance, 40 laboratory experiments were carried

out, the gate location, discharge value, and gate

opening were changed, and the scour depth was
calculated. The highest value of the scour was
obtained when the gate located on the edge next to
the wall was opened with a gate opening of 12.5
cm and a discharge of 37 liters / second and less in
this instance, the middle gate opened to a 25-cm
opening with a discharge rate of 6 L/sec. This can
be explained by the fact that the Froude number
increases whenever the discharge is increased and
the gate opening is decreased because their

relationship is direct.

The maximum value that recorded of DS/ds, was
200 when the Fr equals to 1.92, while the
minimum value was 13.3 when the Fr equals to
0.1327 as in the figure (4).
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Figure (4): (A) the maximum value was scour depth, (B) minimum value of scour depth.

Effect of Froude Number on DS/dg, in Case of
Two Open Gates

Six scenarios, totaling 60 experimental tests, were
run in this instance when two gates were opened
simultaneously, such as the first and second gates,
the first and third gates, the first and fourth gates,
and so on for the remaining gates. The gate
opening, discharge, and gate location were all
modified in addition to the gate's new location.
According to the results, the first and fourth-side

gates were opened at a discharge of 36 L/sec and a

12.5 cm opening to obtain the highest scour depth
value (DS/ds, = 133.3, Fr = 0.956), and the
second and third gates were opened jointly at a
discharge of 6 L/sec and a 25 cm opening to obtain
the lowest scour depth value (DS/dgy = 9.3, Fr =
0.0714), as shown in figure (5).
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Figure (5): (A) the maximum value was scour depth, (B) minimum value of scour depth.

Effect of Froude Number on DS/dg, in Case of
Three Open Gates

In this instance, there were four different
scenarios, and 40 experimental tests were done
where one of the multi-gate model's four gates was
shut. The scour depth was at its highest value
when the second or third gate was closed while the
other three gates remained open, and at its lowest
when the gates were open. closing the gate that is
on the right or left, i.e., gate number 1 or gate

number 4, after three consecutive gates.

The results that recorded the maximum value of
DS/ds, was 73.3, Fr = 0.604 and the minimum
value of DS/dg, = 8, Fr = 0.0496, as shown in
figure (6).
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Figure (6): (A) the maximum value was scour depth, (B) minimum value of scour depth

Effect of Froude Number on DS/dg, in Case of
Four Open Gates

The best scenario is thought to be this one. In this

case, ten experiments were carried out, four gates

were opened with two distinct openings, the lowest
scour depth was attained (DS/ds, = 5) and the
Freud number was at its lowest value (Fr =
0.0486), as shown in figure (7).
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Figure (7): Relationship between DS/dgq and Fr in case of open four gates

574 (568-575)



Teba, Ali, Fadhel - The Relation ......

CONCLUSIONS

1. Laboratory tests have demonstrated that the
maximum scour hole values were observed
when only one gate was opened, particularly
gate number 1 or gate number 4, and the gate
opining is 12.5cm. the value of maximum
DS/ds, was 200 with the maximum value of
Qqct and Fr.

2. The Froude number is the hydraulic factor that
has the most control over the depth of the
scour hole, and it always has a positive
relationship with the depth of the scour for all

experiments.

3. The depth of the scour hole is clearly influenced
by the position of the open gate, with the
largest depth being recorded when the gate is

opened towards the end.

4. The number of open gates and the depth of the
scour pit are inversely related. When the four
gates were opened, less depth was recorded
because the depth decreased with the number

of open gates.

5. When the gate's aperture was reduced, the depth
of the scour hole increased along with the
amount of discharge that could travel through
it.
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