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Introduction

draining the flood of enormous dams and transmitting the procedure to the downstream is
one of the important issues regarding hydraulic structures. Plunge pools are the main structures
to dissipate the high rate of energy. The amount of energy at an outlet jet depends on various
parameters such as the dropping height, the thickness of the jet, and other environmental
conditions. Local erosion in plunge pools with alluvial beds is a complex phenomenon and
determining the geometric features of the scour hole is really difficult. The outlet flow mixes
with the turbulence factor and hits the bed of the plunge pools with a semi-perpendicular
condition. Therefore, the present study was conducted to determine the scour which was caused
by inlet air along the middle water jet on the bottom of the plunge pools. Xu et al. (2004) tested
the aeration effects on the scouring caused by the falling jet and obtained a small relationship
between the percentage of air jet density and the relative scour depth. The results informed that
aeration affects the shape of the scour hole and essentially reduces the scour depth. Manso et al.
(2004) investigated the interaction of the geometric shape of the submerged pond with rocky
bedding on the rate of diffusion of the falling jet. They tested various diameters of jets,5.5, 11
and 16.5 times the diameter of falling jet, on the smooth and rough beds to investigate the
dynamic pressures with frequencies between 1 to 2 KHZ. Their findings showed that the
geometric shape of the pond has a direct impact on the jet diffusion rate. Duarte et al. (2015)
studied the effects of air inlet to jet on the dynamical pressure on the floor of the submerged
pond. They increased the jet's velocity to 22 m/s. The final results showed that the air inlet to
the jet led to a decline in the total pressure on the floor of the pond.

Research Methodology

The experiments were carried out using a rectangular laboratory flume at the Hydraulics
Laboratory of Jundi Shapur University of Technology. The rectangular flume was 2m long, 1m
wide and 1m deep; it was designed to inject air into the water jet with several handles to control
the water surface level at the downstream zone. The water was supplied through a 4-inch
pipeline with a circular section to a handle with a diameter of 25 mm. The spray system was
designed in way to let the air mix with the water before the water flow gets out of the nozzle.
The air and water discharges were measured by a venture tube connected to a Differential
transducer and an electromagnetic meter from Iran Madar Co., respectively. The sediments used
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in this study were alluvial non-cohesive bedding material in which the particles were settled
in the space between two sieves numbered one second and three eighth inches. Particle density
was determined at 2650 kg / m3 and the depth of the downstream water level was changed in
three different scenarios, i.e., 0.325, 0.385, 435.0 m, respectively. In addition, the water
discharge increased from 0 to 1.91 lit/sec and it resulted in the percentage of air entering density
into the nozzle from zero to 26 percent.
The final results of the aerated and non-aerated experiments showed that after about 300
minutes, the changes in the scour depth were not noticeable. Therefore, the entire time for any
experiment was considered to be about 5 hours. Figure (1) shows the parameters related to the
longitudinal profile of the scour hole. Equations (1, 2) resulted from the dimensional analysis to
recognize the relation between the dependent and independent parameters of the current
research.

ds /My =1 o /0 My A Vo Dy, /1, %C,) (1)
Ls /Py =F &6 /8 Py 2P Vo My /1, %C,) )

where ds and L are depth and scour length, hy, is downstream depth, V, is the mean speed of
the mixture flow of the outlet from the nozzle, B is the tank width, g is the gravity acceleration,
w is the flow viscosity, g, is the density of water and C, is the discharge percentage of inlet air
which was determined by C, =(Qy,/Q, +Qs )x100.The outlet flow is very turbulent with a

Reynolds number of 203,000 to 400,000. Therefore, the effect of Reynolds number has been
neglected.

Results

The experiments were conducted in two general scenarios of aerated and non-aerated jets.
Aerated and non-aerated jets were tested under several operating conditions. In the final
longitudinal profiles of the bed under different states of air density to the nozzle, the difference
between aerated and non-aerated jets was clearly visible. Figs. (1) and (2) show the depth and
relative length of scouring against the landing number for the change in air flow rate into the jet.

0.6 1.2

= Without aeration ——— Without aeration

==== Aerated jet with 5% air concentration ==== Aerated jet with 5% air concentration
=-=+= Aerated jet with 10% air concentration 1 o =-=*= Aerated jet with 10% air concentration
===+ Acrated jet with 15% air concentration =-+=-- Aerated jet with 15% air concentration
------- Aerated iicl with 20% air concentration ======= Aerated jet with 20% air concentration

ds /Py

10
Figure 1- Changes in maximum depth of Figure 2- Changes in maximum relative
scour d/hy, against downstream Froud length of scour L, /h,, against downstream

Number Due to changes in the percentage of Froud Number Due to changes in the

airborne density entering the jet C, % percentage of airborne density entering the

jet C,%
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It can be seen from the analysis of Figure (1) that for a Froud number greater than 9, under
the same depth conditions, if the amount of air entering the jet is less than 5%, the amount of air
entrained on the depth of the scour hole will be ineffective. This means that for a Froud number
greater than 9, the amount of air incoming with the average density of 5% will have no effect on
the maximum depth of the scour. At the mentioned situation, the jet core does not collapse and
when it hits the bed surface, it creates conditions for scouring the same as in the non-aerated
condition. Estimates on the maximum relative scour lengths for intake air with a mean density
of 5% will have the same effect as the maximum scour depth with the only difference that the
effect of the airborne deviation on the jet will occur at the Foud number of 8.5. To conclude, by
injecting about 20% of the air into the outlet jet from the nozzle at the same downstream
conditions, the maximum scour depth will be about 67% and the maximum relative length of
scouring will be reduced as much as 55% .

Conclusion

According to the final results and figures, increasing the percentage of airborne density in the
water-jet will reduce the maximum depth and the relative length of the scour hole. Moreover,
for downstream Froud numbers greater than 8.78, the average amount of air entering the nozzle
with a density of less than 5% will not have any effect on the value ofd, /h,, .
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