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Investigation on flow characteristics effect on scour depth of two inclined
jets impingement

ArashJael!

Abstract

Local scour of free fall jets due to destructive effects on hydraulic structures is an interesting topic for
researchers. Impingement of 2 jet changes the erosive water power and also leads to air entrainment. In
this research-based on experimental results, scour depth in the plunge pool due to two inclined jets
impingement was investigated. Three sizes of sediment aggregate was used and tailwater was changed
at four levels. Jets had three angles relative to vertical, namely 30, 45, 60 degrees. It was found that with
increasing densimetric Froud number, the scour depth increases. Also It was found that with increasing
jet angle, the scouring depth was increased. Some formulas presented by different researchers were
compared to estimate the scour depth for impingement of the two inclined jet and a new equation for
estimating of scour depth was proposed. Furthermore, the results showed that air entrainment had a
significant effect on reducing scour depth.

Keywords: Two free inclined jets; Jet angle; densimetric Froud number; Plunge pool; Scour
depth.
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Investigation on flow characteristics effect on scour depth of two inclined
jets impingement

Arash Jael’
Introduction

The water jets that usually release from the weir of the dam have high velocities. If they don’t control,
they may cause deep excavation in a bed of the river downstream of the dam even in the short time. If
the scour depth of these jets reaches to the dam, they would be dangerous for dam stability. Impact of 2
incoming jets before entrancing to flip bucket can dissipate excess energy, so it is essential to understand
scouring depth in impact situation of incoming jets. Manson (1989) found that there are several stages
in scour hole developing. Also. the rate of scouring process is rapid at its creation beginning. Scoklitsch
(1928) probably was the first person who investigated scour hole characteristics. He used five different
gradations of uniform sediment and used three situations of mixture sediment in his works. He claimed
that the scour rate was fast at the beginning, and its rate has decreased gradually. There are several
documents about the air entrance important on scour hole characteristics (Canepa and Hager, 2003,
Duarte et al., 2016, Manso et al., 2004, Mason, 1989, Pagliara and Palermo, 2013). Manson (1989) tried
to illustrate the effect of air existence on scour hole characteristics. Canepa and Hager (2003) related
scour depth to a diameter of a circular inclined falling jet. They claimed that particle Froude Number
has a noticeable effect on scour process. Pagliara et al. (2006) found that the maximum scour depth
depends on diameter jet and air content in incoming water-air mixture jet. their results show that jet
shape has a negligible effect on scour hole while D90 is used as a sediment particles diameter in Particle
Froude number.

Material and methods

For measurement of scour depth in this study, one hollow box for the simulation scours process was
constructed. The dimensions of this box are 1.25x1.25(mxm) in the plan area and 0.7 m in high. A
movable gate was installed at the back wall of this box to assure control of water elevation in the box as
tailwater. Also, a drainage valve in a bed and a riser equipped with two circular outlet pipes with 1 cm
inner diameter for each pipe were set up. The water jet angle can be adjusted by this instrument.
Circulation of water was done by a little water reservoir and a centrifuge pump. About 40 cm thick layer
of uniform sediment was poured on the bottom of this box. The discharge of each outlet pipe is about
0.245 liter per second. The mean diameter of sediment are 1.95 mm and 3.35 mm, and 6.92 mm,
respectively. Water depths are 5, 10,15 cm and slightly bigger than 0 cm. Two separate circular jets
were impacted before the entrance to the water body in each run. 36 data sets were measured and the

. . . . . . D, = 1/2D 2 .

time duration for each run is 8 hours. Equivalent diameter (i.e., 3 ) was used instead of
actual pipe diameter to determine the velocity of impacted jets. On the basis of Buckingham = analysis,
the below non-dimensional parameters were extracted.

Yo, Vv S D D

)1 ( =f (—————¢, ,
Yi \/q(GS—l)DS0 Yo Yo Vi

Where D50 / Ve is relative roughness, Fr5° is particle froude number, & is the jet angle to a vertical

. D,/
axis, Vi
location.

is a jet equivalent diameter to tailwater depth ratio, and S /yt is high of impact
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Result and discussion
D : . . .
Ys / 50 was used to express jet angle and particle froude number on maximum scour depth. Fig.1
illustrates that scour depth was increased by increasing jet angle. The maximum scours depth ratio (

Yol D50) appeared when the jet angle approached 60°. Fig.2 shows the effect of the froude number on
scour depth. It shows that by increasing particle froude number, a non-dimensional scour depth(

Yol D50) was increased.

12 90
@ alpha=30 80 \ ® Fr50=17.68
o % alpha=45 o Y ® Fr50-13.14
\ ©®  Fr50-9.38
) O alpha=60
&l o e 60 A — — —Fr50-17.68
g | N T alpha=30 2 50 S ° Fr50-13.14
2 6 alpha=45 2 ~ ' )
& 7 40 Swo e Fr50-9.38
o TR e alpha=60 30 o™~ - e
2 S -‘ ............ 20 8 Tea 5 —— °
o | e
] L] ) 0 e prnege iy
0 2 4 6 8 10 12 0 2 4 6 8 10
yt/Deq yt/De
Fig.1. jet angle effect on scour Fig.2. The effect of Particle froude number on
depth(D90/Djet=0.63) scours depth

On the basis of experimental results, the below equation (i.e., eg.No.2) was presented for estimation
of maximum equivalent scour depth from the impact of 2 separate circular free jets on a flat layer of
uniform non-cohesive sediment.

YS _ ) pps4(_ 47108 +10.0084xFr i,

+
1-4.5507Fr ', +5.1812Fr 2, ) )

0.5889-0.8470(D,, / y,) )
1-2. 7478(D50 /y,)+1.8838(D,, /Y, )
D, /Yy, +sina

” afg(G 1)D50 1+S/yt+sma)

In Fig.3, the accuracy of the new equations and other empirical equations was evaluated by standard
statistical criteria. Fig.5 shows that the newly presented equation and equations presented by Najafi and
Ghodsian (2004) and pagliara et al. (2006) are more accurate than other equations.

0.7865(

Where: Fr'

12
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Fig.3. Different equation Comparison to estimate scour depth which results of two impacted jets

Summary and conclusion

The impact of separate jets is an applicable and effective method to decrease scour depth downstream
of hydraulic structures. In the present study, the effect of jets collision on maximum equivalent scour
depth was investigated. Jet angles to the vertical axis were 30°, 45° and 60°. Three different sediment
mean diameters i.e., 1.95 mm, 3.53 mm, and 6.92 mm, were used. The range of the Relative tail water
depth (yt/Deq) is varied from 0.233 to 10.6, and the range of the particle froude number are varied from
9.38 to 17.68. Among different non-dimensional parameters, Relative roughness is the most effective.
Also, Tailwater depth has an important effect on scour depth. An increase in particle froude number
causes deeper scour depth. The effect of froude number on scour depth was gradually decreased by
increasing sediment size. Equation (2) was presented as a new equation for estimation of scour depth in
impact situation of 2 separated circular free inclined jets on a uniform and non-cohesive bed sediment.
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