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1. Part 1: Hydraulics of Plane Plunge Pool Scour (WAV) 

2. Part 2: Hydraulics of 3D Plunge Pool Scour (UNIPI)

3. Part 3: Temporal evolution of plunge pool scour (WAV)

4. Part 4: Crossing jets (UNIPI)
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High velocity water jet originates from the trajectory spillway dissipates its

energy by causing a massive scour downstream of the dam.

In order to prevent damage to the structure it becomes necessary to foresee

the scour behaviour.

O'Shaughnessy Dam



1
2

/1
8

/2
0

1

7 Slide n° 4

Pagliara et al (2006) conducted scour experiments in a rectangular channel

previously described by Canepa and Hager 2003. Its width is 0.500 m; it is 0.70 m

high and about 6 m long.

A completely disintegrated rock simulate the bed
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Four jet impact angles relative to the horizontal were investigated, namely, 30, 45, 

60, and 90°

The usual jet shape

was circular, except for

a special series where

jets issued from

rectangular slits of

0.029 m were produced

with a 0.100 m conduit,

with the slit axis both

horizontal and vertical.

Plunge pool scour

normally involves a

rock bed, whose

resistance against

hydraulic impact is

difficult to assess.
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Effect of Tailwater Depth

The effect of tailwater depth T=ho /D was investigated for

various conduit diameters D and for black-water test

conditions. Two features are noted: 1) the scour depth Zm

increases linearly with the densimetric Froude number Fd90

2) the relative scour

depth Zm decreases

as relative tailwater T

increases
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The term "plunging jets" refers to jets of water that impinge on the free surface due

to the discharge from an outlet above the free surface or overflow through an

opening.
The forces and momentum fluxes acting on this volume are the momentum flux

(M1) in the jet (section 1), the momentum flux (M2) at the outflow section (section

2), hydrostatic forces (F1 and F2), the weight of the water (G), and the resultant

or dynamic force (R) exerted by the jet on the bed of the scour hole.
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2. Hydraulics of 3D Plunge Pool Scour
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2. Hydraulics of 3D Plunge Pool Scour
Classification of 3D Scour Holes
The features of a 3D plunge pool scour hole are more complex than those of the 2D

configuration. The jet impinging onto the sediment bed results essentially in a radial flow

from the impact point with major momentum components directed laterally to the approach

flow direction. Secondary currents are set up that have been barely described in previous

studies.
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Static vs dynamic maximum scour
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3. Temporal evolution of plunge 

pool scour

The temporal development of plunge pool scour is importantin

order to understand the phenomena.

It is proved that the evolution is logarithmic, similar to that

found for bridge pier and abutment scour.
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3. Temporal evolution of plunge pool scour
The test program involved one nearly uniform sediment with a median

diameter d=0.00115 m. Black water jets were produced with a high-

precision pump attached to a piping system that was mounted on an

adjustable carriage over the test channel (Fig. 1). The jet diameters were

Dtest=0.0217 and 0.0350 m, and the jet impact angles =30, 45, and 60°

from the horizontal (Fig. 2). To allow for a close visualization of the scour

hole, a half-model arrangement was applied.
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3. Temporal evolution of plunge pool scour
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Developing phase (sx)

Developed phase (dx)
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3. Temporal evolution of plunge pool scour
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3. Temporal evolution of plunge pool scour

Similar plots as those for Zm were also prepared for the

dimensionless maximum ridge location LM=lM/D versus log 

in Fig. 6, and the dimensionless ridge height ZM=zM/D versus

log  in Fig. 7. Note that Z<0 for elevations above the original

sediment surface Fig. 2.
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Thank you
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altro
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