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1. Introduction

In a chute spillway flow, it is possible to separate water sheet from bed surface, which produces negative
pressure on the surface and forming bubbles (Kamanbedast, 2014). When cavitation bubbles grow and travel
with the flow to an area where the local pressure is higher, they can no longer be sustained and collapse. When
a cavitation bubble collapses or implodes close to or against a solid boundary, an extremely high pressure is
generated that acts on an infinitesimal area of the surface for a very short time period. Falvey (1990) has
described the mechanism of the collapse of an individual bubble. The bubble collapse consists of phases in
which the bubble diameter decreases, reaches a minimum, and then grows or rebounds. The process is
repeated for several cycles, with the bubble diameter decreasing during each cycle until it finally becomes
microscopic in size. During the rebound phase, a shock wave forms, with a velocity equal to the speed of sound
in water. It has been estimated that the pressure intensity due to this shock wave is about 200 times the
ambient pressure at the collapse site. Countless impacts due to such collapses erode the metal and concrete,
which is known as cavitation pitting (Johnson, 1963). The damage mechanism in concrete is more complicated
due to the presence of micro-fissures in the surface and between the mortar and coarse aggregates. Falvey
(1990) provided a comprehensive set to determine the critical cavitation index based on the shapes and
different compositions of roughness and coarseness. As an example, he showed that at tunnel spillways with
cavitation index of 0.2 and higher, the probability for cavitation phenomenon occurrence is negligible and
somewhat precluded, while for indices less than 0.2, the spillway is at the risk of this phenomenon occurrence.

2. Methodology
2.1. Experimental study

In modeling for a physical phenomenon, the first step is to recognize important relations and parameters
concerning the studied process based on information, researches and experiences. The dimensionless analysis
is the next step which it can be conducted using Buckingham theory for defining the important dimensionless
parameters. These relations let us to decrease the number of variables and to use results for all modes. In this
work, the effective parameters were introduced in the following equation:
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In which, vis water speed on the spillway, B is spillway width, Yis depth of water, Q is flow rate, Pis pressure
on the spillway, H is water height on the spillway, p is fluid density, g is acceleration of gravity, u is viscosity of
the fluid, S is slope of chute spillway and finally o is surface tension of the fluid.

2.2. Model Description

The Surk Dam Spillway physical hydraulic model was constructed at an undistorted scale of 1:50 in the
hydraulic laboratory of Shahrekord University. The model reproduced the full length of the Surk Dam Spillway
chute and extended approximately 107 m downstream of the spillway crest. The physical model was made by
plexiglass. The dynamic and kinematic similarity between the model and the prototype was considered based
on the Froude number. The experiments were conducted in 5 different flow rates including 234 (i.e. maximum
flood discharge), 176.7, 151.7, 110.8 and 73.40 m3/s. Pressure, velocity and flow depth were measured in the
central axis and side of the wall in 26 different sections, as shown in Fig. 1.

= \

Chute

Fig. 1. Test setup of Surk Dam spillway model

2.3. Model Measurements and Instrumentation

In this work, model discharge flow was supplied to the model using centrifugal pumps regulated with
butterfly valves connected to the model headbox diffusers. Flow measurement was conducted by a sharp-
crested weir with a triangular control section. Pressure data were recorded within the model using 52
piezometric (static) pressure taps in 26 stations. The surface water levels in the model were measured by point-
gauge with accuracy of 0.1 mm. Flow velocity was also measured by using a pitot tube.

2-4-Cavitation index

The cavitation index is a dimensionless measure used to characterize the susceptibility of a system to
cavitate. The general expression for cavitation index, o is:

_ Py—Py
pv2

(2)

Where, P, is reference pressure, P, is vapor pressure, Vis reference velocity, and p = density of the fluid.
In 1983, Falvey proposed a series of criteria to prevent the damage caused by cavitation, which can be seen in
Table 1.

3. Results and discussion

Observations of pressure records in different locations of the chute spillway, as shown in Fig. 2, show that
no pressure negative occurred. Flow velocity variations and cavitation number are shown in Fig. 3 and Fig. 4.
In all of the experiments at location of change slope (X=72m), the velocity had a rapid change. It may be because
of the increasing slope after the location. The minimum cavitation number was also obtained for the maximum
flow discharge (234m3/s). At this discharge, the values of cavitation number were varied from 4.19 in the
location of ogee spillway crest to value of 0.247 at the end of the chute spillway. This value is pointed in range
of 0.25 to 1.8 and based on the Falvey's recommendations (Table. 1). In order to prevent damaging by
cavitation, the flow surface should be polished (e.g. smoothing all surface roughness or protecting by smooth
surface treatment). At the present condition, the chute surface of the Surk dam spillway is rough and irregular,
therefore if maximum designated flood to be occurred, damaging by cavitation may be possible.



Hossein Samadi-Boroujeni et al. / J. Civ. Env. Eng. 50 (2020)

2 30
=== Q=234m3/s —— Q=234 m3/s
—— Q=151.7m3/s & 25 Q=151.7 m3/s
g 1.5 ‘\ Q=73.4 ma/s 5 20 Q=734 m3/s
= * =
:) ':
21 3 15
2 =
o ‘\-0— = 10
0.5 Eadagaal TN 2
9 5
—
w
0 0
(] 20 40 60 80 100 o 20 40 60 80 100
DISTANCE FROM CREST OF SPLLWAY (M) DISTANCE FROM CREST OF SPLLWAY (M)
Fig. 2. pressure recorded from the physical model Fig. 3. Flow velocity obtained from the physical model
Table 1. Falvey criteria to prevent the
10.00 Q=234.0 m3/s . damage caused by cavitation
—o—
= Q=176.7 m3/s . : Cavitation
° —a Design requirements
5 Q=151.7 m3/s gnred number (o)
é Q=110.8 m¥/s _ , No cavitation 'protection is >1.80
5 - s ® required
i 100 Q=73.40m/s  —— The flow surface can be
2 ' protected by flow surface 0.25 - 1.80
S treatment (e.g. smoothing all ' '
= surface roughness)
< M Modification of the design
(e.g.increasing boundary 0.17-0.25
0.10 curvature) Revising Design
© 20 40 60 8o 100 Protection by addition of 0.12-017
Distance from crest of Spllway (m) aeration grooves or steps ) )
Surface cannot be protected
and a different configuration <0.12

Fig. 4. Cavitation number (o) obtained from the physical model is required (assumption)

4. Conclusions

In this work, cavitation in the chute spillway of Surk dam, which it has a rapidly change slope in the chute
path, has been studied using physical modeling. The physical model was made by plexiglass with scale of 1:50
and in this study, Falvey criterion (1986) was used for commenting of cavitation index. The results showed
that the calculated cavitation index in the chute spillway was obtained in range of 0.25 to 1.8. In this range
based on the Falvey's recommendations in order to prevent the risk of cavitation, the concrete surface of the
chute spillway should be lining with a smooth materials. At the end of the chute spillway, the calculated
cavitation index was obtained equal 0.247, that in this value in order to prevent the risk of cavitation, the design
of the structure should be refined.
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