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ABSTRACT 
 
 Cavitation phenomenon is very important and at the same time damaging the hydraulic structures such as 
dams overflow is considered This is the phenomenon that occurs when the vapor pressure is less pressure on the 
spillway structure. This event caused severe damage to the spillway structure and the dam and will adversely 
affect performance. Among the important parameters involved in the occurrence of this phenomenon can be 
flow rate, flow pressure, Strength of materials forming the spillway structure and the amount of air flow over 
the spillway. Therefore, in this study, we have investigated the phenomenon of cavitation in hydraulic 
structures, The role of cavitation index and how to use it to control the occurrence of cavitation in spillovers is 
discussed. In this method, the index of the critical cavitation, cavitation index is greater than the risk of 
overflow, this rule is somewhat insignificant. Therefore, in this study, we have investigated the phenomenon of 
cavitation in hydraulic structures, The role of cavitation index and how to use it to control the occurrence of 
cavitation in spillovers is discussed. 
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Introduction  
 
 For several years the events of cavitation 
phenomenon have drawn the attention of engineers 
around the world. Cavitation is a so familiar 
phenomenon, which is considered as a major 
engineering risk and challenge in most hydraulic 
structures that are exposed to high-speed flows such 
as dam spillways. However, it should be noted that 
the factor influencing the phenomenon is not limited 
to the speed, and a set of factors causes the 
occurrence of this phenomenon. Hollander and Nep  
were of the first ones who studied this phenomenon 
by fast imaging, and Nep et al. described the basic 
concepts of cavitation in their book, entitled as 
“Cavitaion”. Falvey, Wang and Chow provided some 
equations about the damage rate and cavitation 
index. The phenomenon has caused some damages 
and destructions in Shahid Abbaspour Dam Iran, and 
has been always making troubles and problems in 
other hydraulic structures [1]. 
 In long overflows in ending areas, the flow rate 
increases extraordinarily and the flow depth 
decreases. Combination of these factors leads to a 
drop in cavitation index. As a result, a spot in a 
structure with normal irregularity can become the 

starting point of cavitation in the structure [2]. In 
such a case, it is possible to prevent the occurrence of 
this phenomenon by decreasing the flow rate or 
increasing the flow pressure on the borders. It is 
essential to consider that the geometric shape of the 
overflow also plays a remarkable role in occurrence 
or non-occurrence of the cavitation phenomenon. To 
prevent the occurrence of cavitation phenomenon, 
the position of points, where the pressure may 
decrease down to liquid vapor pressure limit with 
increased speed, should be identified. 
 The local pressure of the flow can be increased 
in spillways by modifying the spillway profiles, or in 
other words, by changing the vertical curvature of the 
spillway body, and consequently, the occurrence of 
cavitation may be prevented. In this study, 
considering the spillway geometry and the equations 
ruling the fluid flow on spillway, the modification of 
spillway profile is evaluated so that the cavitation 
index would be constant across the structure and 
greater than its critical value. 
 
1. Mechanism of cavitation occurring in hydraulic 
structures: 
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 Cavitation phenomenon is often compared with 
the process of water boiling at atmospheric pressure. 
Water boils as temperature increases at constant 
pressure and converts from a liquid to a gas. By 
reducing the pressure of an area, the water boils at a 
lower temperature. Unlike the process of water 
boiling, the cavitation phenomenon occurs at 
constant temperature and due to reduced local 
pressure of the fluid [4]. Cavitation is a phenomenon 
that occurs at high speeds and causes damage and 
cavities in the structures. In a hydraulic system, by 
increasing the flow rate, the local pressure is reduced 
and such a reduced pressure may continue down to 
the fluid vapor pressure limit so that the 
flow converts to the steam mode. It is also likely that 
along the spillway or by the existence of energy 
amortizing due to ruggedness or roughness occurring 
of the floor, the flow lines detach from their bed that 
results in reduced local pressure at detachment 
location, which may even reach to the vapor pressure 
of the fluid and the fluid converts into steam. The 
produced vapor bubbles reach to a region of higher 
pressure after travelling a short distance and explode 
and make noises. The established shocking waves 
severely strike the boundary between fluid and 
structure and cause abrasion and corrosion on the 
solid border of the structure. Reconversion of 
bubbles to fluid and the resulted pressure from their 
explosion occasionally reaches to 1500 MPa [5]. 
This process occurs in a short time and due to their 
continuance and high frequency of occurrence, the 
spillways bed is corroded, and gradually, these 
corrosions converted into large cavities. 
 In general, the damage due to the phenomenon 
of cavitation in hydraulic structures can be 
considered as a function of flow rate, flow pressure, 
consumable materials resistance, boundaries 
hardness and the rate of air in the flow [6]. Long 
spillways are as hydraulic structures in which the 
occurrence of cavitation phenomenon is so probable. 
Due to very high speed of the flow on the spillways, 
existence of very small irregularities and 
imperfections in dimensions of a few millimeters on 
the surfaces of the structures can lead to the flow 
detachment, and thus, the reduced local pressure, and 
finally ends to the occurrence of cavitation 
phenomenon, erosion and the destruction of the 
structure. 
 Usually, the cavitation index (σ) is used to 
investigate the possibility occurrence of the 
cavitation phenomenon at spillways. When the 
cavitation index at each point of the spillway is more 
than the critical value of cavitation onset (iσ), the 
possibility of this phenomenon occurring is low. 
Equation (1) shows how to calculate this index: 
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 In the above equation, P is the fluid localized 

pressure, VP is the water vapor pressure, V is the 
local velocity of fluid and ρ is the specific mass of 
water. 
 Several relations are provided in determining the 
critical cavitation index based on the geometry and 
the type of surface roughness. For example, based on 
the Falvey results (1990), the equation (2) is used to 
calculate the single roughness of the critical 
cavitation index: 
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 Wherein, h is the equivalent height of fluid 

absolute pressure, Vh is the equivalent height 

of vaporization pressure and 0V is the speed near over 
the coarseness. 
 Arrnet [7] showed that the cavitation 
phenomenon can be formed on the surfaces with 
uniform roughness, based on which, he provided a 
relation based on f as friction coefficient in Darcy- 
Vesbakh equation: 
 

fi 4=σ   (3) 
 
 He also provided some relations to determine the 
critical cavitation index for single roughness 
according to the shape and height of coarseness and 
irregularity [7]. Falvey 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. Derivation the equations: 
 
 By writing the momentum equation in the 
system of normal coordinates (in the direction of 
flow and perpendicular to the flow direction) for a 
volume control of the fluid, the equations (4) and (5) 
can be obtained: 
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 Wherein, P  is the flow pressure intensity; Z is 

the height; sV is the velocity component in the flow 

direction and ζ  is the "مخشوشيت" of the flow, which 
is considered as zero in non-rotating flows. 
 By integration of equation (4) between the free 
surface of water and the “a” point (Fig. 1), the 
equation (6) is obtained: 
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 Also, according to the normal depth of flow, the 
relation between the water free surface and the “a” 
point can be expressed as follows: 
 

θcosdHZZ bra +−=−   (7) 
 

 In the above equations, aV  is the flow rate at 

point “a”, aZ  is the height at point “a”, rZ  is the 

height of the tank, bH  is the height difference 
between the tank and the bottom of the bed, and d  is 
the normal depth of flow over the spillway. So, the 
speed at the water surface (point a) is equal to: 
 

5.0)]cos(2[ θdHgV ba −=   (8) 
 

 The velocity component along the flow line can 
be expressed as follows: 
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 In the above relation, q  is the water unit 

discharge, and n  is the normal distance between 
coordinates axes and the flow line. Assuming the 
non-rotating flow, the is considered as zero. 
According to the equations of fluid motion, there will 
be: 
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 Wherein, the sR  is the curvature radius of the 
curve. Unit discharge is calculated by integration and 
simplifying: 
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According to equation (5), the flow pressure rate at Z 
= 0 in the boundary is calculated: 
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Fig. 1: Geometric characteristics of spillway profile. 
 
3. Geometric relations: 
 
 To establish relations between the equations of 
flow and the spillway geometry, the normal 
coordinates system of the flow is expressed as 
Cartesian coordinate system. Due to the geometry of 
the spillway (Figure 1), the relation between the bed 
slope and height of the flow can be expressed as 
follows: 
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 The relationship amongθ , bH  and the radius of 
curvature can be expressed as follows: 
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According to θsin=bdH , the equation (15) is 
resulted: 
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 The final equations for examining the profile of 
dam spillway with constant cavitation index and 
assuming the non-rotating flow are equations of (1), 
(11), (12), (13) and (15). By combining and 
simplifying these equations, dimensionless equations 
for creating spillway with constant cavitation index 
can be extracted: 
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 iH indicates the initial head at the beginning of 
spillway profile with constant cavitation index. 
 
 
 

4. Solution and discussion on the results: 
 
 In this study, to examine how to use the previous 
relations to modify the spillway profile to control the 
cavitation index along the spillway to prevent the 
cavitation phenomenon occurrence, the information 
related to Glen Canyon Dam tunnel spillway, located 
on the Colorado River, America was used. 
 Differential equations of (18) and (19) can be 
solved with a suitable numerical method. In this 
study, the finite approximates equations in addition 
to non-explicit Euler method were used for numerical 
solving of these equations. The general form of the 
non-explicit Euler method for solving ordinary 
differential equations with initial boundary 
conditions can be expressed as follows: 
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 With simultaneous numerical solving of 
equations (18) and (19) and substitution in the 
relations of (16) and (17), the studied spillway profile 
is determined so that the cavitation index is constant 
throughout the entire length of the spillway and equal 
to 0.3. This value is higher than the critical cavitation 
index of the cavitation start, and therefore, the risk of 
the phenomenon occurrence is minimal. 
 A summary of some calculated profiles, such as 
flow depth, pezometeric level pressure and geometric 
characteristics of spillway profile are given in Table 
1. Also, in Figure 2, the spillway profile with 
constant cavitation index between station of 679 m 
and 800 m is shown.  

Table 1: Summary of calculated parameters of the spillway. 
Station (m) Height (m) Radius of curvature (m) Depth (m) Pezometeric pressure 

679.00 
681.15 
684.83 
686.77 
688.66 
691.75 
695.58 
697.87 

1035.13 
1030.13 
1022.13 
1018.13 
1014.13 
1008.13 
1001.13 
997.13 

.100E+11 
.127 E+04 
.519E+03 
.408E+03 
.341E+03 
.275E+03 
.229E+03 
.209E+03 

4.08 
3.982 
3.834 
3.779 
3.702 
3.608 
3.515 
3.468 

1.679 
2.248 
3.159 
3.614 
4.069 
4.752 
5.549 
6.004 

 

 
 
Fig. 2: Spillway profiles with constant cavitation index. 
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5. Conclusions: 
 
 As mentioned, cavitation is considered as a 
common phenomenon and meanwhile destructive for 
hydraulic structures such as dams’ spillways. In long 
spillways at the end zones, due to high velocity of the 
flow, very small irregularities and roughness at the 
surface can lead to flow detachment, and thus, the 
phenomenon of cavitation may occur. 
 In this study, due to the geometry of the spillway 
and the equations ruling on the fluid flow passing 
over the spillway, a method was provided to maintain 
the cavitation index always constant along the 
spillway higher than the critical index of 
phenomenon start. Also, this method was evaluated 
according to the available information of the Glen 
Canyon Dam tunnel spillway, and the spillway 
profile was determined. 
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