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Abstract

Cavitation is one of the most common and destructive causes of spillways
and water conveyance tunnels. One of the most effective ways to prevent the
cavitation is to aerate the current, provide the pressure and prevent excessive
suction. Conventional types of aerators (cavitators) in hydraulic structures
including ramps, steps, grooves, and their combinations. In this research, the
performance of 19 cavitators with different geometries inside a box tunnel,
for 5 discharges with/without aeration were investigated. Each experiment
was performed for three times reduce the errors. Statistical analysis of the
experimental results showed that the type of cavitator had considerable
effects on the separation length. In spite of the positive effects of ramp height
and discharge on separation length, the angle of ramp, step height, and groove
depth had non-significant effects on separation length. Finally, two combined
aerators were proposed, which in practice had better results in comparison

with conventional aerators used in hydraulic structures.

1. Introduction

Dealing with cavitation is one of the most important challenges of fluid flow. Without controlling this
phenomenon, the useful life of hydraulic structures is reduced. Cavitation usually occurs in places where
the local velocity is very high (Shafaee Bajestan, 2005). The risk of cavitation damages can be
eliminated by air entrance at critical points near the concrete surface. The researches show by entering
air near the surface of the concrete at a rate of 8% or more, cavitation is eliminated (Mohammad Vali
Samani, 1997). The tendency to cavitation is determined by a dimensionless number called as cavitation
index calculated as follows (Falvey, 1990):

L_P-F

Frizell (2012) investigated the effect of the concentration of air entrance to flow in increasing the
cavitation index. He concluded that by increasing the air concentration from zero to 7.1%, the cavitation
index increases from 0.109 to 0.288 without major changes in the flow conditions.
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2. Materials and Methods

In this research, an experimental setup of a closed-circuit water tunnel in the hydraulic laboratory at
Shahid Chamran University (Figure 1) was used. This setup consisted of a plexiglass box with 1.1, 1.1,
2.4 meters in dimensions, a pump to supply the flow, piezometers for measuring the pressure and a
rotameter to measure the air discharge induced to current. Nineteen cavitators were installed and the
discharge varyed from 30 to 40 I/s for two states (with and without aeration).

Figure 1) Experimental setup and equipment.

3. Discussion and Conclusion

The experiments were conducted as a factorial design in a completely random format, in which, the
effect of two or more different factors is studied simultaneously. After data extracting, statistical
analysis was done using PASW (SPSS20) software. First, analysis of variance was done on the data,
then the significant factors according to the ANOVA table after analysis of variance are determined.
Duncan's test at the 5% probability level was also used.

Effects of water discharge, type of cavitator and air injunction to flow were investigated. According to
the analysis of variance table, the effect of the type of cavitator on the separation length was significant.
As a result of the average comparison made by Duncan's method on the data, a table produced and for
better understanding and comparing, the data of the table is shown as a bar chart in Figure 2.

The ramp height (H_R) had the major influences on the separation length. Three ramps with heights of
15, 20, and 25 mm were used, implemented with two different vertex angles 90 and 78.5 degrees. The
first 6 bars of Figure 2 show that the increase in separation length is directly related to the increase in
the height of the ramp for any vertex angle. Angle effect of ramp apex (o) on the separation length for
8 different cases are compared; In seven cases, the average separation length for ramp apex angles 90
and 78.5 degrees had similar letters, according to Duncan's test, they did not have a significant
difference at the 5% probability level. For the case in which the combination of ramp, step and gap, the
ramp with the angle 90 degree created a larger separation length compared with 78.5 degree (Figure 2).
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Figure 2) Effect of cavitator type on separation length

4. Results

Selection of optimal cavitators in hydraulic structures, in which water transfer occurs at high velocity
is of great importances. According to tests, the type of cavitation has an effect on the length of
separation, the height of the ramp and the flow rate have influence on the length of separation. The
angle of the top of the ramp, the height of the step, and the depth of the gap have no significant effect
on the length of separation. Two combined aerators were proposed, which in practice showed better
results than conventional aerators in hydraulic structures.
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Mean
Source df |eangL;?1r|e_2
(mm?)
Cavitator 18 38566*
Air 1  17686253*
Water 4 40248*
Cavitator & Air 18 38566*
Cavitator & Water 72 338
Air & Water 4 40248*
Cavitator & Air & Water 72 338
Error 380 1046
Total 570
Corrected Total 569
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Cavitator € (m) o Fr,
HR=15mm a=90° 0.225 0.811 1.95
HR=20mm a=90° 0.299 0.946 1.69
HR=25mm a=90° 0.36034 1.135 1.54
HR=15mm a=78.5° 0.218 0.815 1.98
HR=20mm «a=78.5° 0.29866 0.756 1.69
HR=25mm a=78.5° 0.391 1.516 1.48
HR=20mm Hg =20mm Lg=20mm a=90° 0.33934 1.014 1.59
HR=20mm Hg =20mm Lg=20mm a=78.5° 0.332 1.15 1.61
HR=20mm Hs=10mm a=90° 0.406 1.168 1.45
HR=20mm Hs=10mm o=78.5° 0.396 0.929 1.47
HR=20mm Hg=10mm Lg=20mm Hs=10mm a=90° 0.434 0.916 141
HR=20mm Hg=10mm Lg=20mm Hs=10mm a=78.5° 0.39534 1.188 147
HR=20mm Hs=20mm a=90° 0.41134 1.109 1.44
HR=20mm Hs=20mm «a=78.5° 0.418 1.1 1.43
HR=20mm Hs=20mm Lg=10mm a=90° 0.446 0.819 1.39
HR=20mm Hs=20mm Lg=10mm a=78.5° 0.44934 0.884 1.38
Hg=10mm Lg=20mm Hs=10mm 0.28766 0.228 1.73
Hg=20mm Lg=20mm 0.29534 0.076 1.7
Hs=20mm 0.29134 0.062 1.72
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