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PURPOSE

Two 60-inch jet-flow gates are being installed as replacements to the needle valves in the outlet
works at Seminoe Dam, Wyoming. Submerged operation of these gates using the existing discharge
tubes will result in cavitation damage downstream from the gate. Aeration downstream from the
gate is the only viable option without replacement of the discharge tubes with expanded conduit
sections. A hydraulic scale model (1:21) was used to evaluate aeration downstream from the jet-
flow gate. Discharge characteristics, pressures in the discharge tubes, and air demand were
measured for four different vent configurations.

INTRODUCTION

Submerged operation of a jet-flow gate requires protective measures in the area downstream of the
gate. An expanded conduit section downstream from the gate is normally used to ensure that the
cavitation cloud occurring in the shear layer does not collapse on the discharge tube walls. The size
of the recommended expansion is 3D, where D is the diameter of the jet-flow gate (Isbester, 1975).
This expansion allows good circulation around the jet, protecting the downstream surfaces from
cavitation damage (Isbester, 1974; and Burgi and Fujimoto, 1973). The diameter of the expansion
can be reduced somewhat if the length of the discharge tube is kept very short (Mefford, 1987).
Protection of the discharge tube from cavitation by using aeration is necessary when conduit
expansions downstream from the gate are not possible.

Replacement of the needle valves at Seminoe Dam with two 60-inch jet-flow gates is underway.
New tailwater studies project that these jet-flow gates may operate with up to 2.5 feet of water
above the centerline of the gates. The existing discharge tubes provide only a 1.4D expansion.
Without aeration of the jet, the discharge tubes will be subject to cavitation damage. Aeration of
the discharge tubes by providing an air vent downstream from the gate was studied in a hydraulic
model. Four different locations for the vent were tested. Recommendations for vent size and
location are given.

THE MODEL

The studies were made using a 1:21 scale hydraulic model. The model included one jet-flow gate
with existing piping upstream and downstream of the gate (fig. 1). The model was placed in the
laboratory’s low ambient pressure chamber for ease of operation and to observe the location of
cavitation clouds in the model. The ambient pressure in this 600-ft> chamber can be reduced to 0.1

atmosphere and can deliver up to 10 ft*/s through an installed model. Model scaling was based on
equal Froude numbers in the model and prototype:

(V¥/el)n = (V/eL), (1)

where:

= velocity

= gravitational constant
characteristic length

p = model and prototype
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Tests were conducted to compare four different air vent locations. Measurements taken included
upstream head, discharge, gate opening, air velocity into the vent piping, and piezometric pressures
at four locations on the invert of the discharge tube downstream from the gate. All tests were run
with the maximum tailwater condition (elevation 6147.5 feet). Documentation also included still
photographs and video.

THE TESTS

Four different air vent locations were studied (fig. 2). The test procedure was as follows:

Set gate opening.

Set tailwater elevation.

Adjust flow rate to achieve desired reservoir head upstream of the gate.
Record discharge and piezometric pressures.

Measure air velocity into air vent piping.

SANR Rl Sl

This procedure was repeated for the full range of gate openings from 5 to 100 percent.

TEST RESULTS

The test results are presented as follows: discharge characteristics (fig. 3), piezometric pressures
downstream from the gate (figs. 4-5), and air demand curves (fig. 6).

Discharge characteristics of the jet-flow gate varied with aeration and the location of the air vent.
The discharge coefficient C, is defined as:

Q
C, = (2)
A, 2g(H,, - H)P*
where:

Q = Discharge (ft’/s)
A, = Area of upstream pipe (ft’)
g = Gravitational constant (ft/s?)
H,, = Pressure head upstream from the gate (ft)
H,, = Pressure head downstream from the gate (ft)

Without aeration, the discharge coefficient reaches a value of 0.88 when the gate is fully open. This
value drops to 0.62 when the discharge tube is aerated with the top or 45° vent configurations and
to only 0.41 for the bottom vent configuration (fig. 3).

The piezometric pressures on the discharge tube invert also vary with aeration. Without aeration,
impact of the jet remains close to the gate for openings up to 30 percent (fig. 4). Above 40 percent
open, negative pressures are produced just downstream of the gate. The jet impact point moves
down the conduit to the second and third piezometer locations. When aerated from the top vent,
the jet impact is near the first piezometer tap for the 5-percent opening and begins moving



downstream as the gate is opened. At 100 percent open, the jet springs free over all four
piezometer taps (fig. 5).

Aeration was best accomplished through a vent on the crown of the pipe just downstream from the
gate (fig. 6). Air was pulled into the discharge tube for all gate openings tested. The quantities
ranged from 13 to 22 percent (air to water ratio). The air was pulled down the gate slots and
distributed evenly across the bottom of the gate orifice (fig. 7). The other tested vent locations
pulled in much less air (2 to 6 percent) with gate opening above 20 percent.

CONCLUSIONS AND RECOMMENDATIONS

It is possible to aerate the discharge tubes downstream from the jet-flow gates at Seminoe Dam.
When aerated from the top vent, amounts of air are admitted that are known to prevent cavitation
damage (Peterka, 1953). The lower vent configurations tested only pull in air at larger gate
openings. The recommended position of the vent is directly downstream from the jet-flow gate
frame on the top centerline. Model data suggest that, to keep air velocities in the vent below
100 ft/s (due to noise), a vent size of 22 inches in diameter is necessary. The vent size could be
reduced to 16 inches in diameter (190 ft/s) since operation will be remote and not continuous. Use
of an existing 18-inch-diameter vent is recommended.
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Figure 1. - 1:21 scale hydraulic model of one Semince jet-flow gate.
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Figure 2. - Air vent locations tested.
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Figure 3. - Coefficient of discharge for 60-inch jet-flow gate, aerated versus nonaerated.
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Figure 4. - Piezometric pressure on discharge tube invert, no aeration.
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Figure 5. - Piezometric pressures in discharge tube invert, top vent open.
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Figure 6. - Air demand curves, four vent configurations.



Figure 7. - Aeration from top vent; water mixture flowing along bottom of discharge tube.
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