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Experimental Investigations on Air Entrainment Through an Air
Vent Installed on a Gated Conduit of a Reservoir

ABSTRACT : In this study, factors that affect the air entrainment within a closed conduit by air drawn in through an air vent
are investigated using a hydraulic scale model, which represents a gated circular conduit system connected to the intake tower
of an irrigation reservoir. In addition, using data obtained during the hydraulic experiments, experimental equations are
developed to estimate the amount of air drawn in through the air vent. In case of pressurized flow conditions downstream
of hydraulic jumps, the relationships between g and #r,—1 of the data form a experimental equation, %: 0.0304 (Fr,— 1)"0%%;
"~ 0.0271 (Fr,— 1) Comparing two data sets observed under the two flow regimes
with the results of previous researchers, patterns of the data sets are similar to the results estimated using the equations
presented previously, and this indicates that the quality of the data obtained during the hydraulic experiments is ensured. In
addition, it is revealed that air entrainment phenomena in the regions close to air vents are affected by the characteristics of
supercritical flows downstream of gates. Finally, it is concluded that the equation developed for pressurized flow conditions can

be applied to design of air vents.
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Fig. 1. Air Entrainment Phenomenon Resulting from Hydraulic
Jumps and Air drawn in Through an Air Vent
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Researchers Equations Experimental conditions

Qa

Kalinske and Robertson(1943) 0 =0.0066(F, —1)"* Pressurized flow; circular conduit; hydraulic jumps
Qll 5

Campbell and Guyton(1953) ) =0.04(F, —1)"% Free surface flow; rectangular conduit
Qa

US ACE(1964) 0 =0.03(F, —1)" Free surface flow

. Q, 5 . L

Rajaratnam(1967) 0 =0.018(F, —1)'2% Rectangular conduit; hydraulic jumps
Qa

Wisner et al.(1975) 0 =0.014(F, — )" Rectangular conduit; hydraulic jumps
Qll AC . ..

Sharma(1976) 0 f (ij) Rectangular conduit; 6 flow conditions
w t
Qa

Rabben et al.(1983) 0 =0.03(F, —1)°7 Rectangular conduit; hydraulic jumps

. Q, . . . -
Escarameia(2007) 0 =0.0025(F, —1)'* Pressurized flow; circular conduit; hydraulic jumps

Q,: Amount of air drawn in through an air vent; @,: Discharge of released water from a gate; F,.: Froude number upstream of a hydraulic

jump; F,.: Froude number at a contracted section;

4,
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—<: Area ratio of contracted section to total cross section of a conduit
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Fig. 2. Schematic Diagram of Hydraulic Experiment Facility
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Table 2. Experimental Conditions Categorized by Flow Conditions Downstream of Hydraulic Jumps

Opening ratios Amounts of | Pressure heads of | Flow velocities at | Air velocities
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Flow conditions experiments of gate inflow water tank contracted section in air vent numbers
P (%) (m’/h) (m) (m's) (m/s)
Pressurized flow 16 70~88 390.2~324.5 1.22~2.35 3.27~5.12 5.60~22.12 2.3~4.7
Free surface flow 22 30~77 111.0~372.0 1.37~2.35 3.26~5.21 12.27~61.85 3.3~73
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