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Type Number MAE R2
Coarse © 10x30x 25 0.0899 0.67
Medium (M) 15x 40 x 30 0.0408 0.75
Fine (F) 25x 60 x 45 0.0237 0.89
Very Fine (VF)  30x70x50 0.0225 0.90

Table 1. Sensitivity of numerical model to mesh size
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Fig. 2. Variation of discharge over spillway (in discharge of 55 lit/sec)

82



OLKas 5 osly & el

...... Sla g e 3ol o oS Jl (g3de )

63de Je Slasein Y Jgd
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Body of Side Inlet Outlet Turbulence Pressure Free Time
Spillway Boundary Model Algorithm Surface Step
Solid Symmetry Velocity  Discharge RNG GMRES VOF 0.01

Table 2. Characteristics of numerical modeling
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Fig. 3. Effect of cells size on numerical modeling near the
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Table 3. Sensitivity of numerical model to turbulence models
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Fig. 10. Comparing the flow depth at central line of channel in spillways having ogee and stepped profile
(a) 11 lit/sec (b) 55 lit/sec (c) 113 lit/sec
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Fig. 11. Investigation of the pressure distribution at central line of channel in spillways having ogee and stepped profile
(a) 11 lit/sec (b) 55 lit/sec (c) 113 lit/sec
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Abstract

Side channel spillways are widely used in dam outlet works for irrigation and drainage networks; and also in
water and wastewater facilities. A special type of these spillways is the Three-sided channel spillway in
which the flow enters the side channel through both the end and sides of the spillway. There is a variety of
names for these spillways, including bathtub spillways, U-shaped spillways, and duckbill spillways. Those
are used in situations where a spillway with a long crest is required. In Three-side spillways, the flow enters
through a U-shaped weir (in plan) into the side channel that serves to deliver water downstream. The flow in
the side channel is a spatially varied flow with increasing discharge and is especially designed with a non-
prismatic cross section (increasing bed width along the flow direction) to avoid channel flow effects on
influent flows. Several studies have been carried out to gain a clear understanding of the effective factors and
the relations dominating the flow in one-sided channels. Few studies have been done on hydraulic
performance of Three-sided channel spillways, however, most studies have only focused on specific
applications of the situations of these spillways and have aimed at improving the hydraulic performance of
flow. Also, in some studies, determining the optimized values of three design parameters; including side
channel bed slope, the appropriate elevation, and shape of the end sill for the spillways were investigated and
concluded that the effective crest length for two-sided, L-shaped spillways, taking into account the effect of
each of the corners of the spillway on reducing crest length. In this study, the three-dimensional flow filed of
U-shaped spillway and end-sill of the side channel are simulated using Flow3D and the effect of flow
turbulences have been modelled by RNG closure. Comparison of the numerical and experimental results
revealed that this model with RNG closure has capable to carefully simulate the turbulence flow field on
these structures. The effect of making stepped the ogee profile of the three-sided spillway on flow depth and
dynamic pressure fluctuations has been numerically evaluated; the non-dimensional turbulence index has
been used to investigate the fluctuations of the dynamic pressure. The results revealed making stepped the
ogee profile causes to reduce the encounter of the side overfalls, and to increase the flow depth in the side
channel, in which this lead to considerable decrease in pressure fluctuation intensity. Also the results showed
that it is better this type of spillways to be designed in low-flow heads, so as to raise discharge. Using long
sideling lateral arms will have a positive effect on the discharge coefficient. Finally, in these spillways the
flow from their lateral channel is discharged with delay and in high flow rates is immediately submerged due
to severe interference of dropping layers of flow. The area that experiences the most reduction in effective
length of the spillway is the part that two side arms and the normal part (perpendicular to the central axis of
the side channels) are linked together. By reducing this area and having a short connection between them, the
effective length reduction can be reduced.

Keywords: Three-sided spillway, Hydraulic performance, Stepped profile, Numerical simulation.
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