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Influence of geometrical parameters on flow hydraulic properties in
inclined weirs

Reza Norouzi!, Hadi Arvanaghi 2, Farzin Salmasi 3, Davood Farsadizadeh*, Mohammad Ali Ghorbani?

Abstract

Weirs are one of the most important hydraulic structures for flow control, water measurement, and
regulating of upstream water elevation in canals, irrigation networks, and rivers. For a given channel
width, inclined weirs have a longer effective length in comparison with the usual rectangular sharp-
crested weirs, and this could be effective on their discharge coefficients and efficiency. In the present
study, the effect of the geometrical parameters on the hydraulic properties of the flow in inclined weirs
was investigated using 3D Ansys Fluent software. Numerical simulations were validated by laboratory
results. Weir height (P), weir angle with channel wall (o), water height above the weir (H), and
effective length (Le) were investigated. The MR-linear regression model performance in applying the
inclined weir discharge coefficient was investigated. The results indicated that this relation is very
similar to the numerical model results. The numerical model results were also compared with those of
the other researchers. Inclined weirs discharge coefficient at different effective lengths decreases by
increasing H/P, and at a constant H/P, by increasing the weir effective length, the discharge coefficient
decreases, and the flow rate increases. Increasing in weir height results increasing in discharge.

Keywords: Inclined weirs, Discharge coefficient, Numerical model, Ansys Fluent, Discharge.
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Influence of geometrical parameters on flow hydraulic properties in
inclined weirs

Reza Norouzi!, Hadi Arvanaghi 2, Farzin Salmasi 3, Davood Farsadizadeh*, Mohammad Ali Ghorbani?

Introduction
One of the problems facing irrigation networks is the change in the flow rate of the flow through the
intake structure due to severe fluctuations in the water level in the main canal. The weir length and
crest shape mainly govern the discharge capacity of a weir (Norouzi et al. 2020). Due to the general
equation of weirs, one way to increase the discharge capacity in irrigation canals is extension of the
weir crest length. One of the efficient methods to increase the sufficient crest length of the weir for a
given channel width is to use non-linear weirs in plan-view (Crookston and Tullis, 2012).
Many researchers have conducted extensively experimental and numerical studies to estimate the
nonlinear weir discharge coefficients. Arvanaghi and Mahtabi (2014) numerically simulated an
inclined weir in two dimensions using Fluent software. They founded that by inclining the weir,
discharge coefficients (Cq) also increases and that this type of weir is more suitable for high
discharges. Dabling and Tullis (2017) investigated the effect of a labyrinth weir with different crest
heights on the downstream hydrograph. The results revealed that during floods (high discharge), the
staged labyrinth weirs were better than the ogee spillway.
The purpose of this study is to investigate the effect of geometric parameters on the performance of
oblique weirs and its hydraulic properties. The obtained results will be compared with simple sharp
crested rectangular weir discharge coefficients.
Methodology
In this study, using m-Buckingham method, the discharge coefficient equation with simplifications as
a function of dimensionless parameters (Eq. 1) is presented.

HwW P

where, Cq is the discharge coefficient, H is the upstream head, W is the weir width, P is the weir
height, L. is the weir crest length and « is the sidewall angles (Figure 1).

: A A A
i W1 w1
s
w2 w . W
: v
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fws
w3 H H
Y \4
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Figure 1- Overview of models and geometrical properties of the weir

In the present study, considering the capabilities of Ansys Fluent software in simulating hydraulic
flow, this software has been used. The flow conditions in a flume with a width of 50 cm, a length of 3
m and a height of 1.2 m have been simulated in 3D Ansys Fluent software. In this channel, the weir
thickness is assumed to be 1 cm. Table 1 shows the range of variable parameters.

Table 1- Range of Variation of Parameters

Parameters Ranges
e (Degrees) 45-90
L1 (m) 5-20
L2 (m)
H/P 0.60-1.20

To numerically simulate the flow through the oblique weir from the turbulence models, the k- (RNG)
model was selected, which has a lower relative error value. The flow pressure was used as the inlet
boundary condition section, and for the outlet section, the outlet pressure was zero. Also on solid
boundaries, the boundary condition of the wall and the inlet velocity boundary condition were defined
for weir aeration (Figure 2).

0.6 m

Figure 2- The applied boundary conditions and the numerical modeling mesh of the present
study

Discussion and Conclusion

In the present study, the effect of geometric parameters on the hydraulic properties of the flow in
oblique weirs was investigated using Ansys-Fluent software. The results of Afzalimehr and Bageri
(2009) laboratory model were used to validate the numerical model in the present study, which is in
the range of 1.2 <H/P <0.6. It has a very high accuracy in estimating the discharge coefficients. Water-
surface profile and flow velocity vectors in oblique weirs are different from suppressed rectangular
weir. After passing over the weir crest, the flow continues in a rotating state around the axis of the
channel so that the effect of the rotating current reaches a uniform state after passing through the path.
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Therefore, water surface profiles in oblique weirs on both sides of the canal have different profiles
when the flow falls from the weir.

Using the data obtained from the numerical model, a nonlinear multiple regression relationship was
proposed to estimate the oblique weir discharge coefficients.

W 13.549 H 0.02 P -0.339
C, =122( — —7.123(-) + | +6371(a™) (@
L P L

e e

Then the results of the numerical model were compared with the study of others and the proposed
multiple regression relationship in the present study. It was shown that by applying the proposed
relationship in the present study to the general relationship of sharp crested weir with a relative error
of less than 10%, the flow rate estimated the flow through oblique weirs. The discharge coefficients of
oblique weir in different L; and L, decreases with increasing H/P, and also in a constant H/P, with
decreasing L1 and L, and thus increasing the effective length of the weir crest, the discharge coefficient
decreases and the flow rate increases. The effect of oblique weir height was also investigated and
according to the results, at a constant H/P, with increasing weir height, the discharge coefficient
decreases and the flow rate increases.
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