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Comparing the Behavior of Ogee and Piano Key Weirs under Unsteady
Flows

Behzad Noroozit, Jalal Bazargan?

Abstract

Analysis of the unsteady flow on the weir end sill is fundamental to determining the passing flow's
exact flow discharge and height. Due to the difference between the steady and unsteady flows and the
effect of different terms of the Saint-Venant equation, the weirs' stage-discharge curves under the two
types of flows are different. In the present study, 3D free-surface flow on the Ogee and the Piano-key
weirs under steady and unsteady flows was modeled using the FLOW-3D numerical model, and the
effect of different input hydrographs for multiple time bases was investigated. Based on the obtained
results, the steady flow condition's unit stage-discharge curve turned into a circular curve in the case of
the unsteady flow condition. In both types of the weirs, by increasing the hydrograph time base, the
stage-discharge curve changed from a circular curve into a unit curve and finally conformed to the
steady-state's stage-discharge curve. In both types of studied weirs, for a constant flow discharge, the
water head difference was more considerable for the hydrograph with smaller base-time, i.e. the
hydrograph with steeper ascending and descending branches. The amount of head difference in the
ogee weir due to your hydrographs with time steps of 4, 10, and 40 seconds is 0.023, 0.013, and 0.008,
respectively, and for the piano key weir is 0.024, 0.019, and 0.009. In other words, for steeper input
hydrographs on the end-sill of the weirs located on the channels or the weirs used as a diversion, an
unsteady flow analysis should be performed. For a fixed weir height and a fixed input hydrograph,
water head changes of the Piano key weir were greater than the Ogee weir.

Keywords: Unsteady flow, Saint-Venant equations, Ogee weir, Piano key weir, stage-discharge
curve.
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Abstract

Analysis of the unsteady flow on the weir end sill is fundamental to
determining the passing flow's exact flow discharge and height. Due to
the difference between the steady and unsteady flows and the effect of
different terms of the Saint-Venant equation, the weirs' stage-discharge
curves under the two types of flows are different. In the present study, 3D
free-surface flow on the Ogee and the Piano-key weirs under steady and
unsteady flows was modeled using the FLOW-3D numerical model, and
the effect of different input hydrographs for multiple time bases was
investigated. Based on the obtained results, the steady flow condition's
unit stage-discharge curve turned into a circular curve in the case of the
unsteady flow condition. In both types of the weirs, by increasing the
hydrograph time base, the stage-discharge curve changed from a circular
curve into a unit curve and finally conformed to the steady-state's stage-
discharge curve. In both types of studied weirs, for a constant flow
discharge, the water head difference was more considerable for the
hydrograph with smaller base-time, i.e. the hydrograph with steeper
ascending and descending branches. The amount of head difference in the
ogee weir due to your hydrographs with time steps of 4, 10, and 40
seconds is 0.023, 0.013, and 0.008, respectively, and for the piano key
weir is 0.024, 0.019, and 0.009. In other words, for steeper input
hydrographs on the end-sill of the weirs located on the channels or the
weirs used as a diversion, an unsteady flow analysis should be performed.
For a fixed weir height and a fixed input hydrograph, water head changes
of the Piano key weir were greater than the Ogee weir.
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1.  Introduction

To analyze unsteady flow using hydraulic routing methods, the continuity equation and the momentum
equation are which are based on the unsteady flow theory (Saint-Venant equations). Piano Key Weir is
a modified form of the indented weirs and is considered as a structure with confirmed efficiency having
a proper discharge coefficient under steady flow state. So far, the effect of unsteady flow on hydraulic
performance and discharge coefficient of this type of weir has not been studied. Therefore, the effect of
unsteady flow on the flow discharge passing over Ogee and Piano Key Weirs was studied in the present
study.

2. Materials and Methods

FLOW-3D® software package was used to numerically simulate the flow pattern. In this paper, the
commercially available CFD program Flow-3D, which utilizes the finite volume scheme for structured
meshes was used for solving the unsteady Reynolds-averaged Navier-Stokes equations in conjunction
with the RNG k-¢ closure model. In the utilized software, the Fractional Area/Volume Obstacle
Representation (FAVOR) method is used to inspect the geometry in the finite volume mesh. FAVOR
appoints the obstacles in a calculation cell with a factional value between 0 to 1 as obstacle fills in the
cell. The geometry of the obstacle is placed in the mesh by setting the area fractions on the cell faces
along with the volume fraction open to flow. This approach creates an independent geometry structure
on the grid, and then the complex obstacle such as spillways, mechanical parts and domains with natural
bed topography can be produced in an easier way than other software. In order to study the effect of
unsteady flow on the performance of Ogee and Piano Key Weirs, an Ogee weir was first designed on a
channel with a width of 23 cm considering the USBR standards. Then, the Piano Key Weir was designed
on the same channel considering the obtained height. The geometry of the studied models was
developed in AutoCAD software. Then, models were subjected to unsteady flow using FLOW-3D
numerical model for hydrographs considering different base times.

The three-dimensional model of the studied weirs and the boundary conditions of the numerical model
are shown in Fig. 1.

Figure 1. The Ogee and Piano Key Weir geometries and boundary conditions

3. Results

As can be seen from Fig.2, by increasing the base time of the input hydrograph from 4 to 100 seconds,
the width of the stage-discharge curve ring decreased and tended to the unit curve. This is because in
the hydrograph with a shorter base time, terms are significant and the wave is of diffusion type, and by
increasing the time step, the effect of the term is decreased and the wave is transformed to the kinematic

type.
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Figure 2. Ring stage-discharge curves of the Ogee weir for input hydrographs with different base times

In both the Ogee and Piano Key Weirs, changes in the slope of the ascending and descending branches
of the hydrograph increased and the approaching flow velocity to the weir increased by decreasing time
step. Therefore, the effect of term is significant in Eq. 2 and the nature of the unsteady flow becomes
more visible.

Table 5. The mean difference in water height for a constant discharge in the ring stage-discharge curve.

OX
70.8 3464 165.14 24546 4
66.6 396.28 181.01 263.93 6
64.1 330.74 21193 59.21 10
9.24 294.08 198.75 2717 20
7.8 235.99 147.99 18.51 40
2.85 201.68 11544 5.76 100

As shown in Table 5, changes in flow head (Ah) in the hydrograph zone with higher discharge in the
Ogee weirs is smaller than those in the PKWs. In other words, the width of the stage-discharge curve
ring is greater in the PKWs, indicating the double effect of flow behavior in the steady and unsteady
states of the PKWs compared to the Ogee weirs.

4, Discussion and Conclusion
Some of the obtained results are as follows:

1. The stage-discharge curves of both the Ogee and Piano Key Weirs for hydrographs with a shorter
base time are close to the ring curves. By increasing the base time of the hydrograph, the curve tends
from the ring curve to the unit curve of the steady flow and finally fits the unit curve.

2. In the analysis of unsteady flows at the weir sill, in the case of steep hydrograph, the unsteady flow
analysis must be performed.

3. The Ogee weir has a better performance in the case of unsteady flow state with a lower head
difference between the ascending and descending branches in the Ogee weirs compared to the PKWs.

4. The PKW can improve the discharge coefficient in the steady flow state because of its geometry.
However, due to the increase in the approaching flow velocity to the weir, it is necessary to study the
PKWs under unsteady flow state.
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