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ABSTRACT

Piano key weir is a form of nonlinear weir designed to improve the discharge capacity of spillway structures. Due to the increase in effective
length, they can be used in dam spillways or water regulation structures. It is modified form of labyrinth weir which easy to place on the
existing spillway or newly constructed dam with less base area. There is no standard method available for PK weir design, and the amount of
published information is insufficient for the design of PK weir. In this research, the flow passing over piano key and labyrinth weir were
simulated using FLOW-3D model and the results of the numerical model were compared with the laboratory data. The results showed that if
the second order scheme and RNG k-¢ turbulence model were used in the numerical model, the simulation accuracy of the flow over PKW
increases. Also, in this research, the effect of the ratio of the inlet key width to the outlet key width (Wi/Wo) and the effect of the energy head
on the discharge capacity are investigated. The results show that increasing the He/P decreases the discharge coefficient. The results showed
that if the Wi/Wo equal to 1.5, the highest discharge coefficient occurs for the piano key weir.
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1.Introduction
Piano key weir is a form of nonlinear weir designed to improve the discharge capacity of spillway structures. Due to the increase in effective

length, they can be used in dam spillways or water regulation structures. It is modified form of labyrinth weir which easy to place on the
existing spillway or newly constructed dam with less base area. There is no standard method available for PK weir design, and the amount of
published information is insufficient for the design of PK weir. A large number of geometric and hydraulic parameters affect the discharge
capacity of PK weir, and their effect on the hydraulic performance of the weir can be investigated with a numerical model or laboratory data.
Simulation of flow over PKW using FLOW-3D software and the effect of the turbulence model on the accuracy of the numerical model is one
of the goals of this study. Also, in this research, the effect of the ratio of the inlet key width to the outlet key width (Wi/Wo) and the effect of
the energy head on the discharge capacity are investigated.

2.Methodology

2.1. Experimental model

Laboratory data is needed to verify the results of Flow-3D model. In this research, the laboratory data of Anderson (2011) were used to verify
the flow passing through the piano key weir in free flow condition. The laboratory flume consists of a rectangular channel with a length of 7.3
meters, a width of 0.933 meters and a depth of 0.61 meters. The total length and height of the piano key weir are 4.848 and 0.197 m
respectively, the floor slope in inlet and outlet key are 1:1.8, and number of keys is 4. The inlet and outlet key width are 0.116 and 0.925 m
respectively, and the Wi/Wo ratio is 1.25.

2.2. Verification of the numerical model
Selection of boundary conditions for the numerical model is one of the most basic stages of simulation. In order to define the boundary

conditions, in the inflow point (Xmin) volume flow rate, in the sides of the weir (Ymin, Ymax) and bed (Zmin) wall condition, on the upper
border (Zmax) symmetry condition and in the outflow section of the weir, outflow condition was used. The numerical model results were
compared with the laboratory data. The results showed that if the second order scheme and RNG k- turbulence model are used in the
numerical model, the simulation accuracy of the flow over PKW increases. Figure (1) shows the calculated and observed water depth for all
simulations.
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Figure 1. Observational and calculated water depth on piano key weir
The average error percentage of the numerical model in predicting the depth of water upstream of the piano key weir is 2.9%, which is suitable
for predicting the rating curve of the weir.

3.Results and discussion

3.1. Comparison of the discharge coefficient of the piano key weir with the labyrinth weir

Several simulations were done for the PK1.25 piano key and the labyrinth weir using the numerical model. The height and length of both weir
are 19.7 cm and 4.85 m, respectively, and the number of cycles of both weir is 4. By using Flow-3D model, the discharge coefficient of both
weir was calculated and the results are shown in Figure (2).
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Figure 2. Comparison of the discharge coefficient of the piano key weir with the labyrinth weir

As can be seen, the discharge coefficient of the labyrinth weir and the piano key weir starts to decrease by increasing H/P value, and the
discharge coefficient of the piano key weir is more than the the labyrinth weir. The slope of the input and output keys in the piano key weir is a
factor that guides the flow and causes the discharge coefficient of the piano key weir to increase.

3.2. The effect of the energy head on the discharge coefficient

Several simulations were carried out with the numerical model to investigate the effect of the ratio of energy head to weir height on the
discharge coefficient of piano key weir. For this purpose, different discharge were included as upstream boundary conditions in the model and
water depth and the discharge coefficient were calculated. The results show that increasing the He/P decreases the discharge coefficient. So
that the discharge coefficient for He/P=0.92 decreases by about 50% compared to He/P=0.24. With the increase of the water depth on the weir,
the interference of the flow takes place at the breaking point of the weir cycles, and as a result, the discharge coefficient decreases.

3.3. the effect of the inlet-to-outlet key width ratio on the discharge coefficient

Another factor affecting the flow coefficient of the piano key is the ratio of the inlet key width to the outlet key width. In an effort to identify
the range of the inlet-to-outlet width ratio (Wi /Wo) that produces the highest discharge efficiency (i.e., highest Cd values), five PK weir
geometries with different Wi /Wo values [1.75 (PK1.75), 1.5 (PK1.5), 1.25 (PK1.25), 1.0 (PK1.0), 0.67 (PKO0.67)] were tested; the test results
are presented in Figure (3) with Cd as a function of Ht /P.
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Figure 3. The effect of the inlet-to-outlet key width ratio on the discharge coefficient

The data in Figure (3) show that Wi/Wo =1.5 (PK1.5) produced the highest discharge efficiency (i.e., largest Cd values), By increasing the
Wi/Wo, the discharge coefficient has increased, and then it becomes maximum at Wi/Wo=1.5. The influence of Wi/Wo on the discharge
efficiency of the PK weir can likely be explained, in part, as follows. As inlet key widths increase relative to the outlet key widths, the inlet
key entrance loss associated with the flow contraction at the key inlet decreases due to an increase in the inlet key area. Based on the
assumption that Wi + Wo = constant, the outlet key width decreases as the inlet key width increases. As the outlet key widths decrease, the
ability of the outlet keys to handle the discharge capacity of the more efficient inlet keys decreases. When the free-flow capacity of the outlet
key is exceeded, a localized submergence condition develops.

4. Conclusions
In this research, the simulation of the flow over piano key and labyrinth weir was done using a numerical model. The results showed that for a

fixed depth, the piano key weir passes more discharge than the labyrinth weir, and the ratio of flow through the piano key weir to the labyrinth
weir is about 1.08. In other words, at a constant depth, the piano key weir passes 8% more flow. In this research, the effect of head energy on
the discharge coefficient of the piano key weir was also investigated. The results show that increasing the He/P decreases the discharge
coefficient. The results showed that if the Wi/Wo equal to 1.5, the highest discharge coefficient occurs for the piano key weir.
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