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Figure 1. Types of piano key weirs [6].
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Figure2. Geometrical specifications of a type piano key weir [6].
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Figure 3. Trapezoidal piano key weir[13].
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Table 1. Geometric characteristics of trapezoidal piano key weir [13].

Parameter Value
Number of key of the weir (N) Y
Total width of the weir (W:m) A7
Width of the inlet key (Wi:m) <1AYO
Width of the outlet key (Wo:m) o[+ 07
Sidewall thickness (Ts:m) <[NY
Lateral length of the weir (B:m) <10
Upstream and Downstream overhang length (Bi and Bo :m) YD
Height of the PKW crest (P:m) Al




Slope of the inlet and outlet key (Si and So: degree) YA
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Figure 4. Time development graph of scour pit-depth in12 hours and scour equilibrium time [13].
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Figure 5. Longitudinal scouring profile of trapezoidal piano key weir bed [13].
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Figure 6. The grid used in the calibration model of scour downstream of the piano key weir with Flow-3D software.
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Table 2. Longitudinal scour profile and temporal changes of scour depth in the downstream of trapezoidal piano key

weir.
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Figure 7. Comparison of the graph.of time changes of scour depth for three different grid types in the left figure, and
three RNG; K-€ and K- disturbance models in the right figure.
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Figure 8. Comparison of the longitudinal scour profile without unit, at the end of 20 minutes of numerical simulation for
three different types of grids in the left figure and three types of turbulence modelssused in the right figure.
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Table 3. The measures of root mean square error RMSE, mean absolute value of error MAE and determination
coefficient R? extracted for the selected numerical model.

Parameter dsm Profile of Scour
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Table 4. Geometric characteristics of triangular and trapezoidal piano key overflow.

Parameter Values Weir
Trapezoidal Triangular
Number of key of the weir. (N) Y Y
Total width of the weir (W: m) N4 .18
Width of the inlet key (Wi: m) .- 00 A
Width of the outlet key (Wo: m) AR -
Sidewall thickness (Ts: m) Iy Ny
Lateral length of the weir (B: m) oA A
Upstream and Downstream overhang length (Bi and Bo: m) <IN -
Height of the PKW crest (P:m) NA <NA
Slope of the inlet and outlet key (Si and So: degree) Yy Yy
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Figure 9. Initial water conditions upstream of the weir and sediments downstream of the modeled piano key weir, a:
trapezoidal piano key weir, b: triangular piano key weir.
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Table 5. Hydraulieicharacteristics of numerical simulations made with Flow-3D software.
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Figure 10. Time development graph of scour hole in 10 minutes for trapezoidal and triangular piano key weirs.
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Figure 10.:Time development graph of scour hole in 10 minutes for trapezoidal and triangular piano key weirs.
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Table 6. Comparison of the maximum scour depth simulated for two types of trapezoidal and triangular piano key weir
by Flow-3D software
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Figure 11. The graph of changes in the depth of the scour hole due to the increase in the depth of the footing and the
increase in the flow through the weir.
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Figure 12. Longitudinal profile of scour downstream of trapezoidal piano key weir.
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Figure 12. Longitudinal prafile of scour downstream of trapezoidal piano key weir.
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Figure 13. The diagram of scouring changes at the base edge of the trapezoidal piano key weir in exchange for changes in
flow rate and depth of abutment.
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Figure 14. Longitudinal profile of the scour downstream of the triangular piano key weir in exchange for the changes in
flow rate and depth.
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Figure 14. Longitudinal profile of the scour downstream of the triangular piano key weir in exchange for the changes in
flow rate and depth.
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Figure 15. The diagram of scouring changes at the base edge of the triangular piano key weir in exchange for the changes
in flow rate and depth of abutment:
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Figure 16. Transverse profile of the scour downstream of the trapezoidal piano key weir.
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Figure 17. Transverse profile of the scour downstream of the triangular piano key weir.
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Figure 17. Transverse profile of the scour downstream of the triangular piano key weir.
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Table 7. Geometrical characteristics of scour hole downstream of trapezoidal and triangular piano key weir.
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Table 7. Geometrical characteristics of scour hole downstream of trapezoidal and triangular piano key weir.
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Figure 18. Flow lines forithe flow through trapezoidal and triangular piano key weir.
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Figure 19. Colored contours for perturbation energy values.
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ABSTRACT
In this research, the'numerical simulation of the scouring of the downstream bed of two types of trapezoidal

and triangular piano key series inthe same geometric and hydraulic conditions has been done using the Flow-3D
numerical model. To carry-<out the calibration process of the desired numerical model, the laboratory study of
Ghodsian et al. (2021) was used inthe conditions of sediment transfer. After the software calibration, the accuracy
of the R? criterion for the longitudinal profile.of scour and the maximum depth of scour downstream of the weir
was equal to 0/9338 and 0/873, respectively. Eighteen numerical simulations for scour downstream of two types of
trapezoidal and triangular piano key. weirs were carried out under the conditions of changes in discharge and
depth of abutment, and the local changes of scour in a trapezoidal piano key weir at a depth of 0/05, 0/075 and 0/1
meters and all three The flow rate of 25, 35 and 45 liters/second was observed less than the weir of the triangular
piano key. By doubling the depth of the weir in"the trapezoidal weir up to 29% and in the triangular weir up to
26/6%0, the scour depth decreases. Also, with a 44%-decrease in discharge at a constant depth of aquifer, a 40%
and 37/4% decrease in the maximum scour hole depth was observed in the trapezoidal and triangular weir,
respectively. The increase in the depth of the floodplain €auses the'loss of energy of the falling jets from the weir,
and by reducing the capacity of the bed sediments carried by the waterflow, it causes a decrease in the maximum
scour depth downstream of the desired weirs. It was observed thatwith the increase of the flow through both types
of trapezoidal and triangular piano key weirs in the condition of constant depth ofthe abutment, the scour rate in

the sedimentary bed for both types of weirs approaches.

KEYWORDS
Triangular piano key weir, Trapezoidal piano key weir, scour hole, Numerical simulation, Validation of Flow-

3D software.
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