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Abstract

Introduction: Piano key weir (PKW) is a type of long crest weir, with more crest length in the
same width, and the capacity of weir is higher than that of a linear weir. The piano key weirs
are used in the crest of reservoir dams and in irrigation and drainage networks. So far, many
studies have been done on the discharge coefficient of the piano key weir, but no research
has been done on the energy dissipation of the triangular piano key weir. In this paper
results of experiments on energy dissipation of triangular piano key weir are reported. The
experiments were conducted using two models of piano key weirs; one with horizontal crest
and the other one with inclined crest.

Methodology: Experiments were conducted in a rectangular channel (with 10 m length, 0.75
m width and 0.9 m height) in the hydraulic laboratory of Faculty of Civil and Environmental
Engineering, Tarbiat Modares University, Tehran. Experiments were performed using two
triangular piano key weirs. One with horizontal crest (i.e., Tri-Base model) and the other one
with inclined crest (Tri-Base model). The slope of the weir with sloped crest was 10 degrees
in the flow direction. The weir characteristics used in the laboratory are given in Tablel.
Discharge was measured by two flow meters. The upstream flow depth and the downstream
flow depth were measured by using digital point gages with an accuracy of + 0.1 mm. The
upstream and downstream depths of flow were measured at distances of 4P and 10P,
respectively. The experiments were conducted for discharges in the range of 40 L/s < Q <150
L/s and relative upstream head in the range of 0.23 < Ht/P <0.8. Here P and Ht are the weir
height and approach total head, respectively.

Results: The present results on relative energy dissipation for triangle piano key weirs with
horizontal and inclined crests have been plotted and compared with the earlier results. The
variation of the relative energy dissipation of triangular piano key weirs showed a
logarithmic trend. According to results, the highest relative dissipation of energy is for the
Tri-Base model. In other words, at the same flow rate, the highest relative amount of energy
dissipation is occurred in the weir with a horizontal crest. It was also observed that the
highest relative energy loss occurred at the lowest relative heads. As the relative head
increases, the relative dissipation of energy decreases in both the models. The outflow
velocity in the weir with sloped crest is higher than the weir with horizontal crest, and
consequently the relative energy depreciation is reduced. The dissipation of energy in the
weir with sloped crest was about 24% lower than the weir with horizontal crest. The
variations of relative energy dissipation versus specific discharge were also compared for the
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tested weirs. The relative energy E1/E0 increased with the increase of the discharge per unit
width. The higher relative residual energy in both the models were occurred at the higher
flow rates. Also, in both the models, the increasing rate in E1/EO at the low flow rates, is
higher compared to the high flow rates. The reason for this is the local submergence which
occurred upstream of the weir in high discharges.

Conclusion: In the triangular piano key weir, by increasing the slope of the side walls crest
from zero to 10 degrees, in the flow direction, the relative dissipation of energy has
decreased by about 24%. The highest dissipation of energy in the weir with horizontal crest
occurred in the lower relative heads. The dissipation of energy decreased with the increase of
the relative head. The highest amount of energy dissipation for the weir with horizontal crest
and sloped crest was 0.74 and 0.85, respectively. New equations were obtained for estimation
the relative energy loss for triangular piano key weirs with horizontal crest and sloped crest.

Keywords: Energy dissipation, discharge confident, Triangular PKW.
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Table 1 Specifications of weirs used

Model 6 P, P; B,  B;=B, L
(0) (cm) (cm) (cm) (cm)  (cm)

Tri-

20 20 25 125 301.8
Base

Tri-B; 10 2886 20 25 125  306.42
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Table 2 Characteristics of the tests conducted

Number .
Model of tests Q (L/S) Hi/Pi Wi/Wo
Tri-
23 40-150 0.23-0.78 1/25
Base
Tri-B, 23 40-150 0.49-0.89 1/25
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