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recent years to increase the discharge coefficient and water storage in dam
reservoirs, as well as flood discharge. The aim of this study is to investigate the
effect of the angle of the side walls of the weir in the horizontal, vertical directions
and simultaneous in both directions on the discharge coefficient. Hydraulic
performance of 8 geometric parameters (W: weir width, Wi: inlet key width, Wo:
outlet key width, P: weir height, L: weir length, Hi: water surface depth, a:
horizontal wall angle, B: vertical wall angle) on discharge coefficient Using 6
models of PVC material, by labeling P,s was tested in a laboratory flume. The
experiments were performed on a rectangular piano key weir as a control and a
trapezoidal piano key weir with P o710, P 9013, P 0390, P 0311 and P o5 05 Side wall
angles. A total of 1598 data were measured to investigate the discharge coefficient
and 1584 data for water level profiles. Based on the high flow results, the
discharge coefficient of the trapezoidal piano key weirs in the P g5 05 model with
a value of 41.6% is higher than the rectangular piano key weirs. The maximum
discharge coefficient with a value of Cq = 4.96 with a flow rate of 0.0105 m%/s,
related to the P 9013 model in the trapezoidal piano key weir with wall angle a=0
and B=13" and the lowest discharge coefficient with a value of C¢=0/44 with a
flow rate of 0.0521 m¥fs is related to the piano key weir in the P os os model. In
these models, the most influential factor on the discharge coefficient is the

dimensionless geometric parameter %=5/66%, which is based on the method of

analysis of eviews statistical software with the method of least squares by the
discharge coefficient equation.

1. Introduction

According to the research conducted in the field of hydraulic comparison of piano key weir and zigzag
weir of rectangular plan, The share of discharge on the crown of the input key, the output key and the
side walls in the piano key weir is more than the rectangular weir And the most influential factor in
increasing the discharge coefficient is the side walls (Le et al., 2021).According to the researches and
reviews of the researchers, the angle of the side walls o separately in the horizontal and vertical
directions is a useful parameter. An increase of o by 5 degrees increases the discharge coefficient to
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about 4%. If the increase of a is 10.25 degrees, it causes a decrease in the discharge coefficient from
5.5 to 8 percent. As a result, the best range of a changes is between zero and 5 degrees (Khassef and
Al-Baghdadi, 2015).

Until now, most of the researches on the piano key weir have been of the rectangular type. In this type
of weir, the side walls are parallel to each other, and therefore, in high water load, local absorption
occurs and causes a decrease in the performance of the weir. By changing the angles of the side walls
simultaneously in both horizontal and vertical directions and converting the rectangular piano key weir
into a trapezoid type, the change in the weir function can be checked, which is one of the goals and
innovations of this research.

In this research, the effect of side wall angles in horizontal and vertical direction and also simultaneously
in both horizontal and vertical directions in the trapezoidal piano key weir on the upstream water load
and the discharge coefficient have been studied and tested and the results obtained have been compared
with the rectangular weir and the researches of other researchers.

2. Materials and Methods

In this research, 6 laboratory models with three full input keys and two half input keys on the sides have
been used. All the built models are installed at a distance of 7 meters from the beginning of the flume
and the overflow surface is completely leveled. The flow range was considered variable from 0.0105
to 0.0521 cubic meters per second and 8 discharge have been measured for each model.

The details of the changes of a and  angles in the field of design and implementation in three modes
of perpendicular, acute and open angles and four modes included a) The angle of the wall in the
horizontal direction is zero and in the vertical direction in both clockwise and anti-clockwise positions,
b) The angle of the wall in the horizontal direction is greater than zero and in the vertical direction in
both clockwise and anti-clockwise positions, c¢) The angle of the wall in the horizontal direction is
smaller than zero and in the vertical direction in two clockwise and anti-clockwise modes and d) The
angle of the wall in the horizontal direction is greater than zero and in the vertical direction it is zero
was calculated and tested.

The calculation of the ratio of the width of the input key to the width of the output key was done
according to the trapezoidal geometry of this weir in the two areas of the weir crown and the flume
floor. Inthis research, according to the dimensions of the flume, the angles in the vertical and horizontal
direction and the ratio of the width of the input key to the width of the output key (Wi/Wo) have been
calculated and designed in a way to maintain the trapezoidal geometry of the weir.

Also, in the constructed models, the width of the input key is lower than the width of the output key in
the weir crown and this width increases as it approaches the bottom of the flume. The length of the
crowns and the hydraulic coefficient (the ratio of the width of the input key to the width of the output
key) are considered variable in all models.

3. Results

In a certain transverse range, due to the same type of weirs, the discharge coefficient increases with the
increase of the wall angle in the vertical direction. According to the results obtained from EVIEWS
software, the ratio of crown length to weir width with L/W = 5.66% is the most effective factor in the
discharge coefficient and Also, by increasing the water load and assuming a constant height of the
trapezoidal piano key weir with different wall angles, the ratio of water depth to the weir height with
the value of Ht/P = 5.24% will decrease the discharge coefficient. Also, according to the results obtained
from EVIEWS statistical software, increasing the angle in the vertical direction f=2.82 has a greater
effect than in the horizontal direction.

The results obtained from EVIEWS software and the comparison of the influence of the wall angle and
the ratio of the width of the input key to the width of the output key in the trapezoidal piano key weir
with the rectangular piano key weir on the discharge coefficient with the values of Wi/W0=0.84%,
=2.82 and 0=1.04, which means that the influence of the wall angle is greater.

4.  Discussion and Conclusion

The results of the water level profile test in eight discharges with sizes of 0.0105, 0.0163, 0.0221,
0.0282, 0.0342, 0.0402, 0.0461 and 0.0521 cubic meters per second have been tested. Based on the
results of the experiments and the graph of the variation of the discharge coefficient (Cd) against the
water depth (Ht), at low ratios Ht/P, the flow falling blades do not collision and interfere with each
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other, and the weir shows the highest discharge coefficient. Gradually, with the increase of the Ht/P
ratio, the flow drop blades in the output key start to collide and interfere with each other, the result
of these collisions is an rise in the flow and a decrease in the
discharge coefficient.

At high flows, the water load in the rectangular piano key weir is more than the trapezoidal piano key
weir, and with the increase of water load, the interference of the passing flow increases, and as a result,
the Cd coefficient decreases. The discharge coefficient at high discharges of trapezoidal weirs with the
angle of the side walls in the horizontal and vertical direction in models P 1390, P 11 03, P 10 07, P 90
03 and P 05 05 are respectively equal to 25.9, 11.1, 37.9, 24.9 and 41.6 percent have been obtained.
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