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Experimental study of piano key side weir with oblique keys
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ABSTRACT: Side weirs have many applications in water distribution and regulation in irrigation
and flood control. For a constant opening length, weir crest can be design as labyrinth or piano key
shape to increase the developed length and discharge coefficient. Another way to increase the side weir
efficiency is the oblique design, which make the weir crest aligned with the diverted flow. Combining
the two noted approachs leads to design a side weir with longer developed crest length and aligned with
flow which has high performance. In this study, piano key side weirs with different key angles were
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studied. Flow characteristic including deflection angle and streamlines and also discharge coefficient
were studied. Results show that angled keys aligned with the flow direction, increases performance
of the piano key side weir up to 12 percent in high Froude numbers. Oblique keys can reduce the
disturbances usually occurs in symmetric piano key side weir and results in higher discharge coefficient.
The obtained results can be used to design a side weir which applied in conditions with high Froude
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numbers such as flood control.

Discharge coefficient

Streamline

1. INTRODUCTION

Side weir is placed at the channel bank to divert a part
of the flow[1]. The flow in the main channel diverts with a
deflection angle. The deflection angle increases toward the
downstream of the side weir and its value depends on the
Froude number([2]. Considering this deflection angle, the
performance of the side weir can be improved by an oblique
weir which its crest has better orthogonality with the diverted
flow[3, 4]. Oblique shape can also be used in a labyrinth side
weir which increase the efficiency[5].

Piano key weir (PKW) is a kind of labyrinth weir with small
footprint and up and downstream overhangs[6]. A PKW can
also be used as a side weir which have high efficiency[7]. A
piano key side weir (PKSW) can also be design in asymmetric
shape. The objective of this study is: (i) to investigate the flow
characteristic over a PKSW with angled keys and (ii) to find
the best angle for the oblique keys.

2. THEORETICAL BACKGROUND

The discharge over a weir can be calculated by classic weir
equation[1]:

0=3CAPEWh" 1)
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where Q is the discharge over the weir, C, is the discharge
coeflicient, g is the gravitational acceleration, W is the weir
width, h is the piezometric head (y - P) and P is weir height.
In case of side weir which water surface changes along the
side weir, the average depth of upstream and downstream
((y,#7,)/2) can be used in Eq. 1 as known as Schmidt
approach([8].

3. METHODOLOGY

The experimental study was carried out on a 10 m long
channel with 0.6 height and 0.6 width. A circulating system
with a pump and a reservoir supply the water. An opening
at the channel bank with a side channel were constructed to
divert the flow. Discharge in the main channel and the side
channel was measured with a V-notch and a rectangular weir,
respectively. In this study 16 PKSW with different key angle
were tested. Fig. 1 shows the geometrical characteristic of the
weirs and Table 1 shows the geometrical and hydraulic ranges
of the tests.

4. RESULTS

The observation of the flow shows that the PKSW with
zero or negative angle have more disturbance especially at the
connection of the weir crest and there are also some vortexes
in the first inlet key. As Fig. 2 shows, PKSW with positive
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Fig. 1. Schematic view of geometrical characteristic of the main
channel and the side weir
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Fig. 4. Deflection angle at surface and along the side weir for
PKSW with different @ in F = 0.33

overhangs have more uniform flow with low disturbance
which show the weir keys are more aligned with the diverted
flow.

Figs. 3 and 4 show the deflection angle (6) at surface
and along the side weir for PKSWs with different © in F| =
0.33 and F, = 0.33, respectively. The study of the deflection
angle (0) in this study shows that for high Froude numbers
(F, > 0.3), the PKSWs with positive key angel show higher
deflection angle. Higher deflection angle can indicate better
performance of the side weir[2].

Fig. 5 shows the values of discharge coefficient versus
keys angle for different ranges of Froude number. The PKSW
with negative key angle have low C, compared to even zero
angle PKSW. The PKSW with zero angle have the highest
C, in low Froude numbers. However, by increasing the F,
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Table 1. Geometrical and hydraulic characters of Piano key side

weirs
Weir name © P (cm) b (m) h/P F
PKSW e 0 5,10, 15 0.4-0.6 0.2-2 0.1 -0.7
PKSW s 15 5,10, 15 0.4-0.6 0.2-2 0.1-0.7
PKSW g 30 5,10, 15 0.4-0.6 0.2-2 0.1 -0.7
PKSW s 45 5,10, 15 0.4-0.6 0.2-2 0.1 -0.7
PKSW s -15 10, 15 0.6 0.2-2 0.1 -0.35
PKSW ¢ -30 10, 15 0.6 0.2-2 | 0.1-0.35
70
XPKSW 0° A
60 -
APKSW 1157
50 | @prsw +30° ) i
6 40 | ePKRSW +45° " %
o 30 | +PKSW-30° -
X
20 *
10| o
o Lé
04 02 0 02 0.4 0.6 08 1

o

Fig. 3. Deflection angle at surface and along the side weir for
PKSW with different @ in F = 0.17
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Fig. 5. Discharge coefficient versus ® for PKSW for different F,
ranges

the performance of the PKSW, decreases due to the more
disturbance which happen in higher F,. PKSW, , has the
highest C, among all weirs which shows that 30° has the best
orthogonality with the diverted flow in high F .

5. CONCLUSION

In his study, 16 piano key side weirs with different key
angle have been studied. The results show that PKSW with
positive overhang have less disturbance in high Froude
numbers and the flow is more uniform. The study of the
deflection angle in this study shows that by increasing Froude
number, the PKSWs with positive keys angel show higher
deflection angle which indicate better performance. PKSW,
has the highest C, among all weirs which shows that 30° has
the best orthogonality with the diverted flow in high Froude
numbers. The finding of this study is useful to design a side
weir in high Froude number conditions (e.g., flood control).
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Fig.1 . Schematic plan view of flow over a side weir and deflection angle (0)
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Fig. 2. 3D sketch of Piano Key weir with downstream overhangs
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(F JSS8) cews ol g cawoYl polie cudlo b ogd oo pulais
3 BgBer b (23 o s (il JUB g Lol JUS (20 s
aslllas 5 )90 Slo g )y (Slgpe 9 (ewiid Slpsi 03l ) Jgozr
D iy yy s | P oS aygl; O ) Jgoz 0 el oais ools oL
S o TV e a5l s o L ol JUIS e
h15 Gy SVl j0 09,8 e Flo Lol JUS cana¥l oo Ql

Cw! )’))'“" WOYL: B u] V-3

Sy g gl -F
uby )L';_é) odalin ¥-)

asly So b ol sapm spa> 50 el JUI o O Gy

IV, e 5V, JUS Jobo g 3 s (5 Sl
oolazuwl als o of+ oV CBo b pmaboline (gm0 grivw Cae pu SO
YO o= ) coye prnn o 0 g bl cilo p e s
iy 409 (10 9 +/0 YO N = V) o Loz g (/YO 4 +/0
o= L) o0 e oz o s Jdg (s hlds S,
A (6550l (5 e il Vo Jolgd s g (+IVO g <[00 c+/YO
Lol 0ol ool Hlis g cwdid Slasin ¥ SS o
)I oolawl L’ (5‘” )J)),u\“ 9 LS'UL’. g_;’ﬁ"L"’ J...ls).v))...u VE olows
CawdVl s o8 3w 2 lp b aBle gede Fasl
2 6l 0gdion (ol JUB o)l camy 4z 50 by (LS Loy

alize Sodb b olie ©gy 2 Cawd b (@Y Az, o

1ve



VEAY B ASYY doxio AYAR Jlo &Y 0yl Y 095 ¢3S ol () yo suobie 4y pui

S LS 5 5y (Sgyuud 9 (cwiid Slasie ) Jguer

Table 1. Geometrical and hydraulic characters of Piano key side weirs
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Fig. 8. Plan view of velocity field at the surface for PKSW  with P =15 cm and Q, = 28L/s (a) longitudinal component
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Fig. 9. Deflection angle at surface and along the side weir for PKSW with different ® in F, = 0.17
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Fig. 10. Deflection angle at surface and along the side weir for PKSW with different ® in F, = 0.33
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Fig. 11. Streamlines at surface for PKSW with P=15 cm (a) ® =0°, F =0.33, (b) ® =30°, F = 0.33, (c) ® =0°, F, = 0.17, (d) ®
=30°, F, = 0.17
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Fig. 12. Discharge coefficient versus F, for PKSW with positive ® and linear side weir for 0.1<F,<0.35
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Fig. 13. Discharge coefficient versus F, for PKSW with positive ® and linear side weir for 0.35<F <0.7
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Fig. 14. Discharge coefficient versus F, for PKSW with negative ® and linear side weir in 0.35<F <0.7
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Table 2. Geometrical and hydraulic characters of side weirs for present study and other researchers
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Fig. 15. Discharge coefficient versus ® for PKSW for different F  ranges
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Fig. 16. De-Marchi discharge coefficient for PKSW  and linear side weir of the present study and side weirs of other stud-
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